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From Images to Data: 
Scaling and Streamlining 
Research Workflows 

Dirk	  Colbry	  
Ins1tute	  for	  Cyber-‐Enabled	  Research	  

Agenda 

•  Scien1fic	  Image	  Analysis	  
•  Scaling	  issues	  
•  Exploratory	  research	  
•  Image	  Grammar	  
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Research Team   

•  Dirk	  Colbry	  
–  Ins1tute	  for	  Cyber	  Enabled	  Discovery	  	  

•  Fred	  Dyer	  
–  Zoology	  	  

•  Ian	  Dworkin	  
–  Zoology	  

•  Yang	  Wang	  
– Mathema1cs	  

•  Lifeng	  Wang	  
–  Sta1s1cs	  &	  Probability	  

Phenomics 

Area	  of	  biology	  concerned	  with	  the	  
measurement	  of	  phenomes	  —	  the	  physical	  
and	  biochemical	  traits	  of	  organisms	  —	  as	  
they	  change	  in	  response	  to	  gene1c	  muta1on	  
and	  environmental	  influences.	  

Houle,	  D.;	  Govindaraju,	  D.R.;	  Omholt,	  S.	  (2010),	  
"Phenomics:	  the	  next	  challenge",	  Nature	  
Reviews	  Gene1cs	  11	  (12):	  855–66	  
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Animal Behavior 
Dr. Fred Dyer, MSU 
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Body parts tracked in Chamview

Visual Science 
•  Long	  history	  	  
in	  Biology	  

•  Tradi1onally	  	  
done	  by	  hand	  
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Photography 

•  Changing	  science	  
–  Scien1sts	  are	  able	  to	  
record	  video	  without	  
knowing	  what	  they	  
will	  see	  

–  Cameras	  may	  see	  
something	  the	  
scien1sts	  missed	  

–  Different	  scien1sts	  
can	  view	  the	  same	  
data	  with	  different	  
scien1fic	  ques1ons	  
in	  mind	  

http://skyview.gsfc.nasa.gov/ 

•  Do	  you	  really	  need	  a	  
telescope	  to	  ask	  your	  
research	  ques1on?	  

•  Query	  data	  saved	  from	  
other	  experiments	  to	  
save	  money	  and	  1me.	  	  

•  Enables	  researchers	  to	  
ask	  larger	  ques1ons	  
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 Cameras Everywhere 

•  Transforming	  how	  
scien1sts	  gather	  data	  

•  Very	  affordable	  
•  Data	  is	  becoming	  
very	  cheap	  to	  gather,	  
so	  there	  is	  a	  lot	  more	  
of	  it	  

	  
Charge-‐Coupled	  Device	  (CCD)	  

Even small projects grow fast 
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Problems with Video/Image Data 

•  Data	  is	  growing	  at	  a	  fast	  rate:	  
–  11	  years	  of	  YouTube	  video	  are	  uploaded	  every	  day	  

(hjp://www.youtube.com/t/press_sta1s1cs)	  

•  Informa1on	  is	  specific	  to	  the	  research	  
problem.	  

•  The	  noise	  to	  informa1on	  ra1o	  is	  very	  high	  in	  
most	  image/video	  projects.	  	  	  
–  For	  example,	  in	  a	  single	  frame	  we	  may	  only	  
need	  one	  measurement.	  	  	  

How are digital images analyzed? 

Graduate	  students	  are	  cheap…	  
	  Undergraduates	  are	  even	  cheaper!	  
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Also, easy to run in parallel 

Leveraging “Citizen Scientists” 
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Massively Parallel 
Image analysis 

hjps://www.zooniverse.org/	  

Goal: Automate Image Analysis 

•  Let	  computers	  do	  the	  work	  for	  you	  
•  Automa1cally	  iden1fy	  informa1on	  in	  
images	  	  

•  Return	  that	  informa1on	  as	  data	  to	  the	  
scien1st	  

– Pajern	  Recogni1on	  
– Machine	  Vision	  
–  Image	  Processing	  
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Existing automated approaches 

Task	  Specific	  
•  Program	  solves	  a	  specific	  

problem	  for	  a	  specific	  
type	  of	  input	  

•  Domain	  specific	  
assump1ons	  make	  it	  easy	  
to	  automate	  image	  
analysis	  

