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Evaluation of Digital Filters in Nuclear Medicine by Entropy
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The qualities of images obtained in scintigraphic devices are limited because of poor statistics and
finite resolving power of the devices and collimators.  Thus, processing of the image data such as
smoothing, image enhancement, reduction of high frequency noise, boundary detection, etc. may
improve information transfer to the human viewers. Improvement of the quality of nuclear medicine
images has been attempted by using various filtering techniques.  They can be classified into two
types: the space-domain filtering and the frequency-domain filtering. This paper analyzed the useful-
ness and limitations of the technique using the space-domain filtering by comparing the calculation

results of entropy in the images processed by various digital filters.
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a Fig. 1 Frequency response of the filters used in
& B this paper: (a) - (¢) low-pass filters with
= different cut-off frequencies f¢, (d) a
- Wiener filter, and (e) a band-pass filter.
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Fig. 2 Profile curves in the original image (1) and the images processed using a Wiener filter 1 (2),
a band-pass filter (3) and a low-pass filter (fc=0.1 cycles / pixel (4), fc=0.2 cycles/ pixel
(5), fc=0.3 cycles [ pixel (6) ):
(a) sampling time = 10 sec, (b) sampling time = 50 sec.
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Table 1

(a) original images with sampling time 10 sec.

Frequency matrices of profile curves in the original and processed images.
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B i R AT o

input x

5 6 7 9 10 1 12 13 u E
5 8
10 2 2 2 "
15 2 2 2 18
20 2 2 2 16
% 2 2 2 8
20 2 2
40 2 2
50 2 2
55 2 2
145 4 4
155 2 2
170 2 2 4
outputy 180 2 2 4
185 2 2
190 2 2
185 4 2 6
200 2 6 8
205 2 2 4
0 2 2
245 2 2
5 8 8 B 8 8 8 8 8 8 112
Mean 1.5 1.5 11.5 438 1538 1863 1928 201.3 210.0 79.3

SD 55 559 559 354 960 10.23 10.83 893 217 2475
Mean of SD 6%

(b) images processed by a Wiener filter 2 with sampling time 10 sec.
input x

5 6 7 9 10 1 12 13 14 z
[] 8 12
5 12
10 4 12
15 2 2 18
20 4 2 8
2 2 2
55 2 2
80 2 2
6 4 4
150 2 2
155 4 4
165 2 2
output y 210 2 2
215 2 2 4
20 4 4 8
25 ‘ 4
230 4 4
2% 2 2
240 2 2
245 4 4
250 2 2
I 8 8 8 8 8 8 8 8 8 112
Mean 200 138 0 6.3 156.3 226.3 2438 225.0 216.3 B86.5

SD 354 415 0 415 545 89 6545 500 415
Mean of SD 369



(c) images processed by a low-pass filter with fz=0.3 cycles / pixel and sampling time 10 sec.

Vol .
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(d) original images with sampling time 50 sec.

Mean of SD
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RO R R
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Mean 3.8
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(e) images processed by a Wiener filter 2 with sampling time 50 sec.

0 2 8 10
5 6 6
10 8 6 1
15 8 2 10
20 8 8 16
60 [ 6
& ;] 2
158 4 4
output y° 160 4 4
210 4 4
215 2 4 6
220 2 4 6 12
22 6 4 10
230 4 4
235 4 4
z 8 8 8 8 8 8 B 8 8 8 8 8 8 8 112
Mean 38 10.0 150 20,0 20.0 113 0 61.3 157.5 223.8 2225 2325 2188 2125 100.6
SD 2.17 0 0 0 0 217 0 217 250 217 250 25 217 250

Mean of SD 1.49

(f) images processed by a low-pass filter with fc=0.3 cycles [ pixel and sampling time 50 sec.

input x

1 2 3 4 5 3 7 8 9 10 11 12 13 14 z
5 8 8
10 8 6 14
15 2 8 8 8 26
20 4 4
% 4 4
40 4 4
45 4 4
80 8 8
125 B 8
output ¥y 165 6 6
170 2 2
185 2 2
190 8 8
200 6 2 8
205 6 6
= ] 8 8 8 8 8 8 8 8 8 8 8 8 8 112
Mean 5.0 100 1.3 150 150 150 225 425 B80.0 1250 1663 190.0 196.3 2038 784
SD 0 0 2.17 0 0 0 250 2.50 0 o 2.17 0 6.5 217

