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FOCUS: The interface between data collection and data processing

GIF/K2 
SerialEM

70 to 120 movies / hour

• Unpacking, gain correcting 
• Drift correction (MotionCor2 on 8k) 
• CTF estimation 
• Particle picking

Computer 
Cluster

up to 130 movies / hour (4 x Titan Xp GPU)

8k x 50 frame 
movies 

http://status.c-cina.unibas.ch
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FOCUS: The interface between data collection and data processing

Built on the tradition of 2DX and 2dx_automator:
• GUI-based project overview
• Parallel processing of repeated tasks
• User-editable scripts for any scriptable tasks 

(2dx is now a subset of FOCUS)

GUI: Qt5
Backend: C++
Scripts: (t)csh or Python
Auxiliary programs: C++, Fortran, Python
Dedicated external tools: Many, user dependent.
Status web page: HTML, CSS, Javascript, Bootstrap 3

www.focus-em.org
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FOCUS – How to install

$ git clone https://github.com/C-CINA/focus.git 
$ cd focus 
$ ./build_all [build_dir] [install_dir]

Compile from source (recommended):

or Download pre-built binaries. (Linux, OSX):
https://focus.c-cina.unibas.ch/download.php

Dependencies for compiling:
cmake, FFTW, Qt, gfortran, g++

Dependencies for running:
Usage-dependent third-party programs  
(MotionCor2, gCTF, CTFFIND4.1, IMOD, EMAN2, RELION, …)

See full list of dependencies on the Focus Wiki

www.focus-em.org
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FOCUS – Hardware Recommendations

10 Gb/s

FEI Titan Krios  
SerialEM 

70 to 120 movies/hour

mirror For: 
• pruning datasets
• re-processing datasets
• exporting datasets 

240 TB

Focus-Central

Focus-Titan

For: 
• Online processing
• Online quality control

FEI Polara  
SerialEM 
90 movies/hour

Focus-Polara

10 Gb/s

mirror
1 Gb/s

1 Gb/s

10 Gb/s Cluster
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FOCUS – Hardware Recommendations

✓ 2×14-core CPU 
✓ 90 TB storage (RAID6)
✓ 768 GB RAM 

(of which 384 GB as RAM disk)
✓ 4x NVIDIA Titan Xp GPU
✓ 10 Gb/s Ethernet

✓ 4k display

Focus-Titan

✓ 2×12-core CPU 
✓ 70 TB storage (RAID6)
✓ 256 GB RAM
✓ 1.1 TB PCIe SSD
✓ 2x NVIDIA GTX-1080 GPU
✓ 10 Gb/s Ethernet

✓ 4k display

Focus-Polara

✓ 2×14-core CPU 
✓ 240 TB storage (RAID6)
✓ 256 GB RAM
✓ 1.5 TB PCIe SSD
✓ 2x NVIDIA GTX-1080 Ti GPU
✓ 10 Gb/s Ethernet

✓ 4k display

Focus-Central

Up to 130 movies/hour  
8k x 8k, 50frames

Mirror
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FOCUS – Workflow
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FOCUS – Project Wizzard
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FOCUS – The GUI
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FOCUS – Preferences: Once for a microscope
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FOCUS – Preferences: Once for a microscope
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FOCUS – Preferences: Once for a microscope
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FOCUS – The IMPORT Queue
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FOCUS – The IMPORT Queue
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FOCUS – The IMPORT Queue
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FOCUS – Import Panel:  Learn parameters from file names

Selected Parameters
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FOCUS – Process Tab:  The Job Queue
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FOCUS – Process Tab:  The Job Queue
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FOCUS – Process Tab:  The Job Queue
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FOCUS – The Library
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FOCUS – Process Tab:  Manual processing of one image
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FOCUS – Process Tab:  Manual processing of one image
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FOCUS – Process Tab:  Manual processing of one image
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FOCUS – Process Tab:  Manual processing of one image

