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The M5 framework
for exploring

the Human Cytome

Peter Van Osta

MAIA SCIENTIFIC
A Harvard Bioscience Company

Focus On Microscopy
7 April 2004

A Human Cytome Project ?
Monday 01 December 2003 at 10:57:46

bionet.cellbiol newsgroup

Hi,

I was wondering if there is already something going on to set up a sort of "Human Cytome Project" ?
In my opinion the hardware and most of the software seems to be available to set up such a project ?
For the cellular level, light-microscopy based reader technology would be very interesting to use ?

Studying and mapping the genome, transcriptome and proteome at the organizational level of the cell for
various cell types and organ models could provide us with a lot of information of what actually goes on in
organisms in the spatio-spectro-temporal space ?

I have been thinking (working) about a concept which could provide the basic
framework for exploring and managing this cellular level of biological
organization research on a large scale, but I would like to know if there is already some
thought/work going on in the direction of setting up an initiative such as a "Human Cytome Project" ?

This is just an idea, so I am really interested to hear if there is something in it, or even if it is not worth while
what I just wrote.

Best regards,

Peter Van Osta.
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History

Nanovid Microscopy
MIAS-1

Nanovid Microscopy - Immunogold
1985

Quantimet 970 Image Analyzer made by Cambridge Instruments -1983
Nanovid microscopy, VEDIC, 20 nm resolution, immunogold labeling - 1985
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MIAS-1
1993

Imaging setup for stimulation studies of isolated cardiomyocytes in 1993
Ca2+ ratio-imaging real-time acquisition (10 msec) and analysis.

Picture courtesy of J&J PRD

From Images to Data

Control Kernel
M5

Image
Acquisition

Object
Selection

Object
Quantification

M5 as a data flow management framework
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eaZYX-2™ M5 Kernel Modules

Store
and

Retrieve

Quantify
Module

Object
Module

Acquire
Module

In/Out

M5 Kernel
XY(Z)

t

Dimension and dataflow management kernel
Distributed Modules

M5 Kernel Modules
Modular Design

• Modular integration
• Modules (M)

• Components (C)
• Cross-platform Interoperability – open standard

• CORBA® (Common Object Request Broker Architecture)
• Multithreaded and distributed operation (Unix)
• ANSI C and C++ code

• High performance
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M M
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eaZYX 2 M5 Control Kernel
Distributed Processing

S/R

M M

M

I/O

M5
S/R

M M

M

I/O

M5
S/R

M M

M

I/O

M5

M5 process can be duplicated to allow for distributed computing

External Communication

Store
and

Retrieve

Quantify
Module

Object
Module

Acquire
Module

In/Out

M5 Kernel
XY(Z)

t

Dimension and dataflow management kernel
Distributed Modules
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I/O and S/R Modules

S/R

M M

I/O

M

M5

RELATIONAL DATABASE
MANAGEMENT SYSTEMS

(RDBMS)

IMAGE EXPORT
(Open Standards, Batch)

METADATA EXPORT
(ASCII, Other, Batch)

DATA EXPORT
(ASCII, Other, Batch)

CONTENT
MANAGEMENT

SYSTEMS
(CMS)

MULTIPLE O.S.

SYSTEM INTEGRATION

GRAPHICAL
USER

INTERFACE

.NET PROTOCOL

HARDWARE

The In/Out Module uses CORBA® to communicate with other systems
The Store/Retrieve Module can interface with other systems for storage and retrieval

CORBA®COMPONENTS

Why CORBA® ?

• Cross-platform Interoperability
• Open standard
• O.S. Independent integration

• Platform Independence
• Re-targeting application for different platforms 

• Domain Specificity
• Domain-specific models

• Productivity (language independent)
• Integrate C, C++, JAVA, Visual Basic, …

• Portability
• Facilitate application re-use
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External Communication- GUI

Array
N x N (x N)

Tiles
N x N (x N)

Image
N x N (x N)

Protocol
information

Graphical User Interface (GUI) connected to kernel (I/O Module) through CORBA®

Data Acquisition

Store
and

Retrieve

Quantify
Module

Object
Module

Acquire
Module

In/Out

M5 Kernel
XY(Z)

t

Dimension and dataflow management kernel
Distributed Modules
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Exploring Physical Dimensions

An object “floats” in a Cartesian 3D space to be explored

SpatioSpectral Exploration

Spatial Color

Courtesy of Jan-Mark Geusebroek

Saptiospectral measurement by a physical device without knowledge about the environment
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Spatial Exploration – Sampling
The Matroschka Principle

A Cartesian (XYZ) coordinate system defines the 3D space which can be explored with an instrument
The outer and inner limits are defined by the instrument.

