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(57) ABSTRACT 

The invention relates to a computed tomography method 
Which involves a conical radiation beam Which irradiates the 
examination Zone along at least tWo trajectories that are 
offset relative to one another in the direction of the axis of 
rotation, the distance betWeen the trajectories being chosen 
to be so large that voXels in an intermediate region are not 
completely irradiated neither in one trajectory nor in the 
other trajectory. The absorption distribution in this interme 
diate region can be reconstructed Without loss of image 
quality When measuring data from both trajectories are 
combined. 
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COMPUTED TOMOGRAPHY METHOD 

[0001] The invention relates to a computed tomography 
method Which includes the steps of: 

[0002] generating, using a radiation source, a conical 
radiation beam that traverses an examination Zone or 

an object present therein, 

[0003] generating relative motions betWeen the radia 
tion source on the one side and the examination Zone 
or the object on the other side, Which relative 
motions include a rotation about an axis of rotation 
along a ?rst, closed trajectory and along at least a 
second trajectory Which is identical to the ?rst tra 
jectory but offset in the direction of the axis of 
rotation, 

[0004] acquiring, While using a detector unit, mea 
suring data that is dependent on the intensity in the 
radiation beam to the other side of the examination 
Zone during the relative motions, 

[0005] reconstructing the absorption distribution in 
the examination Zone. 

[0006] The invention also relates to a computed tomog 
raphy apparatus as Well as to a computer program for 
controlling such a computed tomography apparatus. 

[0007] The use of a conical radiation beam instead of a 
fan-shaped beam offers the advantage that a larger part of the 
examination Zone (measured in the direction of the axis of 
rotation), or of the object present therein, can be covered and 
reproduced by means of a single rotation along the closed 
trajectory. Should an even larger part of the examination 
Zone be imaged, such a rotation should be succeeded at least 
once by a relative motion in the direction of the axis of 
rotation and the examination Zone should be irradiated and 
imaged from a second trajectory. The shift must be selected 
to be so large that imaging can take place Without gaps. 

[0008] According to a method that is knoWn from German 
patent application 19 843 812.5 (PHD 98-111), the shift may 
be so large that the voxels in an intermediate region are not 
continuously exposed to X-rays neither from the one trajec 
tory nor from the other trajectory. The reconstruction of the 
absorption distribution in this intermediate region is then 
realiZed in that only measuring data Which is associated With 
a radiation angle range of only 180° (relative to the voxel) 
is taken into account for each voxel. It is a draWback of this 
method that the absorption distribution in the intermediate 
region can be reconstructed only With a less favorable 
signal-to-noise ratio and With additional artefacts, that is, in 
comparison With the absorption distribution in the regions 
that are continuously exposed to radiation during the rota 
tion of the radiation source along the trajectories. 

[0009] Granted, this draWback could be avoided by choos 
ing the shift betWeen the trajectories to be so small that the 
regions of the object that are continuously exposed to 
radiation from one of the trajectories directly adjoin one 
another. This leads to an increased radiation load When the 
method is used for a medical examination, but at least to 
increased thermal loading of the radiation source. Moreover, 
the acquisition time required for scanning a part of the 
examination Zone that is selected in the direction of the axis 
of rotation is thus prolonged. 
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[0010] It is an object of the present invention to provide a 
method of the kind set forth such that on the one hand a 
suitable image quality is obtained and on the other hand a 
loW dose load or short acquisition time for covering a given 
part of the examination Zone. 

[0011] This object is achieved in accordance With the 
invention by selecting the distance betWeen the trajectories 
to be such that: 

[0012] on the one hand voxels that are temporarily 
not exposed to any radiation during the tWo relative 
motions are present in an intermediate region 
betWeen the trajectories, and 

[0013] on the other hand the radiation source projects 
both trajectories continuously on the detector unit in 
such a manner that the projections intersect the 
lateral edge of the area of the detector unit that is 
used for the acquisition of measuring data, and 

[0014] the absorption distribution in the intermediate 
region being reconstructed While taking into account 
measuring data acquired during the tWo relative 
motions. 

[0015] Thus, in conformity With the invention there are 
not only the regions Whose absorption can be completely 
measured from one of the trajectories but also an interme 
diate region in Which such measurement is not possible, 
because the voxels in this region are not irradiated by the 
radiation source during the entire rotation along the trajec 
tory. The invention is based on the recognition of the fact 
that the angular ranges Wherefrom a voxel in the interme 
diate region is irradiated from both trajectories together 
amount to at least 360° in the case of the stated selection of 
the distance of the trajectories, so that the absorption dis 
tribution in the intermediate region can also be reconstructed 
With an image quality Which is comparable to that attained 
for the regions Whose absorption distribution is recon 
structed from the measuring data acquired along a single 
trajectory, provided that measuring data from both trajecto 
ries are used for the reconstruction. 

