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Get the course materials

https://hms-iac.github.io/fiji-workshop

One-stop resource for everything we'll cover today

* Download all slides (PDF)
- Download all exercises (PDF)
- Download all images (ZIP)


https://hms-iac.github.io/fiji-workshop
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Support and collaboration: for image and data analysis projects
Teaching: at HMS and internationally

IT: access to relevant solutions, open- and closed-source
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Learning objectives

1. Motivate the use of algorithms in image analysis
2. Introduce some image-analysis nomenclature
3. Learn to use Fiji effectively and reproducibly



Reasons for Learning About Image Processing

« Make pretty pictures (processing)
= publications, talks, websites, ...
» Get numbers out of pictures (analysis)
« cell sizes, vessel lengths, GPF expression level, ...
» Make experiment possible (automation)
« whole-genome screen: millions of images
« Objectivity and Reproducibility
* in science, just do it!



Reasons for Not Learning About Image Processing

none
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Self-introductions

1. My name is Donald Duck
2. My position is as a 710th year postdoc

3. My lab is Mad City Labs
4. My model system is blue whales

5. | have data from confocal microscopy



Optical lllusions

Why should you analyze images
with computers



Color perception and pattern recognition is individual —
science less soO

https://www.molllusions.com/perfect-circles-optical-illusion/



Concentric circles !?

https://www.molllusions.com/perfect-circles-optical-illusion/



ldentical central discs?

Our size estimate is strongly influenced by the local neighbourhood

http://www.brainbashers.com



ldentical central discs?

Yes, the discs are identical

http://www.brainbashers.com



Is the dot half-way up?

Our sense of distance depends on neighbourhood

http://www.brainbashers.com



Is the dot half-way up?

Yes it is!

http://www.brainbashers.com



Which car is bigger?
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Which car is bigger?
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Which car is bigger?

All cars are same size
(Erroneous, application of subjective/perceptual constancy algorithm by your brain)

http://www.brainbashers.com



Are A and B equally grey?

Intensity perception depends strongly on neighbourhood

http://www.brainbashers.com



Are A and B equally grey?
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Yes they are!

http://www.brainbashers.com



Spot the animal

Why you should still use your brain
(a pre-trained neural network)



Pattern Recognition

Yes, that is a cow!

http://www.brainbashers.com



Pattern Recognition

Yes, that is a cow!

http://www.brainbashers.com



Using Prior Knowledge

Keyword: Dalmatian dog!

http://www.brainbashers.com



Using Prior Knowledge

Keyword: Dalmatian dog!

http://www.brainbashers.com



A brief history of image
analysis

Imaged centric



37 years ago...

NIH IMAGE

What is ImagelJ? é

ImageJ is an open source image processing and image analysis software
for multi-dimensional image data with a focus on scientific imaging.

1987 - NIH Image: written in Pascal for the Macintosh by Wayne Rasband

1997 - Imaged 1.x: written in Java and also compatible with Windows PC
Since then, ImageJ has been maintained and upgraded (e.g. ImageJ2, Fiji, ...)

ImageJ GitHub Fijl GitHub

@ ImageJ File Edit Image Process Analyze Plugins Window Help

& ImageJ
ifel
ImageJ 1. 53f / Java 1.8. 0_172 (64 bit)

o o sle s | >

Schneider CA, Rasband WS, Eliceiri KW (2012). "NIH Image to ImagelJ: 25 years of image analysis”. Naf Methods. 9 (7): 671-675. doi:10.1038/nmeth.2089. PMC 5554542. PMID 22930834.



What is Fiji?

Fiji stands for Fiji Is Just ImageJ
It is a “batteries included” distribution of ImageJ2

Easy to install (“portable™ application)

Include a collection of Plugins

Easy to update (hitps://imagej.net/list-of-update-sites/)

Documentation

@ g_’j» @ (Fiji Is Just) ImageJ

B o|c|o|/|<|+|\AlQ| W] ofsefur] o] /] o] |»

Fiji Is Just) Image) 2.1.0/1.53c / Java 1.8.0_66 (64-bit) Click here to search




12 years ago...
CellProfiler”

cell image analysis software

e AlexNetis published (2012)

o Wins the ImageNet Large Scale Visual Recognition Challenge
o Error of 15.3%, more than 10.8 percentage points better than #2

o Possible due to GPUs

CellProfiler has been around for 6 years (2006) I u '
Fiji (Fiji is just Imaged) has been around for 5 years (2007)
scikit-image released 3 years ago (2009)
Bitcoin grows from $5 to $13 (remember Silk Road?) (2012)

