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ABSTRACT 

 

Most of the time, the dynamic performances of a vehicle is depending on the 

driving behavior of the driver. The driving behavior can be analyzed from the 

way they control the vehicle during cornering, accelerating, braking and 

driving through uneven roads. This paper presents the vehicle dynamics 

performance analysis based on driving behavior among teenagers’ drivers. 

The analysis was concentrated on how they handle the vehicle that can be 

seen from the values of moments consists of roll, pitch and yaw and 

accelerations (vibrations) at x, y and z axes. From the data collected, the 

dynamic performances of the vehicle were analyzed based on the driving 

behavior. It can observed that, the aggressive drivers produced significant 

values in moments and accelerations especially roll moment and vertical 

acceleration. Significant values in moments and vibrations can compensate 

the safety part of the driving and serious accident may occur 

 

Keywords: Dynamics Performance, Moments, Acceleration, Vehicle 

Vibration 

 

 
Introduction 
 

Driving behavior is the response of the driver actions to control the operation 

and movement of a vehicle. Many of the dynamic performances of a vehicle 

is determined by the way the driver drives the vehicle and the active 
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suspension system [1]. Driving is a complex activity that requires a multi-

level behaviors. Much of the driving behavior is automatic, a development 

from experiences and requiring minimal allocations of attention [2][3]. This 

automatic aspect of behavior is based on mental and psycho programs called 

Schema. Schema helps us deal with every day driving occurrences such as 

negotiating traffic, intersections and road conditions [4]. In emergency 

situations the schema or automatic behavior may not be appropriate and 

shifting the behavior more consciously to control such rare events is unlikely 

to succeed because the driver do not have effective emergency behavior or 

schema, at his disposal [5][6]. Major driving behavior may be classified into 

aggressive, passive, distracted, alert, ignorant, confident, timid, skilled, 

arrogant, tolerant, angry, polite and competent [7][8][9]. In this project, 

LEGO Mindstorms EV3 (EV3) as shown in Figure 1 is used as the DAQ in 

order to determine the values of the moments and accelerations of a vehicle 

[10][11][12][13]. The EV3 display is a monochrome LCD 178 x 128 pixels 

where its main processor is 300 MHz Texas Instruments Sitara AM1808 

(ARM9 core). It has a main memory of 64 MB RAM and 16 MB Flash 

memory with MicroSDHC slot. Additional sensors used are accelerometer 

and gyros. 

 
 

Figure 1: LEGO Mindstorms DAQ and sensors. 

 

Methodology 
 

Weighing 
Figure 2 shows the car is being weighed. The car is weighed in order to find 

the center of gravity (COG). The COG is the location where the EV3 will be 

attached. The car is being weighed at each tire to get the total weight of the 

vehicle using the load sensor. Four load sensors is being placed under each 

tire of the vehicle. There are two conditions in measuring the weight, one is 

the standard flat condition and another one is at inclined condition. The data 

from load sensor is converted by using DASYLab software. The data about 
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the weight of the vehicle is collected and it is used to find the COG 

theoretically 

 

 
 

Figure 2: Equipment set up for car weighing. 

 

Experiment 
10 students are selected randomly to do a driving test in order to get the data 

of roll, pitch, yaw moments and x, y, z accelerations. They will drive the same 

type of car on the same route. The route that has been selected is from UTeM 

Industrial Campus to UTeM Main Campus. Each driver will have different 

values of the data collected based on the way the driver the car. From the data 

collected from each driver that have been tested, the behavior of the driver 

can be analyzed. The EV3 is attached at the COG (Figure 3) tightly in order 

to avoid it from moving. These data are recorded based on the type of road 

condition, vehicle speed and the way the vehicle is controlled by the driver. 

During the test, a video of the trip along the way of the test is recorded for 

observation. The significant values of the data will be analyzed and 

categorized. 

 
 

Figure 3: Location of LEGO Mindstorm EV3 [7][8][9]. 
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Data analysis 
Vehicle that makes a journey on the road tend to have a force when they are 

travelling through various types of road conditions such as go through a 

bumpy road, taking a cornering,  exit of the junction and also when 

accelerating and decelerating. Figure 4 shows the vehicle motion from a 

vehicle. The force that the vehicle will be having is vibration or acceleration 

x, y and z axis and moments that are roll, pitch and yaw moments. 

 
 

Figure 4: Vehicle Motion [14][15]. 

