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Microscopic images

* The images are results of sample selection
and preparation, microscopic modality,
digitization and processing

* They contain information and artifacts

* Interpretation of images by observer
depends on human visual system and
experience.
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Artifacts in microscopic modalities
and image processing

* Erythrocytes, phase contrast

* Al “improvement” of noise:
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Visual perception of images

* Object recognition by visual cues is a

complex process involving retina ...
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Visual cues for detection of objects

Color, texture (contrast w.r.t. background)
Boundary

Size, shape

Continuous movement or change
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Automated processing and analysis

* Purpose: Extraction of information, artifacts
removal.

* Automated processing and analysis can be
reproducible and less biased.

e Automation saves labor and time.
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Sources of digital images

Digital cameras (CMOS, CCD, cooled, electron
multiplying - EMCCD) connected to microscope

Scanning microscope (laser scanning confocal,
SEM, AFM)

Connected to PC (grabber card, USB, wifi...)

Setting sensitivity to cover the value range (bits,
signed), (White ballance), dimensional
calibration.
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Digital images of real objects,
mathematical definition

* Matrix of W x H pixels

* Pixel value (format)

— 1 or more numbers
—8, 16, 32 bits each
—Signed or unsigned

* Pixel size, calibration
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Histogram of values (i1.e. covering the
value range)

 WB image “Blobs” —

300x240 pixels; RGB; 281K

I

Count: 65024 Min: 8
Mean: 103.269 Max: 248
StdDev: 71.057 Mode; 48 (10396)
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| Histogram of rdnal008-1_t( . Histogram of rdnal008-1_t(
300x240 pixels, RGE; 281K 300x240 pixels; RGBE; 281K

71.27x71.27 micro

Count: 11628 Min: 0 Min: 0
Mea Max: 1 |

StdDev: 316 Maode: 0

Bins Bin Width:

ﬂl Copy | ﬂl ﬂl ﬂ| Copy | ﬂ| ﬂ| value

count=17
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Color histogram

_L Blue Histogram of Solanum
300x240 pixels; RGE; 281K

* W. Balance, dynamic range
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Image] free program

' { Image) =2 .I WindOW:
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File Edit Image Process Analyze Plugins Window He Menu
" | A Do |5t | 4| 8 Toolbar

Information
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ImageJ 1.49a; Java 1.6.0_20 [64-bit]; 4430K of 3000MB (<1%)

 Wayne Rasband, Research Services
Branch, National Institute of Mental
Health, Bethesda, Maryland, USA.

. just -
https://imagej.net/software /fiji/
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https://imagej.net/software/fiji/
https://imagej.net/software/fiji/
https://imagej.net/ij/

Web, documents, support
| About Image] E=NEET)

Imaged 1.49a

Wayne Rasband
National Institutes of Health, USA |}
' http://imagej.nih.gov/ij
Java 1.6.0_20 (64-bit)
3596K of 3000MB (<1%)

Imaged is in the public domain

* https://imagej.net/ij /
* Download: Image] User Guide

* Textbook: Image Processing with Image]
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* Basic: 8-bit, 16-bit, 32-bit TIFF, GIF, JPEG,
BMP and "raw"” input

* 3D or video: stacks, sequences and
multiTIFFs input

* Microscopic and biomedical: BioFormats
LOCI (biophotonics research laboratory at
the University of Wisconsin-Madison).
DICOM, Leica, Zeiss, Nikon, Olympus etc.
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LSM Zeiss

O 223.35m
c:212Z7116 (Ch:); 325.67x325.67 um (512x512); 8-hit, SMB

c1/22.7116 (Cﬂ): 325.67x325.67 um (512x512), 8-hit, BMB

¢ 42-3-3lsm s

Channels (
Slic
Frames

Mote: c*z
LInit of length:
Pixel width:
Pixel height:

Voxel depth:

Frame interval:

Crigin (pixels):

[ Global

Z K4 m »
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Calibration

§ leafjpg s
507x446 pixels, Ré;883l<

* Analysis>Set scale

j Set Scale

Distance in pixels: 355.0°
Known distance: 6
Pixel aspect ratiocc 1.0

LInit of length: | cm

Click to Remove Scale

[ Global

Scale: 59,168 pixelsicm

OK Cancel | Help
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Calibration

§ leafipg
507x446 pixels, RGB; 883K

* Image>Properties

j leaf.jpg E

Channels (c)
Slices (z); 1
Frames (t); 1
Mote: c*z*t must equal 1
Unitoflength: =
Pixel width:  0.0168008
Pixel height  0.0169003

Voxel depth:  0.0169008

Frame interval: 0 5€C
Origin (pixels): 0,0

[ Glabal

Ok Cancel
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Segmentation

* Thresholding (Image->Adjust->Threshold)

Diefault » FRed -

[ Dark background [ Stack histogram

M Apply F:e&:etﬂ
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Image!