The matroschka puppets illustrate the principle of multiscale exploration

Outer limits Inner limitsInstrument

Spatial Spectral and Temporal - Visual

Defining M5 acquisition module settings in XY(Z), spectral () and time
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Spatial - Locating Samples
Array Density

Array Density
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Low Density
1 - 12

Intermediate Density
24 - 1536

High Density
6144 - …

Density range for sample arrays – SBS footprint
An address book for sample location

Spatial - Acquiring Samples
Tile Density

Field of View reduction is compensated by increased tiling
Inner vs. Outer Resolution

X

Y

Tiled Images vs. Image Pixels
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Spatial - Locating the Sample
A Robust Autofocus Algorithm

Robust autofocusing in microscopy
Jan-Mark Geusebroek 1 2 *, Frans Cornelissen 2, 
Arnold W.M. Smeulders 1, Hugo Geerts 2

1Department of Computer Science, Faculty of Science, University of Amsterdam, Amsterdam, The 
Netherlands
2Life Sciences, Janssen Research Foundation, Beerse, Belgium

Cytometry, 2000, 39: 1-9 &   Pat. WO / 0075709

• Content-based auto-focus system
• Min. 300 msec. (5 frames)
• Robust in extreme low light conditions
• Robust in low S.N.R. conditions

Spatial - Acquiring Samples
Autofocus (Z) and Tiling (XY)

 p65 nuclear translocation screening
 Real time autofocus (Z) and capture (XY)
 Robust in low-light and low S.N.R.
 Autofocus up to 63x, 1.4 N.A. (imm. oil)
 Min. 300 msec. for autofocus

Video and Image courtesy of J&J PRD

Robust autofocusing in microscopy.
J. M. Geusebroek, F. Cornelissen, A. W. M. Smeulders, and H. Geerts

Cytometry, 39(1):1-9, 2000.
Pat. WO / 0075709

Spatial XY-tiling pattern
40x, 0.7 N.A.



12

Square pattern
7x7 tiles

40x, 0.75 N.A.

Active Acquisition Principle
Content Driven

(8534 tiles at 40x)

Circular pattern
473 tiles 

40x, 0.7 N.A.

Spatial –XY Tiling Patterns

Spatial – Square Tile Pattern
Nuclear Localization Screening (NLS)

• Hoechst stained nuclei of E11 
synovial fibroblasts

• 40x, 0.7 N.A.
• 60 wells
• 4 x 5 tiled mosaic 

scanned
• 693 x 513 pixels / tile
• 2772 x 2656 pix. / 

superimage

• Focus 1x in each well
• 15 min. per plate x 2

Rectangular 4x5 image mosaic - view on one well

Image courtesy of J&J PRD
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Spatial - Circular Tile Pattern
C. elegans

• Central 60 wells of 96 well plate

• 40x, 0.7 N.A.

• 473 512x512 pixel tiles / well

• 20x focus / well (1200x / plate)

• 28 380 images in less than 4 hours

0.5 seconds / image including 

travel

• Mosaic of 12800 x 12800 pixels

Circular tiled mosaic scanned - view on one well

Image courtesy of J&J PRD

Spatial – Active Acquisition Principle
Content Driven Data Acquisition

• Toluidin blue stained rabbit 
heart tissue, Epon 2  semi 
thin slice

• 63x, 1.4 N.A. (imm. Oil)
• 1300 512x512 images

( 0.75 Gb TIFF)
• 433x auto focus
• 40 minutes scan for 

complete mosaic
• 51x66=3366 image tiles
• 26112 x 33792 pixels

(1.9 Gb)
• Automated tissue edge 

detection module
Tissue scan on ZEISS Axiophot

SONY 950P 3CCD RGB color camera

Image courtesy of J&J PRD
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• Random selection of 
area’s caused 
variability

• Automated whole 
tissue analysis 
provides all data for a 
section

• Reduced hands-on 
time (2 min.)

