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(57) ABSTRACT

The subject of the invention comprises of a method of
mapping of distribution of reference physical parameters

used in tests applying electromagnetic waves, in particular
in planar or spatial tests of objects imagined using a com-
puter tomograph, wherein the entire reference (1) or its
fragments of components used in its design and forming
determinants of its physical parameters are imaged by
high-resolution scanning, that is, at least twice, preferably
five times higher than the resolution in which the reference
will be used in future studies and a collection of layered
images of a reference or its fragment or component is
obtained, on the basis of which, by reading information out
of the image of the particular cross-section, material distri-
bution and/or absorption coeflicient distribution is deter-
mined directly, with the information about the absorption
coefficient, together with coordinates for every voxel, which
form so called spatial distribution of the absorption coefli-
cient for the particular reference element are stored in a
three-dimensional matrix, in electronic memory, with said
information being used to calculate the correction coefli-
cient, which defines for every voxel the deviation of param-
eters of the particular part of element of the reference from
the theoretical value resulting from manufacturing assump-
tions, forming so called map of manufacturing precision,
individual for the particular fragment or element of the
reference, and then the individual manufacturing precision
map for a part of the reference or its elements is written into
a common file forming the manufacturing precision defini-
tion for the entire reference.
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METHOD OF MAPPING DISTRIBUTION OF
PHYSICAL PARAMETERS OF A
REFERENCE USED IN TESTS EMPLOYING
ELECTROMAGNETIC RADIATION

[0001] The subject of the invention comprises of mapping
of physical parameters distribution of a reference used in
tests employing electromagnetic waves, in particular in
planar or spatial tests of objects imaged using a computer
tomograph.

[0002] The X-ray computer tomography method com-
prises of recording so called tomographic projections which
form the basis of computer reconstruction, aimed at obtain-
ing two-dimensional images showing cross-sections of the
studied object. These cross-sections may then be used as
basis for computer reconstruction of a three-dimensional
shape of the studied object. Because the basic application of
computer tomography includes studies of human or animal
body, in order to determine the condition of internal organs,
computer tomography results are most often presented as
transverse cross-sections or as three-dimensional recon-
structions, in which the image is presented in so called
Hounsfield scale. This scale defines the level of radiation
absorption within the scanned object and is usually visual-
ised as greyscale in which the lowest intensity, for example
white colour, denotes the maximum and the lowest intensity,
for example the black colour, denotes minimum absorption
level of X-ray radiation in the given range, The absorption
level value expressed in so called Hounsfield units for
biological tissue was determined as an absolute reference
value for properties of X-ray radiation absorption by water.
The Hounsfield scale provides the options of imaging the
given object at level adequate for imaging diagnostics.
However, this method offers no possibility of determination
of qualitative and absolute value of imaged density of the
studied object and of practical evaluation of this value.
[0003] High-resolution computer tomography, namely
microtomography or nanotomography does not use the
Hunsfield scale, but instead a greyscale recorded in 256
(8-bit) or 65500 M (16 bits unsigned short) shades of grey
or a float value scale in the range from -32 000 to 32 000
(32 bits float) are used, they are still relative scales, not
enabling quantitative determination of physical parameters.
[0004] Methods for determination of physical parameters
of the studied objects imaged using a computer tomograph
are known in the art. For example, patent PL213008 dis-
closes a method of determination of physical density of the
tested object imaged using computer tomograph and a
phantom (reference) for implementation of the method. This
solution had proposed a reference of physical density of an
object imaged using a computer tomograph, in the shape of
a batten made of material possibly not absorbing X-rays,
with through, cylindrical openings made along its length,
preferably seven parallel openings filled replaceable with
material with different levels of X-ray absorption, forming
comparative determinants of the physical density category,
preferably in the value range of 0 mg HA/cem to 1200 mg
HA/cem.

