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METHOD AND APPARATUS FOR COMPUTERIZED TOMOGRAPHY

BACKGROUND OF THE INVENTION
_(1) Fiéld of the Invention
This invention relates to computerized tomography
5 (CT) for obtaining sectional images of an examinee by
emitting X-rays from radial directions to the examinee,
and particularly to a method and apparatus for obtain-
ing a plurality of sectional images of an examinee
lying still.
10 {2) Description of the Related Art
Ihis type of CT apparatus includes an X-ray
emitter and an X-ray detector opposed to each other
across an examinee lying still on a top board. X-rays
are emitted from radial directions to scan the examinee
15 and collect projection data relating to X-ray absorp-
tion in the examinee's body. The data is reversely
projected to reconstruct a distribution image of X-ray
absorption coefficients in a sectional plane across the
examinee's body, thereby to obtain a sectional image of
20 the body. After one slice is scanned, the top board is
slid to adjust a next slice of concern of the examinee
to a direction of X-ray emission from the X-ray emit-
ter, and a sectional image of this slice is obtained as

above.
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This type of CT apparatus includes an X-ray emtter and an X-ray detector
opposed to each other across an exam nee lying still on a top board.
X-Jays are enmtted fromradial directions to scan the exam nee and col | ect
perECtIOﬂ data relating to X-ray absorp- tion in the exam nee's body. The
data is reversely projected to reconstruct a distribution inmage of X-ray
absorption coefficients in a sectional plane across the exam nee's body,
thereby to obtain a sectional image of the body.- After one slice is
scanned, the top board is

If a sectional plane has an excessive slice
thickness, a virtual image called a partial volume
artifact tends to appear in a reconstructed image of,
for example, the osseous basal region of brains. In

5 practice, as disclosed in Japanese Patent Publication
(Unexamined) No. 61-109551, data of numerous thin slice
planes are collected and put to data processing such as
addition to obtain a clear image of a thick sectional
plane.

10 However, such a method of obtaining a sectional
image has the following disadvantage.

The top board on which an examinee lies is slid at
a relatively low speed (about 2 seconds) in order to
avoid a displacement between a sectional plane of a

15 site of conéern and the X-ray emitter or the like. On
the other hand, scanning by the X-ray emitter or the
like is carried out at high speed (about 1 second). To
collect data of numerous sectional planes under such
conditions, sliding of the top board supporting the

20 examinee and scanning by the X-ray emitter or the like
must alternately be repeated numerous times. A long
time is required to collect data of all of desired
sectional planes particularly because of the slow

sliding movement of the top board.
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slid to adjust a next slice of concern of the exanm nee to a direction of
X-ray em ssion fromthe X-ray emt- ter, and a sectional inage of this
slice is obtained as above. I f a sectional plane has an excessive slice
t it ckness, a virtual image called a partial volune artifact tends to appear
in a reconstructed i mage of,

I

SUMMARY OF THE .INVENTION

This invention has been made having regard to the
state of the art noted above, and its object is, in
relation to collection of data of numerous sectional

5 planes with a CT apparatus, to provide a method and
apparatus for reducing the time required to collect
data of all of required sectional planes.

The above object is fulfilled, according to one
aspect of this invention, by a method of obtaining a

10 sectional image of an examinee based on projection data
relating to X-ray absorption in sectional planes of the
examinee, which data are collected radially of the
sectional planes by causing X-ray emitting means and
X-ray detecting means opposed to each other across the

15 examinee to scan the sectional planes of the examinee
lying still, the method comprising the steps of:

(a) scanning a predetermined number of sectional
planes starting with a sectional plane in an initial
position by successively shifting a direction of X-ray

20 emission from the X-ray emitting means along a body
axis of the examinee;

(b) effecting a reset operation, after scanning
the predetermined number of sectional planes, to switch
the airection of X-ray emission to scan a sectional

25 plane in the initial position, and moving the examinee
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for exanple, the osseous basal region of brains. In practice, as disclosed
i n Japanese Patent Publication (Unexani ned) No. 61-109551, data of nunerous
thln slice planes are collected and put to data processing such as addition
to'obtain a clear inage of a thick sectional plane. However, such a nethod
of obtaining a sectional imge has the foll ow ng disadvantage The top
board on which an examnee lies is slid at a relatively | ow speed (about 2
seconds) in order to

synchronously with the reset operation to set a new
sectional plane adjacent the predetermined number of
sectional planes to the initial position; and

(c) repeating the steps (a) and (b) above until

5 all sectional planes are scanned.

A predetermined number of sectional planes are
scanned, starting with a sectional plane in the initial
position, by successively shifting the direction of
X-ray emission from the X-ray emitting means along the

10 body axis of the examinee. A reset operation is
effected, after scanning the predetermined number of
sectional planes, to switch the direction of X-ray
emission to scan a sectional plane in the initial
position. The examinee is moved synchronously with the

15 reset operation to set a new sectional plane adjacent
the predetermined number of sectional planes to the
initial position.

Subsequently, a predetermined number of sectional
planes are scanned, starting with the new sectional

20 plane in the initial position, by successively shifting
the direction of X-ray emission from the X-ray emitting
means along the body axis of the examinee. After
scanning the predetermined number 6f sectional planes,
a reset operation is effected and the examinee is .moved

25 to set a new sectional plane adjacent the predetermined
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avoi d a displacenent between a sectional

X-ray emtter or the like. On the other hand, scanning by the X-ray

emtter or the like is carried out at high speed (about 1 second). To
col l.ect data of nunerous sectional planes under such conditions, sliding of
the top board supporting the exanm nee and scanning by the X-ray emtter or
the like nmust alternately be repeated nunerous tinmes. Along tine is

required to collect data of all of desired sectional planes particularly

because of the slow

10

15

20

25

number of sectional planes to the initial position as
above. These operations are repeated until all sec-
tional planes are scanned.

That is, a predetermined number of sectional
planes are successively scanned, starting with a

sectional plane in the initial position, by shifting

pl ane of a site of concern and the

the direction of X-ray emission from the X-ray emitting

means without moving the examinee. Consequently, the
slow movement of the examinee does not occur during
scanning of the predetermined number of sectional
planes, thereby to achieve a substantial reduction in
the time taken in collecting data of all sectional
planes. With an increase in the number of sectional
planes from which data are collected, the examinee
moving time is correspondingly reduced to promote the
reduction in processing time.

In a further aspect of this invention, an appara-
tus for executing the above method is provided, which
comprises:

X-ray emitting direction switching means for
shifting a direction of X-ray emission from the.X—ray
emitting means along a body axis of the examinee;

examinee moving means for moving the examinee

along the body axis; and

control means for effecting a switching control by
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sliding novenent of the top board. SUMVARY OF THE INVENTION It is an

obj ect of the present invention to aneliorate one or nore di sadvant ages of
the prior art. According to one aspect of the present invention there is
provi ded a nmet hod of obtaining sectional inmages of a plurality of sectional
pl anes adj acent one another in a direction along a body axis of an

exam nee, by repeating a process of obtaining one ‘

~driving the X-ray emitting direction switching means to
shift the direction of X-ray emission from the X-ray
emitting means to scan one sectional plane and then a
next sectional plane adjacent thereto, thereby to scan
5 successively a predetermined number of sectional planes
starting with a sectional plane in an initial position,
a reset control by driving the X-ray emitting direction
switching means, after scanning the predetermined
number of sectional planes, to switch the direction of
10 X-ray emission to scan a sectional plane in the initial
position, and a further control by driving the examinee
moving means to move the examinee synchronously with
the reset control to set a new sectional plane adjacent
the predetermined number of sectional planes to the
i5 initial position.

For écanning a predetermined number of sectional
planes, starting with a sectional plane in the initial
position, the control means drives the X-ray emitting
direction switching means to shift successively the

20 direction of X-ray emission from the X-ray emitting
means along the body axis of the examinee. The control
means effects a reset control, after scanning the
predetermined number of sectional planes, to drive the
X-ray emitting direction switching means to switch the

25 direction of X-ray emission to scan a sectional plane
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1
sectional image based on projection data relating to X-ray absorption in
each sectional. plane of the exam nee, which data are collected by X-ray
detecting neans radially of the sectional plane by causing X-ray emtting
means and the X-ray detecting nmeans opposed to each other across the
exam nee to revolve around the body axis of the exam nee lying still, while
catising the X-ray emtting neans to emt X-rays toward each sectional plane
to scan the sectional plane, said nethod conprising the steps of: (a)
‘'scanni ng a group of sectional planes successively froma first sectional

pl ane set to an inithal ip98ikalopokRtachast TheckkamiheR MOV ing FRiahs0HAIP,
by causing said X-ray emtting neans to emt X-rays toward each sectional

pl ane, thereby sdatwengseachrerotsdpalviphatheotekbe examrode Hoyimayesttnd
within a direction of X-ray em ssion fixed during one scan, the direction
of X-ray examinee to set a new sectional plane adjacent the
predetermined number of sectional planes to the initial
5 position.
Subsequently, the control means drives the X-ray
emitting direction switching means to scan a predeter-
‘mined number of sectional planes, starting with the new
sectional plane in the initial position, by successive-
10 ly shifting the direction of X-ray emission from the
X-ray emitting means along the body axis of the
examinee. After scanning the predetermined number of
sectional planes, the control means effects a reset
control and moves the examinee to set a new sectional
15 plane adjacent the predetermined number of sectional
planes to the initial position as above. These opera-
tions are repeated until all sectional planes are
scanned.
That is, a predetermined number of sectional
20 planes are successively scanned, starting with a
sectional plane in the initial position, by driving the
X-ray emitting direction switching means which is
relatively fast, without moving the examinee which is

relatively slow. This achieves a substantial reduction

25 in the time taken in collecting data of all sectional
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! b)
em ssion being shifted for each successive scan; (b) effecting a reset
operation, after scanning the |last sectional plane in said group, to switch
the direction of X-ray emi ssion to scan a sectional plane to be set to said
initial position, and noving said exam nee synchronously with said reset
operation and in a direction in which said direction of X- ray em ssion is
swtched in said reset operation, to“et to said initial position a new
first sectional plane adjacent said |ast sectional plane in said group
havi ng been scanned; and (c) repeating the steps (a) and (b) above until

conpl etion of scphaneg. ofwhthregeigecréaes wnoge Aimbegt benabcplianas
adj acent one anot her along the body axis of the exam nee. A predeterm ned
nunber of secti gubaned afieam aviel clt adwieal, asé ardlbegcwed ) sheeekambhakepl ane in
the initial position, by successively shifting the direction of X-ray
em ssion from moving time is correspondingly reduced to promote the

reduction in processing time.

5 BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating 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-

10 ments and instrumentalities shown.

Fig. 1 is a view showing an outline of a CT
apparatus embodying this invention;

Fig. 2 is a view showing an interior structure and
a control system in a first embodiment of this inven-

15 tion;

Fig. 3 is a flowcha:t showing a seguence of
collecting data of sectional planes in the first
embodiment;

Fig. 4 is a time chart showing processing time

20 taken in data collection in the first émbodiment;

Fig. 5 is a time chart showing processing time
taken in data collection with a conventional apparatus;
| Fig. 6 is a perspective view of an X-ray

collimator in a second embodiment of this invention;
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the X-ray emtting neans along the body axis of the exam nee. A reset
operation is 4 effected, after scanning the predeterm ned nunber of
sectional planes, to switch the direction of X-ray em ssion to scan a
sectional plane in the initial position. The exam nee is noved
synchronously with the reset operation to set a new sectional plane

adj acent the predeterm ned nunber of sectional planes to the initial 4
position. Subsequently, a predeterm ned nunber of sectional planes are

scanned, starting
Fig. 7 is a view showing a third embodiment of

this invention;
Fig. 8 is a section taken on line 8-8 of Fig. 7;
Fig. 9 is a view showing a fourth embodiment of
5 this invention; and

Fig. 10 is a section taken on line 10-10 of Fig.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will be
10 described in detail hereinafter with reference to the
drawings.

First Embodiment

Fig. 1 is a view showing an outline of a CT
apparatus in a first embodiment of this invention.

15 Fig. 2 is a view showing an interior structure and a
control system of the first embodiment.

An X-ray tube 1 and an X-ray collimator 2 consti-
tute an X-ray emitting device 3 secured tc an inner
peripheral surfacé of a rotary frame mounted in an

20 opening of a gantry not shown. An X-ray detector 4 is
secured to the rotary frame opposite the X-ray emitting
device 3 to detect transmitted X-rays and produce
electric signals corresponding thereto. The rotary

frame is rotatable around an examinee M lying on a top
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with the new sectional plane in the initial position, by successively
shifting the direction of X-ray emssion fromthe X-ray emtting neans

al ong the body axis of the exam nee. After scanning the predeterm ned
nunber of sectional planes, a reset operation is effected and the exam nee
I's noved to set a new sectional plane adjacent the predeterm ned nunber of
sectional” planes to the initial position as above. These operations are
repeated until all sectional planes are scanned. That is, a predeterm ned
nunber of sectional planes are successively scanned, starting with a

sectional plane pdutdey idid | Blsd¥OSdd | ko DihsShddht AP spendhgect beAset X-ray
em ssion fromthe X-ray emtting nmeans w thout noving the exam nee.

Consequent |y, tRfushOly MOMISHr0f driliet €adT dBeicwes Hed Rceay dotébtor
scanni ng of the predeterm ned
4 revolve in an opposed relationship to each other to
scan sectional planes of concern of the examinee M.

5 The X-ray tube 1 acting as an X-ray emitting means
is connected to a high voltage generator 30 which
supplies thereto a high voltage necessary for X-ray
generation. The X-ray detector 4 has a data acquisi-
tion system (DAS}) 31 for receiving detection signals

10 and converting these signals into digital signals, an
image reconstructor 32 for reconst:ucting sectional
images based on the digital signals received, and a CRT
33 for displaying the reconstructed sectional images.

