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Abstract. Structure optimization is one of the main fields that provides the 
most efficient results for the application. If correctly used the method can 
minimize all the unwanted aspect and maximize the chosen objectives. 
Nowadays, optimization on structure can be reached through using tools that 
are powered by artificial intelligence. The technology is well adopted and 
implemented in the fields of engineering. The positive impact from this 
method yet to be harvested. Therefore, the work will look at the use of 
artificial intelligence in engineering fields. Especially the focus of the work 
will be aimed at the structure optimization. Generative design is a method 
used in engineering to optimize the structure by different aspects. In this 
work some of the main components of generative designs will be outlined.  

1 Introduction  
The last two decades illustrated that one technology can drastically transform, in a short time 
of period, every possible industry, human lives, technology use, methods, and approaches. 
One technological progress influence other field as in domino. Adoption rate and frequency 
of new technology emergence are shortening, which allows fast embedment and quick 
results. Technological progress was always a main driver of human’s comfort. It is true that 
each technology occurrence has different influence on various groups in society. For instance, 
vehicles improvement will lead to better experience of the drivers. Better house devises will 
ease the living conditions. Similarly, engineering tools' improvement or technological leap 
in the field will positively impact on researchers. However, lately, new technologies are built 
in a way that they can be applied in different fields. This allows wider scope of influence and 
better profit.  

New technology or algorithmic advancement penetrated almost any fields and areas. This 
technology is greatly adopted by majority, due to its ability to transform positively any given 
field or area. The technology is called Artificial intelligence. In reality, it is a complex 
algorithm written to enhance old approaches and create new ones. This technology, in a short 
time, had time to be embedded into small and large industries as it was mentioned before. 
The main advantage of the technology is capability to automate processes that were before 
done manually or in a separate stage.  
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This work will consider the use of this technology in the engineering fields. If to be more 
specific in the optimization of structural integrity. There are many tools that are used to 
analyses and improve the given structure. However, with the latest improvement and with 
the use of artificial intelligence to perform some of the tasks automatically, these tools 
become less manual and time-consuming. The main focus of the work will be on the 
examples, where artificial intelligence is utilized to perform structural optimization through 
generative design [1-3].  

2 Generative design 
Generative design is a process where artificial intelligence is used to perform optimization 
through pre-scripted algorithms in favor of providing diverse structures. In simple words, it 
is a technique that uses algorithms instead of human involvement to generate unconventional 
and desired structural improvements that will work under the given constrains and boundary 
conditions. Why is important to utilize generative design? The first reason is related to the 
time consumption and human (researcher) involvement in the overall process. In other words, 
optimization. Due to the prescript algorithm, that imitates human involvement, some of the 
steps in different stages are done behind the curtains. Iterative steps are controlled by 
algorithms and, hence, time involved in the process can be shortened or spent on other parts. 
The second thing is that the structure of the given object is refined in a way that most of the 
time researchers do not see or optimize. Generative design presents unconventional results 
of a structure, where all the set conditions are taken into the consideration. This give 
researcher a wide range of examples that can be used with the best outcomes [4].  

In other perspective, this is a tool that will provide interesting design looks. When 
compared to manual solution of the calculation of different aspects and parameters of 
structure, this method can take into consideration many parameters and work to have the best 
outcome. In this manner the most unpredictable results can be achieved, whether they are 
good or useless in a practice. This capability of the method allows one to see all the 
possibilities that are available out there and use them for further improvements [5, 6]. 

3 Example of the use of the technology in structural optimization 
Generative design 

3.1 Structure optimizations  

As it was mentioned before, this method can be utilized to optimize the structure under the 
given values and pre-sets. The structure most of the time is built in a way that it can be 
optimized in weight. The material use in the structure can be defined through iterative steps, 
where under a given constrains and boundary conditions the structure is tested over and over 
with the different frame density to come up with the best results. Meaning, the material will 
be cut off to the extent where it can withstand the necessary loads or on the user’s behalf. 
The following image (figure 1) illustrates two state of one structure. In the first state, it is 
presented as it was build using the engineering tools (right structure). The second 
representation is taken after optimization of structure through use of artificial intelligence or 
pre-set algorithms (left structure) [7]. 