= i~ 1
S t t File Edit Image Process . .alyze Fluglﬂ Window Help
egmentation [E

Wand (tracing) tool

C3-hela-cells.tif

o Inte r‘a Ctive 25.08x21.01 um (487x408); 16-hit; 388K
selection (Wand
tool)

Wand Tool

mode: [RTEEN ~

Tolerance:  500.0

[ Enable Thresholding

] Cancel
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2D Analysis (menu Analyze)

* Set measurements (what will be measured)

* Measure (ROI = selection, summary value) or
Analyze particles (objects in binary image)
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Set measurement (which parameters)

I Mean gray value

ndard deviation | Modal gray value
[ Min & max grayvalue [ Centroid
[ Center of mass [ Perimeter
[ Bounding rectangle [ Fit ellipse
[ Shape descriptors [ Feret's diameter
[ Integrated density [ Median
[ Skewness [ Kurtosis

| Areafraction | Stack position

[ Limitto threshold [ Display label
[ InvertY coordinates [ Scientific notation

[ Addto overlay

Redirectto: MNone

Decimal places (0

DK Cancel | Help
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ROI (= selection) measurement

C3-hela-cells.tif
25.08x21.01 pm (487x408); 16-hit: 388K

Results =0 (=] i—'f-

File Edit Font Results

I
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Objects measurement

¢ blobs.gif _
¢ Analyze Particles

Size (pixel*2).  100-Infinity

Circularity:  0.00-1.00

v Display results [v Exclude on edges
[+ Clear results [ Include holes
[+ Summarize [ Record starts

[ Addto Manager [ Insitu Show

oK Cancel | Help |
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Objects measurement
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Filtering images (menu Process ) to
remove noise and enhance objects

* 2D Gaussian, median, morphological
(minimum, maximum), subtract background.

* 3D (izotropic voxel) Gaussian, median,
morphological .
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Noise suppression by Gaussian

CDX13_CO01T017 uif
0.00x0.00 cm (256x256); 16-bit: 128K
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Background removal

a

C2-hela-cells.tif . - e e

20.91x24.56 um (406x477); 16-hit; 378K

\ 'z

C2-hela-cells.tif

20.91x24.56 pm (406x477); 16-hit; 378K

A

http://www.biomed.cas.cz/~janacek/  FGlA/h



Analysis - standard procedure

1 Noise suppression

2 Background removal
3 Segmentation

4 Measurement
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Example: Nanodiamonds (dr. Rehor
UOCHB) preprocessing

16B 150kx03-1.TIF

& 168 150kx03-2.TIF

¥10.24 (512x512); 8-bit (inverting

threshold, watershed object separation
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.'i Area Distribution
300x240 pixels;, RGE; 28 1K

ﬁﬁ ]
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lu
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0.00800
Count: 306 Min: 0.00800
Mean: 0.0823 Max: 0.410
StdDev: 0.0732 Mode: 0.00800 (121)
Bins: 11 Bin Width: 0.03645

count=2Z

297

* Analyze particles
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Auxillary functions

* Conversion of pixel formats, spliting and
merging of color channels, brightness and
contrast adjustment, resampling (scale),
crop, filling - color inpainting ...

* Working with Stacks (XYZtc), animation - for
3D images and video processing and
analysis.
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Plugins - extensions of Image]

* Dedicated algorithms and tools

* 3D visualization and analysis

* FiJi: instalation Image]2 +

* Plugins in language JAVA can be added to
Image], developed in Eclipse IDE

* Modification of examples or similar plugins

* Biomat +
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https://imagej.net/plugins/
https://imagej.net/plugins/biomat
https://github.com/jiri-janacek/biomat

3D processing and visualization

| £| Imagel 3D Viewer

File Edit Select Transformation View Help

tab17m.pic o] B S tab17m.pic l:nEl--"J—

68/121; 191x129 pixels; 8-hit; 2.8MB BEM21;191x129 pixels; 8-hit, 2.8MB

 Gaussian3D, threshold
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* Automatization of processing of large

amount of images (that can not be processed
at once as stack).

* Recording interactive processing (Macro-
>Record) and/or editation of macro code in
Image] Macro Language.
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Macro sets, install macros "
FYZIOLOGICKY USTAV AVER

* macro "Process ND" {

* run("Scale...", "x=0.25 y=0.25 z=1.0 width=512 height=512
1nterpolat10n None average process create title=nd-1");

=

e setOption(’ BlackBakground false);
* run("Threshold...");

*

* macro "Measure ND" {

* run( Convert to Mask "stack")

‘

 run(' Analyze Particles...", "size=20-Infinity pixel show=0utlines display clear
summarize");

°
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* Object created using tools (polygons, lines,
points, arrows, text) or by Edit—Selection

* ROl localize action of some processes

» Stored in vector overlay and used as
nondestructive annotation without
pixelization

* Saved with image in TIFF format
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Decorations

* Scale - rectangle ROI, Edit->fill
* Overlay - arrow, text, ctrl B
* Color: options->color
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Image processing ethics

* Analysis shall not be biased by our
expectation.

* No processing is allowed in figures for
publications (except mosaicing, uniform
histogram stretching) and the images should
be rather representative, than nice.

* Any processing shall be well documented in
the publication and the source data shall be
available.
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References to important topics

* Image perception:
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http://www.drjohnruss.com/downloads/seeing.pdf
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