The X-ray collimator 2 is disposed adjacent the

15 X-ray tube 1 to adjust a slice thickness and diverging
angle of X-rays emitted from the X-ray tube 1. The
X-ray collimator 2 is formed of an X-ray shielding
material such as brass or lead to have a cylindrical
shape. The X-ray collimator 2 -defines a slit 5a

20 extending in X direction which is a direction of
divergence of the X-rays emitted. (Y direction perpen-
dicular to X direction corresponds to the axial direc-
tion of examinee M.) The X-rays entering the slit 5a
exit through a.slot 6a having a circumferential dimen-

25 sion determining a slice thickness "t", and a dimension

- 10 -
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nunber of sectional planes, thereby to achieve a substantial reduction in
the time taken in collecting data of all sectional planes. Wth an increase
in the nunber of sectional planes fromwhich data are collected, the

exam nee noving time is correspondi ngly reduced to pronote the reduction in
processing time. Accordi ng to anot her aspect of the present invention
there is provided an apparatus for obtaining sectiofial inages of a
plurality of sectional planes adjacent one another in a direction along a
body axis of an exam nee, by repeating a process of obtaining one

in X direction determining a diverging angle a of the
X-rays. A slot 6b defining an X-ray incidence port has
a larger circumferential dimension than the slot 6a,
and the same dimension in X direction as the.slot 6a,

5 wherefore the slit 5a is wedge-shaped. Thus, X-rays
emitted from the X-ray tube 1 enter the slit 5a through
the slot 6b and converge in departing from the slot 6a
to form an X~-ray beam B having a desired shape. To
provide varied slice thicknesses, the X-ray collimator

10 2 defines, besides the slit 5a, a plurality of slits 5b
and 5c arranged circumferentially thereof and having
different opening dimensions in the circumferential
direction.

The X-ray collimator 2 has an axis extending in X
i5 direction, with an output shaft of a reversible drive
motor 7 attached to one axial end thereof, the other
end being attached to the rotary frame in the gantry
opening through a bearing not shown. Thus, the X-ray
collimator 2 is rotatable about its axis with rotation

20 of the drive motor 7. Not only is it possible to
select one of the slits 5a-5c but the slit 5a, for
example, may be minutely shifted to swing the X-ray
beam B, as converged through the slot 6a, in Y direc-
tion. Even with a shift of the slit 5a, the slot &b

25 having a large circumferential dimension can direct
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sectional image based on projection data relating to X-ray absorption in
each sectional plane of the exam nee, which data are collected by X-ray
detecting neans radially of the sectional plane by causing X-ray emtting
nmeans and the X-ray detecting nmeans opposed to each other across the
exam nee to revolve around the body axis of the exam nee lying still while
causing the x-ray emtting neans to emt X-rays toward each sectional plane
to scan the sectional plane, said apparatus conprising: (a) X-ray enmtting
direction switching means for shifting a direction of X-ray em ssion from
said X-ray em tt Xagayearsitited) fidetm Aoy xdayy afubdel et nges 1)t exam nee
novi ng nmeans for noving said exam nee al ong said body axis; and (c) control
means for repeat iley reftfaddtaonegf dohiel X-cayploetlildmadfors canni 1. afevwersible
predet er mi ned nunber of sectional planes adjacent one
rotation of the drive motor 7, is controlled by a
control unit 8. The X-ray collimator 2 corresponds to
5 the X-ray emitting direction switching means of this
invention.
The control unit 8 controls movement of the top
board 9 supporting the examinee M besides the rotation
of the X-ray collimator 2. The top board 9 includes a
10 rack 10 extending longitudinally thereof, and a pinion
11 meshed with the rack 10. An output shaft of a
reversible drive motor 12 is attached to the pinion 11.
The pinion 11 is rotatable with rotation of the drive
motor 12 to slide the top board 9 longitudinally (in ¥
15 direction) through the rack 10. The reversible rota-
tion of the drive motor 12 is controlled by the control
unit 8. The top board 9 corresponds to the examinee
moving means of this invention.
The control unit 8 comprises, for example, a
20 microcomputer including a CPU (central processing
unit), a CPU memory, a ROM (read-only memory) and the
like. A sequence {(program) of collecting data for
sectional images, which will be described later, is

stored in the ROM, and the CPU carries out processing

25 according to the program. The CPU memory is used for
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[err] another along the body axis of the exam nee, a scanning control by
driving said X-ray emtting direction swtching neans to shift the

direction of X-ray em ssion fromsaid X-

of sectiona
initial position to a |ast sectional plane in said group, said X-ray
emtting neans emtting X-rays toward each sectional plane, thereby
scanni ng each sectional plane of the examnee lying still with the

direction of X-ray em ssion fixed during one scan,

the direction of X-ray

ray emtting neans to scan a group
pl anes successively froma first sectional plane set to an

em ssi on being shefipetatdlyesebringcaasiayvbesfgn pracesseld .conHOlcdit 1 vi ng
said X-ray emtting direction swtching neans, after scanning the |ast
pl ane unisaBdcgrueppondssubt thet hentirodcmieamsofofX-Uhd)s efivegi-on to

secti onal
scan a

10

15

20

25

tion.

The X-ray detector 4 is in the form of a curved
band and attached to the rotary frame in the gantry
opening as noted hereinbefore. The X-ray detector 4
has a dimension in X direction to detect all X-rays
diverging in X direction through the slit 5a (5b or 5c)
and transmitted through the examinee M. Its dimension
in Y direction is one to detect all X-rays when the
X-ray collimator 2 is minutely rotated to photograph a
prlurality of (n) sectional images. The "n" is the
number of sectional planes to be scanned by X-rays
whose emitting direction is shifted in Y direction by
the control unit 8 as described hereinafter.

The sequence of collecting data of sectional
images with the CT apparatus having the above construc-
tion will be described next with reference to the
flowchart shown in Fig. 3. In this sequence, as shown
in Fig. 1, sectional planes #1 to #4 of the examinee M
are scanned one after another. The sectional planes #1
to #4 are close to one another and each has a 2mm slice
thickness.

The control unit 8 moves the top board 9 support-

ing the examinee M to adjust the first sectional plane

- 13 -
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sectional plane to be set to said initial position, and an exam nee novi ng
control by driving said exam nee novi ng neans to nove sai d exam nee
synchronously with said reset control and in a direction in which said
direction of X-ray emission is switched in said rest control, to set . to
said initial position a new first sectional plane adjacent said | ast
sectional plane in said group having been scanned. 6 Fér scanning a
predet er mi ned nunber of sectional planes, starting with a sectional

#1 to a position to which the X-ray beam B travels
vertically from the X-ray collimator 2 (the position at
this time of slit 5a in the X-ray collimator 2 being
called an initial position) (step S1). In this state,
5 the X-ray emitting device 3 and X-ray detector 4, as

opposed to each other, are revolved around the examinee
M to scan the sectional plane #1 (step S2). When the
sectional plane #1 has been scanned, the control unit 8
minutely rotates the X-ray collimator 2 to shift X~rays

10 2mm in Y direction to irradiate the next sectiomnal
plane #2 (step S3). In this state, the X-ray emitting
device 3 and X-ray detector 4, as opposed to each
other, are revolved around the examinee M to scan the
sectional plane $#2 (step S4). Although the X-rays are

15 not perpendicular to Y direction at this time, no
problem arises in image reconstruction since the
sectional plane is scanned with one revolution there-
around so that the center of irradiation of the X-rays
with respect to the sectional plane is substantially

20 perpendicular to Y direction. When the sectional plane
#2 has been scanned, the control unit 8 rotates the
X-ray collimator 2 back to the initial position (i.e.
resets the collimator 2), shifting the X-rays -2mm in ¥
direction, to scan sectional planes #3 and #4. Simul-

25 taneously with the reset operation, the control unit 8
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plane in the initial-position, the control neans drives the X-ray emtting
direction switching nmeans to shift successively the direction of X-ray

em ssion fromthe X-ray enmtting nmeans al ong the body axis of the exani nee.
The control neans effects a reset control, after scanning the predeterm ned
nunber of sectional planes, to drive the X-ray emtting direction swtching
nmeans to switch the direction of X-ray em ssion to scan a sectional plane
[err]

starts an operation to move the top board 9 to adjust
the sectional plane #3 to the initial position (steps
S5 and S6). The sectional planes $#3 and #4 are scanned
as at steps S2 through S4 in place of sectional planes
5 #1 and $#2. When data of all the sectional planes #1
through #4 have been collected, the top board 9 is
driven to withdraw the examinee M from the gantry (step
s7).
Where other sectional planes #5, #6 and so on are
10 to be photographed, steps S2-S6 are repeated to scan
two sectional planes by minutely rotating the X-ray
collimator 2, and the top board 9 (examinee M) is moved
each time two sectional planes have been scanned. 1In
this way, data of numerous sectional planes may be
15 collected. It is also possible to scan sectional
planes #1-#3 first by minutely rotating the X-ray
collimator 2, and move the top board 9 each time three
sectional planes have been scanned. In this case,
however, the X-ray detector 4 must have a sufficient
20 dimension in Y direction to allow scanning of sectional
planes $1-§3. Where, for example, the CT apparatus is
capable of scanning a 10mm slice thickness, a site of
concern is divided into sectional planes each having a
2mm thickness to be scanned. The resulting data are
25 processed to form a sectional image of 10mm slice
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-7 in the initial position. The exam nee novi ng neans_is driven
synchronously with the reset control to nove the exam nee to set a new
sectional plane adjacent the predeterm ned nunber of sectional planes to
the.initial position. Subsequently, the control means drives the X-ray
emtting direction switching neans to scan a predeter- mned number of
sectional planes, starting with the new sectional plane in the initia
position, by successive-

thickness free of a partial volume artifact. In this
sequence, therefore, the X-ray collimator 2 may.be
minutely rotated five times to effect a 2mm shift in Y
direction each time.

5 The time taken in collecting data in the above
sequence will be described with reference to the time
chart shown in Fig. 4.

As seen from Fig. 4, assuming that step S1 is
completed at a point of time 50", the scanning of
10 sectional plane #1 (step S2) consumes about 1 second,
then the rotation of X-ray collimator 2 (step S3) about
0.05 second, and the scanning of sectional plane #2
about 1 second. Next, the resetting rotation of X-ray
collimator 2 (about 0.05 second) is started simultane-
15 ously with the movement of top board 9 (about 3 sec-
onds) (step S6). The resetting rotation of X-ray
collimator 2 is finished during the movement of top
board 9. Thereafter, the scanning of sectional plane
#3 (step S2) consumes about 1 second, then the rotation
20 of X-ray collimator 2 (step S3) about 0.05 second, and
the scanning of sectional plane #4 about 1 second. The
time consumed up to completion of the scanning of
sectional plane 44 is 1 + 0.05 + 1 + 3 + 1 + 0.05 + 1
which is about 7.1 seconds. $he movement of top board
25 9 is regarded as consuming about 3 seconds since moving
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ly shifting the direction of X-ray em ssion fromthe X-ray emtting neans
al ong the body axis of the exam nee. After scanning the predeterm ned
nunber of sectional planes, the control neans effects a reset control and
noves the exami nee to set a new sectional plane adjacent the predeterm ned
nunber of sectional planes to the initial position as above. These opera-
tions are repeated until all sectional planes are scanned. That is, a

pr edet er mi ned nunber of sectiona

the sectional plane #3 to the position of sectional
plane #1 (4mm)} in one stroke is considered to consume.a
longer time than a Z2mm mo&ement as described later.

Next, the time taken in collecting data with a

5 conventional apparatus will be described with reference
to the time chart shown in Fig. 5.

As seen from Fig. 5, agsuming that the sectional
plane #1 is set to a scan position (corresponding to
step S1 above) at a point of time "0", the scénning of

10 sectional piane #1 consumes about 1 second, and then
about 2 seconds are consumed in moving the top board 9
to set the sectional plane #2 to the scan position.
Next, about 1 second is consumed in scanning the
sectional plane #2, about 2 seconds in moving the top

15 board 9 to set the sectional plane #3 to the scan
position, about 1 second in scanning the sectiomnal
plane $3, about 2 seconds in moving the top board 9 to
set the sectional plane $§4 to the scan position, and
finally about 1 second in scanning the sectional plane

20 $4. Thus, the time consumed up to completion of the
scanning of sectional plane #4 is 1 + 2 + 1 + 2 + 1 + 2
+ 1 which is about 10 seconds. The movement of top
board 9 is regarded as consuming about 2 seconds since
this is a 2mm movement.

25 A comparison between Fig. 4 and Fig. 5 shows that
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pl anes are successively scanned, starting with a sectional plane in the
initial position, by driving the X-ray emtting direction sw tching means
which is relatively fast, without noving the exami nee which is relatively
slow. This achieves a substantial reduction in the tine taken in collecting

data of all sectional 8-

r

the time needed to collect the data of sectional planes
#1-#4 has been reduced by as much as about 2.9 (10 -
7.1) seconds. 1In collecting the data oflsectional
planes #1-46, for example, this embodiment takes about
5 12.15 (7.1 + 3 + 1 + 0.05 +1) seconds whereas the

conventional apparatus takes about 16 (10 + 2 + 1 + 2 +
1} seconds. Thus, the larger the number of sectional
planes scanned is, the more processing time is saved by
omitting the movement of top board 9, which promotes

10 the processing time reduction.

Second Embodiment

A second embodiment will be described next with
reference to Fig. 6, which employs a différent X-ray
collimator to swing X-rays in Y direction.

