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ONSOZ / PREFACE

OTEKONZOZO, 10th International Automotive Technologies Congress was held with online

sessions on 6th and 7th of September 2021. It is our pleasure to express gratitude to all those who attended
this congress and made this event a great success with about 700 attendees. OTEKON 2020 Virtual
Congress was held with technical papers, posters, opening and keynote speeches and virtual exhibitions.

OTEKON2020 Congress was a unique platform to gain an insight on the latest research activities
and discuss the trends that related to the latest automotive technologies and their applications especially in
automotive industry.

To view and download the papers presented at OTEKON2020 Congress, please use the
OTEKON2020 web page, www.otekon.org.

We do express our sincere thanks to all of opening session and keynote speakers, authors presented
their works, reviewers, scientific and advisory committee members and sponsors for their great support to
make this event a great success. Our special thanks go to BURKON Congress Organization team for their
successfil organization and assistance in the preparation of the OTEKON2020 proceedings.

It is our great pleasure to invite you to join us for next OTEKON Congress, 11th International
Automotive Technologies Congress, OTEKON2024 which will be held on 5th and 6th September, 2024 in
Bursa, Tiirkiye.

Congress Chair
Prof. Dr. Ferruh Oztiirk
Automotive Engineering Department
Bursa Uludag University

Congress Co Chairs

Prof. Dr. Necmettin Kaya Dr. Ogr. Uyesi Erol Solmaz
Mechanical Engineering Department Automotive Engineering Department
Bursa Uludag University Bursa Uludag University
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Keynote Speakers — First Session

Prof. Dr. Henk Nijmeijer (Eindhoven University of Technology Dynamics &
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Prof. Dr. Thomas Troster (Paderborn University Institute for Automotive
Lightweight Design (LiA) Germany)

Prof. Dr. Levent Giiven¢ (Automated Driving Lab, Ohio State University, USA)
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Istanbul)

Prof. Dr. Ferit Kiiciikay (Director, Institute of Automotive Engineering, TU
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Prof. Dr. Serpil Acar (Professor of Design for Injury Prevention Loughborough
University England)

Moderator
Dog.Dr. Ibrahim Korkmaz (TOFAS Tiirk Otomobil Fabrikas: A.S., Bursa)

Discussions

Lunch

Keynote Speakers

S. Erkan Polat ( Vehicle Engineering Director TOFAS, Tiirk Otomobil Fabrikasi
A.S., Bursa) ;

Tolga Senoguz ( Product Development Director, FORD OTOSAN, Istanbul )
Onur Akkozak ( Engineering Director, OYAK RENAULT Otomobil Fabrikalar
A.S., Bursa )

Tuna Arinci ( Manufacturing, Senior Site General Manager, Valeo Otomotiv Sanayi
ve Ticaret A.S., Bursa )

Engin Meydan ( Beygelik Gestamp A.S., General Manager, Bursa )
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ABSTRACT

Protection and prevention of vehicle driver health and working capabilities are the most important task in vehicle design
phase. In order to improve and accelerate vehicle design process, different driver models have been developed in last
few decades. Models development depends on computer and software improvement. Wide application of artificial
neural network (ANN) and deep learning methods caused its application in human body models exposed to vide variety
of vibration. In this paper, model of vehicles driver exposed to vertical random vibration is developed based on ANN.
Different network structures and activation functions were analyzed in order to obtain optimal network structure in
frequency domain. Input data were seat to head transmissibility frequency response function of human body exposed to
vertical random vibration obtained in laboratory experiment. Validation of adopted model showed good correlation with
experimental data. Amount of transmitted vibration through vehicle drivers body can be predicted by application of
proposed model.

Keywords: STHT, ANN, vibration, driver, model
1. INTRODUCTION

Driver comfort is one of the dominant aspects in vehicle design phase. Investigation of ride comfort is focused on
research of vibration influence on vehicle driver health. Driver is exposed to whole body vibration (WBV) and local
vibrations in the driving condition. In order to utilize performed field and laboratory investigations, biodynamic models
of the human body is developed. Biodynamic models should be used to predict ride comfort in different driving
conditions without exposure subjects to vibrational excitation. Field and laboratory investigations of driver responses on
vibration excitation need time, resources and people and are very expensive.

Interest in human biodynamic models has become significant especially in the last two decades of the 20th century.
International standards are developed in order to identify rages of biodynamic responses of the human body in different
environment, (Rakheja, Dong, Patra, Boileau, Marcotte, & Warren, 2010). Frequency response functions: mechanical
impedance (MI), driving point mechanical impedance (DPMI), apparent mass (Al) and seat to head transmissibility
(STHT) are used in order to identify model of human body exposed to WBV in different conditions. Analysis of
published results showed significant diversity. Investigations were performed in the laboratory and field conditions.
Subjects were in sitting, standing and recumbent postures. Subjects were tested in different body position: sitting, laying
and standing. Legs were not supported and supported on the floor. Hands and arms were folded and in driving position
or steering wheel. Gender and anthropometrics characteristics of the subjects were different, as well as subjects age,
(Rakheja, Dong, Patra, Boileau, Marcotte, & Warren, 2010).

