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(57) ABSTRACT 

In a CT apparatus, eg an X-ray CT apparatus, according to 
this invention, a plural scan executing unit executes a ?rst 
and a second helical scans successively, With an X-ray tube 
and an X-ray detector each advancing along helical paths 
having a 180° phase difference (bisectional phase difference) 
therebetWeen. Consequently, CT image composing data is 
acquired from opposite directions for each point in an area 
of interest. That is, the CT image composing data obtained, 
as a Whole, covers a scanning range corresponding to 360°. 
Then, an image reconstructing unit performs an image 
reconstructing process properly based on the CT image 
composing data collected through all the helical scans and 
covering the 360° scanning range. As a result, artifacts are 
restrained from appearing in CT images ultimately obtained. 

DAS w_~_./__ 
‘ image reconstructing unit 

10 
{ ‘l 3 

emission controller 4 72 
_ 5 ___L 

high voltage generator E console 
a: 

5 8 
Q‘ 

~16 
top board driver '5 

1 4 g}, monitor 
N 

plural scan controller 

7 5 



Patent Application Publication Mar. 28, 2002 Sheet 1 0f 12 US 2002/0037068 A1 
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Fig. 6 
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Fig. 9 
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Fig. 11 
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Fig. 12 
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CT APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] This invention relates to a CT apparatus having an 
electromagnetic emitter for emitting electromagnetic Waves 
in a conical form, and a planar detector, the emitter and 
detector being helically revolvable about an object under 
examination to scan the object. More particularly, the inven 
tion relates to a technique of suppressing artifacts appearing 
in CT images (computed tomographic images). 

[0003] (2) Description of the Related Art 

[0004] An X-ray CT apparatus may be cited as one 
example of CT apparatus that emits electromagnetic Waves 
in a conical form and detects transmitted electromagnetic 
Waves With a planar detector. Such an X-ray CT apparatus 
Will be described beloW With reference to FIGS. 1 and 2. 

[0005] As shoWn in FIG. 1, a conventional X-ray CT 
apparatus includes, opposed to each other across an object 
under examination M, an X-ray tube 51 for emitting an 
X-ray beam CB in a conical form, and a panel type X-ray 
detector 52 having a tWo-dimensional detecting surface 52a 
for detecting transmitted X rays. As shoWn in FIG. 2, the 
X-ray tube 51 and panel type X-ray detector 52 are movable 
about and relative to the object M. That is, a helical scanning 
is carried out by folloWing a helical or spiral path SP and 
advancing along the body axis Z. As the X-ray tube 51 emits 
an X-ray beam CB in a conical form during a helical 
scanning operation of X-ray tube 51 and panel type X-ray 
detector 52, CT image composing data is collected from the 
X-ray detector 52. In this apparatus, the panel type X-ray 
detector 52 has numerous X-ray detecting elements arranged 
in a matrix form, and transmitted X-ray beams are detected 
in numerous detection lines succeeding one after another 
along the object’s body axis. As a result, numerous slice 
images may be acquired from an area of interest Ma at a 
time, thereby reducing the time consumed in photography. 

[0006] Further, an X-ray CT apparatus of this type has 
been proposed that collects from the panel type X-ray 
detector 52 CT image composing data covering a 180° 
scanning range for each point in the area of interest Ma (M. 
Defrise et al. “A solution to the long-object problem in 
helical cone-beam tomography” Phys. Med. Biol. 45 (2000) 
623-643). The apparatus having the above construction is 
also called the PI-line detection area type. As shoWn in FIG. 
3, When a cylindrical surface SQ including the helical path 
SP of X-ray tube 51 is regarded as a detection area, a 
projection data collection area is betWeen helical curves 
(arcs uu‘ and dd‘) less than a pitch of helical path SP as seen 
from the X-ray tube 51. Since, in this case, the site 
dependent Weight function in time of reverse projection is 
simpli?ed to speed up an image reconstructing process. 

[0007] To supplement the above, When an X-ray beam CB 
in a conical form is used, the apparatus becomes the three 
dimensional CT type Which, unlike the usual tWo-dimen 
sional CT type, complicates the relationship betWeen each 
point in the area of interest and X-ray detection element, and 
complicates the site-dependent Weight function in time of 
reverse projection. HoWever, as shoWn in FIG. 3, When 
collecting from the panel type X-ray detector 52 CT image 
composing data covering a 180° scanning range from a scan 
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position xs through a scan position xo to a scan position xe 
for each point P in an area of interest, there is an advantage 
that the relationship betWeen each point in the area of 
interest Ma and X-ray detection element is relatively simple 
to simplify the site-dependent Weight function in time of 
reverse projection. It Will be appreciated that, for expediency 
of description, point P is shoWn as lying on the body axis Z 
in FIG. 3. 

[0008] HoWever, the conventional X-ray CT apparatus of 
the PI-line detection area type noted above has a disadvan 
tage that artifacts tend to appear in a CT image ultimately 
obtained. 

