US005644610A

United States Patent (i (111 Patent Number: 5,644,610
Crawford et al. 1451 Date of Patent: Jul. 1, 1997
[54] MULTI-PROCESSOR AFTERGLOW 5,331,682 7/1994 Hsieh 378/19
ARTIFACT CORRECTION FILTER FOR USE 5517544 5/1996 Levinson 378/4
WITH COMPUTED TOMOGRAPHY
OTHER PUBLICATIONS
SCANNERS
Hsieh, J., Image Artifacts, Causes, And Correlation, Medical
[75] Inventors: Carl R. Crawford, Brookline; CT and Ultrasound: Current Technology and Applications,
Christopher C. Ruth, Danvers; Iouri (Goldman et al. ed.) Advanced Medical Publishing (1995)
Bachilov, Peabody; Ruvin Deych, pp- 488-518.
Burlington, all of Mass. .
Primary Examiner—David P. Porta
[73] Assignee: Analogic Corporation, Peabody, Mass. Assistant Examiner—David Vernon Bruce
Attorney, Agent, or Firm—Iappin & Kusmer L1P
[21] Appl. No.: 690,810 571 ABSTRACT
[22] Filed: Aug. 1, 1996 The disclosed CT scanner includes a tomography system for
L. generating data during a scan. The tomography system
Related U.S. Application Data includes a detector characterized by at least one afterglow
- amplitude and at least onc afterglow time constant, and a
[62] Division of Ser. No. 671,219, Jun. 27, 1996. sampling device for generating a plurality of samples x; for
[511 Int. CLS AG61B 6/03 all i from zero to MAX minus one of the detector output
[52] U.S.CL 378/19; 378/901 signal. The scanner also includes a set of N sub-processors
[58] Field of Search ... 364/413, 15; 378/19,  for processing the samples x;, each of the sub-processors
) 378/901 being represented by a unique integer q selected from zero
to N minus one and receiving only the samples X;., .. Each
[56]1 References Cited sub-processor includes a device for generating a compen-
sated signal according to a function of at least a portion of
U.S. PATENT DOCUMENTS the received samples and parameters representative of the
: P
4,547,893 10/1985 Gordon 378/19 afterglow a.mphtude and the afterglow time constant.
5,249,123  9/1993 Hsieh ...eiecccrsinniiinscesnenes 364/413.19 :
5,265,013 11/1993 King et al. .coueveeeicnicvnccnens 364/413.21 32 Claims, 5 Drawing Sheets

0,
/_/4 522 N
¥o;
PROCESSOR
522"
e £ o ) v /326 a0
s 7 PROCESSOR ‘
1it) X L RECONSTRUCTED
AR . . Y | fnreren
DETECTOR oewox | 1% 5229, ° r% HOX { shey | —AE s
ARRAY e, R S - PROJECTION
; PROCESSOR |
—> | Aecomsive | |
» | FiLTER
534 I !
) 532 Lo e 1
TEMPERATURE g, .
sewsoRs [T LT 0 AR
- yN-1;
PROCESSOR .

500




U.S. Patent Jul. 1, 1997 Sheet 1 of 5 5,644,610

FIG. 1

WTENSITY (PRIGR ART)
A 1IG. 2A
I/ T (PRIOR ART)
AKPLITUDE

[ \  FIG.2B

S To (PRIOR ART)




U.S. Patent Jul. 1, 1997 Sheet 2 of 5 5,644,610

(na)

22
CT T T T 1
|
} f//"? f/M { f/?ﬂ
I |
Y-RAYS | IDEAL - | /
_RL]’ verecor [® 91 —i’”’—wb oty P>
| i
| |
ACTUAL DETECTOR
190 L. . fzigae geitvion A
FIG. 3
(PRIOR ART )
22 216 L
ANALDG . .
_RAY. t
LRAYS o prrecror e oo e p; ABS
(47
.
200 220
FIlG. 4
(PRIOR ART)
r—FY, - - T
x9; %
l
N
B i ~
!
612 ||
oetay || |
|
|




5,644,610

Sheet 3 of 5

Jul. 1, 1997

U.S. Patent

(14Y §014d)

VIR

00 —

7

e e e ! :

m _umm.m.urlll_ “ .
WL L | -

< A 4 — e ’ -
ST gy | W] T | M x| 7 | seae

(3LI06ISHOITE _ R | —

oee/ | - | | gie/ ‘

| e

| | 7

Lo Y0530 J
226~ n/

SAvy-x



5,644,610

Sheet 4 of 5

Jul. 1, 1997

U.S. Patent

(1YY Y014d)

9 “OIAd

S S79vHI
Q3LI0YISHOITY

3

00

N Y0SST904d e
I-nd
N
- .\ *
WOILD3r04d N
yorg XK y YOH30
0343114 | 4 | T
| wssiond T
oee 9287 : T
A \ s
V 40553904d
oh .
" 22F

Ut

sYq

(1)

Core

AVyY
§0497130




5,644,610

Sheet 5 of 5

Jul. 1, 1997

U.S. Patent

L OIA

0%
‘I]
\ H0SSTI04d
“1-nA
. f Nb
o N | SHOSHIS
: 7 M sunvem
fremmTm q 0 _J
D 414
“ rv 465
| e |
| awisunazy | e
= | s | »
NOILIIr04d : _i{;.; .;G% z %&@y
Z » N ] . - 1
N7 E@wﬁt 7 A0 b O oA A0 svr e
07 1I08ISN0IFY ¢ I S (1)x
!
-y, | dossood || > o’
gze r " e/
1208
_“
N 0SS 30044
‘0 \
\ 226 b



5,644,610

1

MULTI-PROCESSOR AFTERGLOW
ARTIFACT CORRECTION FILTER FOR USE
WITH COMPUTED TOMOGRAPHY
SCANNERS

This application is a Divisional of U.S. patent application
Ser. No. 08/671.219 fited Jun. 27, 1996.

FIELD OF THE INVENTION

The present invention relates generally to computed
tomography (CT) scanners used in the medical arts for
generating CT images of, for example, human patients.
More particularly, the invention relates to an improved filter
for reducing astifacts in CT images caused by detector
afterglow.

BACKGROUND OF THE INVENTION

FIG. 1 shows an axial view of a third generation CT
scanner 10 that includes an X-ray source 12 and an X-ray
detector system 14 secured respectively to diametrically
opposite sides of an annular-shaped disk 16. The disk is
rotatably mounted within a gantry support (not shown) so
that during a scan, the disk continuously rotates about a
rotation axis 18 (which is normal to the plane of the page in
FIG. 1) while X-rays pass from the source 12 through an
object, such as a patient 20, positioned within the opening of
the disk to the detector system 14.

