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Is it signal?

The Common Sample & The Common Problem:
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Example: Metadata documentation

Leica SPEOlympus Fluoview 1000Zeiss Airy EMBL

SIM reconstruction
Cornell

Microscope settings 
Cornell

Sample information
Cornell

The Common Sample & Meta-Data
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 1. Microscope performance
“Image Quality”

Calibrate Imaging Data (Photons)
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PSFj was created by the Knop lab and 
is available at http://www.knoplab.de/psfj

z

Calibrate Imaging Data (Photons)
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https://sites.google.com/a/4dnucleome.org/4d-nucleome-wiki/working-groups-list/imaging-data-standards-wg/
microscope-calibration-project/optical-calibration-documents

On going project, used to 
guide DCIC image upload

Calibrate Imaging Data (Photons)
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Optical Quality

‘Photonic’ Quality

• Hypothesis: A microscope can be fully described as a ‘photon in’ – ‘photon 
out’ counter

• Can compare a wide range of microscopes at the raw data level
• Noise models for most detectors exist, but measuring power is to complex 

for ‘normal’ labs – even many physics labs

 1. Microscope performance
“Image Information Content”

Calibrate Imaging Data (Photons)
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• Fits in objective mount
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• linear intensity ramp
• Possibly with minimal user input
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2. Imaging parameters

Meta Data

Calibrate Imaging Data (Documentation)
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Leica SPEOlympus Fluoview 1000Zeiss Airy EMBL

SIM reconstruction
Cornell

Microscope settings 
Cornell

Sample information
Cornell

Calibrate Imaging Data (Documentation)
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• Not all Images are Equal (in intend)
• Tier System

Tier name Description Example Experiments Required metadata (examples)

D1 Descriptive 1  
Show large-scale effects

- Transfection control  
- live/dead test

- microscope type
- labeling technique
- scale bar

D2 Descriptive 2  
Feature counting / confirmation

- cell counting  
- large domain/foci counting

D1 requirements
+ pixel size
+ illumination source

A1 Analytical 1  
Count small objects in cells

- single-molecule FISH  
- distance measurements

D2 requirements
+ excitation power
+ exposure / gain settings

A2 Analytical 2  
Limited signal / adv. processing

- SM-tracking in live cells 
- super-resolution

A1 requirements
+ PSF fitting algorithm used
+ photon statistics

P Pioneering  
New, unproven technology

- new technique  
- new gold-standard

A2 requirements
+ replicate statistics
+ ...

Meta Data

https://docs.google.com/spreadsheets/d/1P5BwH2xnNQJSdivNxaAq6KpiFMFL6hwRxubh8bkLQFo/edit#gid=0

Calibrate Imaging Data (Documentation)
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The 4 + 1 Tier System 

• Descriptive 1
• Large scale effects (e.g. Transfection Control)
• Normally taken only once
• Typically single image or image stack
• Minor supporting evidence to manuscript or project

• Descriptive 2 
• Count features that are identifiable without any doubt, some statistical analysis
• Taken in replicates as single images/stacks or image multi-dimensional time series
• Not diffraction limited
• Confirm or support other data
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Meta-Data for Descriptive 1 Level
Category

Metadata 
key Description

Image pixel size
the dimensions of pixels 
in the image

Image z-sampling
Distance between optical 
planes

Image time step
the time step between 
images / volumes in a 
series

Image
time 
stamp

The time at which the 
image was taken

Image unique ID
A unique ID which 
identifies this image, 
even if file names change

Image imager
The person who acquired 
the image

Image
Channel 
encoding

Order in file, e.g. 
t,z,ch1-n

Category Metadata key Description

Instrument Brand
Manufacturer, 
development

Instrument Objective Brand

  Objective N.A.

  Objective Magnification

  Objective
special 
designation 
(e.g. TIRF, …)

Instrument
Fluorescence 
light source(s) Manufacturer

 
Fluorescence 
light source(s) Type

 
Fluorescence 
light source(s)

center 
wavelength

  Detector(s)
Camera/
Confocal/etc..

Instrument Modality
WF, confocal, 
TIRF etc…

Category Metadata key Description

Sample preparer
The person who 
prepared the sample

Sample
preparation 
date  

Sample
cell line / 
tissue type  

Sample labelling
What is labelled in 
each color channel

Sample protocol
a link to the protocol 
used for sample 
preparation

Sample fixation
the fixation method 
used

Sample embedding
The embedding 
medium 

Additional Meta-Data for Descriptive 2 Level (D1 + )
Category Metadata key Description

Instrument Objective Immersion Medium

Instrument Filter Sets Ch 1:

  Filter Sets Ch 2:

  Filter Sets Ch n:

Instrument Detector(s) Manufacturer

Instrument integration time
the length of time the 
image is exposed to light 
for a single frame

