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Details

October 17t - 103

Training Room, Chester Beatty Labs, 237 Fulham Road

Summary

Targeted at thase new to image analysis. No experience whatsoever is r

Applicable to any microscopy method in use at the ICR

The course will cover some of t

of image analysi

age)

s in the popular open-s

The focus will be on general image analysis principles which can be applied in

any software package. Many of nple images will be from microscopy, but

the principles are applicable to

Aims

Allow those nes py to feel comfortable carrying out basic

image analysis independently

To provide a starting point for the more advanced image analysis methods

that are becoming necessary in many areas of biomedical science.

Contents

Image)/FUi

Histagrams, thresholding & segmentation

Smaothing & background subtraction

Morphological operators (erosion, dilation, opening, clos
Watershe:

Gradien

& edge detection
Boolean algebra (AND, NOT, OR, XOR)

Deconvolution

Advanced segmentation using machine leaming
Object measurement

Image) automation & macros

Experiment planning

ysis as a method (e.g. super resolution microscopy

Further information

More information is available on the main
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Course website - download
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Course Materials |CR£’;ic'gf‘£:;:;2h Introduction to Image Analysis
Course slides (.pdf)
Course slides (.pptx)

[Sample images (.zip) ]
FUI download (OSX) o
FUI download (Windows)
FUI download (Linux)

[Deconvolution toolbox ]
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Aims
 Introduction to fundamental image analysis principles

« Using ImageJ/FIJI (but everything is general)

« Convert biological question into computational problem
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Aims
 Introduction to fundamental image analysis principles

« Using ImageJ/FIJI (but everything is general)

e Convert biological question into computational problem

Disclaimer:

« Some parts may be obvious, bear with me.
* The focus is on understanding image analysis, not pressing buttons.

» Like anything, requires practice.
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Aims
 Introduction to fundamental image analysis principles

« Using ImageJ/FIJI (but everything is general)

e Convert biological question into computational problem

Disclaimer:

« Some parts may be obvious, bear with me.
* The focus is on understanding image analysis, not pressing buttons.

» Like anything, requires practice.

Email me whenever — adam.tyson@icr.ac.uk
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« Are you currently using microscopy or planning to?
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Questions

« Are you currently using microscopy or planning to?

* Which system(s)?
« Confocal/spinning disk
* Multiphoton
« High content (Celigo/Operetta/ImageXpress)
 TIRF
» Lightsheet
* Any others?
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Questions

* Are you currently using microscopy or planning to?

* Which system(s)?
« Confocal/spinning disk
* Multiphoton
« High content (Celigo/Operetta/lmageXpress)
« TIRF
» Lightsheet
* Any others?

* Which analysis software?
« ADit/ no/ lots of experience?

* Any specific aims?
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First (and most important lesson)
Sample

preparation

!

Test vour analysis
y y Data

before you

acquire data! ! |
Analysis

]
Biological
Information
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Open for Innovation ®

' 3  Clements
O arivi KNIM R
darivis
Q) 0
gEE A2 |
\"’/’ e — g
o WX b lﬁg ZEISS OpenCV

Volocity

imaris ORIt
£ scikit-image I Julia
panls g J CellProfiler”

cell image analysis software
SlideBook
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FIJI (FIJI Is just ImageJ)

(Fiji Is Just) Image)

File Edit Image Process Analyze Plugins Window Help
B olclo| 4N Ala|old) 2| =/nmea|@)>

(Fiji Is Just) ImageJ 2.0.0-rc-65/1.51w; Java 1.8.0_66 [64-bit]

Home

Fili is an image processing package—a

"batteries-included” distribution of
bundiing a lot of plugins which facilitate scientific

B
Rat_Hippocampal_Neuron.tif
1/5; 81.92x81.82 um (51 2x512); 16-bit. 2.5MB

Tweets

Fiji
Microscope image focus quality classifier with Fiji and

T orFlow! be =

Fiji

Wiscorsn-Madsan
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FIJI (FIJI Is just ImageJ)

(Fiji Is Just) Image)

_ File Edt Image Process Analyze Plugins Window Help

= | =
Fiji is an image processing package—a ‘E],Q ||~ ;t‘_ NA ™ D P 1 1P E=E)
"batteries-included" distribution of
| ‘ | bundling a lot of plugins which facilitate scientific

(Fifi Is Just) ImageJ 2.0.0-rc-65/1 51w; Java 1.8.0_66 [64-bit]

image analysis

Rat_Hippocampal_Neuron.tif -
1/5; 81.92x81.82 um (51 2x512); 16-bit. 2.5MB

* ImageJ with lots
preinstalled

Tweets

Fiji
Microscope image focus quality classifier with Fiji and

3 TensorFlow! rd

Fiji
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FIJI (FIJI Is just ImageJ)

I  Free
(Fiji Is Just) Image) =

_ File Edt Image Process Analyze Plugins Window Help

= | =
Fiji is an image processing package—a ‘E],Q ||~ 4L ;t‘_ NA ™ D P 1 1P E=E)
"batteries-included" distribution of
| ‘ | bundling a lot of plugins which facilitate scientific

(Fifi Is Just) ImageJ 2.0.0-rc-65/1 51w; Java 1.8.0_66 [64-bit]

iy « Open source
v Rat_Hippocampal_Neuron.tif [ | B p

1/5,81.92x81.92 pm (512x512); 16-bit, 2.5MB

Tweets

« Cross platform

Fiji
Microscope image focus quality classifier with Fiji and
DT orFlow! rdcu.be E

Fiji

* Flexible

G

* Huge community
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FIJI - installation

 Download

* Windows
« Open fiji-win64.zip in “windows explorer” & click
“extract all files” to e.g. Desktop

* Linux (e.g. Ubuntu)
*  Open fiji-linux64.zip with “archive manager” & extract
to e.g. Desktop

« Mac (OSX)
» Open fiji-macosx.dmg, drag and drop Fiji.app to
applications (or anywhere else).
* May need to go to “System Preferences > Security &
Privacy” and allow unidentified developers.

bit.ly/ICR-image

Course Materials

Course slides (.pdf)
Course slides (.pptx)

Sample images (.zip)

FUI download (OSX)
FIJI download (Windows)

FUI download (Linux)

Deconvolution toolbox
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Why computational image analysis?
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Why computational image analysis?

* Quantity of data (TB’s per
day)

Lattice LightSheet

Marianas LightSheet
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Why computational image analysis?

* Quantity of data (TB’s per * Reproducibility, comparison
day)

Functional Specialization of the Axon Initial Segment by
Isoform-Specific Sodium Channel Targeting

Maarten H.P. Kole,"? Johannes J. Letzkus,'? and Greg J. Stuart'*

at the Axon Initial Segment

Immer,’ and Gary Matthews'

Axon Initial Segment Kv1 Channels Control Axonal |-
Action Potential Waveform and Synaptic Efficacy

Colorado 80262

Isport

Lattice LightSheet

Activity-dependent rel

Ai-hong Song,' Dong Wang Gang¢| AnkyrinG is required for maintenance of the axon
initial segment and neuronal polarity

Kristian L. Hedstrom,' Yasuhiro Ogawa,'? and Matthew N. Rasband'?

segment fine-tunes nebronmarexcraomy

Matthew S. Grubb' & Juan Burrone'

hnel Densities in the
ramidal Neurons

Costa M. Colbert and Daniel Johnston

= Division of Neuroscience, Baylor College of Medicine, Houston, Texas 77030
Ankyrin-Basd ;

Action potential generation requires a high sodium
channel density in the axon initial segment

Maarten H P Kole!, Susanne U Ilschner', Bjorn M Kampa'*, Stephen R Williams'?, Peter C Ruben'? &
Greg ) Stuart!

Marianas LightSheet

Directs GABAergic
Segment



https://icr-analysis.github.io/intro-image-analysis/

bit.ly/ICR-image

Why computational image analysis?

* Visual system relies heavily on context
and relative changes.

Checker shadow illusion, Edward Adelson 1995.
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Checker shadow illusion, Edward Adelson 1995.
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Why computational image analysis?

* Visual system relies heavily on context
and relative changes.

