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ABSTRACT

The causes of accidents on highway in any countries come from vehicle condition,
human error, and highway physical conditions. From the accident statistic on the highway in
Thailand, the major cause of the accidents is from aggressive driving behaviour. One way to
decrease highway traffic accidents is to provide some information, such as alerts and warnings to
the car drivers. Currently, people all around the world use smartphones on a daily basis. Many
useful applications can be installed on the smart phones. Thus, this paper presents driver’s
behaviour detection algorithm using multi-sensory data on a smartphone to detect driving events
and provide real-time feedback to drivers while driving. From variation in hardware of device
available, the algorithm allows user to customize the algorithm according to the device
configuration. Pattern matching of different sensory data was applied to find driving event. The

algorithm demonstrates 71 — 80% accuracy in correct prediction of driving events.
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Abstract— The cause of accident on the road is
vehicle, human error and road physical
conditions. From the statistic of accident on the
road in Thailand, the major cause of road traffic
accidents is from aggressive driving behaviour.
One way to reduce road traffic accidents is to alert
and warn drivers. At present, smartphone are
used widely because many useful applications can
be installed on them and it is very easy for
everyone to own one. So this paper presents
driver’s behaviour detection algorithm on
application in smartphone to detect driving events
and provide real-time feedback to drivers while
driving. From variation in hardware of device
available in the market the algorithm allows user
customize the algorithm to suit with the device and
usage of the algorithm in real-world application.
The operation of algorithm uses pattern matching
and difference sensory data to find driving event.
The algorithm demonstrates a good accuracy of
prediction of driving events which is 71-80%.

Keywords—smartphone;driving event detection;
sensory data; (key words)

. INTRODUCTION

Traveling from place to another place, it is
important for us to know information about how
to get there, arrival time or travel time to plan the
journey. Other than putting travel time first in the
priority we have to also consider our safety on
the road.

The cause of accident on the road is vehicle,
human error and road physical conditions [1]. In
2013 the statistics of National Police Agency
(Thailand) have shown that the major cause of
road traffic accidents is from driving behaviour
such as excessive speeding, improper following,
erratic lane changing and making improper turns,

Chalermpol Saiprasert
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Technology Center
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Pathumthani 12120, Thailand
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which is approximately 75% of total accident [2].
The direct impact is injury or death of drivers and
passengers while the indirect impact is traffic
jams. As a result, the number of death from road
traffic accidents in Thailand is 1,000 per year as
reported by the Thai Accident Research Center
[3]. The Thai government spends 70,000 million
dollars per year for all accidents [3].

One way to reduce road traffic accidents is to
install warning signs or signals to warn
passengers and drivers of accident-prone area
[4]. In logistic companies, tracking hardware
devices are installed for monitoring driver’s
behaviour [12]. However, the cost of operation is
high per year per vehicle. Therefore, it is not
appropriate for general users because it is
expensive and difficult to maintenance by self.

At present, smartphones are used widely
because many useful applications can be
installed on them and it is very easy for everyone
to own one. In 2013, the number of smartphone
users in Thailand is approximately 32.4% of total
population [5]. Smartphone can get sensory data
such as GPS, accelerometer and magnetic for
basic device. More sensors such as gyroscope
can be found on highend devices. Accelerometer
sensor is a sensor that measures the acceleration
of a smartphone when there is movement on the
device such as shake or tilt. The paper in [6] uses
accelerometer to detect longitudinal movement
of driver’s behaviour by pattern matching
technique. For lateral movement of driver’s
behaviour, the authors in [7] use magnetic sensor
to measure change in magnetic field of earth and
gyroscope sensor to measure angular velocity of
smartphone. In [8] the author use GPS sensor to
detect longitudinal and lateral movement from
location, speed and heading by analysing the



difference in data values. Therefore, it has been
proven that sensory data on smartphone is able to
detect driver’s behaviour and inexpensive than
GPS tracking device. The information
mentioned previously about driver’s behaviour
detection algorithm uses sensory data from
multiple sensors to find the answer of driving
events. Although the paper in [9] has shown
good result of prediction of driving events but the
implementation for suggestion of safety drive to
reduce accident on the road is not widely
accessible on all smartphones because most of
smartphones currently available in the market are
not equipped with gyroscope sensor. Variation in
hardware of device in real-use includes humber
of sensor, resource or battery of smartphone so
the solution of this problem is developing
algorithm which is able to choose existing
sensors on device and allow user to customize
the algorithm appropriately to suit the device in
use.