The detector system 14 typically includes an array of
individual detectors 22 disposed as a single row in the shape
of an arc of a circle having a center of curvature at the point
24, referred to as the “focal spot”, where the radiation
emanates from the X-ray source 12. The X-ray source and
the array of detectors are positioned so that the X-ray paths
between the source and each detector all lie in the same
plane (hereinafter the “slice plane” or “scanning plane”)
which is normal to the rotation axis 18 of the disk. Since the
X-ray paths originate from what is substantially a point
source and extend at different angles to the detectors, the
X-ray paths form a “fan beam” 26 that is incident on the
detector array 14. The X-rays incident on a single detector
at a measuring instant during a scan are commonly referred
to as a “ray”, and each detector generates an output signal
indicative of the intensity of its corresponding ray. Since
each ray is partially attenuated by all the mass in its path, the
output signal generated by each detector is representative of
the density of all the mass disposed between that detector
and the X-ray source (i.e., the density of the mass lying in
the detector’s corresponding ray path).

The output signals generated by the X-ray detectors are
normally processed by a signal processing portion (not
shown) of the CT system. The signal processing portion
generally includes a data acquisition system (DAS) which
filters the output signals generated by the X-ray detectors to
improve their signal-to-noise ratio. Such a DAS is described
in U.S. Pat. No. 4,547,893, which is assigned to the assignee
of the present invention and is hereby incorporated by
reference. The filtered output signals generated by the DAS
are referred to herein as “projection data signals”. The
collection of all the projection data signals at a measuring
instant is commonly referred to as a “projection” or a
‘“view”, and the angular orientation of the source 12 and
detector system 14 on the disk 16 corresponding to a
particular projection is referred to as the “projection angle”.

During a single scan, the disk 16 rotates smoothly and
continuously around the object being scanned allowing the
scanner 10 to generate a plurality of projections at a corre-
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2

sponding plurality of projection angles. In a typical scan, the
disk rotates at least 360° around the object being scanned,
and the scanner generates a new projection every time the
disk rotates an incremental amount referred to as d6, where
do is on the order of 0.125 degrees. So in a typical scan, the
scanner may generate on the order of 2,880 (i.e., eight times
360) projections. The sampling interval between measuring
adjacent projections (i.c., the time required for the disk to
rotate through an angie of dO), which is referred to by the
symbol A, is typically on the order of a millisecond.

Using well known algorithms, such as the inverse Radon
transform, a CT image may be generated from all the
projections measured at each of the projection angles. ACT
image is representative of the density of a two dimensional
“slice”, along the scanning plane, of the object being
scanned. The process of generating a CT image from the
projections is commonly referred to as “filtered back pro-
jection” or “reconstruction”, since the CT image may be
thought of as being reconstructed from the projection data.
The signal processing portion normally includes a back
projector for generating the reconstructed CT images from
the projections.

One problem with CT scanners is that a variety of noise
and error sources may potentially contribute noise or arti-
facts to the reconstructed CT images. The signal processing
portions of CT scanners therefore typically employ a host of
signal processing technigues to improve the signal-to-noise
ratio and to reduce the presence of artifacts in the recon-
structed CT images. U.S. patent application Ser. Nos.
08/584,468, 08/614,623, and 08/614,541, entitled STREAK
SUPPRESSION FILTER FOR USE IN COMPUTED
TOMOGRAPHY SYSTEMS, MOTION ARTIFACT SUP-
PRESSION FILTER FOR USE IN COMPUTED TOMOG-
RAPHY SYSTEMS, and RING SUPPRESSION FILTER
FOR USE IN COMPUTED TOMOGRAPHY SYSTEMS,
respectively, (Attorney Docket Nos. ANA-081, ANA-086,
and ANA-087, respectively), which are assigned to the
assignee of the present invention and which are hereby
incorporated by referemce, disclose several examples of
filters for suppressing such artifacts.

One important factor that can cause unwanted artifacts to
appear in the reconstructed CT images relates to the time
response of the detectors. FIGS. 2A and 2B shows graphs
that illustrate the time response of a typical X-ray detector.
FIG. 2A shows a graph of the intensity of a pulsed X-ray
signal verses time. The signal includes an X-ray pulse
having a non-zero intensity that occurs between times T, and
T,, and the intensity of the signal is zero for all other times.
FIG. 2B shows a graph of the output signals generated in
response to this X-ray pulse by an ideal detector and by an
actual detector. An ideal X-ray detector would be charac-
terized by an instantaneous time response, and would there-
fore respond instantaneously to the X-ray pulse and would
generate an output signal having an amplitude indicated by
the dashed line in FIG. 2B. Since actual detectors are
characterized by non-instantaneous time responses, an
actual detector would generate an output signal character-
ized by an exponential rise following the beginning of the
pulse at time T, and an exponential decay following the end
of the pulse at time T, as indicated by the solid line in FIG.
2B. The deviation from an ideal response, i.e., the rise and
decay times, are referred to collectively herein as “after-
glow”. The term “afterglow” often colloquially refers to the
tendency of a scintillator within a detector to continue to
“glow” or emit light even after the cessation of incident
X-ray radiation (i.e., the exponential decay following the
end of an X-ray pulse). However, as used herein the term
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“afterglow” refers both to the exponential decay and the
exponential rise.

Ideally, during a scan, each projection is measured inde-
pendently of all other projections. However, afterglow tends
to make each projection partially dependent on previously
measured projections (i.e., projections taken at preceding
projection angles). Afterglow therefore tends to introduce
unwanted artifacts into reconstructed images. For example,
in third generation CT scanners, afterglow often introduces
ring-like artifacts, referred to as “rings”, into the recon-
structed images.

FIG. 3 shows a block diagram of a prior art system 100
that compensates for afterglow artifacts. In this system, an
X-ray detector 22 is modeled as a theoretically ideal detector
112 followed by a filter 114, where filter 114 represents the
unwanted imperfections present in any particular physically
realizable detector. A filter 120 receives the output signal x(t)
generated by detector 22 and generates therefrom a cor-
rected signal y(t). The ideal detector 112 has an instanta-
neous time response and filter 114 is therefore responsible
for introducing afterglow effects into the detector output
signal x(t). Filters 114, 120 are characterized by transfer
functions g(t), h(t), respectively. g(t) is determined by the
physical characteristics of the detector 22, and h(t) is
selected to be the inverse transfer fanction of g(t) so that g(t)
and h(t) satisfy the following Equation (1)

g h(D)=5(2)

where “*” represents the convolution operator and where
&(t) represents an impulse (or Dirac delta) function. When
h(t) is selected in this manner, filter 120 removes, or
compensates for, any afterglow artifacts introduced by filter
114 so that y(t) is equivalent to the output of the theoretically
ideal detector 112. System 100 is referred to as a “decon-
volution” system, since filter 120 “deconvolves”, or
removes, the effect of the unwanted filter 114. U.S. Pat. Nos.
5.265,013 and 5.517,544 disclose deconvolution systems for
compensating for afterglow artifacts.

