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overview
• Effective sensitivity: 

• solid angle
• TOF
• spatial resolution

• TOF-PET
• reconstruct attenuation from TOF-PET data
• 30 ps TOF: no angular sampling needed

• Spatial resolution:
• motion correction becomes essential!

• Deep learning
• great tools
• we must be critical!
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Effective sensitivity: solid angle
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30 cm

point source sensitivity

82 cm
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25 mm LYSO crystals

perfect detector



30 cm

Effective sensitivity: solid angle
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line source sensitivity

200 cm30 cm 200 cm

25 mm LYSO crystals

perfect detector
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Effective sensitivity: solid angle
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200 cm

Cylinder
• 185 cm long
• 25 cm diameter
• attenuation 2/3 of water

Length of PET system

Minimum sensitivity achieved
with multi-bed WB scan



Fast Imaging

in collaboration with Zhongshan Hospital

Age:  61
Gender:  Male
Height: 164 cm
Weight: 65 kg

Tracer:  FDG
Dose: 7.8 mCi
80 mins post injection

20 min 10 min 5 min 2.5 min 75 sec 37.5 sec 18.75 sec



Effective sensitivity: TOF
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Effective sensitivity: TOF
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TOF

nonTOF

MLEM reconstruction



Effective sensitivity: TOF
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TOF

nonTOF

TOF

nonTOF in ring

nonTOF outside ring

MLEM reconstruction



Effective sensitivity: TOF
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true image noisy TOF and 
non-TOF 
sinogram

non-TOF MLEM TOF MLEM

same resolution

TOF: 3 times less noise
or 9 times higher sensitivity40 cm

𝐯𝐚𝐫𝐧𝐨𝐧𝐓𝐎𝐅
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Effective sensitivity: TOF
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non-TOF MLEM TOF MLEM

same resolution

TOF: 3 times less noise
or 9 times higher sensitivity
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Effective sensitivity: spatial resolution
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long scanner
• WB PET: 1 ≤ 𝑃 < 2
• single organ: 𝑃 = 1

small diameter: 𝑃 = 1

system timing resolution system spatial resolution

SNR$&'% ∼ 9
23

3
TOFkernel% 𝑥 𝑑𝑥
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J Nuyts et al. IEEE Trans Med Imaging 2022
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TOF: reconstruct activity and attenuation
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GE Signa PET/MR
TOF: 380 ps

www.belnuc.be

MR / atlas-based
attenuation

MLEM



TOF: reconstruct activity and attenuation
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MR / atlas-based
attenuation

attenuation template

MLEM

GE Signa PET/MR
TOF: 380 ps



TOF: reconstruct activity and attenuation
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MR / atlas-based
attenuation

MLEM

MLAA attenuation

GE Signa PET/MR
TOF: 380 ps

MLAA activity



TOF: reconstruct activity and attenuation
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Patient_1 Patient_2 Patient_3 Patient_4 Patient_5

Patient_6 Patient_7 Patient_8 Patient_9



TOF: reconstruct activity and attenuation
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TOF: angular sampling
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50o

TRUE non-TOF TOF 400 ps TOF 30 ps



TOF: angular sampling
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50o

TRUE joint estimation
with MLAA

TOF 30 ps



TOF: angular sampling
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TRUE joint estimation

measured activity
sinogram

true attenuation estimated 
attenuation

difference true 
and estimated 

attenuation
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Spatial resolution: motion correction!

www.belnuc.be 24

IEEE Transactions on Automation Science and Engineering 2020

Richard Carson et al., 
Yale University 



Spatial resolution: motion correction!
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Richard Carson et al., 
Yale University 



Spatial resolution: motion correction!
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patient 3

No motion correction
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Spatial resolution: motion correction!
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Rigid Post-
Recon Regis

Non-Rigid post-
Recon Regis

Rigid moco
during Recon

Non-Rigid moco
during Recon

18F-FPDTBZ
vesicular monoamine 
transporter-2 in
𝛽-cells in pancreas
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Deep learning (just a short comment)
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γ

Mariele Stockhoff, Jens Maebe, Florence-Marie Muller, Maya Abi Akl, 
Stefaan Vandenberghe, Ugent
J Maebe, S Vandenberghe, Phys Med Biol 2022

Nicola Belcari, University of Pisa, Phys Med Biol 2022

…

tγ31 x 8 x 8 
input

3D-CNN

8x8 SiPM array

Sides: rough + 
absorbing paint

Top: polished +
specular reflector

LYSO

50 mm

50 mm

16 mm

SensL J-Series 60035 SiPMs

Almost perfect training can be achieved,

no surprises during application!



Deep learning (just a short comment)
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PET raw
data

PET raw
data

OSEM
MAP

(Bowsher)

CNN
J

• Bowsher reconstruction is slow
• PET raw data needed

L

G Schramm et al., NeuroImage 2021



Deep learning (just a short comment)
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18F-FDG NYU

bias on KULeuven 18F-FDG

train CNN with 

18F-FDG NYU
+ KULeuven

no such bias on 18F-FDG

still bias on 18F-PE2I

18F-FDG + 
18F-PE2I

no such bias on 18F-PE2I

no such bias on 18F- FET

good results, low bias, on 
NYU 18F-FDG images

(different scan time after injection)

training data are not perfect

surprises during application possible à validation



Conclusion
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• Effective sensitivity 

• TOF-PET
≤ 30 ps

• Spatial resolution
• improving continuously
• motion correction!

• Deep Learning
• very powerful
• validation!

longer scanner (how long?), (much) better TOF, higher spatial resolution
• scan time shorter
• less activity
• less noise

than
ks
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Effective sensitivity: solid angle
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Cylinder
• 185 cm long
• 25 cm diameter
• attenuation 2/3 of water

Length of PET system

Minimum sensitivity achieved
with multi-bed WB scan