Oscillatory excitations were deterministic or random with different direction of excitation. One axis and multi axis
excitations were considered, as well as its correlated effect on human. Magnitude of excitations was different.

The vast majority of published studies concerned about vertical vibration effect on human in sitting position due to
dominant oscillatory load especially in passenger vehicle. Dominant vibrational loads of driver are in fore and aft and
lateral direction in the off road vehicles, forklifts and portal cranes, (Rakheja, Dong, Patra, Boileau, Marcotte, &
Warren, 2010).

The effectiveness of biodynamic models relies on the representative biodynamic responses of the body. Frequency
response function STHT represents vibration value transmitted through human body. Also, MI, DPMI and Al are
measured at one point and represent point frequency response function. Regardless to number of published results, it is
obviously that the vast major of published results consider AM and DPMI. Significantly less amount of papers consider
STHT than other frequency response function. Number of published results considered STHT in vertical direction is
larger than in fore and aft and lateral directions. (Rakheja, Dong, Patra, Boileau, Marcotte, & Warren, 2010)

The study of biodynamic responses of humans can be classified into statistical (experimental) and analytical methods.
Usually, experimental studies involve human corpses and dummies to avoid human injury. Experimental studies have
exhibited that humans are most sensitive to WBYV in the frequency range of 1-20 Hz, (Rakheja, Dong, Patra, Boileau,
Marcotte, & Warren, 2010). The vibrations produced in road vehicles range from 0.5-20 Hz which is also the
vulnerable range for human beings. A principal resonance has consistently been found between 4 and 6 Hz reported
principal resonance between 4-6 Hz and a second principal resonance between 8—12 Hz. (Harsha, Kumar, & Saran,
2017).

393



10™ International Automotive Technologies Congress, OTEKON 2020

Biodynamic models have been created to represent human body responses to vibration. These models are then grouped
to lumped models, multi body dynamic models, and finite element models.

Lumped models consist of sprung masses, dampers and springs. The degrees of freedom (DOF) depend on the number
of rigid masses. The earliest established lumped model with single degree of freedom (1 DOF) and later more complex
lumped parameter models were developed. Nonlinearity of human body exposed to vibration behavior could not be
taken into consideration respect to lumped parameter models. The experimental results had good agreement with Wan-
Schimmels 4 DOF in spite of its simplicity, (Cho Chung Liang, 2006).

Finite element models have been developed in recent years and they have significant application especially in vehicles
development phase.

In recent years, researchers were eager to use new mathematical models to simulate engineering problems especially
artificial intelligent methods such as artificial neural network (ANN), fuzzy logic, genetic algorithm, etc. These methods
are flexible and proper to optimization problems. ANN modeling has good potential to predict human body behavior
after training with some sets of input-output pairs. In (Gohari M., 2012) established a new ANN biodynamic model
based on Wei and Griffin (1998) lumped model which can predict body and head response acceleration signal from the
input signal. The accuracy of output signals were over 95%, which made it appropriate to use for other engineering
purposes like in seat suspension design or adaptive active seat suspension control.

Based on previous studies with some limitation of lumped models, it seems essential to have ANN biodynamic model.
In this paper, a novel biodynamic ANN model was introduced to predict head acceleration from seat acceleration based
on experimental method.

In this paper effort has been made to develop ANN model considering the influence of backrests, level of excitation,
BMI for prediction of human body response to vibration.

2. EXPERIMENTAL INVSTIGATION

An electro-hydraulic motion simulator was used in subjective experiment. The simulator was designed to provide the
test bandwidth from 0,3-30 Hz, but with very small power for the frequencies over 20 Hz, with total loading mass of
200 kg and to obtain vertical and horizontal random excitations simultancously. In the performed experiment, only
vertical random excitation is used. The investigators had to define frequency bandwidth and magnitude of excitation.

Data from accelerometers HBM B12/200 mounted on the seat pad, placed on seat buttock interface, (S) and head (H) in
fore and aft (x) and vertical (z) directions were recorded during experiment by the use of HBM DMC9012A amplifier
and BEAM 3.1 acquisition data software and stored in data file afterwards.

Group of 30 trained, healthy male and female subjects (aged 43,9+9,7 years, 180+£6,6 cm tall and 85,9+14,1 kg mass)
were exposed to vertical broadband random vibration. The confident frequency domain of the simulator, the results of
frequency contents lower than 0,5 Hz and above 20 Hz were neglected in the analysis.

