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(57) ABSTRACT 

The present invention, in one form, is an imaging System for 
generating images of an entire object. In one embodiment, a 
physiological cycle unit is used to determine the cycle of the 
moving object. By altering the rotational Speed of an X-ray 
Source as a function of the object cycle, Segments of 
projection data are collected for each Selected phase of the 
object during each rotation. After completing a plurality of 
rotations, the Segments of projection data are combined and 
a croSS-Sectional image of the Selected phase of the object is 
generated. As a result, minimizing motion artifacts. 
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VOLUMETRIC COMPUTED TOMOGRAPHY 
SYSTEM FOR CARDIAC IMAGING 

BACKGROUND OF THE INVENTION 

0001. This invention relates generally to computed 
tomography (CT) imaging and more particularly, to gener 
ating images of a moving object. 
0002. In at least one known CT system configuration, an 
X-ray Source projects a fan-shaped beam which is collimated 
to lie within an X-Y plane of a Cartesian coordinate System 
and generally referred to as the “imaging plane'. The X-ray 
beam passes through the object being imaged, Such as a 
patient. The beam, after being attenuated by the object, 
impinges upon an array of radiation detectors. The intensity 
of the attenuated beam radiation received at the detector 
array is dependent upon the attenuation of the X-ray beam by 
the object. Each detector element of the array produces a 
Separate electrical Signal that is a measurement of the beam 
attenuation at the detector location. The attenuation mea 
Surements from all the detectors are acquired separately to 
produce a transmission profile. 
0003. In at least one known type of imaging system, 
commonly known as a computer tomography (CT) system, 
the X-ray Source and the detector array are rotated with a 
gantry within the imaging plane and around the object to be 
imaged So that the angle at which the X-ray beam intersects 
the object constantly changes. A group of X-ray attenuation 
measurements, i.e., projection data, from the detector array 
at one gantry angle is referred to as a “view”. A "scan” of the 
object comprises a set of views made at different gantry 
angles during one revolution of the X-ray Source and detec 
tor. In an axial Scan, the projection data is processed to 
construct an image that corresponds to a two dimensional 
Slice taken through the object. 
0004 One method for reconstructing an image from a set 
of projection data is referred to in the art as the filtered 
backprojection technique. This process converts the attenu 
ation measurements from a Scan into integers called “CT 
numbers” or "Hounsfield units', which are used to control 
the brightness of a corresponding pixel on a cathode ray tube 
display. 
0005 To reduce the total scan time required for multiple 
Slices, a “helical Scan may be performed. To perform a 
“helical” scan, the patient is moved while the data for the 
prescribed number of Slices is acquired. Such a System 
generates a Single helix from a one fan beam helical Scan. 
The helix mapped out by the fan beam yields projection data 
from which images in each prescribed slice may be recon 
Structed. In addition to reduced Scanning time, helical Scan 
ning provides other advantages Such as improved image 
quality and better control of contrast. 
0006. In helical scanning, and as explained above, only 
one view of data is collected at each Slice location. To 
reconstruct an image of a Slice, the other view data for the 
Slice is generated based on the data collected for other views. 
Helical reconstruction algorithms are known, and described, 
for example, in C. Crawford and K. King, “Computed 
Tomography Scanning with Simultaneous Patient Transla 
tion,” Med. Phys. 17(6), November/December 1990. 
0007. In order to generate images of a rapidly moving 
object, Such as a heart, known imaging Systems have mini 
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mized motion artifacts, caused by the movement of the 
heart, by utilizing a high rotational Speed gantry or by 
incorporating electron beam technology. However, the high 
Speed gantry System significantly increases the force applied 
to the X-ray Source and the detector affecting performance of 
the System. The electron beam technology requires a very 
complex design that significantly increases the cost of the 
Scanner. As a result, few system are capable of generating 
images of a moving heart without generating imageS con 
taining Significant motion artifacts. 
0008 To generate images of a moving object, it is desir 
able to provide an imaging System which gatherS Segments 
of projection data of a Selected phase of the object So that by 
combining the Segments motion artifacts are minimized. It 
would also be desirable to provide such a system which 
generates a cross-sectional image of the entire object for a 
Selected phase of the object. 