 

The vehicle will undergo 3 axis of rotation, which is vertical (z-

acceleration), lateral (y100 acceleration) and longitudinal (z-acceleration) 

[14][15]. The vertical axis is an axis drawn from top to bottom, passing 

through the center of gravity and perpendicular to the two axes, that is when 

the vehicle moving up and down so the vehicle will have the value of z 

acceleration. Lateral axis is an axis running from left to right, passing through 

center of gravity. The lateral axis passes through the car from side to side. It 

is when the vehicle is moving right or left and the value of y-acceleration of 

the vehicle will appear. The longitudinal axis is an axis drawn through the 

body of the vehicle from front to rear in the normal direction of movement or 

in the direction of driver faces. It is meant that z –acceleration is the 

acceleration that appears when the front and rear of the vehicle is moving up 

or down. There are three types of moments that the vehicle will be exerted on 

that is roll, pitch and yaw moments [14][15]. Roll is defined as the side to 

side movement of a vehicle about the axis which is from the front to the rear 

of the vehicle that is passing through the center of gravity. It also can be said 

that the roll is the rotation of a car about its longitudinal x-axis. From the 

Figure 5, for upward movement on the right side of the vehicle, the roll is 
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categorized as positive (+) and for upward movement from the left of the 

vehicle it will be made as negative (-). Roll will be occurring in response 

when the vehicle taking a corner. Pitch is the movement of the front and rear 

of a vehicle about the axis that is from the left to right of vehicle. Pitch is 

taken to be positive (+) when the upward movement is at the front of a 

vehicle and negative (-) when the rears of the vehicle make an upward 

movement. The pitch will occur in response in a situation such as the 

acceleration and deceleration force. For the yaw, it is the left to right 

movement of the front of a vehicle on its vertical z-axis that axis are from the 

top to the bottom of a vehicle. Yaw is categorized as positive (+) when the 

front of vehicle makes a rotation to the right and negative (-) when the fronts 

of the vehicle make a rotation to the left. Yaw is happening such as due to the 

cornering. 

 
 

Figure 5: Movements of gyro and accelerometer sensor. 

 

Based on the data that were collected from the driving test, the graph 

of roll, pitch, yaw moments and x, y, z acceleration against time need to be 

plotted. From the 10 different driver are tested, each driver will have their 

different values of moments and accelerations. From the, the high values of 

the data will be seen. Higher values indicate the aggressive the vehicle has 

been driven by the driver. From that, the behavior of the driver can be 

analyzed. 
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Results and discussion 
 

During the experiment, the DAQ that are used which is the EV3 were located 

at the center of gravity (COG) of the vehicle that is behind the vehicle 

handbrake. Probably when the DAQ is attached at the surface, it is not strong 

enough to hold the DAQ from moving and thus the data collected will have 

an error. The DAQ collects the data continuously when the vehicle moving 

and the data with high value that is represented the aggressive behavior 

collected need to be identified the point or place that the data were collected 

in order to know in what kind of road did the vehicle experience the high 

force, the place that the data were collected can be identified based on the 

time lag from the DAQ and the video recorded but to get the specified point 

is not accurate. The data that are collected from the experiment has been 

recorded and is present in a graph according to their categories. From the 

graph, the data are easier to analyze because the point in which the data are in 

higher values compared to the others can be detected. There is 10 different 

series of line graph represent the drivers from the driver 1 to driver 10. The 

data that are being analyzed is acceleration at z-axis and the roll moment of 

the vehicle. This two data record the high in different when the vehicle is 

being experimented compare to others. So, only two type of this data is 

analyzed. The driving test is being conducted and 10 people are select 

randomly to make this test. The driving test will go through a specific road 

same within the all drivers which is from UTeM Technology Campus to 

UTeM Main Campus. The road that the drivers will pass through is as in the 

maps on the Figure 6. In this driving test, the vehicle will travel through 

many types of road and the data of accelerations and moments was recorded 

to see the force acting on the vehicle and the behavior of the driver 

controlling the vehicle. 

 

 
Figure 6: Route of the driving test. 
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Figure 7 shows the graph of the roll moment for Driver 1 to Drive 5 

and Figure 8 for Driver 6 to Driver 10. Figure 10 shows the vertical 

acceleration from Driver 1 to Driver 5 and Figure 11 for Driver 6 to Driver 

10 that have done the driving test. From the graph, the behavior of the driver 

can be classified based on the values that are shown. The time at certain point 

also can be determined from the graph to locate the location of the vehicle 

when the driver has any behavior that need to analyze. The graph that is at 

the point high from others can be classified as the driver is in the aggressive 

behavior state. The data considered in this experiment are vertical 

acceleration and roll moment because from the experiment, the path travelled 

by the drivers mostly has a bumpy road and corners. 