Checker shadow illusion, Edward Adelson 1995. Jastrow illusion, Joseph Jastrow (and others), 1892.
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Nearly all microscopy images aren’t colour

e
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Nearly all microscopy images aren’t colour
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Images are arrays of numbers
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More complicated images are still arrays of
numbers

2D
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2D
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More complicated images are still arrays of
numbers

RGB 2D
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More complicated images are still arrays of
numbers

RGB D

3D
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More complicated images are still arrays of
numbers

RGB 2D Time-lapse

3D
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More complicated images are still arrays of
numbers

RGB 2D Time-lapse

3D RGB 3D
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More complicated images are still arrays of
numbers

RGB 2D Time-lapse

! | !
3D RGB 3D 3D time-lapse
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More complicated images are still arrays of

numbers
RGB

3D RGB

N\

3D RGB time-lapse

2D

3D

Time-lapse

bit.ly/ICR-image

b

3D time-lapse

—

=

=

e
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Image processing vs analysis
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Image processing vs analysis

/] N\

Volume Shape  Texture

N/

ooooooooo
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Histogram

« Open any sample image

AuPbSn 40 (56K)
Bat Cochlea Volume (19K)

Bat Cochlea Renderings (449K)

Blobs (25K) CirleshiftsB
Boats (356K) -
Bridge (174K)

Cardio (768K, RGB DICOM) L
Cell Colony (31K)

Clown (14K)

Confocal Series (22MB)

CT (420K, 16:bit DICOM)

Dot Blot (7K)

Embryos (42K)
Fluorescent Cells (400K)

Fly Brain (1MB)

Gel (105K)

HeLa Cells (1.3M, 48-bit RGB)

Image with Overlay |
Lena (68K)

Line Graph (21K)

Mitosis (26M8, 50 stack)

MRI Stack (528K)

W51 Galaxy (177K, 16-bits)
Neuron (1.6M, 5 channels)
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Histogram

« Open any sample image « Open histogram

AuPbSN 40 (56K) —
Bat Cochlea Volume (19K) 5 (P Is Just) Image)
Bat Cochlea Renderings (449K) - [
Blobs (25K) Cirt+Shift+B -
Boas 1550 8 olclo| -«
Bridge (174K) and (tracing) tool
Cardio (768K, RGB DICOM)
Cell Colony (31K) B
i I leatjpg (75%) = | Distribution... i Histogram of leaf =] % |
Cortocal Sus 228 5075446 pixels; RGB, 883K X340 pixels: ROB. 261K
CT (420K, 16-bit DICOM)
Dot Blot (7K)
Embryos (42K)
Fluorescent Cells (400K) Set Scale...
Fly Brain (1M8) ;
Gel (105K) Calibrate...
.
Image with Overlay Plot Profile Ctri+K 0 Intensity (unweighted) 255
AT —
Export » Surface Plot... Count: 226122 Min: 13
- i Lena G Mean: 174.005 Max 255
| aue | Line Graph 21K) Gels » StdDev. 68.978 Mode: 238 (18185)
‘ Fix Funny Filenames Miosis (26MB, 5D stack) Tools »
Make Screencast N S0,
e W51 Galaxy (177K, 16:bits) 3D Objects Counter _List|_copy | Log | Lie | RoB|
Neuron (1.6M, 5 channels) 3D OC Options
Skeleton »
Col »
Color Histogram
Directionality

N.B. — On OSX, tabs are in the menu bar

@ Fiji File Edit Image Process Analyze Plugins Window Help

® (Fiji Is Just) ImageJ

4|+|N Aol efsefur] | s]8] |>

rolling tool (or press space bar and drag)

EEEE
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Thresholding

Threshold (k)
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Thresholding I/\/
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Thresholding
I/\/ BN
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]
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Thresholding — try it out

« Open DAPL.tif (can drag
and drop)

v |a|o|0 2| =(mjm e =|0>
Ctri+O .8.0_66 [64-bit]; Click here to search
Open Next CHri+Shift+Q P
Open Samples »
Open Recent »
Import »

Close Ctri+W
Close All Ctrl+Shift+W
Save Ctri+S
Save As »
Revert Ctri+R

Page Setup...
Print... Ctri+P

Export »
Quit

Fix Funny Filenames
Make Screencast
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Thresholding — try it out

« Open DAPL.tif (can drag
and drop)

New vialod 2 =/mm e s>

.8.0_66 [64-bit]; Click here to search
Open Next Ctrl+Shift+O
Open Samples »
Open Recent »
Import »

Close Ctri+W
Close All Ctrl+Shift+W
Save Ctrl+S
Save As »
Revert Ctri+R

Page Setup...
Print... Ctri+P

Export »
Quit

Fix Funny Filenames
Make Screencast

Threshold

4

Show Info...
Properties...
Color
Stacks
Hyperstacks

Ctri+l
Ctrl+Shift+P

w W

| 2]5/mm|s|e|0)>

Crop
Duplicate...
Rename...
Transform
Zoom

Overlay

Ctrl+Shift+X
Ctrl+Shift+D

Ctri+E

v v v

Lookup Tables

Annotate
Drawing
Video Editing

v

s orgnessConvast e

Window/Level...
Color Balance...
Color Threshold...
Size...

Canvas Size...
Coordinates...

Auto Threshold

Auto Local Threshold

Bleach Correction

Auto Crop

Auto Crop (guess background color)

Scale to DPI
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Manual threshold - problems

« DAPLtif

(Fiji Is Just) Image)

File Edit Image Process Analyze Plugins Window Help

B oo~ x| Ala|e|O

= Il =]
(Fili Is Just) ImageJ 2.0.0-rc-65/1.51w; Java 1.8.0_66 [64-bit
DAPLf (50%) e e
Threshold 13312413312 ym ( 1), B-bit, | MB
22w
4 F
7 R
RenyiEntropy = [Red hd |

¥ Dark background [ Stack histogram

Auto | Apply | Reset
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Manual threshold - problems

e DAPI. tif « DAPI 2.tif

(Fiji Is Just) Image) . -
File Edit Image Process Analyze Plugins Window Help (Fiji Is Just) Image) = @ X
Boco~«xNAla|loO ) =/nme e o= File Edt Image Process Analyze Plugins Window Help
(Fifi Is Just) ImageJ 2 0.0+c-65/1 51w, Java 1.8.0_66 [64-bit] E QOIC ||~ 4N AlQ @ D e ¢| [ 1

x=T1.37 (549), y=48.36 (372), value=249

Bl

B DAPLf (50%) ol

1331213312 pm (1024x1024); 8-bit. 1MB

Threshold

— DAPI2 tif (33.3%) s
§ Threshold === i 5.3%)

13312313312 pm (1024x1024), 8-bit. 1MB

100.00 %

a i
‘ I

RenyiEntropy +| |Red -

¥ Dark background [~ Stack histogram

M Apply | Reset

[RenyiEntropy +] [Rea -
¥ Dark background [~ Stack histogram

Auto | Apply | Reset
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Automatic thresholding — Equal masses

Ideal case
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Automatic thresholding — Equal masses

Ideal case e Real case

—
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Automatic thresholding — Otsu’s method

* Minimise within class variance (o)
« Maximise between class variance (0g)

' N
v

Otsu (1979) IEEE Transactions on Systems, Man and Cybernetics. Vol SMC-9, No 1, p62
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Automatic thresholding — Otsu’s method

* Minimise within class variance (o)
« Maximise between class variance (0g)

' N
v

Otsu (1979) IEEE Transactions on Systems, Man and Cybernetics. Vol SMC-9, No 1, p62
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Automatic thresholding — Otsu’s method

* Minimise within class variance (o)
« Maximise between class variance (0g)

' N
v

Otsu (1979) IEEE Transactions on Systems, Man and Cybernetics. Vol SMC-9, No 1, p62

Ow1

bit.ly/ICR-image

"'y
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Unimodal thresholding — Rosin’s method

« Use shape of distribution
to find threshold

Rosin (2001) Pattern Recognition. Vol 34, No 11, p2083


https://icr-analysis.github.io/intro-image-analysis/

bit.ly/ICR-image

Unimodal thresholding — Rosin’s method

« Use shape of distribution
to find threshold

.l \

k

Rosin (2001) Pattern Recognition. Vol 34, No 11, p2083
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Try it out — Otsu’s method

D1_2.tif (75%

2 um (1024x1024); 8-bit 1MB

tif (75%) - DA
312 ym (1024x1024), 8-bit. 1MB 13312

¥ Threshold -

[otsu ~] [Red ~|

¥ Dark background [ Stack histogram

Auto | Apply | Reset

Otsu (1979) IEEE Transactions on Systems, Man and Cybernetics. Vol SMC-9, No 1, p62
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Many, many other methods

DAPLif (75%) DAPL_2.tif (75%)
um (1024x1024); 8-bit. 1MB

133.12x133.12 um (1024x1024); &-bit, 1MB

% Threshold -
|
1779% e = =
4 —
‘« N
[RenyiEntropy +] [Red -
¥ Dark background [~ Stack histogram

Kapur et al. (1985) Graphical Models and Image Processing Vol 29, No 3, p273
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Not always that simple ...

 Open DAPI_3.tif
 Pick a threshold

VS
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Background subtraction — e.g. vignetting

Sample

>
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Background subtraction — e.g. vignetting

Sample Microscope

)
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Background subtraction — e.g. vignetting

Sample Microscope

>
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Background subtraction — e.g. vignetting
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Background subtraction — e.g. vignetting
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Background subtraction — e.g. vignetting
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Background subtraction — e.g. vignetting

How to
calculate??
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Estimate background — Gaussian smoothing

« Seems arbitrary, but smoothing is often a key step in
Image processing
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Estimate background — Gaussian smoothing

« Seems arbitrary, but smoothing is often a key step in

. . ;
5 (Fij s Just) Image) ) e —
I m ag e p ro Ce S S I n g File Edt Image Im Analyze Plugins Window Help
1O 3 O~  Smooth cuishitss || 4 B|Q
i'!.'u\n point* or point (r Sharpen 1

Find Edges
DAPI_3.tif (75%) Find Maxima

211.30x311.30 pm (1024x1 024); 6-bit Enhence Contrast

Noise

Shadows

Binary
Math
FFT

_ Convolve
Batch ,

vy v vwwow

Image Calculator Median

Subtract Background Mean

Repeat Command Ctri+Shift+R Minimum
Maximum

Calculator Plus Unsharp Mask

Morphology Variance

Image Expression Parser

image Expression Parser (Macro) Gaussian B 3D

Multiple Image Processor Median 3D.

Enhance Local Contrast (CLAHE) Mean 3D
Minimum 3D
Maximum 3D
Variance 3D

Show Circular Masks.

