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Abstract

High-throughput image analysis in the biomedical domain has gained significant
attention in recent years, driving advancements in drug discovery, disease pre-
diction, and personalized medicine. Organoids, specifically, are an active area
of research, providing excellent models for human organs and their functions.
Automating the quantification of organoids in microscopy images would provide
an effective solution to overcome substantial manual quantification bottlenecks,
particularly in high-throughput image analysis. However, there is a notable lack of
open biomedical datasets, in contrast to other domains, such as autonomous driving,
and, notably, only few of them have attempted to quantify annotation uncertainty.
In this work, we present MultiOrg a comprehensive organoid dataset tailored for
object detection tasks with uncertainty quantification. This dataset comprises over
400 high-resolution 2d microscopy images and curated annotations of more than
60,000 organoids. Most importantly, it includes three label sets for the test data,
independently annotated by two experts at distinct time points. We additionally
provide a benchmark for organoid detection, and make the best model available
through an easily installable, interactive plugin for the popular image visualization
tool Napari, to perform organoid quantification.

1 Introduction

Accurate and efficient object detection methods in biomedical image analysis are crucial for research
and diagnostics. Designing such methods requires diverse, well-curated datasets of high-resolution
images reflecting real-world complexities. The annotation of biomedical datasets represents a labor-
intensive and subjective process relying on human experts. This work represents a multi-rater organoid
dataset designed for benchmarking object detection algorithms in a label-noise-aware setting that
embraces the subjectivity in labels.

Organoids are miniature three-dimensional (3d) models of organs grown in vitro from stem cells.
They mimic the complexity and functionality of real organs, making them extremely valuable for
medical research, disease modeling, and drug testing (Barkauskas et al., 2017; Kim et al., 2020;
Ingber, 2022). Organoid cultures, deriving from healthy and diseased or genetically engineered cells
and undergoing different conditions and treatments, can be grown for several months (Youk et al.,
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2020; Huch and Koo, 2015). These high-throughput experiments are monitored via microscopic
imaging and, therefore, necessitate fast and objective detection, quanti�cation, and tracking methods
(Rios and Clevers, 2018; Du et al., 2023). Detection of organoids in real-world lab-culture images is
associated with many challenges (Kassis et al., 2019). Beyond the typical challenges associated with
microscopy (out-of-focus, lightning, padding, etc...), those 3d cultures are imaged in 2d, leading to
overlapping structures. Organoids can highly vary in size, shape, and appearance (Domènech-Moreno
et al., 2023), and be dif�cult to distinguish from dust and debris present in the culture (Matthews
et al., 2022; Keles et al., 2022). Finally, the high number of objects to analyze per image poses a big
hurdle to a human prone to distraction and fatigue (Haja et al., 2023). Manual annotation of this data,
which is still state-of-the-art (Costa et al., 2021; Wu et al., 2022) is, therefore, error- and bias-prone,
which introduces noise in the labels. However, evaluating learning algorithms for organoid detection,
involves comparing predicted outcomes to those manual annotations or 'Ground Truth (GT)' during
training and testing. As shown in our previous work, deep learning algorithms can outperform even
highly-trained human annotators (Ko�er et al., 2021). In complex real-life datasets, understanding
the shortcomings that label uncertainty creates in the 'GT' is, therefore, pivotal before training and
benchmarkingDeep Learning (DL) models. Moreover, quantifying the label noise by assessing the
intra- and inter-rater reliability is crucial to interpret similarity metrics between model predictions
and reference annotations (Ko�er et al., 2023).