[0016] Preferably, the distance betWeen the neighboring 
trajectories is chosen in conformity With claim 2. This 
choice of the distance is optimum. When a smaller distance 
is chosen, the radiation load is increased or the measuring 
time is prolonged Whereas in the case of a larger distance 
(the projection of one trajectory on the detector unit then no 
longer intersects the lateral edge of the area of the detector 
unit that is used for the acquisition of measuring data) it is 
no longer possible to reconstruct the absorption distribution 
in the intermediate region Without loss of image quality. 

[0017] Claim 3 discloses a preferred reconstruction 
method that involves an amount of calculation Work that is 
small in comparison With other methods and yields a very 
high image quality. The reconstruction of the absorption in 
the intermediate region then utiliZes ?ltered data of groups 
acquired from different trajectories. This reconstruction 
method is knoWn per se from German patent application . . . 

(PHD 98-123) or from the article by Gra[3, Kohler, Proksa 
“3D cone-beam CT reconstruction for circular trajectories” 
in Phys. Med. Biol 45 (2000) 329-347. The version of the 
method that is disclosed in claim 4 enables a particularly 
simple reconstruction. 
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[0018] Claim 5 discloses a computed tomography appa 
ratus for carrying out the method in accordance With the 
invention. The preferred embodiment disclosed in claim 6 
ensures, in conjunction With the reconstruction method 
claimed in claim 3 and using the distance de?ned in claim 
2, that the edge of the radiation beam and the projection of 
the one trajectory on the detector unit coincide. In that case 
each voxel betWeen the tWo trajectories receives exactly as 
much radiation as required for the desired image quality. 

[0019] Claim 7 de?nes a computer program for controlling 
a computed tomography apparatus as claimed in claim 5. 

[0020] The invention Will be described in detail hereinaf 
ter With reference to the draWings. Therein: 

[0021] FIG. 1 shoWs a computed tomography apparatus 
that is suitable for carrying out the method in accordance 
With the invention, 

[0022] FIG. 2 shoWs a How chart illustrating the method 
in accordance With the invention, 

[0023] FIG. 3 shoWs the situation of the trajectories 
relative to one another and to the examination Zone, 

[0024] FIG. 4 shoWs the projection of the trajectories on 
the detector unit, 

[0025] FIG. 5 shoWs a conical radiation beam generated 
in a radiation source position, 

[0026] FIG. 6 shoWs the fan beams formed in parallel 
planes by the rebinning, 

[0027] FIG. 7 is a cross-sectional vieW of said fan beams, 
and 

[0028] FIG. 8 shoWs the parts of the trajectories Where 
from a voxel is irradiated relative to this voxel. 

[0029] The computed tomography apparatus shoWn in 
FIG. 1 includes a gantry 1 that is capable of rotation about 
an axis of rotation 14 in a direction parallel to the Z direction 
of the co-ordinate system shoWn in FIG. 1. To this end, the 
gantry is driven by a motor 2 at a preferably constant but 
adjustable angular speed. A radiation source S, for example 
an X-ray source, is mounted on the gantry. The X-ray source 
is provided With a collimator arrangement 3 Which forms a 
conical radiation beam 4 from the radiation produced by the 
radiation source S, that is, a radiation beam having a ?nite 
dimension other than Zero in the Z direction as Well as in a 

direction perpendicular thereto (that is, in a plane perpen 
dicular to the axis of rotation). 

[0030] The radiation beam 4 traverses an examination 
Zone 13 in Which an object, for example a patient on a 
patient table (both not shoWn), may be present. The exami 
nation Zone 13 is shaped as a cylinder. After having tra 
versed the examination Zone 13, the X-ray beam 4 is 
incident on a tWo-dimensional detector unit 16 Which is 
mounted on the gantry 1 and includes a number of detector 
roWs, each of Which includes a plurality of detector ele 
ments. The detector roWs are situated in planes extending 
perpendicularly to the axis of rotation, preferably on an arc 
of a circle around the radiation source S; hoWever, they may 
also have a different shape, for example, they may describe 
an arc of a circle around the axis of rotation 14 or may be 
linear. Each detector element struck by the radiation beam 4 
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delivers a measuring value for a ray of the radiation beam 4 
in any position of the radiation source. 

[0031] The angle of aperture of the radiation beam 4, 
denoted by the reference amax (the angle of aperture is 
de?ned as the angle enclosed by a ray that is situated at the 
edge of the radiation beam 4 in a plane perpendicular to the 
axis of rotation relative to a plane de?ned by the radiation 
source S and the axis of rotation 14), then determines the 
diameter of the object cylinder in Which the object to be 
examined is situated during the acquisition of the measuring 
values. The examination Zone 13, or the object or the patient 
table, can be displaced parallel to the axis of rotation 14 or 
the Z axis by means of a motor 5. Analogously, hoWever, the 
gantry could also be displaced in this direction. 

