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Figure 1: Exemplary captured data from the Equimetrics system during horse jumping, as recorded from 130 Hz Inertial
Measurement Units that were positioned at the horses’ ankles and the rider’s wrist, ankle, waist, and head, all synchronized

with external camera footage.

Abstract

This paper presents the Equimetrics data capture system. The pri-
mary objective is to apply HAR principles to enhance the under-
standing and optimization of equestrian performance. By integrat-
ing data from strategically placed sensors on the rider’s body and
the horse’s limbs, the system provides a comprehensive view of
their interactions. Preliminary data collection has demonstrated
the system’s ability to accurately classify various equestrian ac-
tivities, such as walking, trotting, cantering, and jumping, while
also detecting subtle changes in rider posture and horse movement.
The system leverages open-source hardware and software to offer a
cost-effective alternative to traditional motion capture technologies,
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making it accessible for researchers and trainers. The Equimetrics
system represents a significant advancement in equestrian perfor-
mance analysis, providing objective, data-driven insights that can
be used to enhance training and competition outcomes. The system
has been made available at [1].
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1 Introduction

The field of human activity recognition (HAR) has seen significant
advancements in recent years, with researchers exploring the appli-
cation of various sensor technologies and algorithms to recognize
and classify human movements and behaviors [11] [20] [14] [10].
One emerging area of interest is the application of these techniques
to the domain of equestrian activities, where the complex interplay
between rider and horse movements presents a unique challenge.

The Equimetrics sensor system is a novel approach to capturing
and analyzing the motion of both the rider and the horse during
equestrian activities. This system utilizes a network of wearable
inertial sensors to collect real-time data on the movements and
interactions of the rider and horse, with the goal of applying human
activity recognition principles to better understand and optimize
equestrian performance [2] [14] [20] [11].

The use of wearable inertial sensors, such as accelerometers
and gyroscopes, has been a common approach in human activity
recognition research, as they can provide detailed information on
the movements and orientations of the we arer’s body [2] [13].
These sensors can be strategically placed on the rider’s body and
the horse’s limbs and torso to capture the complex biomechanics
involved in equestrian activities.

This approach has been successful in recognizing human daily ac-
tivities and sport activities, with researchers developing algorithms
to classify motion patterns and detect transitions between different
activities. Similarly, the Equimetrics system aims to leverage these
techniques to identify and differentiate between various equestrian
activities, such as walking, trotting, cantering, and jumping, as well
as to detect and analyze subtle changes in the rider’s posture and
the horse’s movements that may be indicative of fatigue, strain, or
other performance-relevant factors [20] [11] [8] [4] [3] [7].

By combining the data from the rider and horse sensors, the Equi-
metrics system can provide a comprehensive view of the equestrian
interaction, enabling a deeper understanding of the factors that
contribute to successful performance. This aligns with research on
human and animal motion tracking using inertial sensors, which
has highlighted the potential of such systems to provide valuable
insights into the health and wellbeing of both humans and animals
[16].

One key challenge in applying human activity recognition to
equestrian activities is the need to address the complex interactions
between the rider and the horse. While previous research has pri-
marily focused on single-person scenarios, the Equimetrics system
must be able to recognize and differentiate between the movements
and behaviors of both the rider and the horse, as well as their coor-
dinated interactions. To address this, the system may incorporate
additional sensors or computer vision techniques, as demonstrated
in the DEEM system, which combined RFID and computer vision
data to recognize exercises performed by multiple individuals in
a gym environment [14]. Another important consideration is the
potential for variations in equestrian activities due to factors such
as horse breed, size, and temperament, as well as the skill level and
riding style of the rider. The Equimetrics system must be able to
adapt to these individual differences and provide accurate activity
recognition across a diverse range of equestrian scenarios. Up until
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now these obsevations where only made through manual observa-
tion or with expensive and complex motion capture systems. [17]
(19] [9]

Previously, the analysis of equestrian activities was largely re-
liant on subjective assessments of ideal movements by experienced
trainers, based on their intuition and expertise. In contrast, the
Equimetrics sensor system enables a more objective, data-driven
approach to analyzing equestrian movements and training quality,
by capturing and classifying the motion data from both the rider
and the horse using wearable sensors.

