
US 20020021785A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0021785 A1 

Toth et al. (43) Pub. Date: Feb. 21, 2002 

(54) METHODS AND APPARATUS FOR (52) us. Cl. ......................... .. 378/147; 378/151; 378/205 
CALIBRATING CT X-RAY BEAM 
TRACKING LOOP 

(57) ABSTRACT 
(76) Inventors: Thomas L. Toth, Brook?eld, WI (US); 

George E. Seidenschnur, Waukesha, 
WI (US); Neil B. Bromberg, The present invention is, in one embodiment, a method for 
Milwaukee, WI (Us) determining tracking control parameters for positioning an 

X-ray beam of a computed tomography imaging system 
Corres ondence Address: . . . . . 

p having a movable collimator positionable in steps and a John S. Beulick 
Armstrong Teasdale LLP detector array including a plurality of roWs of detector 
Suite 2600 elements. The method includes steps of obtaining detector 
One Metropolitan Sq. samples at a series of collimator step positions While deter 
St- Louis, MI 63102 (Us) mining a position of a focal spot of the X-ray beam; 

determining a beam position for each detector element at 
(21) Appl' NO': 09/950’261 each collimator step utilizing the determined focal spot 

(22) Filed; Sep_ 10, 2001 positions, a nominal focal spot length, and geometric param 
eters of the X-ray beam, collimator, and detector array; and 

Related US- Application Data determining a calibration parameter utilizing information so 
obtained. For example, in determining a target beam posi 
tion at Which to maintain the X-ray beam, a detector element 
differential error is determined according to ratios of suc 
cessive collimator step positions; and a target beam position 
is selected for an isocenter element in accordance With the 

(51) Int. Cl.7 ..................................................... .. G21K 1/02 determined element differential errors. 

(63) Continuation of application No. 09/384,937, ?led on 
Aug. 27, 1999, noW Pat. No. 6,310,938. 

Publication Classi?cation 

/ 

50 

H: 

$519 



Patent Application Publication Feb. 21, 2002 Sheet 1 0f 4 US 2002/0021785 A1 

45 
w TABLE 421 

12 A V MOTOR _ V 

k 14 TABLE CONTROLLER 28 
\ / co 0 [40 

. X-RAY E COMPUTER T a 
5 CONTROLLER f 5L5 gzigetghoe 
' 53o 

GANTRY .y 
' MOTOR . V l y 
= ' MASS 
CONTROLLER ; l STORAGE 

- ‘7 

: DAS : IMAGE 38 
3 RECONSTRUCTOR 

32 34 



Patent Application Publication Feb. 21, 2002 Sheet 2 0f 4 

/ 

50 

US 2002/0021785 A1 





Patent Application Publication Feb. 21, 2002 Sheet 4 0f 4 US 2002/0021785 A1 

I 100 
v / 

Collect a stationary xsray scan while stepping a movable collimator through a 
sequence of Z-axis locations where the beam is incremented about 03 mm on 
the detector for each step 

102 
V 

Offset correct and view average data from the stationary x-ray scan to obtain 
detector samples for each collimator step position 

104 
i 

Determine a position of a focal spot during the stationary x-ray scan by 
computing a collimator Z-axis position offset from a detector centerline at a 
point at which outer detector row signals are reduced to full width at half 

, maximum. Determine focal spot position from collimator offset thus 
a determined using nominal system geometric parameters 

106 
Y 

Determine a beam position for each detector element at each collimator step 
location from the measured focal spot position utilizing a nominal focal spot 
length and nominal system geometry 

5 108 
V v 

;Determine a target beam position Z; by: 
a determining a differential error produced by a ratio of signals from successive step 

‘ positions 

to weighting the differential error by a reconstruction error sensitivity function 
- determining a step position at which the weighted differential error goes above limits 

known to produce image artifacts (eg, 0.04%) 
. setting a tracking target beam position for an isocenter detector element at a 

distance from the step position just preceding the step that exceeds the artifact limit 
by an amount that exceeds any tracking loop positioning error 

110 

Determine a beam position transfer function Z(R) for a ratio of an average of outer row 
signals to an average of inner row signals for a set of detector elements at extreme 
ends of the x-ray fan beam by ?tting the beam position determined for each step to a 
ratio at each step (eg, with a 4th degree polynomial) over a suitable ratio range 
between a maximum and a minimum for a sequence of steps 

112 
i 

Determine a valid position measurement range of the transfer function as end limits of 
the set of step positions, where an error between a beam position produced by the 

' transfer function and an actual beam position is less than a predetermined limit (e.g., 
0.2 mm) ' 

\ 

Fig. 5 
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METHODS AND APPARATUS FOR CALIBRATING 
CT X-RAY BEAM TRACKING LOOP 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to computed 
tomography (CT) imaging and, more particularly, to meth 
ods and apparatus for calibration of Z-aXis tracking loops for 
positioning a CT X-ray beam of a multi-slice CT imaging 
system. 

