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Abstract : Present status of development of flat panel detectors and their clinical application in the world have

been surveyed, and future trends are also explored especially in the field of material researches and methods of

manufacturing. Also the importance of role of medical physicists in user side is described because characteristic

physics measurement of a detector assembly is in avoidable and essential in quality assurance in clinical routine

and acceptance test in hospitals.

Even though physics measurements and cli-nical evaluations on flat panel detectors have shown remarkable

progress and advances in these several years, future problems of cost down in manufacturing and quality

assurance to prevent individual differences between detector assem-blies must be resolved.

Results of evaluation in mammography. chest radiography. fluoroscopy for cardiovascular exa-mination, bone

tumor examination and radiotherapy application indicate that flat panel detectors are future promising materials.

Their systematic operation is contributing to heighten accuracy of image examinations and preciseness of

radiation therapy. Encouragement to medical physicists relevant to flat panel detectors is also raised in this paper,
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Analysis of 4-D CT Images Degraded by Motion Artifacts
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Abstract : 4-D computed tomography (CT) scanner provides a dynamic volumetric imaging and good contrast

detectablity with a high speed for collecting projections. In spite of these merits, some motion effects such as

respiration, cardiac motion, and patient restlessness produce artifacts that appear as blurring, doubling, and

distortion in the reconstructed images, and may lead to inaccurate diagnosis. To reduce these negative effects on

reconstructed CT images, we have developed an approximative thorax phantom to analyze the motion effect in 4-

D CT for testing the performance of the algorithm. The semi-anthropomorphic raw projections are obtained by

based on this phantom with less computer resources. We simply simulate the motion artifacts and apply a

knowledge-based method to improve the reconstructed images.

Key words : computed tomography (CT), thorax phantom, motion artifact.

1. Introduction

It is well known that the organ motion in medical

image always affects negatively the

reconstructed image and may lead to inaccurate diagnosis.

Moreover, cardiac diseases have been a big killer in the
world. It is important to early screen and accurate
diagnosis of cardiac diseases. 4 dimensional computed a
tomography (4-D CT) prototype system has been
developed recently. It is used cone-beam CT as the base,
which has a large area 2-D detector with a high speed
rotating gantry. Therefore, projection data can be
collected in short acquisition time. By a single rotation, a
volume data set with higher spatial resolution over a
wide z-axis range can be obtained. Using continuous
rotation, time-series volume data sets and three-
dimensional (3-D) dynamic images can be acquired. In
spite of these merits, during the relatively long data
acquisition time, some motion effects such as respiration,
cardiac motion, and patient restlessness hardly make the
projection data inconsistent. As the

reconstructing from projection with motion effects, there

quality of

result  of

appear some blurring, doubling, and distortion in the
reconstructed images, which may lead to inaccurate
diagnosis.

Some effective algorithms have been developed to
correct the motion artifacts. For instance, the algorithm
based on gating scheme has been widely studied (2], [3].
The auxiliary signal such as electrocardiogram (ECG) is
used to identify a quiescent period in the periodic motion
so that the acquisition of projection data may be
synchronized to be centered within the guiescent period.
Ritchie et al. developed a pixel-specific filtered back
projection algorithm. They modeled the cardiac motion
by experimental data which simplifies the clinical data.
And, the in-plane motion artifacts in CT image caused by
respiration are well corrected using this method.

In the study for dynamic image of cone-beam CT,
an experimental phantom is necessary to analyze the
motion effects on reconstruction images. For this purpose,
we developed a simple thorax phantom. We describe the
definition of the phantom and give an application
example using a knowledge-based method in the sections

as follows.
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Ellipsoid

The elementary components of the thorax

Cylinder

Fig. 1 :
phantom.

2. The thorax phantom model

It is difficult 1o mathematically model a real thorax

of body. In an experiment, a phantom is used to analyze

the motion effects and investigate the performance of

algorithms to restore the motion-degraded images. To
analyze the motion effects on the reconstruction images
and compare to the experimental data, it is rational to use
a simple phantom model. In this study, we have
developed a phantom by superposing simple shape such
as ellipsoids and cylinders. The phantom includes the
important parts of the thorax such as lungs, heart, and
spine which are usually visualized in the CT images. We
represent the lungs by two ellipsoids, the heart by one
ellipsoid. and the spine by a long cylinder. The semi-
anthropomorphic raw projection data for cone beam CT

are obtained based on the simple phantom.