2 Related Work

The application of human activity recognition principles to eques-
trian activities is a relatively new area of research, but there are
several relevant studies that provide a foundation for the Equimet-
rics system.

One such study, "A framework for the recognition of horse gaits
through wearable devices" [4], developed a system for recognizing
horse gaits using a smartphone and smartwatch. The researchers
placed sensors on the horse’s saddle and the rider’s wrist, and used
machine learning algorithms to classify different horse gaits.

Similarly, the "Smartwatch Application for Horse Gaits Activity
Recognition" study also explored the use of wearable sensors to
recognize horse gaits, with a focus on the effects of sliding window
size and sampling frequency on the accuracy of the system.

These studies demonstrate the potential of wearable sensor tech-
nology to capture and analyze the complex movements involved in
equestrian activities, and provide a starting point for the Equimet-
rics system. 3]

Additionally, the "Stochastic Recognition of Physical Activity
and Healthcare Using Tri-Axial Inertial Wearable Sensors" study
highlights the broader applications of human activity recognition
in the healthcare and remote monitoring domains, which could be
relevant to the Equimetrics system’s goal of optimizing equestrian
performance and monitoring the health and wellbeing of both the
rider and the horse.

In many of the studies done in literature [4] [17], the focus
has been on using wearable sensors to recognize equine gaits and
movements. However, the Equimetrics system aims to go beyond
this by also considering the interactions between the rider and the
horse, and how these interactions can be used to improve equestrian
performance and overall well-being.

One study that touches on this aspect is the "Time-Series-Based
Feature Selection and Clustering for Equine Activity Recognition
Using Accelerometer Data" paper, which proposed a data-efficient
algorithm for recognizing equine activities that considers both the
horse and rider movements. [19]The researchers used a combi-
nation of feature selection and clustering techniques to develop
a model that required only a small amount of labeled data, sug-
gesting the potential for more nuanced activity recognition in the
equestrian domain.

In the realm of human activity recognition IMU sensors are often
used to classify motion patterns and detect transitions between
different activities. [19] Especially for sport activities there is a lot
of literature.
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Human activity recognition research has explored the potential
of wearable inertial sensors to track and analyze complex move-
ments, with applications in healthcare, sports, and other domains
[13] [12] [5] [15]. These studies have demonstrated the ability of
these sensors to capture detailed information on the orientation
and motion of the wearer’s body, and to use machine learning algo-
rithms to classify different activities and detect transitions between
them.

3 Equimetrics Sensor System

IMU Sensor placement:

Horses Ankle

e Riders Wrist
e Riders Ankle
e Riders Waist
e Riders Head

Figure 2: Positions of the IMU sensors.

The Equimetrics sensor system consists of a network of 10 iner-
tial measurement unit (IMU) sensors strategically placed on both
the rider and the horse to capture comprehensive motion data from
both sources. The sensors are installed on the rider’s torso, head,
arms, and legs, as well as on the horse’s legs (see Figure 2), enabling
a holistic view of the equestrian interaction. The sensor data is
transmitted wirelessly to a central processing unit, which stores the
information and is then able to recognize and classify the rider’s
and the horse’s activities in later stages of the analysis.

Each sensor node in the system comprises a MPU-6050 NEMS
with a 3-axis gyroscope and a 3-axis accelerometer, as well as an
ESP32 microcontroller used to stream the data via Wi-Fi using a
UDP data transfer protocol. In addition to the IMU sensors, the
Equimetrics system also incorporates a video camera that tracks
the rider’s movements using the PIXEM camera system. This visual
data enables a close observation of the rider’s activities and can be
used for labeling purposes, as well as for more detailed movement
analysis with the OpenPose framework.

