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Resume

This article deals with the issue of safety within the road freight transport
sector with regards to the securing of cargo on a vehicle. The first part of the
article focuses on the legal framework that regulates this issue in the Czech
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Republic. The second part is based on a case study and survey conducted

among drivers of the road freight transport vehicles into their awareness of
what they understand is meant by securing and secure cargo. The case study
was carried out in a specific transport company and includes an analysis
of the current situation and concrete measures for improving safety while

securing timber for transport.
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1 Introduction

Automotive manufacturers are currently trying to
implement autonomous driving (ADV) technology. Along
with the progress of innovative technology, new cases
of using the ADV in means of transport will appear,
which largely depend on the type of a vehicle and their
location. According to press reports, the final ADV
implementation plan is a car without a driver. However,
in autonomous vehicles, various human intentions are
incorrectly recognized. The human brain provides a lot
of information about the driver’s cognitive and emotional
states that are associated with various road events [1].
Developing a brain-computer interface (BCI) strategy
and automatic driving can bring benefits to car traffic
safety [2]. The purpose of various studies is to use
the brain (mind) in vehicle control systems or their
particular mechanisms. Particular solutions, such as
a brain-controlled car for people with disabilities, are
also being considered. In paper [3], was presented a car
for a disabled person, in which read brain signals and
controls the car accordingly. The limitations of the
BCI lead to poor vehicle control by the driver’s brain.
To improve efficiency and safety of a brain-controlled
car, a novel assistant controller designed by using
the model predictive control method was proposed
[4]. The brain-controlled vehicles can provide a way
for people with disabilities to improve their mobility.
These are revolutionary changes in a society in which

the distinction between abled and disabled driver will
vanish. The driver-vehicle interface (DVI), based on
electroencephalogram (EEG) signals, translates these
signals into driving-related commands [5]. Chinese
engineers from Nankai University in Tianjin have
developed a system that can read brain signals and
control a car accordingly. In paper [6], it was considered
to develop a brain-driven car that would be very helpful
for people with physical disabilities. The car works on
the asynchronous mechanism of artificial intelligence.
Several papers [7-8] considered developing an EEG-
based brain-controlled car, that could be used by people
with physical disabilities. At the same time, various
brain states that were the result of different patterns
of neural interaction were taken into account. Brain
patterns are characterised by different brain wave
frequencies, e.g. beta waves between 12 and 30 Hz
are associated with concentration while alpha waves
between 8 and 12 Hz are associated with relaxation and
a state of mental calm [9]. The contractions of muscles
within the head are also associated with unique wave
patterns and isolating these patterns is a way to detect
the driver’s emotional states [10]. The emotional state
of the driver directly affects the reaction time during
the emergency braking. Based on the literature data,
the pressure force and the reaction time of an abled
driver during the emergency braking were analysed
[11]. Manning [12] registered a mean peak force of
750 N while braking and found no statistical difference
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Figure 1 Simulator for a pneumatically assisted emergency braking of a vehicle: 1 - headband with surface electrodes,
2 - neural impulse actuator (NIA), 3 - wireless network interface controller (WNIC), 4 - actuator position controller (APC),
5 - pneumatic control valve, 6 - pneumatic actuator assembly, 7 -sensor of a brake pedal deflection, 8 - monitor screen.

between men and women. According to [13] average
brake force in the emergency braking event was 796 N
and the reaction time was 0.5 s. In the emergency
braking event, the simulated average speed was 67 km/h.
Furthermore, it was shown that in an emergency it
is more common to push the brake pedal before using
the clutch. It was also clearly stated that subjects who
placed their foot higher up on the brake pedal produced
a higher maximum brake force. People over the age of
50 produced maximum emergency braking force much
more slowly than younger people. The papers [14-17]
presents the results of research on the reaction time of
drivers of motor vehicles in case of accident risk. These
tests have been conducted on the driving simulator.
The study in [18] aimed to determine how a driver's
foot and ankle forces during a frontal vehicle collision
depend on initial lower extremity posture and brake
pedal force. Emergency Brake Assist (EBA) is a new
technology being developed in vehicles [19]. The EBA,
sometimes called Brake Assist (BA), detects danger
and ensures as shortest braking distance as possible.
Research conducted on the driving simulator revealed
that more than 90% of drivers fail to brake with enough
force when faced with an emergency. By interpreting the
speed and force with which the brake pedal is pushed,
the EBA system detects if the driver is trying to execute
an emergency stop and if the brake pedal is not fully
applied, the Anti-Lock Braking System (ABS) takes.
Each car manufacturer has its own emergency braking
system technology, but they all rely on some type of
sensor input. Mostly speed with which a brake pedal is
depressed. The EBA system is often combined with other
brake systems like AEB, ESP and ABS.

