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• Curation & analysis of large sets of multispectral immunofluorescence (mIF) microscopy image data


• Apply astronomy & “big data” techniques to cancer pathology
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AstroPath Goals and Data



AstroPath Goals and Data
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• Tissue specimens imaged w/ 
Vectra 3 microscope

- High-power field (HPF) tiles


• Build database for pathology & 
immunotherapy research

- Highly automated & quantitative


- Robust illumination intensity 
measurements in situ



AstroPath Goals and Data

4

• Tissue specimens imaged w/ 
Vectra 3 microscope

- High-power field (HPF) tiles


• Build database for pathology & 
immunotherapy research

- Highly automated & quantitative


- Robust illumination intensity 
measurements in situ



AstroPath Goals and Data

5

• Tissue specimens imaged w/ 
Vectra 3 microscope

- High-power field (HPF) tiles


• Build database for pathology & 
immunotherapy research

- Highly automated & quantitative


- Robust illumination intensity 
measurements in situ



AstroPath Goals and Data

• Tissue specimens imaged w/ 
Vectra 3 microscope

- High-power field (HPF) tiles


• Build database for pathology & 
immunotherapy research

- Highly automated & quantitative


- Robust illumination intensity 
measurements in situ

6



7

• Correct for systematic effects 
impacting each HPF

- Wavelength-dependent warping & 

illumination variation

AstroPath Goals and Data
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Warping Effects
• Pincushion distortion from objective & camera lenses



• Pincushion distortion from objective & camera lenses

• Model using OpenCV camera 
calibration

- camera matrix + radial distortion 

parameters


• Minimize MSE between overlapping 
image regions
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Warping Effects

aligned (only) MSE=0.010 unwarped + aligned MSE=0.003raw, not aligned



Flatfielding Effects
• Spatial variation in HPF illumination


- “vignetting”


- systematically bright regions (~10%)


- wavelength-dependent


• Why is it important to measure?

- Impacts quantitative analyses/illumination


- Changes over time/per-microscope
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flatfield correction factors

Flatfielding Effects
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mean of ~21,000  
uncorrected images

mean of ~21,000 
corrected images

• How do we correct for it?

- Find mean illumination pattern in each layer 


- Derive/apply correction factors to each HPF



Flatfielding Effects
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• Practical considerations

- Leave out empty background


- Image artifacts


• Image masks

- Improve corrections


- Useful to have in the database
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Flatfielding Effects
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flatfield model
uncorrected 
illumination 

variation

corrected 
illumination 

variation

reduction in 
illumination 

variation

no masking 11.6% 3.20% 72.4%

with masking 10.6% 1.95% 81.6%



Summary
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• Use raw mIF microscopy data to measure and correct for 
systematic warping and illumination variation effects


• Automatically create masks to remove empty background 
and other artifacts from individual images


• Bring together large sets of microscopy data for cancer 
pathology and immunotherapy research in new ways
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