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(54) Correction for Polychromatic 
Aberration in Computed Tomography 
Images 

(57) A method and apparatus for 
correcting a computed tomography 
image for polychromatic aberration 
caused by the non-linear interaction 
(i.e. the energy dependent attenuation 
characteristics) of different body 
constituents, such as bone and soft 
tissue, with a polychromatic X-ray 
beam. An initial image is 
conventionally computed by a 
computer 16 from path 
measurements made as a source and 
detector assembly 1 2 , 1 4 scans a 
body section 18. 

In the improvement, each image 
element of the initial computed image 
representing attenuation and recorded 
in a store 20, is compared with two 
thresholds one representing one 
constituent (bone) and the other 
representing the other constituent 

(soft tissue) in a comparison device 26 
and, depending on the element value 
relative to the thresholds, a relative 
proportion of the respective 
constituent is allocated to that 
element location and corresponding 
bone and soft tissue projections are 
determined and stored in related 
stores 2 8 , 3 0 . An error projection 
generator 32 calculates projections of 
polychromatic aberration errors in the 
raw image data from recalled bone 
and tissue projections from the stores 
2 8 , 3 0 using a multidimensional 
polynomial function which 
approximates the non-linear 
interaction involved, and after filtering 
34, these are supplied to an image 
reconstruction computer 36 arranged 
similarly to 16, to compute image 

element correction values which are 
subtracted from raw image element 
values in a subtraction device 38 to 
provide a corrected reconstructed 
image which is stored 4 0 and 
displayed 22. 
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SPECIFICATION 
Correction for Polychromatic Aberration in Computed Tomography Images 

This invention relates to the correction of polychromatic aberration in computed tomography 
images provided by a method for determining radiation attenuation data of body tissue, comprising the 

5 steps of measuring projection values of said tissue by directing a known spectrum of radiation through g 
said body and measuring the spatial intensity distribution of radiation traversing said tissue along a 
multiplicity of paths, and calculating an attenuation value for each element of a first image array, 
comprising a matrix of elements, which is representative of a transverse section of said tissue, from the 
projection values. Such a method will be referred to herein as a method of the kind referred to. 

10 The invention also relates to computed tomography apparatus for measuring and imaging body -j q 
tissue, comprising scanning means for obtaining projection values of said tissue by directing a known 
polychromatic spectrum of radiation through said body and measuring the spatial intensity distribution 
of radiation traversing said tissue along a multiplicity of paths, and image generating means for 
calculating a radiation attenuation value in a pixel element of a first image array comprising a matrix of 

15 elements, which array is representative of a transverse section of said tissue, from said projection 15 
values. Such apparatus will be referred to herein as apparatus of the kind referred to. 

More specifically, this invention relates to image processing apparatus which corrects for 
polychromatic aberration in images produced by the method of computed tomography. 

Machines for producing transverse images of body sections by the methods of computed 
2 0 tomography are known, for example, for U.S. Patents No. 3 ,788,614 and 3,924,129 which are 2 0 

incorporated herein, by reference, as background material. In such apparatus one or more beams of 
penetrating radiation, typically X-rays, are projected through the body in a plurality of directions and 
are measured, typically with electronic radiation detectors, to yield a multiplicity of projections of 
internal body structures. The projections are then combined typically in a digital computer using, for 

25 example, a convolution-back projection technique, to generate images of transverse sections through 25 
the body. 

Early methods for computing the transverse image from its projections generally assumed a linear 
relationship between the lengths ofthe various constituents and the total attenuation of these 
constituents so that the integrated tissue density along the path was equal to the logarithm ofthe ratio 

3 0 of the radiation intensity entering and exiting the body. This assumption, although generally true for a 3 0 
monochromatic radiation source, produces aberrated images if utilized in a scanner having a 
polychromatic radiation spectrum in conjunction with body constituents having attenuation 
coefficients which vary with radiation energy, Prior art scanners havs included filters for hardening the 
X-ray beam (to reduce its low energy spectral content) to partially eliminate polychromatic effects. 

