(7 %)
Triple Energy Window BYEL#RA IE{E 12 BT 5
WETARIVF =7 4 ¥ FIERETFEDO AL
Bl H=* i i i [FE* BN fE—**
BE HURARATDOA AT 7T, RIPVERLAMEFRE UL SN S yBROZ LNV F —1F

& F§ > T2 Primary photon D&% T[RRI Y £ < 6 2 THEGLTAUTEE LTt SIN Z&E§
52 LHWFTE S, £ 2T Primary photon 2 RFE L (HH Rz, 2OIEZRVF—7 1 2 FYRHIC
RAT % EEL#R % Triple Energy Window (TEW) {ETHEE & CHIIET 2 2 &S HELPUEZ A L F — 7 4
YRy WBEME) ORESECIRET L. RET L2 HEOFMIEE YT va Yy IaL-va i
WTATV, TEW ETOBERMBREOHEELRIT L. Ev7hv0yIalb—2a Y ORKGEE LT

BRROIFINF—ANRZ FIAZEMLY IaL—Ta y EHEBLER S<—BKLA KEBE—2
A1 KD PnTe TIX 20%, HWEARD 0TI TIE 473%, $7:45% 2 v F 77 LA SN LH 2
X, TANVF—DREEDOE VBRI ZETIZ 98% MWIRET A HELOHBONIYPETZRLF -7 1
YEYTHE. T, SRODIARNLVF—Y 1 ¥ KT TEW HETHELRMIEZ1T) 2 L TR X (i

51

ELRHIEA T &,

L 3L ®IC

AEETAVDFEIED Y I2ab—Ya v
£h, KEE-IMICHFET 2HALL TRV —
K6 (Scatter free photon; Primary photon) @45
fil, BLUBEL LT BELM) o5z 2 h
TUHEET B 2 EHREL e o7z, T Primary
photon (¥, RIZVERE L/ofLEEHRE iS5 y
BMOLAINF—fFHREFFoTWVDL I END, Th
DHEAFERRN % (S 2 Tl LT
BE LTSN ZHET LI EVHFTES.

*REE ISR - v AT LB Ze T
R BK S TR
Zff:94 6 H 23 H
WMl 94 12 H 24 8
AURIEE KT © HiAREKHET A L 1385
(@ 324-8550)
R E EAE - v AT AEAFET
P T

01T] T3 SPECT E{ED 5 ™7~ b H¥20% WEDGE X V) 2.09 5L 72,

(REE%: 35: 51-59, 1998)

Primary photon % FJHEZ% PRV % (i H 2 5 7291
X, JUEZAVF =4 Y KO RELCRET A
ETHRETH L7, FRFICELALVF =T 1~
K PUCIRAT 2SR b L, g LT s/
NBHIT RN H L. £ 2 Thbhvbiud
it 2 B b % < @ Primary photon Z i & 2., H 2L
ELANX -4 Y FYNITRAT L HERE
Triple Energy Window {%'? (TEW i) (2 THEE X
CHIET B 2 EHMRRGR T ANTF -1 2 FID
(BELZRET L HEZRE L. TEW EOYUE
IANF—T 4 Y FIREHER P TcIiZ2WT
ByIalb—YaryTREsh, 212712 F
DEHT 4 KRR SETED Primary
photon D177 » b 707 7 4 )V & DO H e
(mean square error) 25i/MI 7% A 51L& ol 72 7 A4
Y Y ELTHREL TV, OTHIDWTIE[EK
¥ Iab—3 Yy TREFINTWAT®Te &
FRICHEE =7 % | RESGE L T o T 7.

