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Figure 1. The parameterization of the truss structure 
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Figure 2. Initial interval domains of design parameters and performance variables for the truss-
structure problem (left). The four successive outer approximations of the design space available after 

a Constraint Programming (CP) computation (right). 
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Table 1. CP computation of the truss structure - considering two series of specification constraints 
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Figure 3. Representation of feasible and unfeasible design points in the performance space for case 
#2 with a sampling of 100,000 design points within two different sets of domains X=[t,w,L,W]. 
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Figure 4. An optimization of an objective function (function of s and M), making varying the α 
parameter of linear combination, describes the all Pareto frontier. 
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2.1 Specificities of the truss example for robust design 
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Figure 5. The new parameters of the truss structure 
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2.2 The Taguchi robust design approach  
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Figure 6. An example of a response surface which provides s (vertical axis), one of the performances 
{FRs} with respect to some sensitive design parameters of {DPs}: t and α 
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Table 2. The first lines of the table of experiments used to identify a linear model with interactions  

t wab L W h Noise on M s
-1 -1 -1 -1 -1 -1 142 141
-1 -1 -1 -1 -1 1 503,3 504,3
-1 -1 -1 -1 1 -1 507 506
-1 -1 -1 -1 1 1 657,1 658,1
-1 -1 -1 1 -1 -1 142 141
-1 -1 -1 1 -1 1 503,3 504,3
-1 -1 -1 1 1 -1 507 506
-1 -1 -1 1 1 1 657,1 658,1
-1 -1 1 -1 -1 -1 189,3 188,3
-1 -1 1 -1 -1 1 671 672
-1 -1 1 -1 1 -1 553,1 552,1
-1 -1 1 -1 1 1 794,9 795,9
-1 -1 1 1 -1 -1 189,3 188,3
-1 -1 1 1 -1 1 671 672
-1 -1 1 1 1 -1 553,1 552,1
-1 -1 1 1 1 1 794,9 795,9
-1 1 -1 -1 -1 -1 979,8 978,8
-1 1 -1 -1 -1 1 2154 2155
-1 1 -1 -1 1 -1 2166 2165
-1 1 -1 -1 1 1 2654 2655
-1 1 -1 1 -1 -1 979,8 978,8
-1 1 -1 1 -1 1 2154 2155 	

  

	

Figure 7. Example of a response surfaces on which robustness data are added (right part of figure) 
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Table 3. The best solution with the robustness criteria on s, with variabilities on α 
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2.3 Results and interests of robust design for uncertainty management in 
embodiment design 

��	���
�	��	��1
	�	�
������	"��
�	"��
�������
�	��	��	
����

����	�
����	����
&��	���	��	������"!��	��	

��
	 
� ����
��	 �
����	 ����
	 .�
'��
�	 ��	 3664/�	 ��
	 �� "���
��	 ���!*���	 ���	  
	 "�
�(	 2�
	 �
�"!��	

���)��
��	"����	�	�
�����
	�"�'��
	%���	�	��!�"�	����	��	
)�!"��
	��
	�����!	��	����
	������	
�� !
�	��
	

�
����
�	��	�����
	���	��!*	��
	 
��	�
����	��!"����	��	��
	�
����	����
	 "�	�!��	��
	!
��	�
�����)
	��
	

��	��
	�
����	�����
�
��	)���� �!���
�	�"
	��	"��
�������
�(	2�
	�� "���
��	���	 
	��"��
�	�
�'������
	

 *	�
�'������
	��	������
����	�	�
�	�'	�
�'������
�	��	�"�����*(	

�� �������������
�
��
����

2�
	 �
����	 �'	 ���"��"�
�	 �
+"��
�	 ��
	 )
��'�������	 �'	 �	 �
�����	 �"� 
�	 �'	 �"!
�	 �
�"!����	 '���	 ��
	
1��%!
��
	 �'	 ��*����	 ���	�
�������!	 
&�
��
��
	 �'	 �
����
��	 ���	 ������"�����(	2�
�
	 �"!
�	 ���
	
'���	��
	�
�
����*	��	!����	��
	!������	
''
���	�"��	��	���
��
�	���	����!��
�
���(	����	�"!
	�
��
�
���	
��	
!
�
����*	
)
��	���	��
	���"��
��
	�'	�
)
��!	
)
���	!
���	��	�	'��!"�
	��
�����(	��	��������	��	��
	
�
�
���������	 )���� !
�	 �1	 ��	  
	 "�
�	 ��	 ��
	 �*��
�	 ������!	 ���	 �������������	 ��
	 "��
�������
�	 ��
	
���
!
�	 *	����������	)���� !
�	�''
�����	��
	'��!"�
	��
�����(	2�
	1��%!
��
	�'	��
�
	)���� !
�	��	����	
��	  
���	 ���
	 ����	 ����������!	 ��'��������	 ���	 %
	 �����	 �	 �
��
�
�������	 ��	 ��
	 '���	 �'	 ������	
)���� !
�	.���
�	4�	%���
	�
�!��������	��
	��/(	?��	�	��)
�	�
����	�"!
�	��
	 ����	������	)���� !
�	��
	
�
'��
�	 *	��
��	��� � �!��*	������ "����	%���	���
	
&�
��
�	�����
�
��(	
	

5.1  Reliability analysis 
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Figure 8: Parameter joint distribution and failure probability 

5.2 Reliability-based design optimization 
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Figure 9: Expected total cost in terms of failure probability 
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5.3 Application to truss structure 

											 	

Figure 10: Reliability index evolution in terms of truss dimensions 
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Table 4. The best solutions found during the stages of design exploration, robust and reliable design 
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