Introduction to Image Analysis with




PLEASE ENSURE FUJI'IS INSTALLED CORRECTLY'!

File Edit Image Process Analyze Plugins Window Cookbook
0O = Al || ] D~|st Image) Website..

*Straight®, segmented or freehand lines, or arrows (right click to swit  ImageJ News

Documentation. .
Installation. ..
Mailing List

Dev. Resources...
Plugins

Macros...

. Macro Functions
There are updates available ’

Examples

P

Do you want to start the Updater now? |Yes, please Update ImageJ. .

Refresh Menus
OK

About Plugins

About ImageJ...

Report a Bug
Help on Menu ltem

Switch to Modern Mode

Upload Sample Image. ..



WHAT DO WE HOPE TO ACHIEVE?

SCIENCE~  PEOPLE~  OPERATIONS & BUILDING~  COMMUNITY

INSTITUTE

CrickNet

HOME = COMMUNITY = SEMINARS & EVENTS L
X Pin this
PROFILE &

MY PINS X

19 JAN Introduction to image analysis with FlJI

14-NN-17-N0

Specifically, the workshop will cover the following topics:
Opening images with Bioformats
Interpreting histograms
Basic segmentation

1

2

3

4. Filtering images
5. Intro to morphological quantification
6

Analysis of protein expression

* Basic morphological quantification of cells and spatial analysis of protein expression.




AIMS

* Introduction to image analysis concepts
* Gentle introduction to FlJI

FORMAT

* General overview

* Small chunks of theory/demonstration, each
followed by a practical.

* Challenges
* Break for tea/coffee at 15:30
* Finish about 17:00



HOUSEKEEPING

You don’t need to take notes — | will
send you the slides after the workshop

Please sign the sign-in sheet

Please feel free to ask questions



WHY USE QUANTITATIVE IMAGE ANALYSIS?

>
* Microscopy historically -
SEINEE
* New technology -
facilitates

guantification
* Limited uptake among
biologists




* Experimental
design is an
iterative process

* High quality images
absolutely crucial

* Scale up gradually




IMAGE ANALYSIS V IMAGE PROCESSING ?

* |mage Processing:
* Enhancement, filtering for noise reduction, image registration, etc.

* Image Analysis:

* Analysis of data contained within an image. For example, quantification of
cell area.

rocessing: Qév. L

Processing should be kept to a minimum — reduces
information content in image




TYPICAL IMAGE ANALYSIS WORKFLOW
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1. There are several different
ways to arrive at a solution

2. There is rarely one single
correct solution
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* Fiji Is Just Imagel

* Actively maintained,
with frequent updates.

Imagel:
* Open source

e Public domain, cross-
platform.

* Read most image
formats (via bioformats).

e Same standard functions
as proprietary packages.

* Open architecture.



CellProfiler

cell image analysis software

home getting started download help about us | search |

CellProfiler
CellProfiler Analyst

Download V¥ Download WV

CellProfiler is free open-source software designed to CellProfiler Analyst is free open-source software for

enable biologists without training in computer wvision or exploring and analyzing large, high-dimensional image-

programming to quantitatively measure phenotypes from derived data. It includes machine learning tools for

thousands of images automatically. See our papers on identifying complex and subtle phenotypes. See our papers
ing cell images and non-cell images. on data wisualization and machine learning.

Register Login

Home  Resources  Support  Tutorials Developers  About  Statistics Download Icy Search

% » Extract channel 3 X b » Display 6 X h

1+ sequence Pi.jpg
Cﬁ Sequence 1X o channel

© Active Sequence - — extracted

™ > Display 2 X (% » Gaussianfilter 4 X i

) input No Sequence
O zigma (x)

) Q© sigma y)
© sigma ()

00000000000




Let us begin...
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UPDATING FLJI
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OPENING AN IMAGE

* Don’t Drag & Drop

* Bioformats ensures consistent reading of metadata
* Independent project distributed with FlJI
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DEMO 1 — OPENING IMAGES WITH BIOFORMATS

* Import Metamorph (TIFF) Dataset:

* Overview of various options presented in Bioformats GUI
* |llustration of reading of MetaData

* Images can appear black, but pixels have values greater
than zero



ADJUSTING CONTRAST
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WORKING WITH CHANNELS
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LOOK-UP TABLES (LUTS)

By default, pixel values are mapped to grey levels...