 
 
Fig. 1. Structure optimisation trough use of artificial intelligence [8] 

3.2 Shape transformation for different purposes 

The other use of artificial intelligence in engineering is to reshape the structure for specific 
constrains and boundaries. The structure could be built for one particular reason and at the 
end the specifications are changed due to the unpredictable or special reasons. This must lead 
to the rebuilding or changing the structure, depending on the reasons. Hence, the structure 
can be passed through the method discussed in this work. This time, the process is reversed 
and applied to the ready structure to fulfil the requirements. This process is involving the 
same steps as others and does use the same generative method. For better results the 
knowledge in the research, understanding the method used and capabilities on programming 
plays a major role in the overall analysis and the outcomes [11, 12]. 

3.3 Pareto Front 

This method is used to work on different objectives. The structure optimization can include 
different aspects. For instance, material use and its minimization can be the objective when 
running through some algorithms to find the optimal solution. The structure appearance 
might be another objective, that some of the structure must remain untouched due to the 
different reasons. Loads dissipation might be the main objective of the problem and, hence, 
the whole power is directed to this direction. Quality and cost might be the objectives that 
need to be considered when dealing with optimization. Therefore, Pareto Front is applied to 
the structure optimization as it states the following “no one objective can be improved 
without degrading at least one other objective”. This means that the method powered by 
artificial intelligence is used to weigh the objectives and, hence, to improve the main 
objectives that are significant [13]. 

3.4 Variation of designs 

In this section, the use of artificial intelligence in generating the different variation of one 
structure will be covered. It is a well-known fact that the technology can imitate or generate 
similar structures if fed with one. In engendering just, generation of similar structure will not 
be enough, as the precision or suitability is important. Therefore, the task is a bit complex 

2

BIO Web of Conferences 116, 04004 (2024)	 https://doi.org/10.1051/bioconf/202411604004
EBWFF 2024

RETRACTED



This work will consider the use of this technology in the engineering fields. If to be more 
specific in the optimization of structural integrity. There are many tools that are used to 
analyses and improve the given structure. However, with the latest improvement and with 
the use of artificial intelligence to perform some of the tasks automatically, these tools 
become less manual and time-consuming. The main focus of the work will be on the 
examples, where artificial intelligence is utilized to perform structural optimization through 
generative design [1-3].  

2 Generative design 
Generative design is a process where artificial intelligence is used to perform optimization 
through pre-scripted algorithms in favor of providing diverse structures. In simple words, it 
is a technique that uses algorithms instead of human involvement to generate unconventional 
and desired structural improvements that will work under the given constrains and boundary 
conditions. Why is important to utilize generative design? The first reason is related to the 
time consumption and human (researcher) involvement in the overall process. In other words, 
optimization. Due to the prescript algorithm, that imitates human involvement, some of the 
steps in different stages are done behind the curtains. Iterative steps are controlled by 
algorithms and, hence, time involved in the process can be shortened or spent on other parts. 
The second thing is that the structure of the given object is refined in a way that most of the 
time researchers do not see or optimize. Generative design presents unconventional results 
of a structure, where all the set conditions are taken into the consideration. This give 
researcher a wide range of examples that can be used with the best outcomes [4].  

In other perspective, this is a tool that will provide interesting design looks. When 
compared to manual solution of the calculation of different aspects and parameters of 
structure, this method can take into consideration many parameters and work to have the best 
outcome. In this manner the most unpredictable results can be achieved, whether they are 
good or useless in a practice. This capability of the method allows one to see all the 
possibilities that are available out there and use them for further improvements [5, 6]. 

3 Example of the use of the technology in structural optimization 
Generative design 

3.1 Structure optimizations  

As it was mentioned before, this method can be utilized to optimize the structure under the 
given values and pre-sets. The structure most of the time is built in a way that it can be 
optimized in weight. The material use in the structure can be defined through iterative steps, 
where under a given constrains and boundary conditions the structure is tested over and over 
with the different frame density to come up with the best results. Meaning, the material will 
be cut off to the extent where it can withstand the necessary loads or on the user’s behalf. 
The following image (figure 1) illustrates two state of one structure. In the first state, it is 
presented as it was build using the engineering tools (right structure). The second 
representation is taken after optimization of structure through use of artificial intelligence or 
pre-set algorithms (left structure) [7]. 