15 This X-ray collimator 20 is penetrated and
slidably supported by parallel support shafts 26
extending in Y direction. These support shafts 26 are
fixed to inner walls of a rotary frame mounted in a
gantry opening. The X-ray collimator 20 is formed of

20 an X-ray shielding material such as brass or lead to
have a plate shape, and defines slits 2la-2l1c extending
in a diverging direction of X-rays. Each of the slits
2la-21c has dimensions to provide a diverging angle «
and slice thickness "t" of the X-rays. The slit 21a,

25 for example, is wedge-shaped with a slot 22b defining
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pl anes. Wth an

I ncrease in the nunber of sectional planes from which data

are collected, the exaninee noving time is correspondingly reduced to
pronote the reduction in processing tine. BRI EF DESCRI PTI ON OF THE DRAW NGS

For. t he purpose
drawi ngs severa

and i nstrunment al

10

15

20

25

of illustrating the invention, there are shown in the

forms which are presently preferred, it being understood ,
however, that the invention is not limted to the precise arrange- nents

ities shown.

an X-ray incidence port thereof and having a larger
dimensibn in Y direction than a slot 22a (not seen in
Fig. 6) defining an exit port. The X-ray collimator 20
is slidable in Y direction by a drive mechanism de-
scribed hereunder.

The X-ray collimator 20 includes a rack 23 extend-
ing in Y direction, and a pinion 24 meshed with the
rack 23. An output shaft of a reversible drive motor
25 is attached to the pinion 24. The pinion 24 is
rotatable with rotation of the drive motor 25 to
reciprocate the rack 23 in Y direction. The rotation
of the drive motor 25 is controlled by a control unit,
not shown, similar to the control unit 8 in the first
embodiment. The movement of a top board is also
controlled by the control unit.

The other details of this embodiment may be the
same as in the first embodiment. Following the se-
quence described with reference to Fig. 3, data of a
plurality of sectional planes may be collected with the
reciprocating movement in Y direction of the X-ray
collimator 20 replacing the rotation of the X-ray
collimator 2 at steps S3 and Sé6.

Third Embodiment

A third embodiment of this invention will be ~

described next.
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Fig. 1 is a view showing an outline of a CT apparatus enbodying this

I nvention; Fig. 2 is a view showng an interior structure and a control
systemin a first enbodinment of this inven- tion; Fig. 3 is a flowhart
showi ng a sequence of collecting data of sectional planes in the first
enbodinment; Fig. 4 is a tinme chart showi ng processing tine taken in data
collection in the first enbodi nent;

In each of the first and second embodiments, the
X~ray collimator 2 or 20 is rotatable or reciprocable
to shift the X-ray emitting direction. In the third
embodiment, the X-ray emitting device 3 including the

5 X-ray tube 1 and X-ray collimator 2 or 20 is arranged

slidable axially of the examinee M (in Y direction}.

A specific construction will be described with
reference to Figs. 7 and 8. Figs. 7 and 8 depict a
cylindrical X-ray collimator 2 as described in the

10 first embodiment, and this embodiment will be described
hereinafter using this collimator 2 as an example.
Like reference numerals are used to identify like parts
in Figs. 1 and 2 which are the same as in the first
embodiment and will not be described again.

15 The X-ray collimator 2 is rotatably mounted in a
case 40, with the X-ray tube 1 fixed to the top of the
case 40, so that the X-ray tube 1 and X-ray collimator
2 are movable together. The case 40 has an upper
surface and a lower surface including X-ray penetrable

20 'windows not shown. X-rays emitted from the X-ray tube-
1 travel through the X-ray penetrable window in the
upper surface of the case 40 into the slit 5a of the
X-ray collimator 2. An X-ray beam B exiting the slit
5a travels through the X-ray penetrable window in the

25 lower surface of the case 40 to the examinee M.
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Fig. 5is atime chart showing processing tine taken in data collection
with a conventional apparatus; Fig. 6 is a perspective view of an X-ray
collimator in a second enbodi ment of this invention; [err] Fig. 7is a
view showing a third enbodi ment of this invention;

s

The case 40 is supported by four slide rails 41
fixed to a rotary frame 42 rotatably mounted in a
gantry. The case 40 includes a motor 43 for reversibly
rotating a screw shaft 44 meshed with the rotary frame

5 42.

The screw shaft 44 is rotatable with rotation of
the motor 43 to slide the case 40 containing the X-ray
collimator 2, together with the X-ray tube 1, in Y
direction along the slide rails 41. The rotation of

10 the motor 43 is controlled, as is the motor 12 for
moving the top board 9, by a control unit 45 similar to
the control unit 8 in the first embodiment. An X-~ray
detector 4 is attached to the rotary frame 42 in an
opposed relationship to the X-ray emitting device 3.

15 For scanning sectional planes, the X-ray
collimator 2 is first rotated to select a desired slit.
At this time, the X-ray collimator 2 is rotated to a
position to allow the X-ray beam B exiting the slit to
travel perpendicular to Y direction. In this state,

20 the control unit 45 rotates the motor 43 to move the
X-ray emitting device 3 to an initial position, and at
the same time moves the top board 9 to set a first
sectional plane of the examinee M to the initial
position.

25 After the first sectional plane is scanned, the
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Fig. 8 is a section taken on line 8-8 of Fig. 7; Fig. 9 is a view showing a
fourth enbodi nent of this invention; and Fig. 10 is a section taken on |ine
10-10 of Fig. 9. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred

enhodi ments of this invention will be described in detail hereinafter with

reference to the drawi ngs. First Enbodi nent

10

15

20

25

s

control unit 45 rotates the motor 43 to slide the X-ray
emitting device 3 in Y direction for enabling scanning
of a sectional plane adjacent the first sectional plane
scanned. In this way, a desired number of sectional
planes are scanned by sliding the X-ray emitting device
3 in Y direction. Subsequently, the control unit 45
effects a reset control to rotate the motor 43 backward
to return the X-ray emitting device 3 to the initial
position. At the same time, the top board 9 is moved
to set a next sectional plane to be scanned, adjacent
the scanned sectional planes, to the initial position.

This sectional plane and adjacent sectional planes
are successively scanned by moving the X-ray emitting
device 3 in Y direction as above. After a desired
number of sectional planes are scanned by sliding the.
X-ray emitting device 3 in Y direction, the control
unit 45 effects the reset control and moves the top
board 9 to set a next éectional plane to be scanmed to
the initial position.

The above operations are thereafter repeated until
completion of data collection. With the X-ray emitting
device 3 arranged slidable in Y direction as described
above, fhe time taken in sliding the X-ray emitting
device 3 in Y direction is shorter than the time tdken

in moving the top board 9. Consequently, as in the
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Fig. 1 is a viewshowng an outline of a CT apparatus in a first enbodi nent
of this invention. Fig. 2 is a view showng an interior structure and a
control systemof the first enbodinent. An X-ray tube 1 and an X-ray

col.limator 2 consti- tute an X-ray emtting device 3 secured to an inner
peri pheral surface of a rotary franme nounted in an opening of a gantry not

shown. An X-ray detector 4 is secured to the rotary frane opposite the
X-ray emtting device 3 to detect transmtted X-rays and produce

10

15

20

25

first and second embodiments, data collection requires
a reduced processing time. Moreover, in the third
embodiment, the X-rays are emitted perpendicular to Y
direction for all sectional planes scanned after
sliding the X-ray emitting device 3 in Y direction.

The X-ray collimator mounted in the case 40 is not
limited to the cylindrical collimator, but may be the
plate-shaped X-ray collimator 20 (see Fig. 6) described
in the second embodiment.

Fourth Embodiment

A fourth embodiment of this invention will be
described next with reference to Figs. 9 and 10.

The fourth embodiment is characterized in that the
X-ray emitting device 3 and X-ray detector 4 are
synchronously slidable in Y direction. Like reference
numerals are used to identify like parts in Figs. 1, 2,
7 and 8 which are the same as in the first and third
embodiments and will not be described again.

Specifically, the X-ray emitting device 3 and
X-ray detector 4 are movable in Y direction together,
with a case 40 having an X-ray tube 1 fixed thereto and
an X-ray collimator 2 rotatably mounted therein, and
the X-ray detectof 4, being attached to a support ring
50 in an opposed relationship with each other. The

support ring 50 includes four motors 51 for rotating
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electric signals corresponding thereto. The rotary frame is rotatable
around an exanm nee MIlying on a top - 10- board 9 and inserted into the
gantry openi ng. Conse- quently, the X-ray emtting device 3 and X-ray
detector 4 revolve in an opposed relationship to each other to scan
sectional planes of concern of tﬁe exam nee M

10

15

20

25

screw shafts 52 meshed with a rotary frame 42. The
motors 51 are synchronously rotatable to slide the
X-ray emitting device 3 and X-ray detector 4 in Y
direction by means of the support ring 50. The respec-
tive motors 51 are controlled to rotate synchronously
by a control unit 53 similar to the control unit 8 in
the first embodiment. This control unit 53 also
controls a motor 12 for moving a top board 9.

With this construction, as in the third embodi-
ment, a desired number of sectional planes may be
scanned by sliding the X-ray emitting device 3 and
X-ray detector 4 in Y direction to reduce the process-
ing time for data collection. Further, in the fourth
embodiment, as in the third embodiment, the X-rays are
emitted perpendicular to Y direction for all sectional
planes scanned after sliding the X-ray emitting device
3 in Y direction. The X-ray detector 4 in the fourth
embodimént may have a width in Y direction just enocugh
to enable scanning of one sectional plane.

The X-ray collimator mounted in the case 40 is not
limited to the cylindrical collimator, but may be the
plate-shaped X-ray collimator 20 (see Fig. 6) described
in the second embodiment.

The present invention may be embodied in other

specific forms without departing from the spirit or
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The X-ray tube 1 acting as an X-ray emtting nmeans is connected to a high
vol tage generator 30 which supplies thereto a high voltage necessary for
X-ray generation. The X-ray detector 4 has a data acquisi- tion system
(DAS) 31 for receiving detection signals and converting these signals into
digital signals, an image reconstructor 32 for reconstructing sectional ,
i mges based on the digital signals received, and a CRT 33 for displaying
the reconstructed sectional imges. The X-ray collimtor 2 is disposed

adj acent the )

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.
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X-ray tube 1 to adj ust ﬂ&slice t hi ckness and di verging angle of X-rays

di
emtted | H.mmlmg u be 1. The X-ray collimator 2 is fornmed of an X-ray
shieldin Al

s brass or lead to have a cylindrical shape. The
X-r.ay collimator 2 defines a slit 5a extending in X direction which is a
direction of divergence of the X-rays emtted. (Y direction perpen- dicular
to X direction corresponds to the axial direc- tion of examnee M) The
X-rays entering the slit .5a exit through a slot 6a having a circunferenti al
di nmen-

What is claimed is:

1. A method of obtaining a sectional image of an
examinee based on projection data relating to X-ray
absorption in sectional planes of the examinee, which
data are collected radially of the sectional planes by
5 causing X~ray emitting means and X-ray detecting means
opposed to each other across the examinee to scan the
sectional planes of the examinee lying still, said
method comprising the steps of:
(a) scanning a predetermined number of sectional
10 planes starting with a sectional plane in an initial
position by successively shifting a direction of X-ray
emission from said X-ray emitting means along a body
axis of said examinee;
(b) effecting a reset operation, after scanning
15 the predetermined number of sectional planes, to switch
the direction of X-ray emission to scan a sectional
plane in said initial position, and moving said
examinee synchronously with said reset operation to set
a new sectional plane adjacent said predetermined
20 number of sectional planes to said initial position;
and |
(c) repeating the steps (a) and (b) above until

all sectional planes are scanned.
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I on detern1n| ﬁUﬂ slice thickness "t", and a dinension [err] in X

d| rectu mamjl diverging angle [err]. of the X-rays. A slot 6b
defi ni ence port has a larger circunferential dimension

t han the sl ot 64, and the sane dinmension in X direction as the slot 6a,
wherefore the slit 5a is wedge-shaped. Thus, X-rays

I

2. An apparatus for obtaining a sectional image of an
examinee based on projection data relating to X-ray
absorption in sectional planes of the examinee, which
data are collected radially of the sectional planes by
5 causing X-ray emitting means and X-ray detecting means
opposed to each other across the examinee to scan the
sectional planes of the examinee lying still, said
apparatus comprising:
X-ray emitting direction switching means for
10 shifting a direction of X-ray emission from said X-ray
emitting means along a quy axis of said examinee;
examinee moving means for moving said examinee
along said body axis; and
control means for effecting a switching control by
15 driving said X-ray emittiﬁg direction switching means
to shift the direction of X-ray emission from said
X-ray emitting means to scan one sectional plane and
then a next sectional plane adjacent thereto, thereby
to scan successively a predetermined number of section-
20 al planes starting with a sectional plane in an initial
position, a reset control by driving said X-ray emit-
ting direction switching means, after scanning the
predetermined number of sectional planes, to switch the
direction of X-ray emission to scan a sectional pléne

25 in said initial position, and a further control by
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emtt tube 1 enter the slit 5a through the slot 6b and
eonveg ME H “E“fron1the slot 6a to forman X-ray beam B having a
desir . M0 provide varied slice thicknesses, the X-ray collimtor 2
defines, besides the slit 5a, a plurality of slits 5b and 5c arranged
circunferentially thereof and having different opening dinensions in the
circunferential direction. The X-ray collimator 2 has an axis extending in
X direction, with an output shaft of a reversible drive

driving said examinee moving means to move said

examinee synchronously with said reset control to set a
new sectional plane adjacent said predetermined number

of sectional planes to said initial position.

3. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes an
X-ray collimator rotatable axially of said examinee,
said control means being operable to rotate said X-ray
5 collimator axially of said examinee to effect said
switching control for shifting the direction of X-ray
emission to scan the predetermined number of sectional
planes starting with the sectional plane in said

initial position and said reset control.

