(19) United States

12y Reissued Patent
Tsukagoshi

(10) Patent Number:
45) Date of Reissued Patent:

USOORE41219E

US RE41.,219 E
Apr. 13, 2010

(54) APPARATUS AND METHOD FOR X-RAY
COMPUTER TOMOGRAPHY

(75) Inventor: Shinsuke Tsukagoshi, Nasushiobara

(JP)

(73) Assignees: Kabushiki Kaisha Toshiba, Tokyo (IP);
Toshiba Medical Systems Corporation,
Otawara-shi (JP)

(21) Appl. No.: 11/450,952
(22) Filed: Jun. 12, 2006

Related U.S. Patent Documents
Reissue of:
(64) Patent No.:
Issued:
Appl. No.:
Filed:

6,987,827
Jan. 17, 2006
10/798,435
Mar. 12, 2004

(30) Foreign Application Priority Data
Mar. 28, 2003

(51) Int.CL
A61B 6/03

(P) e, 2003-091970

(2006.01)

(52) US.CL ..., 378/4; 378/17; 378/20

(58) Field of Classification Search ...................... 378/4,
378/15, 17, 20, 62

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,287,546 A * 2/1994 Tesicetal. .................... 378/54
5,574,763 A * 11/1996 Dehner .......ccocevvvvnvenn.. 378/17
5,588,036 A * 12/1996 Fujseetal. ................ 378/146
5,651,043 A * 7/1997 Tsuyukietal ............... 378/65
5,673,300 A * 9/1997 Reckwerdtet al. ............ 378/65
5,796,802 A * 8/1998 Gordon ........ceeeeviinnnnnn. 378/8
5,802,134 A * 9/1998 Larsonetal. .................. 378/4
6,061,420 A * 5/2000 Strongetal. ................... 378/4
6,173,033 B1 * 1/2001 Klingenbeck-Regn
etal. .oooiiii, 378/20
CENTER LINE OF
SCAN RANGE SLICE
(AXIS OF ROTATION 103 (RECONSTRUCTION
(ZAXIS) |/ PLANE)
S
; | ! r'
’ | p
v | I’ ?
E" | ( '
I' II ¢
——
’ J !

6,185,271 Bl * 2/2001 Kinsinger .................... 378/19
6,188,744 B1 * 2/2001 Shinoharaetal. .............. 378/8
6,195,409 B1 * 2/2001 Changetal. .................. 378/20
6,229,869 Bl * 5/2001 Hu ..oovvviiiiiiiiiiininnen., 378/4
6,243,436 B1 * 6/2001 Hahn et al.
6,490,337 B1 * 12/2002 Nagaokaetal. ............... 378/20
6,568,851 B2 * 5/2003 Saito ..coccovvviviiiniinnnnnn. 378/207
6,658,081 B2 * 12/2003 Bruderetal. ................. 378/15
6,959,068 Bl * 10/2005 Sommer ........ccoevveveenn.. 378/20
(Continued)
FOREIGN PATENT DOCUMENTS

EP 0 485 999G # 0 5/1992

JP 2000-254117 9/2000

JP 2002-8008 1/2002

JP 2002-272729 * 0 9/2002

JP 2003-583 1/2003

OTHER PUBLICATIONS

Adobe Photoshop “Cropping Images™ excerpt ol instruc-
tions; version 3.01, (¢) 1989-1999 and (¢) 1991-1998.*
Sakurada, et al., “Gynecological Applications of Helical CT
Using SmartPrep” Jpn. J. Med. Imaging, vol. 18, No. 3
(1999) pp. 131-138.*

Primary Examiner—Allen C. Ho
(74) Attorney, Agent, or Firm—Oblon, Spivak, McClelland,

Maier & Neustadt, L..L.P.
(37) ABSTRACT

An X-ray computed tomographic apparatus of the invention
includes a display portion to display, on a screen, a scano-
gram related to a subject together with a quadrilateral frame
line specilying a reconstruction range, an input portion to
input a command to transform the frame line specitying the
reconstruction range to a parallelogram or rotate the frame
line specifying the reconstruction range, a gantry to perform
scanning in a scan range corresponding to the reconstruction
range, and a reconstruction portion to reconstruct image data
related to plural slices, parallel to one another and 1included
in the reconstruction range, slice-by-slice on the basis of
projection data acquired by the scanning.