Tumor proliferation by PCNA-positive nuclei
DAB immunocytochemistry

Automated Automated in vivoin vivo
Tumor Biology:Tumor Biology:
PCNA (+) nuclei:   273 544 PCNA (+) nuclei:   273 544 
PCNA (PCNA (--) nuclei: 1 419 730) nuclei: 1 419 730

40 x objective40 x objective
8534 pixel matched image tiles8534 pixel matched image tiles

Spatial – Active Acquisition Principle
Content Driven Data Acquisition 

Sample INT
CCD Image

SampleLaser
PMT

Image
CCD   

SampleLight CCD Image

Source Detector

• Adjustable flux
• Broad spectrum 

excitation
low bleaching or toxicity
no cell activation

• Non-invasive
• Live cell observation

long-term time-lapse
real-time video

• Intensified camera
• No need for integration
• Higher sensitivity

weak signal reading
low abundance proteins
weak gene promoters

Spectral - Flux

Adjustable Flux In Adjustable Flux Out
Real-time intensifier

Spectral
Filtering

Spectral sampling

Integrate
for low-light

Damage 
sample
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not visible to the eye                      

visible, but not scorable by eye      

All images were captured in 40 millisec. at moderate gain of the intensified camera at 40x 0.75 N.A.

MIAS-2
screening
condition

scorable by eye

Secondary antibody dilution (GAR-Cy3) 
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Spectral – Weak Signals

Spectral
Multispectral Acquisition

Expression / Translocation

Blue channel (nuclei)lBlue channel (nuclei)l Green channel (ref)Green channel (ref)

Red channel (TF)Red channel (TF) Pseudocolor overlayPseudocolor overlay

Apoptosis

Fragmented nucleusFragmented nucleus
Intact membraneIntact membrane

Intact nucleusIntact nucleus
Intact membraneIntact membrane

Intact nucleusIntact nucleus
Leaky membraneLeaky membrane

Fragmented nucleusFragmented nucleus
Leaky membraneLeaky membrane

Pixel-matched images of 1 to 5 (8,n) different spectral wavelengths
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Spatiospectral Acquisition

7x7 tiled multispectral superimage
40x, 0.7 N.A.

Blue (nuclei) Green (tubulin)

Red 
(transcription factor) Pseudocolor overlay

Temporal
Spatiotemporal Acquisition

• Time-related phenomena
• Morphological changes
• Motion detection

• Combine dimensions
• Time and spectrum (N )
• Time and space (N pos.)

• Interval (sampling time)
• Real-time (40msec.)
• Time-lapse (days)

Time-lapse movie of cultured PG12 cells
Phase contrast, Apoptosis

Video courtesy of J&J PRD
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• Record motility
• Calculate

• % motility vs control
• Motility score

• Decreases with increasing 
toxicicty

swimming        slow            slower           deadswimming        slow            slower           dead

Temporal
Fast LD50 surrogate assays with C. elegans
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Object Module

Store
and

Retrieve

Quantify
Module

Obect
Module

Acquire
Module

In/Out

M5 Kernel
XY(Z)

t

Dimension and dataflow management kernel
Distributed Modules
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From Image to Object

Selection component

From Image to Object

Cellular subcompartments are selected
and presented to the quantification engine 
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Conventional Image Processing
Filters - Thresholds - Morphology

Threshold on gray value of 128 - bright foreground versus dark background

Filters

Threshold

Binary Operations

Scale Space

Frontend Vision
Gaussian Scale Space
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Object Detection based on Human Vision

Courtesy of Jan Koenderink

The Visual System as a Geometry Engine
Multiscale Geometry – Size/Scale () and Shape

Object Detection
Spatiospectral Differentiation

Courtesy of Jan Koenderink and Jan-Mark Geusebroek

Spatial differentiation Spatiospectral differentiation
Opponent processing theory of color vision

What You Describe Is What You Get
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Spatial Color Model
Color and Space







Yellow-Blue or E

Luminance or E

Red-Green or E

Color differentiation up to the second order,
combined with Scale Space

Integration over spectral and spatial dimensions.

