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The use of piezoelectric sensors in the data acquisition of vibration signal for
monitoring systems on vehicles is a practical way to determine the
performance of vehicle suspension systems (VSS). However, the transmission
of vibration signal data through piezoelectric sensors still relies on
conventional techniques, such as wires, which can cause problems in areas
with limited space and pose a safety risk for moving vehicles. This study
developed a wireless piezofilm sensor-based data acquisition device to
monitor VSS using an Arduino microcontroller as a signal processor and a
Bluetooth HC-05 module as a wireless communication link with a control
terminal. The data acquisition process is carried out by measuring the
electrical signal resulting from the vibration of the piezofilm sensor caused by
the dynamic motion of the VSS operation. The signal data acquired from the

car's body and lower arm was analyzed using the Fast Fourier Transform
(FFT) analytical method for comparison. The results of the analysis show that
the vibration increases with the increase of the car speed. It found that the
vibration at the lower arm of the car is higher than the body part. It can
conclude that the developed wireless piezofilm device is effective and capable
of performing VSS monitoring.
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1. INTRODUCTION

A suspension system refers to springs, shock absorbers and mechanical linkages that connect the vehicle
with its wheels. It is designed to assist the handling and stop of the car (brakes) as part of an active safety
system. The absence of these components can cause discomfort in driving [1]. Vehicle monitoring systems are
critical to the automotive industry to identify vehicle performance conditions to prevent component failure and
damage to vehicle systems. System performance or fault detection can be made based on the information
obtained, such as acoustic radiation information, vibration frequency waves, oil analysis and temperature
variations [2]. Monitoring the vehicle suspension system (VSS) performance can be measured by obtaining
vibration information of certain parts of the vehicle body while driving. It can measure with several vibration
sensors such as accelerometers, gyroscopes, ultrasound sensors and piezoelectric sensors that can collect 3D
vibration signals (x, y and z axes).

A feasible way to determine the performance of car suspension systems is to use piezoelectric sensors in
vibration signal data acquisition. However, the system still uses cables to convey vibration signal data from
piezoelectric sensors. The existing vibration signal data acquisition systems are costly, not user-friendly and
require much equipment [13]. According to [3], current monitoring systems are expensive and need to be
replaced with cost-effective wireless sensor systems. Because the conventional data acquisition process is
costly, the need to adopt low-cost technology allows institutions and companies access to reduce their budgets

[4].
In this study, a data acquisition device is developed by designing a wireless piezofilm sensor system based
on Arduino platform embedded MATLAB environment, analyzing raw signals obtained and compare the
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performance of VSS using MATLAB software [14]. The main objective of this study is to develop a more
practical data acquisition device based on a wireless piezofilm sensor to determine VVSS performance in terms
of safety and difficulty in installation and capable of monitoring VSS response.

2. METHODS

The development of a device begins with the collecting of information from previous studies. Next, the
selection of hardware is made by obtaining the necessary components from the market, installing those
components, and creating a processing program according to the schematic being prepared. Furthermore, the
Arduino processing programming is linked with MATLAB software to run the data acquisition process to
obtain the electrical signal response resulting from VSS operation [15]. The last step is to analyze the raw data
obtained to see the relationship between signal response and VSS performance. The design is separated into
two sections, namely hardware and software [16]. The device produced are based on Arduino UNO
microcontroller as the signal data processor, piezofilm sensor as a transducer, Bluetooth HC-05 module as
wireless communication connection, data logger shield to store raw data and 9 V battery as a power source to
the device.

2.1 Hardware

Hardware installation of the wireless piezofilm sensor device based on the wiring schematic as shown in
Figure 1. Hardware required in the development of this device are:

1. Arduino UNO Microcontroller

The Arduino Uno is an ATmega328P-based 16 MHz quartz crystal microcontroller board with 14
digital input/output pins (6 pins used for PWM output), 6 analogue inputs, USB connection, a power
jack, ICSP header and reset button.

