
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 05, 2015 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 419 

Experimental Analysis and Design of Neural Network Controller to 

Control Seat Vibration of a Vehicle 
Mr. Gurinder Singh

1
 Mrs. Tejbir Kaur

2 
Mr. V.P. Singh

3 

1
P.G. Student 

2
Assistant Professor 

3
Professor 

1,2,3
Department of Mechanical Engineering 

1,2,3
Punjab Engineering College University of Technology, Chandigarh,  India. 

Abstract— Normally in vehicles there is passive or no seat 

suspension system used to control the vibrations that are 

induced from the road surface irregularities. Those 

vibrations which bypass the suspension system are 

transferred to seat and then to human body. In some terrain 

vehicles there is no suspension system. Such vibrations, if 

not controlled causes the back pain and other spine related 

problems over the course of time. In this research, semi-

active control strategy is used to control seat vibrations of 

vehicle using neural network. 
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I. INTRODUCTION 

There are three types of systems to control the vibration of 

seat:- 

 Passive control system. 

 Semi- active  control system 

 Fully –active control system. 

Each of the three types of suspension has different 

advantages and disadvantages. Passive vibration control 

involves an inherent compromise between low-frequency 

and high-frequency vibration isolation. Passive suspension 

system consists of a damper and a spring. These two 

elements cannot add energy to the system these kind of 

control systems are called passive control systems. 

In these systems, the characteristics of the 

suspension elements are constant. In the design of these 

systems, there is an inherent compromise between good seat 

comfort and seat stability (Fig. 1). A seat suspension with 

stiff spring and firm damper is referred as 'hard' suspension. 

This provides good control on the seat vibration. However, 

this system is unable to offer effective seat comfort. On the 

other hand, a suspension with low stiffness and soft 

damping, called 'soft' suspension provides effective seat 

comfort from road unevenness and creates good ride 

comfort. However, this system cannot control the motions of 

the seat effectively. 

 
Fig. 1 A Compromise between seat comfort and seat 

stability 

Semi-active control method provides the reliability 

of passive control methods and also includes the advantage 

of the adjustable parameter characteristics of fully active 

control systems. Semi-active control system provides a 

balance between the simplicity of passive systems and the 

cost of higher- performance fully active control system. In 

comparison with a fully active suspension system, a semi-

active system is less complex, requires much less power, 

and more reliable. Consequently, semi-active control 

systems are getting more attention. There are various control 

strategies to control the semi-active system like Proportional 

Derivative Integral (PID) controller, Fuzzy controller, 

skyhook controller etc. Neural network is one of the control 

strategy used here. 

II. NEURAL NETWORK  

Artificial neural network (ANNs) are a family of statistical 

learning models inspired by biological neural 

networks (the central nervous systems of animals, in 

particular the brain) and are used to estimate or approximate 

functions that can depend on a large number of inputs and 

are generally unknown. The key element of this paradigm is 

the novel structure of the information processing system. It 

is composed of a large number of highly interconnected 

processing elements (neurons) working in unison to solve 

specific problems. Neural network, like people, learn by 

example. An ANN is configured for a specific application, 

such as pattern recognition or data classification, through a 

learning process. Learning in biological systems involves 

adjustments to the synaptic connections that exist between 

the neurons. This is true of ANNs as well. 

Neural networks, with their remarkable ability to 

derive meaning from complicated or imprecise data, can be 

used to extract patterns and detect trends that are too 

complex to be noticed by either humans or other computer 

techniques. A trained neural network can be thought of as an 

"expert" in the category of information it has been given to 

analyze. 

Neural network can be trained in the matlab and 

then can be used to control the semi-active control system. 

Neural network controls the damping force of the variable 

damper used in semi-active system. 

III. EXPERIMENTAL ANALYSIS AND TRAINING OF NEURAL 

NETWORK 

To train the neural network in matlab, it requires some 

input-output values to adjust its weights accordingly to 

provide appropriate output value to the random input value. 

Input values are the acceleration of body and seat mass of 

vehicle and output value is the coefficient of viscosity of 

controllable damper. A controllable magneto-rheological 

damper of range 800 to 2200Ns/m was chosen to train 

neural network in matlab. An experiment was performed to 

acquire input output values to train the neural network. In 

the experiment, the vehicle (Swaraj 855 FE tractor) was 

made to run over the bump (Fig. 2) of known height and 

width at the speed of 10kmph.  

https://en.wikipedia.org/wiki/Biological_neural_network
https://en.wikipedia.org/wiki/Biological_neural_network
https://en.wikipedia.org/wiki/Central_nervous_system
https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Universal_approximation_theorem
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Argument_of_a_function
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Fig. 2 Bump Profile 

Piezoelectric accelerometers were mounted on the 

seat and body of the vehicle to get the vertical acceleration 

values of the seat and body of vehicle when the vehicle 

passes over the bump. The experiment was performed three 

times and the average vertical acceleration values were 

plotted with time (Fig. 3 & 4).  

 
Fig. 3 Seat mass acceleration 

 
Fig. 4 Body mass acceleration 

By observing these values of accelerations of seat 

and body mass, the ranges of damping force (coefficient of 

viscosity) of controllable damper were defined (Table 1). 