26 Claims, 10 Drawing Sheets

CE%E% LINE OF
NGE
109 SLICE
A O Ry i (RECONSTRUCTION
AXIS) T 1 PLANE)

——

——
—
N W -



US RE41,219 E

Page 2
U.S. PATENT DOCUMENTS 7,302,038 B2 * 11/2007 Mackieetal. ................ 378/69
2002/0071599 Al * 6/2002 Herget et al.
6,990,170 B2 * 1/2006 Sugiharaetal. ............... 378/15 2002/0181646 Al * 12/2002 Mehldau
7,020,236 B2 * 3/2006 Shechter ....c.ocouve........ 378/17 2003/0023166 Al * 1/2003 Frisa et al.
7.106,824 B2 * 9/2006 Kazamaetal. ............... 378/16 2005/0245804 Al * 11/2005 Shinoharaetal. ........... 600/407
7,215,733 B2 * 5/2007 Nabatame .................... 378/16 * cited by examiner




U.S. Patent Apr. 13, 2010 Sheet 1 of 10 US RE41219 E

FIG. 1A FIG. 1B
PRIOR ART PRIOR ART
CENTER LINE OF .
SCAN RANGE B?DY AXIS :BOD'Y gxl_llgE
(AXIS OF ROTATION | RECONSTRUCTION|  / (RECONSTRUCTION

(Z-AXIS)) | RANGE ! / PLANE)

;—————f——v'-—-C/—.

l"—""—‘—-s———-—'

RECONSTRUCTION "“——‘—r—-—-—'

RANGE o

|
] lI
I !

SCAN RANGE I

FIG. 1C
PRIOR ART



US RE41,219 E

Sheet 2 of 10

Apr. 13, 2010

U.S. Patent

—

1INN
NOILONYLSNODOINH

30IAd0
30VHO01S VivQ

Gt
Lt

9t

LINM
ONISS300¥d-3Hd

J3TIOHLNOD NYIS

d0SS300¥d
AV1dSId

AV 1dSId A"

8¢

0t

WILSAS
F4N03008d NVOS

- Sy VE e Ege et VS Skl sty w=af vmy mmm it e il i aml S wine W S S R DA e W el m— e g il et R Sgge il i Sl S —

d3 TI0HLNOD

NILSAS

6t 6C

S SR A . e B i - S A lllll'll1| o Al S S SN -sinie-mi S e S - S S Sl e o B —

t—'“- W — V. T e . s gy B A Al ey M gt Gl ey SEET SNl N SRS SRR B

L 3 R K K __N_ N _§ _§ R _FUEREETYC L R

¢ Ild

.'l.ll.l.l..l.l-..‘l

=

JA3d

ol

NOILISINDOV VLVQ
A
3DIA3Q ONIAA | ﬁﬂU
AYINYS \d
NCEES A e
MINHOSSNVHL | =S4T
JOVLIOA HOIH 21

—
1| e
v (NOILD3MIA SIXY-Z

17 NOILO3HIA 301S

)



U.S. Patent Apr. 13, 2010 Sheet 3 of 10 US RE41219 E

FIG. 3A

SLICE
DIRECTION Y-AXIS

Z-AXIS

CHANNEL DIRECTION
X-AXIS

SLICE
DIRECTION Y-AXIS
Z-AXIS

DIRECTION

CHANNEL DIRECTION
X-AXIS



U.S. Patent Apr. 13, 2010 Sheet 4 of 10 US RE41219 E




US RE41,219 E

Sheet S of 10

Apr. 13, 2010

U.S. Patent

— T
I N (S O AN A A A
— . S S —
S 2 o e B B T B M
P | 103 [pods 853 V| o | S 5 O [ 5 [ D G oD L

SUCRIPUCT) MOPUIM | | SUODIPUCD LORINSUCDAYN

uoneulojuj Aguec)

UONBWLOM| Jusied

G Il4



US RE41,219 E

Sheet 6 of 10

Apr. 13, 2010

U.S. Patent

Hll..Il i
I .

suogIpuo’) mopulp | [ suonipuod _._oaoﬁm:oomm_

uofeuLioju) Aijues)

UOfelIOjU] jusiied

9 Il



US RE41.219E
2
&

IIEIIII
S oY o

Sheet 7 of 10

uofeuuojuj Agues UOYBLLIOJU] Jushed

Apr. 13,2010

. O

U.S. Patent




U.S. Patent Apr. 13, 2010 Sheet 8 of 10 US RE41219 E

FIG. 8A FIG. 8B

CENTERLINE OF RBODY-AXIS CENTER LINE OF
SCAN RANGE 1 | SCAN RANGE SLICE
(AXIS OF ROTATION ! | (AXIS OF ROTATION 199 (RECONSTRUCTION
(Z-AXIS)) | (Z-AXIS) |/ PLANE)