[0002] In at least one knoWn computed tomography (CT) 
imaging system con?guration, 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 measurements from all the 
detectors are acquired separately to produce a transmission 
pro?le. 
[0003] In knoWn third generation CT systems, 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 measure 
ments, 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, or 
vieW angles, during one revolution of the X-ray source and 
detector. In an aXial scan, the projection data is processed to 
construct an image that corresponds to a tWo-dimensional 
slice taken through the object. One method for reconstruct 
ing an image from a set of projection data is referred to in 
the art as the ?ltered back projection technique. This process 
converts the attenuation measurements from a scan into 
integers called “CT numbers” or “Houns?eld units”, Which 
are used to control the brightness of a corresponding piXel on 
a cathode ray tube display. 

[0004] In a multi-slice system, movement of an X-ray 
beam penumbra over detector elements having dissimilar 
response functions can cause signal changes resulting in 
image artifacts. Opening system collimation to keep detector 
elements in the X-ray beam umbra can prevent artifacts but 
increases patient dosage. KnoWn CT systems utiliZe a 
closed-loop Z-aXis tracking system to position the X-ray 
beam relative to a detector array. It Would be desirable to 
provide improved methods and apparatus for calibration of 
such systems. In particular, it Would be desirable to provide 
improved methods and apparatus for determining calibration 
parameters such as: (1) a target beam position at Which to 
maintain the X-ray beam; (2) a transfer function to convert 
sensed tracking information into a beam position in milli 
meters; and (3) valid limits of the transfer function. 

BRIEF SUMMARY OF THE INVENTION 

[0005] There is therefore provided, in one embodiment, a 
method for determining tracking control parameters for 
positioning an X-ray beam of a computed tomography imag 
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ing system having a movable collimator positionable in 
steps and a detector array including a plurality of roWs of 
detector elements. The method includes steps of obtaining 
detector samples at a plurality of collimator step positions 
While determining a position of a focal spot of the X-ray 
beam; determining a beam position for each detector ele 
ment at each collimator step utiliZing the determined focal 
spot positions, a nominal focal spot length, and geometric 
parameters of the X-ray beam, collimator, and detector array; 
and determining a calibration parameter utiliZing informa 
tion so obtained. For example, in determining a target beam 
position at Which to maintain the X-ray beam, the method 
also includes steps of determining an detector element 
differential error according to ratios of successive collimator 
step positions; and selecting a target beam position for an 
isocenter element in accordance With the determined ele 
ment differential errors. 

[0006] The above described system provides improved 
tracking calibration for CT imaging systems utiliZing Z-aXis 
tracking loops for positioning X-ray beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a pictorial vieW of a CT imaging system. 

[0008] FIG. 2 is a block schematic diagram of the system 
illustrated in FIG. 1. 

[0009] FIG. 3 is a schematic vieW of a portion of the CT 
imaging system shoWn in FIG. 1 shoWing an embodiment of 
a Z-aXis position system of the present invention. 

[0010] FIG. 4 is a How diagram an embodiment of a Z-aXis 
tracking loop of the present invention. 

[0011] FIG. 5 is a How diagram of a method for calibrat 
ing tracking loop parameters. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] Referring to FIGS. 1 and 2, a computed tomo 
graph (CT) imaging system 10 is shoWn as including a 
gantry 12 representative of a “third generation” CT scanner. 
Gantry 12 has an X-ray source 14 that projects a beam of 
X-rays 16 toWard a detector array 18 on the opposite side of 
gantry 12. Detector array 18 is formed by detector elements 
20 that together sense the projected X-rays that pass through 
an object 22, for eXample a medical patient. Each detector 
element 20 produces an electrical signal that represents the 
intensity of an impinging X-ray beam and hence the attenu 
ation of the beam as it passes through patient 22. During a 
scan to acquire X-ray projection data, gantry 12 and the 
components mounted thereon rotate about a center of rota 
tion or isocenter 24. 