2.1 The description of the phantom

The individual parts of the phantom are set at the
appropriate positions according to translation and
rotation calculation. Figure | shows two simple
components : ellipsoid and cylinder. The coordinate-
transform process is shown in Fig. 2. The point located at
(0,0,0) in the reference coordinate system is first
translated to the point (x, y, 2), then rotated to ¢ around
axis Z and # around Y. Then, the new coordinate system
is formed. The object at any spatial location can be easily

represented according to the new coordinate system. The

Vol.20 No.2 (2003)
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New coordinate system (x,y,2)| ,ZX0
O
Y’ ¥ e
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—
X
) 4
Ref. coordinate system
Fig. 2: The transform of the coordinates.
phantom can be formulated as
IT = {($3%. 7)) (1)
Q. = Trl (xx, Yk, Zk) Rot (Z, ¢u)
Rot (Y, f) Scl (ax, by, cx),
7 = [Cylinder or Ellipsoid},

where & represents the k-th component of phantom
which is composed by N components. Trl (X, i, Zk),
Scl (@, be, ), Rot (Z, ¢x), and Rot (Y, f) are transform

operations individually defined as

1. translation

1 0 0 x
5 01 0 wn
Tri(xk, v, zx) = )
e bRl I O
000 1
2. scaling
ax 0 0 0
Scl(ay, by, cx) = L $
0 a 0
0o 0 0 1



Fig. 3:

The 3D thorax phantom.

3. rotation around Y-axis

costh 0 sinfi 0

0
Riag=| 2 1 o 9
—sinfly 0 cosfth 0

0 0 0 1

4. rotation around Z-axis

cos¢, —sing: 0 0

= sin ¢ "0 ¢ ) (
Rot(Z, ¢) = sy cobp @ 0 .

0 0 1 0

0 0 0 1

In this study, we composed the thorax phantom by 6
elementary components. The values of these parameters
are shown in Table 1. Using these parameters, we can
compute the 3D thorax phantom. The 3D phantom is

shown in Fig. 3. The reconstruction conditions are : The

cone angle and fan angle are 13". The matrix size of

projection is 128X 128. The projections are collected
with 360 views in one scan. The reconstruction algorithm

used is Feldkamp's filtered back-projection [4].

3. Numerical experiment and results

The numerical simulation is conducted to evaluate
the 3D thorax phantom. A function is firstly defined to

simply represent cardiac motion. The function is given as

£it) = Ein_{_mt)tz-ﬁ- SM)' (2)

—100—

Ratio

0 . . i " .

0 50 100 150 200 250 300 350
Degree

Fig. 4: A simplified heart beat function within one scan.

where w=2zf, [ is a heart beat rate, 1 is the time at every
projection angle. Figure 4 shows an example of the
function f within one scanning cycle for heart-beat rate
of 72 bpm (beat per minute). The knowledge-based
algorithm used later assumes the cardiac status as a
function of the cardiac phase. Here, the function (see Eq.
(2)) is introduced to represent the cardiac cycle. Its ascent
and descent parts of the function simply correspond to
the diastole and systole period of a heart, respectively. In
the simulation, we assume that there is no translation
motion and the supposed heart (k=6) fluctuates based on

A= as+Jda Xf(”

B = bi+4b xf(t)

C=c+decxfl(t)

We compute the sinograms of the phantom in two
cases (static and motion). Figure 5 shows these
sinograms. Figures 5(a) and (b) are the sinograms along
the x axis and (c¢) and (d) are along the v axis. For
distinguishing the sinograms of two cases. we compute
the absolute difference images of them. Figure 6 shows
these difference images. They denote that the projections
collected under the conditions of the existing motion are
inconsistent and leads to the artifacts in reconstructed
images. We give an example to correct motion artifacts
for the developed phantom using a knowledge-based

algorithm [5]. This approach effectively utilizes temporal

I W 4 2



The parameters of the thorax phantom

and spatial information of the beating heart, selects
segments of proper projection data when the heart is with
similar volumes, and rearranges them in one scanning
cycle. We obtain the reconstructed images at every phase
of the heart beating. We examined the motion effects on
CT images by changing heart-beat rate. In this paper, we
describe the results as an example for the following
condition. We assume that the heart beat rate is 72 bpm.
The fluctuation amplitude (d[a:b:c]) is set to 25% of

the maximum of the length along the respective axis.

o

32

1 -
: .