For example, if the seat and body accelerations are in 

between -0.5 to 0.5 g then Neural network is supposed to 

return 800Ns/m value because in this range there were very 

less jerks and low damping is preferred in this region. When 

jerk was big enough to cause high vertical acceleration then 

high damping force of controllable damper was preferred. 

Similarly all other ranges were defined. 

Seat and body mass 

acceleration range 

(in g’s) 

Required 

Coefficient 

 of viscosity 

( in Ns/m) 

-0.5 to 0.5 800 

(-0.5 to -1) or (0.5 to 

1) 
1080 

(-1 to -1.5) or (1 to 

1.5) 
1360 

(-1.5 to -2) or (1.5 to 

2) 
1640 

(-2 to -2.5) or (2 to 

2.5) 
1920 

> 2.5 or < -2.5 2200 

Table 1: Range of Acceleration And Corresponding 

Damping Value 

Neural network is trained in matlab using 

levenberg marquardt backpropagation method. To do this 

„Neural network fitting tool‟ (nftool) is used in matlab (Fig. 

5). From the acceleration values recorded by accelerometers 

those acceleration values which were mentioned in the 

defined range were used as an input values. Output values 

were chosen from defined ranges from table 1. Neural 

network was trained using ten hidden layers and results of 

trained neural network were saved. 

 
Fig. 5 nftool window in matlab 

IV. TESTING OF TRAINED NEURAL NETWORK 

The trained neural network was put to test for several 

different input values. The command which was used in 

matlab to get an output from neural network was:- 

Out = net(sample‟)‟; 

In this command “Out” is the output of neural 

network, “sample” is the input matrix and “net” is the name 

of saved neural network. Random values of acceleration (in 

g‟s) were put in “sample” matrix and the corresponding 

outputs were recorded. (Table 2) 

Random Input Values of 

body mass and Seat 

acceleration (in g’s) 

Output value of 

Coefficent of viscosity 

( in Ns/m) 

-0.45 and -0.35 800 

–0.59 and -1.20 1100 

-1.23  and 1.11 1360 

-1.60  and -1.21 1561 

2.3 and -1.90 1819 

3.22 and 4.11 2200 

4.41 and 4.52 2200 

-1.5 and 2.42 1611 

-2.91 and 1.49 1840 

0.56 and 1.26 996 

1.22 and 1.33 1360 

-2.1 and 5.2 2160 

2.13  and -1.88 1761 

0.02  and 0.33 800 

-0.24 and 1.76 888 
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Table 2: Testing of Neural Network 

Discussion of the obtained results: 

1) It was observed from the table 2 that those values which 

fall in the defined range (Table 1) for neural network 

gives exact same output as the defined in the range. 

Like reading number 1,3,6,7,11,14 give the exact same 

output as defined. 

2) Other readings gave values in-between the defined 

range and that was expected from neural network. 

Taking reading number 2 for example, the seat 

acceleration is -1.20 and body acceleration is -0.59. As 

from defined range the value of coefficient of viscosity 

for the input of -0.59 is 1080Ns/m and for the input of -

1.20 is 1360Ns/m. And neural network was expected to 

give the value between 1080 and 1360Ns/m. Output 

value for reading number 2 was 1100Ns/m which was 

expected. Similarly all the remaining readings gave the 

expected value.  

3) The explanation of readings justifies that the neural 

network training was successful. Therefore this trained 

neural network can be used to control seat vibration of 

the vehicle. 

V. CONCLUSION 

Semi-active control system for seat vibration using neural 

network is much better than the old passive system, as use 

of neural network eliminates the compromise between seat 

comfort and seat stability which was there in the passive 

system. The advantages of using neural network are:- 

1) The mathematics model of seat and body mass 

vibrations is not required to control the damping 

force. 

2) Adaptive learning: Based on the data given for 

training, neural network has an ability to learn and   

it can give output for unknown inputs value. 

3) Self-Organisation: Neural Network can create its 

own organisation or representation of the 

information it receives during learning time. 

REFERENCES 

[1] Chang C. C. and Roschke P. “Neural network modeling          

of a magneto rheological damper.” J. Intell. Mater. 

Syst. Struct., Vol. 9, 755– 64, 1998. 

[2] Ishikawa F, Kobayashi K. Vibration characteristic of 

the seat of the tractor. “Report of Institute of 

Agricultural Machinery”, 55, 1981. 

[3] Psaltis, D., Sideris, A., & Yamamura, A. A. “A 

multilayered neural network controller.” IEEE Control 

Systems Magazine, 8, 17- 21,1988. 

[4] Paré, C. A. “Experimental Evaluation of Semiactive 

Magneto-Rheological Suspensions for Passenger 

Vehicles”. Master Thesis, Faculty of the Virginia 

Polytechnic Institute, Blacksburg, Virginia, 1998. 

[5] Tiemessen, I.J., Hulshof, C.T.J. and Frings-Dresen, 

M.H.W. “An overview of strategies to reduce whole-

body vibration exposure on drivers: A systematic 

review”, International Journal of Industrial Ergonomics, 

Vol. 37, No. 3, pp. 245–256, 2007. 