The authors conducted a study on use of the
bioelectric signals to control pneumatic systems [20].
This solution was used to safely control the pneumatic

servo drives. The emergency stop of a pneumatic cylinder
using “thoughts” was analysed. However, in paper [21]
they presented a new design of a wearable orthosis of the
elbow joint with a bi-muscular pneumatic servo-drive
with control based on the recording of bioelectric signals.
In this study, an innovative solution, involving use of the
brain-controlled pneumatic cylinder to exert the pressure
force on the foot brake pedal in the car, for a disabled
driver during the emergency braking, was proposed.
A pneumatic cylinder assembly has been adopted to
exert the required pressure on the foot brake pedal. The
pneumatic cylinder assembly is removable, so it can
also be used for accurate and rapid testing procedures
of brake systems, e.g. on car assembly lines. Further
tests will be carried out in the real driving conditions.
Then, the car will have additional equipment to ensure
safe driving, such as obstacle detection and avoidance
systems. If the developed braking assistance system
becomes a cost-effective way and it will be possible to
enable more functions. In the future, brain support for
driving systems such as automatic navigation systems,
automatic speed control mechanisms, traffic signals
and signboard detection and automatic car starting
mechanism will be analysed.

2 Simulator design solution

Simulator of authors' design solution for
a pneumatically assisted emergency braking system of
a vehicle, based on the driver's brain activity, is shown in
Figure 1. The driver is seated in front of a monitor screen
on which various road incidents affecting his emotional
state are simulated. The neural impulse actuator (NIA),
as a recording device, contains a headband with three

surface electrodes, a control box and communication
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Figure 2 View of the space of the dual foot brake pedals:
1 - primary foot brake pedal, 2 - secondary foot brake pedal,
3 - brake pedal mechanism, 4 - pneumatic actuator, 5 - laser sensor.

software with a wireless network interface controller
(WNIC). The NIA analyses bioelectric signals (BESs)
induced by the driver brain activity, then decodes them
into control signals sent by a WNIC to the actuator
position controller (APC).

The NIA is a non-invasive device, which reads the
BESs caused by the brain activity (as a result of brain
waves, i.e. electroencephalogram signals (EEG) and by
muscle tension inside the head (movement of the face
and eyelids, clenching of jaws, pressing the tongue on
the palate, etc. EMG - electromyography signals) [22].
The NIA device as a BCI improves the BESs to the form
of control signals useful for controlling the pneumatic
actuator. Effective control of the pneumatic control
system with use of the NIA requires a snug fit of the
sensors to readers of BESs, calibration of the device and
training of the test participants (drivers). To test the
use of biosignals and wireless communication in control
of a pneumatically actuated foot brake pedal, a wireless
network interface controller (WNIC) was built. A WNIC
enables a high-fidelity control signal to be streamed
to a Wi-Fi-connected device in real-time. The wireless
communication does not distort the control signals and
does not limit the movement of the driver while driving
a car. The actuator position controller (APC) enables
to control the movement of the pneumatic actuator by
an electrical input signal task to a directional 3/2-way
solenoid pilot operated valve. The 3/2 directional valve
is always closed in the neutral position (NC normally
closed), i.e. when the valve is not activated. Upon
the electrical signal task, the valve opens and the
actuator piston extends and presses on the secondary
foot brake pedal (braking state). When the electric signal
disappears, the cylinder piston retracts immediately
(brake release state). The APC receives a feedback signal
from the position transducer of the secondary brake
pedal. The measuring system is designed to check the