BRIEF SUMMARY OF THE INVENTION 

0009. These and other objects may be attained by a CT 
imaging System that generates images of an entire object of 
interest using Segments of projection data collected from a 
plurality of projection angles for a Selected phase of the 
object. In accordance with one embodiment of the present 
invention, the imaging System includes at least one rotating 
X-ray Source and at least one detector array. A physiological 
cycle unit, or circuit, is utilized to generate a physiological 
cycle Signal of the object. The cycle Signal represents the 
time period of each cycle of the object including a plurality 
of phases. To generate an image of the object for a selected 
phase, an operator Selects at least one phase of the object. 
For each Selected phase of the object, at least one Segment 
of projection data is collected during each rotation of each 
X-ray Source. 

0010 More specifically, each segment of projection data 
is generated, or collected, by emitting an X-ray beam toward 
an X-ray detector array for a determined imaging temporal 
period for each Selected phase during each rotation. Particu 
larly, as each X-ray Source is rotated, an X-ray beam is 
emitted for the determined imaging temporal period. AS a 
result, a Segment of projection data is collected via each 
detector array. Each Segment represents a Small range of 
angular positions. By altering a rotational Speed of each 
X-ray Source, Segments of projection data are collected from 
different projection angles as each X-ray Source is rotated. 
More particularly, the rotational Speed of each X-ray Source 
is altered So that each Segment of projection data for each 
selected phase of the object is collected from a different 
projection angle, or range of projection angles. By complet 
ing a plurality of rotations of each X-ray Source, projection 
data is collected for a projection angle range of (180 degrees 
plus a fan angle). 
0011 To generate an image of the selected phase of the 
object, the Segments of projection data collected from the 
different projection angles are combined. More specifically, 
the collected Segments for a Selected phase of the object are 
combined into a set of projection data for the Selected phase. 
The projection data Set is then used to reconstruct a croSS 
Sectional image of the object for the Selected phase. 
0012. In alternative embodiments, the imaging system 
collects Segments of projection data for a plurality of phases 
of the object during each rotation of each X-ray Source. More 
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Specifically, after Selecting a plurality of phases, at least one 
Segment of projection data is collected for each Selected 
phase of the object during each rotation of each X-ray Source. 
0013 The above described imaging system generates 
images of a moving object by gathering Segments of pro 
jection data for a Selected phase of the object So that motion 
artifacts are minimized. In addition, the imaging System 
generates cross-sectional images of the entire object for each 
Selected phase of the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014) 
0.015 FIG. 2 is a block schematic diagram of the system 
illustrated in FIG. 1. 

0016 
a heart. 

FIG. 1 is a pictorial view of a CT imaging system. 