This paper presents driver’s behaviour
detection algorithm based on sensory data on
smartphone without the need to use all sensors.
The system  deploys sensor based on
performance of each device. This algorithm can
detect 6 events which are brake, acceleration,
turn left, turn right, lane change left and lane
change right. These events can be divided 2 type
which are non-aggressive and aggressive.
Moreover, these events are basic events occur
while driving. The principle of this system is that
the algorithm deploys raw data from
accelerometer sensor to from driving patterns
which are analysed using pattern matching
technique for finding driving events. Then the
result is to be analysed with related sensors to
find driving event and percentage of confident of
prediction to increase the efficiency of prediction
of actual driving event.

This paper is organized as follows. Section Il
related research in the areas of driving pattern
classification Section III overview. Section 1V
describe the detection and recognition driving
behaviour algorithm. Section V show evaluation
of algorithm, and conclude with section VI.

Il. RELATED WORK

Recent  techniques presents  driver’s
behaviour detection algorithm on smartphone
which is [8] is used difference values from GPS
sensor to detect lateral movement and
longitudinal movement of driving event. In the
[6] is used pattern matching technique by
Dynamic Time Warping with accelerometer
sensor to detect driving event and [7] is used
accelerometer sensor to detect longitudinal
movement by pattern matching technique and
Magnetic sensor with Gyroscope senor to detect
lateral movement. This paper presents the
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algorithm allows customize the algorithm to
suitable with the device.

11l. BACKGROUND

This section presents sensors on smartphone
use in algorithm in this paper. This algorithm
uses sensory data from accelerometer sensor,
magnetic sensor, gyroscope sensor and GPS
sensor to detect driving events. These sensory
data can detect 6 events which are brake,
acceleration, turn left, turn right, lane change left
and lane change right. These events can be
divided 2 type which are non-aggressive and
aggressive. These events are basic events occur
while driving. Objective of the system to real-
time suggest for driver when risk driving.

Accelerometer sensor is a sensor that
measures the acceleration of a smartphone when
there is movement on the device. This sensor is
divided into 3 acceleration of axis which are X, y
and z.

L tY

-Y

Figure 1 axis of accelerometer sensor on
smartphone

Figure 1 shows values of axis of
accelerometer sensor on smartphone that has 3
axis which are x, y and z. The value of y axis
changes when the smartphone moves to forward
or backward direction. When turn the device to
the direction of vehicle. The y axis in this paper
can be used to detect longitudinal movement of
vehicle. This paper uses the x axis to detect
longitudinal movement because value of x axis
changes value when moving the smartphone to
left or right. And z axis uses to detect vibration
of vehicle during driving. This algorithm uses
these sensory data of accelerometer sensor to
detect driving events from nature of immediate
change raw data by pattern matching technique.

Magnetic sensor is a sensor to measure
change in magnetic field of earth. From nature of
this sensor that the algorithm uses to detect
difference values of each axis during changing
direction in longitudinal movement.



Gyroscope sensor to measure angular
velocity of smartphone. This sensor has 3 axis
which are x, y and z.

Y

Figure 2 Gyroscope sensor on smartphone

Figure 2 shows angular velocity of axis of
gyroscope sensor. In paper [7] the author uses the
z axis of gyroscope sensor to detect lateral
movement when vehicle is turning or changing
lane.

GPS sensor is a sensor to measure change
values from satellites includes speed, heading
and location. These data the algorithm can use to
detect longitudinal movement from difference of
speed values and use to detect lateral movement
from heading values. From sensory data and
driving event when placing the device to the
direction of vehicle that this algorithm can
summary of related between sensors and
movement of vehicle in Table 1.