position of the brake foot pedal and protection against
uncontrolled movement of the pneumatic actuator. The
triangulation laser sensor, with an output signal in
the range of 0-4.74 V, ensures the measurement of the
pedal deflection up to 80 mm. Figure 2 shows the view of
the dual foot brake pedals space in which a pneumatic
actuator presses the foot brake pedal and the laser
sensor measures the deflection of the brake pedal.
The pressure force of the pneumatic cylinder on the
secondary foot brake pedal is constant over the entire
stroke range. In contrast, the primary foot brake pedal
pressure, felt by the driver’s foot, increases gradually but
it will be significantly felt when the brake pedal reaches
a height of 50% of the available deflection. Braking
becomes effective only when the brake pedal deflection
exceeds 60 % of the available deflection,

2.1 Dual foot brake pedals

The dual control systems are installed in cars to
ensure driving safety in special conditions. The dual
control systems in the car relate especially to the
auxiliary devices such as clutch pedals, brake pedals
and acceleration pedals, which are located on the
passenger side. Such dual control is installed mainly
in driving schools, but it can also be useful for people
who require checking while driving. The dual brake
pedals themselves have been introduced to increase
the safety standard and driving comfort for certified
driver rehabilitation specialists, who supervise disabled
drivers. The dual brake pedals can also be used by people
who want to extend the training period in a family
vehicle. In this case, the dual brake pedals are ideal
for the long-term use beyond the training evaluation
period, reducing risk and stress for both the driver and
passenger. A disabled driver during the independent
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Figure 3 Dual foot brake pedals: a) primary driver brake
pedal, b) secondary brake pedal with pneumatic assistance,
1 - pneumatic actuator assembly, 2 - brake pedal pad,

3 - brake pedal arm, 4 - tubular shaft.

driving can react to road hazards with some delay,
especially during the emergency braking. A new solution
of the dual foot brake pedals, consisting of the primary
driver pedal and the secondary pedal pressed by the
pneumatic actuator is shown in Figure 3. The primary
foot brake pedal is rigidly connected to the secondary
pedal by a tubular shaft. The driver presses his feet on
the primary foot brake pedal while braking the vehicle
under normal driving conditions. A spring returns the
pedals to the upper (resting) position when the driver’s
foot is removed from the pedal. In the case of emergency
braking, the pneumatic actuator presses the secondary
brake pedal faster before the driver starts pressing
the primary brake pedal with his foot. The secondary
foot brake pedal is pressed by a pneumatic cylinder,
which is controlled by the driver as a result of his brain
activity during the emergency braking. When relaxing
the driver, the pneumatic actuator releases the pressure
on the secondary brake pedal. The dual braking system
ensures greater driving safety because the secondary
brake pedal is pneumatically pressed when the disabled
driver cannot press the primary brake pedal in due time.

2.2 Pneumatic actuator assembly

The design solution of a pneumatic actuator assembly
with mounting accessories is shown in Figure 4.

A standard pneumatic actuator ISO 6432 (Prema
S.A., Poland), with the D = 25 mm piston diameter
and the S = 100 mm stroke, was used. The pneumatic
actuator used in the pneumatic assembly is a single-
acting cylinder with a single-piston rod. In a single-
acting actuator, compressed air is supplied only to one

Figure 4 Pneumatic actuator assembly:

a) view of pneumatic actuator, b) design solution of an
actuator assembly, 1 - pneumatic actuator (single-acting
cylinder), 2 - spherical rod-end, 3 - cap-end female clevis,

4 - articulated male rear hinge, 5 - contact pad.

side of the piston surface. The other side is open to the
atmosphere. The single-acting actuator uses compressed
air energy only for the working stroke, movement in one
direction. The return movement of the piston is effected
by a built-in spring. The presented pneumatic actuator
assembly is adapted to exert a specific pressure on the
secondary foot brake pedal in a car. When selecting the
stroke of the pneumatic actuator, it was assumed that
the brake pedal sits 160 mm from the floor, when this
distance is measured perpendicular to the front face of
the pedal. As the brake pedal is pressed by the contact
pad of the pneumatic actuator, it rotates through an arc.
This angle can be up to 40° depending on the vehicle
type. The total brake pedal deflection is 80 mm. The
free displacement of the brake pedal, which may be
around 6% of the available deflection, must be taken
into account.