35 Many prior art scanners have also attempted to compensate for polychromatic effects by effectively 35 
assuming a single attenuation function for all body tissues and applying that function, in conjunction 
with a known spectrum from the X-ray source, as a first order compensation in the image 
reconstruction calculations (single spectrum or one dimensional corrections). 

Virtually all humun body tissues are found to have energy dependent X-ray attenuation 
4 0 characteristics which are dominated by the charactersitics of water (soft tissues) and bone and can be 4 0 

approximated by a combination of these characteristics. The energy attenuation spectra of water and 
bone are, however, substantially different. A polychromatic radiation beam propagating through a body 
which comprises a mixture of bone and soft tissue (on either a macroscopic or microscopic level) will 
necessarily be influenced by the combined spectra of calcium and water, which interact in a non-

45 linear fashion to distort X-ray intensity values in the measured projections. 45 
It is an object of the invention to provide an improved method and apparatus of the kind referred 

to in which polychromatic aberration in the resultant computed tomography images can be reduced or 
corrected. 

According to the invention there is provided a method for determining radiation attenuation data 
50 of body tissue, comprising the steps of: 50 

measuring projection values of said tissue by directing a known spectrum of radiation through 
said body and measuring the spatial intensity distribution of radiation traversing said tissue along a 
multiplicity of paths; 

calculating an attenuation value for each element of a first image array, comprising a matrix of 
55 elements, which is representative of a transverse section of said tissue, from the projection values, 55 

characterized in that said method further includes: 
analyzing the attenuation data of each element in said first image and assigning to each element, 

on the basis of a comparison of the attenuation data with threshold values determined by two or more 
constituents of said tissue, a specfic proportion of the attenuation data in that element for each 

60 constituent; 60 
combining said element proportions to generate a multiplicity of constituent projection values for 

each of said constituents; 
combining said constituent projection values, in accordance with a predetermined function 
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approximating the non-linear interaction of said constituents with said spectral intensity distribution, to 
generate a multiplicity of error projection values; 

reconstructing from said error projection values an error image which is representative of the 
polychromatic aberration in said first image array; and 

5 subtracting said error image from said first image array to generate an image array which is 5 
corrected in respect of polychromatic aberration. 

The method and apparatus in the present invention operate on an initial CT image which has no 
correction for polychromatic X-ray distortion or only a rough pre-reconstruction correction (i.e. a single 
spectrum correction) applied to the original projection data. The method determines an error image 

10 based on information extracted from the initial image. The error image is subtracted from the original 10 
image to obtain a corrected image. The following steps are involved in obtaining the corrected image: 

Estimates of the projections of the various biological tissues (e.g. bone and soft tissue) are 
obtained artificially from the original digitized image to the extent that these various tissues can be 
distinguished by means of their grey levels and by a priori geometric and other structural knowledge of 

15 the anatomical section that corresponds to the image: 15 
Error projections are calculated from the projections of the various biological tissue using a 

precalculated polynomial in as many variables as there are distinguishable biological tissues. The 
precalculated polynomial is determined by using the X-ray energy spectrum of the X-ray source in the 
scanning apparatus at the particular kilovoltage at which the original projection measurements were 

20 made and the linear attenuation coefficients of the biological tissues as a function of energy in such a 2 0 
way as to enforce a multidimensional linear relationship between the integrated attenuation and the 
equivalent lengths of the distinguishable tissues through which the X-ray beam passes. If a pre-
reconstruction correction was made on the original projection data, then the precalculated 
multidimensional polynomial is modified to take this pre-reconstruction correction, if any, into account; 

25 The error projections are then filtered to remove ripple that is contributed by the projection of a 25 
digitized image; 

From the error projections an error image is reconstructed by means of either the same 
reconstruction process that was used to produce the original image or by some other reconstruction 
process of sufficient accuracy; 