In the experiment, subjects were sitting on the soft seat, in driving position, with hands on the steering wheel. The seat
characteristics and the transfer function of platform-seat system were obtained with the seat loaded with a sandbag of
total mass of 40 kg (Demic, Lukic, & Milic, 2002). The seat was excited by one-directional random vibration in vertical
direction.

Variation of seat backrest angle was adopted, as well as usually used position in driving condition. Seat backrest angle
(position K inclined 14 ° with respect to vertical axis and position S in vertical position without inclination) and
excitation magnitude (1,75, m/s? rm.s and 2,25, m/s? r.m.s) were varied (Demic, Lukic, & Milic, 2002). In order to
determine STHT function, accelerations were measured at the seat-buttock interface and on the head. Accelerometers
were also mounted on plastic helmet.

This signal duration, with sampling frequency of 171,8 Hz provided the following (Brandt, 2011):

. Reliability of FFT above 0,0029 Hz, estimated to be acceptable for the lower simulator excitation frequency of
0,3 Hz.
. With 512 averaging of spectra used in FFT, the random estimation errors of the following values were: for

auto spectrum — 0,0454 /, for cross spectrum — 0,057 /, and for coherence function — 0,032 /, which are acceptable,
according to (Brandt, 2011).

Based on these facts, it was found acceptable to apply the value of signal duration 343,6 s for the analyses performed in
the paper.

The preliminary analyses of the time history series have shown that they belong to a group of stationary random
processes. It is known that the identification of parameters of random processes can be done in time, amplitude and
frequency domain, which is thoroughly described in (Brandt, 2011).
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The output STHT is calculated by using the frequency response function H(f) by equation (Brandt, 2011):

STHT = Si(/) (1)

S5s(f)

where Sis(f) — cross spectral density of the seat (input) and head (output) motions and Ss(f) — auto spectral density of the
seat (input motion)

3. ARTIFICIAL NEURAL NETWORK MODELING

Multilayer perceptron (MLP) among the class of feed-forward networks has the capability of universal approximation
of nonlinear phenomena and complex systems, (Kim, 2017). Hence, a multilayer feed-forward neural network with
back propagation (BP) algorithm was employed. The MLP neural network architecture consists of one input layer
comprising 5 main factors (frequency of vibration, magnitude of vibration, body mass index (BMI), gender, seat back
condition) one output layer (STHT), and one hidden layer, as shown in Fig. 1. Input data are classified as continuous
(frequency, magnitude of vibration and BMI) and categorized (gender and seatback condition).

Figure 1. Adopted ANN model of STHT under vertical excitation

The challenging tasks for developing ANN models are to identify optimal number of neurons in each hidden layer,
number of hidden layers and training algorithms. Determination of an optimal number of hidden layers generally
involves difficult tradeoff between the prediction ability and computational demand of the model. The preliminary
simulations performed with the ANN model with a single hidden inputs revealed poor predictions of the STHT over the
entire range of body mass and excitation levels. The MLP neural network with more hidden inputs minimum 3 and
maximum |1 with neurons ranging from 1 to 20 was subsequently employed, in order to improve convergence in terms
of mean squared error (MSE). It is noteworthy that employing greater number of neurons in each hidden layer entails
the over-fitting drawback, which reduces the forecasting ability of the model. Upper limit was 20 networks for train and
5 networks for retrain in order to enable adoption of optimal MLP configuration.

From the whole group of tested subjects, data of 10 subjects (male and female, two sitting position, three levels of
excitation, BMI and STHT in vertical and fore and aft direction) was adopted to train, test and verify optimal ANN
model of STHT. Dimension of data matrix was 48175x7. Data were classified into: train set of 70% of total data, 15%
for testing and 15% for validation of adopted model.

The network structure with least MSE over 1000 iterations was explored. To ensure that each input variable provides an
equal contribution in the ANN simulation and to reduce the challenge of numerical instability in the process of
adjusting the weights, the inputs to the model, excluding the gender and back support condition, were normalized and
scaled into the numeric range [0, 1], such that:

7, =2 Lnin_ (1)
22
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where Z, denotes normalized input variable, Z; is raw input variable, and Zmin and Zm. denote the minimum and
maximum values of the raw input variables, respectively. Different activation functions are tested and all data in input
matrix are normalized and scaled according to equation (1), (Gohari, Rahman, Tahmasebi, & Nejat, 2014).

The gender was described as an input with numeric value of 0 and 1 for the female and male subjects respectively.
Training algorithm was Broyden Fletcher Goldfarb Shanno, (Kim, 2017).