As is well known, the impulse response g(t) of filter 114,
for purposes of afterglow considerations, may be described
as the sum of an impulse function and an exponentially
decaying afterglow term as shown by the following Equa-
tion (2)

@

, @)

8(n+Be T

0 for r<G

2(H)= fort= 0

where t represents time, T represents the time constant for
the afterglow term, and [ represents the amplitude of the
afterglow term. When [ is much smaller than one (ie.,
P<<1), the inverse transfer function h(t) for filter 120 is
given by the following Equation (3).

3
fort= 0

A
Ap={ HD—Be T~
0 fort<0
Filter 120 may be implemented as a digital filter that

generates a sequence of output samples y; from a sequence
of input samples x; according to the following Equation (4)

@

iz I xhij
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where X, represents the input sample measured at time i, y;
represents the output sample generated at time i, and the
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4

discrete transfer function h; of filter 120 is given by the
following Equation (5)

i ®

S +fi=0i—Pe T

0 elsewhere

Bi= foriZ 0

and where §; is given by the following Equation (6)

©

and where A represents the sampling interval (i.e., the time
interval between measuring comsecutive samples x; and
Xir1)-

One problem with constructing filter 120 according to the
above Equation (4) is that the transfer function h; has an
infinite response so filter 120 would require an infinite
number of taps. Even if the transfer function h; were
truncated, filter 120 would still be required to perform an
impractically large number of computations to generate a
single output sample y;.

One way to reduce the number of computations required
to implement a deconvolution system is to use a recurslye
filter to perform the deconvolution. FIG. 4 shows a block
diagram of a prior art digital recursive deconvolution system
200 that includes a detector 22 (which is modeled as a
theoretically ideal detector 112 followed by a filter 114, as
shown in FIG. 3), an analog-to-digital converter 216, and a
recursive filter 220. The output signal x(t) generated by
detector 22 is applied to analog-to-digital converter 216
which generates a sequence of samples x; by sampling the
signal x(t) using a sampling interval having a duration equal
to A. The samples x; are applied to recursive filter 220 that
generates the set of corrected output samples y; according to
the following recursive Equation (7)

@

where c,, ¢;, and c, are constants that are algebraicaily
related to the parameters B, T, and A according to the
following Equation (8)

FECoXerX 1 16aYe

co=1-§ 3)
A

cp=—¢ T
-

cz=e *

where the initial output term y, is equal to the initial input
term X,.

The Z-transform may be used to show that the transfer
function of filter 220 (when implemented according to
Equation (7)) is equivalent to the above Equation (3), so
system 200 is functionally equivalent to system 100 (shown
in FIG. 3). As those skilled in the art will appreciate, system
200 is advantageous over system 100, since recursive filter
220 may be implemented according to Equation (7) as a
three tap filter, and need not perform an infinite number of
calculations to generate the sequence of output samples.

FIG. 5 shows a block diagram of the signal processing
portion of a prior art CT scanner 300 that uses recursive filter
220 to compensate for afterglow artifacts. Scanner 300
includes detector array 14, a data acquisition system (DAS)
316, a processor 322, and a filtered back projection module
330. Detector array 14 includes a plurality of individual
detectors 22, and each individual detector 22 generates an
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output signal x(t) in response to incident X-ray radiation.
The vector X(t) includes the collection of all the output
signals x(t) generated by the individual detectors 22, and the
vector X(t) is applied to DAS 316. During a scan, as the
detector array 14 and the X-ray source (shown in FIG. 1)
rotate around the object being scanned, the DAS 316 filters
and periodically samples (using a sampling interval of
duration equal to A) the vector X(t) and generates a sequence
of vectors X, Xy, . . . , Xpsux1, Where the total number of
projections generated during a scan is equal to MAX, which
as stated above, may be on the order of 2880. The i’th vector
X, represents the projection collected at the i’th projection
angle and includes one sample of the output signals gener-
ated by each individual detector 22 in array 14. Processor
322 receives and performs a number of filtering operations
on the vectors X for all integers i from zero to MAX minus
one, and generates therefrom a sequence of corrected vectors
Y; for all integers i from zero to MAX minus one and the
corrected vectors are applied to filtered back projection
module 330 which generates therefrom the reconstructed
images.

Processor 322 typically includes several filters, and each
of these filters provides correction for a specific type of
artifact or noise source. One of the filters included in
processor 322 may be recursive filter 220 which provides
correction for the afterglow artifacts.

One problem with scanner 300 is that processor 322 is
required to perform a very large number of computations.
Detector array 14 normally includes a large number of
detectors (e.g., CT scanners manufactured by the assignee of
the present invention typically include three hundred eighty
four detectors), and most modern CT scanners perform a
single scan in, on the order of, two seconds. To perform all
the calculations required to process all the signals generated
by detector array 14 in only two seconds, processor 322
must be a very powerful (e.g., on the order of one hundred
fifty million floating point operations per second) processor.
If processor 322 is implemented using a single processor or
computer, processor 322 must be a relatively expensive
Pprocessor.

One way to reduce the cost of a CT scanner is to use
parallel processing techniques and to implement processor
322 using an array processor that includes a set of relatively
inexpensive sub-processors. FIG. 6 shows a block diagram
of the signal processing portion of a prior art CT scanner 400
in which processor 322 is implemented using N sub-
processors 322°, 322, . . ., 322", In scanner 400 the
sequence of vectors X; generated by DAS 316 is applied to
a de-multiplexor 318 which generates therefrom N vector
sequences X7 according to the following Equation (9)

X Xivvg ®)
for all integers q from zero to N minus one (i.e., q=0, 1, 2,
... N-1I). The q’th vector sequence X9 is applied to the q’th
sub-processor 3229, so sub-processor 322° receives vectors
Xo» X Xopp - - - » and sub-processor 3221 receives vectors
X Xnea» Xoasss - - « » and so on. The q’th sub-processor
3229 generates a sequence of cutput vectors Y4, which are
described by the following Equation (10).

