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Abstract
Traditionally, the specimen obtained from a breast biopsy can only be examined by a microscope. Although the
resolution of microscope is high, it can only examine one thin section at a time. Hence, the microcalcifications next to
the observed section may be missed. To solve for this problem, we acquire the specimen by a 3D micro computed
tomography (microCT) with electron bombarded charged coupled device (EBCCD). The objective of this study was
to implement and evaluate the 3D cone-beam reconstruction algorithms for the breast specimen using microCT. We
have reconstructed the projections of specimen by parallel-beam, fan-beam, and cone-beam algorithms. For the
cone-beam algorithm, we used the tent Feldkamp-Davis-Kress method (T-FDK) in this research. To evaluate the
performance, we computed the coefficient of variation (CV) and contrast in the reconstructed images obtained from a
cubic phantom, and analyzed the result by a t-test. From the results, we found that significant advantage of T-FDK
over others. For the breast specimen, the microcalcifications can be easily identified in the images reconstructed using
the T-FDK algorithm, but not in those reconstructed from the filtered backprojection (FBP). We then displayed these
reconstructed images in 3D, and applied a 3D computer-aided diagnosis tool for classifying breast cancer. However,
there are still some artifacts caused by these analytical reconstruction methods. For the future work, we plan to apply
statistical iterative reconstruction methods in the microCT reconstruction, and expect the statistical reconstruction
methods can reduce these artifacts.
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Introduction
In present research, single photon emission computed
tomography (SPECT) with a cone-beam collimator has been
under investigation for several years [1, 2]. The main
advantages of using a cone-beam collimator are the gain in
sensitivity and resolution over images formed using standard
parallel-hole or fan-beam collimators [3, 4]. In cone-beam
X-ray medical imaging and non-destructive testing, a
two-dimensional detector is used to speed up the data
acquisition and improve the sensitivity. The X-ray source
defines the cone-beam focal point, and an image intensifier can
be used as a two-dimensional defector [5]. The FDK
a l go rith m, a fi lt er ed b a c kpro j ec tio n (FBP ) b a sed
reconstruction method, was derived to reconstruct the
cone-beam projections from mathematical and physical
phantoms [6]. It is considered a suitable cone-beam
reconstruction algorithm for the microCT. However, it has
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rarely been applied to real objects. In this study, we
implemented a modified FDK algorithm [7], called T-FDK
algorithm, and used it to reconstruct the cone-beam projection
data acquired from the microCT. This microCT scanner was
assembled by the Industrial Technology Research Institute
(ITRI), and it used a high-resolution EBCCD detector with an
X-ray generator. We acquired a specimen data from a breast
biopsy, and then applied the T-FDK algorithm.
The
reconstruction from the T-FDK method was compared to that
using a parallel-beam filtered backprojection reconstruction
algorithm.

Materials and Methods
MicroCT
The microCT made by the ITRI contains a high-frequency
X-ray generator with a mini focus X-ray tube and the EBCCD
detector. The focal spot of the X-ray tube is 1 mm2. The
EBCCD detector has a square field of view (FOV) of
55.5*55.5 mm2 and is able to acquire projections for a matrix
of 1040*1040. An object was placed on a rotating stage
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Figure 1: The illustration of devices in the micro CT system. The specimen was put on the rotating stage and was exposed 400
exposures over 360 degree to acquire projections. The EBCCD has a square FOV of 55.5*55.5 mm2. The distance from
focus spot to detector is 352 mm. The distance from center of rotating stage to detector is 75 mm.

(a)

(b)

(c)

Figure 2: The diagram shows the geometry relationship of the parameters. (a) and (b) are the diagrams to show the coordinates for real
cone-beam projection data. θ is an angle of the the virtual parallel-beam projection. c, r are column and row coordinates
of detector, respectively. c’ and r’ are specific c, r, respectively. α is an angle between normal of source and detector
system. β and γ are fan and cone angles, respectively. R is the distance of source to the detector. ρ (α ) is a
source position. (c) is the diagram to show the coordinates for virtual parallel-beam projection data. dxy and dz are column
and row coordinates of the virtual parallel-beam detector, respectively. dxy’ and dz’ are specific dxy and dz, respectively.
ρ (θ ) is an extended source position.