[0013] Rotation of gantry 12 and the operation of X-ray 
source 14 are governed by a control mechanism 26 of CT 
system 10. Control mechanism 26 includes an X-ray con 
troller 28 that provides poWer and timing signals to X-ray 
source 14 and a gantry motor controller 30 that controls the 
rotational speed and position of gantry 12. Adata acquisition 
system (DAS) 32 in control mechanism 26 samples analog 
data from detector elements 20 and converts the data to 
digital signals for subsequent processing. An image recon 
structor 34 receives sampled and digitiZed X-ray data from 
DAS 32 and performs high-speed image reconstruction. The 
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reconstructed image is applied as an input to a computer 36 
that stores the image in a mass storage device 38. 

[0014] Computer 36 also receives commands and scan 
ning parameters from an operator via console 40 that has a 
keyboard. An associated cathode ray tube display 42 alloWs 
the operator to observe the reconstructed image and other 
data from computer 36. The operator supplied commands 
and parameters are used by computer 36 to provide control 
signals and information to DAS 32, X-ray controller 28 and 
gantry motor controller 30. In addition, computer 36 oper 
ates a table motor controller 44 that controls a motoriZed 
table 46 to position patient 22 in gantry 12. Particularly, 
table 46 moves portions of patient 22 through gantry open 
ing 48. 

[0015] In one embodiment, and as shoWn in FIG. 3, X-ray 
beam 16 emanates from a focal spot 50 of X-ray source 14 
(FIG. 2). X-ray beam 16 is collimated by collimator 52, and 
collimated beam 16 is projected toWard detector array 18. 
Detector array 18 is fabricated in a multi-slice con?guration 
and includes detector element roWs 54, 56, 58 and 60 for 
projection data collection. Aplane 86, generally referred to 
as the “fan beam plane”, contains the centerline of focal spot 
50 and the centerline of beam 16. Fan beam plane 86 is 
illustrated in FIG. 3 as being aligned With a centerline D0 of 
detector array 18, although fan beam plane 86 Will not 
alWays be so aligned. Detector element roWs 62, 64, 66 and 
68 serve as Z-position detectors for determining a Z-aXis 
position of X-ray beam 16. In one embodiment, detector 
roWs 62, 64, 66, and 68 are roWs of detector array 18. Outer 
roWs 62 and 68 are selected to be at least substantially Within 
penumbra 70 of beam 16. Inner roWs 64 and 66 are selected 
to be at least substantially Within umbra 72 of beam 16. “At 
least substantially Within” means either entirely Within or at 
least suf?ciently Within so that outer roW 62 and 68 signal 
intensities depend on an X-ray beam position and inner roW 
64 and 66 signal intensities provide references against Which 
outer roW signals are compared. In one embodiment, colli 
mator 52 includes tapered cams 74 and 76. (Where it is 
stated herein that a cam “has a taper,” it is not intended to 
eXclude cams having a taper of Zero unless otherWise stated.) 
X-ray controller 28 controls positioning of cams 74 and 76. 
Each cam can be independently positioned to alter position 
and Width of X-ray umbra 72 relative to an edge (not shoWn) 
of detector array 18. 

[0016] As shoWn in FIG. 4, one embodiment of a closed 
loop method for positioning beam 16 comprises comparing 
signals representative of X-ray intensity received from dif 
ferent roWs of detector elements and positioning an X-ray 
beam in accordance With results of the comparison. In one 
embodiment, signals representative of X-ray intensity from 
detector roWs 62, 64, 66 and 68 are summed 78 to obtain roW 
sums. The summation is over vieWs taken in a 20-millisec 
ond interval. For eXample, after the analog signals are 
converted to digital format, hardWare circuitry (not shoWn) 
in DAS 32 performs offset correction and determines roW 
sums from signals received from outer roW 62 and from 
inner roW 64. A corrected ratio R is determined 80 by 
determining a ratio of a sum of signals received from outer 
roW 62 to a sum of signals received from inner roW 64 and 
multiplying the ratio by a ratio correction factor. The ratio 
correction factor, determined from imaging system 10 cali 
bration, accounts for different relative DAS gains betWeen 
outer roW 62 and inner roW 64. 
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[0017] Beam position Z(R) then is determined 82, in 
millimeters relative to a centerline. Beam position Z is 
obtained by applying a predetermined beam position transfer 
function to the corrected ratio to calculate the X-ray beam 
position. The beam position transfer function Z(R) is rep 
resented, for eXample, by a fourth-degree polynomial having 
predetermined coefficients: 

[0018] Beam position transfer function Z(R) and its limits 
are speci?ed at imaging system 10 calibration. 