[0009] That is, With the PI-line detection area type, as 
shoWn in FIG. 4, artifacts could appear in the direction of a 
segment extending betWeen scan positions xs and xe at 
opposite ends of the 180° scanning range for each point in 
the area of interest of object M. In principle, the same data 
should be obtained by emitting an X-ray beam CB in a 
conical form from opposite directions to point P in the area 
of interest. HoWever, these data actually are not necessarily 
the same because of the non-parallelism of beam elements of 
X-ray beam CB and the polychroism of X rays. As a result, 
artifacts are created in reconstructing CT images. 

SUMMARY OF THE INVENTION 

[0010] This invention has been made having regard to the 
state of the art noted above, and its primary object is to 
provide an X-ray CT apparatus of the PI-line detection area 
type Which is capable of suppressing artifacts appearing in 
CT images ultimately obtained. 

[0011] The above object is ful?lled, according to this 
invention, by a CT apparatus for making a plurality of 
helical scans about an object under examination placed on a 
support table, and collecting, through each scan, CT image 
composing data covering a scanning range of 180° for each 
point in an area of interest, the CT apparatus comprising: 

[0012] an electromagnetic Wave emitting device for emit 
ting electromagnetic Waves in a conical form toWard the 
object; 
[0013] a planar detecting device opposed to the electro 
magnetic Wave emitting device across the object for detect 
ing the electromagnetic Waves emitted from the electromag 
netic Wave emitting device and diverging tWo 
dimensionally; 
[0014] a drive device for moving the electromagnetic 
Wave emitting device and the planar detecting device rela 
tive to the object While rotating the electromagnetic Wave 
emitting device and the planar detecting device about the 
object, to cause electromagnetic Waves to make helical scans 
around the object, Whereby CT image composing data 
covering a 180° scanning range for each point in the area of 
interest of the object are collected from the planar detecting 
device; 
[0015] a plural scan control device for controlling the 
drive device such that the plurality of helical scans made of 
the object by the electromagnetic Wave emitting device have 
helical paths With a phase difference therebetWeen of 360° 
divided equally; and 

[0016] an image reconstructing device for performing an 
image reconstructing process based on CT image composing 
data collected through the plurality of helical scans. 
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[0017] In a tomographic process performed by the above 
CT apparatus, the plural scan control device executes a 
plurality of helical scans successively of an object under 
examination. At this time, as electromagnetic Waves (e.g. X 
rays) are emitted in a conical form during each helical scan, 
CT image composing data covering a 180° scanning range 
is collected for each point in the area of interest. That is, this 
CT apparatus is the PI-line detection area type, in Which the 
relationship betWeen each point in the area of interest and 
each X-ray detection element of the planar detecting device 
is relatively simple to simplify a site-dependent Weight 
function in time of reverse projection. 

[0018] Further, since the helical scans are made to folloW 
helical paths having an equi-sectional phase difference ther 
ebetWeen, CT image composing data is collected from a 
plurality of directions for each point in the area of interest 
through all the helical scans. That is, CT image composing 
data covering a 360° scanning range is acquired ultimately. 
The CT image composing data acquired is transmitted to the 
image reconstructing device to carry out an image recon 
structing process based on the CT image composing data 
collected through all the helical scans and covering the 360° 
scanning range. By using the CT image composing data 
collected from a plurality of directions for each point in the 
area of interest, a discrepancy due to the non-parallelism of 
beam elements and the polychroism of beams is eliminated, 
Whereby images are reconstructed properly. This suppresses 
artifacts appearing in X-ray CT images ultimately obtained. 

[0019] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
the drive device to execute the helical scans to and fro by 
alternately reversing a scanning direction and a rotating 
direction for each scan. With this construction, the plural 
scan control device controls the drive device to execute the 
helical scans to and fro by alternately reversing the scanning 
direction and rotating direction for each scan. That is, after 
a helical scan from a starting end to a terminal end of the 
area of interest, a next helical scan is carried out from the 
terminal end back to the starting end, With the rotating 
direction also reversed. Since there is no need to perform a 
return scan betWeen the tWo helical scans, images may be 
picked up in a short time. 

[0020] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
the drive device to execute the helical scans to and fro and 
constantly in the same direction of rotation. With this 
construction, the plural scan control device controls a con 
tinuous photographic process With reciprocal helical scans in 
the same rotating direction, or a photographic process With 
helical scans in the same rotating direction and including a 
return scan in betWeen. Thus, there is no need to sWitch the 
rotating direction for each helical scan. 

[0021] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
the drive device to execute a non-helical, simple rotating 
scan in a range of at to 2st at each of opposite ends of each 
helical scan. With this construction, a non-helical, simple 
rotating scan takes place in a range of at to 2st at each of the 
opposite ends of each helical scan. Thus, suf?cient CT image 
composing data is collected even at the opposite ends of 
each helical scan for Which data tends to be insufficient. 

[0022] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
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the drive device to execute the helical scans having a phase 
difference therebetWeen of 360° divided equally by an even 
number or an odd number. With this construction, an image 
reconstructing process is carried out properly based on the 
CT image composing data acquired. This suppresses arti 
facts appearing in X-ray CT images ultimately obtained. 