) scikit-image
U-Net, GANs, and Jupyter will appear in 2-3 years (2014/15)
AlphaGo will beat Lee Sodol in 4 years (2016) @

QuPath is still 4 years in the future (2016)



https://doi.org/10.1145/3065386
https://cellprofiler.org/
https://fiji.sc/
https://scikit-image.org/
https://jupyter.org/
https://www.deepmind.com/research/highlighted-research/alphago
https://qupath.github.io/

4 years ago...

e C(CellPose is out (2020)

O O O O O

O O O O

O

“Cellpose: a generalist algorithm for cellular segmentation”

Trained on highly varied images of cells,over 70,000 segmented objects
Cells don’t have to be star-shaped

Web-platform and Jupyter notebooks
https://www.nature.com/articles/s41592-020-01018-x

ZeroCostDL4Mic available

Paper still a year in the future

Implementation of common DL technologies to microscopy imaging
Relies on GPUs and other infrastructure provided by Google Colab.
https://github.com/Henriqueslab/ZeroCostDL4Mic/wiki

Vision Transformers (2020)

a) Data upload b) Network training

= Y=

d) Data download ¢) Inference

m A

s B B B

Notebogk  Training Trained Dataset  Resulis Data transfer
dataset network

lab

“An Image is Worth 16x16 Words: Transformers for Image Recognition at Scale”, Dosovitskiy et al.

https.//arxiv.org/abs/2010.11929


https://www.nature.com/articles/s41592-020-01018-x
https://doi.org/10.1038/s41467-021-22518-0
https://github.com/HenriquesLab/ZeroCostDL4Mic/wiki
https://arxiv.org/abs/2010.11929
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History of Segmentation

Segmentation Paradigm Over the Past Half Century

Heuristic

methods

Optimization/model

-based methods taillored models
1980s 2015-2022

DL-based Foundation

models
2023

Thresholding
Region Growing

’g MEDICAL SCHOOL

Variational Models FCN, U-Net, DeepLab, Se
(e.g., Snakes, GAC,...)

gment Anything (SAM)

valid nsk

S* — a,rg msin E(S) L:ulm
| i
Ma et al. Al R
SIAM-IS, -
2021 Ma et al., MedPhys, 2021 )\
/-i
Customized Models n o
scgmentat.on prompt &
More data 11M images & 256 GPUs

—

More powerful computing

https://x.com/BoWang&'//status/1773132444717252718
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https://x.com/BoWang87/status/1773132444717252718

English as the next
programming language

LLMs, chatbots and foundation
models for bio image analysis



Create a workout plan Design a database schema

Explain why popcorn pops Write an email

Please write an Imagel macro that uses StarDist to segment an image from fluorescence microscopy

Free Research Preview. ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT September 25 Version

https://chat.openai.com/



https://chat.openai.com/
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Using ChatGPT for Image Analysis
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Using ChatGPT for Image Analysis

GPT-4, May 2024 GPT-40, Oct. 2024

please segment the nuclei and show me the relevant
code you used

please segment the nuclei and show me the relevant code you used
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Using ChatGPT for Image Analysis

GPT-4, May 2024 GPT-40, Oct. 2024

ChatGPT

Original Image Blurred Image

4]

100

Segmented Nuclei

200

300

400

300 500
0 10C 200 300 400 500 600 o 100 200 300 4C0 500

The nuclei in the image have been segmented using the following steps:

* The image was converted to grayscale to simplify the analysis.

* Gaussian Blur was applied to reduce noise and detail in the image, which aids in
thresholding and contour detection.

* Otsu's thresholding was performed to convert the grayscale image into a binary
image, which helps in distinguishing the nuclei from the background.

* Contours were found in the binary image, which correspond to the boundaries of the

nuclei.

* These contours were then drawn onto the original image to visually segment the

nuclei.

=
HARVARD oY e

MEDICAL SCHOOL
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sing ChatGPT for Image Analysis

GPT-4, May 2024

python
impoxrt cv2
ort numpy as np
matplotlib import
image_path =
image = cv2.imread(image_path)

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

blurred = cv2.GaussianBlur(gray, (5, 5), 0)

t Pexfori
3

thresh

cv2.threshold(blurred, O,

= cv2.findContours(thresh, cv2.RETR_TREE, cv2.CHAIN_APPROX_

contours,

= image.copy()

contoured_image
cv2.drawContours(contoured_image, contours,

output_path = '/mnt/data/hela-c C
cv2.imwrite(output_path, contoured_image)

H

MEDICAL SCHOOL

[*] Copy code

cv2.THRESH_BINARY_INV + cv2.