[0019] A neW collimator position is then determined 84. A 
focal spot position f is determined 84 from beam position Z, 
current collimator position C and other system 10 geometric 
parameters in accordance With: 

-* C T; 
f map + + 

[0020] Where TZ represents a current taper of cam 74, fIIlZZ 
represents a focal spot magni?cation factor at roWs 62 and 
64 and is a function of focal spot siZe, and IfS represents focal 
spot 50 length. A neW position for collimator 52 then is 
determined 84 for a detector element 20 positioned toWard 
isocenter 24. Collimator 52 is repositioned Where an edge 
(not shoWn) of collimator 52 Would meet a line betWeen 
focal spot position f and a target beam position Z1Which has 
been speci?ed at imaging system 10 calibration. NeW col 
limator position Cnthus is determined in accordance With: 

[0021] Where cmi represents a current collimator magni 
?cation factor at detector element 20 positioned toWard 
isocenter 24 and is a function of focal spot siZe, and lfs 
represents focal spot 50 length. 

[0022] In one embodiment, steps 78, 80, 82, and 84 are 
performed independently for each side of collimator 52 at 
intervals to continuously obtain neW positions for each side 
of collimator 52. These intervals are, in one embodiment, 20 
milliseconds, to sample the X-ray beam 16 position 25 times 
during a 0.5 second scan to minimiZe control loop lag error. 
HoWever, in other embodiments, the interval is betWeen 5 
milliseconds and 50 milliseconds. In still other embodi 
ments, the interval is betWeen a minimum value suf?cient to 
avoid effects of quantum noise and high frequency variation 
(such as due to X-ray tube anode movement at a run 
frequency betWeen 50 HZ and 160 HZ) and a maXimum 
contrained by a sleW rate of the sag curve. Sampling the 
changing sag curve frequently avoids excessive positioning 
error. (Sag is a periodic movement of X-ray beam 16 
resulting from gravity and from centrifugal forces acting on 
mechanical structure during a rotation of gantry 12.) 

[0023] During patient scanning, Z-position detectors 62, 
64, 66 or 68 may become blocked by patient clothing, 
blankets, or other object. After blockage of a Z-position 
detector 62, 64, 66, or 68 has been detected, or When X-ray 
source 14 ?rst turns on, the loop sample interval is adjusted 
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downward. In one embodiment, the loop sample interval is 
adjusted downward to 5 milliseconds. After 4 milliseconds 
of stabilization, the position of the beam is measured and 
collimator positioning is started to further minimiZe initial 
position errors. 

[0024] During a blockage, loop operation is suspended. To 
determine if any Z-position detectors are blocked, a signal 
from a last data detector element 90 adjacent a Z-position 
detector 62, 64, 66 or 68 is compared to an expected signal 
Sx. Z-position detector blockage is assumed, in one embodi 
ment, if a last data detector element 20 signal is less than 0.9 
times expected signal Sx. In other embodiments, detector 
blockage is assumed when a last data detector element 20 
signal is less than a value between 0.95 and 0.5 times 
expected signal Sx. (It is desirable to make this value as 
large in magnitude as possible to identify patient blockage as 
quickly as possible, thereby avoiding mispositioning of 
x-ray beam 16 due to corrupted Z-measurement data. A 
maximum of 0.95 is used in one embodiment because it is 
known that x-ray scatter blockage from large patients 22, for 
example, can reduce a signal to 0.95 times the expected 
value.) During a blockage, collimator positioning is sus 
pended. However, position measurement continues at an 
interval that is decreased from 20 to 5 milliseconds. The 
decreased measurement interval allows imaging system 10 
to more quickly detect an end of the blockage and to resume 
closed-loop positioning. 

[0025] Expected signal Sx is written as: 

Sx=gmA*csf*t*g, 

[0026] where gmA is a generator current mA signal pro 
portional to an x-ray source 14 energiZing current, csf is a 
scale factor determined at system 10 calibration, t is a DAS 
sample time period, and g is a gain factor. Gain factor g 
allows expected signal Sx to be adjusted according to a gain 
value used for scanning. In one embodiment, this gain value 
is selectable from a plurality of gain values available in 
system 10. 