[0032] When the motors 5 and 2 run simultaneously, the 
radiation source S and the detector unit 16 describe a helical 
trajectory relative to the examination Zone 13. HoWever, 
When the motor 5 for the displacement in the Z direction is 
inactive and the motor 2 rotates the gantry, a circular 
trajectory is obtained for the radiation source S and the 
detector unit 16 relative to the examination Zone 13. For the 
sake of simplicity only the realiZation of such a circular 
trajectory Will be considered hereinafter, even though other 
closed trajectories, for example, elliptical trajectories or 
trajectories that are inclined relative to the axis of rotation 
are also feasible. 

[0033] The measuring data acquired by the detector unit 
16 is applied to an image processing computer 10 Which 
reconstructs the absorption distribution in a part of the 
examination Zone 13 therefrom for display, for example, on 
a monitor 11. The tWo motors 2 and 5, the image processing 
computer 10, the radiation source S and the transfer of the 
measuring data from the detector unit 16 to the image 
processing computer 10 are controlled by a control unit 7. 

[0034] FIG. 2 shoWs the execution of a measuring and 
reconstruction method that can be carried out by means of 
the computed tomography apparatus shoWn in FIG. 1. 

[0035] After the initialiZation in the block 101, the gantry 
rotates at a constant angular speed. In the step 102 the 
diameter of the FOV (?eld of vieW) to be reproduced is 
de?ned. The diameter may correspond to the maximum 
diameter of the examination Zone 13 as de?ned by 0t but 
may also be smaller. 

[0036] In the step 103 the radiation of the radiation source 
S is sWitched on and the measuring values acquired by the 
detector elements of the detector unit 16 along this ?rst 
trajectory are stored in a memory of the image processing 
computer 10. Subsequently, the object, or the examination 
Zone 13, on the one side and the gantry 1 With the radiation 
source S and the detector unit 16 on the other side are 
displaced relative to one another over a distance d (While the 
X-rays are sWitched off). The gantry subsequently rotates at 
a constant angular speed again (along a second trajectory in 
relation to the examination Zone). The X-rays are sWitched 
on again and the measuring values then acquired by the 
detector elements of the detector unit are stored again in the 
memory of the image processing computer 10. 

max, 

[0037] FIG. 3 shoWs the situation of the circular trajec 
tories T1 and T2 along Which the radiation source S moves 
relative to the examination Zone 13. For the sake of sim 
plicity it is assumed that the gantry, or the trajectory, has 
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been shifted and that the object stood still; however, this is 
irrelevant, because the only essential aspect is the relative 
displacement betWeen the examination Zone 13 on the one 
side and the gantry on the other side. 

[0038] The circular trajectories T1 and T2 appear as 
(dashed) lines While the axis of rotation 14 is situated in the 
plane of draWing in the rendition of FIG. 3. Moreover, the 
radiation source (denoted by a dot) is also shoWn in the 
highest position (S1 and S2) and in the loWest position (S1 
and S2) on each trajectory. The associated radiation beam 
(41 and 42 or 4‘1 and 4‘2, respectively) is represented in solid 
lines for each of these positions. The trajectories are situated 
at a distance d from one another. 

[0039] TWo disc-shaped regions that are de?ned by the 
radiation beams 41 and 42 and 4‘1 and 42, respectively, can 
be recogniZed in FIG. 3. In these regions the absorption 
distribution can be completely reconstructed by means of the 
measuring data acquired along one of the tWo trajectories. 
TherebetWeen there is situated a region Z. During the travel 
of the radiation source along the trajectories, the voxels in 
this intermediate region are temporarily not struck by radia 
tion. For example, the voxel Pi is not exposed to radiation 
from the radiation source positions S1 and S2. 

[0040] The selection of the distance d in order to ensure 
that the absorption distribution can also be reconstructed in 
the region Z Will be described in detail hereinafter With 
reference to FIG. 4. FIG. 4 shoWs the projection of both 
trajectories on the detector unit 16. This rendition is based on 
the assumption that the immaterial trajectories can be pro 
jected onto the detector unit (in a geometrical context such 
a projection, hoWever, can be simply assumed) and that the 
detector unit 16 is situated on one of the trajectories, for 
example, on the left-hand trajectory T1. 

