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Fig. 1 Frequency response of Butterworth filter. The
cutoff frequency, fc, is the point at which the
gain B(f) is down to 0.707. The parameter n
controls the steepness of the rolloff. The pre-
sented frequency response curve shows the
Butterworth filter designed at fc=0.20 and
n=9,
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Fig. 2 Normalized power spectra for an object data.
The spectra has an almost constant value in the
high frequency region. The cutoff frequency is
determined from the value, and applied to a
parameter fc for Butterworth filter.
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Fig. 3 Filter transfer function W(f) is shown for a
typical Wiener filter. The low frequency region
indicates an inverse filter and the high frequency
region indicates a high-cut filter. Thus Wiener
filter possesses the blending of both these
sharpening and smoothing properties. The
presented frequency response curve shows the
Wiener filter designed at FWHM=3.4 and
C=0.18.
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Fig. 4 A horizontal line is drawn on a constant value
of the normalized power spectra in the high
frequency region for the object data. This line
divides the area under the plot of the power
spectra into the two areas, A and B, as shown in
the figure. The striped area B is defined as the
total power spectra of the noise components.
Another area A is defined as the total power
spectra of the signal components. The ratio
B/A is considered as the value of noise/signal
ratio, and applied to a parameter C for Wiener
filter.

<—— 2lem¢p ——>

Fig. 5 The diagram of a cylindrical phantom with a
21 cm diameter containing six cylindrical cold
areas with diameters of 1.0, 1.0, 1.0, 1.5, 2.0
and 3.0 cm, spaced 72 degrees apart. The
phantom is filled with the 99mTc¢ solution with
radioactivity concentration of 0.72 MBq/m/.
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7= ntgEEF b L7 7 AL LT,
EE lem oA Y =5 v o R TEARRIC 29MTc
7k 0.012 MBq/m/ % 1,400 m/ Adv, DN
heic 99mTe ik 0.074 MBq % BFA L 7o = 2
DA — v RiE Tz, A — TR & L
THRIENETES LI L. B AT EARE
oW 3em L L7 (Fig. 6). ~u— o 554
100 m/ D% AT ROEF v L Lic. Sml
HNHTAN— U REEEZ T 5~95ml o IL
£, ERKNEHGOETLLE Lz, %z 208
WA X O 60 U SR o> 2 FigE RV, Bl T 5 IE
B bV EVCERFB LAY v O
B & iR EE o A v b (100 ml D% 50,000
BLY 150,000 hr o M) ich D 77 v b agE
PERR L7z, b DRI 33 L2 ML
B, B —vU—2, T F—T74LFICLX
% RS AR & 4T - 2. QUM % EiC FEhic
X oTHERIEENEF AL TH L 100m! OBTA
V— D i & B A O8I (ROIL: Region of

GAMMA CAMERA ::l

INJECTOR

BALLOON

11cm¢@

Fig. 6 The fundamental structure is shown for the
phantom which is modeled on the cardiac blood
pool study. A beaker with a 11 cm diameter is
filled with 99mTc solution with radioactivity
concentration of 0.012 MBq/m/. A rubber bal-
loon joined to an injector is filled with 99mTc
solution with radioactivity concentration of
0.074 MBg/m/. These radioactive concentra-
tions were chosen to mimic the uptake of the
background and left ventricle in the clinical
multigated cardiac blood-pool images. The
balloon is set in the center of the beaker. The
volume of the balloon is variable from 5 to
100 m/. The distance from the gamma camera
to the surface of the beaker is 3.0 cm.
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FRIFRL L 0 Btk U 72 LB A B ds & OV A
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DY 7 =7 VREE K7 4 V7 WEH O L
PN F I 5T 4 DEEERHEBOHBIEOR
ME tREEX VT 72,
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THICEREEZZ OF MIZ-DFcm)