Kuwahara Filter

Linear Kuwahara

Frangi Vesselness
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Estimate background — Gaussian smoothing

« Seems arbitrary, but smoothing is often a key step in

. . ;
5 (Fij s Just) Image) ) e —
I m ag e p ro Ce S S I n g File Edt Image Im Analyze Plugins Window Help
1O 3 O~  Smooth cuishitss || 4 B|Q
i'!.'u\n point* or point (r Sharpen 1

Find Edges
DAPI_3.tif (75%) Find Maxima

211.30x311.30 pm (1024x1 024); 6-bit Enhence Contrast

Noise

Shadows

Binary
Math
FFT

_ Convolve
Batch ,

vy v vwwow

Image Calculator Median

Subtract Background Mean

Repeat Command Ctri+Shift+R Minimum
Maximum

Calculator Plus Unsharp Mask

Morphology Variance

Image Expression Parser

image Expression Parser (Macro) Gaussian B 3D

Multiple Image Processor Median 3D.

Enhance Local Contrast (CLAHE) Mean 3D
Minimum 3D
Maximum 3D
Variance 3D

Show Circular Masks.

« Try a value of 200
pixels

Kuwahara Filter

Linear Kuwahara

Frangi Vesselness
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Estimate background — Gaussian smoothing

« May need to adjust brightness
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stimate background — Gaussian smoothing

« May need to adjust brightness

I DAPI_3.tif (75%)
30 um (1024x1024), 8-bit 1MB

211.30x2

I (i s Just) Image) S = S
File Edit |m Process Analyze Plugins Window Help
O OJC  Tye V| ASE 4|l
R s | romrescows G
( Show Info. Ctri+l Window/Level
DAPL3.6f (75%)
2113021130 um (1024x1024), &-bit. 1M8 Dl G e
Color » Threshold Ctri+Shift+T
Stacks » Color Threshold
‘ Hyperstacks » Size.
Crop Clri+ShiteX e
Duplicate Ctri+ShiftsD Line Width
Rename Coordinates
Scale Ctri+E Auto Threshold
Transform » Auto Local Threshold
Zoom 4 Bleach Correction
Overlay » Auto Crop
Lookup Tables »  Auto Crop (guess background color)

Aonotale 'YScaIe to DPI
Drawing
Video Editing
Axes
Threshold B&C
Convert
Convolve
) 53
| Minimum
4 >
Maximum
Brightness
Contrast
Auto Resst |
[ Set Appl
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s Dit.ly/ICR-image

Estimate background

B olz|o|~  smooth cushites || 4| @] @[>
iji Is Just) ImageJ 2.(  Sharpen lick here to search

S Find Edges

Find Maxima...

Enhance Contrast...

Noise

Shadows

Binary

Math

FFT

Filters

Image1: |DAP|_3Aﬂf v|
Operation: |Sub1!ad 'I
image2 X <]

v v v v v ¥

Batch 4 ¥ Create new window

[ mogecanuzor | [REEITA—
Subtract Background...

RepeatCommand  Ciri+Shift+R Lo | [cnt] v

Calculator Plus

Morphology »
Image Expression Parser

Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)

(Open a new DAPI_3.tif)
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Estimate background

(Fili Is Just) Image) =[Cef X |

File Edit Image Analyze Plugins Window Help
0 O/x|o|~  smootn cumshites  |lI| 4| @] Q>
(Fiji Is Just) ImageJ 2.( Sharpen [

Find Edges
Find Maxima.

Enhance Contrast

Noise 4
Shadows » Image Calculator &
Binary » — —
Image1: [DAPI_3tif |
Math 4 ‘ e
FET » Operation [S‘il,:frﬁa,,, B ~|
Filters > LSl aackarouna K
Batch 4 ¥ Create new window
[~ 32-bit (float) result
Subtract Background
9 OK Cancel | Help
Repeat Command Ctrl+Shift+R e
Calculator Plus
Morphology »

Image Expression Parser
Image Expression Parser (Macro)
Multiple Image Processor
Enhance Local Contrast (CLAHE)

(Open a new DAPI_3.tif)
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Now try thresholding
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Now try thresholding

« Better, but not great
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Morphological operations

* Processing of (usually binary) images based on shape

Fif s fus) Inage)
Fie Edt Image [QUet] Anahze Pugins Window Help

) |:’|q9 ~  Smaoth Ciri+Shit+S

arpen
Find Edges

Find Maxima

Enhance Contrast

Mose »
Shadows »
Make Binary
Matn ¥ Comvertio Mask
FFT »
Filters. » Dilate
Batch ¥ Open
image Calculator Ciose-
Subiract Background o
Repeat Command Cirl+Shit+R —

Calculator Plus letonize

Warphology " Distance Map
Image Expression P:

Utinate Points
Image Expression Parser (Macro)

Watershed
A Pro

Wultiple Image Processor Voronst
Enhance Local Contrast (CLAHE)

Options.
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Morphological operations

* Try on the previous example
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Morphological operations

* Try on the previous example

Eroded
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Morphological operations

* Try on the previous example

Dilated and
Eroded closed
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Watershed — separate objects

* From the previous example
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Watershed — separate objects

* From the previous example

I (Fiji Is Just) Image)
File Edit Image a8 Analyze Plugins Window Help

Oo/c[& -  smoon Ctri+Shift+S
Sharpen

‘ Find Edges

-reehand selections Find Maxima.

Enhance Contrast

Noise »
Shadows 4

> Make Binary
Math 4 Convert to Mask
SEl * Erode
Filters 4 Dilate
Batch » Open
Image Calculator Close-
Subtract Background Outline
Repeat Command Ctri+Shift+R Fill Holes
Calculator Plus Skeletonize
Morphology >

Distance Map

Image Expression Parser URimate Points

Image Expression Parser (Macro)

Multiple Image Processor

Voronoi

Enhance Local Contrast (CLAHE)
Options
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Watershed — separate objects

* From the previous example

(Fiji s Just) Image)
File Edit Image
S -

Math

Smooth Ctri+Shift+S
Sharpen

Find Edges

Find Maxima

Enhance Contrast

Noise

Shadows

ry

FFT

Filters

Batch

Image Calculator

Subtract Background

Repeat Command Ctri+Shift+R

Calculator Plus

Morphology

Image Expression Parser

Image Expression Parser (Macro)
Multiple Image Processor
Enhance Local Contrast (CLAHE)

Analyze Plugins Window Help

Make Binary

Convert to Mask
Erode

Dilate

Open

Close-

Outline

Fill Holes
Skeletonize

Distance Map

Ultimate Points

Voronoi

Options
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Watershed
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Watershed
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Watershed
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Watershed

Negative intensity profile

Distance transform
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Watershed

Negative intensity profile

Distance transform
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Watershed

Negative intensity profile

Distance transform
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Watershed

Negative intensity profile

Distance transform
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Watershed

Negative intensity profile

Distance transform

A
|
]
!
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Watershed

Negative intensity profile

Distance transform

A
|
]
!

Watershed
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Filters - Gaussian

Large kernel
(200 pix)

« Correct inhomogeneous illumination


https://icr-analysis.github.io/intro-image-analysis/

Filters - Gaussian

Small kernel
(8 pix)

« Smooth intensity variations for thresholding


https://icr-analysis.github.io/intro-image-analysis/

Filters - Gaussian

* Open foci.tif & try thresholding (to segment whole nuclei)

* Apply Gaussian smoothing (use preview) & try again

I (Fiji 1s Just) Image)

File Edit Image Jalotecl Analyze Plugins Window Help
0O/ 3|~  Smooth Ctri+Shift+S
Sharpen

Find Edges

KFiji is Just) ImageJ 2

Find Maxima.
Enhance Contrast

Noise »

Shadows >

Binary »

Math »

FFT ~
B Conove

Batch »

Image Calculator Median

Subtract Background Mean

Repeat Command Ctri+Shift+R Minimum

Maximum

Calculator Plus Unahary Mask

Morphology M e
Image Expression Parser

Gaussian Blur 3D
Median 3D

Mean 3D

Image Expression Parser (Macro)
Muttiple Image Processor

Enhance Local Contrast (CLAHE)
Minimum 3D
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Filters - Gaussian

« Open foci.tif & try thresholding

« Apply Gaussian smoothing (use preview) & try again

(Fiji Is Just) Image)

File Edit Image Jalotecl Analyze Plugins Window Help
] OO - Smooth Ctri+Shift+S
Sharpen
Find Edges

{Fii Is Just) Image

Find Maxima.

Enhance Contrast

Noise r
Shadows »
Binary Lo
Math b
FFT »
B coove
Batch ./ =L
Image Calculator o
Subtract Background ke
Repeat Command Cril+ShiftsR i
Maximum
Calculator Plus Unsharp Mask
Morphology *| variance

Image Expression Parser
Gaussian Blur 3D.