Category Metadata key Description

Sample embedding
Refractive index of embedding 
medium (nominal)
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The 4 + 1 Tier System 

• Analytical 1 (This is the smFISH level)
• Small objects are counted, advanced analysis possible (e.g. fitting, noise models)
• Typically fixed cells, or non-diffraction limited live cell imaging
• Data reproducible within narrow margin, comparability between labs wanted
• Major data set in project, e.g. production level

• Analytical 2 
• Live cell tracking, any advanced analysis
• ’Super-resolution’ imaging
• Data should be fully portable
• Experiments aim at correlating Chromatin Capture and imaging data
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Additional Meta-Data for Analytical 1 Level (D2 + )
Category Metadata key Description

Instrument Objective working distance

  Objective Field Number

Instrument
Fluorescence 
light source(s) Power output nominal

 
Fluorescence 
light source(s)

Lasers/diodes per 
channel

 
Fluorescence 
light source(s)

Coupling (e.g. fiber, light 
guide, direct)

Instrument Filter Sets Manufacturer(s)

Instrument camera model
Specific model, chip, 
etc.

Instrument camera serial # Camera serial number

Category Metadata key Description

Calibration dark value the value reported for no 
incoming light

Calibration photometric 
conversion

conversion factor to convert 
incoming counts to photons

Calibration read noise the amplitude of read noise

Calibration illumination 
intensity

Light intensity/power at the 
sample

Calibration camera dark 
map

an image describing the pixel by 
pixel variations in dark level

Category Metadata key Description

Calibration camera read 
map

an image describing the pixel by 
pixel variations in read noise

Calibration 3D multi-color 
bead stack

 

Calibration PSFJ report  

Calibration Test Tube Other Test Tube parameters

Additional Meta-Data for Analytical 2 and Pioneering Level (A1 + )
Category Metadata key Description

Instrument Objective Immersion Refractive Index (measured)

Instrument
Fluorescence light 
source(s) Coupling (e.g. fiber, light guide, direct)

Calibration Imaging standard
e.g. Argolight, Geller MRS4, DNA 
origami

Sample embedding
Refractive index of embedding medium 
(measured)
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The 4 + 1 Tier System 

• Pioneering
• New Technologies
• New Gold Standards
• Image Analysis not yet fully established
• Meant to be analyzed in multiple contexts 
• Meant to be analyzed by multiple groups inside and outside 

of the 4DN consortium
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DCIC image data portal 

Documen
tLab Award User

One to one One to many
Publicatio

n

Experiment
Set

Replicate

Experiment 
Set

One to 
one

One to 
many

Biosample

Objects linked to all (or most) items

V
P

Vendor
Protocol

T Target

Genomic 

Protein
RNA

Cell 

Modification

Treatment
(RNAi, Chemical)

Biosource

Cell Culture
Details

Individual
(human, mouse, …)

Organism

V
P

V

Construct
V

V
T

T

P

Image

Self 
Relation

Reference
Protocol

Additional
Protocols

      Files 
Microscopy

P

Experiment 
Microscopy

Imaging Path 
Per Channel

T

Microscope 
Settings

Microscope 
Calibration

Microscopy Experiment Structure

Slide from Koray Kiril, DCIC
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Calibrate Imaging Data (Beads Example)

DCIC image data portal 

Monthly checks for microscope by Z stack images of fluorescent beads 
analyzed by PSFj

Files Microscopy
File1

Microscope 
Settings

D2 – File1_QC
Microscope QC

Files Microscopy
File2

Microscope 
Settings

D2 – File2_QC

Description

bead_diameter
Magnification
objective_na
pixel_size
refractive_index
z_plane_distance

files_in_set

Attachment

DCIC QC March 2018

200
100
1.49
6.5
1.52
0.1

File1, File2

PSFj Result PDF

Slide from Koray Kiril, DCIC
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Imaging Path

DCIC image data portal 

Solution for condensing information spread out in Biosource, Biosample 
and Experiment protocols

Experiment

Biosample

ProtocolLabeling Path

Protocol

Files

Biotin

Target : LADF gene   
Other Probes: Biotinylated RNA probe set
Labeled Probe: Anti Biotin Antibody
Label: Atto647N

CH01
CH02
CH03

Target-Probes-Label
Target-Probes-Label
Target-Probes-Label

V
P

Vendor
Protocol

T Target

Genomic 
Region
Protein

RNA

Cell Structure

Genomic Region
genome_assembly 
chromosome 
start_coordinate 
end_coordinate 
location_description 
start_location
end_location 

Slide from Koray Kiril, DCIC
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DCIC image data portal 
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Data Submission Process

DCIC image data portal 

Data Submission with Excel Workbooks

Copy paste rows and columns
Use formulas for enumerations and concatenation

Slide from Koray Kiril, DCIC
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DCIC image data portal 

Uploading Excel Workbook

Data Submission Process
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