FIG. 3 is a illustration of a physiological cycle of 

DETAILED DESCRIPTION OF THE 
INVENTION 

0017 Referring to FIGS. 1 and 2, an imaging system 10 
is shown as a “third generation' computed tomography (CT) 
imaging System including a gantry 12 having at least one 
rotating X-ray Source 16 that projects from a focal Spot 18 a 
beam of X-rays 20 toward a detector array 22. X-ray beams 
20 extend from source 16 along a beam plane 24. Beam 
plane 24, generally referred to as the “fan beam plane’, 
contains the centerline of focal spot 18 and the centerline of 
beam 20 of each source 16. Each X-ray beam 20 is colli 
mated by a collimator (not shown) to lie within in an X-Y 
plane of a Cartesian coordinate System and generally 
referred to as an "imaging plane'. Each detector array 22 is 
formed by an array of detector elements 26 which together 
Sense the projected X-rays that pass through a medical 
patient 28. Detector array 22 may be a single Slice detector 
or a multislice detector. Each detector element 26 produces 
an electrical Signal that represents the intensity of an imping 
ing X-ray beam and hence the attenuation of the beam as it 
passes through patient 28. During a Scan to acquire X-ray 
projection data, gantry 12 and the components mounted 
thereon rotate about a center of rotation, or iso-center, 30. 
0.018 Rotation of gantry 12 and the operation of each 
X-ray Source 16 are governed by a control mechanism 34 of 
CT system 10. Control mechanism 34 includes an X-ray 
controller 36 that provides power and timing Signals to each 
X-ray source 16 and a gantry motor controller 38 that 
controls the rotational Speed and position of gantry 12. More 
Specifically, altering the Signals Supplied to X-ray controller 
36 determines when and for how long X-ray beam 20 is 
emitted from each X-ray source 16. Similarly, the rotational 
Speed of gantry 12 is determined, or altered, by Supplying 
the appropriate Signals to gantry motor controller 38. A data 
acquisition system (DAS) 40 in control mechanism 34 
Samples analog data from detector elements 26 and converts 
the data to digital Signals for Subsequent processing. A 
sampling rate of DAS 40 is adjustable, or variable, so that 
the rate at which the data supplied from elements 26 may be 
increased or decreased. An image reconstructor 42 receives 
sampled and digitized X-ray data from DAS 40 and performs 
high Speed image reconstruction. The reconstructed image is 
applied as an input to a computer 44 which Stores the image 
in a mass Storage device 46. 
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0019 Computer 44 also receives commands and scan 
ning parameters from an operator via console 48 that has a 
keyboard. An associated cathode ray tube display 50 allows 
the operator to observe the reconstructed image and other 
data from computer 44. The operator Supplied commands 
and parameters are used by computer 44 to provide control 
signals and information to DAS 40, X-ray controller 36 and 
gantry motor controller 38. In addition, computer 44 oper 
ates a table motor controller 52 which controls a motorized 
table 54 to position patient 28 in gantry 12. Particularly, 
table 54 moves portions of patient 28 through a gantry 
opening 56. 
0020. In one embodiment, system 10 includes a synchro 
nization unit, or circuit 100 to identify or determine, a 
physiological cycle of the object, i.e., a heart. More Specifi 
cally and in one embodiment, circuit 100 is coupled to 
computer 44 and generates a physiological cycle Signal 
representative of the heart including a plurality of phases of 
the object, e.g., a Systole and a diastole phases. System 10 
utilizes the physiological Signal to Synchronize the timing of 
the emission of X-ray beam 16, the collection rate of 
projection data Segments using DAS 40, and the rotational 
Speed of gantry 12 So that an image of the heart is generated 
for the determined, or Selected, phase of a heart cycle. 
0021 More specifically and in one embodiment, circuit 
100 measures, or detects, the electrical activity of the heart 
of patient 28 to identify or determine the cardiac phase 
Signal for each cycle of a patient's heart. In one embodiment, 
an output signal of at least one electrode (not shown) 
attached to patient 28 is Supplied to an electronic amplifier 
(not shown) within circuit 100 which generates the cardiac 
phase Signal. For example, and as shown in FIG. 3, the 
cardiac cycle Signal waveform illustrates one cardiac cycle 
including the Systole condition, or phase, and a diastole 
condition or phase, of the heart. The portion of the Signal 
which is labeled Q, R and S is referred to as the ORS 
complex, in which the R-feature, or R-wave, is the most 
prominent, highest amplitude, feature of the entire Signal. In 
one embodiment, the cardiac cycle determines the period of 
each heart cycle and the timing of each phase of the heart. 
The amount of time required for the heart to complete one 
cardiac cycle is identified as a cardiac period, W, and 
typically is defined as beginning with a R-wave and con 
tinuing until the occurrence of the next R-wave. In other 
embodiments, the cardiac cycle Signal may be generated by 
an EKG Subsystem or heart monitoring device as known in 
the art. 