[0005] Polish patent application P.409092 also discloses a
method of determination of physical parameters of an object
imaged using computer tomograph and a system for imple-
mentation of this method. The goal of this invention is to
create the possibility of practical, quantitative determination
of physical parameters, in particular of physical density and
the X-ray absorption factor for the studied object using

Nov. 2, 2017

computer tomography, including microtomography and
nanotonmography. The system installed in this solution is
characterised by the fact that the reference of the determined
physical parameters is installed between the X-ray source
and detector, preferably directly on the detector, outside the
rotating platform of the tomograph where the scanned object
is placed, in such a way that the X-ray image of the reference
was contained in the projection image recorded during
image scanning, where the reference is formed of a batten in
which at least one opening running or not through the batten
is provided, preferably a cylindrical opening, filled with
material forming the determinant of the determined physical
parameter, enabling direct or indirect determination of the
physical parameter value within the scanned object.

[0006] The solutions known in the art, including solutions
indicated above, do not provide adequate accuracy, however,
which results from impossibility of manufacturing an ideal
reference. An ideal reference should comprise an error-free,
precise reflection of physical parameters, the known values
of which will be used for determination of so called cali-
bration curve.

[0007] Meanwhile, in practice, even with maintaining
high quality of materials, production processes and quality
control, the obtained product, namely the reference, shows
deviations from the assumed standard which are defined
with accuracy related to the amount of material used for
manufacturing (mass and volume), and not with precision
referring to its uniform distribution within the reference
area. During the manufacturing process of reference com-
ponents, for example bars made of materials with various
values of X-ray absorption coefficient, significant deviations
from the assumed value of the net absorption coefficient
occur. This is a characteristic for most references used in
tomography or microtomography. Technological imperfec-
tions in reference design have not been included so far in
further calculations and may distort the results of determined
physical parameters of the tested object. This is the situation
taking place in case of measurements with resolution similar
to the size of grains used in reference design. In case of
references used for bone tissue measurements, this is
hydroxyapatite powder, in which the grain diameter equals
5 to even 30 micrometres, thus in case of measurements
made at similar resolution, the spread of obtained results
may be quite significant, resulting from lack of information
about material distribution in the reference.

[0008] The aim of this intention is creating an opportunity
of practical, quantitative and precise determination of not
only the amounts of material used in reference design and
ensuring the defined range of physical parameters, but also
for precise measurements of the net distribution of this
material, individually for every manufactured reference, and
then recording an individual parameter correction card
which may be used every time the reference is used in tests
on an object using computer tomography. including micro-
tomography.

[0009] This task was accomplished through development
of a method of mapping distribution of physical parameters
of the reference used in studies applying electromagnetic
radiation, in particular in planar or spatial studies of objects
imaged using a computer tomograph, the core of which
resided in the fact that the reference, before it is applied in
practice for determination of—using methods disclosed for
example in the patent description of PL.213008 or the Polish
patent application P.409092—physical parameters of an
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object imaged using computer tomography, is subjected to
rigorous manufacturing control, which comprises of creation
of a spatial, high-resolution map of deviations of physical
parameter values from theoretically assumed values.
[0010] The method according to the invention is based on
the fact that the entire reference or its parts or components
designed for its construction and comprising determinants of
its physical parameters are imaged by scanning at high
resolution, that is at least twice (obtaining a smaller voxel
size in the reconstructed data), preferably five times higher
than the resolution in which the reference will be used in
future studies and a collection of layered images of the
reference is obtained, on the basis of which, through readout
of information from the image of the particular cross-
section, material and/or absorption coefficient distribution is
determined, as well as the value of absorption coefficient and
material grain size. Information about absorption coefficient
together with coordinates for every voxel, which form so
called spatial distribution of absorption coefficient for the
particular reference part, is stored in a three-dimensional
matrix, in the electronic memory, where the information is
then used to calculate the correction parameter which
defines deviation of parameters of the given reference part or
element from the theoretical value of these parameters
resulting from manufacturing assumptions, forming so
called precision map of its manufacturing, individual for
every reference part or element, and then the individual map
of manufacturing precision for the reference part or its
elements is saved in a common file forming the definition of
manufacturing precision for the entire reference.