Median 3D
Mean 30

Image Expression Parser (Macro)
Muttiple Image Processor

Enhance Local Contrast (CLAHE)
Minimum 3D
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Filters - Gradient
« Edge detection

£(x) \/‘\
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bit.ly/ICR-image

Filters - Gradient

« Edge detection * Approximate derivative:

The Sobel operator
df
dx

Ve
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bit.ly/ICR-image

Filters - Gradient

« Edge detection * Approximate derivative:
The Sobel operator

+1 0 -1
f(x) Gy =42 0 —2|* 1
+1 0 -1

af
dx

Ve
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Filters - Gradient

« Edge detection « Approximate derivative:
The Sobel operator

+1 0 -1
f(x) Gy =42 0o —2|* 1

+1 0 -1

+1 42 +1
af Gy=]0 o o]=*]
dx 1 -2 -1

\J
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Filters - Gradient

Gaussian Blur 3D...

bit.ly/ICR-image
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Filters - Gradient 10 41

| (Fiji Is Just) Image). s e —

| File Edit Image Analyze Plugins Window Help

B O/~  smooth ctri+shit+s || 4 o
Sharpen

J MO ol o poik Find Edges

Find Maxima

Convolver... li—hJ

-10+1

Open... | Save.

v Normalize Kernel

v Preview

oK Cancel
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bit.ly/ICR-image

Filters - Gradient

e Combine

lick here to search

v v v v v v w

Repeat Command Ctri+Shift+R

Calculator Plus

Morphology 4
Image Expression Parser

Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)
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Filters - Gradient

e Combine

(Fiji Is Just) Image)

File Edit Image ) Analyze Plugins Window Help
0O &~ Smooth Ctri+Shift+S
Sharpen
Find Maxima

Enhance Contrast
Noise

Shadows

Binary

Math

FFT

v v v v v w

Filters

Batch »
Image Calculator

Subtract Background

Repeat Command Ctrl+Shift+R

Calculator Plus

Morphology 4
Image Expression Parser

Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)
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Boolean image mathematics
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Boolean image mathematics

AND
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Boolean image mathematics



https://icr-analysis.github.io/intro-image-analysis/

Boolean image mathematics

AND OR XOR
@
E .
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s Dit.ly/ICR-image

Boolean image mathematics - masking

v | vwvwvwwew

age Calculator
Subtract Background...
Repeat Command Ctri+Shift+R
Calculator Plus
Morphology »
Image Expression Parser
Image Expression Parser (Macro)
Multiple Image Processor
Enhance Local Contrast (CLAHE)

—_—

image' ETTTI~]
Operation: |AND 'l

Image2: [PV_DAPItif -

Image Calculator

¥ Create new window
I™ 32-bit (float) result

Ok | _cancet| e |
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Boolean image mathematics - masking

15 (Fiji Is Just) Image) e !
File Edit Image BECHE= <Xnalyze Plugins Window Help 1
B 0/c|o] smoon owsnes | 4|8]0]=|
Sharpen

Find Edges

Find Maxima
Enhance Contrast
Noise

Shadows

Binary

Math

FFT

Filters

PV.tif PV_DAPI.tif

| lagnifying glass (or ug

v v v v v w

Batch »

Subtract Background
Repeat Command Ctri+Shift+R

Calculator Plus

Morphology >
Image Expression Parser

Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)

5 Image Calculator E (=X

image1
Operation: |AND b
Image2: |PV_DAPItif -

¥ Create new window
I 32-bit (float) result
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Boolean image mathematics - masking

W (Fiji Is Just) Image) :‘ L | ‘_:-|1£h . .
File Edit Image Analyze Plugins Window Help PV tlf PV D PI tlf
B oo~ smooh cutshies Bl 4| @] Q> | . _ A .

Aagnifying glass (oru¢  Sharpen I
— Find Edges -
Find Maxima

Enhance Contrast
Noise

Shadows

Binary

Math

FFT

Filters

v v v v v w

Batch »

Subtract Background
Repeat Command Ctri+Shift+R

Calculator Plus .
> PV_seqg.tif
Image Expression Parser -
Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)

% Image Calculator -

image’ [ETETEII =]
Operation: [AND =
Image2: |PV_DAPItif =~

¥ Create new window
I 32-bit (float) result

OK | Cancel | Help
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Boolean image mathematics - masking

B (Fiji Is Just) Image) |- .
File Edit Image JEC8="3 Analyze Plugins Window Help PV tlf PV D PI tlf
IO O]~ smooth Ci+shit+s || 4 IE . _ A .

o p—

Magnifying glass (oru¢ ~ Sharpen I
Find Edges
Find Maxima

‘%4} ¢ *

Enhance Contrast
Noise

Shadows

Binary

Math

FFT

Filters

v v v v wvw

Batch »

Subtract Background
Repeat Command Ctri+Shift+R

Calculator Plus .
> PV_seqg.tif
Image Expression Parser —
Image Expression Parser (Macro)
Multiple Image Processor

Enhance Local Contrast (CLAHE)

i Image Calculator h-i

image:: | ETRTTI -]

Operation: |AND -
Image2: |PV_DAPI tif |

¥ Create new window

I 32-bit (float) result

oK | Cancel | Help |
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bit.ly/ICR-image

First (and most important lesson) — again!
Sample

preparation

!

Test vour analysis
y y Data

before you

acquire data! ! |
Analysis

]
Biological
Information
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Deconvolution

Sample
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Deconvolution

Sample

PSF

'K
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Deconvolution

Sample Blurred

PSF

®n%
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Deconvolution

Sample Blurred

PSF
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Deconvolution

Sample Blurred Blurred & noisy

PSF
- -
—
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Deconvolution

Sample Blurred Blurred & noisy

PSF
- -
—
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bit.ly/ICR-image

Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55
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bit.ly/ICR-image

Deconvolution — how?

Image

Constrained iterative deconvolution
e.g. Richardson-Lucy

Operation

Raw Image

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55
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Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Raw Image

bit.ly/ICR-image

Image

Operation

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55
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Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Raw Image

T~

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55

PSF

l

bit.ly/ICR-image

Image

Convolve
| with PSF

Operation
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Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Raw Image

T~

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55

bit.ly/ICR-image

PSF Image
l Operation
Convolve
with PSF \ Convolved
estimate
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Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Raw Image

T~

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55

PSF

l

bit.ly/ICR-image

Image

Operation

Convolve
| with PSF

\ Convolved

estimate

Compare
with raw

Raw Image
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Deconvolution — how?

Constrained iterative deconvolution
e.g. Richardson-Lucy

Raw Image

T~

PSF

l

Convolve
with PSF

bit.ly/ICR-image

Image

Operation

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55

\ Convolved

estimate

A

Com
with

pare
raw

Improve
estimate

7

\

Raw Image
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Deconvolution — how?

Constrained iterative deconvolution

e.g. Richardson-Lucy

Raw Image

Deconvolved |/

T~

PSF

l

Convolve
with PSF

bit.ly/ICR-image

Image

Operation

Estimate

Lucy (1974) The Astronomical Journal. Vol 79, No 6 p745
Richardson (1972) Journal of the Optical Society of America, Vol 62, No 1, p55

\ Convolved

estimate

A

Com
with

pare
raw

Improve
estimate

7

\

Raw Image
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bit.ly/ICR-image

Deconvolution — try it out

DeconvolutionLab?2

Sage et al. (2017) Methods. Vol 115, p28 http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — BUT

Not installed with ImageJ/FIJI
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s Dit.ly/ICR-image

Installing plugins

Easy way:

File Edit Image Process Analyze Plugins Window J3E[3)

oja|o|~ 4]\ Ala|®|E ofst  images website..
Pencil Tool ImageJ News...
D .
[£) tmage) Updater = |0 X Installation... |4 Manage update sites lLJ
Mailing List... A Name URL Host Directory on Hos

vI[Fili hitp:/iupdate fiji.scl

Dev. Resources...

Name Status/Action Update Site Fiji-Legacy hitp://sites.imagej.net/Fiji-Legacy/ =
Plugins.... I_v Java-8 hitp://sites.imagej.net/Java-8/
2015-Conference ites.imagej.net/2015-Conference/ -
Macros... [ 13D ImageJ Suite netTboudier/
Macro Functions... 9 909
AngioTool .net/AngioTool/
Examples > [[Archipelago netiLindsey/
L1BAR hitp://sites.imagej.net/Tiago/
Update ImageJ... O net/BaSiC/
O net/BIG-EPFL/
Refresh Menus t/BigSti
L_||Bio-Formats .net/Bio-Formats/
About Plugins » [_][Biomedgroup ites.imagej.net/Biomedaroup/
BioVoxxel ites.i _.net/BioVoxxel!
About Image.... CJ[cALM nefiCALMI
CellMotility _net/CellMotility/
Report a Bug [][CellTrackingChallenge .netUiman/
CIP .net/CIP/
REDEITELD 20 CircleSkinner itp://sites.imagej.net/CircleSkinner/
Switch to Modern Mode [_]|Cookbook hitp:/fsites.imagej net/Cookbook/

ClearVolume

Upload Sample Image...

hitp://sites.imagej.net/ClearVolume/

adamysite || agaupaatesite || remove |[ ciose |

e | [aancsamose | et |
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Installing plugins

d | | » 3i » Downloads » fiji-win64 » Fij.app » plugins » Search plugi.. R
Ha ay.
r W y " Organize ~ @ Open - Share with ~ Burn New folder - 0 @
7 Favorites Name Date modified Type
I Desktop 2 Colocalisation_Analysis-3.0.1 jar 4/16/2018 10:08 AM  Executable Jar File
. . 3 Downloads & Color_Histogram-2.0.7 jar 4/16/2018 10:08 AM  Executable Jar File
[ ] D I d f I d 25 Recent Places 2 Color_Inspector_3D-2.3.2jar 4/16/2018 10:08 AM  Executable Jar File
ownload .jar 11e and co e 23 _
@ Colour_Deconvolution-3.0.2 jar 4/16/2018 10:08 AM Executable Jar File
- | - f I d % Libraries &) Correct_3D_Drift-1.0.3 jar 4/16/2018 10:08 AM  Executable Jar File
I n to p u g I n S O e r @ Documents & CorrectBleach_-2.0.2 jar 4/16/2018 10:08 AM  Executable Jar File
\J/ Music &) CPU_Meter-2.0.1,jar 4/16/2018 10:08 AM  Executable Jar File
& Pictures @, DeconvolutionLab_2 jar 4/16/2018 10:09 AM  Executable Jar File
!,Videns | DeconvolutionLab2.config 4/16/2018 11:12 AM  CONFIG File
° O O SX 1 ht I 1 k > ) Descriptor_based._registration-2.1.2 jar 4/16/2018 10:08 AM  Executable Jar File
n rl g C IC & Computer &) Dichromacy_-2.1.1jar 4/16/2018 10:08 AM  Executable Jar File No preview
“ ’” & Directionality_-2.2.0,jar 4/16/2018 10:08 AM  Executable Jar File available.
Feature_Detection-2.0.2 jar 4/16/2018 10:08 AM  Executable Jar File
Show package contents @ ot 2 feare, j o
&) Fiji_Archipelago-2.0.1jar 4/16/2018 10:08 AM  Executable Jar File