0022. In one embodiment, system 10 is configured to 
generate a volumetric image of an entire object within 
patient 28, for example a heart (not shown), by collecting at 
least one portion, or Segment, of a projection data Set during 
each rotation of gantry 12. After collecting the entire pro 
jection data Set, the projection data Segments are combined 
and a reconstruction algorithm is used to generate the 
Volumetric tomographic image of the heart. More Specifi 
cally and in one embodiment, each Segment of projection 
data is collected for a determined time period, or temporal 
window for a pre-determined, or operator Selected, phase of 
the heart during rotation of gantry 12. After completing a 
plurality rotations of each X-ray Source 16, a reconstruction 
algorithm Stored within image reconstructor 42 combines 
the projection data Segments and generates a volumetric 
croSS-Sectional image of the heart for the determined phase. 
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0023 More specifically and in one embodiment, system 
10 utilizes circuit 100 to identify the physiological cycle of 
the object, i.e., a heart and a plurality of phases of the heart. 
An operator then Selects at least one phase of the heart to 
image using the physiological Signal. For example, the 
operator utilizes console 48 to Select a Systole phase of the 
heart. For each Selected phase of the object, at least one 
Segment of projection data is collected during each rotation 
of each X-ray Source 16. 

0024 More specifically, each segment of projection data, 
in one embodiment, is generated, or collected, by emitting 
an X-ray beam 20 toward an X-ray detector array 22 for a 
determined imaging temporal period, R, during each 
Selected phase. Particularly, during each rotation of each 
X-ray Source 16, an X-ray beam is emitted for the determined 
imaging temporal period. The projection data collected via 
each detector array 22 during the temporal period represents 
a range of angular positions. Specifically, utilizing the cycle 
signal supplied from circuit 100, the emission of X-ray beam 
16 is limited to the nominal period of Rt at the defined phase 
of each cycle. More specifically, utilizing the physiological 
cycle Signal, the emission of X-ray beam 16 is turned on and 
off by altering a signal Supplied to X-ray controller 36. In one 
embodiment, the imaging temporal period is in a range of 10 
mS to 50 mS. 

0.025 The projection data segment acquired from detec 
tor array 22 during the emission of X-ray beam 20 represents 
a Small, or limited, portion of angular positions within the 
time duration of Rt. Particularly, the cycle Signal is utilized 
by DAS 40 to alter the sampling rate of each detector array 
22 So that the outputs of elements 26 are sampled only 
during the period of emission of X-ray beam 20. During each 
Subsequent rotation of each X-ray Source 16, a Segment of 
projection data is collected for a different radial, or projec 
tion, angle for each Selected phase. 

0026. In one embodiment, a rotational speed of each 
X-ray Source 16 is altered, or determined, So that at least one 
Segment of projection data is collected during each rotation 
of each X-ray Source 16. More specifically and in one 
embodiment, the rotational Speed of each X-ray Source 16 is 
altered So that each Segment of projection data for each 
selected phase of the object is collected from a different 
projection angle, or range of projection angles. In one 
embodiment, by altering the Signals Supplied to gantry 
motor controller 38, each X-ray source 16 is rotated a 
plurality of rotations So that projection data is collected for 
a projection angle range of (180 degrees plus a fan angle). 
For example, Segments of projection data for each Selected 
phase of the heart are collected from a projection angle range 
of 225 degrees. As a result of each Segment representing an 
approximate 18 degree change in projection angle, a com 
plete Set of projection data may be acquired in about 13 to 
20 Seconds, less than a Single breath-holding time, depend 
ing upon the imaging requirements. 

0.027 More particularly and in one embodiment, the 
rotational Speed of each X-ray Source 16, in rotations per 
Second, is determined in accordance with: 
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'G (T + n, R). 

0028) where: 
0029 Tc is the cardiac cycle time in seconds; 
0030) n is an integer constant; and 
0031 Rt is the determined imaging temporal period 
in Seconds. 

0032 For example, if n equals one, Tc equals 1 second 
and Rt equals 0.05 Seconds, the rotating Speed of each X-ray 
Source 16 is approximately 1.05 revolutions per Second or 
0.95 revolutions per Second. As a result, a complete Set of 
projection data Segments is collected in 13 to 20 Seconds 
depending on image quality requirements. 

0033. In one embodiment, the time required to collect a 
complete Set of projection data may be reduced by altering 
the rotational Speed of each X-ray Source 16 in accordance 
with: 

180 + 2 
Ve = It , 1808 w 

0034 (in rotation per second) 
0035) 

0036) w is the period of a physiological cycle (in 
Seconds), 

where: 

0037 Y is the projection angle range for a complete 
projection data set (in degrees), and 

0038 n is a selected integer number of cycles to 
collect a complete projection data Set. 

