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ABSTRACT
Continuous heart rate monitoring in cars can allow ambient health
monitoring and help track driver stress and fatigue. We present a
data set from accelerometers embedded in a car seat which includes
ten people sitting in the passenger seat of a moving car, and surface
ECG data of each user to provide ground truth of the heartbeat.
This data can be used to analyze the heart activity of people in cars,
despite the presence of high levels of noise from car motion, human
motion, and the car engine.
Figure 1: A hardware setup photo and a sensor layout diagram shows the channel label for each sensor axis.
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in-car environments subject to periodic noise such as car engine
vibration and impulsive noise from subject movement.
We propose using accelerometers embedded in a car seat to measure the motion of the heart. Vibration sensing such as that from
accelerometers has been successful in scenarios such as identification [7], localization [5], and health tracking [3]. We present a data
set of accelerometer data from ten people sitting in the passenger
seat of a car. We use multiple sensors embedded in the car seat to account for variations in body size and position. The experiments are
conducted based on guidelines approved by the CMU Institutional
Review Board (IRB) review (Registration Number: IRB00000666).
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INTRODUCTION

Continuous heart rate and heart rate variability (HRV) monitoring in cars can allow for ambient health monitoring. Short-term
HRV monitoring can be used to track stress and fatigue, which are
important driver safety issues [2, 11].
Prior work takes a number of approaches including photoplethysmography, electrocardiography (ECG), and cameras [4, 6, 9]. These
methods can be useful for heart-rate monitoring in static environments but are inconvenient to the user or inaccurate for HRV
measurements. In particular, these approaches fail for high-noise
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EXPERIMENTS

To evaluate the application of vibration for heart rate monitoring, we performed a set of experiments in a car. The make, model
and year of the car we used was Mazda CX5, 2016. We use the
W354C03_010G10 piezoelectric accelerometer, sampled at 10 kHz [8].
We put the sensors on the passenger seat because passengers move
more freely and would give us more varied motion noise. To get
the ground truth [10] for heart rate, the subjects wear a Zephyr
Bioharness belt (capacitive ECG). In this section, we first describe
the number and location of the sensors (in Section 2.1). Then, we
discuss the human subjects details (in Section 2.2). Finally, we discuss the file settings and format for the dataset (in Section 2.3).
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2.1

Sensor Placement

The sensors were embedded into a cloth pad that was attached to
the passenger seat of a car. A photo of the cloth pad on the seat is
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Table 1: Subject Experiment Details
Subject

Gender

Height

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8
Subject 9
Subject 10

Male
Male
Male
Female
Female
Female
Female
Male
Male
Female

5’11”
5’10”
5’11”
5’3”
5’0”
5’6”
4’10”
6’3”
6’0”
5’5”

Car Status
Idle
Idle
Idle
Idle
Moving
Moving
Moving
Moving
Moving
Moving

Figure 2: 3 seconds of raw z-axis data from a subject.
and in some cases, an ill-fitting chest harness for the ECG. Using
a high-pass filter on this data is recommended in order to reduce
motion artifacts in the ECG data.
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shown in Figure 1a. We have utilized five sensors including three
sensors on the backrest at different heights, one sensor on the seat
belt across the lap, and one sensor on the back of the headrest. The
top two sensors on the backrest accommodate different heights of
drivers and passengers and are located slightly to one side of the
backrest in order to be closer to the heart. The sensor at the bottom
of the backrest is used to characterize noise from the person talking
or moving as well as noise from car motion and the engine and
hence, is put further from the heart. The sensor on the seat belt
is used to pick up the heartbeat through the stomach when the
person leans forward. Finally, in order to characterize noise from
the car, we have utilized the sensor on the back of the headrest. The
dataset includes the vibration from three axes for five sensors and
therefore is formed into 15 columns of data. Figure 1 b shows the
labeled column for each axis of data, starting from column 0.
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In this data set we have included vibration data from 10 subjects, 5
women and 5 men. Table 1 shows the gender, height, and whether
the car was moving for each subject. For the first four subjects, we
let the car sit in the parking lot with the engine running, while for
the last 6 subjects, we drove around the neighborhood of Moffett
Field, CA stopping at stop signs and getting on and off the nearby
highway. Our idling subject data was analyzed in some of our
previous work [1], but the moving car data has yet to be published.

2.3

CONCLUSION

To evaluate the application of vibration for heart rate monitoring in
a car, we performed a series of experiments. We presented a set of
data from ten people sitting in a car that has multiple accelerometers
embedded in the seat. We hope the research community finds value
in analyzing this data for in-vehicle heart-rate monitoring.

Data File Settings

The data was recorded in comma-separated-value (CSV) text files,
each of which contains a 23-line header and then 100,000 lines
of data in 16 columns, comprising 10 seconds of data. The first
column contains the timestamp and the next 15 columns contain
the 3 axes of the 5 sensors in order of axis, so x, then y, then z
axis data. We expect the z axis data to be the most useful because
it is parallel to the direction the heart beats. Figure 2 presents an
example usage of the dataset. We have plotted 3 seconds of the
z-axis data of a single sensor from Subject 2 (channel 2 from file
"data_16-09-16_1632_049.csv") in Figure 2, with the locations of the
heartbeats outlined in boxes.
The ground truth for each experiment is collected in a separate
CSV file, as capacitive ECG data with a sampling rate of 250 Hz.
In this file, there are two columns of data, the first column is the
timestamp and the second column is the ECG signal. The ECG
signal suffers from motion artifacts due to the motion of the subject
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