[0023] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
the drive device to execute the helical scans in a range of at 
multiplied by a multiple of 2. With this construction, image 
data may be picked up from an increased area of interest. 

[0024] In the CT apparatus according to this invention, the 
plural scan control device, preferably, is arranged to control 
the drive device to execute a pre-scan before starting, and a 
post-scan after ?nishing, each helical scan effective to 
collect CT image composing data, the pre-scan and the 
post-scan being ineffective to collect CT image composing 
data. With this construction, the X-ray emitting device and 
planar detecting device may have a stable scanning speed 
When starting each scan for collecting CT image composing 
data. A post-scan carried out after each scan is effective to 
decelerate the X-ray emitting device and planar detecting 
device gradually, thereby to reduce the load applied to the 
apparatus. 

[0025] In another aspect of this invention, a CT apparatus 
is provided for making a plurality of helical scans about an 
object under examination placed on a support table, and 
collecting, through each scan, CT image composing data 
covering a scanning range of 180° for each point in an area 
of interest, the CT apparatus comprising: 

[0026] an electromagnetic Wave emitting device for emit 
ting electromagnetic Waves in a conical form toWard the 
object; 
[0027] a planar detecting device opposed to the electro 
magnetic Wave emitting device across the object for detect 
ing the electromagnetic Waves emitted from the electromag 
netic Wave emitting device and diverging tWo 
dimensionally; 
[0028] a drive device for moving the electromagnetic 
Wave emitting device and the planar detecting device rela 
tive to the object While rotating the support table, to cause 
electromagnetic Waves to make helical scans around the 
object, Whereby CT image composing data covering a 180° 
scanning range for each point in the area of interest of the 
object are collected from the planar detecting device; 

[0029] a plural scan control device for controlling the 
drive device such that the plurality of helical scans made of 
the object by the electromagnetic Wave emitting device have 
helical paths With a phase difference therebetWeen of 360° 
divided equally; and 

[0030] an image reconstructing device for performing an 
image reconstructing process based on CT image composing 
data collected through the plurality of helical scans. 

[0031] In a tomographic process performed by the above 
CT apparatus, the plural scan control device executes a 
plurality of helical scans successively, folloWing helical 
paths having an equi-sectional phase difference therebe 
tWeen. Thus, CT image composing data is collected from a 
plurality of directions for each point in the area of interest. 
CT image composing data covering a 360° scanning range 
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is acquired. The image reconstructing device carries out an 
image reconstructing process properly based on the CT 
image composing data collected through all the helical scans 
and covering the 360° scanning range. This suppresses 
artifacts appearing in X-ray CT images ultimately obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 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 arrangement and instrumentalities 
shoWn. 

[0033] FIG. 1 is a schematic vieW shoWing a principal 
portion of an image pickup system in a conventional X-ray 
CT apparatus; 

[0034] FIG. 2 is a front vieW shoWing a helical path in a 
helical scanning by the conventional X-ray CT apparatus. 

[0035] FIG. 3 is an explanatory vieW of an X-ray beam 
detection by the conventional X-ray CT apparatus; 

[0036] FIG. 4 is an explanatory vieW of an artifact gen 
eration by the conventional X-ray CT apparatus; 

[0037] FIG. 5 is a block diagram of an entire X-ray CT 
apparatus in a ?rst embodiment; 

[0038] FIG. 6 is a perspective vieW shoWing an outline of 
an image pickup system of the X-ray CT apparatus in the 
?rst embodiment; 

[0039] FIG. 7 is a front vieW shoWing a helical path in a 
helical scanning by the apparatus in the ?rst embodiment; 

[0040] FIG. 8A is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the ?rst embodiment, shoWing a 
path of a ?rst helical scan; 

[0041] FIG. 8B is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the ?rst embodiment, shoWing a 
path of a second helical scan; 

[0042] FIG. 9 is a schematic vieW of a collection of CT 
image composing data through the ?rst and second helical 
scans by the apparatus in the ?rst embodiment; 

[0043] FIG. 10 is an explanatory vieW of photography 
made from tWo opposite directions by the apparatus in the 
?rst embodiment; 

[0044] FIG. 11 is a schematic vieW shoWing an X-ray 
beam detection in a tWo-dimensional CT mode; 

[0045] FIG. 12 is a How chart of a tomographic sequence 
by the X-ray CT apparatus in the ?rst embodiment; 

[0046] FIG. 13A is an explanatory vieW of a scan mode by 
an X-ray CT apparatus in a second embodiment, shoWing a 
path of a ?rst helical scan; 

[0047] FIG. 13B is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the second embodiment, shoWing 
a path of a return scan; 

[0048] FIG. 13C is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the second embodiment, shoWing 
a path of a second helical scan; 

Mar. 28, 2002 

[0049] FIG. 14A is an explanatory vieW of a scan mode by 
an X-ray CT apparatus in a third embodiment, shoWing a 
path of a ?rst helical scan; 

[0050] FIG. 14B is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the third embodiment, shoWing 
paths of a second helical scan and a return scan; 

[0051] FIG. 14C is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the third embodiment, shoWing 
paths of a third helical scan and a return scan; 

[0052] FIG. 14D is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the third embodiment, shoWing a 
path of a fourth helical scan; 

[0053] FIG. 15A is an explanatory vieW of a scan mode by 
an X-ray CT apparatus in a fourth embodiment, shoWing a 
path of a ?rst helical scan; 

[0054] FIG. 15B is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the fourth embodiment, shoWing 
a path of a return scan; 

[0055] FIG. 15C is an explanatory vieW of a scan mode by 
the X-ray CT apparatus in the fourth embodiment, shoWing 
a path of a second scan; and 

[0056] FIG. 16 is a schematic perspective vieW shoWing 
a principal portion a modi?ed apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] Preferred embodiments of this invention Will be 
described in detail hereinafter With reference to the draW 
ings. 