0039. In an alternative embodiment, the time required to 
collect a complete Set of projection data may be reduced by 
altering the rotational Speed of each X-ray Source 16 in 
accordance with: 

180 + 2 
V = It 1808 w 

0040 (in rotations per second) 
0041) where: 

0042) w is the period of a physiological cycle (in 
Seconds), 

IS the prollectOn angle range Or a COmplete 0043 Y is the projecti gle range f pl 
projection data set (in degrees), and 

0044 n is a selected integer number of cycles to 
collect a complete projection data Set. 

0045 Using this method of altering the rotational speed 
of each X-ray Source 16, the data Span within each physi 
ological cycle is improved from (Y/(360*V)) seconds to 
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(Y/(360*V*n)) seconds, and improvement of a factor of n. 
For example, utilizing this method in a single slice CINE CT 
mode, a projection data Set representing one slice of pro 
jection data is collected in (nt) Seconds. The rotation speed 
of each X-ray Source 16 may also be altered in accordance 
with this method in a Helical mode to obtain projection data 
to generate a Volumetric data in one Scan of the object. 
0046) More specifically and in one embodiment, in a 
multi-slice helical CT Scan mode, projection data is col 
lected using a relatively fast table Speed. Using multiple 
rows of each detector array 22, fast Volume coverage is 
achieved. Particularly, Z resolution degradation is minimized 
when the speed of table 54, as determined by table controller 
52, is altered So that the table Speed, S, is determined in 
accordance with: 