4. An apparatus as defined in claim 3, wherein said
X-ray collimator has a cylindrical shape and includes a
plurality of slits arranged circumferentially thereof
to adjust a slice width and diverging angle of X-rays

emitted from said X-ray emitting means.

5. An apparatus as defined in claim 4, wherein said
slits are wedge-shaped, each with an incidence port for
receiving the X-rays emitted from said X-ray emitting

means having a larger circumferential width than an

- 28 -~
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notor 7 attacheéd to one axial end thereof, the other end being attached to

t he rotar ntry openi ng through a bearing not shown. Thus,
the X-ray m‘muﬁﬂm "Pj”mrotatable about its axis with rotation of the
dri-ve not of it possible to select one of the slits 5a-5c but
the slit 5a, for exanple, may be mnutely shifted to swing the X-ray beam
B, as converged through the slot 6a, in Y direc- tion. Even with a shift of
the slit 5a, the slot 6b having a large circunferential dinension can

di rect

exit port for delivering the X-rays.

6. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes an
X-ray collimator slidable axially of said examinee,
said control means being operable to slide said X-ray
5 collimator axially of said examinee to effect said
switching control for shifting the direction of X-ray
emission to scan the predetermined number of sectional
planes starting with the sectional plane in said

initial position and said reset control.

7. An apparatus as defined in claim 6, wherein said
X~-ray collimator has a plate-like shape and includes a
plurality of slits arranged axially of said examinee to
adjust a slice width and diverging angle of X-rays

5 emitted from said X-ray emitting means.

8. An apparatus as defined in claim 7, wherein said
slits are wedge-shaped, each with an incidence port for
receiving the X-rays emitted from said X-ray emitting
means having a larger width than an exit port for

5 delivering the X-rays.
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- X-ra s emtted fron1the X-ray tube 1 into the slit 5a. The

[err
r ot atlon of L'ﬂl“(mll Mlﬁtor , i.e. reversible rotation of the drive
notor 7, ontrol unlt 8. The X-ray collimtor 2
conresponds t& the - ray en1tt|ng direction switching nmeans of this

’

9. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes a
mechanism for shifting said X-ray emitting means

axially of said examinee.

10. An apparatus as defined in claim 9, wherein said
X-ray detecting means is shiftable with said X-ray

emitting means axially of said examinee.
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i nvention. The control unit 8 controls novenent of the top board 9
supporting the exam nee M besides the rotation of the X-ray collimtor 2.
The top board 9 includes a rack 10 extending longitudinally thereof, and a
pinion 11 meshed with the rack 10. An output shaft of a reversible drive
nmotor 12 is attached to the pinion 11. The pinion 11 is rotatable with
rotation of the drive notor 12 to slide the top board 9. longitudinally (in
Y direction) through the rack 10. The reversible rota-

10

15

20

ABSTRACT OF THE DISCLOSURE

A predetermined number of sectional planes are
successively scanned, starting with a sectional plane
in an initial position, by shifting a direction of
X-ray emission from an X-ray emitting device. A reset
operation is effected, after scanning the predetermined
number of sectional planes, to switch the direction of
X-ray emission to scan a sectional plane in the initial
position. An examinee is moved synchronously with the
reset operation to set a new sectional plane adjacent
the predetermined number.of sectional planes to the
initial position. A predetermined number of sectional
planes are successively scanned, starting with the new
sectional plane in the initial position, by shifting
the direction of X-ray emission from the X-ray emitting
device. After scanning fhe predetermined number of
sectional planes, a reset operation is effected and the
examinee is moved to set a new sectional plane adjacent
the predetermined number of sectional planes to the
initial position. These operations are repeated until

all sectional planes are scanned.
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tion of the drive notor 12 is controlled by the control unit 8 The top
board 9 corresponds to the exam nee noving neans of this invention. The
control unit 8 conprises, for exanple, a mcroconputer including a CPU
(central processing unit), a CPU nenory, a ROM (read-only nenory) and the
| i ke. A sequence (progran) of collecting data for sectional inmages, which
wi Il be described later, is stored in the ROM and the CPU carries out
processi ng according to the program The CPU nenory is used for

FIG.1

Control
Unit

FIG. 6
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-13 - tenporarily storing data being processed. The control unit 8
corresponds to the control nmeans of this inven- tion. The X-ray detector 4
is in the formof a curved band and attached to the rotary franme in the
gantry opening as noted hereinbefore. The X-ray detector 4

FI1G.2 )
30
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High Vol.
Generator
/33
CRT °a
Image 32
Reconstructor
I
DAS
[
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10
11
X
8
I
Control
Unit
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has a dinmension in X direction to detect all X-rays diverging in X
direction through the slit 5a (5b or 5¢) and transmtted through the
exanminee M Its-dinmension in Y direction is one to detect all X-rays when
the X-ray collimator 2 is mnutely rotated to photograph a plurality of (n)
sectional images. The "n" is the nhunber of sectional planes to be scanned
by X-rays whose emtting direction is shifted in Y direction by the control
unit 8 as described hereinafter. The sequence of collecting data of

secti onal

FI1G.3

‘( -start )

move top board to set #1
to direction of x-ray 7mission

, S1
from x-ray collimator :
in initial position

.

[ scan #1 (#3) : S2

rotate collimator minutely
to adjust x-ray emission to |S3

22 (#4)
scan #2 (#4) S4
Gata of all
sectional planes YES
acquired?
NO

‘reset collimator and S6
move top plate

]
|

withdraw examinee 5'7
from gantry

end
This Sheet Has Been RT

MR

laced




L]

I mages with the CT apparatus having the above construc- tion will be
descri bed next with reference to the flowhart shown in Fig. 3. In this
sequence, as shown in Fig. 1, sectional planes #1 to #4 of the exam nee M
are- scanned one after another. The sectional planes #1 to #4 are close to
one anot her and each has a 2mm slice thickness. The control unit 8 noves
the top board 9 support- ing the exam nee Mto adjust t’he first sectional
pl ane

F1G. 4
! %ec. 0.05 sec.
scan ﬁ‘f‘(#—z)* f(#3)L (-,eu,)L
collimator | I 1.1 i
rotation B ’ f(reset)§ ; ; }
top board | || i3seel Pl
movement 55 : B :
0 1105 205 505 60561 71(sec)
F1G.5
1 sec
scan ﬁ: W '(;—37 (€A}
o ‘2seci | i T
top board — — o
movement S N | | P
1 3 4 6 7 9  10(sec.)
This Sheet Has Been Replaced
i




o

4
¢ LY

-14~ #1 to a position to which the X-ray beam B travels vertically from

the X-ray col |l imator
col 'imator 2 being called an initial

t he X

I n thi

2 (the position at this tinme of slit 5a in the X-ray
position) (step S1).

S state,

-ray emtting device 3 and X-ray detector 4, as opposed to each other,
pl ane #1 (step

are revol ved around the exanm nee Mto scan the secti onal

S2).

When t he
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sect< onal plane #1 has been scanned, the control unit 8 mnutely rotates
the X-ray collimator 2 to shift X-rays 2mmin Y direction to irradiate the
next sectional plane #2 (step S3). In this state, the X-ray emtting device
3 and X-ray detector 4, as opposed to each other, are revol ved around the
exam nee Mto scan the sectional plane #2 (step S4). Al t hough the X-rays
are not perpendicular to Y direction‘at this tine, no problemarises in

i mage reconstruction since the sectional plane is scanned with one

revol uti on there-
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METHOD AND APPARATUS FOR COMPUTERIZED TOMOGRAPHY

BACKGROUND OF THE INVENTION
(1) Field of the Invention

This invention relates to computerized tomography
(CT) for obtaining sectional images of an examinee by
emitting X-rays from radial directions to the examinee,
and particularly to a method and apparatus for obtain-
ing a pluraiity of sectional images of an examinee
lying still.
{2) Description of the Related Art

‘ This type of CT apparatus includes an X-ray

emitter and an X-ray detector opposed to each other
across an examinee lying still on a top board. X-rays
are emitted from radial direétions to scan the e#aminee
and collect projection data relating to X-ray absorp-
tion in the ekamineefs body. The data is fevgrsely

projected to reconstruct a distribution image of X-ray

"absorption coefficients in a sectional plane across the

examinee's body, thereby to obtain a sectional image of
the body.- After one slice is scanned, the top board is
slid to adjust a next slice of concern of the examinee
to a direction of X-ray emission from the X-ray emit-

ter, and a sectional image of this slice is obtained as

above.

REPLACEMENT SHERT
2 2 AUG 1994

——

]




1% - starts an operation to nove the top board 9 to adjust the sectional
plane #3 to the initial position (steps S5 and S6). The sectional planes #3
and #4 are scanned as at steps S2 through S4 in place of sectional planes
#% and #2. \Wen data of all the sectional planes #1 through #4 have been
collected, the top board 9 is driven to withdraw t he exam nee Mfromthe
gantry (step S7). . .

_2_'

If a sectional plane has an excessive slice
thickness, a virtual image called a partial volume
artifact tends to appear in a reconstructed image of,
for example, the osseous basal region of brains. In
practice, as disclosed in Japanese Patent Publication
{Unexamined) No. 61-109551, data of numerous thin slice
planes are collected and put to data processing such as
addition to obtain a clear image of a thick sectional
plane. '

However, such a method of obtaining a sectional
image has the following disadvantage.

The top board on which an examinee lies is slid at
a relatively low speed {about 2 seconds) ijin or@er to

“avoid a displacement ﬁetween a sectiénéi plane of a
site of concern and the X-ray emitter or éhe like. on
the other hand, scanning by the X-ray emitter or the
like is carried out at.high speed (about 1 second}. To
collect data of numerous sectional planes un&er such.
conditions, sliding of the top béard supporting the
examinee and scanning by the X-ray emitter or the 1like
must alternately be repeated numerous times. A long
time is required to collect data of all of desired
sectional planes particularly because of the slow

sliding movement of the top board.
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Wier e ot her sectional planes #?ﬁﬁ?dand so on are to be photographed, steps

S2-S6 are repeated ¥ A onal planes by mnutely rotating the
X-ray collimtor 2, "
sectional planes hav

rd 9 (examnee M is noved each tinme two
In this way, data of numerous secti onal
pl anes may be collected. It is also possible to scan sectional planes #1-#3
first by mnutely rotating the X-ray collimtor 2, and nove the top board 9
each time three sectional planes have beer§ scanned. In this case,
SUMMARY OF THE INVENTION

This invention has been made having regard to the
state of the art noted above, and its object is, in
relation to collection of data of numerous sectional
planes with a CT apparatus, to provide a method and
apparatus for reducing the time required to collect
data of all of required sectional planes.

The above object is fulfilled, according to one .
aspect of.this invention, by a method of obtaining a
sectional image of an examinee based on projection data
relating to X-ray absorption in sectional planes of the
examinee, which data are collected radially of the
sectional planes by causing X-ray emitting means and
X-ray detecting means opposed to each other across the
.examinee to scan the sectional planes of the examinee
lying still, the method comprising the steps of:

(a) scanning a predetermined number of sectional
planes starting with a sectional plane in an initial
position by successively shifting a direction of X-ray
emission from the X-ray emitting means along a body .
axis of the examinee;

{b) effecting a reset operation, after scanning
the predetermined number of sectional planes, to switch
the direction of X-ray emission to scan a sectional

plane in the initial position, -and moving the examinee
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hpﬁever, t he X—ray-détectorB4 t . pave a sufficient dinmension inY
direction to all OWTEEW ﬁ[ ronal planes #1-#3. Were, for exanple,
the CT apparatus is “ nning a 10mm slice thickness, a site of
concern is divided i pl anes each having a 2mmthi ckness to be
scanned. The resulting data are processed to forma sectional inmage of | Om
slice - :
-4 -

synchronously with the reset operation to set a new

sectional plane adjacent the predetermined number of

sectional planes to the initial position; and

{c) repeating the steps (a) and (b) above until
all sectional planes are scanned.

A predetermined number of sectional planes are
scanned, starting with a sectional plane in the initial
position, by successively shifting the direction of
X-ray emiésion from the X-ray emitting means along the
body axis of the examinee. A reset operation is
effected, after scanning the predetermined number of
sectional planes, to switch the direction of X-ray
emission to scan a sectional plane in the initial

.ﬁpositiép. The examinee is moved synchronously with the
reset operation to set a new sectional plane adjacent
the predeterminéd number of sectional planes to the
initial position. |

Subsequently, a predetermined number of sectional
planes are scanned, starting with the new sectional
plane in the initial position, by successively shifting
the direction of X-ray emission from the X-ray emitting
means along the body axis of the examinee. After
scanning the predetermined number of sectional planes,
a reset operation is effected and the examinee is moved

to set a new sectional plane adjacent the predetermined
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-16 - thickness free of a partial volunme artifact. In this sequence,

t herefore, the X-r aisSiektHa egacey be minutely rotated five tines to
ef fect a 2mm shift i qflieach tinme. The tinme taken in collecting
data in the above s described with reference to the tine
chart shown in Fig. 4. As seen fromFig. 4, assuming that step Sl is

conpleted at a point of tinme "0", the scanni ng of
-5-
number of sectional planes to the initial position as
above. These operations are repeated until all sec;
tional planes are scanned.

That is, a predetermined number of sectional
planes are successively scanned, starting with a
sectional plane in the initial position, by shifting
the direction of X-ray emission from the X-ray emitting
means without moving the examinee. Consequently, the
slow moveﬁent of the examinee does not occur during
scanning of the predetermined number of sectional
‘planes, thereby to achieve a substantial reduction in
the time taken in collecting data of all sectional
planes. With an increase in the number of sectional
‘planes from which data are collected, the examinee
moving time is correspondingly reduced to promote the
reduction in processing time.