The central processing unit captures the 3D motion data from
all the sensors at a high sampling rate of 130Hz. The accelerometer
has a data range of +16g, while the gyroscope has a range of £2000
dps. The collected data is then preprocessed to ensure consistency
across the sensor data, including sensor alignment, calibration, and
resampling.

The Equimetrics system offers a cost-effective alternative to tradi-
tional motion capture technologies by leveraging open-source hard-
ware and software. The hardware designs as well as the software
are published openly, making the Equimetrics system accessible
and affordable for researchers and equestrian trainers (published at
anonymized). This open approach enables the creation of a multi-
modal dataset, combining motion data from the sensor network and
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visual data from the video cameras, to support the comprehensive
analysis of equestrian activities.

Drawing on the insights and approaches from previous studies
on human activity recognition and equestrian activity analysis, the
Equimetrics system utilizes a combination of feature engineering
and advanced machine learning techniques to recognize and classify
the complex equestrian activities captured by the sensor network.

4 Preliminary Data Capture Results

To validate the capabilities of the Equimetrics sensor system, pre-
liminary data collection and analysis was conducted on a small
sample of riders and horses. The dataset consits of 45 minutes of
data from two horses where the horses perform all the basic gaits
as well as jumping over small obstacles.

The data from the inertial sensors and the video cameras was
synchronized and annotated to create a labeled dataset for activity
recognition.

The preliminary data capture demonstrated that the sensors
maintained consistent synchronization and stability throughout
the data collection period.

5 Automatic Analysis

Figure 3: Highlighting the hoof-on and hoof-off events

The high-frequency sensor data from the Equimetrics system
offers substantial opportunities for automated analysis of eques-
trian activities. An initial step in the data analysis could involve
leveraging the data from the four limb sensors on the horse to
detect the precise timing of each hoof’s contact with the ground.
This could be achieved by fusing the accelerometer and gyroscope
data from these sensors and converting it to quaternion representa-
tions, which would enable the identification of the individual hoof
placement events. This detailed information on the horse’s gait
and movement patterns could provide valuable insights into the
horse’s performance and health, and could be used to optimize the
rider’s techniques and the overall equestrian interaction [18]. The
results presented in Figure 3 demonstrate the effectiveness of the
sensor data analysis for detecting the precise timing of hoof-on and
hoof-off events. This was validated through comparison with anno-
tated video data, which confirmed a high level of precision, with
an average precision of 8.98 milliseconds. This performance aligns
with the findings reported in the existing literature and represents
a modest improvement over the results reported by Tjissen et al.
The ability to accurately detect individual hoof placement events
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from the sensor data provides valuable insights into the horse’s
gait patterns and movement characteristics, which can be used
to optimize the rider’s techniques and assess the horse’s overall
performance and health.

Furthermore, the combination of the rider and horse sensor data
could enable the recognition of more complex equestrian activities,
such as specific dressage movements, jumping techniques, or even
the detection of rider falls or other safety-critical events. To dis-
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Figure 4: Extraction of the principal movement of the riders
leg by substraction of horse movement

cern the distinct movements of the horse’s limbs and the rider’s
limbs individually is crucial. In equestrian activities, the sensor data
from the rider captures a combination of the horse’s movements
and the rider’s own movements. It is now possible to extract the
rider’s independent movement by subtracting the horse’s move-
ment from the combined data. The sensor placed on the rider’s hips
is particularly useful for this purpose, as it represents the point of
greatest stability between the rider and the horse, resulting in the
least amount of the rider’s own movement and the highest overlap
with the horse’s movement. The data shown in Figure 4 represents
the rider’s leg movement with the horse’s movement filtered out.
This allows for a detailed assessment of the rider’s independent
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limb movement, which can then be used to calculate a comprehen-
sive movement magnitude index (MMI) that precisely quantifies
and rates the specific characteristics of the rider’s movements, as
depicted in Figure 5. The MMI allows for the characterization of
the rider’s movement quality by quantifying the rider’s ability to
suppress unwanted motion. Additionally, it can be used to analyze
the temporal relationship between the rider’s movements and the

horse’s responses.