	  
Ex.	  CMEIAS,	  wingmachine	  

General	  
•  Tools	  make	  it	  easy	  to	  do	  

global	  manipula1on	  of	  
images	  

•  Difficult	  to	  do	  anything	  
specific	  to	  a	  problem	  

	  
Ex.	  Photoshop,	  ImageJ	  

CMEIAS – Center for Microbial 
Ecology Image Analysis System 

Comprehensive	  suite	  of	  bioimage	  informa1cs	  analysis	  
sotware	  applica1ons	  designed	  to	  strengthen	  
quan1ta1ve,	  microscopy-‐based	  approaches	  for	  
understanding	  microbial	  ecology,	  at	  spa1al	  scales	  
relevant	  to	  the	  individual	  microbes	  and	  their	  ecological	  
niches.	  
	  

hjp://cme.msu.edu/cmeias/	  

Dr. Frank Dazzo, MSU 



11/2/12	  

10	  

Wing Images  
Dr. Ian Dworkin, MSU 

Wingmachine 

Wingmachine	  sotware	  developed	  by	  the	  Houle	  lab,	  FSU	  
Houle	  et	  al.	  2003	  BMC	  Evo.	  Biol.	  3:25	  
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ImageJ 

•  Free,	  Open	  source	  
•  Over	  1,700	  users	  
•  More	  than	  500	  Plugins	  listed	  on	  their	  website	  
•  Many,	  many	  features	  

Why is this hard? 

•  In	  order	  to	  automa1cally	  analyze	  images	  you	  
need	  a	  new	  tool	  for	  every	  problem	  	  	  
– Every	  domain	  is	  different	  
– There	  is	  no	  one	  tool	  that	  will	  solve	  all	  problems	  
– General	  tools	  (like	  ImageJ)	  	  need	  to	  be	  
assembled	  to	  make	  automated	  tools	  

–  It	  takes	  1me	  to	  develop	  domain	  specific	  tools	  
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Our Goal  

•  Focus	  on	  the	  workflow	  of	  making	  tools,	  
not	  on	  the	  individual	  tools	  themselves	  

•  Make	  it	  easer	  to	  make	  new	  tools	  

•  How?	  

Idea: Make an Image Grammar 

•  Can	  we	  make	  a	  language	  that	  helps	  us	  
build	  tools?	  

•  What	  would	  this	  image	  grammar	  look	  like?	  
•  How	  would	  it	  work?	  
•  Would	  such	  a	  grammar	  make	  exploratory	  
science	  easier?	  
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Syntax of images 

•  How	  images	  are	  
made	  and	  used	  
– Pixels	  
– Rela1onships	  
between	  pixels	  

– Temporal	  	  
–  Spa1al	  
– Etc.	  

•  General	  algorithms	  
that	  are	  available	  in	  
packages	  like	  ImageJ	  
–  Image	  encasement	  
– Cropping	  
–  Segmen1ng	  
– Etc.	  

Semantics 

•  What	  is	  it	  we	  are	  measuring	  and	  looking	  for?	  
– Wings	  
– Brains	  
– Chameleons	  
– Arm	  
–  Leg	  
– Etc.	  
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System Diagram 

Point Selection

Output 
Features

Point
Correction

Automatic 
Selection

Image Stack

Grammar

User

ChamView 
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How do we measure success? 

Prototype System Objects 

•  Preprocessors:	  Enhance	  or	  segment	  
images.	  Both	  the	  input	  and	  the	  output	  of	  a	  
preprocessor	  is	  an	  image.	  

•  ImageStack:	  This	  is	  the	  main	  object	  that	  
stores	  informa1on	  about	  sets	  of	  images.	  

•  Predictor:	  Picks	  points	  within	  an	  image.	  	  
•  Choosers:	  Picks	  the	  best	  points	  from	  a	  list	  
of	  point	  predic1ons.	  
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Example 

•  Preliminary	  Point	  Pickers:	  
– Kine1c	  	  
– Template	  Matching	  
–  SIFT	  Features	  

Point tracking on Chameleons 

Patrick	  Korth,	  CSE	  University	  of	  Michigan	  
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Preliminary SIFT Results 
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Patrick	  Korth,	  CSE	  University	  of	  Michigan	  

Fly Wings 
Ian Dworkin 
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Future Challenges 

•  More	  pickers	  
•  More	  Projects	  
•  More	  than	  just	  points	  
•  Automated	  search	  though	  the	  grammar	  space	  
•  Automated	  tweaking	  of	  algorithm	  parameters	  
•  Bigger	  datasets	  (Run	  on	  the	  HPCC)	  
•  Intelligent	  feedback	  to	  the	  researchers	  


