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Overview



Collaborative Computational Project for Electron cryo-
Microscopy

Aim: support users and developers in computational 
aspects of biological EM

Other CCP’s too: CCP4, CCPN, CCPBioSim and more

Introduction – what is CCP-EM?



When people say “CCP-EM,” they mean…

• Mailing list
• https://www.jiscmail.ac.uk/CCPEM
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When people say “CCP-EM,” they mean…

• Mailing list
• https://www.jiscmail.ac.uk/CCPEM

• Spring Symposium conference
• Talks on YouTube – search “CCP-EM”

• Software package
• Tools for cryo-EM data processing
• https://www.ccpem.ac.uk/download.php
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2D images (projections vs. shadows/photos) of 3D objects

https://tedkinsman.photoshelter.com/image/I0000rQCSPSbNCQ0

https://dissolve.com/stock-photo/Normal-hand-ray-year-old-rights-
managed-image/102-D943-144-684

Cartoon from The New Yorker
Juha Huiskonen & Bilal Qureshi

https://tedkinsman.photoshelter.com/image/I0000rQCSPSbNCQ0
https://dissolve.com/stock-photo/Normal-hand-ray-year-old-rights-managed-image/102-D943-144-684


EM: Reconstruct 3D from 2D projecAons
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EM: Reconstruct 3D from 2D projecAons
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Single particle: reconstruct 3D from “back projected” 2D projections

https://people.csail.mit.edu/gdp/cryoem.html Juha Huiskonen & Bilal Qureshi



Fourier Transform
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Fourier Transform and Fourier series

The Fourier transform decomposes a func3on of 3me (signal) into its cons3tuent frequencies 
(Wikipedia)

Juha Huiskonen & Bilal Qureshi



Fourier transform in image processing

Juha Huiskonen & Bilal Qureshi



Fourier transform of images
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Break
Any questions so far?



Fourier filters in image processing
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Fourier transform in filtering
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Fourier transform in filtering

Juha Huiskonen & Bilal Qureshi



Images with Gaussian noise
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Use of low pass filter
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Use of high pass filter
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Binary and morphological filters

Juha Huiskonen & Bilal Qureshi



Convolu5on and convolu5on based filters in image processing

Juha Huiskonen & Bilal Qureshi



Convolution

Juha Huiskonen & Bilal Qureshi



Fourier vs. ConvoluAon based filtering

Juha Huiskonen & Bilal Qureshi



Fourier vs. Convolution based filtering

Juha Huiskonen & Bilal Qureshi



Correc5ng for effects of point spread func5on or contrast transfer
func5on

Juha Huiskonen & Bilal Qureshi



Convolution and correction of Point Spread Function (PSF)

Courtesy: Shashi Bhushan Juha Huiskonen & Bilal Qureshi



ConvoluAon and correcAon of Point Spread FuncAon (PSF)

Juha Huiskonen & Bilal Qureshi



EsAmaAng CTF from images

Juha Huiskonen & Bilal Qureshi



Images are corrected by phase flipping in Fourier space

Juha Huiskonen & Bilal Qureshi



Cross-correlation and image alignment
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Cross-correlaAon
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Cross-correlaAon and image shiRs

Juha Huiskonen & Bilal Qureshi



From 2D to 3D: central section theorem and Euler angles
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Central section theorem
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Central secAon theorem
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Central secAon theorem – real space vs. FT

Juha Huiskonen & Bilal Qureshi



3D objects orientation in space

Juha Huiskonen & Bilal Qureshi



Euler angles

Juha Huiskonen & Bilal Qureshi



Summary

Juha Huiskonen & Bilal Qureshi