I|'l"
#4
'I* ###### . tl: r )
4 - - ¥
' "
' ’
1 ’

FIG. 8C



U.S. Patent Apr. 13, 2010 Sheet 9 of 10 US RE41219 E

CENTERLINE OF  BODY-AXIS CENTER LINE OF
SCAN RANGE | SCANRANGE 19 SLICE
(AXIS OF ROTATION | | (AXIS OF ROTATION . ™ (RECONSTRUCTION
(Z-AXIS)) ! (Z-AXIS) 1 [ pLANE)

'-‘
L ]




U.S. Patent Apr. 13, 2010 Sheet 10 of 10 US RE41,219 E

FIG. 10A

WZZ[ZZ:ZM“ :

11




US RE41,219 E

1

APPARATUS AND METHOD FOR X-RAY
COMPUTER TOMOGRAPHY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from prior Japanese Patent Application No. 2003-
091970, filed Mar. 28, 2003, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to apparatus and method for
the X-ray computed tomography.

2. Description of the Related Art

The X-ray computed tomographic apparatus (also
referred to as the CT scanner) provides mformation of the
subject in the form of 1images on the basis of the intensity of
X-rays having passed through the subject, and plays an
important role in many medical practices including diagno-
s1s of 1llness, treatment and operation planning, etc. The
advent of helical scan has made 1t possible to achieve wide-
range data acquisition 1n a short time.

The patient throughput has become one of critical issues
associated with such achievement. Due to ultrafast scans as
well as weight saving of X-ray tubes, widespread use of
helical scan, increasing number of detector arrays, and
enhancement of detection sensitivity in recent years, the
patient throughput 1s influenced more by a time needed for
pre-scan setting of the subject than the scan time. The sub-
ject lies on his back on the tabletop of the diagnostic table
and fine adjusts the body position according to radiologist’s
istructions. However, only a limited time 1s allowed for fine
adjustment of the body position. Hence, as 1s shown 1n FIG.
1A, scans are often performed while the body axis of the
subject 1s tilted with respect to the center line (Z-axis, the
rotational axis of the X-ray tube) of the scan range. This
results 1n an event that, as 1s shown 1n FIG. 1B and FIG. 1C,
the center of the subject 1s offset from the center of the image
and a degree of offset differs from 1mage to image, which
makes observations quite difficult.

BRIEF SUMMARY OF THE INVENTION

An object of the invention 1s therefore to address an event
such that scans are performed while the body axis of the
subject 1s tilted with respect to the center line (Z-axis, the
rotational axis of the X-ray tube) of the scan range.

An X-ray computed tomographic apparatus of the inven-
tion includes: a display portion to display, on a screen, a
scanogram related to a subject together with a quadrilateral
frame line specifying a reconstruction range; an mput por-
tion to mput a command to transform the frame line specify-
ing the reconstruction range to a parallelogram or rotate the
frame line specitying the reconstruction range; a gantry to
perform scanning in a scan range corresponding to the
reconstruction range; and a reconstruction portion to recon-
struct 1mage data related to plural slices, parallel to one
another and included 1n the reconstruction range, slice-by-
slice on the basis of projection data acquired by the scan-
ning.
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Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out hereinatter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, i1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, server to
explain the principles of the mnvention.

FIG. 1A, FIG. 1B, and FIG. 1C are views used to explain
problems in the related art;

FIG. 2 1s a view showing the configuration of an X-ray
computed tomographic apparatus according to an embodi-
ment of the invention;

FIG. 3A and FIG. 3B are perspective views of an X-ray
detector of FIG. 2;

FIG. 4 1s a view showing helical path of an X-ray tube of
FIG. 2;

FIG. 5 15 a view showing an example of a scan procedure
screen constructed by a scan procedure system of FIG. 2;

FIG. 6 1s a view showing a frame line speciiying a recon-
struction range transformed with a click on a “transforma-

tion 1con” of FIG. 5;

FIG. 7 1s a view showing a frame line specifying a recon-
struction range rotated with a click on a “rotation icon” of

FIG. 5;

FIG. 8A, FIG. 8B, and FIG. 8C are views used to explain
reconstruction processing corresponding to the transformed
reconstruction range of FIG. 6;

FIG. 9A, FIG. 9B, and FIG. 9C are views used to explain
reconstruction processing corresponding to the rotated
reconstruction range of FIG. 7; and

