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Abstract

Dogs exhibit diverse behaviors that function as important signals in human—dog
communication. Automatic analysis of such behaviors is increasingly needed in
both scientific and applied contexts. However, conventional methods for behav-
ior analysis face two major challenges: (i) 3D pose estimation typically requires
multi-camera setups or prior training with complex calibration, and (ii) behavior
classification relies heavily on predefined labels, limiting the ability to detect previ-
ously unseen behaviors. To address these limitations, we combine D-Pose, a model
that estimates 3D dog poses from a single camera by learning pose representations,
with h/BehaveMAE, a self-supervised framework that learns hierarchical behavior
representations from pose sequences without predefined labels. Using a dataset of
annotated dog behaviors, we perform preliminary evaluation by applying linear
probing on the learned embeddings. Our results suggest that this approach provides
a flexible and generalizable pipeline for behavior analysis, enabling promising
representation learning from videos. While this study focuses on dog behavior, the
proposed framework may serve as a step toward uncovering the mechanisms of
animal communication in the future.

1 Introduction

Dogs and humans have coexisted for thousands of years, forming a unique interspecies relationship.
Dog-human interactions have been shown to promote human welfare and health, for example,
by reducing stress [1]] or lowering the risk of cardiovascular disease [2l]. At the same time, dogs
themselves have developed social cognitive abilities to respond to human communicative cues such as
pointing gestures and gaze [3]]. These dog behaviors function as important signals in communication
and are increasingly studied in both scientific and applied contexts, including training and veterinary
care.

Despite this demand, existing methods face two major limitations. First, 3D pose estimation typically
requires multi-camera setups and/or extensive pretraining [4], which restricts its accessibility. Second,
behavior analysis depends on predefined labels, making it difficult to detect novel or complex behav-
iors that do not fit existing ethograms. These constraints hinder the applicability and generalizability
of current approaches.
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To address these challenges, we explore a new pipeline that combines D-Pose [S]], which enables 3D
dog pose estimation from a single camera, with h/BehaveMAE [6]], a self-supervised framework that
learns hierarchical behavior representations directly from pose sequences [6].

This approach offers three main advantages: it reduces dependence on multi-camera systems, allowing
analysis from simple video recordings; it avoids reliance on predefined behavior labels, enabling
more flexible detection of diverse or previously unseen behaviors; and it provides hierarchical
representations that can describe complex behaviors, thereby lowering annotation costs and facilitating
future studies of animal communication.

In this paper, we report preliminary results on a dataset of annotated dog behaviors and discuss how
this approach may contribute to future research on animal communication.

2 Methodology

Our proposed pipeline consists of three main stages: dog detection, 3D pose estimation, and hierar-
chical representation learning (Fig. [I).

Dog detection From single-camera video recordings, individual dogs are localized before pose esti-
mation (see Supplementary Information[A]for details). This step provides cropped image sequences
of dogs for subsequent analysis.

3D pose estimation with D-Pose Each cropped frame is processed with D-Pose [3]], which estimates
3D dog poses from a single camera. D-Pose employs a vision-transformer backbone and predicts joint
locations across multiple projection planes. In this study, we use the DigiDogs pretrained checkpoint,
capable of detecting 26 joints, including the head, spine, pelvis, tail, and limbs. This enables reliable
single-camera 3D pose estimation without requiring multi-camera setups.

Hierarchical behavior representation with h/BehaveMAE Pose trajectories produced by D-Pose
are then input to h/BehaveMAE [6], a self-supervised autoencoder that learns hierarchical embeddings
of animal behavior. The model was trained from scratch using dog 3D pose trajectory data obtained
above, and embeddings were generated on a per-frame basis. The model divides pose trajectories
into spatiotemporal patches, applies random masking, and reconstructs the missing parts, thereby
capturing multi-level representations of behavior. The learned embeddings are subsequently evaluated
with linear probing, providing a simple yet effective way to assess whether the representations capture
meaningful behavioral distinctions.

3 Preliminary results

3.1 Experiment
Dataset

We evaluated our approach on a dataset provided by Azabu University, consisting of approximately
one hour of video per dog from 34 individuals. Each recording was annotated with thirteen behavioral
categories (tail-high, tail-low, tail-wag, neck-high, neck-low, stand, sit, down, up, focus, sniff, whine,
licking nose) with five experimental phases (rest, box, owner, control, conditionﬂ The dataset is
annotated in an event-based manner, where each behavior is labeled with its onset time, offset time,
and category. Although annotations were derived from multi-view observations, only side-view
videos were used in this study.

Preprocessing

Videos were segmented according to experimental phase and cropped to dog regions (see Supple-
mentary Information[A)). 3D poses were estimated for each frame using D-Pose, and sequences were
constructed in segments of 1800 frames. Sequences with excessive missing joints (>20% of frames)
were discarded, and shorter sequences were padded when possible. Behavioral annotations were
aligned at the frame level as binary labels.

'These labels are annotated mainly for another study on dogs’ behavior analysis.
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