30 The original image and the error image are then subtracted, pixel by pixel, to obtain a corrected 30 
image. 

According to the invention there is also provided apparatus of the kind referred to comprising: 
means for analyzing the values in an original image array and for assigning to each pixel element 

a specific proportion of the attenuation coefficient of two or more constituent tissues; 
35 Means for combining the proportions of said attenuation coefficients to generate a multiplicity of 35 

constituent projections for each of said constituents; 
Means for combining said constituent projections to generate an error image wherein the value of 

each pixel value in the original image and that pixel value in a corrected image; and 
Means for subtracting the error image from the original image to generate a corrected image. 

40 The method and apparatus of the present invention thus operate to produce an error image which 4 0 
is subtracted from an original image rather than reconstructing a corrected image from corrected 
projections. Quantiation noise and reconstruction artifacts which might otherwise affect the quality of a 
corrected image reconstructed from corrected projections are thus reduced. 

An embodiment of the invention will now be described by way of example, with reference to the 
45 accompanying drawing, in which: 45 

Figure 1 illustrates the attenuation of a polychromatic X-ray beam in a homogeneous material; 
Figure 2 is an image correction system embodying the present invention; and 
Figure 3 illustrates a method for projecting pixel elements. 
It is is known that for an object consisting of a single homogeneous material, such as calcium or 

50 water, the X-ray attenuation function has a shape in the form of curve A in Figure 1. This function 50 
depends on the incident radiation spectrum and on the type of homogeneous material. Its departure 
from linearity results from the shift and change of the shape of the photon energy spectrum as photons 
of different energy undergo different attentuation in passing through the same length of material. In 
Figure 1 ,the initial slope B of the curve may be considered as the incremental linear X-ray attenuation 

55 coefficient associated with the polychromatic X-ray beam. When such an X-ray beam passes through a 55 
composite material made up of two or more distinct homogeneous materials the attenuation is a non-
linear function of the lengths of the materials and is not a sum of individual functions of single variables. 

Experience indicates that the X-ray attenuation of human body structures may be characterized 
by the attenuation of a heterogeneous structure of soft tissues (having a water-like energy attenuation 

60 spectrum) and bone (having a "compact bone"-like spectrum). Additional body structures may, in fact, 60 
comprise air or other gases, but the attenuation of such structures is so low, compared with bone and 
soft tissue, that its energy spectrum has an insignificant effect on image calculation. The non-linear 
interaction of bone and soft tissue in the attenuation of a polychromatic X-ray beam may be expressed 
by a power series of the form 

55 65 



3 GB 2 020 939 A 3 
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The interaction may be expressed in the form 

U(s l,s2)=L(s,,s2)+T(s1,s2)+£(s1,s2), 
5 where g 

T(s1,s2)=c20s1
2+c02s2

2+c11s1s2+c30s1
3+c03s2

3+c12s1s2
2+c21s1

2s2+111 H-CnoS -̂H . . . +c0Ns2
N 

is a two-dimensional polynomial of degree N, and L(s,,s2) is the linear part of the function U(s1zs2). By 
choosing the criterion for approximation properly, and the degree N of the polynomial and sufficiently 
high, ds^s,.) may be made sufficiently small for calculation purposes, so that T(s1#s2) is the correction 

10 which must be applied to compensate for the non-linear part of the interaction. Experience indicates ) 0 
that a two-dimensional cubic correction 

T(s1,s2)=c20s1
2+c02s2

2+c11s1s2+c30s1
3+c03s2

3
+c12s1s2

2+c21s1
2s2 

is satisfactory tor use with human images. 
The interaction of an X-ray beam with a heterogeneous material may be approximated by 

15 numerical integration using known spectra for the various constituents of the material and measured 15 
energy spectrum data for a particular X-ray source operating at a particular voltage. Attenuation 
coefficients for water and compact bone are, for example, tabulated in the publication "Photon Cross-
sections, Attenuation Coefficients, and Energy Coefficients from 10 KeV to 100 GeV" by J. H. Hubbell, 
National Bureau of Standards, National Standard Reference Data Series NSRDS-NBS 29, Issued 