Y1q=Ym+q (10)

The output vectors generated by the sub-processors
322°-322"" are applied to a multiplexor 326 which gen-
erates therefrom the output vectors Y, for all integers i from
zero to MAX minus one which are then applied to the
filtered back projection module 330.
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Since each sub-processor only processes a fraction of the
vectors X, the sub-processors are less complex and less
expensive than the single processor 322 used in system 300
(shown in FIG. 3). However, one problem with system 400
is that the sub-processors cannot implement recursive
deconvohtion filter 220 (shown in FIG. 4). As described by
the above Equation (7), to compute the i’th vector Y, for the
i’th projection angle, the recursive filter 220 requires the
data from the previous adjacent (i.e., i minus one) projection
angle, and in system 400 none of the sub-processors receive
vectors from adjacent projection angles and instead only
receive vectors that are spaced apart by N. There is therefore
a need for an afterglow correction filter that may be imple-
mented by a set of parallel sub-processors.

OBJECTS OF THE INVENTION

It is an object of the present invention to substantially
reduce or overcome the above-identified problems of the
prior art.

Another object of the present invention is to provide a
multi-processor afterglow artifact correction filter.

And another object of the present invention is to provide
an improved CT scanner that includes a set of N sub-
processors for processing a set of samples x; generated by a
detector characterized by an afterglow amplitude and an
afterglow time constant, the q’th sub-processor receiving
only the samples X, and generating a compensated signal
according to a function of at least a portion of the samples
X.n+q and parameters representative of the afterglow ampli-
tude and the afterglow time constant.

Yet another object of the present invention is to provide an
improved CT scanner that includes a set of N sub-processors
for processing a set of samples X; generated by a detector
characterized by an afterglow amplitnde and an afterglow
time constant, the q’th sub-processor receiving only the
samples Xy, and including a filter for generating a com-
pensated signal from the received samples X, , and includ-
ing a device for adjusting the filter’s transfer function
according to a function of parameters representative of the
afterglow amplitude and the afterglow time constant.

Still another object of the present invention is to provide
an improved CT scanner that includes a set of N sub-
processors for processing a set of samples x; generated by a
detector characterized by a first transfer function, the q’th
sub-processor receiving only the samples X, and includ-
ing a filter characterized by a second transfer function for
generating a compensated signal from the received samples
X;arg the second transfer function being substantially an
inverse of at least a portion of the first transfer function.

And yet another object of the present invention is to
provide an improved CT scanner that includes a set of N
sub-processors for processing a set of samples x; generated
by a detector, the g’th sub-processor receiving only the
samples X,y,,, and including a recursive filter for generating
a compensated signal from the received samples X, -

And still another object of the present invention is to
provide an improved CT scanner that includes an afterglow
correction filter characterized by a transfer function, where
the transfer function is a function of temperature of the
X-ray detectors.

SUMMARY OF THE INVENTION

These and other objects are provided by an improved CT
scanner that includes a detector for generating a plurality of
samples X;, the detector being characterized by at least one
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afterglow amplitude and at least one afterglow time con-
stant. The scanner also includes a set of sub-processors for
processing the samples, a q’th one of the sub-processors
receiving only the samples Xy, .. Each sub-processor
includes a device for generating a compensated signal from
the received samples. In one form, the device may generate
the compensated signal according to a function of param-
eters representative of the afterglow amplitude and the
afterglow time constant. In another form, the device may be
a filter characterized by a transfer function, and the transfer
function may be a function of parameters representative of
the afterglow amplitude and the afterglow time constant. In
yet another form, the transfer function may be substantially
an inverse of at least a portion of a transfer function that
characterizes the detector. In other aspects, the device may
operate according to a function of the detector’s tempera-
ture.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description wherein several embodi-
ments are shown and described, simply by way of illustra-
tion of the best mode of the invention. As will be realized,
the invention is capable of other and different embodiments,
and its several details are capable of modifications in various
respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not in a restrictive or limiting
sense, with the scope of the application being indicated in
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
present invention, reference should be made to the following
detailed description taken in connection with the accompa-
nying drawings in which the same reference numerals are
used to indicate the same or similar parts wherein:

FIG. 1 shows an axial view of a prior art CT scanner;

FIG. 2A shows a graph of the intensity of a pulsed X-ray
signal versus time;

FIG. 2B shows a graph of the amplitudes of the ocutput
signals generated by an ideal detector and by an actual
detector in response to the signal shown in FIG. 2A;

FIG. 3 shows a block diagram of a prior art deconvolution
system;

FIG. 4 shows a block diagram of a prior art recursive
digital deconvolution system;

FIG. 5 shows a block diagram of the signal processing
portion of a prior art CT scanner including the recursive
afterglow correction filter shown in FIG. 4;

FIG. 6 shows a block diagram of the multi-processor
signal processing portion of a prior art CT scanner;

FIG. 7 shows a block diagram of a multi-processor signal
processing portion of a CT scanner constructed according to
the invention and including muiti-processor afterglow arti-
fact correction filters; and

FIG. 8 shows a block diagram of one of the afterglow
artifact correction filters shown in FIG. 7 and constructed
according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 7 shows a block diagram of the signal processing
portion of an improved CT scanner 500 constructed accord-
ing to the invention. Scanner 500 is similar to scanner 400
(shown in FIG. 6), however, rather than prior art sub-
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8
processors 3221-3227 improved scanner 500 includes N
sub-processors 522'-522%" and as will be discussed in
greater detail below, each sub-processor, represented by the
expression the q’th sub-processor 52279, for all integers q
from zero to N minus one, includes a recursive filter 5209
used for suppressing afterglow artifacts. Scanner 500 addi-
tionally includes a temperature sensor 532 and a memory
look up table (LUT) 534. As will be discussed in greater
detail below, the temperature sensor 532 measures the
temperature of the detectors in array 14 and generates, in
cooperation with LUT 534, a set of coefficients d,, d,, and

d,, Whiczls} are applied to the N sub-processors 522°, 5221, .
—1

The q’th sub-processor 5227 receives the vector sequence
X4, which is described by the above Equation (9), and
generates therefrom the vector sequence Y4, which is
described by the above Equation (10), for all integers q from.
zero to N minus one. The q’th vector X7 includes a set of
P samples x;7 where P is the number of individual detectors
(e.g., three hundred eighty four) in array 14, and similarly,
the q’th vector Y2 includes a set of P samples y,?, and the
samples X7 and y, are given by the following Equation (11).

x =X, g

Y iq:)’iN«(-q (11)
The procedure that the q’th recursive filter 5209 uses to
process the samples x,7 and Y,? from a single detector will
now be discussed, and those skilled in the art will appreciate
that the filter 5209 uses a similar procedure to process all the
other samples in the vectors X7 and Y7 generated in
response to other detectors in array 14.

