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Abstract: This article describes a technique of determination of the driving force of the powertrain system with use of a 
universal portable device - PAAF (Power Acceleration And Force). Its construction forms the final result of a project, 
which involved designing and building a portable microcomputer based device for a passenger car.  This device is 
longitudinal acceleration measurement and on this basis it is possible to determine driving force of the powertrain 
system in one simple on-road test. The acceleration is measured with the use of accelerometer installed in the car body. 
The paper describes the mechanical design and embedded system details: acceleration sensor connection with CPU 
and main solutions of relations between CPU and human–machine interface devices. Besides, software functions and 
implemented algorithms are presented. Additionally, the results of data acquired during on-road test and driving force 
of the powertrain system are shown. 
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1. INTRODUCTION 
 
The histories of instantaneous value of driving force 
during acceleration constitute some of the most important 
parameters reflecting energy losses. As a consequence, 
the latter parameter determines the efficiency of the 
powertrain [4, 6, 7, 8]. Besides, there is a wide range of 
methods for measuring driving force on vehicle wheels 
during road test but their results are associated with some 
kind of simplification and methodology of their 
determination often needs special measuring equipment 
and also skilled and experienced research workers. The 
precise determination of the driving force is necessary for 
defining maximum and instantaneous driving force in the 
powertrain system. The knowledge of this offers 
information not only about the condition of the driving 
force but also about the condition of the driving unit. 
Therefore it constitutes an excellent diagnostic parameter.  
At Opole University of Technology the process  of design 
was undertaken and led to the development of an original 
device for the determination of vehicle driving force, in 
which deficiencies of the earlier familiar devices were 
eliminated and whose construction is ergonomic and 
simple. The determination of the parameters was made 
with the aid of a portable, microprocessor device, 
powered from car’s electrical installation and mounted 
directly in the vehicle’s cockpit. The device was designed 
so that it would log vehicle longitudinal acceleration 
during a designed on-road test on which basis maximum 
and instantaneous traction parameter were determined. As 
a result of this research a prototype device named PAAF 
(Power Acceleration And Force) was developed (Fig. 1). 

 
 

Fig.1. Prototype of PAAF device 
(Power  Acceleration And Force) 

2. PAAF DEVICE 

The design of the device is based on a number of 
assumptions, including: 

 Mechanical: 
1. Notebook portable chassis closed for transport, 
2. Easily mounted sensors housing in cockpit without 

any modification of the device 
 Electronic: 

1. Powered from car’s battery or internal battery, 
2. Accelerometer based device, 
3. Measures car longitudinal acceleration and based 

on it and input of the car total mass, the driving 
force is derived 

 Software: 
1. Full control during measurement performed by one 

person – the driver, 
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2. Graphical presentation of results, 
3. Powertrain parameters are evaluated in a dynamic 

test, 
4. On-road test of maximum 5 minute duration. 

 

2.1. Mechanical design 
 

The stage of the design was undertaken with an aim at 
ergonomic device use and takes into consideration the 
necessity of its portable use. The components were 
designed in a way which secures the adequate protection 
during transport and enables device installation in the 
tested vehicle. This led to the development of device 
containing the microprocessor component and an attached 
part containing the sensor. The microprocessor 
component with I/O devices including membrane 
keyboard and LCD display requires protection during 
transport. The chassis of the device was designed in a way 
which ensures its tight enclosure; hence, it consists of two 
parts and a hinge, in which the components are contained 
inside a tight chassis for transport (Fig. 1). 
The chassis of the device is connected via a cable to the 
sensor housing which contains two axis accelerometer. In 
accordance with the requirements set the sensor housing 
is designed to be mounted in the cockpit with no 
modifications in its design. Hence, it was decided that the 
sensor will be attached to the windscreen with suction 
cups. The sensor should be placed as low as possible in 
the vehicle, parallel to the longitudinal symmetry axis in 
order to prevent the impact of the tilt on the measurement 
of the longitudinal acceleration [1]. For this purpose the 
chassis of the sensor was equipped with a mount, which 
enables rotational motion of the cylinder containing the 
sensor as shown in Fig. 2. 
 