[0041] The projection of the trajectory T1 is denoted by 
the reference b1. As is shoWn in FIG. 4, it is identical to the 
central line of the detector unit, assuming that the detector 
unit 16 extends symmetrically relative to the trajectory. The 
trajectory T2 is in principle projected to the right of the 
trajectory T1 on the detector unit 16 (in the case of a shift 
to the right), its distance from the projection b1 being larger 
as the distance d of the trajectory T2 is larger. When the 
detector unit 16 describes an arc of a circle around the 
radiation source S, as previously assumed, these projections 
are curved. FIG. 4 shoWs three different projections for three 
different distances d betWeen the trajectory T2 and the 
trajectory T1: 

[0042] When the distance d is chosen to be such that 
the projection b21 is obtained, the entire examination 
Zone betWeen T1 and T2 can be reconstructed; 
hoWever, this distance is not yet optimum, because it 
Would make the radiation dose unnecessarily high 
and the reconstructed region unnecessarily short. 

[0043] The optimum distance dOpt (for the case Where 
the complete cross-section of the examination Zone 
13 is to be imaged) is obtained When the projection 
of the trajectory T2 extends through the comers of 
the detector unit, that is, as for the projection b2O. In 
that case the region betWeen the trajectories can still 
be imaged and the distance d is larger than in the case 
of the projection b2‘1. 

[0044] When the distance is chosen to be even larger, 
the projection b22 is obtained. This projection no 
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longer intersects the lateral edges of the detector unit 
(situated at the top and the bottom in FIG. 4), but 
only the right-hand edge. In this case it is no longer 
possible to reconstruct the entire cross-section of the 
examination Zone betWeen the tWo trajectories com 
pletely. 

[0045] HoWever, When an object having a diameter 
that is smaller than the examination Zone 13 is 
examined and the angle of aperture of the radiation 
beam 4 is reduced in a plane perpendicular to the axis 
of rotation, complete reconstruction of the absorp 
tion distribution in the examination Zone of reduced 
diameter may still be possible in this case. A condi 
tion to be satis?ed in this respect is that the radiation 
beam 4 should irradiate only the part of the detector 
unit Whose boundaries are denoted by the references 
R0 and Ru, so that the projection b22 extends exactly 
through the comer points of the area of the detector 
unit that is used for the acquisition of measuring 
data. 

[0046] The optimum distance dOpt for Which complete 
reconstruction of the absorption distribution is possible, 
therefore, is calculated in conformity With the folloWing 
formule: 

dup‘=s tan y cos [5. 

[0047] Therein, s is the distance betWeen the radiation 
source S and the axis of rotation, y is the cone angle (being 
half the angle of aperture of the radiation beam 4 in a plane 
containing the axis of rotation 14) and B is the fan angle 
(being half the angle of aperture of the radiation beam 4 in 
a plane perpendicular to the axis of rotation 14). 

[0048] FIG. 5 shoWs the circular trajectory (for example, 
the trajectory T1) along Which the radiation source S and the 
detector unit 16 move about the axis of rotation 14. The 
radiation beam 4 is shoWn for a given radiation source 
position SO. This conical radiation beam 4 may be assumed 
to be composed of a plurality of ?at fan beams Which are 
situated in planes parallel to the axis of rotation 14, like the 
fan beams 401 . . . 403. Even though the rays of the conical 

radiation beam 4 can also be combined in a different manner, 
hereinafter the term “fan beam” Will be used only for rays 
that are situated in a common plane parallel to the axis of 
rotation. Such fan beams emanate from a radiation source 
position and are detected by a respective column of detector 
elements on the detector unit 16 that extends parallel to the 
axis of rotation 14. FIG. 5 shoWs that the emitted, conical 
radiation beam 4 Was also measured in other positions of the 
radiation source (for example, S_1, S1 or S2). 

[0049] Arebinning operation is performed in the steps 104 
to 107. The data acquired along the tWo trajectories is then 
resorted and re-interpolated as if it had been formed by 
means of a different radiation source (a circular radiation 
source emitting mutually parallel fan beams) and a different 
detector (a ?at, rectangular “virtual” detector containing the 
axis of rotation 14). 

[0050] First of all, in the step 104 the fan beams from 
different radiation source positions, being situated in mutu 
ally parallel planes, are then combined so as to form 
respective groups. The fan beams associated With a group, 
therefore, satisfy the condition that the sum of the angles X 
and 6 should have the same value for all fan beams of this 
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group. Therein, X is the angle enclosed by the plane of the 
fan beam relative to a plane de?ned by the radiation source 
position and the axis of rotation and is given by the position 
of the column of detector elements having measured the 
relevant fan beam. 6 is an angle characteriZing the radiation 
source position (for example, SO) on the circle 17. When the 
fan beams do not exactly satisfy this condition for a radiation 
source position, a corresponding fan beam must be deter 
mined for this radiation source position by interpolation 
from the rays of neighboring fan beams. 