¥ Load the

GPT-40, Oct. 2024

skimage import io, filters, measure, morphology, color
rt matplotlib.pyplot as plt

rt numpy as np

lmage

image_path =
= io.imread(image_path)

image =

to grayscale
color.rgb2gray(image)

# Convert to

gray_image =

o A ' B ™ - oCT ™Y 3 1%~ $ M - ) S T err
APpLY GaussSlan Tilter to smooth The 1mage

smoothed = filters.gaussian(gray_image, sigma=1)

b T —— . -
i D1Nary masKk 01

ld to create a
_otsu(smoothed)

threshold

filters.threshold

5 o N =i3
F Use Otsu

threshold_value =
binary_mask = smoothed > threshold_value

+ R e 29 24 sm s pa = de = 2w
t0 1mprove segmentatlion

njects and fill holes

¥ Remove small objec
morphology.remove_small_objects(binary_mask, min_size=
morphology.remove_small_holes(cleaned_mask, area_threshold=

cleaned_mask
cleaned_mask

ran ala ™
' ‘:L‘l} {_)4}_)

¥ Label the segmented
measure. label(cleaned_mask)

labeled_nuclei =

(9 Copy code

2)
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Using ChatGPT for Image Analysis

GPT-4, May 2024 GPT-40, Oct. 2024

© You Segmented Nuclel (Blue Channel)

please use the blue channel for segmenting the nuclei

(©) ChatGPT

e Original Image Blurred Blua Channel : Nuclei Segmented on Blue Channel

100 100
200 200
300 300

400 400

500 500

0 00 <00 300 4C0 3500 00 0 100 200 300 400 500 600 - ‘U 100 200 300 400 50C 600
The nuclei segmentation has been performed using the blue channel of the image with

the following steps:

* The blue channel was extracted from the original image since the nuclei appear to be

stained blue.

* Gaussian Blur was applied to the blue channel to smooth the image, which helps in

reducing noise for thresholding. A A

{

imaae where the nuclei are distinauished from the backaround.

40

Image |

* Otsu's thresholding was then used on the blurred blue channel to create a binary Y_Y'Anal,sis
L Collaboratorv_.‘



Using ChatGPT-40 for Image Analysis

GPT-40, Oct. 2024 - prompted to close larger holes

make sure to close larger holes, and increase smoothing sigma to 3

T
wi HARVARD
| MEDICAL SCHOOL
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Using ChatGPT-40 for Image Analysis

GPT-40, Oct. 2024 - it helps to know what to ask

compute the convex hull for shapes with a low circularity, to
approximate the characteristic shape of a nuclei

Original Image Convex Hull for Low Circularity Nuclel

o o—

93N ’ Image |

5 HARVARD OV inayei
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Biolmage Chatbot

a Bioimage Analysis b LLM-powered Chat Assistant
Documentation, Databases & Tools ® = @ O BomageoChatbot | + a
£ o v ¢ C (¥ @ bicimage.io/chat/ E®Oe >0s=8 ¢ 9|
9 2 ﬁ 6 i User's profile
yemo >3D o
Vector 4= <L Conversation context Aets
. ; - #% Biolmage.lO Chatbot BIA Seeker | BIA Executor | BIA Tutor
it EBsoin Dikhate  6ia seeer | 8 Erecuor | BATutr
U66r
Extensions . — s s insod A Hithere! I'm Melman, how can | assist you today?
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” P lf ) S
o b e . ) m y ° @ ReAct Loop
@ HPA . = 4 ' Running Extension Tools o , _
APICal ) i) ) R oo
Online Databases & Services g;';‘;‘:s’ Quevy
\ __} Warning: Biolmage.lO Chatbot can make mistakes. Consider checking important information.,
pe— _ - Tips: Customize your profile to get personalized answers based on your background.
w alsw i) JS ] General Q&A Leamning & Education Coding & Analysis
A ) KH = - Al4Life
-~ a —}J' — ‘l: '
"@BioEngine o —
DRisclaimer for Bioimage.10 Chatbot
, Interpreter O O O |
Al models & Analysis tools
o =N iR, i, e
£ G