2. Piezofilm Sensor

The sensor used in the development of this device is a piezoelectric film type that can produce a
voltage in proportion to the mechanical stresses and strains and is also a very rugged sensor in use
[12]. In addition, the piezofilm had a pulse signal which was then detected by electronic equipment,
namely the Arduino microcontroller for this study. Therefore, this sensor is suitable for detecting
vibrations resulting from the dynamic motion of the VSS as it is susceptible to any mechanical
movement. In this study, two piezofilm sensors were used in the production of a wireless data
acquisition device. One piezofilm is used to detect the vibration signal on the sprung mass (the car
body) and another piezofilm to detect the vibration signal on the unsprung mass (the lower arm of the
car).

3. Bluetooth HC-05 Module

The HC-05 Bluetooth module is an easy-to-use SPP (Serial Port Protocol) Bluetooth module designed
for wireless serial connection preparation. Serial communication makes it easy to interact with a
controller or computer. The HC-05 Bluetooth module provides a switching mode between
master/slave modes to either receive or send data.

4. Arduino Data Logger Shield

This Data Logger Shield allows the Arduino Uno board to record piezofilm sensor data to an SD card.
It is effortless to use; put this shield on the Arduino board, and it be able to record data. It also provides
some beneficial features for the development of this device: the DS1307 Real Time Clock module for
recording time and the SD card reader module for recording data into the SD card in FAT16 or FAT32
format. It has a maximum capacity of up to 32GB.

5. 9V Battery

A 9V battery power source is required to supply power to the Arduino microcontroller and Bluetooth
module; however, piezofilm sensors does not require an external power source because the voltage is
generated from the mechanical stress and strains of the sensor itself. The 9 V battery is chosen over
other power sources because it is smaller and due to Arduino board has an external voltage input range
of 7to 12 V. Thus, it is very suitable and safe to use.
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Figure 1: Hardware connection of a wireless piezofilm sensor device.
2.2 Software

The operating system programming for this wireless piezofilm device is divided into two sections, namely
Arduino IDE and MATLAB.
1. Arduino IDE

An Arduino program code that corresponds to the work instructions for the data acquisition process
using this device is designed and uploaded into this wireless piezofilm device using Arduino IDE
software to instruct the Arduino microcontroller to perform the task.

2. MATLAB

MATLAB software serves as a device system controller and processes raw data for analysis to
evaluate VSS performance. The Arduino platform will be embedded in the MATLAB environment to
start and end the signal measurement process to perform MATLAB as a device system controller.
Furthermore, MATLAB is used in conjunction with Arduino as a data analysis engine due to Arduino's
weakness in complex analysis.

2.3 Research Design

The study was conducted on the vehicle suspension system (VSS) for Toyota's Vios model 1.5E 2010.
The parameters involved in this study are the measurement time, sampling rate, vehicle speed and road surface
conditions [17]. The study was carried out on a flat road in Bandar Baru Bangi, Selangor area. The
measurement of the vibration signal from VSS is recorded for 5 seconds with the same sampling rate of 1000
Hz for each measurement. The study will be conducted at three different car speeds, that is 40 km/h, 60 km/h
and 80 km/h. The speed of the car is limited to 80 km/h in this test as a safety measure while driving.

2.4 Data Acquisition Method

The data acquisition process was made using a developed wireless piezofilm sensor device place in the
engine compartment of the car [18]. Figure 2 and Figure 3 show the position of the sensor; piezofilm sensor
(P1) is attached to the top frame of the car, namely at the top after the shock absorber (sprung mass) and
piezofilm sensor (P2) is attached to the lower arm of the car, which is before connection to shock absorber
(unsprung mass). The schematic of the data acquisition process is as shown in Figure 4.

Figure 2: Position of piezofilm P1 on the upper frame  Figure 3: Position of piezofilm P2 on the lower arm of
of the car body the car
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Data are recorded for 5 seconds via a designed MATLAB command. The data obtained are in the form
of electrical signals (voltages) which is generated due to the vibration of two piezofilm sensors because of the
reaction from the VSS operation [19]. The raw data obtained will be analyzed using MATLAB software to
observe the performance of the VSS response on the tested cars.

