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Abstract

In this study, drivers are warned according to detected adverse driving conditions by miniature
vibration motors positioned on the steering wheel by obtained information from sensors such as
acceleration sensor placed in the center gravity of vehicle, the proximity sensor placed on the rear
bumper and rain sensor placed in fender. For this purpose, two different electronic circuit boards are
used including firstly center gravity placed in vehicle that has collected signals from sensors and
secondly center steering wheel that controlled the miniature vibration motors placed on the steering
wheel cover. Wireless communication was established between the two electronic circuit boards. Tests
was carried out in real road conditions; it was determined that drivers are warned on steering wheel
with vibrations at the different durations (180 Hz frequency) according to the scenario developed for
adverse driving conditions using accelerometer sensor, proximity sensor and the rain sensor. It was
seen that the developed prototype can be used on available vehicles with small modifications, with a
simple montage for a vehicle in the production process.
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1. Introduction

Last years, there has been a great deal of
interest in the development of driver
assistance systems, in particular collision
warnings [1,2].Vehicle collision warning

systems using visual, auditory, haptic
interfaces has been developed and
commercialized[3].  Driver inattention,

meaning a lack of concentration, has been
identified as one of the leading causes of car
accidents, estimated to account for 26 - 56%
of all road traffic accidents [4,5]. Thus,
sophisticated safety warning systems are
now being developed in order to try and
promote safe driving [6]. Investigations into
the design of optimal warning signals that
can alert drivers to potential dangers are
essential [7]. One human sense that could
potentially be utilized more in a driving
environment is the sense of touch. The
integration of touch into the traditional focus
on vision and audition in automobile design
is supported by robust neuropsychological
research on the multisensory integration of
sensory information [8,9]. The last few
years have seen the development of a
variety of new technologies, such as
sophisticated advanced collision avoidance
systems, designed to monitor the traffic
environment automatically and to provide
additional information to drivers in
situations with a safety implication. A great
deal of empirical effort has gone into
studying how best to alert and warn
inattentive drivers to impending danger
[10].A driving environment has become
more complex with advanced -electronic
devices and drivers tend to lose their visual
attention from the road while receiving
information from those devices
[11,12].Specially when a driver is focusing
on an object with a narrow visual angle,
accident risks could increase[13]. Thus, an
effective warning can be helpful for
attracting attention of distracted drivers
when they are unable to detect possible
collision situations [14].However, visual
warnings have a risk of not being noticed by
drivers when they are distracted [15] and the
auditory warnings could be masked and not

be delivered to the driver because of the
ambient noise [16].Therefore, in this paper,
drivers are warned with detected adverse
driving conditions by miniature vibration
motor positioned on the steering wheel
using information from sensors such as
acceleration sensor placed in the center
gravity of vehicle, the proximity sensor
placed on the rear bumper and rain sensor
placed in fender.

2. Materials and Methods

Steering wheel vibration controlled driver
warning system consists of two different
electronic units which can communicate to
wirelessly, these are electronic sensor
control unit which was mounted the centre
gravity of vehicle and vibration motor
control unit which was mounted on steering
ring. As it is shown Figure 1, Arduino Mega
2560 R3 electronic control card was
supported by 5V DC input voltage that was
converted from 12 V DC car battery via
DC/DC converter. To determine the vehicle
motion in three axis X, y and z
ADXL335accelerometer sensor that was
mounted centre gravity point of the vehicle,
The distance sensor HC SR04 which was
mounted on back side of buffer of vehicle
and the rain sensor which was mounted
front wheel mudguard were connected to
Arduino Mega 2560 R3 electronic control
unit via cables. 8 pieces vibration motors
placed with 45 degrees ranges on steering
wheel cover that had been mounted on
steering ring. The steering wheel cover
which had been mounted with small
vibration motors previously was fixed on the
test vehicle steering ring. The vibration
motors were controlled by electronic circuit
which was commanded by arduino nano
electronic card supported by 3.7 VDC
electric source. The communication between
steering wheel vibration control system
Arduino Nano 3.0 and the Arduino Mega
2560 R3which was mounted centre gravity
of car were implemented by one piece HC-
05 master bluetooth communication module
and one piece HC-06 RF wireless
transceiver communication module. HC-06
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RF wireless transceiver communication
module was integrated with arduino mega
2560 R3electronic card, HC-05 master
bluetooth communication module was
integrated with Arduino Nano3.0 electronic
card. Due to master and slave Bluetooth
modules automatic wireless communication,
both Arduino Nano 3.0 vibration motors
control unit and Arduino Mega 2560 R3
control unit which was mounted centre
gravity of car can communicate each other.
Schematic pictures of steering wheel
vibration controlled driver warning system
was given in Figure 2, and Figure 3,
respectively.