Average Amplitude in 4.0Å…3.5Å
Iciness =

Average Amplitude in 30Å…6Å
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FOCUS – The full-screen browser
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FOCUS – The full-screen browser
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FOCUS – Dataset Tab:  Processing for the entire dataset
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FOCUS – Dataset Tab:  Processing for the entire dataset
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FOCUS – The Library
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FOCUS – The Library:  Select and REPROCESS
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FOCUS – The Library:  Select and move to TRASH
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FOCUS – Dataset Tab:  Processing for the entire dataset
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FOCUS – Dataset Tab:  Life processing for the entire dataset

cisTEM:  Integration in preparation (Alexis Rohou, Ricardo Righetto, et al.)

Relion:  2D classification is integrated

34 Stahlberg-FOCUS-2018-03-21.key - March 22, 2018



FOCUS – Dataset Tab:  Life processing for the entire dataset

• Particles auto-picked with Gautomatch
• Normalized and appended to a 

master .STAR file
• Runs every T minutes on the last  

M acquired images
• Idea: to have some diagnosis of data quality 

during data collection  

Challenges:
• Speed vs. Number of images
• Picking parameters (ptcl diameter, box size, 

cutoff_cc...)
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FOCUS – Dataset Tab:  Life processing for the entire dataset

cisTEM:  Integration in preparation (Alexis Rohou, Ricardo Righetto, et al.)

Relion:  2D classification is integrated
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FOCUS – Export Tab:  Export good data to external resources
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FOCUS – Export Tab:  Export good data to external resources
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FOCUS – Export Tab:  Export good data to external resources
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FOCUS – Export Tab:  Export good data to external resources
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FOCUS – Typical Workflow: Single Particle

•Import from SerialEM:    K2 movies,  8k x 8k,  50 frames,  90/hour,   TIFF LZV compressed.

•Unpack, MotionCor2 on 8k movies. 


•MotionCor2 Fourier-crops to 4k after drift correction.

•Create THREE dose-weighted averages: 1) DW.    2) non-DW.    3) DW only 40e/A2.


•CTFFIND4  /  gCTF 

•Measure Iciness 

•gAUTOMATCH to pick particles

•Push statistics to STATUS website server

•Cleanup to delete temporary files


•Synchronize to FOCUS-CENTRAL

•In parallel:  
Compute 2D class averages 
of particles of last 500 movies
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FOCUS – Typical Workflow: 2D crystals

•Import from SerialEM:    K2 movies,  8k x 8k,  80 frames,  TIFF LZV compressed.

•Unpack, MotionCor2 on 8k movies. 


•MotionCor2 Fourier-crops to 4k after drift correction.

•Create THREE dose-weighted averages: 1) DW.    2) non-DW.    3) DW only 40e/A2.


•CTFFIND4  /  gCTF 

•Measure Iciness 

•Full 2D crystal processing: Lattice finding, Unbending, …

•Push statistics to STATUS website server

•Cleanup to delete temporary files


•Synchronize to FOCUS-CENTRAL

•In parallel:  
3D merging into 3D 
reconstruction
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•Import from SerialEM:    K2 movies,  8k x 8k,  7 frames,   TIFF LZV compressed.

•Assign Movies to Tilt Series. Learn tilt angle from file name.

•Unpack, MotionCor2 on 8k movies. 


•MotionCor2 Fourier-crops to 4k after drift correction.

•Take PRIOR DOSE into account.

•Create dose-weighted averages.


•CTFFIND4  /  gCTF 

•Measure Iciness 

•Push statistics to STATUS website server


•Cleanup to delete temporary files

•Synchronize to FOCUS-CENTRAL

FOCUS – Typical Workflow: Electron Tomography

Export function:  
•Re-order by tilt angle 
•merge into one MRC Stack per tilt series.
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FOCUS – Typical Workflow: Electron Tomography

44 Stahlberg-FOCUS-2018-03-21.key - March 22, 2018



FOCUS – Typical Workflow: Electron Tomography
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FOCUS – Typical Workflow: Electron Tomography
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FOCUS – Typical Workflow: Electron Tomography
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FOCUS – Typical Workflow: Electron Tomography
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•Import from SerialEM:    K2 movies,  8k x 8k,  7 frames,   TIFF LZV compressed.