& Fiji_Developer-2.0.6 jar 4/16/2018 10:08 AM  Executable Jar File
&) Fiji_Package_Maker-2.1.1,jar 4/16/2018 10:08 AM  Executable Jar File
& Fiji_Plugins-3.1.1 jar 4/16/2018 10:08 AM  Executable Jar File
&) Flow)_-1.29.3jar 4/16/2018 10:08 AM  Executable Jar File
& FS_Align_TrakEM2-2.0.2 jar 4/16/2018 10:08 AM  Executable Jar File
&) Graph_Cut-1.0.2jar 4/16/2018 10:08 AM  Executable Jar File
& Gray_Morphology-2.3.4 jar 4/16/2018 10:08 AM  Executable Jar File
&) H5J_Loader Plugin-1.0.6 jar 4/16/2018 10:08 AM  Executable Jar File
& Helmholtz_Analysis-2.0.2 jar 4/16/2018 10:08 AM  Executable Jar File

<| |

Deconvolutionlab_2jar Date medified: 4/16/2018 10:09 AM
Executable Jar File Size: 3.24 MB
Date created: 4/16/2018 10:09 AM

Sage et al. (2017) Methods. Vol 115, p28 http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out

DeconvolutionLab?2

Analyze |
olajo| <4\ Al¢
g tool (or press space bar and drag)

Regularized Inverse Filter [RIF | LRIF]

Laplacian Regularized Inverse Filter

This algorithm is a direct inverse filter with a Laplacian regularization following this
formalization: x = (HTH + ALTL) ' Wy

where H is the PSF and L is the discretization of the Laplacian operator. This regularization
tends to reduce high frequencies noisy and in the same time it tends to blur the image. It
is controlled by the regularization factor A.

RIF or LRIF is very fast. It is non-iterative algorithm

When the filtering by LTL has a whitening effect on x and A is defined as the inverse of the
noise variance, RIF amounts to Wiener filtering.

Reference: N. Wiener, Extrapolation, Interpolation, and Smoothing of Stationary Time
Series, vol. 2, MIT press Cambridge, 1949.

Sage et al. (2017) Methods. Vol 115, p28 http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out

DeconvolutionLab2 Drag and drop

CElegans-FITC.tif

JB8 O/a|0| 4[]\ |A|¢ Macros
olling tool (or press space bar and drag) |

PSF-CElegans-FITC.tif

C. Elegans embryo
B - microtubules

This algorithm is a direct inverse filter with a Laplacian regularization following this
formalization: x = (H'H + ALTL) W'y

where H is the PSF and L is the discretization of the Laplacian operator. This regularization
tends to reduce high frequendies noisy and in the same time it tends to blur the image. It
is controlled by the regularization factor A.

RIF or LRIF is very fast. It is non-iterative algorithm

When the filtering by LTL has a whitening effect on x and A is defined as the inverse of the
noise variance, RIF amounts to Wiener filtering.

Reference: N. Wiener, Extrapolation, Interpolation, and Smoothing of Stationary Time
Series, vol. 2, MIT press Cambridge, 1949,

» | Path

Sage et al. (2017) Methods. Vol 115, p28 http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out

Deconvolut

gell
Fie Edt hlage Process Analyze
[ folfa{{CIFAP-ARIENPNL

iScrolling tool (or press space bar and drag)

Sage et al. (2017) Methods.

ionLab2

Install Plugin
3D Viewer
Analyze
BigDataViewer
Bio-Formats
Cluster
Color Inspector 3D
DeconvolutionLab2 Run
DeconvolutionLab2 Launch

v v oww

Vol 115, p28

bit.ly/ICR-image

Drag and drop

Regularized Inverse Filter [RIF | LRIF]

Laplacian Regularized Inverse Filter

This algonthm is a direct inverse filter with a Laplacian regulanzation following this
formalization: x = (H'H + ALTL)" W'y

where H is the PSF and L is the discretization of the Laplacian operator. This regularization
tends to reduce high frequencies noisy and in the same time it tends to blur the image. It
is controlled by the regularization factor A.

RIF or LRIF is very fast. It is non-iterative algorithm

When the filtering by LTL has a whitening effect on x and A is defined as the inverse of the
noise variance, RIF amounts to Wiener filtering.

Reference: N. Wiener, Extrapolation, Interpolation, and Smoothing of Stationary Time
Series, vol. 2, MIT press Cambridge, 1949

|_» |Patn Fiapp Defaunt

Help Close Batch Run Launch

lﬂm‘::“lrb:nmcm | Scripting | About CEIeganS_FITC.tif
| » |image | cEregans Firc.un Actve_|
[ » [pst | st CEtogans-FTC.ut |_cheek_] .
“paf file :\Adan\Teaching\InagehralysisCourse|Conrse_naterialstemsrsi : L e : P S F'C E | eg anS' F | TC ) tlf
v | wigorinm | miF 0.1000 | check
Regularized Inverse Filter || ®aFiLRIF

C. Elegans embryo
- microtubules

http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out (hopefully)

Deconvolution is computationally intense — may be very slow on
these machines

http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out (hopefully)

Deconvolution is computationally intense — may be very slow on

these machines

- Try “Regularized Inverse Filter”

http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/

bit.ly/ICR-image

v | aigorithm

|Reguiarized Inverse Fitter
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Deconvolution — try it out (hopefully)

Deconvolution is computationally intense — may be very slow on
these machines

v | aigorithm | RiF 0.1000 | cneck

» Try “Regularized Inverse Filter” [Roguarzea mverse e REEES

- ) )
Reg.A 01
Off Low 1E6 1.0 High

o e o B e

http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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Deconvolution — try it out (hopefully)

Deconvolution is computationally intense — may be very slow on
these machines

v | aigorithm | RiF 0.1000 | cneck

« Try “"Regularized Inverse Filter” ressaraot s [o] moriver |

- ) )
Reg.A 01
Off Low 1E6 1.0 High

o e o B e

v | aigorithm [rL10 | cneck |
* Richardson-Lucy — start with 10 [Rctortoon L1cy o =
iterations - compare

Iterations N 1uE|

http://bigwww.epfl.ch/deconvolution/deconvolutionlab2/
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GIGA — Garbage In, Garbage Out
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GIGA — Garbage In, Garbage Out

» Not always necessary

* Only an estimate of fluorophore distribution
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Deconvolution — notes
GIGA — Garbage In, Garbage Out

* Not always necessary
* Only an estimate of fluorophore distribution

* 100’s of algorithms and options — try them out
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Deconvolution — notes
GIGA — Garbage In, Garbage Out

* Not always necessary
* Only an estimate of fluorophore distribution
* 100’s of algorithms and options — try them out

« Can be very slow
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Deconvolution — notes
GIGA — Garbage In, Garbage Out

« Not always necessary

* Only an estimate of fluorophore distribution

* 100’s of algorithms and options — try them out

« Can be very slow

» Requires a good quality measured PSF (estimated PSF’s can work for

standard microscopes)
* Routine to measure each day on light-sheet systems (e.g. lattice)
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Machine Learning

« Often intensity alone can’t be
used for segmentation

 Need “context”

« Train the computer to
“recognize” structures


https://icr-analysis.github.io/intro-image-analysis/

bit.ly/ICR-image

Machine Learning
* Open CHO.tif

I

» Often intensity alone can’t be
used for segmentation

 Need “context”

» Train the computer to
“recognize” structures
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Machine Learning

[ (Fiji Is Just) Image) =B X

File Edit Image Process Analyze Plugins Window Help TET %
Ojojc|of £[:AAla|o|O »|=/nm 420>

N Try tO th reS h O | d | Fili Is Just) ImageJ 2.0.0-rc-65/1 51w; Java 1.8.0_66 [64-bit]

<
4

(Huans — EICTTE

™ Dark background [ Stack histogram

_Auto | Apply | Reset
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Machine Learning — Trainable Weka Segmentation

|| File Edit Image Process Analyze JTe[i5

Ojolaoff 4 :4/X Ala o

rolling tool (or press space bar and drag)

Segment blob in 3D Viewer
Balloon

Graph Cut

Blow/Lasso Tool

(NanoJ) Filament Analysis
Robust Automatic Threshold Selection Time Lapse

Simple Neurite Tracer Time Series Analyzer V3
SIOX: Simple Interactive Object Extraction Tracking

v v v wvvwv vvwvwvwew

v v v w
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Machine Learning — Trainable Weka Segmentation

NGV U " ’