[0051] FIG. 6 shoWs a group of fan beams thus formed. 
Each time one fan beam from each of the neighboring 
radiation source positions S_2 . . . SO . . . S2 belongs to a 

respective group. Each group can be characteriZed by the 
angle 8 of the radiation source position (for example, SO) 
Whose fan beam belonging to the group traverses the axis of 
rotation 14 (generally speaking, this is the central radiation 
source position, so the radiation source position SO in the 
example shoWn in FIG. 6). In that case there may be as 
many groups of fan beams as there are radiation source 
positions, but also more or less groups. 

[0052] The fan beams thus determined, including the fan 
beams 411 . . . 415 shoWn in FIG. 6, de?ne a radiation beam 

410 that has a tent-like shape and is composed of fan beams 
situated in planes that extend parallel to one another and to 
the axis of rotation. FIG. 6 also shoWs the region of 
intersection 420 Which occurs When the radiation beam 410 
is intersected by a plane Which contains the axis of rotation 
14 and extends perpendicularly to the planes of the fan 
beams 411 . . . 415. 

[0053] As appears notably from FIG. 7, shoWing this 
region of intersection, the upper and loWer edges (offset 
relative to one another in the direction of the axis of rotation) 
are curved. This curvature is due to the fact that the radiation 
source positions at the center (for example, SO) are situated 
further from the plane of intersection than the radiation 
source position at the edge (S2 or S_2) and that the fan beams 
all have the same angle of aperture, because the detector 
roWs describe an arc of a circle around the radiation source 

S. In the case of a different geometry of the detector roWs, 
the shape of the plane of intersection 420 Would be different. 
In the case of a ?at detector unit (for example, having linear 
detector roWs) the curvature Would even be more pro 
nounced, because the fan beams situated at the edge (for 
example, 411 and 415) Would then have a smaller angle of 
aperture. 
[0054] For each group of fan beams a rectangular virtual 
detector is de?ned in the ?at region of intersection 420 (step 
105), the upper edge and the loWer edge 161 and 162 of said 
detector being de?ned by the dimensions of the outer fan 
beams 411 and 415, respectively, in the ?at plane of inter 
section. When the trajectories are situated at the optimum 
distance dOpt from one another, for example, the edge 161 of 
a virtual detector of the one trajectory contacts exactly the 
edge 162 of a virtual detector of the other trajectory. 

[0055] When the diameter of the FOV to be reconstructed 
is chosen to be smaller than the diameter of the examination 
Zone 13, the respective outer fan beams (for example, 411, 
415) of each group can be dispensed With. The distance 
betWeen the upper and the loWer edges 161 and 162, and 
hence the optimum distance dOpt of the trajectories T1 and 
T2, can in that case be chosen so as to be larger than in the 
example shoWn in FIG. 7. 
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[0056] FIG. 7 also shoWs (marked by round dots) the 
piercing points of some rays, contained in the fan beams 
411 . . . 415, through this virtual detector. Finally, crosses 

denote the supporting points of a regular cartesian grid. 
Generally speaking, the piercing points and the supporting 
points do not coincide. It appears that at the periphery the fan 
beams are situated nearer to one another than at the center 

(for example, 402 is nearer to 411 than to 413) and that the 
piercing points of the rays of a fan beam are situated further 
from one another at the center (for example, at 413) than at 
the periphery (for example, 415). Therefore, in the tWo 
subsequent steps 106 and 107 the measuring values at the 
equidistant supporting points Within the virtual detector 160 
must be determined from the measuring values for the 
piercing points. 
[0057] First of all, in the step 106 a vertical interpolation 
is performed in such a manner that in the vertical direction 
of all fan beams the supporting points are situated at the 
same distance from one another as the piercing points or 
supporting points at the edge of the virtual detector 160. In 
the step 107 an interpolation is performed in the horiZontal 
direction, so that interpolated values are obtained for sup 
porting points that are situated at the same distance from one 
another in the horiZontal direction Within the virtual detector 
160. The interpolation steps 106 and 107 can also be 
performed in the reverse order or can even be combined. 

[0058] As a result of this interpolation in the horiZontal 
direction and the vertical direction, the intensity of the 
radiation is present at the equidistant supporting points of a 
regular Cartesian grid in the UV co-ordinate system of the 
virtual detector 160. The supporting points themselves 
de?ne neW fan beams Which are situated in parallel planes 
at the same distance from one another. Only such neW fan 
beams (Which may be partly identical to the original fan 
beams) are used for the further reconstruction. 

[0059] A part of the rays Whose piercing points are situ 
ated outside the virtual detector 160 is not used in the steps 
106 and 107. Therefore, it is advantageous to construct the 
collimator in such a manner that as from the very beginning 
the conical radiation beam 4 does not contain any rays 
extending above the upper edge 161 or beloW the loWer edge 
162 of the virtual detector 160. This results in a further 
reduction of the radiation dose Whereto the patient is 
exposed. 
[0060] Instead of linear edges extending perpendicularly 
to the axis of rotation, the collimator arrangement 3 should 
have inWards curved edges for this purpose, so that the fan 
beams that intersect the axis of rotation 14, or are situated at 
a small distance therefrom, have an angle of aperture that is 
smaller (measured in a plane parallel to the axis of rotation 
14) than fan beams that are situated at the outer edge of the 
radiation beam. The outer edge of the surface irradiated by 
such a radiation beam on the detector unit 14 Would then 
coincide With the projection b2O (see FIG. 4) that extends 
through the corner point of the area of the detector unit that 
is used for the acquisition of measuring data. 