(id)/w, 
0047 where, 

0048 d is a detector row spacing of detector array 
22, and 

0049 i is an integer. 
0050 For example, where dequals 5 mm, w equals 0.8 
Seconds and i equals 3, the Z resolution degradation is 
minimized when the speed of table 54 is 18.95 mm/second. 
0051. In one embodiment, after collecting the segments 
of projection data, the Segments are combined into a pro 
jection data Set and a croSS-Sectional image of the object is 
generated from the projection data Set. More Specifically, a 
projection data Set is generated for each Selected phase of the 
object by combining the projection data Segments collected 
for the Selected phase. For example, where a first Selected 
phase is a Systole phase of the heart, a first projection data 
Set is generated by combining the projection data Segments 
collected from the plurality of projection angles for the 
Systole phase of the heart. In a similar manner, a Separate 
projection data Set is then generated for each additional 
Selected phase of the object. For example, a Second projec 
tion data Set may be generated by combining the projection 
data Segments collected from the diastole phase of the heart. 
0.052 In one embodiment, the projection data set gener 
ated for a Selected phase is utilized to generate a croSS 
Sectional image of the entire object. More Specifically and in 
one embodiment, a cross-sectional, or Volumetric tomo 
graphic, image is generated, using a reconstruction algo 
rithm Stored in image reconstructor 42, for each Selected 
phase of the object. Each projection data Set is used to 
generate a separate cross-sectional image of the entire object 
for each Selected phase of the object. For example, using 
System 10 in a Single cardiac phase mode, where the 
operator Selects only a first phase to generate an image, the 
first Set of projection data is used to generate a croSS 
Sectional image of the entire heart in the first phase. 
0053. In one embodiment, circuit 100 also monitors each 
physiological cycle to determine if an arrhythmic, or abnor 
mal, condition exists to determine whether the Segments of 
projection collected are valid. More specifically and in one 
embodiment, circuit 100 determines an average cycle period 
by measuring the time period of a Selected number of cycles. 
For each completed cycle of the object, circuit 100 compares 
the average cycle period to a cycle period for the completed 
cycle. If the completed cycle period exceeds the average 
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cycle period plus or minus a tolerance, the completed cycle 
is identified as an arrhythmic cycle. The arrhythmic cycle 
causes the collected Segments of projection data to not 
represent the Selected phase. In one embodiment, the Seg 
ments collected during the arrhythmic cycle are not used and 
replacement Segments of projection data are collected. 
0054. In an alternative embodiment defined as a multi 
phase cardiac mode, projection data Sets are generated from 
a plurality of Selected phases of the object during each 
rotation of each X-ray Source 16. More Specifically, Segments 
of projection data are collected as described above except 
that each X-ray Source 16 is turned on a plurality of times 
during each rotation So that Segments of projection data are 
collected from plurality of Selected phases of the object 
during each rotation. In another embodiment of the multi 
phase cardiac mode, Segments of projection data are col 
lected from a plurality of Segments for each Selected phase 
of the object during each rotation of each X-ray Source 16. 
0055. In the multi-phase cardiac imaging mode, projec 
tion data is collected for a plurality of Selected cardiac 
phases during each rotation of gantry 12 So that Separate 
images are generated for each Selected cardiac phase. More 
Specifically and in one embodiment, the multi-phase cardiac 
imaging mode operates Similar to the Single phase cardiac 
imaging mode except Separate images are generated for a 
plurality of phases of the heart. Initially, the user determines, 
or Selects, a plurality of cardiac phases to be imaged. By 
altering the amount of time between each Selected phase, 
images of different phases of the heart may be generated, for 
example for a Systolic and a diastolic phase. After Selecting 
a plurality of phases, gantry 12 is rotated as described above. 
For each rotation of gantry 12, X-ray beam 20 is emitted 
from source 14 toward detector array 22 for each selected 
cardiac phase and a Segment of projection data is collected 
by detector array 22 for each Selected cardiac phase. Par 
ticularly and as described above, utilizing circuit 100, the 
rotational Speed of gantry 12 and the Sampling rate of DAS 
40 are altered so that projection data is collected for the 
plurality of cardiac phases. After collecting a complete Set of 
projection for each cardiac phase as described above, the 
reconstruction algorithm generates a volumetric image of 
each Selected phase of the heart. 
0056. Utilizing the above described mode and by increas 
ing the rotational Speed of gantry 12, either the image 
temporal resolution or the total Scan time for a given organ 
coverage is significantly improved. For example, if gantry 
12 is rotated So that gantry 12 completes two complete 
rotation during a single cardiac cycle, the temporal resolu 
tion is improved by 50% verSuS a System completing one 
rotation per cardiac cycle. 
0057. In yet another embodiment of the present inven 
tion, an image of cardiac wall motion may be generated by 
acquiring multiple Segments of projection data during a 
Short period of time, for example four Seconds. In an 
alternative embodiment, continuous Segments of projection 
data is collected and the data is rebinned for different phases 
of a cardiac cycle. 
0058. The above described imaging system generates 
images of a moving object by gathering Segments of pro 
jection data for a Selected phase of the object So that motion 
artifacts are minimized. In addition, the imaging System 
generates cross-sectional images of the entire object for each 
Selected phase of the object. 
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0059 From the preceding description of various embodi 
ments of the present invention, it is evident that the objects 
of the invention are attained. Although the invention has 
been described and illustrated in detail, it is to be clearly 
understood that the same is intended by way of illustration 
and example only and is not to be taken by way of limitation. 
For example, imaging System may be configured as a “fourth 
generation” System having at least one rotating X-ray Source 
and at least one fixed position detector array. Accordingly, 
the Spirit and Scope of the invention are to be limited only 
by the terms of the appended claims. 

1. A method for generating an image of an object using a 
computed tomography (CT) imaging System, the imaging 
System including at least one X-ray detector array and at least 
one rotating X-ray Source projecting an X-ray beam, Said 
method comprising the Steps of 

identifying a physiological cycle of the object, the cycle 
comprising a plurality of phases, 

Selecting at least one phase of the object; 

collecting at least one Segment of projection data for each 
Selected phase of the object during each rotation of 
each X-ray Source; 

generating a projection data Set by combining the projec 
tion data Segments, and 

generating a cross-sectional image of the entire object 
from the projection data Set. 

2. A method in accordance with claim 1 wherein gener 
ating a projection data Set by combining the projection data 
Segments comprises the Step of generating a projection data 
Set for each Selected phase of the object by combining the 
projection data Segments collected for the Selected phase. 

