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Abstract 

Sport DB 2.0 is a collection of 156 cardiorespiratory 
datasets, acquired through wearable sensors and portable 
devices from 130 subjects while practicing 11 different 
sports during training and competition. Each dataset 
consists of demographic data (sex, age, weight, height, 
smoking habit, alcohol consumption, caffeine 
consumption, weekly training rate, presence of diseases 
and dietary supplement consumption), cardiorespiratory 
signals (electrocardiogram, heart-rate series, RR-interval 
series, and/or breathing-rate series), and training note 
data (sport-dependent training protocol). 
Cardiorespiratory signals were acquired through the 
BioHarness 3.0 by Zephyr, the KardiaMobile by AliveCor, 
the Kardia 6L by AliveCor, the Polar M400 by Polar, and 
heart-rate sensor H7 by Polar, on the playing field or gym 
following a specific acquisition protocol for each sport. 
Sport DB 2.0 may be useful to support research activity 
finalized to investigate the cardiorespiratory 
pathophysiological mechanisms triggered by sport, to 
develop automatic algorithms for monitoring athletes’ 
health while practicing sports, to validate the reliability of 
wearable sensors and portable devices in sport, and to 
develop data analytics techniques and artificial 
intelligence applications to support sport sciences. 

 
 

1. Introduction 

Sport is recommended for its beneficial effects on health 
but it rarely may trigger acute cardiac events [1-2]. 
Understanding the hidden mechanisms occurring during 
sport is crucial [1-2]; thus, cardiorespiratory data in 
athletes are essential to support such research activity.  

Nowadays, athletes are used to monitor their exercise 
dose and intensity through wearable sensors and portable 
devices. These technologies were proven to be reliable in 
the recording of cardiorespiratory signals [2], which are the 
electrocardiogram (ECG), the heart rate (HR) series, and 
the breathing rate (BR) series. Consequently, research 

activity on data acquired by wearable and portable devices 
may provide some insights into athletes’ health. 

In 2019, Sbrollini et al. [1] published Sport Database, a 
collection of cardiorespiratory data acquired through the 
chest band BioHarness 3.0 by Zephyr while practicing 
sports. Sport Database includes 126 cardiorespiratory 
datasets from 81 subjects while performing 10 different 
sports [1] and it was used to investigate normative values 
of athlete’s electrocardiogram [2], to develop automatic 
algorithms for monitoring athletes’ health [3-5], to validate 
the reliability of wearable and portable devices in sport [6-
8], and to assess sport analytics applications [9]. Still, a 
recent scoping review on wearable sensors and portable 
devices highlighted the need of other open-source 
databases of cardiorespiratory signals acquired while 
practicing sports [10]. Thus, the present work aims to 
present Sport DB 2.0, a database including a new set of 
cardiorespiratory data acquired by wearable sensors and 
portable devices during 11 different sports. 

 
2. Database organization 

Sport DB 2.0 includes 156 cardiorespiratory datasets 
(CRD) from 130 subjects while performing 11 different 
sports, either during the whole session or before-after 
(Figure 1). Data are organized in the main ‘SportDB2’ 
directory, including 11 folders (one for each sport), which 
are American football (AMF), athletics (ATH), basketball 
(BAS), cardio-fitness (CFIT), cycling (CYC), futsal 
(FUT), speed skating (SKA), running (RUN), soccer 
(SOC), trekking (TRE), and volleyball (VOL). The BAS 
and SOC folders are organized into two subfolders (BAS1, 
BAS2) and three subfolders (SOC1, SOC2, SOC3), 
respectively. Each sport folder contains a subfolder for 
each subject performing that specific sport and each 
subject subfolder contains a subfolder for each CRD.  