and was exposed 400 exposures over 360 degrees to acquire
projections in one scan. The distance from focal spot to
detector was 352 mm (see Figure 1), which was measured by
investigating the projection data.
Before obtaining
projections, a blank scan was acquired for the compensation of
non-uniform effect from the detector.
T-FDK
In the T-FDK algorithm, the cone-beam projection data
( p C (α , β , γ ) ) was transformed to virtual parallel-beam
projection data ( p P θ , d xy , d z ) by parallel rebinning step [7].
The geometry of these parameters is shown in Figure 2. In
the horizontal plane, the real cone beam projection coordinates
( α and β ) can be exactly transferred to the virtual parallel
coordinates. It can be expressed here as

(

θ = α − β , d xy ' = R sin β

(1)

, or equivalently

α = θ + β , β = arcsin

d xy '

For a flat panel detector like EBCCD, the
should be replaced by

β = arctan

)

c'
R

(2)

R

β

above
(3)

In vertical plane, the virtual coordinate can be expressed
by

d z ' = R tan (γ )cos(β )

(4)

For compensating the different ray length through the
volume, a two-dimensional cosine type weighting function was
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Figure 3: (a), (b) and (c) are the images reconstructed by parallel-beam, fan-beam and cone-beam reconstruction, respectively. The image
reconstructed by parallel-beam shows an obvious blur due to an error of fan-angle.

used:

(

)

((

))

l
w d xy , d z = cos γ d xy , d z = s
lp

(5)

, where the l s is the height of the extended source position
( ρ (θ ) ) over the central line of the virtual detector. It is
2
described by l s = R 2 − d xy
.

The l p is the length of the

ray from the extended source position to the pixel under
consideration.

It is described by l p = l s2 + d z2 .

Finally,

the p p can be rapidly reconstructed by parallel-beam
convolution backprojection (CBP) as
(a)

f ( x, y , z ) =

[(

(

) (

)) ( )]

1 2π p
p θ , d xy , d z ⋅ w d xy , d z ∗ h d xy dθ (6)
∫
2π 0
, where the
filter.

h(d xy )

is an one dimensional band limited ramp

Phantom study
A cubic phantom was used to evaluate difference among
parallel-beam, fan-beam and cone-beam reconstructions.
Tomographic images were reconstructed by the three
reconstruction methods from the same set of projections.
After the reconstruction, we then displayed the reconstructed
images in 3D view using a surface rendering method. To
compare the above three reconstructions, we computed the
coefficient of variation (CV), and contrast was measured in
regions of interest (ROIs) in the same horizontal position.
CV is defined by a ratio of standard deviation (SD) of grey
level of points in a ROI to a mean of grey level of points in a
ROI. Contrast is defined by a ratio of absolute value of a
difference that is between mean gray level of object in the ROI
and mean gray level of background in the ROI to an absolute
value of mean gray level of background. These values were
analyzed and compared to each other by the Student’s t-test.
Specimen study
A specimen obtained in mastectomy was put in a plastic
bottle filled with formalin. The bottle was then put on the
rotating stage to acquire planar projections of the specimen.
These projection data were reconstructed by both parallel and
cone-beam reconstructions. The reconstructed images can be
displayed on any section and any surface by surface rendering.
We applied a computer-aided detection (CAD) program on the

(b)
Figure 4: 3D display of the cubic phantom. The volume data is
displayed by surface rendering. We can observe the
global object to view the specific surface of interest.

reconstructed images. The CAD program was used to assist
in detecting possible regions of the microcalcifications. We
utilized a graphic user interface (GUI) to show the 3D image
and the 3D possible regions of the microcalcifications.

Results and Discussion
The reconstructed images of the cubic phantom from the
three reconstruction methods are shown in Figure 3. These
images were not in the middle section of the phantom, i.e.,
there is fan angle and small cone angle. The image
reconstructed by parallel-beam FBP shows an obvious blur due
to an error of fan angle. The images reconstructed by fan-beam
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Table 1. This table shows the comparisons of CV and contrast that were measured in the same region among the images obtained by parallel,
fan-beam and cone-beam reconstruction methods. The P value was the result of Student’s t-test.
(a) Comparison between images obtained by parallel and fan-beam reconstructions.
Parallel-beam
Fan-beam
P value
CV
0.2015
0.1988
P = 0.1920
contrast
2.8902
2.8662
P = 0.2298
(b) Comparison between images obtained by parallel and cone-beam reconstruction.
Parallel-beam
Cone-beam
P value
CV
0.2015
0.1663
P = 0.0017
contrast
2.8902
2.9844
P < 0.0001

CV
Contrast

(c) Comparison between images obtained by fan and cone-beam reconstruction
Fan-beam
Cone-beam
P value
0.1988
0.1663
P = 0.0058
2.8662
2.9844
P < 0.0001

