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 A Review Study of Vibration Analysis for a Seated Human and Presenting an Optimal 
Biomechanical Model for a Vehicle Passenger by Genetic Algorithm 

 
J. Marzbanrad chool of Mechanical Engineering, Iran University of Science & Technology, Tehran, Iran 
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Abstract 
In the present study, different biomechanical models in a sitting position have been investigated. The differences of these models are in terms 
of the number degrees of freedom, the complexity and the direction of the vibration analysis that consist the vertical, horizontal and lateral 
directions. In addition, mathematical models indurin finite element, lumped-parameter, multi-body and matrix models that are presented in 
literature, are reviewed. These models have been compared with the experimental data in terms of compliance and the best model is specified. 
In addition, the history of important laboratory works in from 2000 to 2015, which are vital for validation are collected and presented. In fact, 
compliance biomechanical models with experimental results, shows the good biomechanical model. Finally, 6-DoF biomechanical model of 
human body for a sitting posture without backrest is introduced, which is utilized for investigating vibrations in vertical direction. Model 
parameters using genetic algorithms is obtained by minimizing the errors. This model is validated with the experimental results which 
presented by Boileau et al.The results demonstrated that the presented model has better compliance with the experimental data in compare 
with the previous models. 
Keywords: Vibration, Automotive Passenger, Biomechanical Model, Genetic algorithm. 
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 ��7 :��	� �D��������� 

 f	J8	<�t  
0.25-2.5 2-20 � ��m� ����� /P�] �����
3� ��7  60-85)68.3(  12 �	�  

�0�M���  �

>�M�	G )2000( 

 �SK� `5�
� D�  � �D����

�
�	X 
0.5,0.7,1.4,1 2-100 �5�5��  �����  
5��- 
X��  �����
3� ��7  

55-92)74 (54-

93)66(  

15  �	� 15  

,D  

 � ������ F<

,����L< )2000( 

 D�  � �D���������  f	J

8	<�t 
0.125,0.25,0.625,

1.25 
0.25-25 � ��m� ����� 

/P�]-4����
3� 

,��  

�����
3�  � ��3�

��7 
57-106)74.6(  12 �	�  ;���� )2001( 

 �D���������  f	J8	<�t  0.5,1,1.5 2-20 � ��m� ����� /P�] �����
3� 
@�a  
72-96)81 (54-

79)67(  

11   �	� 13 

,D  

�0�M���  �

,����L< 

)2001( 

 f	J `5�
� D�  � �D����

8	<�t 
0.25,0.5,1 0.5-40 � ��m� 

130 � z�.

240����  ��G

�����Y 


X�� �����
3� ��7  
58-100)78.5         (

48-111)64(  

12 �	�  12 

,D  

,����L< � �9Y�� 

)2002( 

 ��7 :��	� D�  � �D����

�����  f	J8	<�t  
0-1.4,0.35 2-20 � ��m� ����� 
U5 /P�] 

�����
3� 

��7 
64-87)73(  8 �	�  

 � ���������

>�M�	G 

)2002( 

 ��7 :��	� D�  � �D����

�����  f	J8	<�t  
0-0.125,2 0.5-20 � ��m� ����� /P�] 

�����
3� 

��3� 
63-83)72(  8 �	�  

 � ���������

>�M�	G 

)2002( 

 ��7 :��	� D�  � �D����

�@	mC�� �	   f	J

8	<�t 

0.2,1,2 1-20 � ��m� i8��L1	�  /P�] 
�����
3� 

��7 

)750.4(  

 ��1���LU�  
12 �	�  

�0�M���  �

>�M�	G 

)2002( 

 ��7 :��	� D�  � �D����

 f	J `5�
�8	<�t  
0.3  1-35  � ��m�  

160 � z�.

160���� G�� �����Y  

X��  �����
3� ��7  

58-106  
51.5-81  

 ���1����LU�  

23 �	�  

22 ,D  

I��< ,����L< � 

)2004( 

 �D���������  f	J8	<�t 0.125,0.25,0.62,1
.25,5  

0.25-20  � ��m�  8��L1  
/P�]-4����
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,��  

�����
3�  � ��7

��3�  
62-106)77.2(  12 �	�  

;����  �>�M�	G 

)2004( 

�
� D�  � �D���� f	J `5

8	<�t 
0.5,1  0.5-40  � ��m�  8��L1	�i F���  

/��]- 
5� �< 	@  

,��	  
�����
3� ��7  47.4-110.5)70.8(  

13�	�  

14 ,D  

,����L< � }�� 
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 D�  � �D���������  f	J

8	<�t  
1  1-20  � ��m�  �����  ��3� (��IG �����
3� ��7  )65.8 ��1 (���LU�  12 �	�  

����  ��0�M��� 

)2005( 

� ��7 :��	� �D�������� 

 f	J8	<�t 
0.4  1-20  � ��m�  8��L1	�i  /<��//��]  �����
3� ��7  )63.8 ��1 (���LU�  12 �	�  

�0�M��� � ���� 
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��7 :��	� D�  � �D����8 
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�0�M���  ����� 
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8	<�t  
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 ��7 :��	� D�  � �D����
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�����
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� �D����

8	<�t  
0.25�1�2  0.25-30  � ��m�  �����  /P�]-
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3� ��7  )64.3 ��1 (���LU�  15 �	�  
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-�

>
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:�� �� �J�� ��D�8_ �@ f	J � 	�  i�SY	�  �����,� ;��1976  3  
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Apparent Mass 
(Kg) 

Driving Point 
Mechanical 

Impedance (Kg/s) 

Seat to Head 
Transmissibility Frequency (Hz) 

61.2 254 1.01 0.5 

61.4 304 1.01 0.63 
60.6 359 1.01 0.8 
59.6 424 1.02 1 
59.2 493 1.03 1.25 
60 627 1.06 1.6 

60.8 768 1.08 2 
62.6 947 1.1 2.5 
70.7 1429 1.16 3.15 
79.3 2002 1.29 4 
74.5 2346 1.45 5 
53.2 2065 1.23 6.3 
38.5 1939 1.01 8 
31.5 1981 0.96 10 
25.9 2023 0.86 12.5 
17.4 1750 0.71 16 
14.1 1755 0.63 20 
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Parameters Values Parameters Values 

C1 (Ns/m) 2475 K1 (N/s) 49340 
C2 (Ns/m) 330 K2 (N/s) 20000 
C3 (Ns/m)  200 K3 (N/s) 10000 
C4 (Ns/m) 250 K4 (N/s) 134400 
C5 (Ns/m) 316 K5 (N/s) 2860 
C6 (Ns/m) 0.00002 K6 (N/s) 1466400 
C7 (Ns/m) 1606.3 K7 (N/s) 68064 
M1 (Kg) 5.5 M5 (Kg) 15.856 
M2(Kg) 20 M6(Kg) 5.807 
M3 (Kg) 4.17 MTotal (Kg)  60.67 
M4 (Kg) 9.337   
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