3. A method in accordance with claim 1 wherein collect 
ing at least one Segment of projection data for each Selected 
phase of the object during each rotation of each X-ray Source 
comprises the Steps of: 

rotating each X-ray Source a plurality of rotations, and 

emitting an X-ray beam from each X-ray Source toward 
each X-ray detector array from a plurality of projection 
angles. 

4. A method in accordance with claim 3 wherein collect 
ing at least one Segment of projection data for each Selected 
phase of the object during each rotation of each X-ray Source 
further comprises the Step of collecting each Segment of 
projection data for the Selected phase from a different 
projection angle. 

5. A method in accordance with claim 4 wherein collect 
ing each Segment of projection data for the Selected phase 
from different projection angle comprises the Step of altering 
a rotational Speed of each X-ray Source. 

6. A method in accordance with claim 5 wherein emitting 
an X-ray beam from each X-ray Source toward each X-ray 
detector array from plurality of projection angles comprises 
the Step of emitting an X-ray beam from each X-ray Source 
for a determined imaging temporal period. 

7. A method in accordance with claim 6 wherein the 
rotational Speed of each X-ray Source is determined in 
accordance with: 
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(in revolutions per second), where: 
Tc is the cardiac cycle time in Seconds, 
n is an integer constant; and 
Rt is the determined imaging temporal period in Seconds. 
8. A method in accordance with claim 6 wherein collect 

ing at least one Segment of projection data for each cycle of 
the object comprise the Step of altering the rotational Speed 
of each X-ray Source in accordance with: 

180 + 2 
V = It 1808 w 

(in rotations per Second) where: 
w is a period of a physiological cycle (in Seconds), 
Y is a projection angle range for a complete projection 

data set (in degrees), and 
n is a Selected integer number of cycles to collect a 

complete projection data Set. 
9. A method in accordance with claim 6 wherein collect 

ing at least one segment of projection data for each cycle of 
the object comprise the Step of altering the rotational Speed 
of each X-ray Source in accordance with: 

360+2. 
V = It 

(in rotations per Second) where: 
w is a period of a physiological cycle (in Seconds), 
Y is a projection angle range for a complete projection 

data set (in degrees), and 
n is a Selected number of cycles to collect a complete 

projection data Set. 
10. A method in accordance with claim 1 wherein the 

imaging System includes a first X-ray Source, a Second X-ray 
Source, a first detector array and a Second detector array. 

11. A method in accordance with claim 1 wherein Select 
ing at least one phase of the object comprises the Steps of: 

Selecting a first Selected phase of the object; and 
Selecting a Second Selected phase of the object. 
12. A method in accordance with claim 1 wherein iden 

tifying a physiological cycle of the object comprises the Step 
of identifying a physiological cycle of a heart including a 
Systolic phase and a diastolic phase. 

13. A method in accordance with claim 1 wherein iden 
tifying a physiological cycle of the object comprises the Step 
of identifying a physiological cycle of a respiratory System. 

14. A method in accordance with claim 1 wherein gen 
erating a projection data Set by combining the projection 
data Segments comprises the Steps of 
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rotating each X-ray Source a plurality of projection angles, 
collecting projection data for a plurality of projection 

angles using each detector array; and 
rebinning the projection data for each Selected phase of 

the object. 
15. A method in accordance with claim 1 wherein col 

lecting at least one Segment of projection data for each 
Selected phase of the object during each rotation of each 
X-ray Source comprises the Steps of: 

detecting an arrhythmic cycle of the object; and 
collecting replacement projection data for the projection 

data collected during the arrhythmic cycle. 
16. A computed tomography (CT) imaging System for 

generating an image of an object, Said imaging System 
including at least one X-ray detector array and at least one 
rotating X-ray Source projecting an X-ray beam, Said imaging 
System configured to: 

identify a physiological cycle of the object, the cycle 
comprising a plurality of phases, 

allow an operator to Select at least one phase of the object; 
collect at least one Segment of projection data for each 

Selected phase of the object during each rotation of 
each Said X-ray Source; 

generating a projection data Set by combining Said pro 
jection data Segments, and 

generate a cross-sectional image of the entire object from 
Said projection data Set. 

