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VL. Cells classification

Measurements

* All detections can have measurements.
* Automatically processed when using StarDist, CellPose, ...

* What if they are missing?
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Measurements

Add smoothed featu

In QuPath: 2.a. Intensity measurements

shape feat

Compute intensity Features

* Requested resolution for measurements.




Measurements

In QuPath: 2.a. Intensity measurements

* Where to take values?
* ROI: in the detection’s polygon
« Square tiles: Pixels in a square centered on detection
* Circular tiles: Pixels in a circle centered on detection

* Cell nucleus: If cell: only pixels in the nucleus

* Tile diameter: only if square or circular tiles.

Resolution

Downsample

Regions

Region
Tile diameter

Channels/Color transforms
Op




Measurements

In QuPath: 2.a. Intensity measurements

* |In which channel(s) make the measurements?
* IHC: RGB or deconvolued channels or HSL

Tile diameter

* Fluo: individual channels

Channels/Color transforms

0° HUE 30°
E R A
0% SATURATION 100%
EE

1% LLGHINESS / BRIGHTNESS 1700




M e a S u re m e n ts sify Extensions Window Help

Add smoothed features...

L]

In QuPath: 2.a. Intensity measurements

* Add shape features...

Compute intensity Features

 What to measure

* in each channel

ROL

200 px (full resolution image)

* for each compartment (nucleus, cell, cyto, ...)




Measurements

In QuPath: 2.a. Intensity measurements

* Haralick features: texture information

Downsample

* Local contrast

Repeating patterns

Direction

Granularity




Measurements

In QuPath: 2.b. Shape measurements

* Area of the detections




Measurements

In QuPath: 2.b. Shape measurements

* For polygons: perimeter T

* For lines: length




Measurements

In QuPath: 2.b. Shape measurements

* How faris the object to be a perfect circle? T

Perimeter Perimeter

Circularity = 4nt*area / perimeter?
Perfect Circle = Circularity of 1



Measurements

In QuPath: 2.b. Shape measurements

* How faris the object close to be convex? T—

* Convex hull:
* Like the object is solid

* You release an elastic band around it

Convex Hull Convex Hull

Convex Hull Area

Solidity = Area / Convex Hull Area
Perfect Convex Object = Solidity of 1



Measurements

In QuPath: 2.b. Shape measurements

* Min & max axes length of a Fitted ellipse.

Minor axis

Major axis



Measurements

In QuPath: 2.b. Shape measurements

* |f cell: nucleus/cell ratio




Measurements

In QuPath: 2.c. Spatial measurements

* Shortest distance:

* From: detection centroid Analyze JaEESIY
Estimate stain vectors...

* To: the annotation il & siaerrinds

Cell detection

 Annotation?

Calculate features

* Every annotation having a class

Density maps Signed distance to annotations 2D...

Detection centroid distances 2D...

Ex:
» Shortest distance to get to any Tumor annotation

* Independently of how many Tumor annotation there are.



Measurements

In QuPath: 2.c. Spatial measurements

 Same as “Distance to annotation 2D..."
« BUT
* Signed:

Cell detection

* Negative: The detection is inside the annotation [FEEE———

* Positive: The detection is outside the annotation

Density maps Signed distance to annotations 2D...

Detection centroid distances 2D...




Measurements

In QuPath: 2.c. Spatial measurements

« 1 Only if detections are already classified !!!
» Shortest distance to reach a classified detection
EX:

Cell detection

e Shortest distance to get a DAB+ Calculate features

» Shortest distance to get to a Size+

Density maps Signed distance to annotations 2D...

Detection centroid distances 2D...




VL. Cells classification

Measurements

In QuPath: Visualize measurements

* Click on every individual object !?




VL. Cells classification

Measurements

In QuPath: Visualize measurements

* Click on every individual object !?
* Activate the filling of detections -

* Activate the “measurement maps” tool




Measurements

In QuPath: Visualize measurements

* Click on every individual object !?