Each CRD folder includes a demographic data file 
(‘Dem.txt’), a MATLAB data file (‘Data.mat’), and a 
training note file (‘TrNote.txt’). The demographic data file 
includes information about sex (male: 0; female: 1), age 
(years), weight (kg), height (cm), smoking habit (no: 0; 



yes: 1), alcohol consumption (no: 0; yes: 1; if 24 before the 
training), caffeine consumption (if 6h before the training), 
weekly training rate (times per week), presence of diseases, 
and dietary supplement consumption. Missing data are 
indicated with ‘NA’. The MATLAB data file includes 
cardiorespiratory data acquired through wearable sensors 
or portable devices, and its format depends on acquisition 
system. In case of data acquired by BioHarness 3.0, the 
MATLAB data file includes ‘Data.ECG’, containing raw 
ECG (sample rate, sf = 250 Hz), ‘Data.HR’, containing raw 
HR series (sf = 1 Hz), ‘Data.RR’, containing the derived 
RR-interval series (sf = 1 Hz) [1], and ‘Data.BR’ 
containing the raw BR series (sf = 1 Hz). In case of data 
acquired by KardiaMobile or Kardia 6L, the MATLAB 
data file includes ‘Data.ECG’ containing raw ECG (sf = 
300 Hz). In case of data acquired by Polar M400 or heart 
sensor H7, the MATLAB data file includes ‘Data.HR’, 
containing the raw HR series (sf = 1 Hz). Training note file 
contains details of acquisition protocols.  

 
3. Acquisition protocols 

All subjects were healthy (no previous history of 

diseases and not taking any drug) at the acquisition time, 
except for one subject in SOC3, who was affected by atrial 
stenosis and tachycardia of unknown origin. All subjects 
gave their informed consent prior to data acquisition, 
which was undertaken in compliance with the ethical 
principles of the Helsinki Declaration and approved by the 
institutional expert committee.  

Demographic data were collected by survey, and they 
are summarized in Table 1.  

Cardiorespiratory signals were recorded through 
wearable sensors or portable devices, that are the 
BioHarness 3.0 by Zephyr, KardiaMobile by AliveCor, 
Kardia 6L by AliveCor, Polar M400 by Polar, and heart-
rate sensor H7 by Polar.  

A specific acquisition protocol was defined for each 
sport (details are summarized in Table 2) and reported in 
the training note file. All acquisition protocols include 
three main phases: a resting phase (at least 5 minutes at the 
courtside), an exercise phase (free duration), and a 
recovery phase (at least 5 minutes; it coincides with 
stretching). Specifically, each acquisition protocol may 
include several different sport-dependent phases, which 
starting and duration were measured using a stopwatch. 

 
Figure 1. Structure of Sport DB 2.0 database. N,S indicates the number of datasets and the number of subjects. 
 
Table 1. Summary of demographic data acquired in Sport DB 2.0.  

 
Sport  N. of 

subjects 
N. of 
CRD 

Sex  
M/F 

Age  
(years) 

Weight  
(Kg) 

Height  
(cm) 

Smoking 
no/yes 

Alcohol 
no/yes 

Weekly 
training rate 

AMF 15 15 15/0 24±4 95±15 182±7 9/6 0/15 3±0 
ATH 10 30 1/9 18±2 59±5 169±9 10/0 5/5 5±1 
BAS1 11 11 11/0 19±1 78±6 187±5 7/3 1/10 5±1 
BAS2 22 22 11/11 24±4 81±19 185±12 15/7 4/18 5±2 
CFIT 6 6 3/3 32±13 71±20 172±13 4/2 1/5 4±2 
CYC 12 12 10/2 33±16 –±– –±– 12/0 –/– –±– 
FUT 7 7 7/0 22±3 69±8 177±5 7/3 1/6 4±0 
SKA 1 4 0/1 22 58 170 1/0 0/1 5 
RUN 10 10 9/1 21±1 69±6 178±6 6/4 1/9 4±1 
SOC1 10 10 10/0 29±7 76±9 180±5 7/3 0/10 3±1 
SOC2 9 14 9/0 31±8 74±9 177±5 7/3 0/9 3±0 
SOC3 1 1 1/0 23 77 178 1/0 0/1 3 
TRE 3 11 0/3 25;28;26 52;63;59 161;163;161 3/0 –/– –±– 
VOL 13 13 0/13 23±3 71±8 173±5 11/2 0/13 4±1 



Table 2. Acquisition protocols. 
 

Sport  Device Exercise phase content Time of acquisition* 
AMF BioHarness 3.0 

by Zephyr 
Kardia 6L  
by AliveCor 

Mobility, linear speed, technical 
exercises, and game simulation. 