Figure 5: The extracted movements enables the computation
of activity maps for the rider

6 Activity Recognition and Classification

For the activity recognition component, a set of standardized eques-
trian test movements published by the Fédération Equestre Na-
tionale (FN) was used as the basis for the analysis. This test proto-
col involved a combination of basic gaits, such as walk, trot, and
canter, performed by the horses. The collected sensor data was
then used to train two distinct Transformer-based human activity
recognition models [6]. The first model focused on recognizing
the specific gait of the horse, while the second model aimed to
identify the dressage-related tasks being performed, such as spe-
cific movements and maneuvers. The test protocol consisted of 6
distinct movement tasks, some of which were executed in both
directions to capture the horses’ responses in different orientations.
Due to the relatively short duration of certain tasks, 5-second data
windows were utilized for the analysis to ensure the capture of
the key movement characteristics. The Transformer models were
trained on data from two different horses, each performing the
test protocol twice, to increase the diversity of the training dataset
and improve the models’ generalization capabilities. The resulting
F1 scores demonstrated a high level of accuracy, with 0.9324 for
correctly identifying the horse’s gait and 0.7601 for recognizing
the specific dressage movements, indicating the effectiveness of
the Equimetrics system in capturing and classifying equestrian ac-
tivities. The confusion matrices (see Figure 6) for both classifiers
demonstrate that the classification of the horse’s gaits is reliable.
However, in the case of the more complex dressage movements, the
Half Pass movement exhibits a lower classification accuracy. This
is likely due to the unique diagonal movement of the horse during
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Figure 6: Confusion Matrix for the simple as well as for the
complex classifier

the Half Pass, which differs from the other tested movements. Addi-
tionally, the limited number of samples for this specific movement
may have contributed to the decreased classification performance.

7 Discussion

The Equimetrics sensor system has shown promising results in its
ability to capture and analyze the movement patterns of both horse
and rider. By leveraging advanced data analysis techniques, such as
the precise detection of hoof placement events and the extraction
of the rider’s independent movement, the system provides valuable
insights into the complex interactions between the rider and the
horse. The activity recognition models, based on Transformer archi-
tectures, have demonstrated a high level of accuracy in identifying
both the horse’s gaits and the specific dressage-related movements,
showecasing the potential of the Equimetrics system to support the
evaluation and optimization of equestrian performance.

The integration of data from the horse and rider sensors fa-
cilitates a more holistic comprehension of the overall equestrian
activity. By distinguishing the rider’s independent movements from
the horse’s movements, the system can offer valuable feedback to
the rider regarding their technique and coordination, thereby en-
abling the optimization of the rider-horse interaction. However,
some limitations are associated with these preliminary findings, as
the small number of horse-rider pairs examined constrains the gen-
eralizability of the results to a broader range of riders and horses.
Further empirical investigations and structured data collection are
necessary to address this limitation and expand the scope of the
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study. Evaluating the Equimetrics system with a larger and more di-
verse sample of horse-rider pairs would help validate the robustness
of the activity recognition models and provide deeper insights into
the nuances of equestrian performance. Additionally, longitudinal
studies that track the progress of riders over time could shed light
on the system’s ability to facilitate long-term skill development and
adaptation. Exploring these avenues would strengthen the evidence
supporting the Equimetrics system as a valuable tool for enhancing
equestrian training and competition.

References

[1] 2024.limlug/equimetrics: Version 0.1. https://doi.org/10.5281/ZENODO.13367775

[2] Barbara Bruno, Fulvio Mastrogiovanni, and Antonio Sgorbissa. 2015. Wearable

Inertial Sensors: Applications, Challenges, and Public Test Benches. Institute of

Electrical and Electronics Engineers 22, 3 (09 2015), 116—124. https://doi.org/10.