[0058] <First Embodiment> 

[0059] One embodiment of this invention Will be 
described With reference to the draWings. 

[0060] FIG. 5 is a block diagram shoWing an entire X-ray 
CT apparatus of the cone beam emitting type (Which, Where 
appropriate, Will be referred to hereinafter simply as “X-ray 
CT apparatus”) in a ?rst embodiment. 

[0061] The X-ray CT apparatus in the ?rst embodiment of 
FIG. 5, as also shoWn in FIG. 6, includes an X-ray tube 1 
for emitting an X-ray beam CB in a conical form toWard a 
patient (object under examination) M on a top board (sup 
port table) 3, and a panel type X-ray detector 2 (Which, 
Where appropriate, Will be referred to hereinafter simply as 
“X-ray detector”) opposed to the X-ray tube 1 and having a 
tWo-dimensional detecting surface 2a for detecting trans 
mitted X rays. As shoWn in FIG. 7, the X-ray tube 1 and 
X-ray detector 2 are movable about the patient M, and carry 
out a helical scanning by folloWing a helical or spiral path 
SP and advancing along the body axis Z. While the X-ray 
tube 1 and X-ray detector 2 move together as opposed to 
each other across the patient M, the X-ray tube 1 emits a 
conical X-ray beam CB to the patient M, and CT image 
composing data is collected from the X-ray detector 2. An 
image reconstructing process is carried out based on the CT 
image composing data collected. The X-ray tube 1 in this 
embodiment corresponds to the electromagnetic emitting 
device of this invention. The panel type X-ray detector 2 
corresponds to the planar detecting device. 
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[0062] Various components of the apparatus in the ?rst 
embodiment Will particularly be described hereinafter. 

[0063] The X-ray CT apparatus in the ?rst embodiment 
includes an image pickup system rotating mechanism 4 for 
rotating the X-ray tube 1 and X-ray detector 2 as opposed to 
each other across the patient M, and a top board driver 5 for 
reciprocating the top board 3, With the patient M placed 
thereon, along the body axis Z of patient M. A helical 
scanning is carried out by operating the rotating mechanism 
4 to rotate the X-ray tube 1 and X-ray detector 2 about the 
body axis Z of patient M, and operating the top board driver 
5 to move the top board 3 along the body axis Z of patient 
M. 

[0064] The image pickup system rotating mechanism 4 
has a rotating ring 9 rotatable by torque of a motor 6 
transmitted through a pulley 7 and a belt 8. The X-ray tube 
1 and X-ray detector 2 are ?xedly arranged on the rotating 
ring 9. That is, as the rotating ring 9 rotates With a forWard 
rotation or backWard rotation of motor 6, the X-ray tube 1 
and X-ray detector 2 opposed to each other rotate together 
in the direction indicated by an arroW RA or RB about the 
patient M. 

[0065] The helical scanning may be carried out not by 
moving the top board 3 as Well as the X-ray tube 1 and X-ray 
detector 2 as noted above, but by rotating the X-ray tube 1 
and X-ray detector 2 and at the same time moving the X-ray 
tube 1 and X-ray detector 2 along the body axis Z of patient 
M, With the top board 3 ?xed to maintain the patient M still. 

[0066] The X-ray CT apparatus in the ?rst embodiment 
further includes an emission controller 10 having a high 
voltage generator. Under control of this controller 10, the 
X-ray tube 1 emits a conical X-ray beam CB according to set 
irradiating conditions such as a tube voltage and a tube 
current. 

[0067] The X-ray detector 2 has numerous X-ray detecting 
elements 2A arranged in a matrix form for detecting trans 
mitted X-ray beams in numerous detection lines succeeding 
one after another along the body axis Z of patient M. As a 
result, numerous slice images may be acquired from an area 
of interest Ma at a time. In this embodiment, as shoWn in 
FIG. 6, the X-ray detector 2 is shaped to de?ne a curved 
surface corresponding to part of a cylindrical surface. 
Instead, the X-ray detector may be shaped to de?ne a 
completely ?at surface. 

[0068] The X-ray CT apparatus in this embodiment is the 
PI-line detection area type, in Which, as a conical X-ray 
beam CB is emitted during a helical scanning, a data 
acquisition system (DAS) 11 collects from the X-ray detec 
tor 2 CT image composing data covering a 180° scanning 
range for each point in the area of interest Ma. 