0 64 128 192 255




.but there is no reason why this has to be the case.
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IMAGES ARE JUST NUMBERS

“Solutions to image analysis problems often appear simple,
particularly when easily accomplished by the human visual system,
which is complex and poorly understood.”

The human brain is excellent at pattern matching...

...but this can result in us seeing “patterns” that don’t really exist
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THIS CAN CAUSE PROBLEMS...

Pareidolia is a psychological phenomenon in which the mind responds to a stimulus
by perceiving a familiar pattern where none exists (e.g., in random data).

1976, Viking 1 2001, Mars Global Surveyor



Which nucleus is brighter?

Same Colour

Which centre circle is bigger?

Same Size




WHAT’S YOUR POINT DAVE?!?!?

We’re here to learn image analysis — you’re preaching to the choir!

People will very often design an analysis pipeline to confirm what they
think they see visually....

...which often results in significant frustration.

Expected Result: Humanoids on Mars Actual Result: Big Rock



HISTOGRAMS

A graphical representation of the distribution of numerical data
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INTERPRETING HISTOGRAMS
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BIT DEPTH

Range of values a pixel can represent

Bits per pixel Number of values Range of values

8 28 0-255

12 212 0—-4,095

16 216 0-65,535

32 232 0-4,294,967,295

70 (Fiji Is Just) Image)
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Greater bit depth
means larger file
sizes




REDUCING BIT DEPTH LOSES INFORMATION

8-bit 7-bit 6-bit 5-bit

®@e

4-bit 3-bit 2-bit 1-bit




DEMO 2 — MANIPULATING PIXEL VALUES

* Reducing bit depth incurs loss of data

* Best to deal with raw values
* Operations performed more precise (e.g. lower rounding error)

* Compress for presentation




IMAGE COMPRESSION

e Lossless:

* All image information is preserved
when saved.

Lossy Compression: Anything that changes
pixel values

lost when saved.
* JPEG, GIF
* Typically results in small file sizes




INTERPRETING HISTOGRAMS FURTHER

Calibrate

Plot Profile Ctri+K
Surface Plot. ..
Gels

Tools

File Edit Image Process
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Scrolling tool (or press space bar and drag)

3D Objects Counter

Count: 15625
Mean:

Can be exploited for segmentation



WHAT IS IMAGE SEGMENTATION?

* The process of dividing an
image into different
regions

* Assigning a label to each
pixel within an image

* Pixels within a region
should have similar
properties
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* FlJI has several variations on this

algorithm
e Each produces different results
* Result referred to as binary (or mask)

image
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BOUNDARY BETWEEN REGIONS IS AMBIGUOUS

Segmentation is always an estimate
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UNEVEN BACKGROUND POSES PROBLEMS
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BACKGROUND SUBTRACTION
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DEMO 4 — CORRECTING UNEVEN BACKGROUND

* Investigate influence of filter radius

e Background subtractor creates an estimate of
background and removes from image
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ANOTHER OBSTACLE TO “GOOD”
SEGMENTATIONS IS SPECKLE NOISE...

Filtering can be employed to improve segmentation



WHAT IS FILTERING?
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* Generally refers to simple arithmetic operations on
small numbers of pixels




MEAN/AVERAGING FILTERING

Replaces central value with average of all values




FILTERING IN ACTION




MEAN FILTERING “BLURS” NOISE

Input Mean

But remember, information is also lost!



MEDIAN FILTERING

Replaces central value with median value




MEDIAN FILTERING PRESERVES EDGES

Input Median



GAUSSIAN FILTERING

Airy Disk 2D Gaussian

* Approximation of Airy Disk
* Essentially a weighted mean M|
filter

m

GMsarahiRider



-

Vi

Unfiltered Output Median Filtered Output




DEMO 5 - FILTERS

* Notice the effect of varying filter radius

* Observe the difference in edge preservation
between mean and median filters




MORPHOLOGICAL ANALYSIS

How do we extract numerical data from segmented images?