1109/mra.2015.2448279

Enrico Casella, Atieh R. Khamesi, and Simone Silvestri. 2019. Smartwatch Appli-

cation for Horse Gaits Activity Recognition. (06 2019). https://doi.org/10.1109/

smartcomp.2019.00080

[4] Enrico Casella, Atieh R. Khamesi, and Simone Silvestri. 2020. A framework for
the recognition of horse gaits through wearable devices. Elsevier BV 67 (09 2020),
101213-101213. https://doi.org/10.1016/j.pmc;j.2020.101213

[5] Sara Garcia de Villa, David Casillas-Pérez, Ana Jiménez Martin, and Juan
Jesus Garcia Dominguez. 2023. Inertial Sensors for Human Motion Analysis: A
Comprehensive Review. Institute of Electrical and Electronics Engineers 72 (01
2023), 1-39. https://doi.org/10.1109/tim.2023.3276528

[6] Iveta Dirgova Luptdkova, Martin Kubov¢ik, and Jifi Pospichal. 2022. Wearable
Sensor-Based Human Activity Recognition with Transformer Model. Sensors 22,
5(2022). https://doi.org/10.3390/s22051911

[7] Jessica Maria Echterhoff, Juan Haladjian, and Bernd Briigge. 2018. Gait and jump
classification in modern equestrian sports. (10 2018). https://doi.org/10.1145/
3267242.3267267

[8] Anniek Eerdekens, Margot Deruyck, Jaron Fontaine, Bert Damiaans, Luc Martens,
Eli De Poorter, Jan Govaere, Paul A. David, and Wout Joseph. 2021. Horse
Jumping and Dressage Training Activity Detection Using Accelerometer Data.
Multidisciplinary Digital Publishing Institute 11, 10 (10 2021), 2904-2904. https:
//doi.org/10.3390/ani11102904

[9] Anniek Eerdekens, Margot Deruyck, Jaron Fontaine, Luc Martens, Eli De Poorter,

Paul A. David, and Wout Joseph. 2020. Resampling and Data Augmentation

For Equines’ Behaviour Classification Based on Wearable Sensor Accelerometer

Data Using a Convolutional Neural Network. (08 2020). https://doi.org/10.1109/

c0ins49042.2020.9191639

Jinghuan Guo, Yong Mu, Ming Xiong, Yaqing Liu, and Jingxuan Gu. 2019. Activity

Feature Solving Based on TF-IDF for Activity Recognition in Smart Homes.

Hindawi Publishing Corporation 2019 (03 2019), 1-10. https://doi.org/10.1155/

2019/5245373

Yu-Liang Hsu, Shih-Chin Yang, Hsing-Cheng Chang, and Hung-Che Lai. 2018.

Human Daily and Sport Activity Recognition Using a Wearable Inertial Sensor

Network. Institute of Electrical and Electronics Engineers 6 (01 2018), 31715-31728.

https://doi.org/10.1109/access.2018.2839766

[12] Athanasios I. Kyritsis, Michel Deriaz, and Dimitri Konstantas. 2018. Considera-

tions for the Design of an Activity Recognition System Using Inertial Sensors.

(09 2018). https://doi.org/10.1109/healthcom.2018.8531145

Wesllen Sousa Lima, Eduardo Souto, Khalil El-Khatib, Roozbeh Jalali, and Jodao

Gama. 2019. Human Activity Recognition Using Inertial Sensors in a Smartphone:

An Overview. Multidisciplinary Digital Publishing Institute 19, 14 (07 2019), 3213-

3213. https://doi.org/10.3390/s19143213

Zijuan Liu, Xiulong Liu, and Keqiu Li. 2020. Deeper Exercise Monitoring for

Smart Gym using Fused RFID and CV Data. (07 2020). https://doi.org/10.1109/

infocom41043.2020.9155360

Irvin Hussein Lopez-Nava and Angélica Mufioz-Meléndez. 2016. Wearable Inertial

Sensors for Human Motion Analysis: A Review. , 7821-7834 pages. https:

//doi.org/10.1109/jsen.2016.2609392

[16] F. Marin. 2020. Human and Animal Motion Tracking Using Inertial Sensors.

