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Fig. 1 Schematic illustration of sampling sinusoidal waves generated in digital com-
putor. One frame is composed of one hundred sampled points and one cycle is

composed of thirty-two frames.
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Fig. 2 Acquisited sinusoidal waves composed of thirty two frames (A) and smoothed
waves (B) of acquisited sinusoidal waves by temporal filters (equation 1). Note
effect of temporal filter on noises generated by discrete sampling sinusoidal

waves above 7 Hz.
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Fig. 3 Sm th d waves of acquisited sinusoidal waves by using a truncated Fourier
a temporal filter
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Fig. 4 Frequency characteristics of discrete sampling (A) and following temporal filters
(B, C, D).

1 1 1
B: X’n=z . Xn_1+? . X“+T + Xn41 (equation 1)

1 1 2 1 1 .
C: X’n=r0 *Xn2+75 - Xn1+7 - Xatg - Xn+l+17) + Xn-2 (equation 2)

D: Composed of a truncated Fourier series
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Fig. 5 Time activity curve of one left ventricular pixel in a clinical case (A) and ap-
proximation to it using one through eight harmonics in Fourier series (B). Num-
bers on left side of column are harmonics used in composition.

Fig. 6 Images computed by various temporal filters.
Left: original image
Middle: computed image using temporal filter (equation 1)

Right: synthetized image using one through four harmonics in Fourier series
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Fig. 7 Time activity curves in center of left ventricle of images presented in Fig. 6.

Left: original curve

Middle: computed curve using equation 1
Right: computed curve using one through four harmorics in Fourier series
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Summary

Frequency Characteristics of Temporal Filters Used
in ECG Gated Blood Pool Scintigraphy

Yoshihiro FUTAMURA*, Toshiya FURUTA*, Tatsuyuki SHIMOKATA*,
Kazuyoshi SAKAKURA*, Junichi SAKURAI* and Minoru SENDA**

* Department of Cardiology, ** Department of Radiology, Meitetsu Hospital

The purpose of this study is to assess the fre-
quency characteristics of several temporal filters
used in ECG gated blood pool scintigraphy and to
apply the temporal filters to the image processing.
The three following filters were analyzed;

’ 1 1 1
M X = Xn—l+? . Xn+z + Xn+1
1 1 2 1
(2) Xn'—lo Xn—2+ S'Xn—1+ 5 * Xn+ 5 M

1
Xn+1 + IT) « Xn+2

3) f(x)=ao+ é_lam sin (MX+am)

where X’n is the averaged pixel count of the n-th
frame and Xn is a pixel count of n-th frame.

The last equation is Fourier transformation.
Sinusoidal waves were generated in the digital
computer in order to assess the frequency charac-
teristics of the filters. The sinusoidal waves were
sampled by 3,200 Hz and one frame was created
by one hundred sampling points. One cycle was
composed of thirty two frames as usually used in
the gated blood pool study.

At the discrete sampling of the sinusoidal
waves, the amplitude ratio of input to output
signal was almost flat up to 3 Hz. But the ratio

oscillated above 3 Hz.

This oscillation was created by the discrete
sampling and was regarded as the newly produced
noise. By using the first filter, the amplitude ratio
of input to output was almost flat up to 2 Hz. But
above 3 Hz, the amplitude ratio was less than 1
and the cut-off frequency was 7 Hz. By using the
second filter the amplitude ratio was already less
than 1 at 1 Hz and the cut-off frequency was
5 Hz. By the third filter, the amplitude ratio was
almost flat up to 5 Hz and then gradually de-
creased above 5 Hz. All filters damped the noises
created by the discrete sampling of the sinusoidal
waves.

The third filter had the excellent frequency
characteristics.

The reasons were (1) the distortion of the output
wave was small tecause of the flat amplitude
ratio, and (2) the noises were eliminated by filter-
ing with an abrupt high frequency cut-off. There-
fore, Fourier filtering is useful for the image
processing in the gated blood pool study.

Key words: Gated blood pool study, Temporal
filters, Fourier transformation, Frequency charac-
teristics.
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