[0011] Preferably, the process of high-resolution scanning
of the entire reference or its parts or elements used in its
design is performed using imagining with polychromatic
radiation in laboratory scanners equipped with an X-ray
lamp, or using polychromatic radiation filtered in order to
cut off low-energy photons, or monochromatised radiation
or electromagnetic waves, in particular optical tomography,
spectroscopic methods, including layer spectroscopy, light
microscopy, confocal microscopy, ultrasound methods,
acoustic and microwave methods, and most preferably using
a synchrotron station with high-energy X-ray radiation,
monochromatic or monochromatised.

[0012] Favourably, information about the absorption coef-
ficient for every voxel is stored in a three-dimensional
matrix, in a file or files, on a flash disk, SSD hard disk or
HDD hard disk, in an electronic form.

[0013] Preferably, the correction coeflicient is calculated
as follows:
wsp.korekcyjny = Wp — Wel jednostka fizyczna)
. Wp-We
wsp.korekcyjny wzgledny = W %100 [%]
[0014] where:

[0015] W ,—theoretical value assumed at the stage of
reference manufacturing

[0016] W_—measured value,

[0017] The value of the correction coefficient is used
together with the reference in such a way that for every
voxel, an appropriate value of correction coeflicient for
correction of physical parameter is taken into account during
calculations of the calibration curve.
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[0018] The correction coeflicient and relative correction
coefficient are related to two possibilities of correcting the
reference indications. On the basis of standard values of the
calculated correction coefficient, values for determinants of
its physical parameters can be directly corrected. On the
basis of the correction coefficient, the relative correction
coeflicient, expressed in percentage deviation from the theo-
retical value can also be calculated and used as a parameter.
[0019] Then the reference can be scanned using methods
known, for example, from the patent disclosure PL213008
or the Polish patent application P.409092.

[0020] At the stage of performing calibration using meth-
ods known from the aforementioned inventions, for at least
one reference layer values of image greyscale intensity are
read in relative units, by reading the value of a pixel from the
projection image, which reflects in the greyscale the inten-
sity of X-ray radiation after passing through the scanner
chamber and the reference, then the value is corrected using
the correction coeflicient calculated on the basis of theoreti-
cal value and value calculated during mapping, stored in the
reference map. The calibration process is continued for thus
corrected values in relative units, described ie. in the
aforementioned inventions known in the art.

[0021] The advantages of the method according to the
invention include increased accuracy of the reference in the
used method of quantitative measurements of physical
parameters of the object tested using tomography. The
higher quality resulting from use of the invention, namely
mapping distribution of parameters of the manufactured
reference, results not only from design assumptions and
following the procedure of component manufacture and
reference assembly, but first and foremost, every reference is
supplied with a validation protocol after manufacture. The
spatial information about the correction coeflicient is pro-
vided for a part or, preferably, for the entire reference with
the predetermined measurement accuracy resulting from
imaging resolution at the stage of validation performed for
the manufactured elements, a part of the reference or the
entire reference.

[0022] Use of the reference enables—thanks to the known
distribution of the correction coefficient—to correct the
calibration curve used in calculations of parameters for the
tested object,

[0023] The subject of the invention is depicted as an
embodiment in the drawing, in which FIG. 1—presents an
axonometric view of the reference for determined physical
parameters of the studied object, with three through open-
ings filled with material forming the determinant of the
determined physical parameter.

EXAMPLE 1

[0024] Example method of mapping distribution of physi-
cal parameters of the reference used in tests applying elec-
tromagnetic waves was performed using reference 1, the
main design element of which is the batten 2, in which there
are three cylindrical, through opening provided, along the
length of the batten and parallel to one another 3. Inside the
openings, there are three bars placed tightly, having cylin-
drical shape and size matching the diameter of openings 3 in
the batten 2, that is, of 40 mm length and 0.5 mm in
diameter. Batten 2 is made of polymethacrylate resin
(PMMA), which has the mineral density of bone tissue equal
to 0 mgHA/cem. Bars are made of a mixture of an epoxide
resin and synthetic hydroxyapatite HA. Weight ratios of the
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mixture of both materials are selected in such a way that the
net mineral density in each of the bars was, respectively, 50,
200, 400 mgHA/ccm.

