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cross section of

f(r,$) : Ri distribution
an object

M(r$) : attenuation coefficient

22 % 4 5 (1985)

EMISSION DATA TRANSMISSION DATA

RECONSTRUCTION

RECONSTRUCTION lattenuatzon”coomcien( ''''' .
T(r,%)
(distorted image : to(r,¢) |

1
correction matrix:C(r,$)|

1st corrected image:
'I(r,¢)=0(r’¢)"°(r,¢) [ NS
J ......4.......4.4.(.4.4..“‘.

- ‘\projocllon
without attenuation
Fig. 1 Scheme of attenuated projection.
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n-th corrected image:
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Fig. 2 Flowchart.
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d

Fig. 3 Simulation phantom and reconstructed images.
(a) distribution of radioisotopes, (b) distri-
bution of attenuation coefficients, (¢) recon-
structed image from attenuation free project-
ions, (d) reconstructed image from attenuated
projections.
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£ FHGEREE O A& 52 TZORNIMT p DfE%
BH—c LR R ET 2 MBIc W THERET %
¢ o f1¥, Fig.4-A,B,C Tz = h % h, 005
0.11 (Fig. 3 (b) O34 (2 41 2), 0.18 [1/cm] (2
froTwWb., ¥72, Fig. 3(b)IT;R&E B p D5
firlms—2 L LTHWEEA (Thabb '/fx 7
VY X AEEH LRE) & Fig. 4-D (IR

C D

Fig. 4 Corrected images. A: £=0.05, B: #=0.11 (mean value of attenuation coefficeints),
C: #£=0.18, D: g=(actual distribution of attenuation coefficients). (a) after 1st
correction, (b) after 2nd correction, (c) after 4th correction.
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04
-~ -
= n=0.18
X /4 (constant)
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)
L
5
o 0.3/ unit: 1/cm
(3}
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- 0.2
2l
: uU=0.15
=
o
0.1t M=0.09
(mean) u=0.11_
(actual distribution)

0 123 456789101112
NUMBER OF ITERATIONS
Fig. 5 Root mean squar error of corrected images (R.
M.S. errors are calculated between an original
image and corrected images).
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A EOKERE E TTIREACEILT2HE) D
M5, IbiITpDfEL LTEMEE WA
F e ) BAF R INAIERR 2SO E Z bbb
5. ThFY I ar—y 3y THOWRRINGRE
OGN, Zh b OFHE L F LA EED 8 h
sl Bbhs. EL, ZhEHHEE CT
F—H(TIvyvarT—4) LEEECT 57—
Z(hFvRIvYa vT —#) ORGITH
BB X OHGELRR DR D 72 v LAGE L 728 /mT&aé.
7235 Fig. 5 2B W T RKAERE 0 Blic i 5 Ei1L
NE 5 F BT —2 L0 % mii@%&tt
paxtg L Lz R. M. S. error Th 5.

2) HHME LT AT Y X ADIRM
BT — 2R T Y UNRICHE D S
ALIEBAIZODWTDOY I alL—Y 3 /V)ﬂj* - %
. AR Fig. 4-D 3R CT 5 — 7 B &
UM CT 7 — 2 ICHEHES A s h i WA

Y LTWS
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Figure 6 (3i%&i% CT 57— % ITiRA U 7o Hi itk
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by A,B,CixrhFEh ]l HmoEEs — 2 I
4 DM OHE 1:2: 101 LzBEe (1 5 4+
Wi ofsh v b ET 3,200, 6,400, 32,000) (2 FH
WLTWB. 2FL, ZhbDRIZIERL—D
VS BOMBRTH L. D3 SDOEBICHONTAE
TNTY XAEEH LR 2> Fig. 7-A, B, C
T, ZhBHORIZEWT (), (b), (©) iz FhEFh
MIEML 1, 2, 4 Bl TH 5. % /- Fig. 8 12

Fig. 6 A-C: Transmission CT images after nine points smoothing calculated from pro-
jections with intermixed stastical noise. In these images, total counts per an angle
[projection] is (A) 3,200, (B) 6,400, (C) 32,000. D: Transmission CT image after
nine points smoothing calculated from projections without stastical noise [ideal
case].

Presented by Medical*Online



TRICXA5FEBRBCT F—2 52 iz 707 + b ECT 12817 5 WU IE 4381

A B C
Fig. 7 Corrected images reconstructed from projections with following conditions;
(i): TCT projection data : with Poisson noise. (ii): ECT projection data : without
Poisson noise. In these images, total counts per a projection is (A) 3,200, (B) 6,400,
(C) 32,000. (a) after Ist correction, (b) after 2nd correction, (c) after 4th cor-

rection.
T HRE R & Lz Eifg 1 > v T, Fig. 3 (a) ol
0.3 L OV ZRBGER R LRERICOWTRT.
(counts/projection) ] 5 P ] )
T Fig. 6-D (3K 7 Y v/ A XHBRA L 7z W EEAR R
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R.M.S. ERROR(counts/pixel)

012345678910 7= O v v h s 3,200, 6,400, 32,000 DA
NUMBER OF ITERATIONS ICHYLTWS., Z0O3208EICOoVWTAEART IV
Fig. 8 Root mean squar error of corrected images ) XA AEEH LR 2 Fig. 10-A,B,C B8 X0

shown in Fig. 7. Fig. 11-A, B, C |25+, Fig. 10 X 0RIRES i &

L C Fig. 6-D o fix iz b o TdHh v, Fig. 11
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Fig. 9 Emission CT images reconstructed from projections with intermixed stastical
noise (without attenuation). In these images, total counts per a projection is
(A) 3,200, (B) 6,400, (C) 32,000.