Acquisition by the BioHarness 3.0 lasts for the 
entire duration of the training. 
Four 30-second acquisitions by Kardia 6L were 
performed at (1) resting, (2) 3-min after the 
acquisition (1); (3) 0-min, (4) 5-min after the end 
of training 

ATH KardiaMobile  
by AliveCor 

Strength training: warm-up, 6 series 
of mid squat jump and step jump;  
Speed training: warm-up, 2 sprint 
races of 200m and one sprint race of 
150m;  
Competition: warm-up and 1 sprint 
race of 200m. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training.  
Some additional acquisitions were performed 
during strength training and speed training in the 
middle of the exercise. 

BAS -  
BAS1 

Kardia 6L  
by AliveCor 

Warm-up, technical exercises, and 
match simulation. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

BAS -
BAS2 

Kardia 6L  
by AliveCor 

Warm-up and match. Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

CFIT Kardia 6L  
by AliveCor 

Cardio training: running at sustained 
speed;  
Functional training: functional 
exercises following TABATA system. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training.  
Some additional acquisitions were performed 
during functional training at the end of each 
exercise. 

CYC BioHarness 3.0 
by Zephyr 

13,9 km loop with 473 m of elevation. Acquisition lasts for the entire duration of the 
training 

FUT Kardia 6L  
by AliveCor 

Warm-up, technical exercises, and 
match simulation. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

SKA Polar M400 by 
Polar;  
HR sensor H7 
by Polar 

Warm-up, exercises with different 
duration and power. 

Acquisition lasts for the entire duration of the 
training 

RUN BioHarness 3.0 
by Zephyr 

Around Ancona protocol [11]. Acquisition lasts for the entire duration of the 
training 

SOC-
SOC1 

Kardia 6L  
by AliveCor 

Warm-up, strength exercises, 
resistance exercises, speed exercises, 
and match simulation. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

SOC-
SOC2 

Kardia 6L  
by AliveCor 

Warm-up, strength exercises, 
resistance exercises, speed exercises, 
technical exercises, and match 
simulation. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

SOC3 BioHarness 3.0 
by Zephyr 

Strength exercises, resistance 
exercises, and technical trainings. 

Acquisition lasts for the entire duration of the 
training 

TRE BioHarness 3.0  
by Zephyr 

Trek up to 4,556m of altitude. Acquisition lasts for the entire duration of the 
training 

VOL Kardia 6L  
by AliveCor 

Warm-up, technical exercises, match 
simulation. 

Six 30-second acquisitions were performed at (1) 
resting, (2) post warm-up; (3) 0-min, (4) 5-min, (5) 
10-min, and (6) 15-min after the end of training. 

*: details regarding the time of acquisitions are reported in the training note file 

 



4. Discussion 

Sport DB 2.0 is a novel database, the construction of 
which was inspired by Sport Database [1]. Differently, 
Sport DB 2.0 includes additional sport activities. 
Moreover, data in Sport Database was uniquely acquired 
by BioHarness 3.0, while Sport DB 2.0 includes data 
acquired by different wearable sensors and portable 
devices, produced by different companies.  

Sport DB 2.0 may be useful to support research activity 
on pathophysiological cardiorespiratory mechanisms 
triggered by sport activity. Clinically, it may support the 
development of new automatic algorithms for athletes’ 
health monitoring. These tools may be used by coaches to 
optimize athletes’ training/performance and by clinicians 
to monitor athletes’ health. Technically, Sport DB 2.0 may 
support the quality assessment of data acquired by 
wearable sensors and portable devices in sport 
applications. Indeed, such data are usually characterized by 
high levels of interferences. The database may support the 
design of novel signal processing procedures for 
cardiorespiratory data denoising. Finally, Sport DB 2.0 
may support the development of the novel techniques of 
data analytics and artificial intelligence applied to sport 
science and exercise and network physiology.  

Utility of data collected on Sport DB 2.0 was already 
proven in the literature. CYC dataset was used to 
investigate normative values of athletes’ ECG [2] and TRE 
dataset was used to assess cardiorespiratory mechanisms 
during high-altitude activity [13]. Finally, of note, ATH 
dataset is one of the rarely collection of data acquired 
during competition. Indeed, this rare dataset was used to 
investigate the autonomous nervous system role by means 
of heart-rate variability indices in athletes under high levels 
of physical and psychological stressors [12]. 

 
5. Conclusion 

Sport DB 2.0 represents a valid database to support the 
bioengineering research in sport: from the study of 
cardiorespiratory mechanisms associated to sport activity 
to the development of innovative signal processing 
algorithms. 
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