Color model with up to 2nd order spectral derivatives to wavelength ()
E is luminance, E is yellow-blue and E is red-green

Scale  is 55 for a 3CCD camera

Spatiospectral sampling

Differential Geometry
Shape and Scale

A 2D grayscale image landscape with gray value intensity seen as a 3D landscape
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Geometric Patterns

Geometric patterns in an image
Describe shape with differential geometry

Differentiation with a Gaussian kernel

Original 256x256 pixels image
(L)

Zero order Gaussian
just blurring

First order Gaussian
x-derivative (Lx)

Differentiating a 2D image by convolution with the derivative of a Gaussian kernel
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Gaussian Scale Selection

Intensity gradient Lw at scale () 1, 5 and 10
camera noise elimination and size selection

What You Describe Is What You Get 
(WYDIWYG)

• Detecting bright elliptic patches on 
a dark background

• Object size selection with  of 
Gaussian convolution kernel

• det. Hessian = |Hf| = fxxfyy - f2xy

• deviation of flatness: 
magnitude and direction

• fxx < 0 and fxxfyy - f2xy > 0 
• Lxx < 0 and LxxLyy - Lxy2 > 0
• Lww < 0 and LvvLww - Lvw2 > 0

Bright elliptic patches on a dark background
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Scale Space Applications

Shape
Scale

Scale Space Applications

Elliptic patch detection
P65 nuclear translocation

Lxx < -0.0004 and LxxLyy - Lxy2 > 0
Scale () 9.0
40x, 0.7 N.A.

Ridge detection
Neurite ourgrowth

LxxLyy-2LxyLxy+LyyLxx or Lpp > 4.0 * threshold / 2
Scale () 2.0, threshold 1.0

Ridge detection
Neural degeneration

Lxx+Lyy-0.5*sqrt((Lxx-Lyy)2+4Lxy2) > 0
Scale ( ) 1.5

40x, 1.4 N.A. (imm. Oil)
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Elliptic patch
Nuclear Localisation Screen (NLS)

Processing low-light and low S.N.R. images
Lxx < -0.0004 and LxxLyy - Lxy2 > 0, Scale sigma () 9.0

40x, Hoechst stained nuclei, Photonic Science ISIS-3 intensified CCD camera
40x, 0.7 N.A.

Image courtesy of J&J PRD

Ridges
Neurite Outgrowth

A detector for dark ridges on an uneven background in brightfield

LxxLyy-2LxyLxy+LyyLxx or Lpp > 4.0 * threshold / 2

Scale () 2.0, Threshold 1.0
Image courtesy of J&J PRD
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Ridges
Neural Degeneration

Ridge detection on myelin sheaths 
for neural degeneration

Sample preparation:
Toluidin blue stained, 1 µm Epon 
embedded sections

Scanning:
40x 1.4 N.A. (imm. oil)
autofocus with 3 tile interdistance

A detector for dark ridges:
Lxx+Lyy-0.5*sqrt((Lxx-Lyy)2+4Lxy2) > 0

Gaussian scale ( ) 1.5

Image courtesy of J&J PRD

Ridges
Spirochetes

Spirochetes are seen with a Warthin-Starry silver stain.

Dark ridge detector, Gaussian scale () 1.0
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Ridges - Anisotropic Scale Space
Biomass

Uneven and varying illumination conditions due to fluid in multiwell plate
Brightfield, low magnification

Anisotropic filter detects
elongated C. elegans nematodes

Spatial Color Model

Light and Object
Light and Human Vision

Combining Color and Spatial Extent
Robustness in applications
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Light and Object

Lightsource
Interaction with Object
Higlights and Shading

The Photometric Reflection Model
and Color Invariance

lightsource

object
color

spectra
l

color

The  Influence of the lightsource, object shading and highlights.
The object's shape (geometric information) and reflectance properties (photometric information).

Kubelka-Munk theory describing the optical property of a turbid medium which absorbs and scatters light
Fresnel reflectance of smooth surfaces, Lambertian reflection or diffuse reflection, Shafer's dichromatic reflection model 

J. M. Geusebroek, R. van den Boomgaard, A. W. M. Smeulders, and H. Geerts. Color invariance. IEEE Trans. Pattern Anal. Machine Intell., 23(12):1338-1350, 2001.