 
 

Fig.2. Details of sensor chassis 
 

2.2. Electronic specification 
 

The design of PAAF device is based on KitCon - Phytec 
evaluation board equipped with Infineon C161 16 MHz, 
16-bit microprocessor, 256 Kb Flash and 64Kb RAM. An 
ADXL202 accelerometer and 320x240 LCD is connected 

to this evaluation board. The diagram of PAAF is 
presented in Fig. 3. In accordance with the assumptions 
concerning electronic design the device should display the 
following characteristics: enable data input and output, be 
supplied from car electrical installation and enable the 
measurement of vehicle acceleration. 
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Fig.3. Diagram of PAAF electronics design 
 
This board is connected to user interface via P2 to P4 
ports (terminal for data output). 
Since C161 processor does not contain ADC converter the 
decision was made to apply two-axis acceleration sensor 
ADXL2002 with a digital PWM output individually for 
all measurement axes. PWM frequency was set to 100 Hz 
and was connected to CNT 1 and CNT 2 counter inputs. 
The settings on the counters enable the calculation of the 
PWM signal in the high state synchronized with the rising 
slope of the signal. The counter readings are taken every 
10 ms. During the  operation the interrupt procedure is 
executed every 1 ms. The length of the shielded cable 
used to connect accelerometer PWM signal to C161 
counter inputs was 1.5 m, which is sufficient for 
undisturbed digital transmission [3]. 
 

2.3. Software 
 

The PAAF core is an algorithm implementation shown 
below in Fig. 4.  
The calculation of the driving force and output of the 
transmission and linear car speed is taken on the basis of 
the measurement of the longitudinal acceleration during a 
road test, which includes the acceleration and deceleration 
stage. 
Three tables containing double precision floating point 
data were assigned from the RAM memory for this 
purpose. The first two tables record the data concerning 
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acceleration and integral of linear speed from the 
acceleration stage at a set time interval of 0.1s. 

The third table contains the summary of the 
instantaneous values of car acceleration for the velocity 
ranges collected during the stage of acceleration. The 
driving force and the output of the transmission [5] is 
calculated on the basis of the road test and on the basis of 
the equation of balance of forces affecting the vehicle. 
The control program, for this particular embedded system 
was developed in C-language for C161 microcontroller. 

 

 
 

Fig.4. Algorithm of calculations made with the aid of 
PAAF device 

 
The library which enabled functions to be executed was 
modified in a way which ensures the reduction of FLASH 
and RAM memory use. 

3. ON ROAD TEST COURSE  

The on-road test must guarantee the repeatability of the 
acquired data needed for the calculation process. The 
accuracy and interpretation driving force depends on their 
histories.  
At this time in a portable devices this kind only data from 
car acceleration phase were utilized. As can be concluded 
from force balance (1) acting on road vehicle while it 
moves, the results can be interpreted only as gross values 
[8]. It is so because the results achieved by this method 
are reduced by movement resistances (drag force during 
motion, mostly involving rolling, aerodynamic and inertia 
force resistance). In summary, it can be stated that 
calculated driving force with the use of this on-road test 
can be different for two the same cars but equipped with 
other tires or with body modifications (body tuning) [3].  

  
Fd  - Fr - Fa  ± Fi  = 0 (1) 

For calculation of power and driving force Fd of the 
power train, the main resistance values or their totals must 
be familiar (rolling force Fr, aerodynamic force Fa, inertia 
force Fi or their total value). It can be achieved in a 
particularly designed on-road test where beside car 
acceleration phase additionally deceleration values will be 
acquired while car is decelerating without coupled power 
transmission (Fig. 5). 
 