2.3 Neural impulse actuator

The neural impulse actuator (NTA) device by OCZ is
a BCI type interface equipped by a neuro signal reader
[23]. Signals, originating from the neural activity of the
brain, are captured by the NIA in the form of electrical
biopotentials, which occurred as a result of Alpha and
Beta brain waves, movement of the facial muscles and
eyelids. The NIA is a non-invasive device that was used as
a brain-machine interface (BMI), that reads bioelectrical
signals (BESs) caused by brain activity, muscle tension
in the head and during eye movement. The NIA offers
interpretation of the raw EEG (electroencephalography)
and EMG (electromyography) data, as well as their
translation into an understandable frequency spectrum.
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Figure 5 Control system: 1 - NIA set, 2 - data acquisition device,
3 - microcomputer board, 4 - wireless card

The EEG records a series of brain waves and EMG
records muscle movement. The NIA is composed of
a control box, client software and a headband with three
diamond-shaped sensors, which are put on the driver’s
forehead. In the control box, recorded BES are analyzed,
translated and sent to the NIA client software suite
for further processing. The client software relays the
binary impulse signals sent from the control box and
passes them onto an executable program based upon
the command specifications. The software provided with
the NIA enables calibration and defining the control
profiles creating applications. The rubber headband
consists of three diamond-shaped conductor plates with
BESs sensors based on carbon nanofibers (CNF's), that
are bound to the forehead. Effective control of technical
devices with use of the NIA requires a snug fit of the
BESs sensors to the forehead, calibration of the device
and training.

2.4 Simulator control system

The simulator control system consists of the NIA,
microcomputer board ALIX.1D PC, data acquisition
device MicroDAQ USB-1208FS and a wireless card
Ubiquiti XR2 WiFi card (see Figure 5). The ALIX.1D
system board is equipped by an AMD Geode 500 MHz
processor and 256 MB of RAM. It is powered by a 12
V supply and has the low power consumption, in the
range of 0.4 to 0.5 A. The software for the servo drive and
controller was written using the LabVIEW environment.
The task of the system board is to integrate the
wireless card, IO port and the controller application.
The Windows operating system has been installed on the
memory card. Since the controller requires +24 V supply
the device uses a step-down voltage regulator built on
an LM2576 system to reduce the voltage to the required
12 V. The I/O port for the controller is the MicroDAQ
USB-1208FS data acquisition module, connected with

the controller board via a USB cable. This module
includes 12-bit differential analogue inputs and 11-bit
single-ended inputs. In the single-ended mode, a +10
V measurement is possible, whilst in the differential
mode, +20 V. Two 12-bit analogue outputs are available
for generating output signals. The output voltage range
is 0 + 4.096 V under a maximum load of 15 mA. Due
to the low output voltage, a k, = 2.5 preamplifier was
installed on the controller to obtain a 10 V output signal.
The preamplifier was built on the LM358 Op Amp
system. Use of a rail-to-rail amp is connected with the
asymmetric controller supply current.

Two applications were written, the first for
communication between the NIA control box and the
computer and the second for controlling the pneumatic
actuator. Both applications were written using LabVIEW
software. Data are sent via a wireless IT network,
which enables the use of the TCP and UDP wireless
transmission protocols. The TCP protocol ensures
reliable delivery of data to the receiver using follow,
confirm and retransmit functions for the data. The
second UDP protocol has a simpler structure and is
faster, but does not ensure the retransmission of lost
data. For the position control of the pneumatic actuator,
a PID controller was used, with tuning carried out by the
Ziegler-Nichols method.