NanoJ-SRRF > [ Trainable Weka Segmentation v3.2.22 (75%) = @ %
~ o 1376x1032 oixels: 6-bit 1.4M8 | prem—
Just) Image) ot >
File Edit Image Process Analyze g Optkiow A,
| 5 ot PSF
glola|oll [N |Ala]of ST e
Process »
g tool (or press space bar and drag) RandomJ » Training
Registration 4 Train classifier
SPIM Registration »
Segment blob in 3D Viewer Segmentation » —
Balloon Skeleton 4 TR ToSwR
Graph Cut Spatial Statistics 4 ot
Blow/Lasso Tool Stacks »
(NanoJ) Filament Analysis Stitching »
Robust Automatic Threshold Selection Time Lapse » Opllons
Simple Neurite Tracer Time Series Analyzer V3 S ORI
SIOX: Simple Interactive Object Extraction Tracking » Load classifier
Apply saved SIOX segmentator Transform » | Addtoclass2
! " L
Statistical Region Merging TransformJ »
Trainable Weka Segmentation Utilities » Load data
Trainable Weka Segmentation 3D Volume Viewer [ Save data
e ‘”", ¢ Debug 4 Create new class
Segmentation Editor Sanihok N
Settings
,‘Tﬂm
o
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Machine Learning — Trainable Weka Segmentation

File Edit Image Process Analyzs

ojolaloff 4

rolling tool (or press space bar and drag)

x| Ala]el0

Segment blob in 3D Viewer
Balloon
Graph Cut
Blow/Lasso Tool
(NanoJ) Filament Analysis
Robust Automatic Threshold Selection
Simple Neurite Tracer
SIOX: Simple Interactive Object Extraction
Apply saved SIOX segmentator
Statistical Region Merging
Trainable Weka Segmentation 3D
deprecated »
Segmentation Editor

anuowUINEL
NanoJ-SRRF
NeuronJ

Optic Flow

PSF Generator
Process
RandomJ
Registration

SPIM Registration

Skeleton

Spatial Statistics
Stacks

Stitching

Time Lapse
Time Series Analyzer V3
Tracking
Transform
TransformJ
Utilities

Volume Viewer
Debug

Sandbox

v o

v v v v v w

Segmentation

vy v v wvew

v v wyw

bit.ly/ICR-image

[ Trainable Weka Segmentation v3.2.22 (75%)
1376x1032 oixels: 6-bit 1. 4ME

ltrace 0 (Z=1)
ltrace 1 (Z=1)
race 2 (Z=1)

| Addtoclass2 |
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Machine Learning — Trainable Weka Segmentation

« Lots of training data
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Machine Learning — Trainable Weka Segmentation

Lots of training data

Choose features
carefully

Load data

Save data

Create new class

WEKA

| [ Segmentation settings RS

Training features:
¥ Gaussian blur ¥ Sobel filter
¥ Hessian |¥ Difference of gaussians
¥ Membrane projections [~ Variance
™ Mean ™ Minimum
I~ Madmum ™ Median
I™ Anisotropic diffusion [ Bilateral
™ Lipschitz I” Kuwahara
™ Gabor I™ Dervatives
™ Laplacian I~ Structure
I™ Entropy ™ Neighbors.
Membrane thickness: |1
Membrane patch size: |19

Minimum sigma:  [1.0
Maximum sigma: [16.0

Classifier options:
T

Choose |FastRandomForest -1 200-K 2-5-911180,

Class names:

Class 1 [class 1
Class2 [class 2

Advanced opfions:

I™ Balance classes
Save feature stack
Result overlay opaclty ¢ ] »[3

OK | Cancel | Help

bit.ly/ICR-image
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Machine Learning — Trainable Weka Segmentation

=

| Segmentation settings

- Lots of training data * Choose features | ...
carefully e

¥ Membrane projections |~ Variance

I~ Mean ™ Minimum
Training I~ Maximum I~ Median

‘ T I™ Anisotropic diffusion I™ Bilateral
B I Lipschitz I~ Kuwahara
—— I Gaoe S

- I™ Laplacian I~ Structure
\—EEEE“J— ™ Entropy ™ Neighbors

[ Getprovavary | Membrane thickness: [1

Piot resuit | Membrane patch size: |19
= —— Minimum sigma. 'T

Maximum sigma: |16.0

Apply classifier =

Classifier options:
Load classifier -

Choose |FastRandomForest -1 200-K 2-5-911180,
Save classifier

Class names:

Load data

Class 1 [class 1
Save data Class2 [class2

Create new class

Advanced opfions:
" T——
_Save feature stack
‘?!EKA Result overlay opaclty ¢ | » |3
w o=

Wil be slow!
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Machine Learning — Trainable Weka Segmentation

Lots of training data

» Choose features
carefully

Will be slow!

| [ Segmentation settings RS
Training features:
¥ Gaussian blur ¥ Sobel filter
¥ Hessian |¥ Difference of gaussians
¥ Membrane projections [~ Variance
™ Mean ™ Minimum
I~ Madmum ™ Median
I™ Anisotropic diffusion [ Bilateral
™ Lipschitz I” Kuwahara
™ Gabor I™ Dervatives
™ Laplacian I~ Structure
I™ Entropy ™ Neighbors.
Membrane thickness: |1
Membrane patch size: |19
Minimum sigma:  [1.0
Maximum sigma: [16.0
Classifier options:
T
Choose |FastRandomForest -1 200-K 2-5-911180,
Class names:
Class 1 [class 1
Class2 [class 2
Advanced opfions:
I™ Balance classes
Save feature stack
Result overlay opaclty ¢ ] »[3
OK | Cancel | Help

bit.ly/ICR-image
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Analysis (rather than processing)

* Measure segmented objects
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Analysis (rather than processing)

* Measure segmented objects

Magnifying glass (or use "+" and ™

I~ Mean gray value
[~ Standard deviation [~ Modal gray value
I Min & max grayvalue ¥ Centroid
[V Center of mass [V Perimeter
IV Bounding rectangle ¥ Fitellipse
[~ Shape i I” Feret's di
IV Integrated density |~ Median
[V Skewness I Kurtosis
IV Area fraction I~ Stack position

[~ Limitto threshold |~ Display label
I™ InvertY coordinates [~ Scientific notation
[~ Add to overlay I~ NaN empty cells

Redirectto: |None vI

Decimal places (0-9): l3

ok | oo e

bit.ly/ICR-image
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Analysis (rather than processing)

* Measure segmented objects

B O/GIO AL eamar oo

Magnifying glass (or use "+" and "] Analyze Particles...
—_— Summarize
Distribution...
Label
Clear Results

Set Measuremen

Set Scale...

Click here to search

File Edit Image Process JLUEN74:N Plugins Window Help
Measure

Scrolling tool (or press space bar :

S——_____________—— Sun’“\aﬁze

Distribution...

Click here to search

I~ Mean gray value
[~ Standard deviation [~ Modal gray value
I Min & max grayvalue ¥ Centroid
[V Center of mass [V Perimeter
IV Bounding rectangle ¥ Fitellipse
[~ Shape I” Ferets di
IV Integrated density |~ Median
[V Skewness I Kurtosis
IV Area fraction I~ Stack position

I™ Limitto threshold

I Display label
I™ InvertY coordinates [~ Scientific notation

[~ Add to overlay

Redirectto: |None vI

Decimal places (0-9): l3

ok | oo e

I~ NaN empty cells

bit.ly/ICR-image
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« Measure other objects
« Draw, then measure
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Analysis

« Measure other objects
« Draw, then measure

[ Results ‘Ml

File Edit Font Results
Jarea [x  [v [xm [¥m [Perim. [Bx [BY [width [Height |Major [Minor [Angle [intDen [skew [%Area [RawintDen [Length |
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P |
1 (Fiji Is Just) Image) f=f
File Edit Image Process JWEN7EN Plugins Window Help
E],‘ Q) G|(‘9|/_ abdl  Measure Ctri+M vﬂﬂ@gﬂ
and (tracing) tool Analyze Particles... Click here to search
Summarize
Distribution...
Label
Clear Results
Set Measurements...
Set Scale...
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Analysis

Multiple objects — ROl manager

0 (Fiji Is Just) Image)

File Edit Image Process JLUENFEN Plugins  Window
Olo G|€ VA b Ctri+M

Import Image Sequence

Help
L

Measure

Tool Analyze Particles

Summarize
DAPLLif (50%) = Distribution
133.12x133.12 um (1024x1 024), B-bit, TMB
Label

Clear Results

Set Measurements

Set Scale
Calibrate
Ctri+H
Ctri+K

Histogram
Plot Profile
Surface Plot
Gels »
Tools 3

3D Objects Counter

3D OC Options

Skeleton »
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow 3
Helmholtz Analysis

3D Surface Plot
Classification »
Local Thickness »

Bl e

ROI managed

ROl Manager = |3 X
0151-0532 2 agep
0394-0624
0486-0828 Update
0589-0332 ——
0491-0841
Rename.
Measure
Deselect
Properties
Flatten [F]
Save XY Coordinates e |
More
Fractal Box Count o =
Analyze Line Graph Show All
Curve Fitting I Lavels

, I

Scale Bar
Calibration Bar
Synchronize Windows

Gnd

Sync Windows
Sync Measure 3D
Coordinate Viewer
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Multiple objects — ROl manager

0 (Fiji Is Just) Image)

File Edit Image Process JLUENFEN Plugins  Window
Olo G|€ VA b Ctri+M

Import Image Sequence

Help
L

Measure

Tool Analyze Particles

Summarize
DAPLLif (50%) = Distribution
133.12x133.12 um (1024x1 024), B-bit, TMB
Label