 
 

Fig. 5. Proposed PAAF specific triangle shaped speed 
waveform which should be used when on-road test is 

performed 
 
When car is in the acceleration phase the driving force Fd 
is calculated in according with force balance equation (1). 
In the deceleration phase the main resistances are 
determined also in accordance with the equation in (1).  
On-road test should be performed on a straight flat road 
stretch and the acceleration pedal should be depressed 
with maximum intensity.  
But research [4] shows that car acceleration is closely 
related to the accelerator pedal angle ratio. It should not 
be greater then 75 o/s. If the pedal ratio is greater it can 
make a momentary driving force decrease [6]. It is most 
important for older cars not equipped with EPC 
(Electronic Pedal Control) system. 

4. DETERMINATION OF DRIVING FORCE  

The determination of the driving force with the aid of an 
accelerometer involves the measurement of car linear 
acceleration, thus, it requires the solution of numerous 
problems which have been mentioned earlier. The most 
important are the measurement of vehicle’s linear 
acceleration and the related car body pitch angle changes 
compensation. At this time a number of integrated circuits 
(IC) which enable the measurement acceleration even in 3 
axes are available. They can have analog and digital 
output or offer both. An accelerometer provides for the 
connection with microprocessor system or with any other 
data logger in a very comfortable way. In this 
investigations in two axes ADXL202 sensor was applied 
with digital output. The output type was selected in order 
to prevent additional noises from other IC’s. The sensor 
characteristics was described in Ultragarsas [1]. The noise 
level for this sensor can be critical for acceleration 
measurement accuracy and for speed drift which is 
calculated as an integral of acceleration.  
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The most important problem is associated with 
development of a technique for smoothing of the output 
signal so that it will continue to be adequate to dynamic 
changes in acceleration. Two digital low pass filters were 
tested to assess which one better reduces the noise: 
running mean and RC. Filters parameters were selected in 
such a way that the reduction of signal amplitude was the 
same for both of them and was equal to 50% of peak-to-
peak value. The best performance was achieved with the 
use of RC filter. The output of RC filter is more smooth 
than the original signal and gives faster response than the 
running mean which generates phase shift dependent on 
number of samples used to obtain the mean of the original 
signal. 
The sensor noises are relatively lower in comparison to 
signal changes when car engine is running. The noise is 
dependent on the engine type (gasoline or diesel), rotation 
speed, number of cylinders, engine suspension, and 
unbalanced masses. 
An assumption was made that the sensor will be in initial 
position oriented in such a way that one of its 
measurement axes will be parallel to the car movement 
direction and the other one to the gravity vector [2]. It is 
important to note that in all considered sensors the 
measurement axes should be oriented so that the 
measured acceleration will be in opposite to axes sense. 
As shown in Fig. 6 the sensor coordinate system is bound 
with the car body and the global with earth acceleration 
and movement direction. 
As mentioned before, the device was designed in a way in 
which one should be able to measure car performance in a 
on-road test with the use of an accelerometer mounted on 
the car body. The first part of the on-road test is the car 
acceleration phase. In its course it the car body changes 
pitch angle relative to the road surface. When the car 
accelerates its body and sensor coordinate system 
associated with it change their position and pitch angle 
relative to global coordinate system. The acceleration of 
car is bounded with global coordinate system but the 
measured acceleration with the sensor.  

 
 

Fig. 6. Simulated acceleration on axs and azs between 
measured on xs and xs in dependency of car acceleration 

and pitch angle 

If the pitch angle is non zero between them, the measured 
acceleration is equal to the projection of all accelerations 
in the measurement axis as presented in Fig. 7. The sense 
of earth acceleration vector is pointed in the opposite 
direction than typically showed. This is the course of the 
event as the inner sensor element decelerates while the 
housing is accelerating. In fact, it reacts on deceleration 
relative to housing so the earth acceleration vector sense 
must be showed like in Fig. 7 if the accelerations 
projections should be properly described. 
The measured accelerations on accelerometer axes are as 
follows: 
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Fig.7. Presents global (x,z) and sensor associated (xs,zs) 

coordinate systems. 
 