3 Biosignal processing

Currently, the tendency to use the bioelectric signals
to control technical devices is increasing. The brain
provides a lot of information about a person’s physiological,
emotional and cognitive states, which, when properly
selected, can be used for various purposes. Brain activity
accompanying their various states is reflected in the
BES waves of varying range and frequency. Reading the
BES is generally described in terms of its amplitude and
frequency band. The amplitude of the EEG shows a great
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Figure 6 Recorded time-dependent BESs spectrum
activated by the muscle tension inside the head.

deal of variability depending on external stimulation, as
well as internal mental states. Electrodes located on the
scalp register brain wave activity, which results in the
user being able to issue commands by “thought”. These
electrodes also read muscle tension in the head area,
which result from brain activity. The brain activity causes
a change in biosignals that can be measured and used as
control signals. Biosignals are space, time, or space-time
records of a biological event such as a brain activity or
a contracting muscle. The electrical and mechanical
activity that occurs during the biological events produces
signals that can be measured and analysed. Biosignals,
therefore, contain useful information that can be used
to understand the underlying physiological mechanisms
of a specific biological event or system and that may be
useful for technical. Basic methods of signal analysis,
such as amplification, filtering, digitization, processing
and storage, can be applied to many biological signals
[24].

Once the NIA has captured the BESs, they are
analysed and separated through the Fast Fourier
transforms (FFT) into different frequencies to be
translated into commands that the user defines as
control signals to activate the pneumatic actuator of the
secondary brake pedal. To obtain the extension of the
actuator down (pressure force on the brake pedal) and
retract the actuator up (release the pressure force on
the pedal) control commands were selected, u = (down,
up). Figure 6 shows the recorded time-dependent BES
spectrum activated by muscle tension in the head.
However, Figure 7 shows the recorded BES frequency
spectrum activated by the muscle tension in the head.

There are two main problems during the detection,
recording and decoding of the BESs to command signals.
The first problem is the signal to noise ratio. The second
problem is the noise signal defined as an electrical signal
that is not a part of the desired BES. Research on the
BESs shows that distinction of mental tasks can be
carried out selectively in selected frequency bands. The
measured BESs can be processed to eliminate noise or
other possible interference. Initial biosignal processing

350 1
300
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150 il

Magnitude [dB]

100+

Frequency [Hz]

Figure 7 Recorded BESs frequency spectrum activated by
the muscle tension inside the head.

usually involves signal filtration and removing noise
and interference. At this stage, digital filters, spatial
filters and signal whitening methods are used. These
different approaches have been considered to perform
the analysis in the frequency domain and to compute
power spectral density (PSD) of the BES. Features,
obtained using the discrete Fourier transform (DFT),
illustrate the amplitude of the signal for individual
frequency components, can be written as [25]:

= Mil xi(n)w(n)e™

n=0

Xi(k) w!'l1<i<K, (1)
where x, is the measured BES as the input variables, n
is the number of the signal sample, M is the samples per
segment, K is the smaller segment, w(n) is the windows,
o, is the discrete frequency of DFT, o, = 2 w k/N, k is the
frequency bins, N is the number of samples, N=M R, R
is the number of non-overlapping frames.

The power spectrum, according to the second
modification made by Welch to Bartlett’s method, is [26]:
(k) = gl X(R)T, )
where U is the normalisation factor for the power
spectrum in the window function w(n):

1 M—=1 .
U= 5w ®
n=0

Based on Equation (2), the main power spectrum in
a frequency band for a limited time can be calculated as:

1 K—1
Bu(k) = 7722 P(k). 4)
i=1

For the real signals, due to the symmetry of the
spectrum, it is sufficient to account for a half of the N/2
stripes only. It is known that the useful biosignal band
is in the range from 0.5 Hz to 50 Hz. Due to the overall
power spectrum, it is possible to identify a disturbance
of the bio-potential baseline and distinguish it from
increased brain activity. The BESs electrical potentials
have both positive and negative voltage. To convert
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Figure 8 Processing for smooth BES data: 1 - measured

BES data (absolute value), 2 - FFT filter, 3 - Lowess
method, 4 - Low-pass filter.
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Figure 9 Processing for the smooth BES data: 1 - measured
BES data (absolute value), 2 - FFT filter, 3 - Lowess
method, 4 - Low-pass filter.