In a further aspect of this invention, an appara-
tus for executing the above method is providéd, which
comprises: .

X-ray emitting direction switching means for
shifting a direction of X-ray emission from the X-ray
emitting means along a body axis of the examinee;

examinee moving means for mﬁving the examinee

along the body axis; and

control means for effecting a switching-control by
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secti onal pl ane #1 (éfep 82) cbnsunes about 1 second, then the rotation of
X-ray col |i mat or ¢d 0. 05 second, and the scanning of

segtional plane #2 Next, the resetting rotation of X-ray,
is started simultane- ously with the
sec- onds) (step S6). The resetting

collimator 2 (about

novenent of top boa
rotation of X-ray colllnator 2 is finished during the novenent of top board

9. Thereafter, the scanning of sectional plane #3 (step S2) consunmes about
1 second, then the rotation -9

driving the X-ray emitting direction switching means to
shift the direction of X-ray emission from the X-ray
emitting means to scan one sectional plane and then =z
next sectional plane adjacent thereto, thereby to scan
successively a predetermined number of sectional planes
starting with a sectional plane in an initial position,
a reset control by driving the X-ray emitting direction

{ switching means, after scanning the predetérmined
number of.sectional planes, to switch the direction of
X-ray emission to scan a sectional plane in the initial
position, and a further control by driving the examinee
moving means to move the examinee synchronously with
the reset control to set a new sectional plane adjacent
the predetermined number of sectiénal.planes to the
initial position.

For scanning a predetermined number of sectional
planes, starting with a sectional plane in the initial
position, the control means drives the X-ray emitting
direction switching means to shift successively the
direction of X-ray emission from the X-ray emitting
means along the body axis of the examinee. The control
means effects a reset control, after scanning the
predetermined number of sectional planes, to drivé the

X-ray emitting direction switching means to switch the

direction of X-ray emission to scan a sectional plane
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of X-ray collimator 2 (step S3) about 0.05 second, and the scanni ng of
sectional plane #4 about 1 second. The tine consuned up to conpl etion of

t he scanning of sectional plane #4 is 1 + 0.05 + 1 + 3 + 1 + 0.05 + 1 which
i $ about 7.1 seconds. The novenent of top board 9 is regarded as consuni ng
about 3 seconds since noving -17 -

-7 -

in the initial position. The examinee moving means is
driven synchronously with the reset control to move.the
examinee to set a new sectional plane adjacent the
predetermined number of sectional planes to the initial
position.

Subsequéntly, the control means drives the X-ray
emitting direction switching means to scan a predeter-
mined number of sectional planes, starfing with thé new
sectional plane in the initial position, by successive-
ly shifting the direction of X-ray emission from the
X-ray emitting means along the body axis of the
examinee. After scanning the predetermined number of
sectional planes; the control means effects a reset

“:control and moves the examinee to set a new sectional
plane adjacent the predetermined number of sectional
planes to the initial position as above. These opera-
tions are repeated until all sectional planes are
scanned.

| That is, a pfedetermined number of sectional
planes are successively scanned, starting with a
sectional plane in the initial position, by driving the
X-ray emitting direction switching means which is
relatively fast, without moving the examinee which is
relatively slow. This achieves a subétantial reduction

in the time taken in collecting data of all sectional
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the sectional plane #3 to the position of sectional plane #1 (4nm in one
stroke is considered to consune a |onger tine than a 2nmm novenent as
described later. Next, the time taken in collecting data with a
conventional apparatus will be described with reference to the tine chart
shown in Fig. 5. As seen fromFig. 5 assumng that the sectional plane #1
Is set to a scan position (corresponding to step SI above) at a point of
time "0", the scanning of sectional planeg#l consumes about 1 second, and

t hen

planes. With an increase in the number of sectional
planes from which data are collected, the examinee
moving time is correspondingly reduced to promote the

reduction in processing time.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating 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 view showing an outline of a CT
apparatus embodying this invention;

Fig. 2 is a view showing an interior structure and
a control system in a first embodiment of this inven-
tion;

Fig. 3 is a flowcﬁart showing a sequence of
collecting data of sectional planes in the first
embodiment;

Fig. 4 is a time chart showing processing time
taken in data collection in the first embodiment:

Fig. 5 is a time chart showing processing time
taken in data collection with a conventional apparatus;

Fig. 6 is a perspective view of an X-ray

collimator in a second embodiment of this invention;
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about 2 seconds are consumed in noving the top board 9 to set the sectional
pl ane #2 to the scan position. Next, about 1 second is consuned in scanning
t he sectional plane #2, about 2 seconds in noving the top board 9 to set

t he sectional plane #3 to the scan position, about 1 second in scanning the
sectional plane #3, about 2 seconds in noving the top board 9 to set the
sectional plane #4 to the scan position, and finally about 1 second in
scanni ng the sectional plane #4. Thus, the_éLne consuned up to conpl etion

of the

Fig. 7 is a view showing a ﬁhird embodiment of
this invention;

Fig. 8 is a section taken on line 8-8 of Fig. 7;

Fig. 9 is a view showing a fourth embodiment of
this invention; and

Fig. 10 is a section taken on line 10-10 of Fig.

DESCRIPTIéN OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this invention will be
described in detail hereinafter with reference to the
drawings.

Firsg Embodiment

1 H

Fig. 1 ié a view showing an outline of a CT
;apparatus;in a first embodiment of this invention.
Fig. 2 is a view showing an interior structure and a
control system of the first émbgdimeht.

An X-ray tube 1 and an X-ray collimator 2 consti-
tute an X-ray emitting device 3 secured to an inner
peripheral surface of a rotary frame mounted in an
opening of a gantry not shown. An X-ray detector 4 is
secured to the rotary frame opposite the X-ray emitting
device 3 to detect transmitted X-rays and produce
electric signals corresponding thereto. The rotary

frame is rotatable around an examinee M lying on a top




scanni ng of sectional plane #4 is 1 + 2 + 1 + 2 + 1 + 2 + 1 which is about
10 seconds. The novenent of top board 9 is regarded as consum ng about 2
seconds since this is a 2nm novenent. A conparison between Fig. 4 and Fig.
5 shows t hat -18 - the tinme needed to collect the data of sectional

pl anes
- 10 -
board 9 and inserted into the gantry opening. Conse-
quently, the X-ray emitting device 3 and X-ray deteétor
4 revolve in an opposed relationship to each other to
scan sectional planes of concern of the examinee M.

The X-ray tube 1 acting as an X-ray emitting means
is connected to a high voltage generator 30 which
supplies thereto a high voltage necessary for X-ray
generation. The X-ray detector 4 has a data acquisi-
tion sysfem {DAS) 31 for receiviné detection signals
~and converting these signals into digital signals, an
image reconstructor 32 for reconstructing sectional
images based on the digital signals received; and a CRT
33 for displaxing the reqonstructed sectional images.

. ! The X~ray collimator 2 is diéposed adjacent the
X-ray tube 1 éo adjust a:slice thickness and diverging
aﬁgle of X-rays emitted from the X-ray tube 1. The
X-ray collimator 2 is formed-of an X-ray shielding -
material such as brass or lead to have a cylindrical
shape. The X-ray ccollimator 2 defines a slit 5a
extending in X direction which is a direction of
divergence of the X-rays emitted. (Y direction perpen-
dicular to X direction corresponds to the axial direc-
tion of examinee M.) The X-rays entering the slit 5a
exit through a slot 6a having a circumferential dimen-

sion determining a slice thickness "t", and a dimension
2 2 AUG 102




#1-#4 has been reduced by as nmuch as about 2.9 (10 - 7.1) seconds. In
collecting the data of sectional planes #1-#6, for exanple, this enbodi nent
takes about 12.15 (7.1 + 3 + 1 + 0.05 +1) seconds whereas the conventi onal
apparatus takes about 16 (10 + 2 + 1 + 2 + 1) seconds. Thus, the larger the
nunber of sectional planes scanned is, the nore processing tinme is saved by
omtting the novenent of top board 9, which pronotes the processing tine
reduction. Second Enbodi nent

-11 -

in X direction determining a diverging angle a of the

X-rays. A slot 6b defining an X~-ray incidence port has

a larger circumferential dimension than the slot 6a,
and the same dimension in X direction as the slot 6a,

wherefore the slit 5a is wedge-shaped. Thus, X-rays

emitted from the X-ray tube 1 enter the slit 5a through
the siot 6b and converge in departing from the slqt ta
to form an X-ray beam B having a desired shape. To
provide varied slice thicknesses, the X-ray collimator

2 defines, besides the slit 5a, a plurality of slits 5b

and 5c arranged circumferentially thereof and having

different opening dimensions in the circumferential
direction. : ! !

- The X-ray co}limator 2 has an axiS;extendiné in X
direction, with an output shaft of a reversible drive
motor 7 attached to one axial end thereof,_the other
end'being attached td the rotary frame in Ehe gantry
opening througﬁ a bearing not shown. Thus, the X-ray
collimator 2 is rotatable about its axis with rotation
of the drive motor 7. Not only is it possible to
select one of-the slits 5a-5¢ but the slit 5a, for
example, may be minutely shifted to swing the X-ray
beam B, as converged through the slot 6a, in Y direc-
tion. Even with a shift of the slit 5a, the slot 6b

having a large circumferential dimension can direct
2 2 AUG 1996 !




A second enbodinent will be described next with reference to Fig. 6, which
enploys a different X-ray collimator to swing X-rays in Y direction. This
X-ray collimator 20 is penetrated and slidably supported by parall el
support shafts 26 extending in Y direction. These support shafts 26 are
fixed to inner walls of a rotary frame nounted in a gantry opening. The
X-ray collimator 20 is forned of an X-ray i elding material such as brass
or lead to have a plate shape, and def i nest lNts 2la-21c extending

X-rays emitted from the X—ray tube 1 into the slit 5a.
The rotation of the X-ray cellimator 2, i.e. revetsible
rotation of the drive motor 7, is controlled by a
control unit 8. The X-ray collimator 2 corresponds to
the X-ray emitting direction switching means of this
invention. |

The control unit 8 controls movement of the tob
board 9 supporting the examinee M besides the rotation
of the X—fay collimator 2. The top board 9 includes a
rack 10 extending longitudinaliy thereof, and a pinion
11 meshed with the rack iO. An output shaft of a
reversible drive motor 12 is attached to the pinion 11.
The pinion 11 is rotatable with rotation of the drive
motor 12 to slide the top board 9 longitudinally (in Y ,
‘direction) through the rack 10. The reversible rota-
tion of the drive motor 12 is controlled by the control‘
unit 8. The top board 9 corresponds to the examinee
moving means of this invention.

The control unit 8 éomprises, for exampie, a
miéfocomputer including a éPU (central processing
unit), a CPU memory, a ROM (read-only memory) and the
iike. A sequence (program) of collecting data for
sectional images, which will be described later, is
stored in the ROM, and the CPU carries out processing

according to the program. The CPU memory is used for
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in a diverging direction of X-rays. Each of the slits 2la-21c has
di mensions to provide a diverging angle [err] and slice thickness "t" of
the . X-rays. The slit 2la, for exanple, is wedge-shaped with a slot 22b

defining - 19 - an X-ray incidence port thereof and having a |arger
dimension in Y direction than a slot 22a (not seen in
- 13-

temporarily storing data being prbcessed. The control
unit 8 corresponds to the control means of this inveh-
tion.

The X-ray detector 4 is in the form of a curved
band and attached to the rotary frame in the gantry
opening as noted hereinbefore. The X-ray detector 4
has a dimension in X direction to detect all X-rays
diverging in X direction through the slit 5a (5b or 5c)
and transﬁitted through the examinee M. Its dimension
in Y direction is one to detect all X-rays when the
X-ray collimator 2 is minutely rotated to photograph a
plurality of (n) sectional images. The "n" is the
number of sectional planes to be scanned bY X-rays
%ﬁhose emitting direction is shifted in Y direction by
the control unit 8 as described hereinafter.

Thé sequence of collecting data of sectional
images with the CT apparatus having the abdve construc-
tion will be described next with reference to the
fléwchart shown in Fig. 3. 1In this sequence, as shown .
in Fig. 1, sectional planes $1 to #4 of the examinee M
are scanned one after another. The sectional planes #1
to #4 are close to one another and each has a 2mm slice

thickness.

The control unit 8 moves the top board 9 support-

ing the examinee M to adjust the first sectional plane




Fi*g. 6) defining an exit port. The X-ray collimator 20 is slidable in Y
direction by a drive nechani smde- scribed hereunder. The X-ray colli mator
20 includes a rack 23 extend- ing in Y direction, and a pinion 24 nmeshed
with the rack 23. An output shaft of a reversible drive nmtor 25 is
attached to the pinion 24. The pinion 24 is rotatable with rotation of the
drive notor 25 to reciprocate the rack 23 in Y direction. The rotation of
the drive notor 25 is controlled by a con&&ol unit,

$1 to a posiéion to which the X-ray beam B travels
vertically from the X-ray collimator 2 (the positioﬁ at
this time of slit S5a in the X-ray collimator 2 being
called an initial position) (step S1). 1In this state,
the X-ray emitting device 3 and X-ray detector 4, as
opposed to each other, are revolved around the examinee
M to scan the sectional plane #1 (step S2). When the
sectional plane #1 has been scanned, the control unit 8
minutely iotates the X-ray collimator 2 to shift X-rays
2mm in Y direction to irradiate the next sectional
plane #2 (step S3). In this state, the X-ray emitting
device 3 and X-ray detector 4, as opposed to each
other, are revolved around the‘examinee M to scan the

:» sectional plane 2 (step Sé). Although the X-rays are
not perpendicuiar to Y direction at this time, no
problem arises in image reconstruction since the
sectional plane is scanned with one revolution there-
around so that the center of irradiation of the X-rays
with respect to the sectional plane is substantially
perpendicular to Y direction. When the sectional plane
#2 has been scanned, the control unit 8 rotates the
X-ray collimator 2 back to the initial position (i.e.
resets the collimator 2), shifting the X-rays -2mm in Y

direction, to scan sectional planes #3 and #4. Simul-

tanecusly with the reset gg$ration, the control unit 8
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mot shown, simlar to the control unit 8 in the first enbodinment. The
novenment of a top board is also controlled by the control unit. The ot her
details of this enbodi ment nmay be the same as in the first enbodi nent.
Fol l owi ng the se- quence described with reference to Fig. 3, data of a
plurality of sectional planes may be collected with the reciprocating
novenment in Y direction of the X-ray collimator 20 replacing the rotation
of the X-ray collimator 2 at steps S3 anQI§Q:

starts an operation to move the top board 9 to adjust
the sectional plane #3 to the initial position (steps
S5 and S6). The sectional planes #3 and #4 are scanned
as at steps S2 through S4 in place of sectional planes
#1 and 4$2. When data of all the sectional planes #1
through #4 ha?e been collected, the top board 9 is
driven to withdraw the examinee M from the gantry (step
s7).