[0069] In the apparatus of the PI-line detection area type 
in the ?rst embodiment, as shoWn in FIG. 3, When a 
cylindrical surface SQ including the helical path SP of the 
X-ray tube is regarded as a detection area, a projection data 
collection area is betWeen helical curves (arcs uu‘ and dd‘) 
less than a pitch of helical path SP as seen from the X-ray 
tube. That is, the relationship betWeen each point in the area 
of interest Ma and X-ray detection element is relatively 
simple to simplify a site-dependent Weight function in time 
of reverse projection, thereby realiZing a high-speed image 
reconstructing process. 
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[0070] The pickup system rotating mechanism 4, top 
board driver 5, emission controller 10 and data acquisition 
system (DAS) 11 are controlled by command signals out 
putted at appropriate times from an image pickup controller 
13 based on set conditions inputted from a console 12 
according to photographing conditions. The high voltage 
supply to the X-ray tube 1 and data fetching from the X-ray 
detector 2 in movement are effected through cables mounted 
in a gantry not shoWn. 

[0071] The data fetching from the X-ray detector 2 is not 
limited to the use of the cable, but may be made by means 
of a slip ring or an optical isolator. 

[0072] The X-ray CT apparatus in the ?rst embodiment 
includes, as characteristic features thereof, a plural scan 
controller 14 for successively executing a plurality of helical 
scans With an equi-sectional phase difference betWeen heli 
cal paths folloWed by the X-ray tube 1 and X-ray detector 2, 
and an image reconstructing unit 15 for performing an image 
reconstructing process based on CT image composing data 
collected through the plurality of helical scans. The plural 
scan controller 14 in this embodiment corresponds to the 
plural scan control device of this invention. The image 
reconstructing unit 15 corresponds to the image reconstruct 
ing device. 

[0073] Operation of the above characteristic construction 
Will particularly be described beloW. 

[0074] The plurality of scans executed by the plural scan 
controller 14 include a ?rst helical scan as shoWn in FIG. 8A 
in Which the X-ray tube 1 moves along a helical path SP1, 
and a second helical scan as shoWn in FIG. 8B in Which the 
X-ray tube 1 moves along a helical path SP2, the tWo scans 
being executed successively. At this time, the helical path 
SP1 and helical path SP2 have a phase difference of 180° 
(bisectional phase difference) therebetWeen. That is, the 
helical path SP1 and helical path SP2 are the same in shape, 
With a 180° shift betWeen points SP1a and SP2a at the 
starting end of the area of interest Ma, and betWeen points 
SP1b and SP2b at the terminal end of the area of interest Ma. 
The ?rst helical scan and second helical scan cover a 

scanning range corresponding to 2 pi. Naturally, the plural 
scan controller 14 controls the image pickup system rotating 
mechanism 4 and top board driver 5 to perform the ?rst and 
second helical scans. 

[0075] For expediency of illustration, only the helical 
paths of X-ray tube 1 are shoWn in FIGS. 8A and 8B noted 
above, and in FIGS. 14A through 14D, FIGS. 15A through 
15C and FIG. 16 to be referred to hereinafter. It Will be 
appreciated that the X-ray detector 2 is movable, together 
With and as opposed to the X-ray tube 1, in similar scanning/ 
rotating directions. Further, the body axis Z of patient M is 
shoWn as extending upWard. 

[0076] As shoWn in FIGS. 8A and 8B, the plural scan 
controller 14 executes non-helical, simple rotating scans 
SC1 and SC2 of 2st (360°) at the starting end and terminal 
end of each helical scan. Before the simple rotating scans 
SC1 and SC2, respectively, a pre-scan Without photography 
is carried out to ensure scanning stability, and a post-scan is 
carried out to reduce the load applied to the apparatus by a 
sudden stop of the scan after photography. Speci?cally, as 
shoWn in FIGS. 8A and 8B, the pre-scan is made through 
an angle P from a point A to the starting points SP1a of the 
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?rst helical scan, Which is followed by the simple rotating 
scan SC1 and the ?rst helical scan. 

[0077] Upon arrival at the terminal end of the ?rst helical 
scan, the X-ray tube 1 moves toWard the starting point SP2b 
of the second helical scan. At this time, the X-ray tube 1 
moves as far as a point B Which is beyond the starting point 
SP2b of the second helical scan by the angle 62 alloWing for 
a pre-scan required before starting the simple rotating scan 
SC2. That is, this angle 0t corresponds also to the post-scan. 
The angle [3 is determined appropriately based on photo 
graphing and other conditions. 

[0078] Next, before starting the second helical scan, as 
shoWn in FIG. 8B, 21 pre-scan and simple rotating scan SC2 
are performed in a scanning direction reversed from the 
simple rotating scan SC1 executed at the starting end. Then, 
the second helical scan is executed immediately thereafter. 
The X-ray tube 1 having returned to the starting end carries 
out the same operation as at the terminal end. 