Fig. 7 The relationship between the thickness of the
scatter substance (MIX-DP) and FWHM con-
verted into the 64 x64 matrix size image.
A parameter FWHM for Wiener filter is derived
from this relationship.
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0.0 0.0 Lyfme
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COUNTS (x10000) COUNTS (x10000)

Fig. 8 A: The relationship between the counts of the

phantom image and the optimum value of the
parameter C for Wiener filter. With the fre-
quency domain Wiener filter, when the counts
of the image increase the value of the C de-
creases. This relationship agrees with the
theory. While with the temporal domain Wiener
filter, the parameter C is derived almost the
same value when the counts of the image
increase.
B: The relationship between the counts of the
clinical multigated cardiac blood-pool images
and the value of the parameter C for the fre-
quency domain Wiener filter. Compared with
the result of the phantom study (A), it is shown
that proper parameter is derived from the
method to determine the parameter C described
in this paper.
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Fig. 9 Correlation of EF (ejection fraction) by actual EF and calculated EF from the
phantom images modeled on the cardiac blood-pool study. Each phantom image
was filtered by three kinds of filters, temporal smoothing filter, frequency domain
Butterworth filter and Wiener filter. Then three kinds of EFs were calculated,
S. EF (smoothing filter EF), B. EF (Butterworth filter EF) and W. EF (Wiener

LN 2 :01: 1)
) Hi&kORE

WELAOE & L pHEIEOMERE Fig. 7 IR L
DTS5 7T IEBDOREEA A —V v SDOBED
MR ET o~ ATHOBEEOE S L v

TE.:

filter EF).

A: By the phantom image with 60 sec acquisition time. There were significant
differences in the correlation coefficients between S. EF and B. EF (p<0.01), be-
tween B. EF and W. EF (p<0.05).

B: By the phantom image with 20 sec acquisition time. There were significant
differences in the correlation coefficients between S. EF and B. EF (p<0.01),
between B. EF and W. EF (p<0.01).
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(Fig. 8B). Z oA =Moo 77 v b A
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3) EEBHOWKE

BT AN ET oAV — X577 v
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TANE, UaF—T 4NN E Tk 77
g h bRk EEY 2 h Fh S EF
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IREEAGRIC 31T 5 BEGD BAH &R Actual EF L S.
EF, B. EF, W. EF © o#f{%%x 0.935, 0.965,
0978 t&# v, S.EF ¥ B. EF, S.EF ¢ W. EF
Dz 1% LLF, B.EF & W.EF o [iic i
5% UTofRETHEZEL R 2 (Fig. 9A). %
7z 20 BRI SO W T [AiEORE E fTokc b =
%, Actual EF & S. EF, B. EF 33X (8 W. EF }
DZERNFH OEZRET 0.884, 0.931, 0.959 <&
v, S.EF ¢ B.EF, S.EF ¢ W.EF, B.EF }
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Fig. 10 Comparison of end-diastolic frames of gated
cardiac blood-pool images filtered by 3 <3
points temporal smoothing filter, frequency
domain Butterworth filter and Wiener filter.
The profile curves of these images across the
right and left ventricles are shown.

W.EF oflicizvw+Fid 1% LLTOfERERTH
HEXF o (Fig. 9B).
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D—Fl% Fig. 10 IZ;R3. 22 TLh7F—F7 Ak
i &k 5 EEHH 2% LVGEF (Left Ventriculog-
raphy EF) L REL L, 3X3 PR LA, JHHEK2
MANE—T—27 408, UgF—7 4050
BT ol 7 — ntgh ok - SR E h
Z # S. LVEF (Smoothing filter EF), B. LVEF
(Butterworth filter EF), W. LVEF (Wiener filter
EF) ¢ #ie+ 5. LVGEF ¢t S. LVEF, B. LVEEF,
W. LVEF » o#HB{%%0 0.83, 0.86, 0.88 T& -
7o (Fig. 11A). 3 RO FBIREC (3 TR & R
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Fig. 11 A: Correlation of left ventricular ejection fraction (LVEF) by left ventriculog-
raphy (LVGEF) and calculated LVEF from thirty-one cases of the gated cardiac
blood-pool studies. Each blood-pool image was filtered by three kinds of filters,
temporal smoothing filter, frequency domain Butterworth filter and Wiener filter.
Then three kinds of LVEFs were calculated, S. LVEF (smoothing filter LVEF), B.
LVEF (Butterworth filter LVEF) and W. LVEF (Wiener filter LVEF).