 

 

Figure 7: Driver 1 to Driver 5 vertical acceleration graph. 

 

 

Figure 8: Driver 6 to Driver 10 roll graph. 
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Table 1 shows the vertical acceleration and roll moments three highest 

points for Driver 1 to Driver 10 with their time. From the table, the 3 highest 

data from each driver’s Roll and Vertical acceleration values, the graph have 

been plotted as in Figure 9 for the Roll and Figure 10 for the Vertical 

acceleration. The location where the data were recorded a highest point for 

each driver also has been detected as in Figure 11 for the Roll and Figure 12 

for the Vertical acceleration. For Driver 1, the highest value is at the point 

which the time is 401.73 sec that is when the vehicle is taking a corner. The 

highest value recorded is 87 rad/s with the speed of 52 km/h.  As been 

analyzed, the roll moments are high when the driver is taking a corner and 

enter a junction. For the Z-accelerations, the highest value recorded at time 

577.98 with the value of  7.51 m/s2 and the speed of 70 km/h. Data Z-

acceleration record the high data when the vehicle passing through bumpy 

roads.  

Driver 2 behavior as can be seen at table below that the highest roll 

moments data is at the time 607.23 sec with the value 70 rad/s and the speed 

49 km/h. This is when the driver is taking a corner. For the Z-acceleration, 

the Driver 2 is recorded the high Z-acceleration at the time 607.15 sec with 

7.49 m/s2 and the speed is 49 km/h.  Driver 3 highest roll moments recorded 

at the time of 364.03 sec with the value 34 rad/s and the speed is 43 km/h. 

For the Z-acceleration, the highest point located at the time 691.84 sec with 

the value of 7.41 m/s2 and the speed is 67 km/h. The data record the highest 

values on the bumpy road.  4 highest recorded value for the roll moments is 

at the time of 433.85 sec with the value of 41 rad/s and the speed of 53 km/h. 

The driver can be said that has been control the r nicely. The driver 4 shows 

the high in Z-acceleration values is recorded at the time 491.58 sec with the 

value 7.64 m/s2 62 km/h.  

The roll moments for the Driver 5 highest values recorded at time 

381.30 sec with the value of 40 rad/s and the speed is 50 km/s. It is not a high 

value compare to others. For the Z202 acceleration, the data record the high 

value at time 565.80 sec with the value of 7.89 m/s2 and the speed of 79 

km/h. The Z-acceleration pattern is also almost the same with the other. The 

driver can be said that he has a good behavior of driving.  

Driver 6 roll moments are low compared to. The roll moment is record 

the high values at the time 539.54 sec with the value of 55 rad/s and the 

speed of 51 km/h. So the driver 6 is at aggressive behavior at time 539.54 sec 

when taking a corner. For the Z-acceleration, driver 6 record the high value at 

time 370.10 sec with the value of 8.36 m/s2 and the speed is 52 km/h. The 

values of Z-acceleration record the high values when the vehicle travels 

through bumpy roads. 

Driver 7 roll moments highest point is located at time 413.72 sec with 

the value of 88 rad/s and the speed is 53 km/h. The other high points are 

recorded the high values compare to others. For the Z-acceleration for the 
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driver 7, the highest point at time 628.70 with value of 7.84 m/s2 71 km/h. At 

this point, the drivers always state the high in values because it has a bumpy 

road there 

The roll moments of the Driver 8 highest value locate at time 598.09 

sec with the value 48 rad/s and the speed is 56 km/h. This is when the vehicle 

taking a corner. The Z218 acceleration of the Driver 8 highest point locates at 

time 619.91 sec with a value of 8.87 m/s2 and the speed is 68 km/h. The 

value of the driver 8 is can be said that is high. 

Driver 9 recorded high value of roll moment at time 450.12 sec with 

the value of 55 rad/s and the speed is 47 km/h. For the Z-acceleration, the 

highest values are recorded at time 581.67 sec with a value of 5.98 m/s2 and 

the speed is 70 km/h. Compare to other drivers, the  value is not as high as 

other so the driver 9 also not a very aggressive driver. 

