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Topics

CCoommmmoonn--LLiinnee  MMeetthhoodd
• particle selection

• particle alignment & classification

• model reconstruction & refinement

RRaannddoomm  CCoonniiccaall  TTiilltt
• tilt-pair data collection

• direct reconstruction
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• manual annotation

• template matching

• computer vision

• neural network

• and more …

Particle Selection



TTeemmppllaattee  MMaattcchhiinngg

Local Correlation Function (LCF) for image intensity matchingLocal Correlation Function (LCF) for image intensity matching

Spectra Correlation Function (SCF) for overall shape matchingSpectra Correlation Function (SCF) for overall shape matching

I is a template image, MT and MS are template masks, NT and NS are pixels under the respective 
masks. ACF is the auto-correlation function of I, and σσσσ( ) is the square-root of variance.



LLCCFF  &&  SSCCFF  FFuunnccttiioonnss

LCFLCF

SCFSCF
MicrographMicrograph TemplateTemplate



Sourceless  ooff   Templates

DDeeppeennddiinngg  oonn  tthhee  ssttaaggee  ooff  ddeevveellooppmmeenntt,,  tteemmppllaattee  iimmaaggeess  
mmaayy  ccoommee  ffrroomm

�� PPaarrttiiccllee  iimmaaggeess  ccrrooppppeedd  ddiirreeccttllyy  ffrroomm  aa  mmiiccrrooggrraapphh

�� CCllaassss  aavveerraaggeess  ffrroomm  aa  ssiizzaabbllee  ppaarrttiiccllee  ddaattaasseett

�� 22DD  pprroojjeeccttiioonnss  ffrroomm  aa  33DD  ddeennssiittyy  mmooddeell



eemmllaabb..rroossee22..bbrraannddeeiiss..eedduu//ggrriiggoorriieeffff//ddoowwnnllooaaddss//ssiiggnnaattuurree



Particle Alignment

2D Alignment2D Alignment

•• TranslationTranslation

•• RotationRotation



Particle Classification

Goal: improve SNR by class averagingGoal: improve SNR by class averaging

•• PCA to identify PCA to identify eigeneigenimages (modes)images (modes)

•• decompose images in thedecompose images in theeigeneigen--spacespace

•• find point clusters find point clusters ⇒⇒⇒⇒⇒⇒⇒⇒ classesclasses

Feature 1Feature 1

Feature 2Feature 2



Particle Classification



Model Reconstruction



Back Projection



Common-Line Principle



Model Reconstruction



N-ethyl Maleimide Sensitive Factor



Structural Analysis

•• PPDDBB--mmaapp  ddoocckkiinngg

•• SSttrruuccttuurree  pprreeddiiccttiioonn

•• HHiigghh--rreessoolluuttiioonn  EEMM
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