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= *

observation PSF Latent image

diffraction limited image point-like emitters

𝐲 = 𝐂𝐱

Compressed sensing (Zhu et al.;2012)

Bayesian (Rosten et al.; 2013)

SPIDER 

…

- Super-resolution fluorescence imaging -

SPARSITY

Spatial approachesStochastic approaches (Girsault et al.;2016)

(Dertinger et al.;2010)

Correlation by cumulant analysis: 

κ𝑛~𝑃𝑆𝐹
𝑛

resolution 

improvement

~ 𝒏

INDEPENDENT BLINKING

(Hugelier et al.;2016)

(de Rooi et al.;2014)
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- Signals in super-resolution fluorescence microscopy data -

e.g. Autofluorescence Bleaching

time

Bleaching (photodegradation)

Spatial mode Temporal mode
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- Signals in super-resolution fluorescence microscopy data -

Single-molecule signals:

Other signals:

- Point-like emitters (spatial mode)

- Blinking (temporal mode)

- Spatial structures (spatial mode)

- Bleaching (temporal mode)

High-frequency information in space and time

“Smooth” structures in space and time
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- Temporal preprocessing -

𝑚𝑖𝑛 𝐲 − 𝛍 2 + λ 𝐃𝛍 2 𝛍 = (𝐈 + 𝜆𝐃′𝐃)−𝟏𝐲

Whittaker smoothing

(Whittaker; 1923)

D: matrix of differences
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- Temporal preprocessing -

Raw data Preprocessed data
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- Temporal preprocessing -

Raw data Preprocessed data SOFI on raw data

Hela cells labeled with Dreiklang proteins 

(EPFL, Switzerland)

10 µm

10 µm

10 µm

10 µm

10 µm10 µm

10 µm10 µm

Raw data Preprocessed data

SOFI on raw data SOFI on preprocessed data

2 µm 2 µm

2 µm 2 µm

Raw data

2 µm

SOFI on 

preprocessed data
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- Spatial preprocessing -

Weighted least squares with P-splines

𝑚𝑖𝑛 𝐲 − 𝐁𝛂 ′𝐖(𝐲 − 𝐁𝛂) + λ 𝐃𝛂 2

W: asymmetric weights

wi = p if yi ≥ μi

wi = 1-p if yi ≤ μi

𝐅 = 𝐁𝐀𝐁′

𝑃λx,λy = λx 𝐃𝐱𝐀 𝐹 + λy 𝐃𝐲𝐀′ 𝐹

(Whittaker; 1923)

(Eilers; 2003)

(de Rooi et al.; 2013)

𝑚𝑖𝑛 𝐲 − 𝛍 2 + λ 𝐃𝛍 2 𝛍 = (𝐈 + 𝜆𝐃′𝐃)−𝟏𝐲

Whittaker smoothing

𝛍 = 𝐁𝛂
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- Spatial preprocessing -

Weighted 2D 

P-splines
SPIDER

Raw data

Extracted

Preprocessed data Super-resolved image

Hela cells labeled with DakaP Dronpa

(KU Leuven, Belgium)

10 µm

10 µm 10 µm 10 µm
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- Spatial preprocessing -

Weighted 2D 

P-splines
SPIDER

Raw data

Extracted

Pre-processed data Super-resolved image

Hela cells labeled with DakaP Dronpa

(KU Leuven, Belgium)

10 µm

10 µm 10 µm 10 µm

High degree of smoothing Low degree of smoothing
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- Spatial preprocessing -

Raw data Preprocessed dataSPIDER on raw data SPIDER on preprocessed data
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- Spatio-temporal preprocessing -

Bg(x,y,k) = M(x,y) * a(k)

Time (frames)
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Spatial preprocessing:

Spatio-temporal preprocessing:

Smooth surface Modulator parameter
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- Conclusions -

• Preprocessing super-resolution fluorescence data depends on assumptions

• Sparsity for spatial approaches

• Independent blinking for stochastic approaches

• Understanding of biological structures at the nanoscale

time

Bleaching (photodegradation)
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