Accelerometer

Magnetic No Yes
Gyroscope No Yes
GPS Yes Yes

Table 1 related movement of vehicle
with sensor

Table 1 shows relationship between sensors
and movement of vehicle. The longitudinal
movement using accelerometer sensor and GPS
sensor. These sensors use for acceleration and
braking. The lateral movement using all sensors
to detect driving events which are turn and lane
change. The nature of sensory data with driving
event that divided into group in Figure 3.
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E = B/SB
3; % y axis | | speed value
% 2
EE
=~ A/SA
Y axis speed value
L/SL
X axis y axis Z axis heading value
2 R/SR
S
E X axis y axis 2z axis heading value
g CL/SCL
2 X axis y axis zaxis heading value
CR/SCR
X axis y axis 7 axis heading valuc
B : brake SB : sudden brake
A : acceleration SA : sudden acceleration
L : turn left SL : sudden turn left
R : turn right SR : sudden turn right

CL : lane change left
CR : lane change right

SCL : sudden lane change left
SCR : sudden lane change right

Figure 3 relationship between sensory data
and driving events

Figure 3 shows the relationship between
sensory data and driving events. When the
vehicle brakes, y axis values of accelerometer
sensor is decreased from nature of method in
accelerometer sensor in Figure 1 and when
vehicle brakes that speed also decreases.
Acceleration events uses the same sensor as
brake but the changing values of axis is opposite
to brake that is the values is increased. Turn and
lane change use all sensor to detect these events
when vehicle move to longitudinal direction that
changing x axis values of accelerometer sensor
other than also the change values of magnetic
sensor and the z axis values of gyroscope sensor.
Turn and lane change events are divide into 2
directions which are left and right direction. The
value of left direction value is lower than normal
and right direction value is higher than normal
value. The values of normal that from the
vehicle stop or driving normally. These driving
event are divided into 2 type which are non-
aggressive and aggressive that difference of
these types are duration and change of axis
values of the driving event beginning to the end.

Next section presents sensory data from the
information mentioned in this section with
driving’s behaviour detection algorithm.

IV. ALGORITHM

This section presents driver’s behaviour
detection algorithm using sensory data on
smartphone. The sensory data uses in the
algorithm which are accelerometer sensor,



magnetic sensor, gyroscope sensor and GPS
sensor. This algorithm allows user to customize
appropriately to suit the device from variation in
hardware of the smartphone. The overview of
this algorithm is shown in Figure 4.

Use x axis and z axis Use y axis and 2 axis
of aceelerometer of accelerometer
sensor sensor

L

Reduce noise Reduce noise in sensory data

ves  Currently standard
deviation of the 7 axis >
threshold of the z axis

t Ne

No  Currently standard
deviation of the data >
Detect driving threshold
eventin raw
dat
o Yes
Pattern matching between the data and reference pattem
+
Pattern matching Driving event, duration of event

1

Lateral
movement?

- Get heading values of GPS sensor. Get speed values of GPS sensor
Get data of y axis of Magnetic sensor

+ Getdamofz

s of Gyroscope sensr

T
Check difference values  Check difference values with driving event
with driving event J

Comparison driving event of all sensors

Driving event, duration of event

Figure 4 flowchart of driver’s behaviour
detection algorithm

Figure 4 shows the flowchart of driver’s
behaviour algorithm. The principle of the
algorithm is as follows, first the algorithm gets
real-time sensory data from the smartphone
which are accelerometer sensor, magnetic
sensor, gyroscope sensor and GPS sensor. These
sensors send the data to the algorithm that
depends on user requirement. The algorithm
allows user customise number of sensor to use
to detect driving events. After that the algorithm
reduces noise in raw data to optimize the pattern
matching step by Simple Moving Average
technique. Then the algorithm uses standard
deviation values of the current data window to
check values that may be driving events. This
step can reduce operation of algorithm and
reducing resources of the device. Then the
algorithm uses pattern matching technique by
Dynamic Time Warping to find similarity
between the raw data and reference pattern of
driving events. The result of the algorithm is
driving event and duration of the event.
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Next this section will be presents each step
in driver’s behaviour detection algorithm.