[0061] Subsequently, in the step 108 the data associated 
With the individual rays is multiplied by a Weighting factor 
Which corresponds to the cosine of the angle enclosed by the 
radiation relative to a normal to the virtual detector 160. The 
image quality is thus improved. 
[0062] After completion of the steps 103 to 108, the 
radiation intensity at the regular supporting points of the 



US 2001/0038678 A1 

virtual detector 160 associated With the relevant group has 
thus been determined for each group of fan beams. This 
facilitates the necessary high-pass ?ltering fundamentally, 
because only it is only necessary to perform one-dimen 
sional ?ltering of the data produced on the virtual detector 
160 by the rebinning operation. Therefore, in the step 109 
this data is subjected to one-dimensional ?ltering With a 
transfer factor that increases ramp-like as a function of 
frequency. To this end, it is merely necessary to take into 
account the values of the supporting points succeeding one 
another in the horiZontal direction. This ?ltering is per 
formed for all groups of fan beams produced by the rebin 
ning operation. 

[0063] The data determined, after the rebinning operation 
and the ?ltering, for the beams de?ned by the supporting 
points in the virtual WindoW 160 are subsequently used for 
the reconstruction of the absorption distribution in the 
examination Zone by backprojection. 

[0064] After selection of a voxel (x,y,Z) in the step 110, in 
the step 111 an angle 4) is selected Which de?nes the fan 
beams in a plane perpendicular to the axis of rotation. In the 
step 112 it is checked Whether there is a ray that emanates 
from the ?rst trajectory T1 and extends exactly through the 
voxel P(x,y,Z) at the angle (p14). If this is the case, in the step 
113 for this voxel P(x,y,Z) there is accumulated a contribu 
tion Which corresponds to the value arising from the ?ltering 
operation for this ray in the block 109. HoWever, it may also 
be that none of the rays of the group de?ned by the angle (1)1 
extends exactly through the voxel P, but that a plurality of 
rays enclose the voxel. In that case the contribution to be 
allocated to the point is determined by Way of a suitable 
interpolation of the values allocated to these rays. 

[0065] After the step 113 (or When the test in the step 112 
has produced a negative result), it is checked in the step 114 
Whether there is a ray that emanates from the second 
trajectory T2 and extends through the voxel P(x,y,Z) at the 
angle q>2=q>, or Whether there are a plurality of rays that 
enclose the voxel at this angle. If this is the case, in the step 
115 for this voxel P(x,y,Z) there is accumulated a contribu 
tion Which corresponds to the value (or values) resulting 
from the ?ltering operation for this ray (or these rays) in the 
block 109. 

[0066] After determination of the contribution to the voxel 
P for the direction 4), the steps 112 . . . 115 are repeated for 

a different angle 4). After an angular range of 360° has been 
completed for q), the steps 111 . . . 115 are repeated for 
another voxel P(x,y,Z) until an absorption value has been 
determined for all voxels. 

[0067] Three situations are then possible: 

[0068] When the voxel is situated Within the disc-like 
region that is de?ned by the trajectory T1 and the 
radiation beams 41 and 4‘1 and is rotationally sym 
metrical relative to the axis 14, it has been irradiated 
from an angular range of 360° from the trajectory T1. 
For any angle 4) in the range of from 0 to 360° a 
contribution to the absorption value of the point 
P(x,y,Z) can be determined (in the step 113) (and be 
added to the contributions already determined for 
this voxel), Which contribution has been derived 
exclusively from the measuring values acquired 
along the ?rst trajectory. 
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[0069] When the voxel is situated Within the disc-like 
region that is de?ned by the trajectory T2 and the 
radiation beams 42 and 4‘2 and is rotationally sym 
metrical relative to the axis 14, it has been irradiated 
from an angular range of 360° from the trajectory T2. 
In that case a contribution to the absorption value of 
the point P(x,y,Z) can be determined for each angle 
4) in the range of from 0 to 360° (in the step 115), 
Which contribution has been derived exclusively 
from the measuring values acquired along the second 
trajectory T2. 

[0070] HoWever, if the voxel Pi is situated outside 
said disc-like regions, that is, in the intermediate 
region Z (for example, like the voxel Pi in FIG. 3), 
this voxel has not been irradiated from all radiation 
source positions along the trajectory T1 or the tra 
jectory T2. The contributions to the absorption value 
of the voxel P(x,y,Z), hoWever, can be derived from 
the measuring values acquired along both trajecto 
r1es. 