HC-06 SLAVE BLUETOOTH
COMMUNICATION MODULE
ek =~

flan-ny 3

ARDUINO MEGA 2560 R3
ELECTRONIC SENSOR
CONTROL CENTER UNIT

ACCELEROMET!

RAIN SENSOR
MOD

VEHICLE GRAVITY POINT

SENSOR

SMALL VIBRATION MOTORS

1]

L) EEEE
I EEXR

......

6SP 061225 |
110mAh 3.7V .

STEERING WHEEL
VIBRATION MOTORS
AND CONTROL UNIT

(b)
Figure 1. (a) Electronic circuit diagram of the
driver warning system (b) wireless connection

diagram of the vibration motors on the steering
wheel

Singh et. al [19] was reported that
connecting two devices via bluetooth
requires two phases;

Inquiry (first stage):In this process sender
broadcasting inquiry packets, which do not
contain the identity of sender. And in
inquiry Scan receiver devices listen for
packets send by sender, and upon detection
of any such packets, the device broadcasts
an inquiry  response  packet [19].

VIBRATION MOTORS

Figure 2. Schematic illustration of vibration controlled driver warning system on the steering wheel

79



ARDUINO MEGA 2560 R3 ELECTRONIC
SENSOR CONTROL CENTER UNIT

| THE RAIN SENSOR
[ MOUNTED UNDER FENDERJ

Figure 3. Mounting on the vehicle of improved vibration controlled driver warning system

In this paper, first stage was provided with
HC-05 master Bluetooth communication
module by determined MAC address
communication.

Page (second stage): When paging, a
sender device tries to form a connection
with a device whose identity and clock are
known. Page packets are sent, which contain
the sender’s device address and clock, for
synchronization. And in Page Scan that is
perform after paging: In this state a receiver
device listens for page packets. Receipt is
acknowledged and Synchronization between
the devices is established [19]. In this paper,
second stage was provided with HC-06 RF

wireless transceiver communication module.
Using this kind of communication method
on this work, keeps the system away from
the cars’ electronic components signal
frequencies and exposed base stations
frequency interferences on cruise states.
Flow diagram of vibration controlled driver
warning system from the steering wheel is
given in Figure 4. Vibration controlled
driver warning system that improved in this
study was operated literally according to the
flow diagram given Figure4 and using
prepared programs to the accordance for
aims.
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Figure 4. Flow diagram of vibration controlled driver warning system from the steering wheel

3. Discussion and Results

Figure 5 (a) is given the graph of sudden
acceleration change in the y axis during
change of lane during the straight road
driving conditions. The drivers was warned
throughout unstable driving stage with 180
Hz vibration frequency (throughout unstable
driving zone) of the miniature vibration
motor on the steering wheel that is occurred
adverse driving conditions with acceleration
change in the y axis during change of
sudden lane at the straight road driving
conditions. In this case, it was informed

which impaired direction about the driving
stability of the vehicle along the lateral axis
(y axis) to driver. Thus, it was informed the
driver about needing rotation direction of
car's steering wheel for ensure the driving
stability.