Multidisciplinary Digital Publishing Institute 20, 21 (10 2020), 6074-6074. https:
//doi.org/10.3390/s20216074

[17] Kathryn Nankervis, Diana Hodgins, and David Marlin. 2008. Comparison between

a sensor (3D accelerometer) and ProReflex motion capture systems to measure

stride frequency of horses on a treadmill. 5, 3-4 (11 2008), 107-107. https:

//doi.org/10.1017/s1478061508017027

M. Tijssen, Elin Hernlund, Marie Rhodin, Stephan Bosch, J. P. Voskamp, M. Nielen,

and F. M. Serra Bragana. 2020. Automatic hoof-on and -off detection in horses

using hoof-mounted inertial measurement unit sensors. Public Library of Science

15,6 (06 2020), €0233266-¢0233266. https://doi.org/10.1371/journal pone.0233266

—_
A

[10

[11

(13

(14

[15

[18


https://doi.org/10.5281/ZENODO.13367775
https://doi.org/10.1109/mra.2015.2448279
https://doi.org/10.1109/mra.2015.2448279
https://doi.org/10.1109/smartcomp.2019.00080
https://doi.org/10.1109/smartcomp.2019.00080
https://doi.org/10.1016/j.pmcj.2020.101213
https://doi.org/10.1109/tim.2023.3276528
https://doi.org/10.3390/s22051911
https://doi.org/10.1145/3267242.3267267
https://doi.org/10.1145/3267242.3267267
https://doi.org/10.3390/ani11102904
https://doi.org/10.3390/ani11102904
https://doi.org/10.1109/coins49042.2020.9191639
https://doi.org/10.1109/coins49042.2020.9191639
https://doi.org/10.1155/2019/5245373
https://doi.org/10.1155/2019/5245373
https://doi.org/10.1109/access.2018.2839766
https://doi.org/10.1109/healthcom.2018.8531145
https://doi.org/10.3390/s19143213
https://doi.org/10.1109/infocom41043.2020.9155360
https://doi.org/10.1109/infocom41043.2020.9155360
https://doi.org/10.1109/jsen.2016.2609392
https://doi.org/10.1109/jsen.2016.2609392
https://doi.org/10.3390/s20216074
https://doi.org/10.3390/s20216074
https://doi.org/10.1017/s1478061508017027
https://doi.org/10.1017/s1478061508017027
https://doi.org/10.1371/journal.pone.0233266

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY Pohler et al.

[19] Timo De Waele, Adnan Shahid, Daniel Peralta, Anniek Eerdekens, Margot [20] Chun Zhu and Weihua Sheng. 2010. Recognizing human daily activity using a
Deruyck, Frank Tuyttens, and Eli De Poorter. 2023. Time-Series-Based Feature single inertial sensor. (07 2010). https://doi.org/10.1109/wcica.2010.5555072
Selection and Clustering for Equine Activity Recognition Using Accelerometers.

IEEE Sensors Council 23, 11 (06 2023), 11855-11868. https://doi.org/10.1109/jsen. Received 20 February 2007; revised 12 March 2009; accepted 5 June 2009

2023.3265811


https://doi.org/10.1109/jsen.2023.3265811
https://doi.org/10.1109/jsen.2023.3265811
https://doi.org/10.1109/wcica.2010.5555072

	Abstract
	1 Introduction
	2 Related Work
	3 Equimetrics Sensor System
	4 Preliminary Data Capture Results
	5 Automatic Analysis
	6 Activity Recognition and Classification
	7 Discussion
	References