20 August 1969. Energy spectrum data for a particular X-ray source is normally obtained by direct 20 
measurement of each type source at its expected operating voltages. The coefficients of the cubic 
approximation are calculated using any of the well known approximation algorithms. Typically a set of 
coefficients will be calculated in advance for each X-ray source and operating voltage and stored for 
later use with raw images measured at the same spectral parameters. By way of example. Table I 

25 tabulates the measured energy spectrum area J (E) AE for a Tomoscan 2 0 0 CT scanner 25 
(manufactured by Philips Medical Systems, Incorporated of Shelton, Connecticut, which utilizes a 
Philips beryllium window X-ray tube) measured at 150 KVP with a three millimeter thick aluminium 
filter inserted in the beam. Corresponding attenuation coefficients for compact bone (/umCB) and for 
water (/u Hz0) are also tabulated. The polynomial coefficients can be calculated by a suitable least 

3 0 squares approximation. Table II gives the coefficients calculated with the aid of the data of Table I. The 30 
coefficients listed in Table II are utilized in the further examples of image correction methods set forth 
below. 

Figure 2 is apparatus for correcting images and embodying the invention. A computerized 
tomographic scanner 10 includes an X-ray source 12, a detector bank 14 and an image reconstruction 

35 computer 16. The X-ray source 12 in known manner projects X-rays through a body 18 along a 35 
plurality of beam paths to measure and record a series of X-ray projection data taken through the body 
18 from a plurality of directions. Subsequently, these projection values are processed with an image 
reconstruction computer 16, using a known image reconstruction algorithm, to produce a matrix of 
discrete elements of a transverse image of the body wherein the numerical values of the elements 

40 represent the intensity in corresponding pixels of the transverse image. The matrix of image elements is 40 
stored in an image storage device 20, which may, for example, comprise core memory or disc storage. 
The raw image may be directly displayed, as in prior art scanners, on a display device 22. 

In the present embodiment of the invention the raw transverse image matrix produced by the 
computer 16 and stored in the image storage 20 is processed in an image correction processor 24 to 

45 compensate for polychromatic aberration. A projection generator 26 functions to assign relative 45 
proportions of the attenuation coefficient to soft tissue and compact bone in each pixel element 
represented in the image storage 20. The mixture of soft tissue and bone represented in each pixel of 
the raw image may correspond to a macroscopic combination of bone and soft tissue structures lying 
within the pixel area or may, alternatively, represent an intimate mixture as in varying bone or cartilage 

50 structures. The assignment of a proportion of the attenuation coefficient to bone and soft tissue in each 50 
pixel element may be based on a pattern recognition process and known structural details of the raw 
image, but is most readily accomplished by comparison of the attenuation coefficient with a multiplicity 
of thresholds, after which a percentage of the attenuation coefficient is assigned to compact bone, soft 
tissue, or contrast media in each pixel element. For example, experience indicates that all pixels having 

55 a grey scale level L greater than 100 Hounsfield units may be assumed to contain bone and that the 55 
percentage of the attenuation coefficient due to bone and soft tissue in such elements may be 
approximated by a linear interpolation of the grey scale value, relative to the upper and lower 
thresholds for soft tissue and compact bone, respectively. 
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A value of grey level due to soft tissue and bone content is thus assigned to each pixel of the raw 
image and is used to generate sets of separate projections of soft tissue and bone from the raw image 
data. The projections thus generated correspond to a decomposition of the projections which were 
measured by the scanner 10 and were utilized for the original image reconstruction, and the process of 

5 generating projections of soft tissue and bone from the raw image in the image storage 20 is the 5 
mathematical adjoint of the operation of back projection used to generate the raw image from the 
scanner convolved projection data in the computer 16. There are, of course, many algorithms and 
methods for generating images from projections and it is not necessary that the process for generating 
bone and soft tissue projection sets from the raw image correspond to the exact adjoint in the 