Figure 5 (b) is given the graph of
acceleration change in the z axis during the
dangerous gravel road driving conditions.
The uneven acceleration change throughout
the z axis at the gravel road conditions was
~transmitted to the driver with 180 Hz
vibration frequency (each 3.5 second
periods) via miniature vibration motors on
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the steering wheel. Thus, system informed
driver about driving in the appropriate speed
of car at the gravel road conditions.

THE GRAPH OF REAL-TIME SENSOR VALUES WHICH WAS OBTAINED FROM Y AXIS OF ADXL335 ACCELEROMETER SENSOR
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Figure 5. Change of acceleration depending on
time collected by the acceleration sensor during

Three different drivers were used in the tests
performed under real road conditions. It was
observed how drivers feel the vibration
warning signal on the steering wheel in
adverse driving conditions, it also was
recorded by video camera that was attached
to rearview mirror. Facial expressions of
drivers warned through the steering wheel in
adverse driving conditions are given in
Figure 6. Three drivers were warned with
vibration signals on the steering wheel in
adverse driving conditions, and then they
have focused on the road surface as shown
Figure 6. Driver warning system from the
steering wheel that was improved in this
study, has warned the drivers positively and
the system had useful method about the
increasing of attention intensity of drivers.
Furthermore, the system has promising
features for commercial use.

Relationship between slip ratio and friction
coefficient is given in Figure 7 [17].Force is
proportional to the slip up to 5 % slip on the
vehicle wheel as shown in the figure. The
linearity is disrupted increasingly in the
range of 5-10 % slip.

First driver

08"
dry asphalt

wet asphalt

Friction coefficient

ice road

0 0.2 04 0.6 0.8 1
Slip ratio

Figure 7. Relationship between slip ratio and
friction coefficient[17]

Second driver

Third driver
Figure 6. Facial expressions of drivers during the warning by the steering wheel vibration in
adverse driving conditions, and analysis of driver feelings with Microsoft Emotion API

Holding and braking forces were reached its
maximum value in the region of 12-20 %
slip. Mathematical models generally
improves in this region. The friction
coefficient decreases in parallel to the
increase of the slip [18].

Figure 8 is showing driving tests for detect
of the wet asphalt surface that it was
performed for warning drivers by using
vibration motors on the steering wheel
according to obtained information from the
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rain sensor placed in fender. In these tests,
with the adverse driving conditions that
occurred reduction of grip force of the
wheel on the wet asphalt conditions are
transmitted to drivers as the warning with
180 Hz frequency (7 sec.) of the miniature
vibration motors on the steering wheel.

[

Rainsensor

Rainsensor

Figure 8. Driving tests for detect of the wet
asphalt surface

Figure 9 is shown 3D model image (3D
model was given as represent to the real
conditions) of vehicle approaches (70 cm) to
any obstacle that was performed for warning
of drivers by using vibration motors on the
steering wheel according to given
information from the proximity sensor
placed on the rear bumper. In this test, the
drivers are warned up to collision by 180 Hz
vibration frequency of the miniature
vibration motor on the steering wheel, when
the vehicle approaches to an obstacle.

SYSTEM ACTIVATION
N

DISTANCE

Figure 9. 3D model image when vehicle
approaches to any obstacle

4. Conclusions

In this study, drivers were warned with
detected adverse driving conditions by
miniature vibration motor positioned on the
steering wheel using information from
sensors. In real road conditions obtained
results were summarized as follows.

e It was determined that drivers are warned
on driving wheel with vibrations at different
durations according to the scenario
developed on adverse drive using
accelerometer sensor, proximity sensor and
the rain sensor.

e Vibration controlled driver warning
system from the steering wheel that was
used in this study has warned the drivers
positively and the system is a useful method
for the increasing the attention intensity of
drivers.

e |t was seen that the developed prototype
can be used with small modifications on
available vehicles and with a simple
montage for a vehicle in the production
process.
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