A. Get sensory data from smartphone and
refference pattern

This algorithm uses two sampling
frequencies which are 5 Hz and 1 Hz. The 5 Hz
is used for accelerometer sensor, gyroscope
sensor and magnetic sensor. The 1 Hz is used for
GPS sensor. The lane change event is minimal
time of driving event. The occurred duration of
lane change event is approximately 1.5 second
that is reason of choosing these frequency for this
algorithm.

B. Reduce noise from raw data

When the algorithm gets sensory data during
driving noise is often generated which is caused
by vibration of the vehicle or the roughness of
the road. The algorithm reduces the noise within
the raw data before processing the data. This
algorithm uses Simple Moving Average
technique for solving this problem.

syqo Pt Pt Pt Py @

n

In (1) Simple Moving Average (SMA) is the
mean of the previous n data. This technique can
be used to identify the direction of trend in the
data. In Equation (1), P represents value of the
data and n represents length of the data.

C. Detectdriving event in raw data

The smartphone currently available in the
market has variation of hardware so the
algorithm does not necessarily have to process
all the sensory data to detect real-time driving
events. This algorithm will only work when there
is a sufficient change in raw data to trigger the
algorithm.

Equation (2) shows the standard deviation
values from the raw data of accelerometer
sensor. If the result of this formula is more than
the pre-defined threshold then the algorithm will
start. Then the algorithm sends the data to pattern
matching step. If the result is not more than the
threshold then the algorithm receives new data.
The standard deviation values of normal event is
approximately 0.78 g.



Figure 5 standard deviation of raw data

Figure 5 shows the standard deviation of the
raw data from smartphone. When the standard
deviation of data in window 1 is more than the
threshold then the algorithm sends the data to
detect driving event in pattern matching
technique. In window 2 the standard deviation
value is less than the threshold so the algorithm
gets new sensory data.

D. Pattern maching

This algorithm detects driving event after
receiving the data and reference pattern of
driving event using pattern matching technique
by the Dynamic Time Warping. This step
specific length of window is average of the
number of data points of driving events to
determine the size of data to compare each in
each step.

Figure 6 pattern matching by Dynamic Time
Warping

Figure 6 shows the method of Dynamic Time
Warping to find driving event. The raw data and
reference pattern of driving event compare
similarity of shape of graph. The reference
driving pattern is the data from real driving event
collected in an experiment. This technique
calculates a point of the raw data with all point
of reference pattern because this technique does
not depend on points of the data of driving event
[10].

7= (x; — y)* 3)

()
l — =1\ 4
value = —— 4
Equation (3) can be used to calculate matrix
element between the raw data and the reference
pattern of driving events. Then Dynamic Time
Warping choose path from bottom left to top
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right. This technique chooses path from
minimum value of previous index. When
choosing the final index Equation (4) shows sum
values of path and divide total by number of
chosen path. Finally the technique chooses
minimum value of these pattern matching for
using the result of driving event.

E. Check difference data with related sensor

From previous step the result which are
driving event and duration of event. The result
can be used to analyse difference sensory data
derived from related sensors in duration of the
driving event.

latest heading
= - B/SB - - value < origin
5 B heading value
Ex ¢
o2 latest heading
S 8 A/SA - - value > origin

heading value

E L/SL/R
>2532 >0.39 >81.79
‘ g /SR
=l
= CL/SCL
.‘g /CR/ <2532 <0.39 <81.79
— SCR
B : brake SB : sudden brake
A acceleration SA : sudden acceleration
L : turn left SL : sudden turn left
R : turn right SR : sudden turn right

CL : lane change left
CR : lane change right

SCL : sudden lane change left
SCR : sudden lane change right

Figure 7 relationship sensor of driving event

Figure 7 shows the relationship sensor of
driving event. This step uses driving event from
pattern matching step of the algorithm to choose
related sensor. Then the algorithm gets the
sensory data in duration of the driving event.
After that the algorithm calculates the difference
between maximum values of the data and
minimum value of the data to compare the result
with standard value of the driving event in each
sensor. The result after comparison is driving
event.

