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Figure 1. Image of 6 line sources reconstructed (A) with
ML-EM algorithms and (B) with FBP recon-
struction.

i -
o _.F

Figure 2. Image of 19 line sources reconstructed (A) with
ML-EM algorithms and (B) with FBP recon-
struction.
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Figure 3. Random coincidence distribution in different activities; (A) activity ratio 1:1; (B) activity ratio 3:2; (C) activ-

ity ratio 3:1.
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Figure 4. ML-KEM reconstruction for line source images.
(A) (B) Single source reconstruction image; (C)
two line sources reconstruction image; (D) ran-
dom coincidence event image.
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Iterative Image Reconstruction with Random Correction for
PET Studies

Kao-Yin Tu'¥, Tai-Been Chen?, Henry Horng-Shing L,
Ren-Shyan Liu’, Kuo-Liang Chow’, Jyh-Cheng Chen'

'Institute of Radiological Sciences, National Yang-Ming University, Taipei, Taiwan, R.O.C.
*Institute of Statistics, National Chiao Tung University, Hsinchu, Taiwan, R.O.C.
’National PET/ Cyclotron Center, Taipei Veterans General Hospital. Taipei, Taiwan, R.0.C
‘Department of Nuclear Medicine, Mackay Memorial Hospital, Taipei, Taiwan, R.O.C.

Background: Filtered back projection (FBP) used in PET led to sever artifacts. These artifacts can be overcome
with iterative reconstruction algorithms. Recently the computational effects required for routine iterative reconstruc-
tion of PET studies have been reduced to make it practically appealing. We did experimental and methodological
studies to improve image quality by fast iterative reconstruction techniques developed in our previous studies.
Methods: We have made an implementation of the improved Maximum Likelihood-Expectation Maximization (ML-
EM) reconstruction algorithms. The transition matrix is generated based on the geometry of physical instrument.
Careful designs of line sources are performed in order to find out the spatial resolution limits as well as the correc-
tion of random coincidences. The improvement of resolution limits of line sources by the ML-EM method over the
FBP method is investigated thoroughly by different experimental designs. A phantom with six line sources and with
nineteen line sources, respectively, was used to test the accelerated ML-EM algorithms against FBP method. The
single rays were used to calculate the random coincidence ratio (Re=27RR) and compared to the experimental
result.

Results: The streak artifacts near those line sources are completely eliminated with the ML-EM method. We also
design experiments using two line sources to find out the rate of random coincidence events. A new model is pro-
posed for this kind of experiments. With decay correction, the random coincidence events were uniformiy distributed
in the whole field after 10 iterations and thus an important factor that causes error in quantification. Based on the
calculation from singles data, the random event ratio was 41.8% to 49.1% in each ring. These results are close to
the ratios obtained from geometric calculation.

Conclusion: ML-EM reconstruction images are superior to those obtained with FBP. The patterns of random coinci-
dence events provide insightful information for random coincidence event correction, which the hardware correction
by the delay window can not provide. This information is particularly valuable when the delay window correction is
not available as in the case of Taipei Veterans General Hospital PET system.

Key words: random coincidence, true coincidence, ML-EM algorithms.
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