10 algorithm used in the scanner 10 to generate the raw image from the scanner projection data. 10 
Figure 3 illustrates a preferred method for generating projections of bone or soft tissue from an 

image matrix and is related to the so-called strip method employed in iterative reconstruction 
algorithms. It can be implemented in a manner similar to that of back-projection either in a general 
purpose digital computer or in a dedicated hardware array processor. For each projection angle $ a 

15 series of equally spaced rays are assumed through the picture matrix and each pixel is assigned to that 15 
ray, m, nearest to its center (x, y). The values of the pixel elements assigned to each ray are then 
summed, the set of sums being the projection at the angle tj> corresponding to the ray direction. Other 
projection methods, for example direct projection of Fourier transform projection, are also suitable. By 
means of a computer, for example one of the PDF 11 series computers, the raw image data can be 

2 0 compared with a threshold and soft tissue and bone projection values can be generated from the raw 20 
data. 

The projection generator 26 thus produces two sets of projection data. A first set corresponds to 
a plurality of projections, at different angles through the image plane, of the bone or calcium structures 
in the raw image and is stored in a bone projection storage 28 which may, for example comprise core 

25 memory or disk storage. A second set describes corresponding projections of the soft tissue structures 25 
in the raw image and is stored in a second storage area 30. 

The bone projections stored in device 2 8 and the soft tissue projections stored in device 30 are 
then combined in an error projection generator 32 which utilizes a precalculated polynomial, 
determined in the manner described above from the X-ray spectrum of the source 12 and the linear 

3 0 attenuation coefficients of the biological tissues, as a function of energy, to calculate projections of 3 0 
polychromatic aberrration errors in the raw image data. 

If a single-spectrum type pre-reconstruction correction for energy spectrum effects was made 
during the calculation of the raw image data in the computer 16 the pre-calculated polynomial is 
modified to take into account this pre-reconstruction correction. 

35 The error projection generator 32 may comprise a dedicated hardware processor or may 35 
comprise a general purpose digital computer programmed to calculate the error projections from the 
soft tissue projection and the bone projection data. 

The error projections produced by the projection generator 32 are filtered in a digital filter 34 to 
remove noise which inherently results from the projection of a quantized image. The digital filter 3 4 is, 

4 0 ideally, tuned to the projection generator 26. A preferred embodiment for use with a projection 4 0 
generator described above comprises a three point averaging filter in cascade with an interpretive filter. 
The interpretive filter functions, for each data point in the projection, to take the average value of 
increasingly large sets of points surrounding the data point (i.e. three points, five points, seven 
points . . . ) until the difference between the data point value and the surrounding average value is less 

45 than a predetermined threshold. The filter will not, however, increase or decrease the number of points 45 
in the averaging set by more than one point for adjacent data points. The digital filters described above 
may be implemented as dedicated hardware units or as program modules in a general purpose digital 
computer. The filtered error projections from the digital filter 34 are then combined in an image 
reconstruction computer 36 to produce an error image data set which corresponds, on an element by 

50 element basis, to the polychromatic distortion error in the raw image in the image storage 20. The 5 0 
image reconstruction computer 36 may be functionally identical to the image reconstruction function 
in the computer 16 which computes the raw image from the X-ray projections measured by the 
scanner 10 and may, thus, comprise any of the hardware or software image computers which are 
known and described in the prior art. 

55 The error image produced by the image reconstruction computer 36 is then subtracted, on a 55 
point by point basis, from the raw image held in image storage 20; the function being preformed in an 
image subtracter 38. The corrected image thus produced is fully compensated for polychromatic 
distortion and is held in a corrected image storage device 4 0 for subsequent display on the display 
device 22. 

60 As will be recognized by those skilled in the art, the image subtracter 38 may, alternately 60 
comprise a hardware digital subtracter. 