Mean of SD 1.28
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Table 2  Calculation results of entropy.
(a) sampling time 10 sec.

sampling time 10 Sec

HCX) [HCY) |HEX, Y)Y |HxCY)|[TCX:Y) | 7
PR EE 3 :

bits bits bits bits bits %
original | 5 g4 | 3.86 5.31 1.50 2.353 |60.9
image
Wisner 3.80 | 3.95 5.21 1.41 2.544 [64.3
filter 1
Wisaer 3.80 |3.96| 4.91 1.11 2.856 |72.0
filter 2
band pass | 5 g4 | 3.23 464 0.83 2.395 |74.1
filter
towpass | 3 a0 | 3.72 4.57 0.76 2.055 |79.4
filter 1
lowpass | o o0 | 3 35 4.71 0.96 2.389 |71.2
filter 2
lowopass | o 90 |3.387 4.88 1.05 2.312 |68.6
filter 3

(b) sampling time 50 sec.

sampling time 50 Sec

HCX)|HCY) | HCX,Y) [HxC(Y)|[TC(X:;Y)| 7
TaNEE

bit bits bits bits bits %
original
e 3.80 [3.33 4.70 0.89 2.435 |73.1
Wiener 3.80 | 3.54 4.45 0.64 2.896 |[81.7
filter 1 ) : : : - .
Wiener 3.80 |3.690 4.38 0.517 3.120 |84.4
filter 2 . . . ; - ;
bendpass | 2 50 | 2.58 4.05 0.24 | 2.311 |90.4
filter
lowpass | 3 8¢ [3.57 4.18 0.37 3.196 |[89.5
filter 1
low pass
filter2 | 380 [3.23 4.51 0.71 2.528 |78.1
lowpass | 3 g0 [3.12 4.39 0.58 2.541 [81.3
filter 3 :
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Simulation of the Three-Dimensional Projection Reconstruction

Kazuhiko NAMIKAWA and Shigehiro FUKUSHIMA

Department of Electrical Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo, Kyoto 606
(Received February 6, 1988, in final form April 21, 1988)

The three-dimensional projection reconstruction is to reconstruct a three-dimensional image, or a
three-variable function to be more general, from a set of its plane integrals onto lines. A projection
refers to such an integral. This reconstruction problem arises for instance in zeugmatographic magnet-
ic resonance imaging. A method based on the inverse Radon transform is already known for the
three-dimensional reconstruction. ~ However, the quality of the images reconstructed by numerical
computation of this transform has not been made clear. ~ We have studied the image property by
computer simulation. We reconstructed spherical objects and studied the directionality and an

approximation to the point spread function of the method.
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Fig. 2 The 3-dimensional projection along the
direction n.
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The purpose of this work is to materialize real time restoration of the image degraded by signal-
independent Gaussian noise. A new method proposed here is based on one-dimensional recursive
estimator known as the Kalman filter to reduce processing time. This method is a kind of nonlinear
smoothing filter which preserves the sharpness of edge images. Because the noise at the edge is not
conspicious, the estimated value at a pixel is regarded as the observed value at the pixel if the
difference between the estimated and the observed values is larger than the standard deviation of

noise. This new filter preserves sharpness of image better than ordinary smoothing method.
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Table 1 Specifications of the image

processing system

Video inpu / output NTSC composit video signal (RS-170)
monochrome

1Vp-p into 752 load

Frame memory size
(horizontal X vertical)

521 x 480 pixels, with 8 bits [ pixel (~256 Kbytes)
expandable up to 256 Kbytes x 16 (~4 Mbyies)

Host computer interface | VME bus

Host CPU Motrolla MC68000
Operating system 0S-9 / 68000
Language C
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(a) (b)

Fig. 1 (a) An original image, and (b) an image degraded by gaussian noise.

(a) (b)

(c)

Fig. 2 Images restored by Kalman filters with fixed lugs (a) L=0, (b) L=1, (c) L=2
and (d) L=5.
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