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Image quality of computed tomography (CT) is very vulnerable to metal artifacts. Recently, the thickness and
background normalization techniques have been introduced. Since they provide flat sinograms, it is easy to
determine metal traces and a simple linear interpolation would be enough to describe the missing data in
sinograms. In this study, we have developed a theory describing two normalization methods and compared two
methods with respect to various sizes and numbers of metal inserts by using simple numerical simulations. The
developed theory showed that the background normalization provide flatter sinograms than the thickness
normalization, which was validated with the simulation results. Numerical simulation results with respect to various
sizes and numbers of metal inserts showed that the background normalization was better than the thickness
normalization for metal artifact corrections. Although the residual artifacts still existed, we have showed that the
background normalization without the segmentation procedure was better than the thickness normalization for
metal artifact corrections. Since the background normalization without the segmentation procedure is simple and
it does not require any users' intervention, it can be readily installed in conventional CT systems.
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Fig. 1. Sketch describing the projection of an object fix, y)
containing a circular metal insert by a single ray at a projection
angle 8. The lengths intersected by the ray with the object and
the metal insert are L(t,0) and I(t @), respectively.
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4) Metal trace or shadow

: Metal Artifact Reduction Based on Sinogram Normalization

1) Original sinogram

3) Thickness sinogram 2) Uncorrected image

8) Corrected images

8') Corrected images

6) Interpolated sinogram

7) Denormalized sinogram

S olallo] gholl 3)8] £ m Wi Aol 1d of
dlo] ghow 7 M Fojol AR Aolw
@e T

B AR TS Fal T Aol o] Suiol Gy

AT gt

3. AlZZolH

o

2 dFollA e Algdlelds gl flollA 71E3 F 7t
o] Azt F4 AT A e A vl B
ek I AAAE 918 Shepp-Logan HE-S o] g3lle
U;] 15) 7],/(].91 :L./-E %zﬂi 374]54 LHH"H HHX]?).I_QQE} :L_/_L_
ZAL Yoz ARAsgon, tokst K7k whiy AT

3") Background sinogram

5) Thickness normalization 5') Background normalization

6') Interpolated sinogram

7') Denormalized sinogram

ON

Fig. 2. Illustration of the metal
artifact reduction algorithm based
on the thickness and background
normalizations. 1) Generation of
a sinogram from the CT scan. 2)
Image reconstruction using the
sinogram 1). Generation of sino-
grams 3) and 3') by forward-
projecting the uncorrected image
after replacing its internal com-
ponents by air and redefining the
internal components, except the
metal insert, by the segmentation
procedure, respectively. 4) Extrac-
tion of metal traces from the ori-
ginal sinogram. Generation of nor-
malized sinograms 5) and Y%)
dividing 1) by 3) and 3’), respec-
tively. Interpolated sinograms 6)
’ and 6) by applying the linear

interpolation to 5) and 5'), res-
pectively, with the known metal
traces. Generation of corrected
sinograms 7) and 7’) by multi-
plying 6) and 6") by 3) and 3'),
respectively (the denormalization
procedure). Generation of correc-
ted images 8) and §).
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Fig. 3. (a) Simple circular numerical phantom consisting of water (/2 wr), bone (#£on) and gold (1 a.). Radii of each material r;
where j=water, bone, and Au, are 200, 100 and 20 mm, respectively. The center of gold material is located at #=120 mm. (b)
Comparison of normalized sinograms obtained at ¢=0°. Symbols describe the simulation results, whereas solid lines describe

theoretical calculations.
Table 1. Linear attenuation coefficients of tissue and metal, and ratios between metal and tissue at diagnostic energy.
y (cm™) fw (cm ") tnf 12y
Energy -
(keV) Bone Tissue Water Tungsten Gold . .
I bone I tissue I water “w I Au o W/ Hanter o Au/ Hanter
10 54.74 5.70 5.33 1,870.17 2,281.69 351 428
20 7.68 0.87 0.81 1,268.40 1,522.61 1,567 1,881
30 2.56 0.40 0.38 438.69 531.69 1,168 1,416
40 1.28 0.28 0.27 205.93 250.77 768 935
50 0.81 0.24 0.23 114.84 140.22 506 618
60 0.60 0.22 0.21 71.66 87.50 348 425
80 043 0.19 0.18 150.71 42.21 820 230
100 0.36 0.18 0.17 85.63 99.65 502 584
150 0.28 0.16 0.15 30.51 35.92 203 239
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Fig. 4. (a) Interpolated sinograms with various functions which include simple linear function, 2nd-, 3rd-, and 4th-order Lagrange
functions, and cubic spline. For comparison, the thickness- and background-normalized sinograms with linear interpolation are also
plotted. (b) Sinograms denormalized from the thickness and background normalizations. For comparison, the original sinogram with
linear interpolation is also plotted. All the profiles are extracted from sinograms obtained at ¢=263° at which the effect of

interpolation can be well addressed.
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Fig. 5. Restored images by using various interpolation methods for (
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o ...

an original image: (b) linear interpolation, (c) 2nd-order

Lagrange interpolation, (d) 3rd-order Lagrange interpolation, (e) 4th—0rder Lagrange 1nterpola’t10n, (f) cubic spline 1nterpolat10n, (8)
linear interpolation in the thickness-normalized sinogram, and (h) linear interpolation in the background-normalized sinogram.
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Metal Artifact Reduction Based on Sinogram Normalization

Fig. 6. Column (a) shows the reconstructed images with metal objects having various sizes. Column (b) and (c) shows the restored
images using the thickness and background normalization methods, respectively. Column (d) shows the restored images using the
background normalization method without the segmentation procedure. The insets are the profiles extracted from sinograms

obtained at ¢ =30°.
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Fig. 7. Column (a) shows the reconstructed images with various numbers of metal objects. Column (b) and (c) shows the restored
images using the thickness and background normalization methods, respectively. Column (d) shows the restored images using the

background normalization method without the segmentation procedure. The insets are the profiles extracted from sinograms
obtained at ¢ =30°.
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Hosang Jeon, et al : Metal Artifact Reduction Based on Sinogram Normalization
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