Courtesy of Jan-Mark Geusebroek
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Photometric reflection model

assumption:

differentiation (E = m l c):

normalization:

and thus:

is an object property.

Invariance

Courtesy of Jan-Mark Geusebroek

Object Reflectance Edge Detector

Invariance

Courtesy of Jan-Mark Geusebroek
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Hierarchy of Invariants

I l lu m in a t io n
In te n s i t y S h a d o w H ig h l ig h ts I l lu m in a t io n

C o lo r
H + + + –
N + + – +
C + + – –
W + – – –
E – – – –

Invariance

Courtesy of Jan-Mark Geusebroek

Hierarchy of invariants within the Kubelka-Munk model:
H  N = U  C  W  E

J. M. Geusebroek, R. van den Boomgaard, A. W. M. Smeulders, and H. Geerts. Color invariance. 
IEEE Trans. Pattern Anal. Machine Intell., 23(12):1338-1350, 2001.

•H is related to the Hue
•N describes object reflectance independent of the illumination
•C describes object color regardless intensity
•W determines changes in object reflectance independent of illumination intensity

Light and Human Vision

Light
Trichromatic

Opponent Color Theory
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Visible Light as Electromagnetic Radiation

The visible light region consists of a spectrum of wavelengths, which range from approximately 700 nanometers to 
approximately 400 nm; that would be 7 x 10-7 m to 4 x 10-7 m. 

Human Visison
Trichromatic and Opponent Color Theory

Trichromatic theory and the opponent processing theory of color vision
Ewald Hering, Zur Lehre vom Lichtsinn, Vienna 1878
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First layer of the Human Visual System
Trichromatic

300 400 500 600 700 800

L

M

S

Courtesy of Jan-Mark Geusebroek

The cones in the retina are the fundamental units of visual information.
Long (R: 565 nm) Medium (G:530 nm) and Short (B: 435 nm) wavelengths

Second layer of the Human Visual System
Hering Color Model

The Red Green and Blue sensitivity curves are not orthogonal. 
Orthogonalization leads to the graphs shown here.







Yellow-Blue

Luminance

Red-Green
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Gaussian Color Model







Yellow-Blue or E

Luminance or E

Red-Green or E

The visible spectrum (wavelength ) is probed with a Gaussian kernel, 0 centered on 520 nm and width  55.0.

CIELAB Color Model

Lab in the CIELAB color model refer to analogs of the three Hering opponent process dimensions
L* is the luminosity dimension, a* is the red-green contrast, b* is the yellow-blue contrast 
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Spatial Color

Color Edges
Color Patches

Probing Spatial Color
Combining Space and Color

Spatial Color

Courtesy of Jan-Mark Geusebroek

Spectral measurement by a physical device without knowledge about the environment
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Combining Color and Space

Courtesy of Jan-Mark Geusebroek

Color differentiation up to the second order, combined with Gaussian Scale Space
Integration over spectral and spatial dimensions.

Spatial Color Applications

Ridges and Patches
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Spatial Color Applications - Edges

Skin tissue section illuminated by a halogen bulb at 4000K (top) and 2600K (bottom) color temperature. 

An example of illumination color invariant edge detection. scale () is 3.0 . 

Feulgen/Fast-Green stain (Paramecium caudatum)
Color canny edge, red-green normalized edges, scale () 3

Spatial Color Applications - Patches

P.A.S. stain

Lww>0, LvvLww-Lvw2>0, E -E >0
Scale () 2.0

Blood smear, Giemsa stain, 100x

RBC: E >0, E +E >0, scale () 0.5
Leucocytes: E <0, scale () 12
Leucocyte nuclei: E <0, E >0

Scale () 3

TetraSpeck™beads.