17. An imaging System in accordance with claim 16 
wherein to generate a projection data Set by combining Said 
projection data Segments, said imaging System configured to 
generate Said projection data Set for each Said Selected phase 
of the object by combining Said projection data Segments 
collected for the Selected phase. 

18. An imaging System in accordance with claim 16 
wherein to collect at least one Segment of projection data for 
each Selected phase of the object during each rotation of 
each Said X-ray Source, Said imaging System configured to: 

rotate each Said X-ray Source a plurality of rotations, and 
emitting an X-ray beam from each Said X-ray Source 

toward each Said X-ray detector array from a plurality 
of projection angles. 

19. An imaging System in accordance with claim 18 
wherein to collect at least one Segment of projection data for 
each Selected phase of the object during each rotation of 
each Said X-ray Source, wherein, Said imaging System further 
configured to collect each Segment of projection data for the 
Selected phase from a different projection angle. 

20. An imaging System in accordance with claim 19 
wherein to collect each Segment of projection data for the 
Selected phase from different projection angle, Said System 
configured to alter a rotational Speed of each said X-ray 
SOCC. 

21. An imaging System in accordance with claim 20 
wherein to emit an X-ray beam from each Said X-ray Source 
toward each Said X-ray detector array from plurality of 
projection angles, Said imaging System configured to emit an 
X-ray beam from each Said X-ray Source for a determined 
imaging temporal period. 
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22. An imaging System in accordance with claim 21 
wherein the rotational Speed of each X-ray Source is deter 
mined in accordance with: 

1 
W = - (T + n R.) 

(in revolutions per second), where: 
Tc is the cardiac cycle time in Seconds, 
n is an integer constant; and 
Rt is Said determined imaging temporal period in Seconds. 
23. An imaging System in accordance with claim 21 

wherein to collect at least one Segment of projection data for 
each cycle of the object, Said imaging System configured to 
alter the rotational Speed of each said X-ray Source in 
accordance with: 

180 + 2 
V = It 1808 w 

(in rotations per Second) where: 
w is a period of a physiological cycle (in Seconds), 
Y is a projection angle range for a complete projection 

data Set (in degrees), and 
n is a Selected integer number of cycles to collect a 

complete projection data Set. 
24. An imaging System in accordance with claim 21 

wherein to collect at least one Segment of projection data for 
each cycle of the object, Said imaging System configured to 
alter the rotational Speed of each said X-ray Source in 
accordance with: 

180 + 2 
V = It 1808 w 

(in rotations per Second) where: 
w is a period of a physiological cycle (in Seconds), 
Y is a projection angle range for a complete projection 

data set (in degrees), and 
n is a Selected number of cycles to collect a complete 

projection data Set. 
25. An imaging System in accordance with claim 16 

wherein Said imaging System includes a first X-ray Source, a 
Second X-ray Source, a first detector array and a Second 
detector array. 

26. An imaging System in accordance with claim 16 
wherein to allow an operator to Select at least one phase of 
the object, Said imaging System configured to: 

allow the operator to Select a first Selected phase of the 
object; and 

allow the operator to Select a Second Selected phase of the 
object. 
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27. An imaging System in accordance with claim 16 
wherein to identify a physiological cycle of the object, Said 
imaging System configured to identify a physiological cycle 
of a heart comprising a Systolic phase and a diastolic phase. 

28. An imaging System in accordance with claim 16 
wherein to identify a physiological cycle of the object, Said 
imaging System configured to identify a physiological cycle 
of a respiratory System. 

29. An imaging System in accordance with claim 16 
wherein to generate a projection data Set by combining the 
projection data Segments, Said imaging System configured 
to: 

rotate each said X-ray Source a plurality of projection 
angles, 
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collect projection data for a plurality of projection angles 
using each said detector array; and 

rebin the projection data for each Selected phase of the 
object. 

30. An imaging System in accordance with claim 16 
wherein to collect at least one Segment of projection data for 
each Selected phase of the object during each rotation of 
each Said X-ray Source, Said imaging System configured to: 

detect an arrhythmic cycle of the object; and 
collect replacement projection data for the projection data 

collected during Said arrhythmic cycle. 

k k k k k 