[0079] That is, in this embodiment, after ?nishing the ?rst 
helical scan, a return scan is not carried out but a second 
helical scan is carried out continuously by reversing the 
scanning direction and rotating direction. 
[0080] Thus, as shoWn in FIG. 9, the apparatus in the ?rst 
embodiment collects, for each point P (shoWn, for expedi 
ency, to be lying on the body axis Z in FIGS. 8A and 8B) 
in the area of interest Ma, CT image composing data 
covering a 180° scanning range Sa by the ?rst helical scan, 
and CT image composing data covering the remaining 180° 
scanning range Sb by the succeeding second helical scan. As 
a result, as shoWn in FIG. 10, CT image composing data is 
collected from opposite directions for each point in the area 
of interest, and CT image composing data covering a 360° 
scanning range is acquired ultimately. In addition, through 
the simple rotating scans SC1 and SC2 at the opposite ends 
of each helical scan, sufficient CT image composing data is 
collected even at the opposite ends of each helical scan for 
Which data tends to be insuf?cient unless such simple 
rotating scans are performed. 

[0081] Further, the image reconstructing unit 15 carries 
out an image reconstructing process based on the 360° CT 
image composing data collected through the ?rst and second 
helical scans, and the CT image composing data collected 
through the simple rotating scans SC1 and SC2. In this 
image reconstructing process, a discrepancy due to the 
non-parallelism of beam elements and the polychroism of 
beams is eliminated With the CT image composing data 
collected from tWo opposite directions for each point in the 
area of interest Ma, Whereby images are reconstructed 
properly. This suppresses artifacts appearing in ?nal X-ray 
CT images. 
[0082] The plural scan controller 14 in this embodiment 
may be modi?ed to execute a non-helical, simple rotating 
scan of at (180°), instead of the simple rotating scan (360°) 
SC1 or SC2, at each of the opposite ends of a helical scan, 
to collect extra CT image composing data at the opposite 
ends of each helical scan for Which data tends to be 
insuf?cient. In this simple scan at (180°), as shoWn in FIG. 
11, a conical X-ray beam is emitted With the center point 
thereof constantly passing through the point P. Actually, 
therefore, CT image composing data is collected from a 
region corresponding to an angle 180°+ot Which is an 
opening angle (+)ot of the conical X-ray beam CB added to 
the simple scan at. 
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[0083] A process of X-ray tomography by the X-ray CT 
apparatus in the ?rst embodiment having the above con 
struction Will be described next With reference to the draW 
ings. FIG. 12 is a How chart shoWing a processing sequence 
of X-ray tomography by the apparatus in the ?rst embodi 
ment. 

[0084] The folloWing description Will be made starting at 
a stage Where preparations have been made by moving the 
top board 3 With the patient M placed thereon to set the 
patient M to a photography starting position. 

[0085] [Step S1] The operator inputs photographic condi 
tions from the console 12, and starts an X-ray tomographic 
process. 

[0086] [Step S2] First, a pre-scan Without photography is 
performed at the starting end of a helical scan. Next, a 
non-helical, simple rotating scan SC1 of 2:1 is performed to 
emit conical X-ray beams CB from the X-ray tube 1 toWard 
the patient M, and collect CT image composing data from 
the X-ray detector 2. 

[0087] [Step S3] The X-ray tube 1 and X-ray detector 2 are 
driven to advance along the helical path SP1 in the ?rst 
helical scan to emit conical X-ray beams CB and collect CT 
image composing data. Upon completion of the ?rst helical 
scan, the X-ray tube 1 and X-ray detector 2 perform a 
post-scan, and move to the position for starting the next, 
second helical scan. 

[0088] [Step S4] At the terminal end of helical scanning, 
a pre-scan and non-helical simple rotating scan SC2 of 275 
are executed in the opposite direction to those executed at 
the starting end, to collect CT image composing data simi 
larly. 

[0089] [Step S5] The X-ray tube 1 and X-ray detector 2 are 
driven to advance along the helical path SP2 in the second 
helical scan to collect CT image composing data. Next, a 
post-scan is executed. In the second helical scan, the scan 
ning direction and rotating direction are reversed from the 
preceding, ?rst helical scan. 

[0090] [Step S6] The image reconstructing unit 15 carries 
out an image reconstructing process based on the CT image 
composing data for 360° collected through the ?rst and 
second helical scans and simple rotating scans SC1 and SC2. 

[0091] [Step S7] Based on results of the reconstructing 
process, an X-ray CT image of a section designated by the 
operator is composed and displayed on the screen of a 
monitor 16. 

[0092] Since the X-ray CT apparatus in the embodiment 
described above is the PI-line detection area type, the data 
collected from the X-ray detector has a relatively simple 
relationship betWeen respective points in the area of interest 
and the X-ray detecting elements, and a simpli?ed site 
dependent Weight function for projection photography as 
Well. Further, CT image composing data for a 360° range is 
collected by executing helical scans each covering a 180° 
scanning range, from tWo directions With an equi-sectional 
(bisectional) phase difference therebetWeen. That is, by 
carrying out an image reconstructing process based on data 
collected from equal directions, a correction is effected in 
such a Way that artifacts resulting from the non-parallelism 
of beam elements and the polychroism of X rays cancel each 
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other. Consequently, clear sectional images With the artifacts 
suppressed are displayed on the monitor 16. 