FIG. 10A and FIG. 10B are views showing two types of
scan range corresponding to the rotated reconstruction range
of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of an X-ray computed tomographic appa-
ratus of the mvention will now be described with reference
to the accompanying drawings. The X-ray computed tomo-
graphic apparatus includes various types, such as a rotate/
rotate type 1n which a unit comprising the X-ray tube and the
radiation detector rotates about the subject, and a stationary/
rotate type 1 which a number of detection elements are
aligned 1n a ring-shaped array and the X-ray tube alone
rotates about the subject, and the invention 1s applicable to
any type. Herein, the currently most popular rotate/rotate
type will be described. Also, 1n order to reconstruct tomo-
graphic data for one slice, 1t 1s necessary to obtain projection
data of about 360° for a full circle of the subject, and projec-
tion data of 180° plus a view angle 1s needed even 1n the half
scan method. The invention 1s applicable to either recon-
struction method. Herein, the former method will be
described by way of example. Also, popular mechanisms to
convert incident X-rays to charges are: an indirect conver-
sion scheme,-by which X-rays are converted first into light
by a fluorescent material, such as a scintillator, and the light
1s then converted to charges by a photoelectric converting
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clement, such as a photodiode; and a direct conversion
scheme, by which generation of electron-hole pairs in the
semiconductor by X-rays and their movement to the
clectrodes, that 1s, the photoelectric phenomenon, are
exploited. The X-ray detection elements adopting either
scheme can be used, and herein, those adopting the former
indirect conversion scheme will be described. In addition, a
so-called multi-tube type X-ray computed tomographic
apparatus, i which plural pairs of an X-ray tube and an
X-ray detector are mounted to a rotational ring, has become
commercially available recently, and the peripheral tech-
niques are also under development. The mvention 1s appli-
cable to etther a conventional single-tube type X-ray com-
puted tomographic apparatus or a multi-tube type X-ray
computed tomographic apparatus. Herein, a single-tube type
X-ray computed tomographic apparatus will be described.

FIG. 2 shows the configuration of the X-ray computed
tomographic apparatus according to this embodiment. The
X-ray computed tomographic apparatus includes a gantry 1
configured to acquire projection data related to the subject.
The gantry 1 includes an X-ray tube 10 and an X-ray detec-
tor 23. Both the X-ray tube 10 and the X-ray detector 23 are
mounted to a ring-shaped rotational frame 12, which 1s
driven to rotate about the Z-axis by a gantry driving device
25. The rotational frame 12 1s provided with an aperture at
the center thereol, and the subject P laid on the tabletop 2a of
the diagnostic table 2 is inserted into the aperture. A slit 22
used to vary the irradiation width of X-rays depending on the
slice thickness 1s placed between the X-ray tube 10 and the
aperture.

A tube voltage from a high voltage transformer assembly
21 1s applied between the cathode and the anode of the X-ray
tube 10, while a filament current from the high voltage trans-
former assembly 21 1s supplied to the filament of the X-ray
tube 10. X-rays are generated by the application of the tube
voltage and the supply of the filament current.

As 1s shown 1 FIG. 3A and FIG. 3B, the X-ray detector

23 includes plural X-ray detection elements 100 each
having, for example, a 0.5 mmx0.5 mm tetragonal light-
reception surface. In the case of FIG. 3A, for example, 916
X-ray detection elements 100 are aligned 1n an array along
the channel direction. In the case of FIG. 3B, arrays of FIG.
3A are provided, for example, in 40 rows 1n parallel along
the slice direction. The detector of FIG. 3A 1s referred to as
the single-slice type, and the detector of FIG. 3B 1s referred
to as the multi-slice type. The X-ray detector 23 can be of
cither type.

A data acquisition device 24, generally referred to as a
DAS (data acquisition system), converts a signal in each
channel outputted from the detector 23 to a voltage signal,
amplifies the voltage signal, and converts the amplified volt-
age signal to a digital signal. Data (raw data) thus obtained 1s
supplied to a computer unit 3 installed at the outside of the
gantry. A pre-processing unit 34 of the computer unit 3 per-
forms compensation processing, such as sensitivity
compensation, on the raw data outputted from the data
acquisition device 24, and outputs projection data. The pro-
jection data 1s then sent to and stored 1n a data storage device
35 of the computer system 3.