H HARVARD | o - | X St
MepicaL scHooL  hitps://arxiv.org/abs/2310.18351 https://aicell.io/post/bioimageio-chatbot/ | usvorstor |



https://aicell.io/post/bioimageio-chatbot/
https://arxiv.org/abs/2310.18351

napari-omega

user napari viewer chat window

Omega — Harnessing
for Bioimage Analysi

Loic A. Royer *

1Chan Zuckerberg Biohub, San Francisco, USA.
*Correspondence: loic.royer@czbiohub.org

10.5281/zeno0do.10828225

Supplementary Figure 3. Omega’s System Architecture. Diagram illustrating the Omega system architecture, encompassing

interface
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v
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You:
Count the number of segmented cell nuclei.

nedit dim: ~
contiguous:
preserve w7 ¢
e & Omega:
| am using the napari viewer query tool to tackle your request: 'Count the number
of segmented cell nuclei in the selected layer.'

show
selected:

import numpy as np

def query(viewer):

Other editor ; # Get the selected layer
5 o) - lected_layer = viewer.layers.selection.active
instance e

on network : E: =Y # Check if the selected layer is a labels layer
2 % if selected_layer and selected_layer._type_string == 'labels":

# Count the number of unique labels (segments) in the layer
num_segments = len(np.unique(selected_layer.data)) - 1 # Subtract 110 ex

::“_-:! EISr:::turn f'The number of segmented cell nuclei in the selected layer is {num_seg
g return 'The selected layer is not a labels layer.'
) ol This function first checks if the selected layer is a labels layer. If it is, it counts the
Send & 4 A number of unique labels (segments) in the layer, subtracting 1 to exclude the
. o background label (0). The number of segments is then returned as a string. If the
i receive . ® 7 § selected layer is not a labels layer, a message indicating this is returned.
— = = wi we cOde
ik - O 4
DodiEa = = T::r:fmber of segmented cell nuclei in the selected layer is 317.
T . P — B s B e
code
@ Python code A Omega's code GPT-4
preparation ; ﬁé web editor A I
and repair S
p ] tﬁ server Al TOO|S human_mitosis sample: napari..iltins [248 476): 11 ise <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, ... Aactivity
v /4 ¢ Claude
- A\ Supplementary Video 1. Omega can segment nuclei with StarDist and perform follow-up analysis. The video showcases
:;gst?gn Omega's ability to segment cell nuclei in a 2D image using Stardist. Omega successfully segments the nuclei and adds a label
Ollama layer to the napari viewer. With further instructions, Omega can count the segmented nuclei and create a CSV file on the
capture aliir
© desktop folder of the machine. This file contains coordinates and areas of all segments, sorted by decreasing area, with one
segment per row. Omega also opens the file using the system’s default CSV viewer. The video has been sped up by a factor of
................................................................... 2.
agent
agent user input formulate answer
memory e 127.0.01
......... i
contrast limits: @
Omega
. ) . Using a tool... please wait!
decide which use tool decide whether
tool to use or not to answer or use
another tool You:
Segment the cell nuclei on the selected 3D image.
3 Omega:
| am using the cell and nuclei segmentation tool to tackle your request: 'segment
> S cell nuclei in selected 3D image with Classic'
napari 5 O s @— 7 O = O O S O d) S N
b Widget Viewer Viewer Viewer napari Viewer Cell 2, Cellpose SIPUCLINIIOV S8 Up
VIEWEL Maker Control Query Execution  File Open Vision Segment. - S L def segment|viewer):
L) Tool Tool Tool Tool Tool Tool Tool JIsUIR SNatiaC A s
 «  StarDist e e
. . : Generic
W|k|ped|a . . Web Python Function PaCkage |mage # Perform classic segmentation '. e
:*‘m . WIl_(I_Ié):IdIa SearCh Exception |nf0 Exgggt?on Insta"ation DenOiSing s segmented_image = classic_segmentation(image, threshold_type="otsu’, no
Jo Tool Tool T | 3 . nvert the segmented imz np.ui returniny
aE )—o 0 Tool Tool Tool 5] ¢ )I Aydin < gl i igh gttt
g fﬂ;‘ 1 i) return segmented_image
7 > Python
environment