B: Comparison of LVEFs obtained by three different filtering method, S. LVEF,
B. LVEF and W. LVEF, respectively.

Do, HIEDDH B t RET S. LVEF &
B. LVEF, S. LVEF ¢ W. LVEF ozt 1% &L
F, B.LVEF ¥ W.LVEF oficiz 5% UTFoD
SRR A H 2y Bz (Fig. 11B). LAEOHi
STWHEWESICIEERB GO 7 o FE R
100,000 LLF @ 9 fEFIC > T REEDRKRE 21T -
7z & = %, LVGEF & S.LVEF, B. LVEF $ k(¢
W.LVEF ro%hZhorEi%EEkE 0.79, 0.83,
0.85 T& - /= (Fig. 12A). 3 #[E 0 FHEAREIC

BEEZE2RBOBDL 1D, HEOH 2 tRET
S. LVEF ¢ B. LVEF, S. LVEF » W. LVEF, B.
LVEF ¢ W.LVEF offficizvw¥n b 1% LLFD
filkRE THEE %R v (Fig. 12B).
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Fig. 12 A: Correlation of LVEFs by left ventriculography and calculated LVEF from
nine cases of the gated cardiac blood-pool studies in which the counts per frame

were lower than 100,000.

B: Comparison of LVEFs in nine cases obtained by three different filtering
methods, S. LVEF, B. LVEF and W. LVEF, respectively in which the counts

per frame were lower than 100,000.
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A REAL SPACE FILTER B FOURIER TRANSFORM

(FWHM=3.0 , C=0.2)
?gUNYS AMPLITUDE
|
| |
ﬁ\l— / L\A /
2 32 PIXEL [+ 0.5 CYCLES/PIXEL

30]

|
by | — R
T @8 2 4.5

Fig. 13 A: Plots of the temporal Wiener filters for
pixel counts of 10, 30, 50 and 100, respectively.
B: Plots of the power spectra of the temporal
Wiener filters for pixel counts of 10, 30, 50 and
100, respectively. It becomes clear that the
frequency response of the temporal Wiener
filter depends on the pixel counts of the object
image.
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Summary

Experimental and Clinical Studies of Frequency Domain Butterworth Filter
and Wiener Filter on Process of Radionuclide Imaging

Chietsugu KATo

Department of Nuclear Medicine, Hokkaido University School of Medicine

A frequency domain filtering method provides
accurate frequency response. In order to provide
optimal radionuclide image quality, Butterworth
or Wiener filters were applied in the frequency
domain. A method is developed to determine
automatically their optimal parameters from the
power spectra of the object images. Phantom
studies showed that proper parameters were
derived by this method. Thirty-one cases of
multigated cardiac blood-pool images and phan-
tom images modeled on the cardiac images were
filtered by 3 x 3 points temporal smoothing, fre-
quency domain Butterworth and Wiener filters.
From these images, ejection fractions were calcu-
lated and evaluated the correlation between the

actual ejection fractions in the phantom study or
the values derived from the contrast left ventric-
ulography. The better correlation coefficients were
derived with the frequency domain Butterworth
filter than with the temporal smoothing. And more
desirable correlation coefficients were derived with
the frequency domain Wiener filter than with the
frequency domain Butterworth filter, especially
in the low count studies. Butterworth or Wiener
filtering in the frequency domain reduces noise
and improves the capacity for quantitative analysis
in the radionuclide images.

Key words: Butterworth filter, Wienter filter,
frequency domain, Gated cardiac blood pool study,
Left ventricular ejection fraction.
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