 
 
Fig. 1. Structure optimisation trough use of artificial intelligence [8] 

3.2 Shape transformation for different purposes 

The other use of artificial intelligence in engineering is to reshape the structure for specific 
constrains and boundaries. The structure could be built for one particular reason and at the 
end the specifications are changed due to the unpredictable or special reasons. This must lead 
to the rebuilding or changing the structure, depending on the reasons. Hence, the structure 
can be passed through the method discussed in this work. This time, the process is reversed 
and applied to the ready structure to fulfil the requirements. This process is involving the 
same steps as others and does use the same generative method. For better results the 
knowledge in the research, understanding the method used and capabilities on programming 
plays a major role in the overall analysis and the outcomes [11, 12]. 

3.3 Pareto Front 

This method is used to work on different objectives. The structure optimization can include 
different aspects. For instance, material use and its minimization can be the objective when 
running through some algorithms to find the optimal solution. The structure appearance 
might be another objective, that some of the structure must remain untouched due to the 
different reasons. Loads dissipation might be the main objective of the problem and, hence, 
the whole power is directed to this direction. Quality and cost might be the objectives that 
need to be considered when dealing with optimization. Therefore, Pareto Front is applied to 
the structure optimization as it states the following “no one objective can be improved 
without degrading at least one other objective”. This means that the method powered by 
artificial intelligence is used to weigh the objectives and, hence, to improve the main 
objectives that are significant [13]. 

3.4 Variation of designs 

In this section, the use of artificial intelligence in generating the different variation of one 
structure will be covered. It is a well-known fact that the technology can imitate or generate 
similar structures if fed with one. In engendering just, generation of similar structure will not 
be enough, as the precision or suitability is important. Therefore, the task is a bit complex 

3

BIO Web of Conferences 116, 04004 (2024)	 https://doi.org/10.1051/bioconf/202411604004
EBWFF 2024

RETRACTED



and involves different equations to generate shapes that are feasible with the different 
outcomes. The figure 2 shows different shapes generated from one structure. All the 
structures in the figure are well suited for the specific purpose of the original one [9]. 
 

 
 
Fig. 2. Generated unconventional structure [10] 

4 Future perspective  
It is possible that the development and variety application will be defied by the improvement 
of artificial intelligence. The tendency of improvement of the technology is rising daily by 
devouring new fields and areas. Hence, one can assume that the use of artificial intelligence 
will be further more reshaping the engineering fields. Especially the accent of the 
improvement will be done on construction of the structure and on its analysis. It can be 
foreseen that the building stage of the structure will be refined and automated. One possible 
outcome is that the structure will be built using the ready objects and reshaped to the 
constrains and boundaries by providing prompts and written direction. Possibilities to chat 
with the structure as it is some kind of entity with the possibilities to give back response. The 
overall use experience will be narrowed to the user’s habits. Personalization is another side 
of the technology, which is developed so much, that it can pick up on small behavior patterns 
of the user and then provide back the easiness in the use. One can notice that the 
personalization is not suited in the engineering that all the tasks and the solutions are different 
from each other. However, it will provide additional support for the user and, hence, will 
save time of repeating repetitive task over and over. It is believed that the main focus of the 
technology will be shine on simulation part or in other words structure optimization. Of 
course, those two types are absolutely different from each other but both of them lead to one 
result which are most of the time the shape optimization. It is hard to exactly foresee the 
usability of the technology, but by the small observation and analyzing the tendency one can 
visualize merely the possibilities of the use and the development of the technology in this 
field [14, 15]. 

5 Conclusion  
To conclude, the structural optimization in engineering field was discussed. The importance 
of use of artificial intelligence in the structure optimization was covered. it showed how 

generative design can be used to optimize the structure through different steps and methods. 
The work briefly described what is generative design and what role it plays in engineering. 
Different components of generative design were considered. The followings were discussed: 
basic structure optimization, unconventional design generation, transition of a structure to 
the desired shape, and Pareto Front. In addition, in this world some future perspectives of the 
method were discussed. By summing up the work, it is clear that generative tool is powerful 
equipment that can be used to achieve desired results with less effort applied and with high 
quality. It also illustrated that the method only will be improving as time passes.     
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