Wireless
Piezofilm
Device

Bluetooth Communication
Figure 4: Schematic of the data acquisition process

2.5 Data Analysis Methods

Fast Fourier Transform (FFT) analysis was used to analyze the vibration signal data obtained in this study.
FFT is used to convert time domain signals to frequency domains wherein the frequency domain, the same
signal is composed of large sine wave components and other significant sine wave components [21]. When
these components are separated, the small components will be easily visible. FFT is a powerful signal analysis
tool that is widely used in various fields such as spectral analysis, digital filtration, applied mechanics,
acoustics, medical imaging, capital analysis, numerical analysis, seismography, instrumentation, and
communication [5]. [6] have used the FFT method to analyze the vibration signal from the car engine to observe
the effectiveness of the engine support components. An evaluation of the performance of the VSS can be made
by comparing the frequency domain signal spectrum for the signal response generated during the operation of
the VSS in various conditions.

3. RESULTS AND DISCUSSION

FFT analysis aims to determine the dominant frequency found in the measured signal data to correlate the
signal data obtained with the vibrations generated at two reference points, namely on the car body (P1) and
lower arm (P2). Figure 5 shows a graph in the time domain and frequency domain for the P2 signal data for a
speed of 60 km/h obtained through FFT analysis. Meanwhile, the overall results from the FFT analysis are as
shown in Table 1.
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Figure 5: Graph of time domain and frequency domain for car speed 60 km/h
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Table 1: Dominant frequency values for signals P1 and P2

Car Speed  Dominant Frequency P1 ~ Dominant Frequency P2

(km/h) (Hz) (Hz)
40 7.4 40.2
60 12 47
80 12.8 57.2

Based on the analysis data for the dominant frequency, the comparison of VSS performance can be
represented in a graph such as Figure 6.
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Figure 6: Comparison of dominant frequencies for P1 and P2

Referring to the graph in Figure 6, the dominant frequencies for P1 and P2 signal data are directly
proportional to car speed. It can conclude that the vibration in the car has a significant relationship with the
speed of the car, where the vibration increases with the increasing speed of the car. These results are in line
with a study by [7], who reported that vehicle speed affects travel comfort. Increasing vehicle speed
consistently increases the vertical acceleration and amplitude of the power spectrum density. A study from [8]
also states that the frequency ratio increases with increasing vehicle speed.

For comparison between the vibration on the car body with the lower arm of the car, it is discovered that
the dominant frequency value for P2 signal data is higher than P1. This indicates that the body of the vehicle
which is in the sprung mass vibrates at a low rate because it is supported by VSS, while the lower arm which
is in the unsprung mass gives high vibration because it is not supported by VSS. That is supported by [9], who
found that the lower arm is a significant vibration source. Vibration from the road surface will pass through
the lower arm of the car to the suspension system and subsequently the vehicle body frame. [10] stated that the
vibration behaviour of components in the VSS such as axles, lower arms, torsion bars and others are in the
range of 50-200 Hz. In comparison, the vibration of the vehicle body is in the frequency range of 0 - 30 Hz
[11].

The study also showed that vibrations on the vehicle body were absorbed during the operation of the VSS
compared to the lower arm that did not rely on the VSS, which gave a high-frequency value. The main factor
affecting the driving comfort of a vehicle is the vibration caused by the unevenness of the road acting on the
wheels and through the VSS transmitted to the vehicle's body [20]. The stiffness and damping of the VSS affect
the vibration strength and comfort of the car. Increased VSS damping causes the vertical acceleration amplitude
of the power spectrum density to decrease because vibrations have been absorbed during VSS damping [7].

4. CONCLUSION

Based on the FFT analysis results, it can conclude that this developed wireless data acquisition device is
suitable for replacing the conventional methods. With the development of this device, it can be a valid system
for data acquisition for dynamic applications that allows frequency rates up to 1000 Hz, with a resolution of
10 bits and an input voltage between 0 to 5 V, via Bluetooth communication. This device can also provide
convenience in monitoring VSS performance, especially to vehicle owners or vehicle workshop operators,
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because it is more practical than the existing system regarding cost, difficulty level and safety during VSS
monitoring. Its simple design and small size make this device easy to move and store. The device also provides
an intelligent monitoring system since it is developed using microelectronic technology that can process data
digitally and at high speed. The capability of this device in the acquisition of VSS data can apply for monitoring
other systems such as monitoring machine operation, vibration on structures and so on.
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