FIG. 8 shows a block diagram of one embodiment of the
q’threcursive filter 5207 constructed according to the inven-
tion. Filter 5209 receives the input samples x,7 and generates
therefrom the output samples yZ. The input samples xhd i?
may be the samples generated by DAS 316 (shown in FIG.
7). or alternatively, may be the output samples generated by
some other filter, or may be samples of the output signals
generated by detector array 14. Filter 5207 includes two
registers or delay modules 640, 642, three signal multipliers
650, 652, 654, and a signal adder 660. The i’th input sample
x,7 is applied to an input terminal of signal multiplier 652,
and this multiplier is configured to generate an output signat
by multiplying its input by the coefficient d,. The i’th input
sample x,Z is also applied to the input terminal of delay
module 640 which delays the sample by a duration of N
times the sampling interval A so that the output signal
generated by module 640 is representative of the previous
input sample x; ,,7. The output signal generated by module
640 is applied to an input terminal of signal multiplier 650,
and this multiplier is configured to generate an output signal
by multiplying its input by the coefficient d,. Signal adder
660 generates the output signat of filter 5207 by summing the
signals present at its three input terminals, and the output
signals generated by signal multipliers 650, 652 are applied
to two of the three input terminals of adder 660. The output
signal generated by adder 660 is applied to the input terminal
of delay module 642, which delays the signal by a duration
of N times the sampling interval A. The delayed output
signal generated by module 642 is applied to an input
terminal of signal muldplier 654, and this multiplier is
configured to generate an output signal by multiplying its
input by the coefficient d,. The output signal generated by
signal multiplier 654 is applied to the remaining input
terminal of adder 660. So, filter 5207 generates the output
sample y;Z according to the following recursive Equation
(12)
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yi=doxf+d x Fdoy, 17 12)

where d,, d,, and d, are preferably given by the following
Equation (13)

d,=1-NB 13
—NA

d1=—e T
~NA

dz=e T

The inventors have discovered that implementing recursive
filter 5207 in this fashion advantageously suppresses after-
glow artifacts in the reconstructed images. While FIG. 8
shows a hardware type implementation of filer 5207, those
skilled in the art will appreciate that this filter may be
implemented using hardware or software, and is preferably
implemented as software running on sub-processor 52249,
The effectiveness of recursive filter 5209 may be under-
stood by analyzing the mathematical equations that describe
the operation of prior art filter 120 (shown in FIG. 3) and
recursive filter 5209. The above equation (4) may be
rewritten, by splitting the single summation into two
summations, as shown by the following Equation (14).

3 N+t e

m=—co  n=mN

14
yi=

Substituting the above Equation (11) into Equation (14)
yields the following Equation (15).

oo N(m+9—1
x .
m=—oco  n=mN wha

(15)

ya=

Now, substituting the above Equation (5) into Equation (15)
yields the following Equation (16).

e (16)

1
Y = XiNvg + ZXnfiNig-n
m=

Using the above Equation (11) in Equation (16) yields the
following Equation (17).

oo N(m+l
p
n=mN

Qa7n

1
yaA=x2+ XnfiNign

e
If it is assumed that the values of £, are constant over
the inner summation in the above Equation (17), then this
term may be withdrawn from the inner summation by
selecting any particular set of values for q and n (e.g., ¢=0
and n=mN) which yields the following Equation (18).

N(m+1)-1

n:me"

(18)

ya=x2+ T fomN
m=—ea

Similarly, if it is assumed that the values of x, are constant
over the inner summation, then the inner summation of
Equation (18) may be replaced with N times one of the
values of x,,. Choosing n equal to mN plus q (i.e., X,n4,)
yields the following Equation (19).

yad=x2+N b S—myNemNerg a9
=—co

Finally, substituting the above Equation (11) into Equation
(19) yields the following Equation (20).
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YA=AEN B fompEnd (20)
—

The above Equation (20) was derived from Equation (4), and
Equation (20) also describes a type of filter that can be
implemented by the sub-processors 522°, 522, . .., 5227
(shown in FIG. 7). In the same fashion that the Z-transform
may be used to show that prior art recursive filter 220
(shown in FIG. 4), when implemented according to the
above Equation (7), is equivalent to filter 120 (shown in FIG.
3), when implemented according to Equation (4), it may also
be shown that recursive filter 5207, when implemented
according to the above Equation (12), is equivalent to a filter
that implements the above Equation (20). From viewing
Equation (20), those skilled in the art will appreciate that the
transfer function H; of filter 5207 is given by the following
Equation (21).

—iNA
H;=5—NBe

Two assumptions were made during the derivation of the
above Equation (20): (1) that f;,,, . ,, was constant over the
inner summation of Equation (17), and (2) that x, was
constant over the inner summation of Equation (18).
Therefore, as long as these assumptions are valid, or at least
approximately correct, the recursive filters 5229 will provide
effective suppression of afterglow artifacts.

In typical CT scanners, the sampling interval A (i.e., the
time between measuring projections) is on the order of one
millisecond, whereas the time constant of the afterglow (i.c.,
the term r in the above Equation (3)) is on the order of
hundreds of milliseconds. Therefore, as long as the number
of processors N in scanner 600 is relatively small, the first
assumption will be valid. In one preferred embodiment, the
value of N is four, and scanner 600 includes four processors
522°, 5221, 5222, and 5223. The inventors have discovered
that the second assumption is also generally correct since the
value of any projection data signal typically does not change
radically over a small number (i.e., N) of projections.

As described by the above Equations (12) and (13), the
operation of the recursive filters 5209 depend on the param-
eters N, A, B, and 1. For any given CT scanner, the number
of processors N, and the sampling interval A are fixed.
However, the parameters [ and T, which describe the ampli-
tude and the time constant, respectively, of the afterglow
may be different for each detector. Preferably, before
improved scanner 500 (shown in FIG. 7) is used to generate
any CT images, the performance of each of the P detectors
in array 14 is measured, and a set of parameters 3 and 7T are
preferably selected that accurately characterize the afterglow
behavior of each detector.