A B C

Fig. 10 Corrected images reconstructed from projections with following conditions;
(i): distribution of attenuation coefficients is known as Fig. 6-D. (ii): ECT pro-
jection data: with Poisson noise and in these projection, total counts per a
projection is (A) 3,200, (B) 6,400, (C) 32,000. (a) after 1st correction, (b) after
2nd correction, (c) after 4th correction.

ix Fig. 6-D O % B VRSN T — & & L
TeRIRES iz R LR ch 5. chbo

Fig. 11 oA ICHH L TWS., Zh b O FEHE »
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Fig. 12-A % Fig. 10 o¥;& < & b, Fig. 12-B &
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R.M.S. ERROR(counts/pixel)

7RIS K SERE CT 7 — 2 2 Huzv e

o7 r

k> ECT (2 313 2 WA IE

Corrected images reconstructed from projections with following conditions;

(i): distribution of attenuation coefficients is constant. (ii): ECT projection
data: with Poisson noise and in these projection, total counts per a projection is
(A) 3,200, (B) 6,400, (C) 32,000. (a) after 1st correction, (b) after 2nd correction,

A
Fig. 11
(c) after 4th correction.

0.3 (counts/projection)
A: 3200
B: 6400
C: 32000
D: without Poisson noise

0.2

0.1

o]

12 3456789101112

NUMBER OF ITERATIONS
A

R.M.S. ERROR(counts/pixel)

0.3

(counts/projection)
A: 3200
B: 6400
C: 32000

012345678 9101112

NUMBER OF ITERATIONS
B

Fig. 12 Root mean square error of corrected images. A: using actual distribution of
attenuation coefficients. B: making an assumption about attenuation coefficients

as constant value (0.11 [1/cm]).
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Fig. 13 Results of experiment. (a) transmission CT image (distribution of attenuation
coefficient : mean value (in water)=0.155 [l/cm]), (b) distorted emission CT
image by gamma ray attenuation, (c) top view of the phantom with radioisotopes
which is measured by a gamma camera.

Fig. 14 Results of experiment. Images after correction reconstructed from projections
with following conditions; (i): TCT projection data : intermixed small rate of
Poisson noise. (ii): ECT projection data : intermixed small rate of Poisson noise.
(a)-(c) attenuation coefficients are constant value. (d)-(f) distribution of attenua-
tion coefficients is calculated from measured TCT projections. (a), (d) after
Ist correction, (b), (e) after 2nd correction, (c), (f) after 4th correction.
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Fig. 15 Results of experiment. Images after correction reconstructed from projections
with following conditions; (i): TCT projection data: intermixed small rate of
Poisson noise. (ii): ECT projection data: intermixed large rate of Poisson noise.
(a)—(c) attenuation coefficients are constant value. (d)—(f) distribution of attenua-
tion coefficients is calculated from measured TCT projections. (a), (d) after
Ist correction, (b), (e) after 2nd correction, (c), (f) after 4th correction.
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Fig. 16 Results of experiment. Images after correction reconstructed from projections

with following conditions; (i): TCT projection data : intermixed large rate of

Poisson noise. (ii): ECT projection data : intermixed small rate of Poisson noise.

(a)—(c) attenuation coefficients are constant value. (d)—(f) distribution of attenua-

tion coefficients is calculated from measured TCT projections. (a), (d) after

Ist correction, (b), (e) after 2nd correction, (c), (f) after 4th correction.
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EMISSION CT IMAGE
- *

TRANSMISSION CT IMAGE

D @ =»

Fig. 17 Results of clinical application; upper images: Emission CT images, lower images:
Transmission CT images.

TCT

CM=ECT ITER=} ITER=E

Fig. 18 Results of clinical application. (a) transmission CT image : mean value=0.144
[1/cm], (b) distorted emission CT image, (c) correction matrix, (d), (e), (f)
images after correction [(d) image(b) multiplied by image(c), (e) after Ist cor-
rection, (f) after 6th correction].
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Summary

An Attenuation Correction Method of Single Photon Emission
Computed Tomography Using Gamma Ray Transmission CT
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Toshiyuki SANNMIYA*, Yasuyuki OKANO*, Tatsuru MOROZUMI**,
Masato NAKAJIMA** and Shin-ichi YUTA***

* Department of Radiology, School of Medicine, Keio University
35, Shinanomachi, Shinjuku-ku, Tokyo, 160
** Department of Electrical Engineering, Faculty of Science and Technology
3-14-1, Hiyoshi, Kouhoku-ku, Yokohama-shi, Kanagawa, 223
*** Institute of Information Science and Electronics, the University of Tsukuba
Sakura-mura, Niihari-gun, Ibaraki, 305

In this paper we discussed some problems which
occur in the clinical application of a new absorp-
tion correction algorithm based on the correction
matrix method.

The attenuation correction of a distorted image
caused by interactions of gamma rays with various
tissues is a major problem in the single photon
emission computed tomography. So an accurate
distribution of gamma ray attenuation coefficient
is necessary to reconstruct a quantitative image
of radioisotope’s distribution.

In the new algorithm the correction matrix is
constructed with the distribution of attenuation
coefficient calculated using measured projections
of gamma ray transmission computed tomography
data. And the modification of the distorted image
is performed iteratively based on the correction

matrix method.

To confirm the effectiveness of the proposed
algorithm, we made simulations and fundamental
experiments about its validity in the clinical level
and discussed from following standpoints. First,
we discuss about the influence of the distribution
of attenuation coefficient to corrected images cal-
culated in the process of the iterative correction.
Second, we discuss also about the statistical noise
intermixed inevitably in the process of data aquisi-
tion. The results of computer simulation and
fundamental experiments showed its validity. And
we also show the results of clinical study applied
this algorithm.

Key words: Single photon emission CT, Cor-
rection matrix, Iterative correction, Transmission
data, Emission data.
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