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Motivation & Background
What are organoids?
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Organoids are used for:

o Disease understanding
o Drug development

o Personalised medicine


https://deepai.org/

How Organoids are made
Growing tiny organs in the lab

Lung Stem
Cells

Organoid culture Image acquisition
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Challenges in Organoid Detection
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Challenges in Organoid Detection
Labeling uncertainty and noise

o Time-consuming manual annotations

o Noise due to artifacts, dead cells and
debris

o Large range of organoid sizes
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Challenges in Organoid Detection

o Time-consuming manual annotations

o Noise due to artifacts, dead cells and
debris

o Large range of organoid sizes

o Organoid clusters

No datasets in organoid detection
addressing label uncertainty!

NeurlPS 2024: Datasets & Benchmarks



The MultiOrg dataset

Overview

o 400+ 2D microscopy images
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Study Type Normal Macros Combined
#Images #Organoids #Images # Organoids #Images # Organoids

Train set

trains 181 30,710 15 2,669 196 33,379

traing 135 20,263 25 1,781 044

Total 316 50,973 40 4,450 356 55,423
Test set

test 8 1,145 14 1,865 22 3,010

testy 20 3,020 13 1,493 33 4,513

Total (Label set test”) 28 4,165 27 3,358 55 7,523




The MultiOrg dataset
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The MultiOrg dataset

O Ve rVIe W Study Type Normal Macros Combined
#Images #Organoids #Images # Organoids #Images # Organoids
o 400+ 2D microscopy images . Train set
train 181 30,710 15 2,669 196 33,379
traing 135 20,263 25 1,781 I_mq_l
. . Total 316 50,973 40 4,450 356 55,423 |
o 60,000+ organoid annotations Testset
sty 8 1,145 14 1,865 5 3,010
test 20 3,020 13 1,493 33 4513
o Three ex pert labels on the test set | mtal @abesetres) | 28 4,165 27 338 [55] [7523]
Label set test}‘ 28 2,748 27 1,981 55 4,729
Multi-rater settin g Label set zest’; 28 2,655 27 2,301 55 4,956
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Multi-rater setting at two distinct timepoints
Allows for intra- and inter-rater analyses Labels: 7 test?
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MultiOrg: Model Benchmark

Object-detection models

Faster R-CNN
SSD

YOLOv3
RTMDet

O O O O
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https://www.kaggle.com/code/christinabukas/multiorg-detection-benchmark

MultiOrg: Model Benchmark

Object Detection Scores

Metric Label set Faster R-CNN SSD YOLOv3 RTMDet
testO 0.23 061 0.3 0.64
L Pt testl, 0.16 044 058 0.54
‘ Model testl, 0.18 050  0.67 0.56
faster-rcnn mean 0.19 0.52 0.66 0.58

d
s rtmaet test? 0.84 067 048 0.51
yolov3 testl, 0.92 078  0.62 0.69
06 et testl, 0.97 083 067 0.68
g mean 0.91 0.76 0.59 0.63
g, test” 0.36 0.64 0.8 0.57
) testl, 0.27 057  0.60 0.61
Fl-score testl, 0.30 062  0.67 0.62
0.2 mean 0.31 061  0.62 0.60
test? 56.56 6440  62.55 57.71
0.0 - fest], 57.09 65.79  6L.11 63.87
0.0 0.2 e 0 0.8 L0 @OSUR)  jogf 68.36 73.88  70.25 63.23
mean 60.67 68.09  64.64 61.60
PR curves of all models on -

tost0 test 17.48 2181  19.15 22.56
(T3S AP testy 23.53 2342 19.13 30.13
@ODLIU®) ol 46.98 4648  39.01 32.85
mean 29.33 3057  25.76 28.51

NeurlPS 2024: Datasets & Benchmarks



MultiOrg: Model Benchmark

Object Detection Scores

Metric Label set Faster R-CNN SSD YOLOv3 RTMDet

test? 0.23 061  0.73 0.64
L Presision testl, 0.16 044 0.8 0.54
; —— testl, 0.18 050  0.67 0.56
test® mean 0.19 0.52 0.66 0.58
08 testy test? 0.84 0.67 0.48 0.51
test; test!, 0.92 078  0.62 0.69
o el testl; 0.97 083  0.67 0.68
§ mean 0.91 0.76 0.59 0.63
g, test” 0.36 0.64 058 0.57
' ) test!, 0.27 057  0.60 0.61
Fl-score testl, 0.30 062  0.67 0.62
- mean 0.31 061  0.62 0.60
test? 56.56 64.40 | 6255 57.71
test! 57.09 65.79 | 61.11 63.87

0.0 mAP A
0.0 02 0.4 06 08 10 @OSUR)  jogf 68.36 73.88 | 7025 63.23
Recall mean 60.67 68.09 | 64.64 61.60
PR curves of SSD model test? 17.48 2181 19.15 22.56
testl, 23.53 2342 19.13 30.13
on all label sets mAP@O- U)ol 46.98 4648  39.01 32.85
mean 29.33 3057  25.76 28.51
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MultiOrg: Key contributions

Open-source resources

Napari plugin for the biologist
community

https://github.com/HelmholtzAl-Consultants-Munich/napari-organoid-counter

Dataset, benchmark &
challenge
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About Dataset

v
We release a large lung organoid 2D microscopy image dataset, for multi-rater benchmarking of object detection
methods and to study uncertainty estimation. The dataset comprises more than 400 images of an entire
microscopy plate well, along with more than 60,000 annotated organoids, deriving from different biological
experimental setups, where two different types of organoids grew under varying conditions. The organoids in the
dataset were annotated by two expert annotators by fitting the organoids within bounding boxes.

Most importantly, we introduce three unique label sets for our test set images, which derive from the two
annotators at different time points, allowing for quantification of label noise.

Join our MultiOrg challenge now to develop
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Usability ©
8.75

License
CC BY-NC-SA 4.0

Expected update frequency
Not specified

Tags

Arts and Entertainment
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