[0093] <Second Embodiment> 

[0094] An X-ray CT apparatus in a second embodiment 
Will be described With reference to the draWings. 

[0095] Only the aspects of the apparatus in the second 
embodiment different from those of the apparatus in the 
preceding, ?rst embodiment Will be described. The aspects 
identical to those of the ?rst embodiment are not described 
again. 

[0096] In the apparatus in the second embodiment, the 
X-ray tube 1 and X-ray detector 2 are rotatable constantly in 
a ?xed direction in reciprocally making helical scans from 
the starting end to the terminal end of an area of interest, and 
then from the terminal end to the starting end. That is, after 
executing a ?rst helical scan as shoWn in FIG. 13A, 21 return 
scan SB1 Without photography is executed, as shoWn in 
FIG. 13B, in the same rotating direction as the preceding, 
?rst helical scan, to return the X-ray tube 1 to the end point 
SP2a at the starting end of the area of interest Ma for 
executing a second helical scan. Next, as shoWn in FIG. 
13C, the second helical scan is executed in the same 
scanning direction and rotating direction as the ?rst helical 
scan. 

[0097] In the apparatus in the second embodiment, there is 
no need to sWitch the scanning direction or rotating direction 
betWeen the ?rst helical scan and second helical scan. As a 
result, as in the case of multi-slice CT, the connection 
betWeen the X-ray tube 1 and high voltage generator may be 
achieved by slipping technique. 

[0098] <Third Embodiment> 

[0099] An X-ray CT apparatus in a third embodiment Will 
be described With reference to the draWings. 

[0100] Only the aspects of the apparatus in the third 
embodiment different from those of the apparatus in the 
preceding, second embodiment Will be described. The 
aspects identical to those of the second embodiment are not 
described again. 

[0101] The apparatus in the third embodiment performs 
four, ?rst to fourth, helical scans successively as shoWn in 
FIGS. 14A through 14D. The ?rst to fourth helical scans 
folloW helical paths SPA-SPD shifted by a 90° phase dif 
ference (quadrisectional phase difference) from one another. 
The ?rst to fourth helical scans are intervened by return 
scans SBA-SBC Without photography as shoWn in chain 
lines in FIGS. 14A through 14C. The return scans SBA 
SBC have the same rotating direction as the ?rst to fourth 
helical scans, and return the X-ray tube 1 to an end point at 
the starting end of the area of interest Ma for executing a 
next helical scan. The X-ray tube 1 returned to the end point 
performs a helical scan in the same scanning direction and 
rotating direction as the preceding helical scan. 

[0102] The X-ray CT apparatus in the third embodiment 
requires no sWitching since the ?rst to fourth helical scans 
have the same scanning direction and rotating direction. 
Further, by making the four helical scans, CT image com 
posing data may be acquired for the 360° range With tWice 
the density of the data acquired in each of the preceding 
embodiments. As a result, X-ray CT images ultimately 
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obtained have improved image quality. As in the case of 
multi-slice CT, the connection betWeen the X-ray tube 1 and 
high voltage generator may be achieved by slipping tech 
nique. 

[0103] <Fourth Embodiment> 

[0104] An X-ray CT apparatus in a fourth embodiment 
Will be described With reference to the draWings. 

[0105] Only the aspects of the apparatus in the fourth 
embodiment different from those of the apparatus in the 
preceding, second embodiment Will be described. The 
aspects identical to those of the second embodiment are not 
described again. 

[0106] In the apparatus in the fourth embodiment, the 
X-ray tube 1 makes a ?rst helical scan covering a 4n 
scanning range by advancing along a helical path SPa 
circling tWice around the patient M as shoWn by FIG. 15A, 
and then makes a return scan SBa to return to an end point 
at the starting end of the area of interest Ma for executing a 
second helical scan as shoWn in FIG. 15B. Next, as shoWn 
in FIG. 15C, the second helical scan is executed in the same 
scanning direction and rotating direction as the ?rst helical 
scan, folloWing a helical path SPb circling tWice around the 
patient M. 

[0107] Naturally, the helical path SPa for the ?rst helical 
scan and the helical path SPb for the second helical scan 
have a 180° phase difference (bisectional phase difference). 

[0108] In the apparatus in the fourth embodiment also, 
there is no need to sWitch the scanning direction or rotating 
direction betWeen the ?rst helical scan and second helical 
scan. Further, the range of each helical scan is 4:1, tWice that 
of the second embodiment, to be capable of photographing 
a large area of interest. 

[0109] This invention is not limited to the foregoing 
embodiments, but may be modi?ed as folloWs: 

[0110] (1) The helical scanning in the apparatus 
according to this invention may be carried out by 
rotating an object under examination M and moving 
the object M along the body axis Z, With the X-ray 
tube 1 and X-ray detector 2 completely ?xed. As 
shoWn in FIG. 16, for example, the object M may be 
placed on a rotatable plate PA Which in turn is placed 
on a lift plate PB that is capable of moving the object 
M and rotatable plate PA vertically (along the body 
axis Z of object M). The rotating speed of plate PA 
and vertically moving speed of lift plate PB may be 
controlled appropriately by the plural scan controller. 