Clear Results

Set Measurements

Set Scale
Calibrate
Ctri+H
Ctri+K

Histogram
Plot Profile
Surface Plot
Gels »
Tools 3

3D Objects Counter

3D OC Options

Skeleton »
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow 3
Helmholtz Analysis

3D Surface Plot
Classification »
Local Thickness »

Bl e

ROI managed

ROl Manager = |3 X
0151-0532 S mrerm
0394-0624
0486-0828 Update
0589-0332 ——
0491-0841
Rename.
Measure
Deselect
Properties
Flatten [F]
Save XY Coordinates e |
More
Fractal Box Count o =
Analyze Line Graph Show All
Curve Fitting I Lavels

, I

Scale Bar
Calibration Bar
Synchronize Windows

Gnd

Sync Windows
Sync Measure 3D
Coordinate Viewer
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« Multiple objects — ROl manager

0 (Fiji Is Just) Image) = =
File Edit Image Process LNENFEN Plugins Window Help
OO r3|6 ~ 3% Measure Ctri+M !_ | I IZITIE

Import Image Sequence .. Tool Analyze Particles
Summarize
DAPLLif (50%) = Distribution
133.12x133.12 um (1024x1 024), B-bit, TMB
Label

Clear Results

Set Measurements

Set Scale
Calibrate
Ctri+H
Ctri+K

Histogram
Plot Profile
Surface Plot
Gels »
Tools 3

3D Objects Counter

3D OC Options

Skeleton »
Colocalization »
Color Histogram
Directionality

Shape Index Map

Optic Flow »
Helmholtz Analysis

3D Surface Plot
Classification »

Local Thickness »

ROI managed

Save XY Coordinates
Fractal Box Count
Analyze Line Graph
Curve Fitting

Scale Bar

Calibration Bar
Synchronize Windows

Gnd

Sync Windows
Sync Measure 3D
Coordinate Viewer
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3D Fast Fiters
3D Edge and Symmetry Fitter
wi : 3D Hysteresis Threshokling
: > 30 Simple Segmentation
By Eopels 3D Maxima Finder
Cluster | et
olckevector 3D Rerative Thresholding
Exioiee * | Manual Spot Segmentation
Feature »
Feature) || Sitasod
e »| 3D Binary Close Labels
lastik (deprecated) » 3D Distance Map
e )| 3D Watershed
R )| 3D Watershed Spit
R, 0 3D Watershed Voronoi
Janelia H265 Reader
Loci » | 3D Manager Options
LSM Toolbox »| 3D Geometrical Measure
Landmarks »| 3D Shape Measure
MTrack) 3D intensity Measure
Multiview Reconstruction ¥ | 3D Mesh Measure (siow)
NanoJ > aDROAR
NanoJ-SQURREL »| 3D MereoTopology
NanoJ-SRRF »| 3D Exclude Borders
o] 3D Radial Distribution
g”‘”’ : 3D Elipsoid Fiting
e 3D Convex Hull
Process »
RandomJ »| (200w Shape
Registration Pt Cow Lbe
SPIM Registration »| SDCwp
Segmentation » 3DCropAl
ooy )| 3D Binary Interpolate
Spatial Statistics f [ 20 Drsw Role
»
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 [Volime {uni) ¥ Surface (unit 4] RoiManager3D 392 [=] X |
™ FitEllipse ™ 30 Moments bftvall
I™ Integrated Density ™ Mean Grey Value obj2val2
™ Mode Grey Value 1™ Feret (unit) obj3val3
S e I~ Maximum GreyValue [~ Centroid (pix) obj4-vald
ke o Sl I Distance to surtace (unit) ¥ Centre of mass (pi) obj5val5
§ N mhymessn-mkhn e box (pi) r wni) obj6-valé
Big 3D Simple Segmentation I Closest obj7val7?
Bufoun : 3D Maxima Finder - objgvalg J
. 3D Spot Segmentation Options : objg-val9
1
Color Inspector 30 3D Rerative Thresholding I~ Use 32-bits image for segmentation (nb objects > 65 535) :::1m:?
FE’“""’“ : Manual Spot Segmentation I~ Exclude objects on edges XY oNi2wit? L || ustvorels |
s )| 3DFill Holes §,Rita SECHs of ecne € obj13+4al13
N §.; with selected 3D viewer bj14-val14
o ) rae & s
lastik (deprecated) 30 Dismcs iop Sl ophons obj16-val16
ImagesD »| 3D Watershed Distance between centers (pixel) [10 obj17-val17
S - )| 3D Watershed Spit obj1Bal18 e Rot OFF | | Label |
Rarative Doconvoive 30 3D Watershed Voronoi Surt. contact options : obj19val19
ocarss o I et = XA
Loci » | 3D Manager Options Overlay 30 RO option -
LSM Toolbox »| 3D Geometrical Measure
Landmarks » 3D Shape Measure
MTrackJ 3D Intensity Measure
Multiview Reconstruction ¥ 3D Mesh Measure (slow)
NanoJ > 3DRDAR
NanoJ-SQUIRREL » 3D MereoTopology
NanoJ-SRRF » 3D Exclude Borders
Newrond DOk
Optic Flow S e s
PSF Generator e ! e
Process »
RandomJ »| 3D Draw Shape
Registration »| 30Dmwline
SPIM Registration »| SDCwp
Segmentation »| 3DCopA
Sksieton )| 3D Binary interpolate
Spatial Statistics »|__ 30 Draw Rois
Stacks bT
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Analysis — 3D
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o = e
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S - )| 3D Watershed Spit obj1Bal18 e Rot OFF | | Label |
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Janelia H265 Reader Distance max contact [180
Loci » 3D Manager Options Overtay 30 RO option :
LSM Toolbox »| 3D Geometrical Measure
Landmarks » 3D Shape Measure
MTrackJ 3D Intensity Measure
Muttiview Reconstruction b 3D Mesh Measure (slow)
NanoJ > 3DRDAR
NanoJ-SQUIRREL » 3D MereoTopology
NanoJ-SRRF > 3D Exclude Borders
ol 3D Radial Distribution
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Registration » Draw. 0 a1 640 0 737979
2 s D Crop ] 2009 130 0 1014
SPM Registration le i 0 1500 864 0 897,974
Segmentation » 0 1079 633 0 1,060,180
0 2 830 0 1203565
Skeleton » :“"Ymm o 00 o
Spatial Statistics » Draw 0 2009 0
< 0 893 0
Stacks T 0 °
0 0
0 0
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Macros - record
« Automated
* Quicker
» Reproducible (sharing)
* Less chance for bias/mistakes

» Works with most ImageJ
plugins

* No coding required (but
possible)
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Macros - record

 Automated

* Quicker

File

Edit Image Process Analyze RIS
olglol~4[w N Al 0T
‘ext tool (double-click to configure)

« Reproducible (sharing) — — S R ([
Record: [Maco  »] Name: [Macroijm i ;mmm : :-;acks?;f;o]
i i ﬁggm;;;:w&m:fsuCcune/Cmn_n: HDF5 > S:ijecl 2]
« Less chance for bias/mistakes |z - e, =
Integral Image Filters > S_Green[3]
Iterative Deconvolve 3D S_Red [4]
. Janelia H265 Reader S_Blue [5]
« Works with most ImageJ B | Somm
plugins - e | oo
Multiview Reconstruction ] S_MarginRight []
NanoJ '.‘ S_MarginBottom [;]
NanoJ-SQUIRREL > S_Combine []
* No coding required (but e e
. Optic Flow >
possible) rorom >
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acros — edit & run

Process

File Edit Image Analyze
ola/o 4|7\ Al o)

_ elptical or brush selections (nght click to swilch)|

L) segementDAPLim

il Edit Language Jempiates Bun Tools Tabs

177 Macro to segment and analyse cell nuclel
2 // Adem Tyson | 2015-04-84 | odom.tysonficr.ac.uk

4 open("v:/Adas/Teaching/ InageanalysisCourse/Course_saterials/exercises/DAPI3.tif");
5
& run("Duplicate...”, " ");

© // Remove bockground
& run("Gaussian Blur...", "sigmes208");
imageCalculator (*Subtract create”, "DAPI3. t1f*,"DAPI3-1.tif");

/1 Threshold
13 selectuindon("Result of DAPT3.t16");
14 setautoThreshold("Default dark");
15 //run(*Threshold. ..");

16 //setThreshold(S, 255);
setDption("BlackBackground”, true);
run(“Convert ta Mask");

/7 Clean up
n{"Erode”);
run(“Erode”);
23 run("Erode™);
24 run("Erede”);
run("Dilate”);
26 run("Dilate’);
run("pilate”);
28 run("Dilate"};
“Fill Moles");
run(“Watershed®);

5

/1 Analyse

n("Set Measurements
34 run("analyze Particles..
3

“ares centroid perimeter redirectstone decimale3®);
. “display exclude clear");