(a)
(b)
Figure 5: The planar projections acquired by the EBCCD, (a) is projection in 0º direction. (b) is projection in 90º direction. The
specimen obtained from mastectomy was put in a plastic bottle filled with formalin.

and cone-beam show not much difference because the
cone-angle is small in our configuration. The reconstructed
result was a volume data. It not only can be displayed in
sectional images, but also can be displayed in other methods,
such as surface rendering, maximum intensity projection and
volume rendering. Figure 4 shows a surface rendering of the
phantom images. The CV and contrast in the ROIs among all
reconstructed results were shown in Table 1. These results are
compared by the Student’s t test. From the preliminary
results, one can see the effectiveness of the T-FDK
reconstruction on the cone-beam projection data from the
physical phantom.
Also, the images reconstructed by
cone-beam algorithm show a statistically significant
improvement as compared to the parallel and fan-beam
algorithms.
The projections of the specimen were acquired by the
EBCCD (see Figure 5) and reconstructed by the parallel-beam
and cone-beam reconstructions. Then, we reformatted the
tomograms to observe the specimen in axial, coronal and
sagittal view (see Figure 6). We can easily recognize the
microcalcifications in the tomograms, which were
reconstructed by the cone-beam reconstruction; in contrast, we
cannot discriminate the microcalcifications in the tomograms
reconstructed by the other method because of blurring. The
volume data of specimen was displayed by surface rendering
to show the 3D distribution of the microcalcifications (shown
in Figure 7). The microcalcification locations were defined

from the CAD program. Therefore, from the CAD results,
we can observe the relative position and configuration of the
microcalcifications.
In this experiment, we can observe a significant
improvement from the results of the cone-beam reconstruction
algorithm in terms of noise reduction and contrast
enhancement of the specimen images in the axial, coronal and
sagittal view.

Conclusions
We have implemented the T-FDK cone-beam
reconstruction algorithm, and applied it to a physical phantom
data, and a specimen data acquired from the microCT. The
images reconstructed from the parallel-beam reconstruction
method are blurring. In the images reconstructed by the T-FDK
algorithm, the CV is lower and the contrast is higher in the
reconstructed images of the cubic phantom. Our results show
that the T-FDK cone-beam reconstruction method generate
better image quality in terms of uniformity, and lesion
detection as compared to others. The microcalcifications in
the specimen can be recognized and located by visual
inspection and the CAD program. In this research, a
feasibility of the T-FDK algorithm for a real object in the
microCT imaging has been demonstrated. Finally, we hope
that more applications of cone-beam microCT will be
developed in the future.
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 6: (a), (b) and (c) are the image reconstructed by parallel-beam FBP reconstruction in axial, sagittal and coronal view,
respectively. (d), (e) and (f) are the image reconstructed by T-FDK algorithm in axial, sagittal and coronal view, respectively.
The microcalcifications can be observed in the highlight region on images reconstructed by cone-beam reconstruction.
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摘

要

有關乳房組織切片檢體的檢查，在傳統上只能以顯微鏡的方式來檢查。雖然顯微鏡可以提供很好的空間解
析度，但卻只能觀察到一個很薄的切面，因此，如果所欲觀察的微鈣化點不在這個切面的範圍之內，我們便無
法觀察到它。為了解決這個問題，我們利用微型電腦斷層儀來對檢體取像，而這個微型電腦斷層儀是使用一個
電子衝擊電荷耦合裝置來做為 X 光的偵檢器。這個研究的目的在於研究三維錐狀射束微型電腦斷層造影術在乳
房組織切片檢體的應用及評估。我們以平行射束、扇狀射束和錐狀射束三種不同的影像重組演算法來做檢體的
影像重組，在這個實驗中，我們是以 tent Feldkamp-Davis-Kress method (T-FDK)來做為錐狀射束影像重組的演算
法。我們從立方體假體的影像中以 t-test 分析影像的變異係數和對比度，發現以 T-FDK 演算法重組的影像有明
顯的改進。在評估臨床的資料上，我們可以在使用 T-FDK 演算法的影像中很明顯的觀察到在檢體中的微鈣化點，
而在使用一般濾波反投影法的影像中卻無法看到。而且我們可以將影像重構，以三維的方式來表現，並輔以三
維的電腦輔助診斷，來幫助臨床上乳癌的診斷及分期。然而，還是有一些因為濾波反投影法造成的假影，我們
希望將來可以利用統計式疊代重組法來減少相關的假影。
關鍵詞：
關鍵詞：錐狀射束、乳癌、T-FDK 演算法、微型電腦斷層儀、三維影像重組
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