[0025] Every bar of reference 1 was imaged by scanning
at a synchrotron station using monochromatic X-ray radia-
tion, in such a way that the obtained image resolution was
defined by the voxel size of 2x2x2 um and 20 000 cross-
sections recorded in a single file were obtained, in such a
manner, that the cross-section of the bar is visible in every
cross-section. The measured value of mineral density have
been determined on the basis of radiation absorption coef-
ficient used in the synchrotron measurement and written into
the file. Then, for every voxel of the image belonging to the
bar, the value of mineral density was read from a file and
compared with the theoretical value defined for the particu-
lar bar during its manufacturing, thus the correction factor
was obtained, and after referring it to the theoretical value,
it was obtained as relative correction coeflicient. Calcula-
tions were performed according to the formulae:

wsp.korekcyjny = Wp — Wel jednostka fizyczna)

. Wp-W;z
wsp.korekcyjny wigledny =

#100 [%]

[0026] where:

[0027] W ,—theoretical value assumed at the stage of
reference manufacturing

[0028] W, —measured value,

and results of calculations for the selected voxel in each of
the three bars are presented in Table 1.

TABLE 1

Gestost mineraina WSp.

teoretyczna zmierzona na podstawie korekgji

(zatozenia produkcy® obrazu wysokorozdzielezego mg/

mg/com mg/cem ccm %

50 40 10 20

200 220 -20 -10
400 390 10 2.5

@ indicates text missing or illegible when filed

After the reference had been assembled, it was used in
density measurements, where—using the known method—
calibration curve was calculated, with values measured for
bar areas in the reference before curve calculation were
corrected using the determined correction factor.

1. Method of mapping of distribution of reference physi-
cal parameters used in tests applying electromagnetic waves,
in particular in planar or spatial tests of objects imagined
using a computer tomograph, characterised in that the entire
reference (1) or its fragments of components used in its
design and forming determinants of its physical parameters
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are imagined by high-resolution scanning, that is, at least
twice, preferably five times higher than the resolution in
which the reference will be used in future studies and a
collection of layered images of a reference or its fragment or
component is obtained, on the basis of which, by reading
information out of the image of the particular cross-section,
material distribution and/or absorption coeflicient distribu-
tion is determined directly, preferably distribution, value of
absorption coefficient and material grain sizes, with the
information about the absorption coefficient, together with
coordinates for every voxel, which form so called spatial
distribution of the absorption coefficient for the particular
reference element are stored in a three-dimensional matrix,
in electronic memory, with said information being used to
calculate the correction coefficient, which defines for every
voxel the deviation of parameters of the particular part of
element of the reference from the theoretical value resulting
from manufacturing assumptions, forming so called map of
manufacturing precision, individual for the particular frag-
ment or element of the reference, and then the individual
manufacturing precision map for a part of the reference or its
elements is written into a common file forming the manu-
facturing precision definition for the entire reference.

2. Method according to claim 1 characterised in that the
process of high-resolution scanning of the entire reference
(1) or its parts or elements used in its design is performed
using imagining with polychromatic radiation in laboratory
scanners equipped with an X-ray lamp, or using polychro-
matic radiation filtered in order to cut off low-energy pho-
tons, or monochromatised radiation or electromagnetic
waves, in particular optical tomography, spectroscopic
methods, including layer spectroscopy, light microscopy,
confocal microscopy, ultrasound methods, acoustic and
microwave methods, and most preferably using a synchro-
tron station with high-energy X-ray radiation, monochro-
matic or monochromatised.

3. Method according to claim 1 characterised in that
information about the absorption coefficient for every voxel
is stored in a three-dimensional matrix, in a file or files, on
a flash disk, SSD hard disk or HDD hard disk, in an
electronic form.

4. Method according to claim 1 characterised in that
correction coefficient is calculated in the following manner:

wsp.korekcyjny = Wp — Wel jednostka fizycznal

Wp—- Wz

wsp.korekcyjny wrgledny = %100 [%]
where:
W, —theoretical value assumed at the stage of reference
manufacturing

W_—measured value,
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