In this work, see Figure 1, we releaseMultiOrg, a large multi-rater 2d microscopy imaging dataset of
lung organoids for benchmarking object detection methods. The dataset comprises more than 400
images of an entire microscopy plate well and more than 60,000 annotated organoids, deriving from
different biological study setups, with two types of organoids growing under varying conditions. Most
importantly, we introduce three unique label sets derived from the two annotators at different times,
allowing for the quanti�cation of label noise (see Fig. 2). Such a dataset can enable the community to
explore biases in annotations, investigate the effect these have on model training, and promote the
active area of research for uncertainty quanti�cation. To our knowledge, this is the second largest
organoid dataset to date to be made freely available to the community (Bremer et al., 2022). It is also
the �rst organoid dataset and one of the very few biomedical object-detection datasets to introduce
multiple labels (Nguyen et al., 2022; Amgad et al., 2022). We benchmarked this dataset by training
and testing four widely establishedDL models for object detection tasks using both one-stage and
two-stage architectures. Finally, along with the dataset and model, we release a tool for quantifying
lung organoids, enabling users to visualize and correct the detected organoids before extracting useful
features for downstream tasks. This tool solves the bottleneck of manual quanti�cation of lung
organoids, enabling high-throughput image analysis for biological studies.

In summary, the contributions of this work are as follows:

• We releaseMultiOrg, an object detection bio-medical dataset of more than 400 microscopy
images comprising around 60,000 lung organoids annotated by two expert annotators.

• We provide quanti�cation of label uncertainty through a Kaggle benchmark challenge that
evaluates the submissions on the different test label sets.

• We benchmark our dataset on four standard object detection methods, show how performance
varies depending on the selected annotations, and release the models on zenodo.

• We release the best model in a napari plugin,napari-organoid-counter(Bukas, 2022), which
allows users to curate predictions, thus enabling high-throughput analysis.

2 Related work

Kassis et al. (2019) proposedOrganoQuant, a manually-annotated, human-intestinal-organoid dataset
of around 14,000 organoids, along with an object detection pipeline based on Faster R-CNN Ren
et al. (2015), to locate and quantify human intestinal organoids in bright�eld images. Though object
detection performance is satisfactory and the quanti�cation process is robust, inference is performed
on cropped patches of a well. Similarly, Matthews et al. (2022) released a dataset of bright�eld and
phase-contrast microscopy images and proposed an image analysis platform,OrganoID, based on
U-Net Falk et al. (2019), which segments and tracks different types of organoids. They trained their
model on images of pancreatic cancer organoids and validated it on pancreatic, lung, colon, and
adenoid cystic carcinoma organoids. This work introduces several types of organoids. However, the
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Figure 1: MultiOrg work�ow. a) Dataset creation, b) Multi-rater annotation at time pointst0 andt1,
c) Model benchmark, and d) Release on Kaggle and napari plugin

dataset is small, including only 66 images featuring 5 to 50 organoids each. In Haja et al. (2023),
OrganelXplatform was released to enable segmentation of murine liver organoids using Mask-RCNN
He et al. (2017). Furthermore, Bian et al. (2021) introduced a high-throughput image dataset of liver
organoids for detection and tracking. They also propose a novel deep neural network architecture
to track organoids dynamically and detect them quickly and accurately. However, here, too, the
dataset size is relatively small, with 75 images containing a total of 6,482 organoids. Bremer et al.
(2022) used a multicentric dataset consisting of 729 images containing 90,210 annotated organoids,
including multiple organoid systems like liver, intestine, tumor, and lung, and proposes an organoid
annotation tool,GOAT, which uses Mask R-CNN (He et al., 2017), for unbiased quanti�cation. The
corresponding dataset contains six organoid types, generated in four centers and acquired with �ve
microscopes. More recently, Domènech-Moreno et al. (2023) proposed an object detection algorithm,
based on YOLO v5 Ultralytics (2021),Tellu, to classify and detect intestinal organoids of different
types. The tool also enables automated analysis of intestinal organoid morphology and fast and
accurate classi�cation of organoids.

MultiOrg is, therefore, the second largest organoid dataset (see Table 1). It is noisier than those
introduced above; it is not the densest but contains clumps of organoids and displays an extensive
range of sizes, presenting one of the most challenging settings for object detection. We introduce
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