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Iterative Attenuation Correction and Image Reconstruction Using
Time-Of-Flight Positron Emission Tomography

Nam-Yong Lee'

ABSTRACT

In this paper, an iterative method is proposed to perform attenuation correction and image reconstruction

simultaneously for positron emission tomography, by using the time-of-flight information. Numerical

simulation results are presented to demonstrate an improved performance of the proposed method in

attenuation correction and image reconstruction.
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Table 1. List of mathematical notations and their meanings

flz,y) Positron density at (z,y)

wlz,y) Attenuation coefficients at (z,y)
by Line defined by zcosf+ysinf=u

A(0,u) Line integral of p over ¢,

m(0,u,t) Observed data of f at (f,u,t), t: TOF

MO,u) Observed data of f at (f,u)

y(0,u,t) Ideally observed data of f at (f,u,t) without attenuation

Y(9,u) Ideally observed data of f at (f,u) without attenuation
w Point spread function of TOF measurement
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Iterative Attenuation Correction and Image
Reconstruction
Starting with all-one image f°:
forn=20,1, 2,..,N
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/f"(ucosé? — ssinf, usinf+scos@)ds
MO,u)
Compute A" V2 (0,u) by using CGM on (20) with
A" (0,u) as initial guess
Compute Y""40,u) = exp(A(0,u))M(0,u)
Compute f""'(z,y) by using FBP on Y""(6,u)

end
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Fig. 1. Test images f(z,y) of size 201 X201, (a) Hot Rod, ZAo)al, Fig. 5(h)= A|ore vtE2z Zany o
(b) Cold Rod, AR TA S| =S 103 2es Apolt), YA
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Fig. 2. (a) Test attenuation coefficients u(z,y) of size
201 X201, (b) attenuation rate A(f,u) of size
200 X201 computed by (3) using p(z,y).
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Fig. 3(b)& Fig. 1(h)2] ‘Cold Rod’oll tha+ &=t o] @ ()
B Mo,u) o)t} Fig. 4. FBP Reconstruction using observed data M(6,u)
i ’ in Fig. 3(a). (a) reconstructed image without at—

Fig. 4% Fig. 3(a)%] #=d|1H M0.u) o] FBPZ tenuation correction, (b) reconstructed image
2 g8t AT Fdolth FBP AlEd el = with the attenuation correction by the proposed
A3 (Cutoff Frequency)E 052 ¢ Hann 2 method.

HE A 839t Fig. 4= T EA S 31/ &

- . (a) (b)

Fig. 5. FBP Reconstruction using observed data M6,u)
in Fig. 3(b). (a) reconstructed image without at—
Fig. 3. Observed data M(f,u) (of size 200 x201) (a) of tenuation correction, (b) reconstructed image
‘Hot Rod’ in Fig. 1(a) and (b) of ‘Cold Rod’ in Fig. with the attenuation correction by the proposed
1(b). method.
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