Although the preferred embodiments of the invention have been described herein with individual 
components corresponding to modules for execution in a general purpose digital computer, it should 
be recognized that, in a given dedicated system, increases in speed and efficiency may be derived by 

65 constructing some or all of the individual components as dedicated digital hardware. Tt will likewise be 65 
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recognized that the specific construction of these individual components is necessarily highly 
dependent on the nature and organization of other computing and data storage components in the 
system but that the methods for producing such hardware from the embodiments set forth herein are 
well known. Further, although the present system utilizes a two-dimensional polynomial to 

5 compensate for two tissue constituents, a higher dimensional polynomial may similarly be utilized to 5 
compensate for other tissue constituents or contrast media. 

Table I 
J(E) A E 

(Relative 
E (Energy fi CB hH2O 10 

(KEV) Units) (cm'') (cm~V 
20 .007453 5 .47950 0.769 
25 .057012 3 .61832 0.566 
3 0 .152612 1.75695 0.363 
35 .256730 1.37085 0.313 15 
4 0 .342131 0 .98475 0.263 
45 .419619 0 .82875 0 .2435 
50 .477813 0 .67275 0 .244 
55 .500218 0 .60060 0 .214 
60 .529548 0 .52845 0.204 2 0 
65 .510852 0 .49725 0 .1987 
70 .460579 0 .46605 0.1935 
75 .425318 0 .43485 0 .1882 
80 .397156 0 .40365 0.183 
85 .367806 0 .39000 0 .180 25 
90 .335680 0 .37635 0.177 
95 .312675 0 .36270 0.174 

100 .279061 0 .34905 0.171 
110 .556958 0 .33735 0.167 
120 .345380 0 .32565 0.163 3 0 
130 .227633 0 .31395 0 .159 
140 .119441 0 .30225 0.155 

Table I 

T=C20UZH20+C02U2CB+C11UCBUH20+C21U2H20UCB+C12UH20U2CB+C30U3H20+C03U3CB 

35 Tomoscan 200 at 150 KVP 3mm Al 35 
c 2 o =+0 .031142870 
c 0 2 =+0 .122494967 
C, , = + 0 . 0 9 1 1 0 7 8 0 9 
c21=—0.007 67 5052 

4 0 c 1 2 = - 0 . 0 1 0 2 2 8 4 8 1 4 0 
c 3 0 = - 0 . 0 0 2 9 2 4 2 8 5 
c 0 3=—0.008226780 

Claims 
1. Computerized tomographic apparatus for measuring and imaging body tissue comprising: 

45 scanning means for obtaining projection values of said tissue by directing a known polychromatic 45 
spectrum of radiation through said body and measuring the spatial intensity distribution of radiation 
traversing said tissue along a multiplicity of paths; 

image generating means for calculating a radiation attenuation value in a pixel element of a first 
image array comprising a matrix of elements, which array is representative of a transverse section of 

50 said tissue, from said projection values, characterized in that the apparatus further comprises 50 
means for analyzing the data in said first image array and assigning to each pixel element, on the 

basis of those data, a specific proportion of the attenuation value to each of at least two constituents of 
said tissue; 

means for combining the proportions to generate a multiplicity of constituent projection values 
55 for each of said constituents of said tissue; 55 

means for combining said constituent projection values, in accordance with a predetermined 
function approximating the non-linear interaction of said constituents with said spectral intensity 
distribution, to generate a multiplicity of error projection values; 

means for combining said error projection values to reconstruct an error image array which 
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corresponds to the polychromatic aberration in said first image array; and 
means for subtracting said error image 

image array. 
2. Apparatus as claimed in Claim 1, characterized in that said constituents are bone and soft 

5 tissue and said function is a two-dimensional cubic. 5 
3. Apparatus as claimed in Claim 1 or Claim 2, characterized in that said analyzing and assigning 

means compare the attenuation data with thresholds and determine element proportions by 
interpolating the attenuation data of said elements relative to the threshold values. 