Red: E>0, E >0, E -E <0 
Green: E >0, E <0

Blue: E <0, E -E >0
Orange: E >0, E >0, E -E >0 

Scale () 1.0
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Proliferation
& apoptosis

(Tumor)

Blood 
smears

(Leukemia)

Goblet cells
& mucus

(PAS stain)

Proliferation
differentiation

(Psoriasis)

Beads

Histopathology, Immunocytochemistry

Spatial Color Model
Applications

Color Transitions

Shading and Highlights
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Color Edge Detectors

Invariance

Detecting color edges (gradient magnitude) with increasing invariance for 
shading and highlights and finally only the object properties.

Courtesy of Jan-Mark Geusebroek

Shading invariant Shading and highlight invariant

Sensitive for shading and highlightsScene with shades and highlights

Spatial Color Model
Aneuploidy and Polyploidy

Feulgen/Fast-Green stain (Paramecium caudatum)
Color canny edge, red-green normalized edges, scale () 3
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Spatial Color Model
Dermatology

An example of color invariant edge detection. Influence of illumination color temperature 
on edge strength, scale () is 3.0 . Skin tissue section illuminated by a halogen bulb at 

4000K (top) and 2600K (bottom) color temperature. 

Pictures courtesy of J&J PRD

Color Patches

Spectral Derivatives
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Color
Scale and Derivatives

Color selection with up to 2nd order spectral derivatives to wavelength ()
E is luminance, El is yellow-blue and Ell is red-green

Scale  is 55 for a 3CCD camera

Spatial Color Derivatives
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Selecting Colors
Color Intensity Invariance

Detection of color regions in images.
E > 0, zero crossing intensity invariance

intra- and inter scene illumination intensity changes

Color grid with intensity gradient E response ‘+’ on yellow ‘-’ on blue E >0 on yellow (red and green)
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Spatial Color Model
Fluorescence Microscopy

Red: E>0, E >0, E -E <0     Green: E >0, E <0

Blue: E <0, E -E >0     Orange: E >0, E >0, E -E >0 

Scale () 1.0

TetraSpeck 4.0 µm beads photographed using optical filter sets appropriate for DAPI, fluorescein, rhodamine and Texas Red dye.

Spatial Color Model 
Hematoxylin Eosin stain

Pituitary gland, sheep, adenohypophysis 40x
Cell:E<0, E>0, scale  1.0

Nuclei:E<0, E >0, E+E<0, scale  3.0
additional constraint added to refine selection
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Spatial Color Model
Hematology

Blood smear, Giemsa stain, 100x

RBC: E >0, E +E >0, scale () 0.5
Leucocytes: E <0, scale () 12
Leucocyte nuclei: E <0, E >0, scale () 3

JPEG compression causes color artifacts

Spatiospectral Detection
PAS stain

Lww>0, LvvLww-Lvw2>0, E -E >0
Scale () 2.0

P.A.S. stain for carbohydrates (goblet cells, gut)
carbohydrates stain magenta - elliptic patches

P. van Osta, J.M. Geusebroek, K. Ver Donck, L. Bols, J. Geysen, and B. M. ter Haar Romeny. The principles of scale space applied to 
structure and colour in light microscopy. Proc. R. Microsc. Soc., 37(3):161-166, 2002.



43

Spatiospectral Detection
Chronic Lymphatic Leukemia (CLL)

Selection 
based on color

Selection 
based on 

shape features

Data Quantification

Store
and

Retrieve

Quantify
Module

Object
Module

Acquire
Module

In/Out

M5 Kernel
XY(Z)

t

Dimension and dataflow management kernel
Distributed Modules
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Data Quantification - Visual

From object to number – numerical data for each object

Data Quantification

Morphological and density measurements for individual objects

Data export to Databases and analysis software R, S-Plus, SAS, (Excel), ….
Data visualisation with Spotfire
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From Physical to Feature Space

Physical Definition of an Object Feature Space Definition of an Object

X

Y

Z



t

Area

Density

Color

Texture

Interdistance…

N objects x N parameters create a multidimensional feature space

From Objects to Feature Hyperspace

Objects are transformed into 
features in a linked hyperspace

Shape Color

Density …

Shape Color

Density …

Shape Color

Density …

Shape Color

Density …

Individual cell identification
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From Objects to a Linked Feature Hyperspace