[0071] The latter case is illustrated in FIG. 8 Which shoWs 
the axis of rotation 14, extending perpendicularly to the 
plane of draWing, and the voxel Pi. Also shoWn is the arc q). 
Wherefrom the radiation source on the trajectory T1 can 
irradiate the relevant voxel. It appears that the voxel Pi 
cannot be irradiated from the radiation source position 
situated nearer to this point. It also appears from FIG. 3 that 
from the loWer radiation source positions the point Pi can be 
covered by the radiation beam 4‘1, but not by the radiation 
beam 41 emitted in the radiation source position the point PI 
can be covered S1 situated nearer to the point Pi. 

[0072] Finally, FIG. 8 also shoWs the angular range (1)2 
Wherefrom the voxel Pi on the trajectory T2 is irradiated (this 
arc should actually have the same diameter as the arc (1)1; for 
the sake of clarity, hoWever, the radius of the arc is shoWn 
in slightly enlarged form). When the voxel Pi is situated 
nearer to the trajectory T1, the arc q). is longer than the arc 
(1)2. When Pi is situated exactly halfWay betWeen the tWo 
trajectories, the tWo arcs are of the same length and extend 
over 180° each. When Pi is situated nearer to the trajectory 
T2, (1)2 becomes larger than (1)1. 

[0073] When the distance betWeen the trajectories is cho 
sen in conformity With the equation 5, the sum of the arc 
angles (vieWed from the axis of rotation) is exactly 360°. 
Therefore, and because it is irrelevant Whether the point Pi 
is irradiated from the bottom left to the top right or from the 
top right to the bottom left, the measuring data for the voxel 
Pi, acquired on the ?rst trajectory, can be supplemented With 
data measured at the angle (1)2 on the second trajectory (With 
¢2=¢1°). For a voxel in the intermediate region Z, therefore, 
contributions may be provided by the step 113 as Well as by 
the step 115. HoWever, it is alternatively possible that a 
contribution is made in only one of the steps 113, 115 or that 
no contribution is made. 

[0074] After the described reconstruction of the absorp 
tion distribution in all voxels P(x,y,Z) of the tWo disc-shaped 
regions and in the intermediate regions, the method can be 
terminated (step 116). HoWever, it is also possible to recon 
struct additionally the absorption distribution in the adjoin 
ing external regions that are denoted by dashed lines in FIG. 
3. Amethod that is suitable in this respect is described in the 
previously mentioned German patent application . . . (PHD 
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98-111). However, more artefacts are liable to occur during 
the reconstruction in this region and the signal-to-noise ratio 
Will be less favorable than in the disc-shaped regions and in 
the intermediate region. 

[0075] When the region of relevance to the examination is 
larger, the measuring data can be reconstructed along more 
than tWo trajectories. The region betWeen tWo neighboring 
trajectories is then reconstructed each time as described With 
reference to FIG. 2. 

[0076] Other reconstruction methods in Which the rebin 
ning operation is performed in a different manner are also 
feasible. HoWever, for the reconstruction of the absorption 
distribution in the intermediate region it Will then be nec 
essary again to take into account rneasuring data acquired 
along both trajectories. 

1. A computed tomography method which includes the 
steps of 

generating, using a radiation source (S), a conical radia 
tion beam (4) that traverses an examination Zone (13) 
or an object present therein, 

generating relative rnotions betWeen the radiation source 
(S) on the one side and the examination Zone (13) or the 
object on the other side, Which relative rnotions include 
a rotation about an axis of rotation (14) along a ?rst, 
closed trajectory (Ti) and along at least a second 
trajectory (T2) Which is identical to the ?rst trajectory 
but offset in the direction of the axis of rotation, 

acquiring, While using a detector unit (16), rneasuring data 
that is dependent on the intensity in the radiation beam 
(4) to the other side of the examination Zone (13) during 
the relative rnotions, 

reconstructing the absorption distribution in the exami 
nation Zone (13), characteriZed in that 

the distance (d) betWeen the trajectories (T1, T2) is 
chosen so that 

on the one hand voxels that are temporarily not 
exposed to any radiation during the tWo relative 
motions are present in an intermediate region (Z) 
betWeen the trajectories, and 

on the other hand the radiation source (S) projects both 
trajectories (T1, T2) continuously on the detector 
unit in such a manner that the projections (b20) 
intersect the lateral edge of the area of the detector 
unit (16) that is used for the acquisition of measuring 
data, and 

the absorption distribution in the intermediate region (Z) 
is reconstructed While taking into account rneasuring 
data acquired during the tWo relative rnotions. 