7, 4
o

P RBeoEn

nuclei sample: napari..iitins [22 78 228)

both the user interface and backend components. The user interface is displayed at the top, consisting of the napari viewer,

chat window, and Al-enhanced code editor. Key backend elements include the Omega ReAct agent, web server, Al tools Supplementary Video 2. Omega can segment nuclei in a 3D image. This video shows how Omega segments the nucleiin a 3D
within the editor, and the Python code repair module. The architecture employs a cascaded design, with a central dialog image displayed in the napari viewer. Omega uses a specialized tool for cell and nuclei segmentation and employs a 'classic'
loop orchestrated by a primary language model. This model coordinates a suite of specialized tools, each powered by a approach that combines single thresholding, specifically Otsu, with watershed splitting to prevent under-segmentation. After

MEDICAL SCHOOL

secondary tool-specific language model that can access online resources, interact with the napari viewer, and integrate segmentation, Omega adds a labels layer to the viewer, and we inquire about the number of segments detected. The response

I—IARVA R D functionalities from third-party libraries such as Cellpose and StarDist.

is 27. The video has been sped up by a factor of 2.
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Segment Anything in ImagedJ/Fiji

Released around March 14th, 2024 Example of point annotations
Graphlcal User Interphase "X R e-coli-bacteria-sem-x24000-david-m-phillips.ipa (150%)
No coding required R LR f -
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Image Analysis Workflow

* There are typically five steps in an image analysis
» Often a good idea to structure work along these lines before starting

Pre-processing Processing Post-processing Measuring Analysing & Visualising

Think of this even before you acquire the images!

otherwise image analysis may become only a post-mortem on your experiment



-*[ Processing J*[ Post-processing ]*[ Measuring ]*[ Analysing & Visualising ]

* Data-wrangling in general
* Image format conversion, Incl. lossless compression
* Renaming
* Restoration and Reconstruction
* [omographic reconstruction
* Registration (3D stacks)
 Stitching (tiled images)
* [llumination correction
* Intensity normalisation
* Deconvolution
* Fltering (smoothing, sharpening, etc)
* Grayscale morphological operations
* Color deconvolution
* Channel alignment (chromatic aberrations)




[ Pre-processing J*-*[ Post-processing ]*[ Measuring ]*[ Analysing & Visualising ]

* Image Segmentation
* [hresholding

* Pixel Clustering

* tdge detection

* Region growing

* Level set methods

* Watershed

* Model based

* Multi-scale

* [rainable pixel-classification
* Spot detection
* Tracking




[ Pre-processing J*[ Processing J»-»[ Measuring ]*[ Analysing & Visualising ]

* Filtering detected objects based on
* Size, shape, intensity
* [exture, location, neighbours
* Binary morphological operations
* Open/close
» Skeletonise
* Hit-or-miss transform




[ Pre-processing J*[ Processing J*[ Post-processing ]»-*[ Analysing & Visualising ]

* Object measures
* Size, shape, intensity
* [exture, positions
* Local neighbourhood
* Image measures
* Object count
* Area covered
* [otal intensity
* Co-localisation



[ Pre-processing J*[ Processing J*[ Post-processing ]*[ Measuring ]*—

* Exploratory data analysis
* Filtering of numerical data based on measured values
* Summary statistics
* Plotting numerical values
* Making movies and montages of images
* Record entire work-flow for later reference
* Write down what you did and why (each step)
* Use a version control system
* Document your code




Processing vs. Analysis

Image Formation
object in —» image out

Image Processing
image In —» 1mage out

Image Analysis
image in —» features out

Computer Graphics
numbers in —» image out

Area Perim
324.2 98.5
406.7 140.3
487.1 159.2
226.3 67.8
531.8 187.6
649.5 203.1
582.6 196.4
498.0 162.9
543.2 195.1
Computer Vision

image in — interpretation out

and growth cones.

The series shows
microtubule growth
in a live neuron.
The average speed
of the distal ends
is comparable in
the cell body,
dendrites, axons,

X Y I
-3.54 -2.32 0.50
-2.78 -=-1.90 0.12
-1.15 0.42 3.09

0.45 1.65 5.89

1.83 2.18 7.72

2.98 3.33 2.07

4.21 3.96 -4.58

5.62 4,54 -11.45

7.16 5.02 -3.63
Visualization

image in —» representation out

Meijering and van Cappellen. Biological Image Analysis Primer. (2006)



Debugging Fiji and getting help — a workflow

1. Restart Fiji

2. Ask you right neighbor
3. Ask you left neighbor
4. Ask an instructor

5. Search https://forum.image.sc/


https://forum.image.sc/