To assess how the pitch angle affects measured 
accelerations on xs and zs a simulation was performed. An 
assumption was made that the car acceleration is varies 
from a=-10 m/s2 to a=10 m/s2 and the pitch angle from 
αp=–15 to αp=15 degrees. The results as a difference 
between measured on xs and zs axis (axs and azs) and 
forward car acceleration a according to formula (1) are 
shown.  
In general, the measured acceleration is greater when the 
car is accelerating and lower when it is braking. It is so 
because reorientation of sensor based coordinate occurs 
and the projection of gravity acceleration decides about 
measured acceleration value. As shown before, the 
change of the pitch angle results in a significant 
acceleration error measured with regard to the  
longitudinal axis. A simulation was performed to check if 
there is a possibility of determining momentary pitch 
angle from accelerations measured on xs and zs axis.  
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For this purpose a graph was made where the measured 
accelerations distribution in xs and zs axis are combined. 
Simulation results (in Fig. 6.) show that for pairs of 
accelerations measured in xs and zs axes are more than 
one combination of car body accelerations and pitch 
angles. For example, if axs=0.6m/s2 and azs=9.8m/s2 (see 
the shaded circles in Fig. 6) the car body acceleration 
could be –0.1 m/s2 or 0.75 m/s2 an the pitch angle 
adequately 0.1 and 6 degrees. When car wheels are 
moving on the road, its roughness is indicated as 
acceleration which can be different in their values and 
directions in each of the wheels [7]. They act through the 
suspension of the body and result in lateral and 
longitudinal tilt ratio changes [1]. Road irregularities 
dependent accelerations and both tilt ratio changes can 
disturb the acceleration measurement because they 
generate additional accelerations whose value is 
dependent on road surface quality and sensor position in 
cockpit. In general, additional accelerations intensity are 
dependent on speed and their amplitude value can be over 
2 m/s2. Moreover, if a road bump occurs the real 
acceleration is not familiar. It can lead to significant error 
in the measurement of car acceleration and also can affect 
the driving force calculations resulting in false output. 

In order to increase repeatability of the results as well 
as their efficiency a filter was proposed which can result 
in the reduction of road dependent acceleration signal 
disturbances. It is based on azs signal observation and 
appropriate time constant increasing on low pass filter on 
axs signal when the amplitude of azs will increase. 

 

W E T

D R Y

 
 

Fig.8. Driving force versus vehicle speed. Test were 
performed on 2-nd gear for Renault Laguna 1,8 SI 

 
Its results are to a small degree affected by the road 
irregularities, weather conditions and repeatable. Fig. 8 

shows output data from PAAF. It was utilized for Renault 
Laguna 1,8 SI driving force of the powertrain system 
determination in the second gear. 
Fig. 8 shows the influence of weather conditions on the 
repeatability of the results from PAAF device for a test 
performed on wet and dry road. The total powertrain 
driving force for wet and dry road surface was close. Only 
the force loses became greater which was suspected due 
to increased rolling resistance on wet road. 

5. CONCLUSIONS 

Following studies and experiments the authors have 
developed PAAF device whose capabilities include the 
measurement of parameters of a car from the driving 
force in a simple on-road test. The results are to a small 
degree affected by the road irregularities and hence are 
repeatable. However, the application of electronic systems 
for the diagnostics of drive system impede the 
comprehensive and universal evaluation of the drive 
system in accordance with the strictly defined criteria 
concerning e.g. reduction of maximum driving force on 
wheels. Additionally, the diversification of manufacturers 
and components which form car drive system adds to the 
examined problem.  

The PAAF device was designed in such a way that fast 
and easy an determination driving force can be 
performed. Problems have been consecutively described 
and solved. Its additional advantage is that it can be 
reprogrammed and the device is opened for new concepts 
and solutions. In the near future the device will be 
modified in a way which will provide for compensation of 
pitch angle which will improve acceleration measurement 
among the remaining parameters.  
 
DEFINITIONS 
 
a: acceleration and real car acceleration in m/s2, 
αp: car body pitch angle between sensor and global 
coordinate system in deg, 
Fd: driving force in N, 
Fr: rolling resistance in N, 
Fa: aerodynamic force in N, 
Fi: inertia force in N, 
g: earth acceleration 9.81 m/s2, 
v: linear velocity, car speed in m/s. 
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