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Noisy Measurement is Everywhere

Noise Source:

• Photon Shot Noise
• Electronics Thermal Noise
• Physiological Interference 
• … 1
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Multi-Variate Gaussian Modeling

S(t) = S0 (1 +
∑→

n=1 bnmn cos(nωt→ εn))

Demodulation Depth Phase DifferenceEmission Intensity Harmonic Coefficient

Multi-Variate Gaussian Modeling:
• Precise Lifetime Estimation: 
Deconvolves overlapping lifetime 
components

• Improved SNR for All Components: 
Enhances signal clarity by reducing noise

• Flexible and Adaptable: Applicable for 
FD/TD FLIM methods and adaptable other 
fields.
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Variable ys yg Intensity

ys V ar(ys) = S0TR2 Cov(ys, yg) = S0TR2(b2m2 sin(ω2)) Cov(ys, Intensity) = S0TR2(b1m1 cos(ω1))
yg Cov(yg, ys) = S0TR2(b2m2 sin(ω2)) V ar(yg) = S0TR2 Cov(yg, Intensity) = S0TR2(b1m1 sin(ω1))
Intensity Cov(Intensity,ys) = S0TR2(b1m1 cos(ω1)) Cov(Intensity,yg) = S0TR2(b1m1 sin(ω1)) V ar(Intensity) = §0TR2



Better Denoising From Intensity Channel Guidance
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Sample Synthetic Illustration
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Noisy Input DnCNN This Work

Sample PSNR (dB)

BM3D DnCNN This work

In vivo Zebrafish 27.31 34.25 37.22
Ex vivo Mouse Kidney 41.56 46.91 54.87
Ex vivo BPAE 34.03 38.81 39.13
Fixed NIH3T3 3.30 23.41 39.17

Average 26.55 35.84 42.60

Sample SSIM

BM3D DnCNN This work

In vivo Zebrafish 0.4100 0.7379 0.8562
Ex vivo Mouse Kidney 0.8450 0.9948 0.9981
Ex vivo BPAE 0.7053 0.7526 0.7698
Fixed NIH3T3 0.4016 0.6207 0.9397

Average 0.5905 0.7765 0.8909

Sample ALE (%)

BM3D DnCNN This work

In vivo Zebrafish 60.99 103.93 56.41
Ex vivo Mouse Kidney 23.59 11.73 10.81
Ex vivo BPAE 73.48 57.21 52.60
Fixed NIH3T3 23.93 6.09 5.44

Average 45.50 44.74 31.31
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Results: 

Input ZS-Denoised Ground Truth
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Results: Ablation Study Of Loss Function And Intensity Guidance
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Loss Configuration PSNR → SSIM → ALE ↑
Lintensity 33.06 0.5841 414.62

+ω1Lfidelity 41.34 0.8600 55.98
+ω2Lstructure 33.29 0.7258 46.91
+ω3LTV 34.23 0.6180 112.17
+ω1Lfidelity + ω2Lstructure 41.41 0.8637 51.94

All Loss 41.85 0.8810 34.09



Conclusion and Discussion
• Denoising While Preserving Lifetime Information
• Enhance Correlated Lifetime Channel from the Intensity
• Zero-shot Learning without Massive Dataset Acquiring
• Results Validation from Quantitative and Qualitative Illustration

Validation beyond Denoising & FLIM Task:
• Super-Resolution of FLIM: With Super-Res guidance for the intensity channel by SRRF.

• Deconvolution of Multimodal Microscopy : Multivariate modeling for deconvolution.

• Medical Imaging Reconstruction (MRI/CT): Multi-channel optimization with reasonable dataset.

Dataset Limitation and Comparison Limitation:
• Limited Available Dataset for Comparison: Validating mainly on published dataset.

• Not Many Work on FLIM Denoising: Only deep-learning-based method is DnCNN pretrained on MPG dataset.

• Comparison of Different Intensity Guidance: Better intensity guidance increases performance.
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