[0027] In one embodiment, closed loop tracking is sus 
pended when signal corruption is detected. Signal corruption 
is detected, for example, by determining an actual focal spot 
length from a beam position and a collimator position, and 
comparing the actual focal spot length to a nominal focal 
spot length. When a difference of, for example, more than 
0.1 millimeter is detected between the actual focal spot 
length and the nominal spot length, corruption is assumed to 
exist and collimator positioning is suspended. (In other 
embodiments, a difference threshold for assuming corrup 
tion is as small as 0.05 millimeter or as large as about 0.6 
millimeter. In still other embodiments, a value is selected 
between a lower limit set by higher probabilities of false 
activation due to noise, x-ray scatter and/or momentary 
beam position disturbances and an upper limit that still 
provides some of the advantages of tracking.) However, 
beam position measurement continues at a decreased inter 
val, as when a blockage is detected. Such corruption may 
occur, for example, for a short time just prior to or just 
following detection of a patient blockage. If the corruption 
persists, for example, over 900 of rotation of gantry 12 
without detecting a patient blockage, a malfunction of the 
tracking system requiring servicing has likely occurred. In 
such an event, a scan is immediately aborted to avoid patient 
dose and collection of non-diagnostic quality images. In 
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other embodiments, a limit is set from as little as 45° to as 
much as 360° of a rotation of gantry 12. In other embodi 
ments, a limit is set between a value at which a false alarm 
rate due to scatter and/or an occasional exceptionally long 
partial patient 22 blockage is acceptable and an upper limit 
representing a design choice as to how long compromised 
operation (high dose and/or non-diagnostic quality images) 
can be tolerated before terminating a scan. 

[0028] After system 10 has been switched off, position of 
focal spot 50 changes as source 14 cools over time. In one 
embodiment, before system 10 is switched on again, an 
initial focal spot position is approximated from information 
obtained when a focal spot position was last measured. An 
approximation of a linear function is used to model focal 
spot position change during cooling in one embodiment, and 
in another embodiment, the linear function is a 97 nanometer 
per second linear function. Because position change with 
cooling is an exponential function, the linear approximation 
is clamped at 0.15 millimeters. This clamping corresponds 
to approximately 20% of a cooling change in system 10 
when fully cold, where a linear approximation to the expo 
nential function suf?ces. A fully cold position requires 8 to 
12 hours without patient scanning, and a tube warm up prior 
to patient scanning is normally requested if the tube has been 
off more than 1 hour. Therefore, a fully cold position, 
although possible, is not likely during normal patient scan 
ning. During tube warm up a current measured position of 
the focal spot is established again for initial positioning of 
the collimator. 

[0029] Several tracking loop parameters described herein, 
speci?cally, beam position transfer function Z(R) and its 
limits and target beam position Z1, are determined at system 
10 calibration. FIG. 5 illustrates one embodiment of a 
method for calibrating tracking loop parameters. In this 
embodiment, data from a stationary sweep scan is collected 
100 while collimator 52 is stepped through a sequence of 
Z-axis positions. Beam 16 is incremented 0.3 millimeters on 
detector array 18 exposure surface for each collimator 52 
step position. The sweep scan data is offset-corrected and 
view averaged 102 to obtain a set of detector samples for 
each collimator 52 step position. Aposition of the focal spot 
is then determined 104. Acollimator 52 Z-axis position offset 
from detector array centerline D0 is determined 104, as the 
point where outer rows 62 and 68 receive signals of half 
maximum intensity at full detector element 20 width. Posi 
tion of focal spot 50 during sweep scan then is determined 
104 from collimator 52 Z-axis offset and nominal system 10 
geometric parameters. 

[0030] A beam 16 position is determined 106 for each 
detector element 20 at each collimator 52 step position. 
Beam 16 positions are determined from sweep scan focal 
spot 50 position, nominal length of focal spot 50, and 
nominal system 10 geometry. 