the BES to a user control signal, all the negative
amplitudes are firstly converted into positive amplitudes
(see Figure 6). The negative peaks are transferred in
a positive direction. In addition to transparency of the
record, this action aims to obtain the ability to plot curves
for the standard amplitude parameters, such as mean,
peak - maximum and field values (the raw BES record
has an average amplitude value equal to zero). To solve
this problem, a unique part of the signal is minimized by
using the digital smoothing algorithms that emphasize
the main direction in which the biosignal travels. Peaks
with excessive amplitude are trimmed and the biosignal is
linearized. In addition, a digital smoothing algorithm was
used. For smoothing the BESs data, an FFT filter, a low-
pass filter (LF) and the Lowess method (LM) was used.
The LM also is known as locally weighted polynomial
regression (LWPR). The LWPR approximates nonlinear
functions in large-dimension spaces with redundant and
insignificant inputs. The effect of the BES data smoothing
process is shown in Figure 8.

As a result of the driver’s brain activity experiment,
it was concluded that the BES with frequencies of up to
50 Hz and amplitudes of several mV, caused by muscle
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Figure 10 Test results of emergency braking: 1 - control
signal based on Lowess method filter, 2 - brake pedal
deflections measured with a laser sensor.

position [mm]

0-
12:43:38

124343
time
Figure 11 Results of pneumatic actuator position control:
1 - set position, 2 - current position.

tension in the head, e.g. pressing the tongue against the
palate or clenching of jaws with a bigger or smaller force,
provides the best effects of the position control signals of
the pneumatic actuator generation, that presses on the
secondary foot brake pedal. Accuracy of the pneumatic
actuator movement and the brake pedal deflection
can be increased by the driver training on the driving
simulator.

4 Emergency braking test

Results of the first tests on a brain-controlled
pneumatic actuator to assist vehicle emergency braking
have been published in a scientific letter [27]. The
drivers’ ability to generate biosignals at a sufficient level
can be achieved through appropriate exercises. During
the tests, the effect of various biosignals, decoded on the
signals controlling the pressure force of the pneumatic
actuator on the secondary brake pedal, was analyzed.
Various driver activities generating biopotential were
taken into account, such as eyeball movement, muscle
movement on the forehead, or moving the jaw, heavy
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thinking and relaxing, or closing the eyes. The best
effects were obtained at pressing the tongue against the
palate or clenching of jaws with a greater or lesser force.
The time-dependent BES spectrum when the tongue is
pressed to the palate and the smoothing process this
spectrum is shown in Figure 9. Processed biosignals
are amplified to input control signals in the range of
0-10 V, which are used to valve control of the pneumatic
systems. Practical tests of control of the pneumatically
assisted braking system that were carried out confirmed
the assumptions of using the driver’s brain activity
for the emergency braking. Sample results of practical
tests, carried out on the test stand, showing control
signals based on the LM smoothing, are presented in
Figure 10. The graphs in Figure 10 show that there is
a delay between the control signal of the pneumatic
actuator and the measurement signal of the brake pedal
deflection, which affects the slowing down the braking of
a vehicle. This delay is due to data acquisition and the
process of generating and processing the control signal.

The reaction time ¢, of the pneumatically assisted
emergency braking is the sum of the processing time ¢,
of the biological signal (see Figure 9 based on the tests)
and the stroke time ¢_of the pneumatic actuator:

Lr=1,+t =023+0.01 =0.24s. (5)

The task of controlling the pneumatic actuator was
not to precisely position it, but only to rapidly extend
the piston rod. Figure 11 shows the position control
results of a pneumatic actuator for a step input signal.
The above graphs show that there is a delay between
the value of the input signal and the actuator response.
With a rapid increase in the control command, the
delayed valve actuation and movement of the pneumatic
actuator are always technically justified.

Tests carried out on the simulator confirmed that
a brain-controlled pneumatic actuator can be used to
assist the emergency braking of the vehicle.

5 Conclusions
In this study, the possibilities of using a driver’s

brain activity to pneumatically actuate a secondary foot
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