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Detector geometry

H x , y L

xu

xd

ld

lu

Simple geometry - pair of
scintillators at the distance R
Each event is described by:
x̃u, x̃d , ∆̃l
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Detector geometry
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Errors

P(ẽ|e) =
det

1
2 C(e)

(2π)
3
2

·

exp
(
−1

2
(ẽ− e)T C−1(e)(ẽ− e)

)
.

ẽ− e =

 z̃u − zu
z̃d − zd

∆̃l −∆l


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Errors

C(e) =

σ2
z 0 η
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Kernel

P(ẽ|y , z) =

∫
dθP(ẽ|y , z, θ)

zu = z + (R − y) tan θ
zd = z − (R + y) tan θ

∆l = −2y
√

1 + tan2 θ
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Kernel

~o =

 −(∆y + ỹ − R) tan θ̃ cos−2 θ̃

−(∆y + ỹ + R) tan θ̃ cos−2 θ̃

−(∆y + ỹ) cos−1 θ̃θ̃(1 + 2 tan2 θ̃)



~a =

−(∆y + ỹ − R) cos−2 θ̃

−(∆y + ỹ + R) cos−2 θ̃

−(∆y + ỹ) cos−1 tan θ̃


~b =

∆x −∆y tan θ̃
∆x −∆y tan θ̃
−2∆y cos−1 θ̃


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Kernel

We’re approximating P(ẽ|i) by formula:

p(ẽ|(x , y)) ≈ det
1
2 C−1

2π
√
~aC−1~a + 2~oC−1~b

exp

−1
2

~bC−1~b −

(
~bC−1~a

)2

~aC−1~a + 2~oC−1~b


 .
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Kernel

~bC−1~b = 9
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Maximal likelihood

PET image reconstruction is a statistical process.

max
ρ>0

log P({ẽj}|ρ)
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Maximal likelihood

P({ẽj}|ρ) =
∏

j

(∑
p

P(ẽj |p)P(p|ρ)

)

P(p|ρ) =
s(p)ρ(p)∑
p s(p)ρ(p)
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MLEM algorithm

ρ(p)(t+1) =
J∑

j=1

P(ẽj |p)ρ(p)(t)

M∑
p′=1

P(ẽj |p′)s(p′)ρ(p′)(t)

.
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Kernel

~bC−1~b = 9

rz ≈ 3
σz√

2
≈ 21mm

r∆l ≈ 3
σ∆l

2
≈ 90mm

≈ 237pixels, ≈ 1333voxels
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Simulation

σx ≈ 10mm
σ∆l ≈ 63mm
Number of iterations: 10
Number of events ≈ 40 ∗ 106

Time per 106 events on
Intel Core i7-4770K using
OpenMP: 2.25s
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Reconstruction

Phantom without errors TOF reconstruction

Piotr Białas, Jakub Kowal, Adam Strzelecki (Jagiellonian University)List mode reconstruction in 2D strip PET with TOF 21 September 2013 15 / 19



Reconstruction

Iteration 1 Iteration 2
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Reconstruction

Iteration 5 Iteration 10
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Reconstruction

Iteration 20 Iteration 30
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Reconstruction

Iteration 40 Iteration 50
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