Selected objects
and presented to the quantification engine

Linked feature space for each individual object 

POS O bj LIN K AR EA PERI C RATIO XMIN XM AX YMIN YM AX WIDTH H EIG HT GR AVX G RAVY ANG LE LAXIS SAXIS EC CENTR BEND
1 1 1 18397 549.842 1.144 34 228 57 190 195 134 138.063 121.420 7.156 202.662 144.4630.701 2.508.643
1 2 2 18397 549.842 1.144 290 484 57 190 195 134 394.063 121.420 7.156 202.662 144.4630.701 2.508.643
1 3 3 18397 549.842 1.144 34 228 313 446 195 134 138.063 377.420 7.156 202.662 144.4630.701 2.508.643
1 4 4 18397 549.842 1.144 290 484 313 446 195 134 394.063 377.420 7.156 202.662 144.4630.701 2.508.643

POS O bj LIN K AR EA PERI C RATIO XMIN XM AX YMIN YM AX WIDTH H EIG HT GR AVX G RAVY ANG LE LAXIS SAXIS EC CENTR BEND
1 1 1 3270 587.314 2.897 29 233 51 195 205 145 132.661 121.175 5.624 285.532 213.0880.666 2.721.939
1 2 2 3270 587.314 2.897 285 489 51 195 205 145 388.661 121.175 5.624 285.532 213.0880.666 2.721.939
1 3 3 3270 587.314 2.897 29 233 307 451 205 145 132.661 377.175 5.624 285.532 213.0880.666 2.721.939
1 4 4 3270 587.314 2.897 285 489 307 451 205 145 388.661 377.175 5.624 285.532 213.0880.666 2.721.939

1 2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

Low Density and High Density Data
Separated Dataflow

Expanded or condensed feature hyperspace

QUANTIFICATION
MODULE

HIGH DENSITY
DATA

LOW DENSITY
DATA

DATAMINING
(S.V.M.)

STATISTICS
(S-Plus™ / R)

CONTENT
MANAGEMENT

SYSTEM

SCREENING
VISUALISATION

STATISTICS
(S-Plus™ / R)

(Excel™)

CONTENT
MANAGEMENT

SYSTEM
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Low Density and High Density Data

Nuclear Expression Readout & data analysis of a 96 well array
40x, 0.7 N.A. – intensified camera

MIAS-2™

A versatile reader
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eaZYX™ & MIAS-2™ Technology Platform
Tools to explore spatial, spectral and temporal dimensions

Spatial dimension
• Arrays (within SBS-standard)
• Tiles 512 x 512
• Objectives, up to 63x, 0.8 N.A.

• Spectral dimension.
• Fluorescence

• Ultra low light flux possible
• Intensified camera (25 fps.)
• Up to 8 fluorescent modes

• Brightfield
• B/W or 3CCD color camera

• Temporal dimension.
• Real-time video (25 fps.)
• Time-lapse

• Automation
• Plate stacker
• Barcode reader
• System Integration

MIAS-2 reader

MIAS-2 optical path

• Fluorescence
• Broad-spectrum Xenon Arc
• 4-8 Spectral modes
• Intensified camera
• 3CCD Color or B/W camera

• Brightfield
• Halogen lamp
• 5 modes condenser
• 3CCD Color or B/W camera

• Objectives
• 1.25x to 63x

XBO

Sample

Objectives

Dichroic
mirrors

Excitation
Filters

HAL

Brightfield
optics

Camera
selector

Intensified
camera

3CCD color
camera or B/W

Emission
Filters
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Exploring the Cytome
The Road to Hypercontent Screening

• The M5 kernel is designed and implemented for large scale cytomics

• The analysis of the structural and functional complexity of the cytome 

• The kernel has a modular and distributed design for scalability

• Open standards are used to facilitate integration and communication

• Space (XYZ) spectrum () and time (t) are processed as dimensions

• Objects are quantified into a linked set of high dimensional feature 

hyperspaces.

Exploring the Cytome
The Road to Hypercontent Screening

• The M5 kernel is designed and implemented for large scale cytomics

• The analysis of the structural and functional complexity of the cytome 

• The kernel has a modular and distributed design for scalability

• Open standards are used to facilitate integration and communication

• Space (XYZ) spectrum () and time (t) are processed as dimensions

• Objects are quantified into a linked set of high dimensional feature 

hyperspaces.
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