[0031] Target beam position Z1 then is determined 108 for 
detector element 20 positioned toward isocenter 24. When 
beam 16 is directed at target beam position Z1, beam 16 is 
sufficiently close to detector array 18 edge 92 to prevent 
imaging artifacts but is far enough away to minimiZe patient 
dosage. To determine target beam position Z1, ratios of 
detector samples for successive collimator 52 step positions 
are utiliZed to determine a detector differential error. A 

reconstruction error sensitivity function w(i) then is applied 
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to Weight the detector differential error. Reconstruction error 
sensitivity function W(i) is related to the percent positive 
contribution of a detector element 20 as a function of its 
radial distance from isocenter 24. Function W(i), in one 
embodiment, is computed from nominal system geometry. 
In another embodiment, W(i) is empirically determined. For 
example, the following equations describe an empirical 
determination of W(i): 

[0032] Where i represents detector element position from 
isocenter 24 and b(i) represents an artifact threshold, i.e. a 
percent differential error, for a double detector element 20 
error. Reconstruction error sensitivity function W(i) then is 
determined in accordance With: 

[0033] A collimator 52 step position SP is determined for 
Which the Weighted detector differential error exceeds a limit 
L empirically knoWn to produce image artifacts, for 
example, 0.04 percent. Target beam position Z1 then is set for 
the isocenter detector element at a distance just preceding SP 
by an amount exceeding applicable tracking loop position 
ing error. 

[0034] Beam position transfer function Z(R) then is deter 
mined 110 for a ratio R of an average of outer roW 62 to 
inner roW 64 signals for a set of detector elements at an 
extreme end of x-ray fan beam 16. Beam 16 positions, 
determined 106 for each collimator 52 step position, are 
?tted to the ratio for each collimator 52 step position With a 
fourth-degree polynomial, for example, in accordance With: 

[0035] over a suitable ratio range betWeen a maximum and 
minimum for the sequence of steps. 

[0036] A valid position measurement range for Z(R) is 
determined 112 as betWeen end limits of the set of collimator 
52 step positions for Which an error betWeen a beam 16 
position determined by Z and an actual beam 16 position is 
less than a predetermined limit, for example, 0.2 millime 
ters. In other embodiments, the predetermined limit is 
betWeen 0.1 millimeters to 0.6 millimeters. In still other 
embodiments, the predetermined limit is set at a value 
betWeen a loWer limit just above a value at Which a range of 
beam 16 position that can be precisely measured is too 
limited, and just beloW a loWer limit that is deemed to create 
tracking errors so large as to unacceptably compromise the 
bene?ts of tracking. 

[0037] The above-described tracking loop senses the sig 
nal ratio betWeen detector roWs and moves system collima 
tion to maintain the x-ray beam very close to the imaging 
system detector array edge during patient scanning. As a 
result, patient x-ray dosage is reduced 20 to 40 percent 
Without sacri?cing image quality. 

[0038] Other functions can be utiliZed in place of beam 
position transfer function Z(R) and also in place of recon 
struction error sensitivity function W(i). 

[0039] In some embodiments, the methods described 
herein are implemented by softWare, ?rmWare, or by a 
combination thereof controlling either computer 36, image 
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reconstructor 34, or both. Also, additional Z-detector roWs 
can be provided. In such an embodiment, various combina 
tions of Z-detector roW signals can be used as the inner and 
outer roW signals, thereby becoming identi?ed as such, or a 
different and/or more elaborate transfer function can be used 
to determine a beam position. 

[0040] The above described calibration methods and appa 
ratus provides improved calibration for Z-axis tracking loops 
for positioning x-ray beams on multi-slice detectors of CT 
imaging systems. The methods and apparatus provide a 
target beam position at Which to maintain the x-ray beam, a 
transfer function to convert detector ratio information into a 
beam position in millimeters (or other suitable units via 
conversion factors), and valid limits of the ratio to beam 
position transfer function. 

[0041] It should be understood that system 10 is described 
herein by Way of example only, and the invention can be 
practiced in connection With other types of imaging systems. 
Furthermore, it Will be recogniZed by those skilled in the art 
that the calibration system described herein is also useful for 
other applications Which require x-ray beam tracking cali 
bration, such as for object location or sensing of movement. 

[0042] While the invention has been described in terms of 
various speci?c embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the claims. 

1. A method for determining tracking control parameters 
for positioning an x-ray beam of a computed tomography 
imaging system, the imaging system including a movable 
collimator positionable in steps and a detector array includ 
ing a plurality of roWs of detector elements, said method 
comprising the steps of: 

obtaining detector samples at a plurality of collimator step 
positions While determining a position of a focal spot of 
the x-ray beam; 

determining a beam position for each detector element at 
each collimator step utiliZing the determined focal spot 
positions, a nominal focal spot length, and geometric 
parameters of the x-ray beam, collimator, and detector 
array; 

determining an detector element differential error accord 
ing to ratios of successive collimator step positions; and 

selecting a target beam position for an isocenter element 
in accordance With the determined element differential 
errors. 