Presented by Medical*Online



[

52 ¥ E ¥

35 % 2 5 (1998)

Center of lower subwindow

Lower subwindow

( counts )

Primary
photon peak
count

—_—

1/100 of S

I — Total photons |
Primary photons |:

Center of upper subwindow

N

Main window *A’ Upper subwindow
e

primary photon

peak count 0

50
Energy (keV)

Fig. 1 Proposed method for determining the energy window width and position in the TEW
scatter compensation method to collect as many of the primary photons as possible.
The measured primary photons are more than 98% of all primary photons.
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Filled with water

Detector

Fig. 2 The geometry of the detector and phantoms used
in this study. Five inner rod phantoms filled with
varying activities of Rl were placed inside a
water-filled cylindrical phantom. The ratios of the
activity of RI were determined. A low energy high
resolution collimator (LEHR) was used. The
position of the count profile of the projection data
was indicated.
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Fig. 3 Comparison of simulated and measured energy spectra. [A] shows the energy
spectrum measured at the c—d position shown in Fig. 2. Only scattered photons exist at
that position. [B] shows the energy spectrum measured at the d—e position shown in
Fig. 2. Primary photons and scattered photons exist at that position.
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Fig. 4 Comparison of the count profile of the projection data for true primary photons and the

projection data for primary photons estimated using the TEW scatter compensation
method. The solid line is the projection data for true primary photons. The dotted line
is the projection data for primary photons estimated using the TEW scatter compen-
sation method. The positions of (a) to (h) in this figure are shown in Fig. 2. [A] shows
the projection data for °'T1, and the width of the main window is 47.3% (proposed
method). [B] shows the projection data for **'T1, and the width of the main window is
20.0% (conventional method). The energy resolution of the detector is 12.6 keV
(FWHM). [C] shows the projection data for " Tc, and the width of the main window is
20.0%. The energy resolution of the detector is 16.9 keV (FWHM). [D] shows the
projection data for "Tc, and the width of the main window is 9.8%. The energy
resolution of the detector is 7.0 keV (FWHM).
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Fig. 5 Comparison of the SPECT value of true primary photons and the SPECT value of
primary photons estimated using the TEW scatter compensation method. The solid
line is the SPECT value of true primary photons. The dotted line is the SPECT value of
primary photons estimated using the TEW scatter compensation method. [A] shows
the simulated data for *°'T1, and the widths of the main windows are 47.3% and 20.0%.
The energy resolution of the detector is 12.6 keV (FWHM). [B] shows the simulated
data for Tc, and the width of the main window is 20.0%. The energy resolution of
the detector is 16.9 keV (FWHM). [C] shows the simulated data for *"Tc, and the
width of the main window is 9.8%. The energy resolution of the detector is 7.0 keV

(FWHM).
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Fig. 6 The normalized mean square error (NMSE) of the
projection data for 2'Tl between the true primary
photons and those estimated by the TEW method.
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Fig. 7 The standard deviation of the SPECT values for
2IT] using the TEW method. The solid line is the
standard deviation using the 20% window. The
dotted line is the standard deviation using the
47.3% window.
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Summary

Determination of Energy Window Width and Position for the Triple Energy Window
(TEW) Scatter Compensation Method

Takuzo Takayama*, Takashi IcHiHARA™, Nobutoku MoTtoMura* and Koichi Ocawa**

*Medical Engineering Laboratory, Toshiba Corporation

**Department of Electrical Engineering, College of Engineering, Hosei University

Since primary photons can provide information
concerning the position of radioisotope (RI) accumu-
lation and the energy of the photons, it would seem
reasonable to vary the position and width of the energy
window depending on the type of RI and the energy
resolution of the detector to collect as many of the pri-
mary photons as possible. We propose a method for
determining energy window width and position for
scintigraphic imaging to collect as many of the pri-
mary photons as possible, and studied the influence on
the Triple Energy Window (TEW) scatter compensa-
tion method of setting such energy window levels for

%mTc (single photopeak) and *'T1 (multiple photo-
peaks) using detector with different energy resolution
through simulation. The Monte Carlo simulations
were verified by comparing the regional energy spec-
trum at the phantom obtained from the simulation
against experimental measurements.

The energy window with our proposed method for
#mTe is 20% and 47.3% for *'T] using gamma camera,
and 9.8% for *"Tc using a semiconductor detector
with a theorized energy resolution of 7.0 keV.

Key words: Energy window, Scatter, Imaging,
Monte Carlo, SPECT.
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