One method of measuring the parameters 3 and T for a
detector is to measure the output signal generated by that
detector while that detector is exposed to a relatively long
burst (e.g., four seconds) of X-ray radiation, and to continue
measuring the detector output signal after the incident
radiation is interrupted (e.g., by closing a mechanical shutter
disposed between the X-ray source and the detector array, or
by turning off the power supply for the X-ray source). The
parameters 3 and T for that detector may then be extracted
from the measured data. The response of the detector
measured during the radiation burst may be used to normal-
ize the measurements taken after the cessation of the inci-
dent radiation. Since the detector output signal decays
exponentially after the incident radiation is interrupted,
taking the logarithm of this data generates a relatively linear
curve. So, the logarithm of this data may then be fit to a line

(21)
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{e.g., by a mean-square fit), and the amplitade B is given by
the Y-axis intercept of that line, and the time constant T is
given by the slope of that line.

Other components in the scanner (e.g., the DAS) may
have time constants that are shorter than the detector after-
glow time constant T, but that also affect the detector output
signal after the cessation of incident radiation. It may
therefore be preferable to only use data measured after a
waiting period following the interruption of incident radia-
tion to calculate the parameters [3 and 1. For example, one
preferred method is to only take the logarithm of data
measured approximately two hundred milliseconds after the
interruption of incident radiation. Waiting this two hundred
milliseconds allows the effects of the DAS to sufficiently
decay, and the detector afterglow is still sufficiently present
after two hundred milliseconds to permit accurate measure-
ment of § and T.

Since centripetal forces may also effect the detector
Tesponse, it may be preferable to measure the afterglow
parameters 3 and t while the disk and detector array are
stationary, and to use known methods for compensating for
any artifacts introduced into the reconstructed CT images by
the centripetal forces generated by rotation of the disk
during a CT scan.

As shown in FIG. 7, system 500 includes temperature
sensor 532 and LUT 534 for generating the coefficients d,,
d,, and d, that are used by the recursive filters 520°-520™".
The inventors have discovered that the detector afterglow
parameters {3 and T normally vary according to a function of
the detector’s temperature. It is therefore preferable to
measure the parameters 5 and T for a range of operating
temperatures. In the illustrated embodiment of system 500,
the parameters 3 and t are measured as described above for
each detector in array 14 for a range of temperatures. The
coefficients d,, d,, and d, for each detector in array 14 are
then precalculated according to the above Equation (13) for
several temperatures in that range using the measured values
of the temperature dependent parameters 3 and 7. The
precalculated values of the coefficients do, d;, and d, are
then stored in LUT 534. During operation or scanning, the
temperature sensor 532 measures the temperature of each
detector in array 44, and the temperature signal generated by
sensor 532 is used to access appropriate memory locations
in LUT 534 and thereby select an appropriate set of coef-
ficients d,, d,, and d,, for each detector, and these coefficients
are then applied to each of the N sub-processors 522°, 5227,
..., 522" The coefficients generated by LUT 534 may be
considered as a parameter signal that represents the after-
glow characteristics of the detectors according to a function
of temperature.

In one preferred embodiment, temperature sensor 532
measures the temperature of the detectors immediately prior
to the beginning of each scan, and those temperature values
are then used to generate the coefficients d,, d,, and d, that
are used during that scan. In other embodiments, the coef-
ficients d,, d,, and d, could be updated during a scan, but
this is generally not necessary since the temperature of the
detectors do not tend to shift appreciably during the time
required to complete a single scan.

The temperature sensor 532 may be implemented using a
different sensor for measuring the temperature of each
detector in array 14 (i.e., an array of P temperature sensors).
Alternatively, fewer temperature sensors may be used and
may be distributed along detector array 44. Such a system of
temperature sensors 532 is disclosed in U.S. Pat. No. 5,444,
752, entitled TOMOGRAPHY DETECTOR TEMPERA-
TURE EQUALIZATION (Attorney Docket No. ANA-047),
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and a system for processing the sensor output signals is
disclosed in U.S. Pat. No. 5,553,113, based upon U.S. patent
application Ser. No. 08/342,311, entitled AUXILIARY
DATA ACQUISITION IN A MEDICAL IMAGING SYS-
TEM (Attorney Docket No. ANA-059), which are assigned
fo the assignee of the present invention and are hereby
incorporated by reference. In one preferred embodiment,
sensor 532 is implemented using six sensors that are evenly
spaced along detector array 14. During a scan, a polynomial
curve is fit to the temperatures measured by the distributed
sensors so that the curve provides an estimate of the tem-
perature of each detector in array 14.

‘While the illustrated embodiment of FIG. 7 shows scan-
ner 500 as including LUT 534, those skilled in the art will
appreciate that alternative embodiments of scanner 500 may
not include LUT 534 and may instead include a processing
component, such as a microprocessor, for generating the
coefficients d,, d,, and d, in response to the temperature
signal supplied by sensor 532. For example, during mea-
sarement or characterization of the detectors, a polynomial
expression may be developed for each detector so that the
detector’s temperature is a parameter of the polynomial
expression and so that the polynomial expression will accu-
rately or approximately compute the afterglow parameters [3
and 7 for that detector according to a function of the
detector’s temperature. Such polynomial expressions may
be developed for example by using known mathematical
techniques to fit analytic curves to measured data. The
processing component may then be appropriately pro-
grammed so that during operation or scanning, the process-
ing component uses a measurement of each detector’s
temperature provided by sensor 532 and the appropriate
polynomial expression for that detector to compute the
coefficients d,, d,, and d, for that detector. In this fashion,
the processing component computes the coefficients d, d;,
and d, for all the detectors and applies these coefficients to
the N sub-processors §22°, 5221, . . . , 522%.

The inventors have implemented and testa system 500
using both actual and sitnulated CT data, and have found that
the afterglow artifact suppression provided by system 500 is,
for practical purposes, indistinguishable from the afterglow
artifact suppression provided by prior art system 300 (shown
in FIG. 3). So the invention provides an effective multi-
processor afterglow artifact suppression filter that is at least
as effective as, and is less expensive than, prior art non-
multi-processor filters. Further, the inventors’ discovery that
the afterglow parameters [3 and 7 are temperature dependent
may be used to improve multi-processor as well as single
processor afterglow artifact filters. For example, variations
of prior art system 200 (shown in FIG. 4) may be constructed
according to the invention that measure the temperature of
detector 22 and use this temperature measurement to adjust
the transfer function of filter 220 (e.g., adjust the coefficients
Co» €1, C, Of the above Equation (8)).

The invention has thus far been described with reference
to the above Equation (2) in which the detector afterglow is
described by a single exponential decay term. Those skilled
in the art will appreciate that detector afterglow may be more
accurately modeled as a multi-exponential series, and that
the impulse response g(t) of filter 114 (shown in FIG. 3) may
be more accurately described by the following Equation (22)

M - (22)
&D=8n+ X Pe ¥
=1

where T, represents the time constant for the i’th afterglow
term, 3, represents the amplitude of the i’th afterglow term,
and M represents the number of afterglow terms in the
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series. Different types of detectors may be characterized by
different values for the afterglow parameters T, 3;, and M,
and depending on the values of these afterglow parameters
the detectors may introduce one or more different types of
artifacts into the reconstructed CT images.

