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Summary

Quantitative evaluation

NRMSE SSIM

0.9990.0250.9900.066

Noise and Residual Count Error Averaged Recovery coefficient

The lower the better
The closer to 1 the better

0.26+0.2h0.26h24.5h
x100 faster

Fast, but noisy Inaccurate

Fast, but GT needs 
(need GT generation time)

Accurate, but very slow

Physics based learning

• Single photon emission computed tomography 
(SPECT) is important for clinical applications [1]

(e.g., dosimetry guided treatment or therapy planning)

• Scattered photon in SPECT
 Reduce the contrast
 Introduce additional uncertainties

• The Monte-Carlo (MC) simulation 
showed accurate scatter estimation, 
but requires heavy computation [2]

• Supervised DL (deep learning) still needs MC 
simulation as Ground Truth (or label) (𝒔𝒐𝒓𝒂𝒄𝒍𝒆) [3]

𝐿ெௌா ℎ = ℎ 𝑦௢௥௔௖௟௘; 𝑝 − 𝑠௢௥௔௖௟௘
ଶ

MC (Oracle)

TEW Short MC

Supervised DL PGDS

➀ Physics-guidance (from short MC)

(𝑦ெ஼ ⊘ 𝑠ெ஼) ⊙ 𝑠̂ ⇒ 𝑟ெ஼ ⊙ 𝑠̂
• r୑େ denotes the proposed ‘physics-guidance’ ratio vector 

that can be predicting the measurement (𝐲) using the 
scatter estimates (𝐬ො).

𝑟ெ஼ ≈ 𝑟̂஼ேே = 𝑔(𝑟௦௛௢௥௧; 𝑝)
• We propose a weakly-supervised training for  scaling 

module g(ȉ) that enhance a ‘short MC’ .

➁ Physics-guided deep scatter estimation loss

𝑦 ≈ 𝑦ො஼ேே ≡ 𝑟̂஼ேே ⊙ 𝑠̂஼ேே = 𝑔(𝑟௦௛௢௥௧; 𝑝)⨀ℎ(𝑦; 𝑝)

• The scatter generation module h(ȉ) and scaling module 
g(ȉ) can predict the measurement

• The supervised loss (L୑ୗ୉(h)) can be replaced by jointly 
training for h(ȉ) and g(ȉ) with following PGDS loss

𝐿௉ீ஽ௌ 𝑔, ℎ = Φ 𝑦, 𝑦ො஼ேே + Ψ(𝑟̂஼ேே, 𝑠̂஼ேே)

• Φ y, yොେ୒୒ is Poisson negative log-likelihood and
Ψ ȉ,ȉ = cଵ rොେ୒୒ − rୱ୦୭୰୲

ଵ
+ cଶ sොେ୒୒ − sୱ୦୭୰୲

ଵ
is 

regularizer to avoid undesirable solution
➂ Patient-specific fine-tuning (PGDS-T)

• Since our method requires short simulation as weak label, 
PGDS-T enables the fine-tuning of the trained networks 
to a given measurement and weak label via additional 
short MC simulation (0.2h is this study)

Background (MC simulation)

𝒔 ≈ (𝒚⊘ 𝒚𝑴𝑪)⊙ 𝒔𝑴𝑪

The ratio of the unknown scatter component to the 
measured total projection is proportional to the ratio of 
those simulated by MC [4].

Take a long time

(Propose) Deep learning scatter estimation method for 
SPECT reconstruction

(Purpose) Overcome the time-consuming step in 
supervised learning (label generation)

(Method) Replacing SL (scatter compare) 
to weakly-SL (measurement compare)

(How to) Using short MC for approx. ratio as physics-
guidance & applying scatter scaling  step

(Result) Reduce label cost by a factor of 100 (24.5h/set 
to 0.26 h/set) with our PGDS

(Achieve)
Additional patient-specific fine-tuning 
(0.2h/set), yielded better reconstruction 
performance than SL (0.037 NRMSE) 
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