Show Errors | Clear

Install..
Run.
Startup Macros.
Record
S_Rename [12]
S_Saveds [S]
S_SavePNG [F]
S_Background [13]
S_Unsharphask [14]
S_Gamma [15]
S_EnhanceContrast [16]
S_8bit [7]
Calor Inspector 3D S_16bit [18]
Examples »  S_RGBI[S
Feature Extraction »  S_StackSorter [[10]
FeatureJ ¥ S_Substack[111]
HDFS§ ? S _Project[f12]
lastik (deprecated) ¥ S_Hio[1]
ImagesD » S _Grays
Integral Image Fiters » S Green[3]
herative Deconvolve 3D S_Red[4]
Janelia H265 Reader S_Blue [5]
Locl ¥ S _Magenta[6]
LSM Toolbax ¥ s_Cyan[]
andmarks » S_lnfemo [B]
MTrack) S_CyanHot [0]
Multiview y s ]
NanoJ ¥ S_MarginBottom []
NanoJ-SQUIRREL »  S_Combine []
NanoJ-SRRF » S _Scalebar A1
NeuronJ Adjustable_Wand Tool Options.
Optic Flow »
PSF Generator v
Process »
Random.J »
Registration » [ ]
SPIM Registration »
Segmentation »
‘Skeleton »
‘Spatial Statistics »
Stacks »
Stitching »
Time Lapse »

Time Series Analvzer V3

Use comments (lines
starting with “//) for
notes/explanations

bit.ly/ICR-image
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Macros — edit & run

Process

File Edit Image Analyze
ola/o 4|7\ Al o)

_ elptical or brush selections (nght click to swilch)|

L) segementDAPLim

il Edit Language Jempiates Bun Tools Tabs

177 Macro to segment and analyse cell nuclel
2 // Adem Tyson | 2015-04-84 | odom.tysonficr.ac.uk

4 open("v:/Adas/Teaching/ InageanalysisCourse/Course_saterials/exercises/DAPI3.tif");
5
& run("Duplicate...”, " ");

© // Remove bockground
& run("Gaussian Blur...", "sigmes208");
10 imageCalculator(*Subtract create”, "DAPI3.tLf*,"DAPI3-1.tif");

12 /7 Threshold

13 selectuindon("Result of DAPT3.t16");
14 setautoThreshold("Default dark");
15 //run(*Threshold. .. ");

& //setThreshold(s, 255);

7 setOption("BlackBackground”, true);
un(“Canvert ta Mask"};

u ate");
un("Fill Holes");
un("Watershed”);

o Analyse
33 run("Set Measurements...
34 run("analyze Particles..
3

res centraid perimeter redicectshone decimale3®);
display exclude clear”);

Run | 0 Show Errors | Clear

Install..
Run.
Startup Macros.
Record
S_Rename [12]
S_Saveds [S]
S_SavePNG [F]
S_Background [13]
S_Unsharphask [14]
S_Gamma [15]
S_EnhanceContrast [16]
S_8bit [7]

Calor Inspector 3D S_16bit [18]

Examples »  S_RGBI[S

Feature Extraction »  S_StackSorter [[10]

FeatureJ ¥ S_Substack[111]

HDFS§ ? S _Project[f12]

lastik (deprecated) b S Hio[1]

ImagesD » S _Grays

Integral Image Fiters » S Green[3]

herative Deconvolve 3D S_Red[4]

Janelia H265 Reader S_Blue [5]

Locl » S Magenta[s]

LSM Toolbax ¥ s_Cyan[]

andmarks » S_lnfemo [B]

MTrack) S_CyanHot [0]

Multiview y s ]

NanoJ ¥ S_MarginBottom []

NanoJ-SQUIRREL »  S_Combine []

NanoJ-SRRF » S _Scalebar A1

NeuronJ Adjustable_Wand Tool Options.

Optic Flow »

PSF Generator v

Process »

Random.J »

Registration »

SPIM Registration »

Segmentation »

‘Skeleton »

‘Spatial Statistics »

Stacks »

Stitching »

Time Lapse »

Time Series Analvzer V3

File Edt Image Process

ola|olzj4f

glass (or use “+" and ™" keys)

bit.ly/ICR-image

Install
| Rw ]
Edt
Startup Macros.
Record
S_Rename [12)
Analyze S_SaveAs [S]
NAlalo] S_SavePNG [P)
S_Background [13]
S_UnsharpMask [f4]
S_Gamma [f5]
S_EnhanceContrast [f6]
S_8bit 7]
S_16bit [18]
Examples »  S_RGBI9)
Feature Extraction > S_StackSorter [f10]
FeatureJ > S_Substack[f11]
HDF§ »|  S_Project[f12]
liastik (deprecated) »| S Hio[1]
ImageSD »| S Grays[2]
Integral Image Filters » S_Green [3]
Rerative Deconvoive 3D S_Red 4]
Janelia H265 Reader S_Bive 5]
Loci > S_Magenta(6]
LSM Toolbox > sCyan[7)
Landmarks > S_infemo(8]
MTrack) S_CyanHot [0]
Multiview » sl ight []
NanoJ > S_MargnBottom ]
NanoJ-SQUIRREL > S_Combine[]
NanoJ-SRRF »  S_Scalebar [A"
Neuron) Adjustable_Wand Tool Options
Optic Flow »
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How to make your analysis easier — plan!
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How to make your analysis easier — plan!

« Use the correct method
« Widefield
« Confocal
* Multiphoton
 TIRF
» Super resolution (PALM/STORM/SRRF)
« Light sheet (iISPIM/diSPIM/Lattice)
« Something else — flow cytometry, biochemistry?
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How to make your analysis easier — plan!

« Use the correct method
« Widefield
« Confocal
* Multiphoton
 TIRF
» Super resolution (PALM/STORM/SRRF)
« Light sheet (iISPIM/diSPIM/Lattice)
« Something else — flow cytometry, biochemistry?

» Choose dyes carefully (SNR!)
 mNeonGreen vs EGFP
e Alexa 488 vs FITC
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Resolution
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Resolution

« Resolution depends on:
« Wavelength of light
» Refractive index of media (n)
* NA of objective
« (Width of light sheet)
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Resolution
* Resolution depends on: 0.511,,
« Wavelength of light Lateral resolution = NA
» Refractive index of media (n)
* NA of objective
: : _ _ 0.881,,
« (Width of light sheet) Axial resolution =

n —vn2 — NA2
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Resolution

« Resolution depends on:
« Wavelength of light
* Refractive index of media (n)
* NA of objective
« (Width of light sheet)

* Nyquist theorem
« Sampling frequency (how
many pixels) should be <
resolution
« Modern acquisition software
will do this for you.

Lateral resolution =

Axial resolution =

bit.ly/ICR-image

0.512,,
NA

0.881,,
n—vn2 — NA2
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Resolution — However!
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Resolution — However!

« What do you want to image?
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Resolution — However!

* What do you want to image?

15.4 pix ym-? 0.916 pix pm-t



https://icr-analysis.github.io/intro-image-analysis/

Resolution — However!

* What do you want to image?

15.4 pix um-? 0.916 pix pm-t

« Same information — 300 x less data
» Also maybe quicker and more gentle
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Resolution — 3D

 If you want to analyse in 3D:
 |sotropic resolution
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Resolution — 3D

* |f you want to analyse in 3D:
* |sotropic resolution
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Resolution — 3D

* |f you want to analyse in 3D:
* |sotropic resolution

3D
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Note — 3D analysis

* Analysis almost always exactly the same as 2D:
« Takes longer
* Need to view in 3D to check

» 3D not necessarily supported by software
package
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Resolution — temporal
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Resolution — temporal

N\



https://icr-analysis.github.io/intro-image-analysis/

Resolution — temporal
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Resolution — temporal
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Resolution — temporal
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Resolution — temporal
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Signal to noise ratio (SNR)

« Resolution irrelevant if you
can’t detect structures of
interest
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Signal to noise ratio (SNR)

High resolution Low resolution

» Resolution irrelevant if you
can’t detect structures of
interest High

SNR

Low
SNR
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Signal to noise ratio (SNR)

High resolution Low resolution

» Resolution irrelevant if you
can’t detect structures of
interest High

SNR

« Contrast often the most Low
important aspect of a good SNR
Image



https://icr-analysis.github.io/intro-image-analysis/

bit.ly/ICR-image

Analysis as a method


https://icr-analysis.github.io/intro-image-analysis/

Analysis as a method

“True” image

k
;‘
=S
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Analysis as a method  , ..1veq

“True” image widefield image
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method  , ..1veq STORM/PALM

“True” image widefield image aquisition

STORM/
PALM
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Analysis as a method

“True” image

STORM/
PALM

Observed
widefield image

STORM/PALM
aquisition

Localised fluorophores
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Analysis as a method ../ eq
widefield image

“True” image

STORM/
PALM

Reconstructed image

STORM/PALM
aquisition

Localised fluorophores


https://icr-analysis.github.io/intro-image-analysis/

bit.ly/ICR-image

First (and most important lesson) — again!
Sample

preparation

!

Test vour analysis
y y Data

before you

acquire data! ! |
Analysis

]
Biological
Information
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Any other courses?
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Any other courses?

« General — more advanced
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Any other courses?

« General — more advanced

- 3D
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Any other courses?

« General — more advanced
« 3D

« Big datasets
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Any other courses?

 General — more advanced
« 3D
« Big datasets

» Lightsheet processing
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Any other courses?

« General — more advanced
- 3D

« Big datasets

» Lightsheet processing

e Super resolution
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Any other courses?

« General — more advanced
- 3D

« Big datasets

» Lightsheet processing

e Super resolution
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Any other courses?

« General — more advanced
- 3D

« Big datasets

» Lightsheet processing

e Super resolution

« Tracking
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Any other courses?

« General — more advanced
- 3D

« Big datasets

» Lightsheet processing

e Super resolution

« Tracking

* Writing custom scripts — MATLAB / Python etc
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Any other courses?

« General — more advanced

- 3D

« Big datasets

» Lightsheet processing

e Super resolution

« Tracking

* Writing custom scripts — MATLAB / Python etc

* Anything else?
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