128

135

0 45 80 180

(b) y=64

(a) x=64

Fig. 6:
motion cases.
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The absolute difference between the static and

Table 1 :
| Shape a by O 7IL L 2 O oy i
Cylindcr (k=1) 0.69 0.9 0.9 0.0 0.0 _0.0 0.0 | 0.0 2.0 N
Cylinder (k=2) 0.64 0.85 0.9 0.0 0.0 0.0 0.0 B 0.0 -0.96
Cylinder (k=3) 0.135 0.135 0.9 -0.43 0.0 0.0 0.0 0.0 0.035
Ellipsoid (k=4) 0.33 0.30 0.58 0.0 -0.40 0.0 110.0 165.0 _ -0.025
Ellipsoid (k=5) 0.33 0.30 Oﬁ 0.0 0.40 0.0 250.0 165.0 -0.025
Ellipsoid (k=6) 0.19 | 021 ‘ 0.32 | 0.05 J‘ -0.3 | 0.6 0.0 0.0 0.05
i 1 o v3
32 09t ; ] ‘\‘ 1 "_
6 08| ,', :'l v2
07| ," i "|
sl ;i ; ll
L] 30 60 %0 120 150 180 ] 30 60 90 120 150 180 o i ‘{ \
(a) x=64(static) (b) x=64(motion) Eors : ' \
04 '4 'I
0ar n' ,| 1w
i i . === 1slscan
02t/ ! o 2nd scan
i . " — 3th scan
01y ) 4 = 4th scan
[‘ ‘, - - 5th scan
[} 30 0 20 120 150 180 o 30 60 80 120 150 180 o = - vD
(c) y=B4(static) (d) y=64(motion) 0 50 100 150 200 250 300 350
2= > Degree
Fig. 5: The sinogram of the phantom. Fig.7: The cardiac motion map.

And the x-ray source rotation period is set to ls. We
divide the heart beat into three phases and utilize five
source rotation periods for the projection data. The
knowledge-based cone beam CT method used here can
be summarized as follows : 1. Obtain the relationship
between the cardiac status and the projection angle, and
make cardiac motion map. The cardiac motion map is a
representation of all the information contained in Eq. (2)
within only one rotation period of source. i.e., it is also a
superposition of shifted versions of Eq. (2) within one
scanning cycle ; 2. Find cardiac state values v, (1<i<3),
where vo and v3 are the minimum and maximum of the
cardiac state. These states are defined by [vo, v1], [t1, v2],
[v2. va], respectively ; 3. Search for the angular interval
of every cardiac state : 4. Select and rearrange the cone
beam CT projection data P, ; 5. Reconstruct each slice in
the ith cardiac state from P, using Feldkamp's filtered

back-projection algorithm [4]. Next, we describe in detail
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) Standard (b) Statel (0%-31%)

(c) State2(31%-81%

Fig. 8:
volume.

(d) State3(81%-100%)
The slice images at X=80 of the recon-structed

the correction process for the semi-anthropomorphic
cone beam CT raw data. Firstly, a cardiac motion map is
made by based on the supposed cardiac cycle function. It
is shown in Fig. 7. Secondly, we find cardiac state values
vi, (i=0,1.2.3) in the cardiac motion map. i.e., the
supposed cardiac volumes are divided into three states :
0-31%, 31-81%, and 81-100%. vy and wv3 are the
minimum and maximum of the state, respectively. We
then search for the angular interval corresponding to state
v; and rearrange cone-beam CT projection data. Finally,
the supposed cardiac volume corresponding to a certain

state v; is reconstructed from the selected projection data

using Feldkamp filtered back-projection (FBP) algorithm.

The reconstructed volume is of 128X 128X 128 volume
size. Figures 8 and 9 show the slice images at three axis
coordinates of the reconstructed volume. In these images,
Figure 8(a) and 9(a) and (¢) are the results by using only
Feldkamp FBP, the others are the results corresponding
to v; by using knowledge-based algorithm. It shows that
there is minimum volumetric change in the state 1 and
maximum volumetric change in the state 3. Because the

percentage interval of the state 3 is the smallest, the

—102-

) Standard (b) Statel (0%-31%)

(c) State2(31%-81%) ) State3(81%-100%)

(e) (f)

Standard State1 (0%-31%)

(g) State2(31%-81%) (h) State3(81%-100%)

Fig.9: The slices images of the reconstructed
volume. (a)-(d):y=80; (e)-(h): z=64.

reconstructed image shows the best visual-quality for

state 3.