Driver 10 record the high value of roll moment at time 433.35 with 

value of 45 rad/s and the speed is 45 km/h. The value is not so high and the 

driver is not driving with very aggressive behavior when taking a corner. Z-

acceleration of the Driver 10 is high at time 556.93 with the value of 7.85 

m/s2 and the speed of 63 km/h. The values are slightly higher and the driver 

probably driving with high speed at this point which has had a bumpy road. 

From the 10 driver that have made the experiment, it can be analyze 

that the behavior  of the driver depends on how the driver control the vehicle 

based on type of road. If the driver is aggressive, he will drive with high 

speed at the not suitable type of road and it will record high values of Roll 

and Vertical acceleration. 

 

Table 1: Highest 3 values of roll and vertical acceleration for Driver 1 to 

Driver 10. 

 

Driver Roll 

(rad/s) 

Time(s) Z-acceleration 

(m/s2) 

Time(s) 

1 69 50.09 5.44 171.80 

97 401.73 5.04 519.04 

85 519.53 7.01 577.98 

2 32 86.48 5.83 34.70 

35 395.66 5.24 408.90 

70 607.23 7.49 607.15 

3 34 364.03 7.26 363.40 

35 424.73 6.81 517.60 

33 555.07 7.40 691.84 

4 41 433.85 6.72 31.38 

35 543.99 7.64 491.58 

36 637.10 7.26 705.50 
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5 40 381.30 5.93 415.70 

34 567.14 7.89 565.80 

25 691.13 6.27 691.32 

6 30 430.90 5.15 76.92 

55 539.54 8.86 370.10 

41 634.13 6.56 620.84 

7 62 155.38 6.46 346.80 

88 413.72 6.81 533.50 

53 545.33 8.6 642.42 

8 32 185.13 6.22 467.46 

30 467.01 8.87 619.91 

48 598.09 7.54 668.20 

9 

 

30 388.97 4.66 184.07 

55 450.12 5.44 378.80 

52 689.56 5.98 581.67 

10 

 

29 344.94 6.42 214.25 

45 433.35 6.56 362.42 

34 689.74 6.28 556.93 

 

 

 
 

Figure 9: Graph of highest roll for Driver 1 to Driver 10. 
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Figure 10: Graph of highest vertical acceleration for Driver 1 to Driver 10. 

 

 
 

Figure 11: Location of the roll highest point for Driver 1 to Driver 10. 
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Figure 12: Location of the vertical acceleration highest point for Driver 1 to 

Driver 10 

 

A vehicle with a good suspension system can reduce the accelerations 

and moments of the vehicle. Thus the behavior of the driver will be 

determined accurately only if the vehicle experience the high force applied by 

the driver that was an aggressive behavior. 

The moments roll, pitch, yaw and x, y, z accelerations are depending 

on the movement of the vehicle. If the vehicle experience a high lateral force, 

the pitch moments and y accelerations records the high values of data. The 

roll moments and x acceleration depend on the longitudinal movement of the 

vehicle and the vertical movement effect the yaw and z accelerations. So, in 

which of the vehicle movement occur, the data were recorded with different 

range of data depends on how the vehicle is driven. 

The road travel has the biggest influence on the driving behavior of the 

driver. It has a many type of road travel by the driver when doing the 

experiment such as corner, bumper, junction and uneven road. It depends on 

how the driver control the car when travel through this type of road. If the 

driver drives through the road with a suitable speed it can prevent the vehicle 

from experience a high force and make the driver to be an aggressive driver. 

The driver that is making the experiment is selected randomly from 

the university drivers only. The driver is made an effect on the behavior as 

they are the one who controls the vehicle. As the driver is from the one who 

has a good background on driving and have much experience as the driver at 

a long time. So, this type of driver can manage to control the vehicle properly 

compare to the one who rarely drive 
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Conclusion 
 

From the experiment that has been done, it can be concluded that the force 

acting on the car represents the behavior of the driver. The driver which has 

high experience in driving has more skill when driving and manage to control 

the vehicle with good manner to prevent the car experience a high force. 

Vehicle system such as the suspension system has influenced the vehicle 

performance in isolating the accelerations and moments acting on the vehicle. 

A good suspension system will reduce the high accelerations and moments 

acting on the vehicle and will give the driver and the passengers more 

comfortable when driving. This experiment also can be done again with the 

different type of vehicle and different objective to further the study to prevent 

the bad behavior of the driver acting on the car that can lead a danger to the 

driver, passenger and also to other people. 
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