2. A method in accordance With claim 1 Wherein the 
plurality of detector roWs are Z-axis detector roWs, and the 
detector array has a centerline perpendicular to the Z-axis, an 
outer detector roW, and an inner detector roW; said deter 
mining a position of a focal spot of the x-ray beam com 
prises the steps of: 

determining a collimator Z-axis position offset from the 
detector array centerline at a point at Which outer 
detector roW signals are reduced to a full Width at a half 

maximum; and 

determining a focal spot position as a function of the 
determined collimator Z-axis position and the geomet 
ric parameters of the x-ray beam, collimator, and detec 
tor array. 
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3. A method in accordance With claim 1 further compris 
ing the step of offset-correcting and vieW-averaging the 
obtained detector samples at a plurality of collimator step 
positions to obtain a set of detector samples for each 
collimator step position used in said steps of determining a 
beam position transfer function and determining a differen 
tial error for selection of the target beam position. 

4. Amethod in accordance With claim 1 Wherein selecting 
a target beam position for an isocenter detector element in 
accordance With the determined element differential errors 
comprises the steps of: 

Weighting the detector element differential error by a 
reconstruction error sensitivity function; 

determining a step position at Which the Weighted detector 
element differential error eXceeds a predetermined 
limit; and 

setting a tracking beam position for the isocenter detector 
element at a distance from the determined step position 
preceding a step that eXceeds a predetermined artifact 
limit by an amount that eXceeds a tracking loop posi 
tioning error. 

5. A method in accordance With claim 4 Wherein the 
reconstruction error sensitivity function is detector element 
dependent. 

6. A method in accordance With claim 5 Wherein the 
reconstruction error sensitivity varies according to a distance 
of the detector element from an isocenter element. 

7. A method in accordance With claim 4 Wherein the 
detector roWs have at least 214 elements on each side of an 

isochannel element, and the reconstruction error sensitivity 
function is: 

Where: i=a detector element position from an isocenter 
detector element; 

b(i)=an artifact threshold (% differential error) for a 
double detector element error; and 

b(i)=0.018, OéiéS 

b(i)=0.035+0.00075x(i-5), 532213 

b(i)=0.414+0.00365x(i—213), 21432”. 

8. A method for determining tracking control parameters 
for positioning an X-ray fan beam of a computed tomogra 
phy imaging system, the imaging system including a mov 
able collimator positionable in steps and a detector array 
including a plurality of roWs of detector elements including 
at least an inner roW and an outer roW, said method com 

prising the steps of: 

obtaining detector samples at a plurality of collimator step 
positions While determining a position of a focal spot of 
the X-ray fan beam; 

determining a beam position for each detector element at 
each collimator step utiliZing the determined focal spot 
positions, a nominal focal spot length, and geometric 
parameters of the X-ray fan beam, collimator, and 
detector array; and 

determining a beam position transfer function for a ratio 
of an average of detector outer roW signals to detector 
inner roW signals for a set of detector elements at an 
eXtreme end of the X-ray fan beam in accordance With 
a selected approximation over a selected ratio range 
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betWeen a minimum and a maXimum ratio for the 
plurality of collimator step positions. 

9. A method in accordance With claim 8 Wherein deter 
mining a beam position transfer function comprises the steps 
of ?tting, to a polynomial function, the determined beam 
positions at each step as a function of the ratio of an average 
of detector outer roW signals to detector inner roW signals, 

10. A method in accordance With claim 9 Wherein the 
polynomial function is a fourth degree polynomial. 

11. A method in accordance With claim 8 further com 
prising the step of determining a valid measurement range of 
the transfer function as end limits of the plurality of colli 
mator step positions for Which an error betWeen beam 
positions computed using the transfer function and an actual 
beam position is less than a predetermined limit. 

12. A method in accordance With claim 11 Wherein the 
predetermined limit is betWeen 0.1 millimeters and 0.6 mm. 

13. A method in accordance With claim 11 Wherein the 
predetermined limit is 0.2 millimeters. 

14. A computed tomography imaging system comprising 
an X-ray source, a detector array including a plurality of 
roWs of detector elements, and a movable collimator posi 
tionable in steps and con?gured to collimate and position an 
X-ray beam produced by said X-ray source on said detector 
array, said system con?gured to: 

obtain detector samples at a plurality of collimator step 
positions While determining a position of a focal spot of 
the X-ray beam; 

determine a beam position for each detector element at 
each collimator step utiliZing the determined focal spot 
positions, a nominal focal spot length, and geometric 
parameters of the X-ray beam, collimator, and detector 
array; 

determine an detector element differential error according 
to ratios of successive collimator step positions; and 

select a target beam position for an isocenter element in 
accordance With the determined element differential 
errors. 