4. Apparatus as claimed in any one of the preceding Claims, characterized in that the apparatus 
10 further includes means for filtering said error projection values. 10 

5. Apparatus for correcting polychromatic aberration in computerized tomography images, which 
have been computed from projection values measured with polychromatic radiation and in which in an 
image array comprising a matrix of elements is representative of an attenuation value for 
each element, which apparatus comprises a memory for storing the attenuation data and means for 

15 reading the attenuation data out of the memory, characterized in that the apparatus further comprises: 15 
means for analyzing the data in said first image array and assigning to each pixel element, on the 

basis of those data, a specific proportion of the attenuation value to each of at least two constituents of 
said tissue; 

means for combining the proportions to generate a multiplicity of constituent projection values 
2 0 for each of said constituents of said tissue, 2 0 

means for combining said constituent projection values, in accordance with a predetermined 
function approximating the non-linear interaction of said constituents with said spectral intensity 
distribution, to generate a multiplicity of error projection values; 

means for combining said error projection values to reconstruct an error image array which 
25 corresponds to the polychromatic aberration in said first image array; and 25 

means for subtracting said error image array from said first image array to generate a corrected 
image array. 

6. Apparatus as claimed in Claim 1 or Claim 5, characterized in that said means for producing 
constituent projection values include, for a direction of projections to be selected, means for 

30 associating each of said elements with one of a multiplicity of image strips extending in the direction of 3 0 
projection, and 

means for summing each of the proportion values for all elements associated with each strip, for 
which said proportion values are projected in the selected direction of projection. 

7. Apparatus as claimed in Claim 1 or Claim 5, characterized in that said means for combining 
35 constituent projection values functions to combine said constituent projection values in accordance 35 

with a multidimensional polynomial, whose coefficients are determined from at least-squares 
approximation of the interaction between the radiation spectrum used to determine said projection 
values and the spectral radiation absorption characteristics of said constituents. 

8. Apparatus as claimed in Claim 7, when dependent on Claim 5, characterized in that said 
40 constituents are bone and soft tissue and said multidimensional polynomial is a two-dimensional cubic. 4 0 

9. Apparatus as claimed in Claim 7, characterized in that the apparatus further includes filter 
means which filter the output of said means for combining said constituent projection values. 

10. A method for determining radiation attenuation data of body tissue, comprising the steps of: 
measuring projection values of said tissue by directing a known spectrum of radiation through 

45 said body and measuring the spatial intensity distribution of radiation traversing said tissue along a 45 
multiplicity of paths; 

calculating an attenuation value for each element of a first image array, comprising a matrix of 
elements, which is representative of a transverse section of said tissue, from the projection values, 
characterised in that said method further includes: analyzing the attenuation data of each element in 

50 said first image and assigning to each element, on the basis of a comparison of the attenuation data 50 
with threshold values determined by two or more constituents of said tissue, a specific proportion of 
the attenuation data in that element for each constituent; 

combining said element proportions to generate a multiplicity of constituent projection values for 
each of said constituents; 

55 combining said constituent projection values, in accordance with a predetermined function 55 
approximating the non-linear interaction of said constituents with said spectral intensity distribution, to 
generate a multiplicity of error projection values; 

reconstructing from said error projection values an error image which is representative of the 
polychromatic aberration in said first image array; and 

60 subtracting said error image from said first image array to generate an image array which is 60 
corrected in respect of polychromatic aberration. 

11. The method of claim 10, characterized in that said constituents are bone and soft tissue and 
said function is a two-dimensional cubic. 



7 GB 2 0 2 0 939 A 7 

12. Computed tomography apparatus comprising image processing apparatus substantially as 
herein described with reference to Figures 1 and 2. 

13. A method as claimed in Claim 9 or Claim 10 substantially as herein described with reference 
to Figures 1 and 3. 
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