Where other sectional planes #5, #6 and so on are
to be photographed, steps S2-S6 are repeated to scan
two sectional planes by minutely rotating thé X-ray
collimator 2, and the top board 9 (examinee M) is moved
each time two sectional planes have been scanned. In
this way, data of numerous sectional planes may be
;éollected. It is also possible to scan sectional
planes $#1-43 first by minutely rotating the X-ray
collimator 2, and move the top board 9 each time thfée
sectional planes have been scanned. In this case,
however, the X-ray dgtector 4 must have a_sufficient_
dimension in Y direction to allow scanning of sectional
planes #1-#3. Where, for example, the CT apparatus is
capable of scanning a 10mm slice thickness, a site’;f
concern is divided into sectional planes each having a
2mm thickness to be scanned. The resulting data are

processed to form a sectional image of 10mm slice -
REPLACEMENT SHEET
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Thi rd Enbodi nent A third enbodi nent of this invention will be described
next . -20- In each of the first and second enbodi ments, the X-ray
collimator 2 or 20 is rotatable or reciprocable to shift the X-ray emtting

direction. In the third

- 16 -

thickness free of a partial volume artifact. In this
sequence, therefore, the X-ray collimator 2 may be |
minutely rotated five times to effect a.2mm shift in Y
direction each time.

The time taken in collecting data in the above
sequence will be described with reference to the time
chart shown in Fig. 4.

As seen from Fig. 4, assuming that step S1 is
completed at a point of time "0", the scanning of
sectionallplane #1 (step S2) consumes about 1 second,
then the rotation of X-ray collimator 2 (step S3)} about
0.05 second, and the scanning of sectional plane $#2
about 1 second. Next, the resetting rotation of X-ray,
collimator 2 (about 0.05 second) is started simultane-
.6usly with the movement of top board 9 (about 3 sec- |
onds) (step S6). The resetting rotation of X-ray
collimator 2 is finished during £he movement of top
board 9. Thereafter, the scanning of sectional plane
#3 (step S2) cdnsumes about 1 second, then tﬂé rotation
of X-ray collimator 2 (step S3) about 0.05 second, and
the scanning of sectional plane #4 about 1 second. The
time consumed up to completion of the scanning of
sectional plane #4 is 1 + 0.05 + 1 + 3 + 1 + 0.05 + 1
which is about 7.1 seconds. The movement of top board

8 is regarded as consuming about 3 seconds since moving
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enbodi nent, the X-ray emtting device 3 including the X-ray tube 1 and
X-ray collimtor 2 or 20 is arranged slidable axially of the examnee M (in
Y direction). A specific construction will be described with reference to
Figs. 7 and 8. Figs. 7 and 8 depict a cylindrical X-ray collimator 2 as
described in the first enbodi nent, and this enbodiment will be described
hereinafter using this collimtor 2 as an exanple. Like reference nunerals
are used to identify like parts in Figs_(y and 2 which are the sane as in
the first

the sectional plane $#3 to the position of sectional
plane #1 (4mm) in one stroke is considered to consume a
longer time than a 2mm movement as described later.

Next, the time taken in collecting data with a
conventional apparatus will be described with reference
to the time éhart shown in Fig. 5.

As seen from Fig. 5, assuming that the sectional
plane $#1 is set to a scan position {(corresponding to
step S1 aBove) at a point of time "0", the scanning of
sectional plane 41 consumes about 1 second, and then
about 2 seconds are consumed in moving the top board 9
to set the sectional plane $#2 to the scan position.
Next, about 1 second is consumed in scanning the

..Sectional plahe $2, about 2 seconds in moving the top
board 9 to set the sectional plane #3 to the scan
position, about 1 second in scanning the sectional
plane #3, about 2 secoﬂds in movihg the top boafd 9 to
set the sectional plane #4 to thé scan posiﬁion, and
finally about 1 second in scanning the sectional plane
#4. Thus, the time consumed up to completion of the
scanning of sectional plane #4 is 1 + 2 + 1 + 2 + 1 + 2
+ 1 which is about 10 seconds. The movement of top
board 9 is regarded as consuming about 2 seconds since

this is a Z2mm movement.

A comparison between Fig. 4 and Fig. 5 shows that
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embodi ment and will not be descri bed again. The X-ray collimtor 2 is
rotatably nmounted in a case 40, with the X-ray tube 1 fixed to the top of
the case 40, so that the X-ray tube 1 and X-ray collimtor 2 are novabl e
toget her. The case 40 has an upper surface and a | ower surface including
X-ray penetrabl e wi ndows not shown. X-rays emtted fromthe X-ray tube 1
travel through the X-ray penetrable wi ndow in the upper surface of the case
40 into the slit 5a of the X-ray collimator 2. An X-ray beam B exiting the
slit -18 -

the time needed tc collect the data of sectional planes

$1-#4 has been reduced by as much as about 2.9 (10 -

7.1} seconds. In collecting the data of sectional

planes #1-46, for example, this embodiment takes about

12.15 (7.1 + 3 + 1 + 0.05 +1} seconds whereas the

conventional apparatus takes about 16 (10 + 2 + 1 + 2 +

1) seconds. Thus, the larger the number of sectional

planes scanned is, the more processing time is saved by

omitting-the movement of top board 9, which promotes

the processing time reduction.

Second Embodiment

A second embodiment will be described next with

reference to Fig. 6, which employs a different X-ray
“"collimator to swing X-rays in Y direétion.

This X~ray collimator 20 is penetrated and
slidably supported by parallel support shafts 26
extending in Y direction. These support shafts 26 are
fixed to inner walls of a rotary frame mounted in a
gantry opening. The X-ray collimator 20 is formed of
an X-ray shielding material such as brass or lead to
have a plate shape, and defines slits 2la-2lc extending
in a diverging direction of X-rays. Each of the slits
2la-21c has dimensions to provide a diverging angle a
and slice thickness "t" of the X-rays. The slit 21la,

for example, is wedge-shaped with a slot 22b defining

PO NI et e et e
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5a travel s through the X-ray penetrable windowin the |ower surface of the
case 40 to the exam nee M -21- The case 40 is supported by four slide
rails 41 fixed to a rotary frame 42 rotatably nounted in a gantry. The case
40 includes a notor 43 for reversibly rotating a screw shaft 44 neshed with
the rotary frame

-19 -

an X-ray incidence port thereof and having a larger
dimension in Y direction than a slot 22a (not seen iﬁ
Fig. 6) defining an exit port. The X-ray collimator 20
is slidable in Y direction by a drive mechanism de-
scribed hereunder.

The X—réy collimator 20 includes a rack 23 extend-
ing in Y direction, and a pinion 24 meshed with the
rack 23. An output shaft of a reversible drive motor
25 is attaéhed to the pinion 24. The pinion 24 is
rotatable with rotation of the drive motor 25 to
reciprocate the rack 23 in Y direction. The rotation
of the drive motor 25 is controlled by a control unit,
not shown, similar to the control unit 8 in the first
‘embodiment. The movement of a top boafd is also
controlled by the control unit.

The other details of this embodiment may be the
same as in the first embodiment. Following .the se-
quence described with reference to Fig. 3, data of a
plurality of sectional planes may be collected with the
reciprocating movement in Y direction of the X-ray
collimator 20 replacing the rotation of the X-ray
collimatér 2 at steps S3 and S6.

Third Embodiment

A third embodiment of this invention will be

described next.
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42? The screw shaft 44 is rotatable with rotation of the notor 43 to slide
the case 40 containing the X-ray collinmator 2, together with the X-ray tube
1,-in Y direction along the slide rails 41. The rotation of the notor 43 is
controlled, as is the notor 12 for noving the top board 9, by a control
unit 45 simlar to the control unit 8 in the first enbodiment. An X-ray
detector 4 is attached to the rotary frane 42 in an opposed:relationship to
the X-ray emtting device 3. -20-
In each of the first and second embodimeﬁts, the
X-ray collimator 2 or 20 is rotatable or reciprocabie
to shift the X-ray emitting direction. 1In the third
embodiment, the X-ray emitting device 3 including the
X-ray tube 1 and X~-ray collimator 2 or 20 is arranged
slidable axially of the examinee M (in Y direction).
A specific construction will be described with
reference to Figs. 7 and 8. Figs. 7 and 8 depict a
cylindricél X-ray collimator 2 as described in tﬁe
first embodiment, and this embodiment will be described
‘hereinafter using this collimator 2 as an example.
iLike reference numerals are used to identify like éérts
in Figs. 1 and 2 which are the same as in the first
embodiment and will not be described again.
The X-ray collimator 2 is rotatably mounted in a
case 40, with the X-ray tube 1 fixed to the top of the
case 40, so that the X-ray tube 1 and X-ray collimator
2 are movable together. The case 40 has an upper
surface and a lower surface including X-ray penetrable
windows not shown. X-rays emitted from the X-ray tube
1 travel through the X-~-ray penetrable window in the
upper surface of the case 40 into the slit 5a of the
X-ray collimator 2. &an X-ray beam B exiting the slit

5a travels through the X-ray penetrable window in the

lower surface of the case 40 to the examinee M.

oo ———— o o
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For scanni ng sectional planes, the X-ray collimator 2 is first rotated to
select a desired slit. At this tine, the X-ray collimator 2 is rotated to a
position to allow the X-ray beam B exiting the slit to travel perpendicul ar
to. Y direction. In this state, the control unit 45 rotates the notor 43 to
nove the X-ray emtting device 3 to an initial position, and at the sane
time noves the top board 9 to set a first sectional plane of the exam nee M

to the initial position.
~-21-

The case 40 is supported by four slide rails 41
fixed to a rotary frame 42 rotatably mounted in a
gantry. The case 40 includes a motor 43 for reversibly
rotating a screw shaft 44 meshed with the rotary frame
42. |

The screw shaft 44 is rotatable with rotation of
the motor 43 to slide the case 40 containipg the X-ray
collimator 2, together with the X-ray tube 1, in Y
direction'along the slide rails 41. The rotation of
the motor 43 is controlled, as 1s the motor 12 for
moving the top board 9, by a control unit 45 similar to
the control unit 8 in the first embodiment. An X-ray
4¢tecto£ 4 is attached to the rotary frame 42 in an
opposed:felationship to the X-ray emitting device 3.

For scanning sectional planes, the X-ray
collimator 2 is first rotated to select a desired slit.
At this time, the X-ray collimator 2 is rotated to a
positidn to allow the X-ray beam B exiting the slit to
travel perpendicular to Y direction. In this state,
the control unit 45 rotates the motor 43 to move the
X-ray emitting device 3 to an initial position, and at
the same time moves the top board 9 to set a first
sectional plane of the examinee M to the initial
position.

After the first sectional plane is scanned, the

REPLACEMENT SHEET!
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After the first sectional plane is scanned, the -22- control unit 45
rotates the notor 43 to slide the X-ray emtting device 3 in Y direction
for enabling scanning of a sectional plane adjacent the first sectional
pl ane scanned. In this way, a desired nunber of sectional planes are
scanned by sliding the X-ray emtting device

-22-

control unit 45 rotates the motor 43 to slide the X-ray
emitting device 3 in Y direction for enabling scanniﬁg
of a sectional plane adjacent the first sectional plane
scanned. ' In this way, a desired number of sectional
planes are scanned by sliding the X-ray emitting device
3 in Y direction. Subsequently, the control unit 45
effects a reset control to rotate the motor 43 backward
to return the X~ray emitting device 3 to the initial
position; At the same time, the top board 9 is moved

- to set a next sectional plane to be scanned, adjacent
the scanned sectiocnal planes, to the initial position.

This sectional plane and adjacent sectional planes

..are successively scanned by moving the X-ray emitting
device 3 in Y directioﬁ as above. After a desired
number of sectional planes are scanned by sliding the
X-ray emitting device 3.in Y direction, the control
unit 45 effects the reset control and moves the top
board 9 to set a next sectional plane to be scanned to
the initial position.

The above operations are thereafter repeated until
completion of data collection. With the X—iay emitting
device 3 arraﬁged slidable in Y direction as described
above, the time taken in sliding the X-ray emitting
device 3 in Y direction is shorter than the time taken

in moving the top board 9. Consequently, as in the
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3%n Y direction. Subsequently, the control unit 45 effects a reset control
to rotate the notor 43 backward to return the X-ray emtting device 3 to
the initial position. At the sane tine, the top board 9 is noved to set a
next sectional plane to be scanned, adjacent the scanned sectional planes,
to the initial position. This sectional plane and adjacent sectional planes
are successively scanned by noving the 2gray emtting device 3 inY
direction as above. After a desired nunber of sectional planes are scanned

liding th :
by sliding the first and second embodiments, data collection requires

" a reduced processing time. Moreover, in the third
embodiment, the X-rays are emitted perpendicular to Y
direction for all sectional planes scanned after
sliding the X-ray emitting device 3 in Y direction.