MORPHOLOGICAL ANALYSIS
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MORPHOLOGICAL FILTERING
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DEMO 6 — WORKING WITH BINARY IMAGES

* Demo particle analyser and morphological filters
* Show how to specify background colour for analyser




CHALLENGE 1

1. Count the number of cells
2. Estimate the mean cell area

Note: You may find it helpful to duplicate and/or
rename images as you work

e Process > Filters

— e Image > Adjust > Threshold

SALRAVIET T e TN EERITEN RIS o Analyze > Set Measurements
Quantify Morphology e Analyze > Analyze Particles




CHALLENGE 1

' Image > Adjust > Threshold

Manipulate Segmentatior e Process > Binary
SRRV T e TN EERITEN RSN o Analyze > Set Measurements

Quantify Morphology e Analyze > Analyze Particles

* Which variables in your analysis pipeline will have the greatest
impact on your result?

* Could the images be improved in any way to facilitate easier
analysis?

* Can you think of an alternative approach?




SOLUTION TO CHALLENGE 1
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HOW DO PARAMETER VALUES AFFECT THE RESULT?
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USING MORPHOLOGICAL CRITERIA
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REPEAT ANALYSIS ON CLUMPED CELLS




ALTERNATIVE APPROACH: REGION-GROWING

Use nuclei as seeds

CellProfiler

cell image analysis software

home getting started download help about us

CellProfiler

Download ¥




ANALYSING MULTIPLE CHANNELS

What if we want to analyse protein expression?



(Fiji Is Just) Image)
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| 2. Apply ROl to image

3. Measure the pixel values in the image within the ROI




IT’S POSSIBLE TO SPECIFY ROIS MANUALLY

File Edit Image Hrocess Analyze FPlugins Window Help

ROI Drawing Tools




PARTICLE ANALYSER GENERATES ROIS “BEHIND THE SCENES”

Masks and ROIS can be considered interchangeable
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Image Process Analyze Plugins
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DEMO 7 — GENERATING ROIS AUTOMATICALLY

Demonstration of Particle Analyser’s ability to generate regions of interest

e, . e

1. Using Particle Analyser to generate an ROI
2. Apply ROl to image

3. Measure the pixel values in the image within the ROI

N R e S Y
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DEMO 8 — QUANTIFYING FLUORESCENCE

Demonstration of Particle Analyser’s ability to apply ROIs to measure grey
levels




WHAT IF WE WANT TO EXAMINE DIFFERENCES
IN PROTEIN EXPRESSION...

. hetween here e

Require two different ROIs
.{1. Generate an ROI
Duplicate ROl and manipulate in some way

2
3. Apply ROIs to image, one at a time
4

Measure the pixel values in the image within the ROIs




POSSIBLE TO MANIPULATE MASK PRIOR TO ROl GENERATION

Erosion

How do we generate a mask to represent the cell boundary?
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Calculate difference between these... ...to produce this.
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CHALLENGE 2

Estimate the difference in mCherry expression
between the cell edge and the cell centre

 * Image > Adjust > Threshold

Manipulate Segme e Process > Binary

* Process > Image Calculator

S AVeTaelale [T IRV EERIEMERTEN © Analyze > Set Measurements
OIVET AN elg | lo) [T RA VeI HlI-M @ Analyze > Analyze Particles




CHALLENGE 2

e I[mage > Adjust > Threshold

|
Manipulate Segmentatior e Process > Binary

* Process > Image Calculator

e Analyze > Set Measurements
( OIVET AN lelg o] lo) [T RA VeI lle-M @ Analyze > Analyze Particles

* Which variables in your analysis pipeline will have the greatest
impact on your result?
* |s the result what you expected?
e Why?
* What could explain any discrepancy between what you see
“visually” and what you obtain quantitatively.

pecify Morphological Measurements

L)




SOLUTION TO CHALLENGE 2




Everything we have done can also be applied to 3- & 4-D datasets




CHALLENGE 3

Determine whether mCherry localisation
varies over time

® Process > Filters
e I[mage > Adjust > Threshold

| -
Create New Mask Image * Process > Image Calculator

o LAV leTi el Tl oAl MY EEHNF I @ Analyze > Set Measurements

e Analyze > Analyze Particles
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Nerosions = 2

Time (s)
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EASY TO EXTEND THIS APPROACH...