4. Conclusion

In this study. a simple thorax phantom has been
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developed to analyze motion effect for testing algorithm
for cone-beam CT. The results of numerical experiment
show that the thorax phantom for cone-beam CT can be
computed without much computer resources.

The results show that the motion artifacts based on a
simple state function is removed partly by using multi-
state knowledge-based algorithm and the cardiac states is

well observed.
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Classification method of mammographic microcalcifications
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Abstract : We have been developing a computer-aided diagnosis (CAD) system for mammograms. The system
detects clustered area of mammographic microcalcifications based on density gradient analysis, and classifies the
candidates into benign or malignant according to the feature analysis. Although the image digitized with 100-gm
sampling distance (*100-pum image™) was used in our previous study, the image digitized with 50-um sampling
distance (*50-um image™) would be used to improve the classification performance because the precise shape of
microcalcification may be extracted from these images. In this study, we propose a technique of classifying
clustered microcalcifications using 50-pm image. The re-detection processing by 50-um image including noise
reduction processing based on smoothing technique is newly added to our conventional method. As a result of
applying this technique to 85 cases (137 ROIs), 10% of improvement was achieved in terms of a correct answer
rate. and the validity of this technique was investigated by ROC analysis. It was concluded that the classification
of clustered microcalcifications with higher accuracy was obtained from these procedures of using a high-
resolution image (50-um image) effectively.

Key words : high-resolution mammogram, classification method. clustered microcalcifications
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Fig.2 Example of clustered microcalcifications detection in two different sampling conditions of original 50-um sampling
image (a)and smoothed 50-um sampling image processed by median filter(b). Each area surrounded by the circle
indicates a location of a microcalcification and the area surrounded by the white bold curve represents a cluster of

microcalcifications.
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(a) (b) (c) (d)

Fig.3 Example of a microcalcification area (a)in an original 50-um image of a microcalcification. Two-gray level images
representing a microcalcification’s shape extracted from 100-um image(b), extracted from 50-um image(c), and
extracted from 50-um image processed by median filter (d) are shown.
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Fig.4 Detection example of clustered microcalcifications for original 100-um sampling image (a) and smoothed 50-um
sampling image (b) .

Vol.20 No.2 (2003) —107—



m,mwglﬁttwﬁ'm.mug1%-twﬁ:

) 3 % feed  forward B CHER S 41 5. ANN O
bu%ﬁ&*L 0~1.0DEHE L HDT,
N 03 L EaEME, FhUTFTLRMELE TS, 573
HIZIBRIBEETCHD /Sy 7 7Tuny—ar
(Back Propagation) Hll & fiv» 2,

3. & R

50um B{& % V- R E 2707 27 4
WL AMEEERRALE A eI - TFEEH
W, BET — ¥ 85 EM 126 LIz 0w T RAENEE

MAfForz. TDHh, HBYE20 FE, EM 20 fHis
DT — % & FHOTEE TV, FOMe 137 #His

HLUTREMRET-72. 4B, 126 LOE$ LD i)
AR 2 7 A% s e LT 177 HEHRIBLTWaD
#EWF—y kLTI, MR ERIZTTRL, H
HIZ Y, ENOXBIAEL VLS RRES D W
7o, PEMER OB Table 1 12RT. AFED
'ﬂ}’é'?li 70% (F1%E 72%, EtE69%)THH, [HL
HEREE A L oA RIS, IERERTH
w%mmL# hot:. T, KAFEDHINEE
Bz GEAfi 7 4 72 ¥, ROC (receiver operating
characteristic) @47 % 17 - 7=, Fig. 5 |ZfE ik &L AT
0 ROC MI#i % . ROC H7TCl, ZWrtEREd*
BBz Lizdo Tl LIS L’i"D( Fig. 5
MHEG MR E DI, AFEDE ) PFREREICES
THILGEGPAVWE WL S, F72, Az{l(ROC H
WTFOmM) 2T 2 L, 100um B2 L 508
HETIR 0598 ThoroDIk L, 50um BEIZE5
KFETIZ0744 Lo 7. ZOHENL S, D
GIKALZ 7 A% O BREHENIZOWT, KFEEIE
KiELVHEHTHDLEVRD.