[0111] (2) In the foregoing embodiments, the X-ray 
detector is a panel type X-ray detector. The X-ray 
detector in the apparatus according to this invention 
is not limited to a panel type X-ray detector, but may 
be an image intensi?er, for example. 

[0112] (3) In the foregoing embodiments, an equi 
sectional phase difference is set betWeen a plurality 
of helical scans executed. In the apparatus according 
to this invention, an equi-sectional phase difference 
may be set to enable an odd number of helical scans. 
For example, a 120° may be set to execute three 
helical scans. 
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[0113] (4) The foregoing embodiments use an X-ray 
tube that emits X-ray beams in a conical form. It is 
possible to use, instead of the X-ray tube, a radio 
active isotope, a linear accelerator, or an electromag 
netic Wave source for emitting electromagnetic 
Waves in a range from visible rays to Y-rays. Instead 
of conical X-ray beams, conical visible light beams 
or conical Y-ray beams may be used. 

[0114] (5) In the foregoing embodiments, simple 
rotating scans of at to 275 are carried out at the 
opposite ends of each helical scan. Instead, only 
helical scans may be carried out Without the simple 
rotating scans. 

[0115] (6) In the foregoing embodiments, a pre-scan 
is carried out before each effective scan, and a 
post-scan after each effective scan for stability and 
protection of the apparatus. Such pre-scan and post 
scan may be omitted. 

[0116] (7) This invention is applicable to a nonde 
structive testing apparatus for industrial use as Well 
as a diagnostic apparatus for medical use. 

[0117] The present invention may be embodied in other 
speci?c forms Without departing from the spirit or essential 
attributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the foregoing 
speci?cation, as indicating the scope of the invention. 

What is claimed is: 
1. A CT apparatus for making a plurality of helical scans 

about an object under examination placed on a support table, 
and collecting, through each scan, CT image composing data 
covering a scanning range of 180° for each point in an area 
of interest, said CT apparatus comprising: 

electromagnetic Wave emitting means for emitting elec 
tromagnetic Waves in a conical form toWard said 
object; 

planar detecting means opposed to said electromagnetic 
Wave emitting means across said object for detecting 
the electromagnetic Waves emitted from said electro 
magnetic Wave emitting means and diverging tWo 
dimensionally; 

drive means for moving said electromagnetic Wave emit 
ting means and said planar detecting means relative to 
said object While rotating said electromagnetic Wave 
emitting means and said planar detecting means about 
said object, to cause electromagnetic Waves to make 
helical scans around said object, Whereby CT image 
composing data covering a 180° scanning range for 
each point in the area of interest of said object are 
collected from said planar detecting means; 

plural scan control means for controlling said drive means 
such that the plurality of helical scans made of said 
object by said electromagnetic Wave emitting means 
have helical paths With a phase difference therebetWeen 
of 360° divided equally; and 

image reconstructing means for performing an image 
reconstructing process based on CT image composing 
data collected through said plurality of helical scans. 

2. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
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means to execute said helical scans to and fro by alternately 
reversing a scanning direction and a rotating direction for 
each scan. 

3. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute said helical scans to and fro and constantly 
in the same direction of rotation. 

4. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute a non-helical, simple rotating scan in a 
range of at to 2st at each of opposite ends of each helical scan. 

5. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute said helical scans having a phase differ 
ence therebetWeen of 360° divided equally by an even 
number. 

6. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute said helical scans having a phase differ 
ence therebetWeen of 360° divided equally by an odd 
number. 

7. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute said helical scans in a range of at multiplied 
by a multiple of 2. 

8. A CT apparatus as de?ned in claim 1, Wherein said 
plural scan control means is arranged to control said drive 
means to execute a pre-scan before starting, and a post-scan 
after ?nishing, each helical scan effective to collect CT 
image composing data, said pre-scan and said post-scan 
being ineffective to collect CT image composing data. 

9. A CT apparatus for making a plurality of helical scans 
about an object under examination placed on a support table, 
and collecting, through each scan, CT image composing data 
covering a scanning range of 180° for each point in an area 
of interest, said CT apparatus comprising: 

electromagnetic Wave emitting means for emitting elec 
tromagnetic Waves in a conical form toWard said 
object; 

planar detecting means opposed to said electromagnetic 
Wave emitting means across said object for detecting 
the electromagnetic Waves emitted from said electro 
magnetic Wave emitting means and diverging tWo 
dimensionally; 

drive means for moving said electromagnetic Wave emit 
ting means and said planar detecting means relative to 
said object While rotating said support table, to cause 
electromagnetic Waves to make helical scans around 
said object, Whereby CT image composing data cov 
ering a 180° scanning range for each point in the area 
of interest of said object are collected from said planar 
detecting means; 

plural scan control means for controlling said drive means 
such that the plurality of helical scans made of said 
object by said electromagnetic Wave emitting means 
have helical paths With a phase difference therebetWeen 
of 360° divided equally; and 

image reconstructing means for performing an image 
reconstructing process based on CT image composing 
data collected through said plurality of helical scans. 