4. DISCUSSION

In conducted experiment time series of accelerations on the seat and head of driver were measured. As input or output
data time signals of accelerations can be used. ANN model can be developed based on acceleration of seat and head
time domain. Later, function STHT should be determined. Development of ANN biodynamic model for prediction of
human body acceleration in time domain was performed in (Gohari M., 2012).

Analysis of results published in (Cho Chung Liang, 2006), (Gohari, Rahman, Tahmasebi, & Nejat, 2014), (Kumar,
2017), (Taghavifar, 2018) showed that ANN biodynamic models are developed in frequency domain. Input data were
frequency, body mass, magnitude of excitation etc.

In this paper development of model for prediction of driver vibrational load under vertical excitation is performed in
frequency domain. In order to develop optimal network structure two approaches are applied: network with five inputs
and one output data and network with five inputs and two outputs data. Qutput data was STHT in vertical direction and
STHT in vertical and fore and aft direction. This consideration should enable optimal network structure in order to
avoid model complexity.

ANN model of STHT in vertical direction is developed by using five input data and one output data. Twenty different
network models were applied in order to obtain optimal performance between output and target experimental data. Two
networks with best performances in training, test and validation phase are presented in Table 1. Network configuration
MLP 5-9-1 has the highest correlation between target and output data. Comparison between experimental data and
model data are presented in figure 1.

Table 1. Summary of active networks - output STHT in vertical direction (z), vertical excitation

Network Performance Error Activation
structure Training | Test | Validation | Training | Test | Validation | Hidden | Output
MLP 5-11-1 0.85270 0.86367 0.85902 0.14095 0.13196 0.14404 Tanh Tanh
MLP 5-9-1 0.86986 0.88493 0.87690 0.12568 0.11279 0.12734 Logistic ~ Logistic
4

STHTz,/
n

0 i 10 15 20 28 30 as
Frequency, Hz

Figure 1. Comparsion of STHT of human body exposed to vertical random vibration in vertical direction obtained in
laboratory conditions and obtained by ANN model MLP 5-9-1

Comparison between two determined networks, in model validation, is shown in figure 2. Network MLP 5-9-1 showed
better approximation with experimental results than MLP 5-11-1. Also, network structure is less complex respect to
hidden layers. Activation function was logistic sigmoid in both cases.
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In the second phase ANN model of STHT was developed with same input data as well as in the first phase and output
data were STHT in vertical and fore and aft direction. This structure of ANN should be suitable in the case of presence
of correlation between output signals in fore and aft direction and vertical direction. In the laboratory environment it is
not common, but in the real road conditions it can be appeared.

Obtained results are presented in Table 2 and Figure 3.

Table 2. Summary of active networks - output STHT in both vertical (z) and fore and aft (x) direction (z), vertical excitation

Network Network performance Error Activation
structure Training | Test | Validation Training | Test | Validation | Hidden | Output
1  MLP5-9-2 0.82680 0.83643 0.81385 0.32606  0.31589 0.37647 Tanh Exponential
2 MLP5-7-2 0.80531 0.81351 0.79457 0.36227  0.35608  0.41084 Logistic Logistic
3 MLP5-10-2  0.77859 0.79099 0.77154 0.40662  0.39434  0.45179 Logistic Logistic
4 MLP5-11-2  0.77667 0.78487 0.77157 0.40838  0.40312 0.45029 Tanh Exponential
5 MLP5-7-2 0.80213 0.81088 0.78910 0.36746  0.36065  0.42099 Logistic Logistic
3.5
3 e MLP 5-11-1
‘ s MILP 5-9-1
25 4
= 27
-
1
05
0 T T T 1y T T
0 5 10 15 20 25 30 E LY
Frequency, Hz

Figure 2. Validation of adopted ANN MLP model of STHT in vertical direction

N ——MLP 5.9-2

0 T T T
0 5 10 15 20 25 30 35

Frequency, Hz

Figure 3. Validation of adopted ANN MLP model of STHT in vertical direction, two output layers

Comparison of output and target data is presented in figure 4 in the process of validation. Network MLP 5-9-2 is
adopted as optimal, which performances are the highest between five presented networks. Number of hidden data is the
same in both cases. Activation functions are different.
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Figure 4. Validation of ANN MLP-5-9-2 model of STHTz under single axis vertical excitation
5. CONCLUSIONS

Conducted investigation presented in the paper showed that biodynamic model of driver exposed to vertical random
vibration can be developed based on STHT frequency response function and ANN. Proposed ANN model is sutable to
incorporate non linear characetristics of human body. ANN model developed in the frequency domain is sutable with
respect to significat frequencies of STHT. After model structure is adopted, there is no need for post procesing data as
well as it is necessery when ANN model is developed in time domain.
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