15. A system in accordance With claim 14 Wherein the 
plurality of detector roWs are Z-aXis detector roWs, and the 
detector array has a centerline perpendicular to the Z-aXis, an 
outer detector roW, and an inner detector roW; and said 
system being con?gured to determine a position of a focal 
spot of the X-ray beam comprises said system being con?g 
ured to: 

determine a collimator Z-aXis position offset from the 
detector array centerline at a point at Which outer 
detector roW signals are reduced to a full Width at a half 

maXimum; and 

determine a focal spot position as a function of the 
determined collimator Z-aXis position and the geomet 
ric parameters of the X-ray beam, collimator, and detec 
tor array. 

16. A system in accordance With claim 14 further con?g 
ured to offset-correct and vieW-average the obtained detector 
samples at a plurality of collimator step positions to obtain 
a set of detector samples for each collimator step position 
used in determining said target beam position transfer func 
tion and in determining said differential error for selection of 
said target beam position. 
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17. A system in accordance With claim 14 wherein said 
system being con?gured to select a target beam position for 
an isocenter detector element in accordance With the deter 
mined element differential errors comprises said system 
being con?gured to: 

Weight the detector element differential error by a recon 
struction error sensitivity function; 

determine a step position at Which the Weighted detector 
element differential error eXceeds a predetermined 
limit; and 

set a tracking beam position for the isocenter detector 
element at a distance from the determined step position 
preceding a step that eXceeds a predetermined artifact 
limit by an amount that eXceeds a tracking loop posi 
tioning error. 

18. A system in accordance With claim 17 Wherein the 
reconstruction error sensitivity function is detector element 
dependent. 

19. A system in accordance With claim 18 Wherein the 
reconstruction error sensitivity varies according to a distance 
of the detector element from an isocenter element. 

20. A system in accordance With claim 17 Wherein the 
detector roWs have at least 214 elements on each side of an 
isochannel element, and the reconstruction error sensitivity 
function is: 

w(i)=O.18/b(i); 
Where: i=a detector element position from an isocenter 

detector element; 

b(i)=an artifact threshold (% differential error) for a 
double detector element error; and 

b(i)=0.018, OéiéS 

b(i)=0.035+0.00075x(i—5), 532213 

b(i)=0.414+0.00365x(i—213), 21432”. 

21. A computed tomography imaging system comprising 
an X-ray source, a detector array including a plurality of 
roWs of detector elements, and a movable collimator posi 
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tionable in steps and con?gured to collimate and position an 
X-ray beam produced by said X-ray source on said detector 
array, said system con?gured to: 

obtain detector samples at a plurality of collimator step 
positions While determining a position of a focal spot of 
the X-ray fan beam; 

determine a beam position for each detector element at 
each collimator step utiliZing the determined focal spot 
positions, a nominal focal spot length, and geometric 
parameters of the X-ray fan beam, collimator, and 
detector array; and 

determine a beam position transfer function for a ratio of 
an average of detector outer roW signals to detector 
inner roW signals for a set of detector elements at an 
extreme end of the X-ray fan beam in accordance With 
a selected approximation over a selected ratio range 
betWeen a minimum and a maXimum ratio for the 
plurality of collimator step positions. 

22. A system in accordance With claim 21 Wherein said 
system being con?gured to determine a beam position 
transfer function comprises the steps of ?tting, to a polyno 
mial function, the determined beam positions at each step as 
a function of the ratio of an average of detector outer roW 
signals to detector inner roW signals, 

23. A system in accordance With claim 22 Wherein the 
polynomial function is a fourth degree polynomial. 

24. A system in accordance With claim 21 further con?g 
ured to determine a valid measurement range of the transfer 
function as end limits of the plurality of collimator step 
positions for Which an error betWeen beam positions com 
puted using the transfer function and an actual beam position 
is less than a predetermined limit. 

25. A system in accordance With claim 24 in Which the 
predetermined limit is betWeen 0.1 and 0.6 millimeters. 

26. A system in accordance With claim 24 in Which the 
predetermined limit is 0.2 millimeters. 