The computer system 3 comprises a system controller 29,
an input device 39 provided with a keyboard, a mouse, etc., a
display 38, a scan controller 30, a reconstruction unit 36, and
a scan procedure system 42 in addition to the aforemen-
tioned pre-processing unit 34 and the storage device 35. The
reconstruction unit 36 i1s able to selectively perform the
reconstruction processing according to either of the follow-
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4

ings: the typical fan-beam reconstruction method (also
referred to as the fan-beam convolution back projection
method); and a reconstruction method 1n a case where pro-
jection rays cross with the reconstruction plane like a cone
beam, other than the helical interpolation that can be used
together with the fan-beam reconstruction method 1n finding
projection data on the reconstruction plane through nterpo-
lation from projection data of, for example, two rotations,
the method including the Feldkamp method, known as an
approximate image reconstruction method, by which convo-
lution 1s performed by deeming the beam as a fan projection
beam on the assumption that the cone angle 1s small and
back projection 1s performed along rays at the time of
scanning, and the cone-beam reconstruction method, known
as a method capable of suppressing cone-angle induced
errors compared with the Feldkamp method, by which pro-
jection data 1s compensated 1n response to the angle of rays
with respect to the reconstruction plane.

The scan procedure system 42 1s provided to assist the
operator 1n a work of determining the scan procedure, and
constructs a scan procedure screen used to set scan
conditions, such as a helical pitch (HP) indicating a distance
the tabletop moves while the X-ray tube 10 rotates once as
shown 1n FIG. 4, and a scan speed (SS) indicating a time
needed for the X-ray tube 10 to rotate once.

FIG. 5 shows an example of the scan procedure screen.
The scan procedure screen includes patient information,
gantry information, and detailed information of the scan
conditions at the bottom of the screen as well as a scanogram
image 99. The scanogram 1image 99 1s displayed in an orien-
tation such that the Z-axis (the center of rotation) thereof 1s
parallel to the vertical direction (possibly, the horizontal
direction 1n some cases) of the screen. Thus, when scano-
gram 1maging 1s performed while the body axis of the sub-
ject 1s tilted with respect to the Z-axis, the scanogram image
99 1s displayed on the screen as being tilted with respect to
the vertical direction of the screen as well.

The scan conditions include the activation (distinction
between the manual trigger and the automatic trigger to start
the scan), scan start time (start time), start position of helical
scan, a pause between scans, end position of helical scan,
scan mode (distinction among single-slice/multi-slice/
helical), start position of scan, end position of scan, tube
voltage KV, tube current mA, scan speed (time 1n parentheses
indicates a time needed for the entire scans), the number of
slices (the number of arrays used), helical pitch, reconstruc-
tion mode, and FOV (width of reconstruction range).

A quadnilateral frame line 101 specitying the reconstruc-
tion range 1s displayed on the scanogram image 99. A frame
line, generally 1n a dotted line, specitying the scan range
corresponding to the reconstruction range 1s displayed
together with the frame line 101 specifying the reconstruc-
tion range in some cases. The quadrilateral frame line 101
speciiying the reconstruction range 1s mitially provided as
an oblong with 1ts center line 109 being parallel to the Z-axis
(central axis of rotation).

Also, rhombic 1cons 102 for scaling up/down the range
vertically and rhombic 1cons 103 for scaling up/down the
range horizontally are displayed at the four corners of the
frame line 101 speciiying the reconstruction range, so that
the operator 1s able to scale up/down the reconstruction
range as needed by moving the pointer 104 to any of the
icons 102 and 103 and dragging the pointer 104 with the use
of, for example, the mouse of the input device 39. Also, the
operator 1s able to move the reconstruction range in parallel
vertically and/or horizontally by moving the pointer 104 on
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the frame line 101 and dragging the pointer 104 with the use
of, for example, the mouse of the input device 39.

Further, on the scanogram 1mage 99 are superposed trans-
formation icons 105 and 106 and rotation 1cons 107 and 108.

A transformation command 1s mputted with a click on the
transformation icon 105. Upon input of the transformation

command, as 1s shown 1n FIG. 6, the frame line 101 specity-
ing the reconstruction range 1s transformed to a parallelo-
gram. A degree of transformation, that 1s, a tilt of the center
line 109 with respect to the vertical direction of the screen, 1s
determined, for example, by the number of clicks. For
instance, a tilt of 2.5° 1s given with one click. With a click on
the other transformation 1con 106, the frame line 101 speci-
tying the reconstruction range is transformed in an opposite
direction to the direction of FIG. 6. A degree of transforma-
tion 1s also determined by the number of clicks.