* Activate the filling of detections -

* Activate the “measurement maps” tool

« Choose which measurement to visualize and a LUT

Automate  Analyze (




VI. Cells classification
Threshold-based classification

Principle:
* Pick a measurement in your list (ex: “Cell: DAB mean”)

* Provide a threshold value:
e Cells above: DAB+

* Cells below: Ignore*



Threshold-based classification

In QuPath: T 1 | '_ o
* Which objects should be classified

Single measurement classifier (36166_77504_A_9_5_kidney.tif)

Ignore*




Threshold-based classification

In QuPath:

* Convenience filter for the measurements list below.

* On which measurement base the classification?




Threshold-based classification

In QuPath: T 1 o

* Threshold for the measurement.

Single measurement classifier (36166_77504_A_9_5_kidney.tif)

Ignore*




Threshold-based classification

In QuPath:

* Class to give to the objects

Single measurement classifier (36166_77504_A_9_5_kidney.tif)




Threshold-based classification

In Qu Pa th: Training images el - S Ctrl+Shift+D

* Seeinreal time the threshold effect. e el ety e tentons.

Single measurement classifier (36166_77504_A_9_5_kidney.tif)

Cell: DAB: v




VI. Cells classification

- Exercise 6.1: Using a threshold object classifier



VI. Cells classification
Threshold-based classification

Problems:

» Same as threshold with pixel classifier:
* Intensities may shift (and so positivity).

* We are limited to 2 classes.



Random-trees-based classification

Principle:
* Features — already processed per object.
* Example of decision tree:

A) Is “Mean DAB” > 0.55?

B) Is “Cell circularity” > 0.7?

C) Is “Max diameter” > 15?

+9VYd-punoy

+9VYd-punoy



VL. Cells classification

Random-trees-based classification ...

In QuPath: 1. Prepare a training image
* Aggregate a representative set of patches.

e Same instructions as for the pixel classifier.




Random-trees-based classification

In QuPath: 2. Find objects
* |HC —» don’t forget color deconvolution.
* Use same method as for other images.

* Don't use:
* Hallucinations

* Cells overlapping with background




Random-trees-based classification

In QuPath: 3. Place example points
* Points designate objects, not pixels = location doesn’t matter.
* Ex:
* DAB-
* Elongated DAB+
* Round DAB+




Random-trees-based classification

In QuPath: 4. Adjust settings
* Open the training settings.

A1 Extensions

Window

Train object classifier
Object filter Detections (all)
Random trees (RTrees)

Irements

Poir

Load training




Random-trees-based classification

In QuPath: 4. Adjust settings
* Which objects should be classified?

Load training

Live update

Training data

L

Classifier name




Random-trees-based classification

In QuPath: 4. Adjust settings
* Algorithm to use.

* Keep the random trees.

Load training

Live update

Training data

L

Classifier name




Random-trees-based classification

In QuPath: 4. Adjust settings

* Switch to “Selected measurements”

Load training

Live update

Training data

L

Classifier name




Random-trees-based classification

In QuPath: 4. Adjust settings

e Switch to “Selected measurements” Select features s @

Name Selected

» Select the required items in the list

 Like for the pixel classifier, all items are not useful.




Random-trees-based classification

In QuPath: 4. Adjust settings
* Which classes to use

* Possible to ignore annotations

Load training

Live update

Training data

L

Classifier name




Random-trees-based classification

In QuPath: 4. Adjust settings
* Which annotations designate examples.

* Use only points.

Load training

Live update

Training data

L

Classifier name




Random-trees-based classification

In QuPath: 4. Adjust settings

» Activate the live update

Object filter

* Add points where the classifier makes mistakes N

Se ed measurements

Training Point
Load t
Live update

Training data

@ DAB-
@® EI-DAB+
Rd-DAB+

ifier name



VI. Cells classification

- Exercise 6.2: Using a N-classes object classifier
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