The inventors have discovered that recursive filters con-
structed according to the invention (e.g., filter 5209) are
particularly effective at suppressing “ring-like” afterglow
artifacts that are caused by afterglow time constants < in the
range of 200 to 1300 milliseconds when the product of the
amplitude and the time constant (i.e., Bt) is on the order of
5%107*. Such afterglow artifacts are commonly caused by
the popular Cadmium-Tungstate type detectors. So, filters
constructed according to the invention that implement the
above Equation (12), which was of course derived using the
above single-term exponential decay Equation (2), provide
excellent suppression of afterglow artifacts, and in
particular, provide excellent suppression of afterglow arti-
facts characteristic of Cadmium-Tungstate detectors.
However, those skilled in the art will appreciate that the
invention also embraces filters that implement Equations
derived in similar fashion using the above multi-exponential
Equation (22).

The invention has thus far been discussed in terms of third
generation CT scanners, however, those skilled in the art
will appreciate that principles taught herein may also be
applied to other types of CT scanners including fourth
generation devices, as well as to other systems including
radiation detectors that are characterized by afterglow.
Therefore, since certain changes may be made in the above
apparatus without departing from the scope of the invention
herein involved, it is intended that all matter contained in the
above description or shown in the accompanying drawing
shall be interpreted in an illustrative and not a limiting sense.

‘What is claimed is:

1. A system for processing an output signal generated by
a detector as a function of an intensity of radiation incident
on said detector, the signal response of the detector being
characterized by afterglow represented as a function of at
least one afterglow amplitude and at least one afterglow time
constant, the system including means for measuring the
temperature of the detector and for generating a parameter
signal according to a function of said temperature, said
parameter signal being representative of said afterglow
amplitude and said afterglow time constant.

2. A system according to claim 1, further including means
for generating a compensated signal according to a function
of the output signal and said parameter signal.

3. A system according to claim 2, wherein said means for
generating a compensated signal generates said compen-
sated signal according to the following equation

YECoX 1 X+

wherein y; represents a current sample of said compensated
signal, y; , represents a previous sample of said compen-
sated signal, x; represents a current sample of said output
signal, x; ; represents a previous sample of said output
signal, and c,, ¢,, and ¢, are coefficients that are functions
of said parameter signal.

4. A system according to claim 1, further including filter
means for filtering the output signal and thereby generating
a compensated signal, said filter means being characterized
by a transfer function and including means for adjusting said
transfer function according to a function of said parameter
signal.

5. A system according to claim 4, wherein said wansfer
function is substantially equal to
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iA

S;—Be *©

wherein B is a function of said parameter signal and is
representative of said afterglow amplitude, T is a function of
said parameter signal and is representative of said afterglow
time constant, and A is representative of a sampling interval
for said output signal.

6. A system for processing an output signal generated by
a detector, the detector being characterized by a first transfer
function and the detector gemerating the output signal
according to a function of an intensity of radiation incident
on the detector, the system including:

(A) means for measuring the temperature of the detector
and for generating a parameter signal as a function of
said temperature; and

(B) means for receiving the output signal and said param-
eter signal and including filter means for filtering the
output signal and thereby generating a compensated
signal, said filter means being characterized by a sec-
ond transfer function, said second tramsfer function
being substantially an inverse of at least a portion of
said first transfer function, said filter means including
means for adjusting said second transfer function
according to a function of said parameter signal.

7. A computed tomography scanning system, comprising:

(A) tomography means for generating data for a tomo-
graphic scan including (i) means for generating radia-
tion; (ii) detector means for generating at least one
output signal in response to at least a portion of the
radiation generated by the means for generating radia-
tion and incident on the detector means, said detector
means having a signal response characterized by after-
glow represented by at least one aftergiow amplitude
and at least one afterglow time constant; and (iii) means
for rotating at least the means for generating radiation
about a rotation axis during the tomographic scan;

(B) means for measuring a temperature of the detector
means and for generating a parameter signal according
to a function of said temperature, said parameter signal
being representative of said afterglow amplitude and
said afterglow time constant.

8. A system according to claim 7, further including means
for generating a compensated signal according to a function
of the output signal and said parameter signal.

9. A system according to claim 8, wherein said means for
generating a compensated signal generates said compen-
sated signal according to the following equation

YECoX ey 1 H oY

wherein y; represents a current sample of said compensated
signal, Y, , represents a previous sample of said compen-
sated signal, x; represents a cumrent sample of said output
signal, X, , represents a previous sample of said output
signal, and ¢, c,, and ¢, are coefficients that are functions
of said parameter signal.

10. A system according to claim 7, further including filter
means for filtering the output signal and thereby generating
a compensated signal, said filter means being characterized
by a transfer function and including means for adjusting said
transfer function according to a function of said parameter
signal.

11. A system according to claim 10, wherein said transfer
function is substantially equal to
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wherein 3 is a function of said parameter signal and is
representative of said afterglow amplitude, 7 is a function of
said parameter signal and is representative of said afterglow
time constant, and A is representative of a sampling interval
for said output signal.

12. A system according to claim 7, wherein said means for
measuring a temperature includes means for generafing said
parameter signal prior to a beginning of the tomographic
scan.

13. A system according to claim 7, further including
means for generating a set of samples x; of said output signal
for all integers i from zero to MAX.

14. A system according to claim 13, further including
processing means including a set of N sub-processors for
processing said samples x;, each of said sub-processors
represented by a unique integer number q selected from zero
to N minus one, and receiving only the samples X, , for all
integers i and for all integers q from zero to N minus one,
each said sub-processors further including means for gen-
erating a compensated signal according to a function of at
1<?astal a portion of the samples X;y,, and said parameter
signal.

15. A system according to claim 13, further including
processing means including a set of N sub-processors for
processing said samples x;, each of said sub-processors
represented by a unique integer number g selected from zero
to N minus one, and receiving only the samples X, for all
integers i and for all integers q from zero to N minus one,
each of said sub-processors including filter means for fil-
tering the samples X;.., and thereby generating a compen-
sated signal, said filter means being characterized by a
transfer function and including means for adjusting said
transfer function according a function of said parameter
signal.