The X—réy collimator mounted in the case 40 is not
limited to the cylindrical collimator, but may be the
plate-shaped X-ray collimator 20 (see Fig. 6) described
in the second embodiment.

Fourth Embodiment

A fourth embodiment of this invention will be
described next with reference to Figs. 9 and 10.

The fourth embodiment is characterized in that the

! X-ray emitting device 3 and X-ray detector 4 are

'synchronously slidable in Y direction. Like reference
numerals are used to identify like parts in Figs. 1, 2,
7 and 8 which are the same as in the first aﬁd third
embodiments and will not be described again.

Specifically, the X-ray emitting device 3 and
X~-ray detector 4 are movable in Y direction together,
with a case 40 having an X-ray tube 1 fixed thereto and
an X-ray collimator 2 rotatably mounted therein, and
the X-ray detector 4, being attached'to a support ring
50 in an opposed relationship with each other. The

support ring 50 includes four motors 51 for rotating
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X-ray emtting device 3 in Y direction, the control unit 45 effects the
reset control and noves the top board 9 to set a next sectional plane to be
scanned to the initial position. The above operations are thereafter
repeated until conpletion of data collection. Wth the X-ray emtting
device 3 arranged slidable in Y direction as descri bed above, the tine
taken in sliding the X-ray emtting device 3 in Y direction is shorter than
the tinme taken in noving the top board 9. Consequently, as in the

screw shafts 52 meshed with a rotary frame 42. The

" motors 51 are synchronously rotatable to slide the
X-ray emitting device 3 and X-ray detector 4 in Y
direction by means of the support ring 50. The respec-
tive motors 51 are controlled to rotate synchronously
by a control unit 53 similar to the control unit 8 in
the first embodiment. This control unit 53 also
controls a motor 12 for moving a top board 9.

With this construction, as in the third embodi-
ment, a desired number of sectional planes may be
scanned by sliding the X-ray emitting device 3 and
X~-ray detector 4 in Y direction to reduce the process-
ing time for data collection. Further, in the fourth
embodiment, as in the third embodiment, the X-rays are
emitted perpendicular to Y direction for all sectional
planes scanned after sliding the X-ray emitting device
3 in Y direction. The X~ray.detector 4 in the fourth
embodiment may have a width in Y direction just enough
to enable scanning of one sectional plane.

The X-ray collimator mounted in the case 40 is not
limited to the cylindrical collimator, but may be the
plate-shaped X-ray collimator 20 (see Fig. 6) described
in the second embodiment.

The present invention may be embodied in other

specific forms without departing from the spirit or
REPLACEMENT SHEET
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-23- first and second enbodi nents, data collection requires a reduced
processing tine. Mreover, in the third enbodinent, the X-rays are emtted
perpendicular to Y direction for all sectional planes scanned after sliding
the X-ray emtting device 3 in Y direction. The X-ray collimtor nounted in
t he case 40 is not

-25-
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.
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I|n1ted to col | i mat or e th | at e- shaped X-ray
cof | i mat or”ﬁﬂﬁﬁtﬂﬂﬂ%}ﬁ‘ descri bed |ﬁ’ Xs}g’eenﬁ & %dl ment. Fourth
Enbodi ment nt of this i be descri bed next

with reference to Figs. 9 and 10. The f is characterized in
that the X-ray emtting device 3 and X-ray detector 4 are synchronously
slidable in Y direction. Like reference nunerals are used to identify |ike
parts in Figs. 1, 2, - 26 -

What is claimed is:

1. A method of obtaining a sectional image of an
examinee based on projection data relating to X-ray
absorption in sectional planes of the examinee, which
data are collected radially of the sectional planes by
causing X-ray emitting means and X-ray detecting means
opposed to each other across the examinee to scan the
sectional planes of the examinee lying still, said
mgthod comprising the steps of:

{a) scanning a predetermined number of secticnal
planes starting with a sectional plane in an initial
position by successively shifting a direction of X-ray
emission from said X-ray emitting means along a bodf
axié of said examinee;

(b) effecting a reset operation, after scanning
the predetermined number of sectional planes, to switch
the direction of X-ray emission to scan a sectional
plane in said initial position, and moving said
examinee synchronously with said reset operation to set
a new sectional plane adjacent said predetermined
number of sectional planes to said initial position;
and

{c) repeating the steps (a) and (b) above until

all sectional planes are scanned.
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7 and 8 which are the sane as in the flrst an th|rd enbodi nents and wil |

rot be des C|f|caIIy “ ﬁ ng device 3 and X-ray
det ect or 4 mmﬂmm“ﬂmm di rectlon a case 40 having an
X-ray tube ¥ fixed thher®etd and an X-r rotatably mount ed
therein, and the X-ray detector 4, belng attached to a support ring 50 in

an opposed relationship with each other. The support ring 50 includes four
notors 51 for rotating -

2. An apparatus for obtaining -a sectional image of an
examinee based on projection data relating to X-ray |
absorption in sectional planes of the examinee, which
data are collected radially of the sectional planes by
causing X-ray emitting means and X-ray detecting means
opposed to each other across the examinee to scan the
sectiocnal planes of the examinee lying still, said
apparatus comprising:

X-ray emitting direction switching means for
shifting a direction of X-ray emission from said X-ray
emitting means along a body axis of said examinee;

examinee moving means for moving said examinee
along said body axis; and

control means!for effecting a switching control by
ériving said X-ray ‘emitting direction switching means
to shift the direction of X-ray emission from said
X-ray emitting means to scan one sectional plane and

' then a next sectional plane adjacent thereto, thereby
to scan successively a predetermined number of section-
al planes starting with a aectional plane in'an initial
position, a reset control by driving said X-ray emit-
ting direction switching means, after scanning the
predetermined number of sectional planes, to switch the
direction of X-ray emission to scan a sectional plane

in said initial position, and a further control by
REPLACEMENT SHEET{ .-
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-24- screw sh i th a rotffiyshbd faEBAXRepkB® MOt ors 51 are
syhchr onousl *ﬂm@»@gm}mg i de the X- vi ¢e 3 and X-ray
detector 4 in, means of ti\ﬂ!llﬁmaﬂlwlgg 50. The respec- tive
notors 51 are controlled to rotate sync control unit 53

simlar to the control unit 8 in the first enbodinent. This control unit 53

al so
-28 -

driving said examinee moving means to move said
examinee synchronously with said reset control to set a
new sectional plane adjacent said predetermined number

of sectional planes to said initial position.

3. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes an
X-ray collimator rotatable axially of said examinee,
said control means being operable to rotate said X-ray
collimator axially of said examinee to effect said
switching control for shifting the direction of X-ray
emission to scan the predetermined number of sectional
planes starting with the sectional plane in said

initial position and said reset control.

4. An apparatus as defined in claim 3, wherein said
X-ray collimator has a cylindrical shape and includes a
plurality of slits arranged circumferentially thereof
to adjust a slice width and diverging angle of X-rays

emitted from said X-ray emitting means.

5. An apparatus as defined in claim 4, wherein said
slits are wedge-shaped, each with an incidence port for
receiving the X-rays emitted from said X-ray emitting

means having a- larger circumferential width than an

praricnsn st ico s Ea
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céntrols a notor_ 12 for vin top board.9. . W his construction, as in
the third emoqmumuﬁlnjgmgd nunber o lm' o Bf may be scanned
by sliding the t vice 3 and * 4 in Y direction
to reduce the process- ing tinme for data col : er, inthe fourth
enbodi ment, as in the third enbodi nent, the X-rays are emtted
perpendicular to Y direction for all sectional planes scanned after sliding
the X-ray emtting device 3 in Y direction. The X-ray detector 4 in the

fourth -29 .

exit port for delivering the X-rays.

6. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes an
X-ray collimator slidable axially of said examinee,
said control means being operable to slide said X-ray
collimator axially of said examinee to effect said
switching control for shifting the direction of X-~ray
emission t§ scan the predetermined number of sectional
planes starting with the sectional plane in said

initial position and said reset control.

7. An apparatus as defined in claim 6, wherein said
X;ray collimator has a plate-~like shape and includes a
plurality of slits arranged axially of said examinee to
adjust a slice width and diverging angle of X-rays

emitted from said X-ray emitting means.

8. An apparatus as defined in claim 7, wherein said
slits are wedge-shaped, each with an incidence port for
receiving the X-rays emitted from said X-ray emitting
means having a larger width than an exit port for

delivering the X-rays.
REPLACEMENT sties
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enbodi ment may Y direction JIh&tSh&ﬂBéégi&ent Bagbl e scanni ng
of # one sect|0n4m“ﬂagﬂnﬂmmu<m y col li mator case 40 is not
limited to the cyliendri cal <ol+ | mat or, &wg -shaped X-ray
collimator 20 (see Fig. 6) described in the sec nt. The present
I nvention may be enbodied in other specific fornms without departing from

the spirit or
-30 -

9. An apparatus as defined in claim 2, wherein said
X-ray emitting direction switching means includes a
mechanism for shifting said X-ray emitting means

axially of said examinee.

10. An apparatus as defined in claim 9, wherein said
X-ray detecting means is shiftable with said X-ray

emitting means axially of said examinee.
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-25- essential attributes thereof and, accordingly, refer- ence should be
made to the appended clains, rather than to the foregoi ng specification, as
i ®di cating the scope of the invention. [err]

-31 -
METHOD AND APPARATUS FOR COMPUTERIZED TOMOGRAPHY

ABSTRACT

A predetermined number of sectional planes are successively scanned, starting with a
sectional plane in an initial position, by shifting a direction of X-ray emission from an X-ray
emitting device (3). A reset operation is effected, after scanning the predetermined number of
sectional planes, to switch the direction of X-ray emission to scan a sectional plane in the
initial position. An examinee (M) is moved synchronously with the reset operation to set a
new sectional plane adjacent the predetermined number of sectional planes to the initial
position. A predetermined number of sectional planes are successively scanned, starting with
the new sectional plane in the initial position, by shifting the direction of X-ray emission from
the X-ray emitting device (3). After scanning the predetermined number of sectional planes, a
reset operation is effected and the examinee (M) is moved to set a new sectional plane adjacent
the predetermined number of sectional planes to the initial position.

Iﬁg.I..

REPLACEMENT SHEET




26 CLAIMS 1. A nethod of obtaining sectional images of a plurality of

secti onal planes adjacent one another in a direction along a body axis of
aAm exam nee, by repeating a process of obtaining one sectional imge based
on proj-ection data relating to X-ray absorption in each sectional plane of
t he exam nee, which data are collected by X-ray detecting nmeans radially of
the seciional plane by causing X-ray emtting neans and the X-ray detecting
means opposed to each other across the exam nee to revol ve around the body
axis of the examnee lying still, while cdy6ing the X-ray emtting neans to
emt X-rays toward each sectional plane to scan the sectional plane, said
nmet hod conprising the steps of: :

F1G.1

7
M

8

\
Control

Unit

F1G. 6
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(a) scanning a group of sectional planes successively froma first

sectional plane set to an initial position to a |last sectional plane in
said group, by causing said X-ray emtting neans to emt X-rays toward each
sectional plane, thereby scanning each sectional plane of the exam nee
lying still within a direction of X-ray em ssion fixed during one scan, the
direction of X-ray em ssion being shifted for each successive scan; (b)
effecting a reset operation, after scanning the |ast sectional plane in
said group, to switch the direction of Xrqy emssion to scan a sectional

pl ane to be set to said initial position, and noving said exam nee
synchronously with said reset operation and in a direction in which said
direction of X-ray emssion is switched in said reset operation, to set to
said initial new first sectional plane adjacent said |ast:
sectional pl aneF-r7 @ ?

L4




I n said group having been scanned; and (c) repeating the steps (a) and
(b) above until conpletion of scanning of a predeterm ned nunber - of
sectional planes adjacent one another along the body axis of the exam nee.
2. An apparatus for obtaining sectional inmages of a plurality of sectional
pl anes adj acent one another in a direction along a body axis of an
exam nee, by repeating a process of obtaigV@g one sectional imge based on

projection data relating to X-ray

FI1G.3

'< -start )

move top board to set #1

to direction of x-ray c?mission 51
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-absorption in each sectional plane of the exam nee, which data are

‘col lected by X-ray detecting neans radially of the sectional plane by
causing X-ray emtting neans and the X-ray detecting nmeans opposed to each
ot her across the exam nee to revolve around the body axis of the exam nee
lying still while causing the x-ray emtting neans to emt X- rays toward
each sectional plane to scan the sectional plane, said apparatus
conprising: (a) X-ray emtting direction switching nmeans for shifting a
direction of X-ray em ssion fromsaid X-ray emtting nmeans al ong the body
axis of the exam nee; (b) exam nee novinggygans for noving said exam nee
al ong said body axis; and (c) control neans for repeatedly effecting, until
conpl eti on of _scanning of a predeterm ned nunber of sectional planes.

adj acent one o@hei;along t he body axis of the

! ?ec. 0.05 sec.

