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Design, AI & Robotics
2DS323: AI in Design

Project Elevate by Hyundai: https://www.youtube.com/watch?v=A33Yu-9rgxo

https://www.youtube.com/watch?v=A33Yu-9rgxo


Generative Design
an advanced engineering methodology that combines 

geometry generation, simulation, and design automation
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Introduction to Generative Design
4Generative Design

https://www.youtube.com/watch?v=hk4TN8xkSQM



Computational Design
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• Computational design is NOT
any one algorithm or off-the-
shelf process you can utilize. 

• Rather, we describe it as an 
approach whereby a designer 
defines a series of instructions, 
rules and relationships that 
precisely identify the steps 
necessary to achieve a 
proposed design and its 
resulting data or geometry.

• Crucially, these steps must be 
computable, meaning they can 
be understood and calculated by 
a computer.

Image of an NURBS manipulations from Martin Stacey - UCL



Computational Design
• When approaching a 

design computationally, 
the designer would 
• focus on developing 

the procedure that 
would create a 
design - not the 
design itself.

• The process of iterating 
through options and 
data are offloaded to a 
computer. 
• Saves time, money 

and effort
• Lets the designer 

focus on the 
creativity of the 
design process
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What is Generative Design?
• A collaborative design process between humans and computers. 
• During this process, the designer 

• defines the design parameters and the computer produces design studies (alternatives), 
• evaluates them against quantifiable goals set by the designer, 
• improves the studies by using results from previous ones and feedback from the designer, and 
• ranks the results based on how well they achieve the designer’s original goals.
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Some generated alternatives - Mars Innovation District - The Living



What is Generative Design?
• Generative design is a specific application of the computational design approach, 

with the following distinctions:
• The designer defines goals to achieve a design (rather than the exact steps).
• The computer helps the designer to explore the design space and generate multiple 

design options (not just one).
• The computer enables the designer to find a set of optimal solutions that satisfy multiple 

competing goals.
• The designer compares multiple design scenarios to find a set of design options that fits 

the design goals.
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What is Generative Design?
• In a nutshell, generative design is a goal-driven approach to design 

that leverages automation so that designers and engineers can:
• have better insight into their designs;
• make faster, more informed design decisions; and
• explore more options using the power of computers.
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Why should I use Generative Design?
• Better Outcomes and Insight

• As the designer, you specify which outcomes you want to achieve for your design and 
how they are measured. With your guidance, the computer produces sets of optimal 
designs, along with the data used to prove which design performs best against your 
goals. By analyzing how the generated designs measure up against the set goals, you 
can gain valuable insight into which design aspects impact the outcome and how.
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Maximization of active shared spaces - Mars Innovation District - The Living



Why should I use Generative Design?
• Faster, More Informed Design Decisions

• Generative design can help you find better designs for your project more quickly by 
leveraging what computers are good at: computation and repetition.

• Computers can generate and evaluate a huge number of design variants in only a 
fraction of the time it would take an individual designer, allowing you to learn what 
does and doesn't work at an accelerated pace.
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Design options generated - Mars Innovation District - The Living



Why should I use Generative Design?
• A Greater Variety of Options

• With a generative design approach, the initial design parameters you input are used to 
generate your potential design solutions, with the only limitation being how much 
computer power and time you have.

• For example, using traditional computational design techniques, it's feasible for you to 
explore ten variants (or more, perhaps). However, using generative design, an algorithm 
can generate thousands of variants in mere minutes.
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Design options generated - Bionic Partition for Airbus - The Living



A Short History of Generative Design
'70s

• Generative Design has been the holy grail of CAD and CAE since their inception. 
The earliest mentions in the late ’70s focused on shipbuilding and architecture.

'80s

• With the proliferation of CAD in the ’80s, the interest in generative design increased. 
The results were still limited by the computing power of the time.

'90s & '00s

• In the ’90s and early ’00s, simulation-driven design, such as topology optimization, 
started to gain traction. The first structural optimization software hit the market.

'10s

• In the ’10s, advancements in digital and additive manufacturing pushed companies to 
accelerate the development of commercial generative design solutions.