16. A system according to claim 13, said detector means
being characterized by a first transfer function.

17. A system according to claim 16, further including
processing means inciuding a set of N sub-processors for
processing said samples x;, each of said sub-processors
represented by a unique integer number q selected from zero
to N minus one receiving only the samples x;,, for all
integers i and for all integers q from zero to N minus one,
each of said sub-processors including filter means for fil-
tering the samples X;..,, and thereby generating a compen-
sated signal, said filter means being characterized by a
second transfer function, said second transfer function being
substantially an inverse of at least a portion of said first
transfer function.

18. A computed tomography scanning system, compris-
ing:

(A) tomography means for generating data for a tomo-
graphic scan including (i) means for generating radia-
tion; (ii) detector means for generating at least one
output signal in response to at least a portion of the
radiation generated by the means for generating radia-
tion and incident on the detector means, said detector
means being characterized by a first transfer function;
and (iii) means for rotating at least the means for
generating radiation about a rotation axis during the
tomographic scan;

(B) means for measuring the temperature of the detector
and for generating a parameter signal as a function of
said temperature; and
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(C) means for receiving the output signal and said param-
eter signal and including filter means for filtering the
output signal and thereby gencrating a compensated
signal, said filter means being characterized by a sec-
ond transfer function, said second transfer function
being substantially an inverse of at least a portion of
said first transfer function, said filter means including
means for adjusting said second transfer function
according to a function of said parameter signal.

19. A system according to claim 18, wherein said filter

means includes a recursive filter.

20. A system according to claim 19, wherein said recur-
sive filter is a digital filter.

21. A computed tomography scanning system, compris-
ing:

(A) tomography means for generating data for a tomo-
graphic scan, including (i) means for generating radia-
tion; (ii) detector means for gencrating at least one
output signal in response to at least a portion of the
radiation generated by the means for generating radia-
tion and incident on the detector means, the signal
response of said detector means being characterized by
afterglow represented as a function of at least one
afterglow amplitude and at least one afterglow time
constant; (iii) means for rotating at least the means for
generating radiation about a rotation axis during the
tomographic scan; and (iv) means for sampling the
output signal doring the tomographic scan and thereby
generating a plurality of samples x; for all integers i
from zero to MAX;

(B) processing means including a set of N sub-processors
for processing said samples X;, a q’th one of said
sub-processors receiving only the samples X, for all
integers i and for all integers q from zero to N minus
one, said q’th sub-processor further including means
for generating a compensated signal according o a
function of at least a portion of the samples X, and
parameters representative of said afterglow amplitude
and said afterglow time constant.

22. A system according to claim 21, wherein said means
for generating a compensated signal comprises a recursive
filter.

23. A system according to claim 21, wherein said means
for generating a compensated signal generates said compen-
sated signal according to the equation

}’m+q=do—xzvuq+dlxna—1)4q+d))’na—1)+q

wherein yy;,, represents a current sample of said compen-
sated signal generated by said q’th sub-processor, Yag_1y.
represents a previous sample of said compensated signal
generated by said q’th sub-processor, X,;,, represents a
current sample of said output signal received by said q’th
sub-processor, X1y, Tepresents a previous sample of said
output signal received by said q’th sub-processor, and d, d,,
and d, are coefficients that are functions of said afterglow
amplitude, and said afterglow time constant.

24. A system according to claim 23, wherein said coef-
ficients d,, d,, and d, are given by the equation

dp=1—NB (13)
dy=—o
do= o
—NA
a=e T

wherein [ is representative of said afterglow amplitude, T is
representative of said afterglow time constant, and A is
representative of a sampling intervatl of said output signal.



5,644,610

17

25. A system according to claim 21, further including
means for measuring the temperature of said detector means
and for generating a parameter signal according to a function
of said temperature, said parameter signal being represen-
tative of said afterglow amplitude and said afterglow time
constant.

26. A system according to claim 25, wherein said means
for generating a compensated signal includes means for
generating said compensated signal according to a function
of at least a portion of the samples X, ,, and said parameter
signal.

27. A computed tomography scarming system, compris-
ing:

(A) tomography means for generating data for a tomo-
graphic scan, including (i) means for generating radia-
tion; (ii) detector means for generating at least one
output signal in response to at least a portion of the
radiation generated by the means for generating radia-
tion and incident on the detector means, the signal
response of said detector means being characterized by
afterglow represented as a function of at least one
afterglow amplitude and at least one afterglow time
constant; (iii) means for rotating at least the means for
generating radiation about a rotation axis during the
tomographic scan; and (iv) meatas for sampling the
output signal during the tomographic scan and thereby
generating a plurality of samples x; for all integers i
from zero to MAX;

(B) processing means including a set of N sub-processors
for processing said samples x,, each of said sub-
processors represented by a unique integer number q
selected from zero to N minus one and receiving only
the samples X;»,, for all integers i and for all integers
q from zero to N minus one, said q’th sub-processor
including filter means for filtering the samples Xy,
and thereby generating a compensated signal, said filter
means being characterized by a transfer function, said
ransfer function being a function of parameters repre-
sentative of said afterglow amplitude and said after-
glow time constant.

28. A system according to claim 27, further including

means for measuring the temperature of said detector means
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and for generating a parameter signal according to a function
of said temperature, said parameter signal being represen-
tative of said afterglow amplitude and said afterglow time
constant.

29. A system according to claim 28, wherein said filter
means includes means for adjusting said transfer function
according to a function of said parameter signal.

30. A computed tomography scanning system, compris-
ing:

(A) tomography means for generating data for a tomo-
graphic scan including (i) means for generating radia-
tion; (ii) detector means for generating at least one
output signal in response to at least a portion of the
radiation generated by the means for generating radia-
tion and incident on the detector means, said detector
means being characterized by a first transfer function;
(iii) means for rotating at least the means for generating
radiation about a rotation axis during the tomographic
scan; and (iv) means for sampling the output signal
during the tomographic scan and thereby generating a
plurality of samples x; for all integers i from zero to
MAX;

(B) processing means including a set of N sub-processors
for processing said samples X;, a q’th one of said
sub-processors receiving only the samples ;. , for all
integers i and for all integers q from zero to N minus
one, said q’th sub-processor including filter means for
filtering the samples X;y.,, and thereby generating a
compensated signal, said filter means being character-
ized by a second transfer function, said second transfer
function being substantially an inverse of at least a
portion of said first transfer function.

31. A system according to claim 30, further including
means for measuring a temperature of said detector means
and for generating a parameter signal according to a function
of said temperature.

32. A system according to claim 31, wherein said means
for filtering the samples includes means for adjusting said
second transfer function according to a function of said
parameter signal.
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