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ProblemProblem

• High-throughput technologies are generating largeHigh throughput technologies are generating large 
amounts of complex data that is difficult to process 
and convert into knowledge

• Issues exist throughout data lifecycle:
– Acquisition

– Analysis

– Archiving

– Interchange



Imaging TechnologiesImaging Technologies

• Imaging technologies are increasingly being used g g g g y g
both as diagnostic tools and as research tools in the 
biosciences

N l h d d d f d l i d– Novel methods are needed for automated analysis and 
comparisons

– Correlation among studies is difficult at best
– Off-the-shelf methods are not well characterized and can 

contribute significantly measurement uncertainty
– Need to combine features from images with other– Need to combine features from images with other 

biological or medical sources



Example from LiteratureExample from Literature
Original Data –

64% Poorly

Segmented

Only Well 
Segmented Cells

• Relies heavily on cell 
imaging

Segmented

• Gigabytes of images 
collected

• Algorithms treated 
as “black boxes” 

• Many algorithms 
published but 
rarely comparedrarely compared

• Poor 
segmentation 
significantly 

Source:

effects conclusions
High Content Screening

Hill, LaPan, Li, Haney (Wyeth Research)
Impact of image segmentation on high content screening data quality for SK-BR-3 cells
BioMed Central Bioinformatics 2007



Computational Biology:  Single Cell Analyses
Intracellular molecular reactions and interactions that control the response 

and fate of cells and organisms cannot be unambiguously compared and 
combined due to a lack of standards and validated protocols

NIST Role
Provide the measurement tools and standards that enable quantifiable and 

reproducible measurements of cells and their interactions through:
• Standard data/metadata format for image capture storage retrieval analysis• Standard data/metadata format for image capture, storage, retrieval, analysis
• Software to enable high throughput cell image analysis and interoperability
• Standards and validation required to ensure reproducible image analysis
• Multi-site experiments to test software and validation protocols

Technical Approach
•Create and evaluate an integrated data collection, organization and analysis 

infrastructure for cellular imaging  
l d l f h h l d d d•Experimentalists and computational scientists - focus on the physical standards and 

protocols for data collection, image processing and analysis, storage of data and 
metadata, and evaluation of results



Segmentation EvaluationSegmentation Evaluation

• Determine which segmentation techniqueDetermine which segmentation technique 
and associated parameters can be used to 
reliably determine the morphology of cells forreliably determine the morphology of cells for 
the purposes of comparing cell lines as part 
of a new standard procedure underof a new standard procedure under 
development 



Variability Across MethodsVariability Across Methods
Different segmentation techniques can change results



Cell 1 was an edge
cell in one case Red = k-means (k = 2)( )

Blue = Otsu
Green = Maximum Entropy
White = Ground TruthCell should 

have been 
i dignored

l lPreliminary evaluation 
shows  that results can 
vary by more than ± 40%

A10 Cell Line
Th diff t t ti

In one case
this cell was segmented

Three different segmentation 
techniques

as three particles



Variability Across Implementationsy p
Different implementations of the same technique can change results as well

Comparing two  
implementations 

across threeacross three 
images

“Software as measurement”



Experimental DesignExperimental Design

• Two cell lines – A10 & 3T3Two cell lines A10 & 3T3
• Cell preparation follows ASTM document
• Different image exposure and filter levels• Different image exposure and filter levels
• No flat-field correction

M lti l li t t i• Multiple sampling to capture noise
• Ground truth: expert manual segmentation
• Result: approximately 8000 images – 80 of 

which are used for initial evaluation work



Red Channel Images - A10Red Channel Images A10

Low Exposure, Optimal Filter Medium Exposure, Optimal Filter

High Exposure, Optimal Filter Medium Exposure, Non-optimal Filter

16-bit Gray-scale Images



Red Channel Images - 3T3Red Channel Images 3T3

Low Exposure, Optimal Filter Medium Exposure, Optimal Filter

16-bit Gray-scale Images

High Exposure, Optimal Filter Medium Exposure, Non-optimal Filter



PipelineCode
G PipelineGenerator

ROI
Normalization

ImageJ
Scripts

ImageJ Masks,
Statistics

Images
Post-

processing
Plug-in

Wrappers

Evaluation
Reference

Seg Evaluation
Data SetSeg.

Methods



Planned Progression of EvaluationsPlanned Progression of Evaluations

Basic AlgorithmsBasic AlgorithmsBasic AlgorithmsBasic Algorithms

Edge-based MethodsEdge-based Methods

Advanced TechniquesAdvanced TechniquesAdvanced TechniquesAdvanced Techniques



Algorithms EvaluatedAlgorithms Evaluated

Basic MethodsBasic MethodsBasic MethodsBasic Methods

OtsuOtsu Maximum Maximum K-Means ClusteringK-Means ClusteringOtsuOtsu

NISTNIST I JI J

EntropyEntropy

NISTNIST I JI J

K Means ClusteringK Means Clustering

K 2K 2
Threshold 
Cl t

Threshold 
Cl t

Combined 
ith Ot

Combined 
ith Ot

Combined 
with Max. 
Combined 
with Max. NISTNIST ImageJImageJ NISTNIST ImageJImageJ K=2K=2 Clusters 

(K=3,4,5)
Clusters 
(K=3,4,5)

with Otsu  
(K=3,4,5)
with Otsu  
(K=3,4,5) Entropy  

(K=3,4,5)
Entropy  
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NISTNIST ImageJImageJ NISTNIST ImageJImageJ ImageJImageJ









Live Cell TrackingLive Cell Tracking

• There are few automated image analysisThere are few automated image analysis 
options available to the cell biologists to 
quantify live cell image dataquantify live cell image data

• Segment and track cells in an image sequence 
to quantify the total fluorescence intensity ofto quantify the total fluorescence intensity of 
individual cells over time



Manually Tracking NIH 3T3 CellsManually Tracking NIH 3T3 Cells

Phase contrast on left, GFP on right 



CompBio Cell TrackerCompBio Cell Tracker

Live Cell ImagesLive Cell Images
Live Cell ImagesLive Cell ImagesLive Cell ImagesLive Cell Images

SegmentationSegmentationSegmentationSegmentation

Cell Tracking

Cell Lineage Intensity Plot Other Outputs: 
Migration
Velocity, etc



Automatic Tracking of NIH 3T3 CellsAutomatic Tracking of NIH 3T3 Cells



Automatic Tracking of NIH 3T3 CellsAutomatic Tracking of NIH 3T3 Cells



Thank You!Thank You!

alden.dima@nist.gov