A rotation command 1s inputted with a click on the rota-
tion 1con 107. Upon mput of the rotation command, as 1s
shown 1 FIG. 7, the frame line 101 specitying the recon-
struction range 1s rotated about its center. A degree of
rotation, that 1s, a tilt of the center line 109 with respect to
the vertical direction of the screen, 1s determined, for
example, by the number of clicks. For instance, a rotation by
2.5° 1s given with one click. With a click on the other rota-
tion 1icon 108, the frame line 101 specitying the reconstruc-
tion range 1s rotated 1n a direction opposite to the direction of
FIG. 7. A degree of rotation 1s also determined by the num-
ber of clicks. Basically, transformation and rotation are per-
formed alternatively.

As has been described, the scanogram image 99 1s dis-
played in an orientation such that the Z-axis (center of
rotation) thereot 1s parallel to the vertical direction of the
screen. Thus, when scanogram 1maging 1s performed while
the subject 1s tilted with respect to the Z-axis, the tilt 1s

reflected on the scanogram image 99 on the screen as are
shown in FIG. 6 and FIG. 7.

The operator thus drags and moves the frame line 101
specilying the reconstruction range in parallel and clicks
either the transformation icon 105 1n the forward direction or
the transformation icon 106 i1n the backward direction as
many times as necessary, so that the center line 109 of the
frame line 101 specitying the reconstruction range becomes
parallel to and agrees as much as possible with the body axis
of the subject on the tilted scanogram image 99. Also, the
operator drags and moves the frame line 101 specifying the
reconstruction range in parallel and clicks either the rotation
icon 107 in the forward direction or the rotation 1con 108 1n
the backward direction as many times as necessary, so that
the center line 109 of the frame line 101 specifying the
reconstruction range becomes parallel to and agrees as much
as possible with the body axis of the subject assumed on the
tilted scanogram 1mage 99. Alternatively, it may be possible
to transform and rotate the frame line 101 speciiying the
reconstruction range with the use of the transformation 1con
105 or 106 together with the rotation 1con 107 or 108.

There 1s a slight difference between the examples of FIG.
6 and FIG. 7 i terms of image reconstruction. When the
frame line 101 specifying the reconstruction range is trans-
formed as shown 1n FIG. 6, the scan procedure system 42
determines, as 1s shown 1n FI1G. 8 A, the reconstruction range
111 to correspond to the frame line 101, and determines the
scan range 112 to correspond to the reconstruction range
111. The scan range 112 1s set to the shape of a cylindrical
column whose longitudinal cross section 1s an oblong having
the Z-axis (axis of rotation) at the center and covering the
reconstruction range 111.

As 1s shown i1n FIG. 8B, the reconstruction unit 36
extracts projection data corresponding to respective slices
from projection data acquired by scans, and reconstructs
image data on the basis of the projection data thus extracted.
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Widths of the respective slices are set according to the hori-
zontal width of the frame line 101 specitying the reconstruc-
tion range, and the centers of the respective slices are set on
the center line 109 of the frame line 101 specifying the
reconstruction range. Because the center line 109 of the
reconstruction range 1s set with a tilt with respect to the
center line of the scan range, the horizontal positions of the
respective slices, that 1s, a distance from the center line of the
scan range to the center of each slice, vary from slice to slice.
However, the centers of the respective slices are all placed on
the body axis of the subject.

Because the center of the slice can be set for each slice 1n
response to the tilted body position of the subject in the
manner descried above, even when scans are performed
while the body axis of the subject 1s tilted with respect to the
Z-axis, the body axis of the subject can be positioned on
almost the center of the image as shown in FIG. 8C. This
climinates ofiset between the position on the image and the
position on the subject, which makes observation quite easy.
Also, by converting a horizontal distance of the subject to an
actual distance on the basis of the tilt of the frame line 101, i1t
1s possible to reduce errors 1n measurement of a distance or a
volume.

Then, 1n a case where the frame line 101 specifying the
reconstruction range 1s rotated as shown in FIG. 7, the scan
procedure system 42 determines, as 1s shown 1n FIG. 9A, the
reconstruction range 111 corresponding to the frame line
101 together with the scan range 112. In this case, the scan
range 112 i1s set to the shape of a cylindrical column whose
longitudinal cross section 1s an oblong having the Z-axis
(ax1s of rotation) at the center and covering the reconstruc-

tion range 111.