At a1 ile2 ] B
coltimator L L ,__ o
rotation il i(reset)! i} i
' il 13 sec P
top board P — o ;
.movement LI S ! - -
0 1105 205 505 60561 71 sec..
FIG. 5
1 sec
scan a7 {mz %3 Y
: b - i
' 12 sec. ; { : ; i
top board — , ! — 3
movement P ! ‘ ; B j
1 3 4 6 7 9 10 sec.
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exam nee, a scanning control by driving said X-ray emtting direction
switching neans to shift the direction of X-ray em ssion fromsaid X-ray
efitting neans to scan a group of sectional planes successively froma
first sectional plane set to an initial position to a | ast sectional plane
in said group, said X-ray emtting neans emtting X-rays toward each
sectional plane, thereby scanning each sectional plane of the exam nee
lying still with the direction of X-ray eniiqjon fi xed during one scan, the
direction of X-ray em ssion being shifted for each successive scan, a reset

control by driving said X-ray emtting direction
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28 switching neans, after scanning the |last sectional plane in said group, °
t-o swtch the direction of X-ray emssion to scan a sectional plane to be
Set to said initial position, and an exam nee noving control by driving

sai d .exam nee novi ng nmeans to nove said exam nee synchronously with said
reset control and in a direction in which said direction of X-ray em ssion
Is switched in said rest control, to set to said initial position a new
first sectional plane adjacent said |ast seg?ional pl ane in said group
havi ng been scanned. 3. An apparatus as d pned inclaim 2, wherein said
X-ray emtting direction swtching nmeans includes an X-ray col |l i mator
rotatable axially of said exam nee, said control neans being operable to
rotate said X-ray collimator axially of said exam nee to
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.X-ray em ssion, thereby to direct X-rays to each
group of sectional planes scanned in said scanning
said reset control. 4. An apparatus as defined in
-ray collimtor h&s a cylindrical shape and incl udes

and erfrect

27 i

a pl affranged circunferentially thereof to adjust a slice
w dt ngl e of X ray ) I aid. X-ray emtting neans.
5. An apparatus as defi nedswﬁ}‘ﬁﬂ#&%mc Wslits are

wedge- shaped, &act an incidence port for receiving the X-rays emtted
fromsaid X-ray emtting means having a larger circunferential w dth than

e Pl BE SO T ARG 50l B
the prior art.
According to one aspect of the present invention there is provided a method of
- obtaining sectional images of a plurality of sectional planes adjacent one another in a
direction along a body axis of an examinee, by repeating a process of obtaining one
sectional image based on projection data relating to X-ray absorption in each sectional .
plane of the examinee, which data are collected by X-ray detecting means radially of the
sectional plane by causing X-ray emitting means and the X-ray detecting means opposed
to each other across the examinee to revolve around the body axis of the examinee lying
still, while causing the X-ray emitting means to emit X;rays toward each sectional plane
to scan the sectional plane, said method comprfsing the. steps of: (a) scanning a group of
sectional planes successively from a first sectional plane set to an initial position to a last
sectional plane in said group, by causing said X-ray emitting means to emit X-rays
toward each sectional plane, thereby scanning each sectional plane of the examinee lying
still within a direction of X-ray emission fixed during one scan, the direction of X-ray
emission being shifted for each successive scan; (b) effecting a reset operation, after
scanning the last sectional plane in said group, to switch the direction of X-ray emission
to scan a sectional plane to be set to said initial position, and moving said examinee
synchronously with said reset operation and in a direction in which said direction of X-
ray emission is switched in said reset operation, to set to said initial position a new first
sectional plane adjacent said last sectional plane in said group having been scanned; and
(c) repeating the steps (a) and (b) above until completion of scanning of a predetermined
number of sectional planes adjacent one another along the body axis of the examinee.
A predetermined number of sectional planes are scanned, starting with a sectional
plane in the initial position, by successively shifting the direction of X-ray emission from

the X-ray emitting means along the body axis of the examinee. A reset operation is

Mo - 26, 16~ 50



swi tching neans includes an X-ray collimtor slidable axially of said

exam nee, said 29 .control neans being operable to slide said X-ray
collimator axially of said exam nee to shift the direction of X-ray

em ssion, thereby to direct X-rays to eacf sectional pl ane in said group of
sectional planes scanned in said scanning control, and effecting said rest

control . 7eﬁfg§@%,a3fl&r %aflli'krgs e btdiefrinthed! AInBeP: o'\ QEHGHA pided, %o 'sWitch the

col | i mat or pl at e-
direction of X-ray emission to scan a sectional plane in the initial position. The

examinee is moved synchronously with the reset operation to set a new sectional plane
adjacent the predetermined number of sectional planes to the initial position.

Subsequently, a predetermined number of sectional planes are scanned, starting
with the new sectional plane in the initial position, by successively shifting the direction
of X-ray emission from the X-ray emitting means along the body axis of the examinee.
After scanning the predetermined number of sectional planes, a reset operation is
effected and the examinee is moved to set a new sectional plane adjacent the
predetermined number of sectional planes to the initial position as above. These
operations are repeated until all sectional planes are scanned.

That is, a predetermined number of sectional phﬁes are successively scanned,
stafting with a sectional plane in the initial position, by shifting the direction of X-ray
emission from the X-ray emitting means without moving the examinee. Consequently,
the slow movement of the examinee does not occur during scanning of the predetermined
number of sectional planes, thereby to achieve a substantial reduction in the time taken in
collecting data of all sectional planes. With an increase in the number of sectional planes
from which data are collected, the examinee moving time is correspondingly reduced to

promote the reduction in processing time.
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shape and includes a plurality of slits arranged axially of said exam nee
to adjust a slice width and diverging angle of X-rays emtted fromsaid
X-ray emtting nmeans. 8. An apparatus as defined in claim7, wherein said
slits are wedge-shaped, each with an incgdence port for receiving the
X-rays emtted fromsaid X-ray emtting nmeans having a |l arger width than an
exit port for delivering the X-rays. 9. An apparatus as defined in claim

2, wherein saigbcdrdiny t& hdthém@pedtrcfahé presitiiivetion tHEea BSprofided d8 ipparatus
mechani smfor shifting said X-ray emtting nmeans axially of said exam nee,
sai d cont fot omemis etiogaldpageddfa pharslity fof seaiodaDplames adjdceiti org anetes i a
axially of said exam nee to shift the direction of X-ray em ssion, thereby
to direct dieetigrs alangeadody axis ohan graminee; By sgpentige o prasesss ef obtuirhg pingnes
scanned | gegti%ingl %ggr]enli)gs%dco%ni[)rro%dtion data relating to X-ray absorption in each sectional
plane of the examinee, which data are collected by X-ray detecting means radially of the
sectional plane by causing X-ray emitting means and the X-ray detecting means opposed
to each other across the examinee to revolve around the body axis of the examinee lying
still while causing the x-ray emitting means to emit X-rays toward each sectional plane to
scan the sectional plane, said apparatus comprising: (a) X-ray emitting direction
switching means for shifting a direction of X-ray emission from said X-ray emitting
means along the body axis of the examinee; (b) exami_ﬁee moving means for moving said
examinee along sai_d: body axis; and (c) control means for repeatedly effecting, until
completion of scanning'of a predetermined number of sectional planes adjacent one
another along the l;ody axis of the examinee, a scanning control by driving said X-ray
emitting direction switching means to shift the direction of X-ray emission from said X-
ray emitting means to scan a group of sectional planes successively from a first sectional
plane set to an initial position to a last sectional plane in said group, said X-ray emitting
means emitting X-rays toward each sectional plane, thereby scanning each sectional
plane of the examinee lying still with the direction of X-ray emission fixed during one
scan, the direction of X-ray emission being shifted for each successive scan, a reset
control by driving said X-ray emitting direction switchjng means, after scanning the last
sectional plane in said group, to switch the direction of X-ray emission to scan a
sectional plane to be set to said initial position, and an examinee moving control by
driving said examinee moving means to move said examinee synchronously with said
reset control and in a direction in which said direction of X-ray emission is switched in

said rest control, to set to said initial position a new first sectional plane adjacent said last

sectional plane in said group having been scanned.
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and effecting said reset control. 10. An apparatus as defined in claim?9,
wherein said X-ray detecting neans is shiftable with said X-ray emtting
nmeans axially of said exam nee, said control means being operable to shift
said X-ray emtting nmeans and said X-raygdetecting neans axially of said
exam nee to shift the direction of X-ray em ssion, thereby to direct X-rays
to each 30 sectional plane in said group of sectional planes scanned in
sai d scanni ng Banicanhipg arpredetermined number of sectional planes, starting with a sectional
plane in the initial. position, the control means drives the X-ray emitting direction
switching means to shift successively the direction of X-ray emission from the X-ray
emitting means along the body axis of the examinee. The control means effects a reset
control, after scanning the predetermined number of sectional planes, to drive the X-ray
emitting direction switching means to switch the direction of X-ray emission to scan a

sectional plane
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CLAIMS

1. A method of obtaining sectional images of a plurality of sectional planes adjacent
one another in a direction along a body axis of an examinee, by repeating a process of
obtaining one sectional image based on projection data relating to X-ray absorption in
each sectional plane of the examinee, which data are collected by X-ray detecting means
radially of the sectional plane by causing X-ray emitting means and the X-ray detecting
means opposed to each other across the examinee to revolve around the body axis of the
examin'ee lying still, while causing the X-ray emitting means to emit X-rays toward each

sectional plane to scan the sectional plane, said method comprising the steps of;:

(a) scanning a group of sectional planes successively from a first sectional iplane
set to an initial position to a last sectional plane in said group, by causing said X-ray
emitting means to emit X—rays toward each sectional plane, thereby scanning each
sectional plane of the examinee lying still within a direction of X-ray emission fixed

during one scan, the direction of X-ray emission being shifted for each successive scan;

(b) effecting a reset operation, after scanning the last sectional plane in said
group, to switch the direction of X-ray emission to scan a sectional plane to be set to said
initial position, and moving said examinee synchronously with said reset operation and in
a direction in which said direction of X-ray emission is switched in said reset operation,
to set to said initial position a new first sectional plane adjacent said last sectional plane

in said group having been scanned; and
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(c) repeating the steps (a) and (b) above until completion of scanning of a
predetermined number -of sectional planes adjacent one another along the body axis -of the

examinee.

2. An apparatus for obtaining sectional images of a plurality of sectional planes
adjacent one another in a direction along a body axis of an examinee, by repeating a
_process of obtaining one sectional image based on projection data relating to X-ray
absorption in each sectional plane of the examinee, which data are collected by X-ray
detecting means radially of the sectional plane by causing X-ray emitting means and the
X-ray detecting means opposed to each other across the examinee to revolve around the
body axis of the examinee lying still while causing the x-ray emitting means to emit X-
rays toward eacﬁ sectional plane to scan the sectional plane, said apparatus comprising:
;
(@) X-ray emitting direction switching means for shifting a direction of X-ray

emission from said X-ray emitting means along the body axis of the examinee;
(b) examinece moving means for moving said examinee along said body axis; and

(c) control means for repeatedly effecting, until completion of scanning of a
predetermined number of sectional planes adjacent one another along the body axis of the
examinee, a scanning control by driving said X-ray emitting direction switching means to
shift the direction of X-ray emission from said X-ray emitting means to scan a group of
sectional planes successively from a first sectional plane set to an initial position to a last
sectional plane in said group, said X-ray emitting means emitting X-rays toward each
sectional plane, thereby scanning each sectional plane of the examinee lying still with the
direction of X-ray emission fixed during one scan, the direction of X-ray emission being

shifted for each successive scan, a reset control by driving said X-ray emitting direction
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switching means, after scanning the last sectional plane in said group, to switch the
direction of X-ray emission to scan a sectional plane to be set to said initial position, and
an examinee moving control by driving said examinee moving means to move said
examinee synchronously with said reset control and in a direction in which said direction
of X-ray emission is switched in said rest control, to set to said initial position a new

first sectional plane adjacent said last sectional plane in said group having been scanned.

3. An apparatus as defined in claim 2, wherein said X-ray emitting direction
switching means includes an X-ray collimator rotatable axially of said examinee, said
control means being operable to rotate said X-ray collimator axially of said examinee to
shift the direction of X-ray emission, thereby to direct X-rays to each sectional plane in
said group of sectional planes scanned in said scanning control, and effecting said reset

control.

4.  An apparatus as defined in claim 3, wherein said X-ray collimator has a cylindrical
shape and includes a plurality of slits arranged circumferentially thereof to adjust a slice

width and diverging angle of X-rays emitted from said X-ray emitting means.

5. . An apparatus as defined in claim 4, wherein said slits are wedge-shaped, each with
an incidence port for receiving the X-rays emitted from said X-ray emitting means

having a larger circumferential width than an exit port for delivering the X-rays.

6. An apparatus as defined in claim 2, wherein said X-ray emitting direction

switching means includes an X-ray collimator slidable axially of said examinee, said
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control means being operable to slide said X-ray collimator axially of said examinee to
shift the direction of X-ray emission, thereby to direct X-rays to each sectional plane in
said group of sectional planes scanned in said scanning control, and effecting said rest

control.

7.  An apparatus as defined in claim 6, wherein said X-ray collimator has a plate-like
shape and includes a plurality of slits arranged axially of said examinee to adjust a slice
width and diverging angle of X-rays emitted from said X-ray emitting means.

8.  An apparatus as defined in claim 7, wherein said slits are wedge-shaped, each with
an incidence port for receiving the X-rays emitted from said X-ray emitting means

i

having a larger width than an exit port for delivering the X-rays.

9. An apparatus as defined in claim 2, wherein said X-ray emitting direction
switching means includes a mechanism for shifting said X-ray emitting means axially of
said examinee, said control means being operable to shift said X-ray emitting means
axially of said examinee to shift the direction of X-ray emission, thereby to direct X-rays
to each sectional plane in said group of sectional planes scanned in said scanning control,

and effecting said reset control.

10. An apparatus as defined in claim 9, wherein said X-ray detecting means is shiftable
with said X-ray emitting means axially of said examinee, said control means being
operable to shift said X-ray emitting means and said X-ray detecting means axially of

said examinee to shift the direction of X-ray emission, thereby to direct X-rays to each
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sectional plane in said group of sectional planes scanned in said scanning control, and

effecting said reset control.

REPLACEMENT SHEET

22DEC 1997