F. Comparison driving event from sensors

Finally this algorithm chooses the driving
event each sensors from the most of number of
driving event of the sensors. If number of driving
events are equal then the algorithm chooses the
result from percentage of accuracy of each
sensors. The result of the algorithm is driving
event and duration of driving event to use
develop in application.

Next section presents experiment of the
algorithm. The section shows accurate of the



algorithm and usage of application after use the
algorithm for information on the actual use.

V.  EXPERIMENT

This section presents real use driver’s
behaviour detection algorithm to find accuracy
of prediction of algorithm between one sensor
and multiple sensors.

A. Setup

This section presents the experiment setup
used for real-world data collection.

Driver Assessor

<

Assessor

Figure 8 setup device and assessor

Figure 8 shows the setup devices and
assessors. This experiment to begin with use 5
variables to collect data of driving event which
are driver, vehicle, assessors, smartphone and
route. The experiment use one driver and one
vehicle. The vehicle is Honda Civic. The
assessors has smartphone for collect driving
events and timestamp. The smartphone to
collect sensory data on smartphone is placed in
the direction of vehicle on console of vehicle.
These smartphone are synchronize date and time
of the device to refer the data and the driving
event. In this paper, a driving event is considered
to take place when two or more assessors have
marked it as the same event.
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Figure 9 Thammasat Rangsit University to
Chiangrakyai road

Figure 9 shows the route for collect the data
from Thammasat Rangsit University to
Chiangrakyai road in Pathum Thani province
north of Bankok. The total distance of the route
is 71.3 kilometers that is divided into 3 road
sections which are urban area, traffic jam area
and Highway. The reference in [11] shows the
statistic of accident of this route is average about
400 times per year but in 2011 the number of
accident is increased because flood in Thailand.

B. Analysis of data

This step analyses the multiple sensory data
and the driving events to find reference pattern
of driving event when two or more assessors
have marked it as the same event via application
is shown n Figure 10. After that the reference
pattern have use to answer of algorithm and
some pattern is used for reference pattern of
driving event in pattern matching step in the
algorithm.

a0

24578605
-1.938657
43965178

0.80328226
0.72063345

]z

Figure 10 application to analysis data between
sensory data and driving event

C. Result of algorithm

ajolo[2]6 2]
1] 10

Figure 11 accuracy of algorithm




Figure 11 shows the accuracy of algorithm,
the four columns on the left represent the sensors
used in the algorithm and the following columns
on the right represent number of driving events
detected. The last column on the right is the
overall accuracy of the prediction algorithm for
all events. From the table, it can be seen that the
highest accuracy is using accelerometer only
which gives approximately 80% accuracy.
Using accelerometer with magnetic sensor
produces accuracy of 76% followed by
accelerometer with GPS sensor which gives
72% accuracy.
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Figure 12 accuracy of sudden driving events of

algorithm

If only sudden driving events are

considered, the highest accuracy values is 72%
from using accelerometer only which is shown
in Figure 12.

VI. CONCLUSION

This driver’s behaviour detection algorithm
allows user customize the algorithm to suit the
device and usage. The algorithm has difference
of accuracy of the prediction driving events
depends on sensors usage which is the highest
accuracy values was using accelerometer sensor
only approximately 80% accuracy. Using
accelerometer sensor with magnetic sensor
produces accuracy of 75% follows by
accelerometer sensor and GPS sensor which
gives 72% accuracy. When only sudden driving
events are considered, the highest accuracy
value was 72% from using accelerometer sensor
only. From the experiment is showed the highest
accuracy of the algorithm for developing
application in smartphone in real-world.
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