For example, to
compare nuclear &
non-nuclear
expression




ADVANCED TOPICS

* Object Tracking 6 o 6
* Colocalisation analysis
* Writing macros & plugins -
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Resource, an added-value platform that combines data from multiple independent imaging experiments and imaging modalities and

[ Show past events ] integrates them into a single resource for reanalysis in a convenient, scalable form.

Please note that if you are not eligible for a University of Cambridge Raven account you will need to book or register your
interest by linking here.

Register interest

Register your interest - if you

would be interested in additional

dates being scheduled. = Researchers who are applying or planning to apply image analysis in their research

= Graduate students, Postdocs and Staff members from the University of Cambridge, Affiliated Institutions and other external
Institutions or individuals

= Please be aware that these courses are only free for University of Cambridge students. All other participants will be charged a
registration fee in some form. Registration fees and further details regarding the charging policy are available hers

= Further details regarding eligibility criteria are available here

Target audience

Prerequisites

Basic skills in mathematics and programming are an advantage, but not a requirement.

Sessions

Number of sessions: 3

e e e,
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Categories Courses Programs

ONLINE COURSE
Image Analysis Methods for Biologists

Get an introduction to image acquisition and analysis for biologists — from
basic techniques to the future of image analysis.

Overview Start dates Requirements

TN

4
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RN

NLORIRSZ
DR Seea

Duration 3 hours FREE
4 weeks per week

online course

Degrees

Educators

Upgrade
available

What's this?

University of
Nottingham
)
Join course

https://www.futurelearn.com/courses/image-analysis
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Image analysis help desk

TOOLS #

LOGOUT ) £ Email alerts
Sharing knowledge and expertise to help research analyse image datasets.

Meets 2nd and 4th Wednesday of the month at

16:00 in the Crick bar.
Many of you are involved in acquiring microscopy image datasets and one of the aims of the Light Microscopy STP is

1o equip you with the necessary knowledge and expertise to analyse such datasets effectively.
However, we are aware that this may seem daunting to the uninitiated.
With this in mind, we have created an informal Image Analysis “Hacking Club”.

This will involve us situating ourselves in the coffee bar area from 16:00 (we will attempt to make ourselves easily
identifiable) and anyone can drop by to ask us any kind of image-analysis related questions you can think of. This may
be, for example, some pointers on analysing some images you have already acquired, or advice on designing future

IMAGE] z

ABOUT DOWNLOADS LEARN | DEVELOP NEWS EVENTS @ STATUS HELP

Page Discussion View source History

Fiji

Fiji is an image processing package—a "batteries-included" distribution of Image], bundling a lot of plugins which facilitate
scientific image analysis.

[_‘.‘ Fiji Is Just Image]

« For users - Fiji is easy to install and has an automatic update function, bundles a lot of plugins and offers comprehensive

documentation. .
Overview

» For developers - Fiji is an open source project hosted in a Git version control repository, with access to the source code of all Tl

internals, libraries and plugins, and eases the development and scripting of plugins. Featured Fiji Projects
. Fiji Publications
Contents [hide] ’ )

Links
1 Downloads

2 License Developing Fiji
3 Contributing Building Fiji from source

Developing Fiji

Crick Advanced Light Microscopy @ SW312 e
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FIJI Workshop 18.07.2017 Survey

*1.On a scale of 1 to 10, where 10 represents the highest level, what was your
overall level of satisfaction with the workshop?

1
Yy
J.I

* 2. The workshop ran for approximately three hours - what do you think the ideal
length would be?

1 hour

O [ ]

3. How did you find the balance between lecturing and practical demonstrations?

.:'_':. Too much time was spent explaining theory and providing background information.

."_':. The balance was about right

."_'j. Mot enough time was spent explaining theory and providing background information.

*4._0n a scale of 1 to 10, where 10 represents the highest level, how difficult did you
find the challenges?

10

|




Have a Nice Weekend