4, £ =
Zefn], SOum B{EIZ BT H2HEORKDIOIZA
FATrTANTILLBHEERVAN, Itk
et A0z, (1)3X3DAFAT»74 5%
7oL, (2)3X3 OFi L7 1 v ¥ R L,

—108—

Table1 Comparison of classification performance
between our previous method and proposed one.

Previous method
using 100 - ., m image

Proposed method

using 50-, m image

3IODOFELILEL .

Benign 60% (30/50) 72% (36/50)
Malignant 60% (52/87) 69% (60/87)
Total 60% (82/137) 70% (96/137)
| T
§ )
e el Proposed method
2 0.5 Az =0.744 7
£ .
= 3
Previous method
Az=0.598

0 0.5 I
False-positive Fraction

Fig.5 Result of ROC analysis. The area under the
ROC curve (Az value) was increased from 0.598 to 0.744
by using the new method.
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Table2 Averaged RMS values in each method, as a
result of 10 cases examined.

50- e m (XiSmoothing 100 o m

(hMedian

Table 3 The number  of candidates of
microcalcifications detected in each method, as a result
of 10 cases examined.

original (2)8moothing and original i i .
5 filter differs image (1) Median A (3) Smoothing and
— i - filtier () Smoothing difference
Average of
147 139 136 140 138 Number of
: : 2
RMS values Irue positives 183 172 190
Number of
45 71 76

LT/, Table2 # &, 100um Mj{% X O 50um &
DT A2 OB 728, 50um W{ED N A
FAREA S WE VWA, 2L T, TAFLhOFiIL
WP A NZ A 2 L2 L - T, KCREEAS 100um i {§
DEFNNEDTTEDHbMI L, 2L, (2D
T2 BV A RARBE L, 100um W {§ O RIREE £ )
EuEfIc R > TWDh, ZOFHETIE, FiElk7 1
Wk o THUNEIRAL IR O BESPEADT 100um 1 {%
DENINEFLTWSEEZLR, JAUIREHE
MEICEREL RIEITEEZONS.

Sz, Mgz oV T b [ L 10 EH] (£ 10
FOEHOCTEEGL 2z, Az g FiEd e
L2z RO E L BBt O B % Table 3 12777,
FTATOFET 50um OBEE{EE V25 E 12N,
{8 B8 1 o Wl B AT KR LA L 2o, £ 72, 100pm [
GrHW L XIZRIETE 2o v akIbgx
BIELTwaBlbH -7, 32OFHE BT S L,
B)OFiEL—FE { DML 2 B L 7227,

Median Filter

false positives

Smoothing

50%

BEtEHRd £, FEOGS2FE2LL(1)D
FEFELIWEEZLONS.

RS OFER ST, BIFEECEATVESD
O [REF], HETORHFERLRAL TV RWET
HHiHb0% [ZTRE], W 2BIRE
LoTwabng [Ew] L LT, BB
Lo T#REE5E L(Fig.6). RAFLIZIZRGE
GheEald, 3FHEELIFLAEEDL LD
f2df, (D OFEHPMOFEII~, BRI LT
E5000HEHNEL, MbIweEZOLNL, £
LT, Zh63208E06, (NVDAFAT 74
My L BEER PR EOFEL L THwSZ &I
EL.

AFEEHOTREMENZTIZLIZE T,
PEREINDOELLCHNTDEIEATEDL LN
Hotz., ThbE, BENMICRYEEEROKIAHE

Smoothing and Difference

[ Good

[ ] Acceptable

l:l Poor

Fig. 6 The classification of the detected true positive candidates as a result of the shape analysis. Subjective evaluation
(three grades) to the extracted shape of microcalcification for three different techniques of noise reduction was performed.
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Fig.7 Example of a failure classification of clustered
microcalcifications. The areas surrounded by squares
represent those of non-detctions as microcalcifications.
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Table 4 The rate of a correct answer of two-resolution
images in the classification of clustered
microcalcifications.
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Fig.8 Comparison of the classfying the clustered
microcalcifications detected by 50-um image and 100-
um image.
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