2. A computed tomography method as claimed in claim 1, 
characteriZed in that the distance (d) betWeen the trajectories 
is chosen in such a manner that the projection (b2O, b22) of 
one of the tWo trajectories alWays extends through at least 
one corner point of the area of the detector unit that is used 
for the acquisition of measuring data. 

3. A computed tomography method as claimed in claim 1, 
characteriZed in that the reconstruction includes the folloW 
ing steps: 
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a) rebinning the measuring data so as to form a number of 
groups, each group including a plurality of planes that 
extend parallel to one another and to the axis of rotation 
and contain a respective fan beam (411 . . . 415), 

b) one-dirnensional ?ltering of the data produced by the 
rebinning operation for each group in the direction 
perpendicular to the direction of the planes, 

c) reconstructing the spatial distribution of the absorption 
by backprojection of the ?ltered data of a plurality of 
groups While taking into account ?ltered data from both 
trajectories for the backprojection in the intermediate 
region 

4. A computed tomography method as claimed in claim 3, 
characteriZed in that the rebinning operation is performed on 
a respective virtual detector (160) Which extends perpen 
dicularly to the planes of each group, has a ?at and rectan 
gular shape and contains the axis of rotation (14). 

5. Acornputed tornography apparatus for carrying out the 
method claimed in claim 1, including 

a radiation source, 

a detector unit Which is coupled thereto, 

a drive arrangement for rotating and/or displacing an 
object present in the examination Zone and the radiation 
source relative to one another about an axis of rotation 

or parallel to the axis of rotation, 

a reconstruction unit for reconstructing the spatial distri 
bution of the absorption Within the examination zone 
from the measuring data acquired by the detector unit, 
and 

a control unit for controlling the radiation source, the 
detector unit, the drive arrangement and the reconstruc 
tion unit, 

characteriZed in that it also includes 

means (S, 3) for generating, using a radiation source (S), 
a conical radiation beam that traverses an examination 

Zone or an object present therein, 

a ?rst drive unit (2) for generating relative rnotions, 
including a rotation about an axis of rotation (14), 
betWeen the radiation source on the one side and the 
examination Zone (13) or the object on the other side 
along a ?rst, closed trajectory (T1) and along at least 
one second trajectory (T2) Which is identical to the ?rst 
trajectory but offset in the direction of the axis of 
rotation, 

a second drive unit (5) for displacing the object relative to 
the radiation source (S) betWeen the relative motions in 
the direction parallel to the axis of rotation (14) over 
such a distance (d) that 

on the one hand voxels (Pi) that are temporarily not 
exposed to any radiation during the tWo relative 
motions are present in an intermediate region (Z) 
betWeen the trajectories (T1, T2), and 

on the other hand the radiation source (S) projects both 
trajectories continuously on the detector unit in such 
a manner that the projections intersect the lateral 
edge of the area of the detector unit (16) that is used 
for the acquisition of measuring data, and 
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means (10) for reconstructing the absorption distribution 
in the examination Zone, the reconstruction in the 
intermediate region utilizing measuring data acquired 
during the tWo relative motions. 

6. A computed tomography apparatus for carrying out the 
method as claimed in claim 5, including a collimator 
arrangement (3) for generating the radiation beam, charac 
teriZed in that the edges of the collimator arrangement (3) 
that are offset in the direction of the aXis of rotation (14) are 
shaped in such a manner that the aperture of the conical 
radiation beam is smaller at its center than at its edges. 

7. A computer program for a control unit (7) for control 
ling a radiation source (S), a detector unit (16), a drive 
arrangement and a reconstruction unit (10) of a computed 
tomography apparatus for carrying out the method claimed 
in claim 1 as folloWs: 

generating, using a radiation source (S), a conical radia 
tion beam (4) that traverses an eXamination Zone (13) 
or an object present therein, 

generating relative motions, including a rotation about an 
aXis of rotation, betWeen the radiation source on the one 
side and the eXamination Zone or the object on the other 
side along a ?rst, closed trajectory (T1) and along at 
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least a second trajectory (T2) that is identical to the ?rst 
trajectory but offset in the direction of the aXis of 
rotation, Where 

on the one hand voXels Which are temporarily not 
eXposed to any radiation during the tWo relative 
motions are present in an intermediate region 
betWeen the trajectories, and 

on the other hand the radiation source projects both 
trajectories continuously on the detector unit in such 
a manner that they intersect the lateral edge of the 
area of the detector unit that is used for the acqui 
sition of measuring data, and 

acquiring measuring data, using a detector unit (16), that 
is dependent on the intensity in the radiation beam to 
the other side of the examination Zone during the 
relative motions, 

reconstructing the absorption distribution in the eXami 
nation Zone, the reconstruction in the intermediate 
region utiliZing measuring data acquired during the tWo 
relative motions. 