The scan range 112 can be selected from the range shown
in F1G. 10A and the range shown 1n FIG. 10B wider than the
one shown 1in FIG. 10A. In the helical reconstruction, as 1s
known, projection data at the slice position 1s generated
through interpolation from projection data of two, preceding
and following rotations. In other words, the helical recon-
struction needs projection data that covers a wider range
113, which 1s wider than the outermost slice within the
reconstruction range 111 to the outside by at least one rota-
tion. FIG. 10B shows an example when the scan range 112 1s
set to acquire the entire projection data of this wider range
113. In contrast, FIG. 10A shows an example of a narrow
scan range 112, in which part of projection data shaded by
diagonal lines 1s replenished through extrapolative interpola-
tion. The operator may make a selection between these two
types, or the selection may be made automatically depend-
ing on the various conditions of the region to be imaged.

As 1s shown 1n FIG. 9B, the reconstruction unit 36 recon-
structs 1mage data by either the cone-beam reconstruction
method or the tilt reconstruction method for each of plural
slices (reconstruction planes) orthogonal to the center line
109 of the reconstruction range rotated 1n response to a tilt of
the body axis of the subject, on the basis of the projection
data acquired by scans. In other words, the pixel value of
cach pixel within the slice tilted with respect to the central
axis of the scan range 1s computed as a filter integral value of
projection data of plural X-ray paths that cross with the each
pixel diagonally.

The width of each slice 1s set according to the width of the
frame line 101 specitying the reconstruction range, and the
center of each slice 1s set on the center line 109 of the frame
line 101 specitying the reconstruction range. Because the
center line 109 of the reconstruction range 1s set with a tilt
with respect to the center line of the scan range, the horizon-
tal positions of the respective slices, that 1s, a distance from
the center line of the scan range to the center of each slice,
vary from slice to slice.

Because the center of the slice can be set for each slice in
response to the tilted body position of the subject in the
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manner described above, even when scans are performed
while the body axis of the subject 1s tilted with respect to the
Z-axis, the body axis of the subject can be positioned on
almost the center of the image as 1s shown in FIG. 9C.
Moreover, 1n this example, an 1image of a plane orthogonal to
the body axis of the subject can be obtained, which reduces
errors 1n horizontal distance associated with a tilt of the body
axis with respect to the Z-axis. In short, 1t 1s possible to
substantially eliminate a state where the body axis of the
subject 1s tilted with respect to the Z-axis. Because errors in
distance can be eliminated not only vertically but also
horizontally, errors can be reduced 1n measurement of a dis-
tance or a volume; moreover, MPR (multi-planar
reconstruction) processing or 3-D processing can be per-
tformed directly without the need for special compensation
processing.

The invention can be applied to, for example, PET
(Positron Emission computed Tomography), as an image
diagnosis apparatus of a type that reconstructs a planar
image on the basis of the subject’s data acquired 1n many
directions, as with the X-ray computed tomographic appara-
tus.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general iventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:
1. An X-ray computed tomographic apparatus, compris-
ng:

a display portion to display, on a screen, a scanogram
related to a subject together with a quadrilateral frame
line specilying a reconstruction range;

an input portion to mput a command to transiform the
frame line specilying said reconstruction range to a par-
allelogram or rotate the frame line specitying said
reconstruction range;

a scan portion to perform scanning in a scan range corre-
sponding to said reconstruction range; and

a reconstruction portion to reconstruct image data related
to plural slices, parallel to one another and included 1n
said reconstruction range, slice-by-slice on the basis of
projection data acquired by said scanning.

2. The X-ray computed tomographic apparatus according,

to claim 1, wherein:

a center line of said transformed or rotated reconstruction
range 1s tilted with respect to a center line of said scan
range.

3. The X-ray computed tomographic apparatus according,

to claim 2, wherein:

a distance from the center line of said scan range to a
center ol each of said plural slices varies from slice to
slice.

4. The X-ray computed tomographic apparatus according,

to claim 2, wherein:

said slices are tilted with respect to the center line of said
transformed reconstruction range.
5. The X-ray computed tomographic apparatus according,
to claim 4, wherein:

said slices are orthogonal to the center line of said scan
range.
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6. The X-ray computed tomographic apparatus according
to claim 2, wherein:

said slices are orthogonal to the center line of said rotated
reconstruction range.
7. The X-ray computed tomographic apparatus according,
to claim 6, wherein:

said slices are tilted with respect to the center line of said
scan range.
8. The X-ray computed tomographic apparatus according,
to claim 1, wherein:
an 1con corresponding to transformation or rotation 1s dis-
played in the vicinity of the frame line specitying said
reconstruction range.
9. The X-ray computed tomographic apparatus according
to claim 1, wherein:

said scan range 1s set to a shape of a cylindrical column
whose longitudinal cross section 1s an oblong having an
axis ol rotation at a center and covering said trans-
formed or rotated reconstruction range.
10. The X-ray computed tomographic apparatus accord-
ing to claim 1, wherein:

said scan range covers said transformed or rotated recon-
struction range.
11. The X-ray computed tomographic apparatus accord-
ing to claim 10, wherein:

said scan range has a length longer than said transformed
or rotated reconstruction range with respect to a direc-
tion parallel to a central axis thereof.
12. The X-ray computed tomographic apparatus accord-
ing to claim 10, wherein:

said scan range has a width almost equal to said trans-
formed or rotated reconstruction range with respect to a
direction orthogonal to a central axis thereof.

13. A method for X-ray computed tomography, compris-

ng:

displaying, on a screen, a scanogram related to a subject
together with a quadnlateral frame line specilying a
reconstruction range;

inputting a command to transform the frame line specify-
ing said reconstruction range to a parallelogram or
rotate the frame line specifying said reconstruction
range;

performing scanning in a scan range corresponding to said
reconstruction range; and

reconstructing 1image data related to plural slices, parallel
to one another and included in said reconstruction
range, slice-by-slice on the basis of projection data
acquired by said scanning.
14. The method for X-ray computed tomography accord-
ing to claim 13, wherein:

a center line of said transformed or rotated reconstruction
range 1s tilted with respect to a center line of said scan
range.

15. The method for X-ray computed tomography accord-

ing to claim 14, wherein:

a distance from the center line of said scan range to a
center of each of said plural slices varies from slice to
slice.

16. The method for X-ray computed tomography accord-

ing to claim 14, wherein:

said slices are tilted with respect to the center line of said
transformed reconstruction range.
17. The method for X-ray computed tomography accord-
ing to claim 16, wherein:

said slices are orthogonal to the center line of said scan
range.
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18. The method for X-ray computed tomography accord-
ing to claim 14, wherein:

said slices are orthogonal to the center line of said rotated
reconstruction range.
19. The method for X-ray computed tomography accord-
ing to claim 18, wherein:

said slices are tilted with respect to the center line of said
scan range.
20. The method for X-ray computed tomography accord-
ing to claim 13, wherein:

an 1con corresponding to transformation or rotation 1s dis-
played 1n the vicinity of the frame line speciiying said
reconstruction range.
21. The method for X-ray computed tomography accord-
ing to claim 13, wherein:

said scan range 1s set to a shape of a cylindrical column
whose longitudinal cross section 1s an oblong having an
axis of rotation at a center and covering said trans-
formed or rotated reconstruction range.
22. The method for X-ray computed tomography accord-
ing to claim 13, wherein:

said scan range covers said transformed or rotated recon-
struction range.
23. The method for X-ray computed tomography accord-
ing to claim 22, wherein:

said scan range has a length longer than said transtformed
or rotated reconstruction range with respect to a direc-
tion parallel to a central axis thereof.
24. The method for X-ray computed tomography accord-
ing to claim 22, wherein:

said scan range has a width almost equal to said trans-
formed or rotated reconstruction range with respect to a
direction orthogonal to a central axis thereof.
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25. An X-ray computed tomographic apparatus, compris-
Ing:
a display unit which displays, on a screen, an image speci-
Jving a reconstruction range together with a scanogram
related to a subject,

an input unit which inputs a command to change a tilt
angle of a center axis of the rveconstruction range;

a scan unit which performs scanning; and

a reconstruction unit which reconstructs image data
related to plural slices slice-by-slice based on projec-
tion data acquived by the scanning, almost a center of
the image data being placed on the center axis, said
reconstruction unit changing a tilt angle of a central
axis shown in the scanogram without a shift in an axis
of rvotation of the scan unit.

26. A method for X-ray computed tomography, compris-

Ing:

displaving, on a screen, a scanogram velated to a subject

together with a center axis of a reconstruction range,

inputting a command to change a tilt angle of the center
axis,

performing scanning by irradiating the subject with an
X-ray; and

reconstructing image data rvelated to plural slices slice-
by-slice on the basis of projection data acquired by the
scanning, almost a center of the image data being
placed on the center axis, said reconstruction image
data changing a tilt angle of a central axis shown in the

scanogram without a shift in an axis of rotation during
performing scanning.
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