•Assign Movies to Tilt Series. Learn tilt angle from file name.

•Unpack, MotionCor2 on 8k movies. 


•MotionCor2 Fourier-crops to 4k after drift correction.

•Take PRIOR DOSE into account.

•Create dose-weighted averages.


•CTFFIND4  /  gCTF 

•Measure Iciness 

•Push statistics to STATUS website server

•Cleanup to delete temporary files


•Synchronize to FOCUS-CENTRAL

FOCUS – Typical Workflow: Electron Tomography

Export function:  
•Re-order by tilt angle 
•merge into one MRC Stack per tilt series.
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FOCUS – STATUS Website

GIF/K2 
SerialEM

70 to 120 movies / hour

• Unpacking, gain correcting 
• Drift correction (MotionCor2 on 8k) 
• CTF estimation 
• Particle picking

Computer 
Cluster

up to 130 movies / hour (4 x Titan Xp GPU)

8k x 50 frame 
movies 

http://status.c-cina.unibas.ch
Ours is at:
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focus.postprocess
• Python program for postprocessing 3D maps
• Based on mrcz.ioMRC: http://github.com/em-MRCZ 

(McLeod et al., JSB 2017)
• Distributed with FOCUS: http://focus-em.org
• Includes many features from RELION, FREALIGN, 

EMAN2, IMAGIC and more:
– Smart auto-masking (flood-filling method)
– FSC High-Resolution Noise-Substitution
– FSC volume normalization (based on MW)
– ½-bit and 3-Sigma criteria
– Directional FSCs
– Sharpening B-factor determination
– Sharpening by whitening
– Can also be used only for masking  

and/or filtering maps
– Works in 2D and 3D
– High-quality plots
– Logs complete description of options  

and filters applied  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Tips & tricks
• Find the optimal number of movies you can process in parallel

– HyperThreading is fine in principle, but risks oversubscribing  
and thus making the performance worse

• The size of FASTDISK also limits how many you can do in parallel
• Beware of MotionCor2 versions

– Newer versions have problems if running multiple instances on the same GPU
• The “Manage Project” tab is handy!

– Especially the “Search” & “Synchronize” parameters tools!
• Always test your parameters on a few images before starting importing automatically
• All Focus-bundled executable are also available from  

your command line (MRC package, 2dx package, Python scripts, etc)
• Ready-to-run scripts are saved under merge/proc/ 

– Useful for launching things remotely / submitting to cluster

https://en.wikipedia.org/wiki/Parallel_slowdown
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Perspectives
• Support MRCZ (McLeod et al., JSB 2017)

– More useful if external programs also adopt it

• Own generation of gain-reference  
(McLeod et al., bioRxiv 2017; Afanasyev et al., Sci. Rep. 2015)

• More integration with RELION
– All the way to online 3D refinement 

• More integration with cisTEM (thanks Alexis Rohou)
– GPUs might not be necessary anymore?

• Improvements on the status page
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• FOCUS interfaces your data acquisition computer with the 
software you commonly use to process your data

• FOCUS is highly customizable
• Publication: 

Biyani, N., Righetto, R.D., McLeod, R., Caujolle-Bert, D., Castano-Diez, D., Goldie, K.N., Stahlberg, H., 2017.  
Focus: The interface between data collection and data processing in cryo-EM. 
J. Struct. Biol. 198, 124–133. doi:10.1016/j.jsb.2017.03.007

• Documentation: focus-em.org
– Includes YouTube tutorials!

• Source code: github.com/C-CINA/focus
• Bug reports, feature requests: github.com/C-CINA/focus/issues  
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