Today

• Generative design finds applications beyond structural optimization, enabled by 
the increased computational power and advanced engineering design software.
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What goes into a Generative Design Process?
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• A generative design approach allows for a more integrated 
workflow between human and computer

Generate
•The design options are created 
or generated by the system, 
using algorithms and 
parameters specified by the 
designer.

Analyze
•The designs generated in the 
previous step are now 
measured or analyzed based 
on how well they achieve 
goals defined by the designer.

Rank
•The design options are 
ordered or ranked based on 
the results of the analysis.

Evolve
•The process ranks the design 
options to figure out in which 
direction they should be 
further developed or evolved.

Explore
•The designer compares and 
explores the generated 
designs, inspecting both the 
geometry and evaluation 
results.

Integrate
•The designer chooses a 
favorite design option and 
integrates it into the wider 
project or design work.



Anatomy of Each Stage
• Each of these stages can be further broken down into 

define, run and results steps. 
• The define step is the responsibility of the designer, 
• while the run and results steps are performed by the computer.

• Take the Generate Stage for example
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Generate
The design options are created or 
generated by the system, using algorithms 
and parameters specified by the designer.

Define

Run

Results



Anatomy of Each Stage: Define
• For the define step, the designer will need to do the following:

• Establish the generation algorithm - this is the logic that defines how designs are 
generated, which may include things like constraints and rules.

• Provide the generation parameters - these are the variables or inputs needed for the 
previously-defined algorithm.

• This define step is present and vital for all stages of the generative design process, as the 
validity of outputs relies on the quality of the designer’s contribution in this step.

• With clear and concise logic, the computer can provide suitable outputs.
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Anatomy of Each Stage: Run & Results
• Run

• Once everything is defined in the algorithm and its accompanying parameters, the computer begins 
to run, meaning it starts to generate different design options. 

• This process might happen locally on the designer's computer or, for more intensive calculations, it 
may happen using cloud computing.

• Results
• The things that are generated during the run step are the final outputs from each stage. These are 

then used as inputs or parameters in subsequent phases.
• For example, the designs created in the generate phase will be used as one of input parameters in 

the analysis phase.
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Overall 
Process
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• The diagram shows
• Each stage and 

step is dependent
on the previous 
one.

• The entire study 
process is 
repeatable, as 
each iteration 
learns from the 
previous results.



Generative Design & Additive Manufacturing
• Generative design enables the development of high-performance 3D 

printed products and is a near-necessity for any DfAM workflow.
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One of the key benefits of industrial 3D 
printing is that it gives engineers the ability 
to manufacture highly complex and high-
performance parts that are either 
impossible or prohibitively expensive to 
produce using traditional techniques.

However, modeling these complex and 
optimized geometries manually in 
traditional CAD software is a near-
impossible task.  The digital toolset of 
generative design enables engineers to 
manage the complexity of additive 
manufacturing and use it to their advantage.

DfAM = Design for Additive Manufacturing



Benefits & Limitations
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Examples of Generative Design
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VW’s Mini Van
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Applications of Generative Design
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Applications of Generative Design
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Autodesk Generative Design
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https://www.youtube.com/watch?v=CtYRfMzmWFU



Generative Design NASA’s Lander
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Roboy 2.0
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https://redshift.autodesk.com/articles/humanoid-robot-design



Roboy 3.0
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2.0



A.I. Chair by Philippe Starck
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https://www.youtube.com/watch?v=M22NyJW8Hfo

https://www.youtube.com/watch?v=M22NyJW8Hfo


A.I. Chair by Philippe Starck
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A.I. Chair by Philippe Starck
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• Philippe Starck is a French 
industrial architect and designer 
known for his wide range of 
designs, including interior design, 
architecture, household objects, 
furniture, boats and other 
vehicles.

--Wikipedia

• … design has no future, because 
matter has no future.  we enter 
now the era of dematerialization 
and bionism, that is to say the 
alliance of the body with 
integrated high technology. in the 
upcoming years, all the useless 
things around us will disappear, 
they will directly integrate our 
environment and our body …

--philippe starck.



Fusion 360 Generative Design Technology
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https://www.youtube.com/watch?v=a6bDLMWlS98



Thank you~
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