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Topic: Automated Pose Estimation of Mice Paws

In experimental research, scientists often have to identify mouse behaviors manually.
However, as noted by Dr. Zimmermann and medical student Nicole Richter, manual labeling
is time-consuming and requires days of training researchers to annotate videos [7]. This
highlights the need for more efficient automated labeling methods.

The considered internal dataset consists of high-resolution videos (200 fps, RGB color) of
mice recorded over 5 minutes. The mice are filmed from the bottom while on a cold plate [3].
Each mouse has one paw which is sensitive to cold temperatures due to an injection in the
hind paw. Pain-related behaviors are identified through the following actions: 1. lifting, 2.
shaking, wagging, and flinching, 3. biting and licking of the affected paw, and 4. toe
spreading.

Annotations for this task consist in count per videos of each behavior. Due to the weak.
annotations of the dataset, one possible direction of research is detecting the pose of the
affected paw in the videos, and investigate whether it can be correlated to the relevant pain-
related behaviors.

While existing setups for automatically observing mouse behavior exist, they are typically tied
to specific configurations, such as those utilizing specialized infrared sensors or depth
sensors [2, 4, 6]. In addition, they have not yet been tested on our precise use case.

This master’s thesis aims to bridge this gap by investigating and evaluating various methods
for automatic pose estimation from videos, such as DeeplLabCut [1], Lightning Pose [5], and
LEAP [7]. The goal is to determine whether those approaches are suited for our internal
dataset composed of single animal videos and count per video.

Goals:

- (Work Package 1) Research the latest state-of-the-art methods for pose estimation of
lab animals, such as DeeplabCut [1] or Lightning Pose [5], with a focus on mice and
single animal videos.

- (Work Packages 2-3). Implement and compare at least 2 state-of-the-art pose
estimation methods on open source and private datasets.

- (Work Package 3) Research which preprocessing methods we would have to
implement for our type of mice videos.

- (Work Package 4) Use output of pose estimation models to predict pain-related
behaviour on our dataset.

- Following the completion of the master’s thesis and depending on the results and

progress, an evaluation will determine whether further improvements to the current
state-of-the-art methods are necessary.

The proposed work consists of the following parts:

e Work Package 0 - Getting Started:
o Download Zotero (tool for literature research)
o Understand the Prisma Method (used for literature research)
o Getfamiliar with our dataset (how many videos, how do the videos look
like, types of annotation).
e Work Package 1 - Literature Research:
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o Bibliography on Pose estimation from 2015 -2024 (e.g. DeeplLabcut[1])
using Prisma method
o Select 3 open-source Datasets for pose estimation of that are similar to
ours (single animal videos with a focus on the paw) :
e Work Package 2 - Pose Estimation:
o Comparing at least two state-of-the-art pose estimation methods
(including DeeplLabCut[1]) on the chosen datasets
¢ Work Package 3 - Pose Estimation of the affected paw on our dataset:
o Test preprocessing methods if needed
o Study potential dataset bias (e.g. mouse color)
o Adapt the pose estimation method(s) on our dataset
¢ Work Package 4 - Classification on our dataset:
o If necessary, label some videos according to pain related behaviour
o Use the output vectors of the pose estimation of the affected paw to train
supervised machine learning modelto recognize painrelated behaviour
o Compare at least two machine learning methods

The thesis must contain a detailed description of all developed and used algorithms as well
as a profound result evaluation and discussion. The implemented code has to be documented
and provided. An extended research on literature, existing patents and related work in the
corresponding areas has to be performed.
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