
DIGITAL DESIGN & MANUFACTURING

Al AND THE FUTURE OF

MACHINE DESIGN
A r t i f ic ia l ly  in te llig e n t system s are lea rn ing  how to develop new products and 

designs. W hat does th a t leave engineers to do?

BY AHMED K. NOOR

Not all that long ago, engineering was 
a profession conducted with pencils 
and paper. Calculations were done 

by hand and designs were sketched out on 
large sheets. From actual blueprints, physi
cal models would be made to work out how 
the final product should look and be made.

Today, of course, engineering is a disci
pline intensely involved with computational 
and software tools. Computer-assisted 
design, computational fluid dynamics, and 
finite-element analysis applications are 
some of the basic tools that engineers 
deploy when creating new product designs. 
When physical models must be tested, 
prototypes can be printed directly from the 
computer files.

Although these tools have enhanced the 
powers of engineers, the engineer is still 
clearly in control of the design process.
But that control is now in question. There 
is increasing interest in using new artificial 
intelligence and other technologies to reach 
higher levels of product automation and ac
celerate innovation of new products. Advanc
es in Al, combined synergistically with other

technologies such as cognitive computing, 
Internet of Things, 3-D (or even 4-D) print
ing, advanced robotics, virtual and mixed 
reality, and human machine interfaces, are 
transforming what, where, and how products 
are designed, manufactured, assembled, 
distributed, serviced, and upgraded.
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This revolution w ill enable a new type 
of design process, one where Al-enabled 
programs iterate and optimize with little 
human intervention. The resulting designs 
seem impossibly complex, but thanks to 
advanced manufacturing technology, they 
are no more difficult to print than conven
tional designs. Already, parts that are the 
result of this generative design process 
are being readied for use in commercial 
aircraft and other critical systems.

The transition from drafting boards to 
CAD was disruptive to engineering. The 
next transformation to generative design 
is expected to be more disruptive.

Artificial intelligence is a concept that 
encompasses a wide spectrum of tech
nologies, and some types of Al have been 
applied to engineering systems for some 
time. Knowledge-based systems and Al 
rule-based expert systems were first used

in the 1980s to automate many of the mun
dane tasks for engineers. The intelligent 
agent paradigm was introduced in 1990s 
and provided a common language to de
scribe problems and share their solutions.

Those applications are considered to be 
“weak" Al.

In contrast, "strong" Al would behave 
more like general intelligence and be 
capable of sensing, perceiving, learning 
from, and responding to the environ
ment and users. Strong Al, also known as 
artificial general intelligence (AGI), refers 
to machine intelligence and deep learn
ing, systems that show complex behavior 
similar to living systems like swarms, ant 
colonies, and neural systems. These sys
tems w ill have the ability to adapt to most 
situations.

Artificial intelligence is moving forward 
in leaps and bounds (indeed, some

Al systems may soon 
design innovative 
new airframes and 
modular swappable 
interiors that can 
be customized to 
fit the needs of 
each flight.
Photo copyright:
Airbus S.A.S.
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The chassis of La Bandita Speedster was generatively designed to support a shape sculpted in v irtua l reality.
Dh o to : H a ck  Rod

researchers now speak of developing artifi
cial superintelligence—ASI) and much of the 
excitement about AI is directed toward appli
cations where computer systems will operate 
with great autonomy. The self-driving car is the 
poster child for AI, but there are a number of 
intriguing applications—from robotic clinicians 
who will be able to diagnose illnesses more ac
curately than any human doctor to Al-directed 
corporations that car_ orchestrate company ac
tivities without flesh-and-blood management.

The product-design process has already been 
affected by existing artificial intelligence, and 
AI will change the way we embed connected 
sensors and employ mixed or augmented reality 
headsets going forward. Based on the current 
trajectory, it is likely we will see AI impact 
product design and the creation of engineering 
systems in three distinct stages in the coming 
decade.

First, artificially intelligent systems will ease 
the laborious tasks that designers face, such as 
having to continually search for appropriate 
content, fix errors, determine optimal solutions, 
communicate changes, and monitor for design 
failure. Machine learning will be able to take on 
those jobs and do them much, much faster.

Next, AI will be able to assist in the creation 
of sophisticated designs. Intelligent systems

will work at the designer’s elbow, suggest
ing alternatives, incorporating sensor-based 
data, generating design precursors, optimizing 
supply-chain processes, and then delivering the 
designs to intelligent manufacturing facilities.

A c tin g  on In te n tio n
The final stage would have more profound 

implications. Engineering systems that incor
porate stronger AI will be able to function more 
like human assistants during the design and 
creation process. Actual human designers will 
be able to “design” merely by expressing intent 
and curating results, while intelligent systems 
and machines will act on these intentions to 
create new design iterations for review.

The AI would not approach the project the 
way a human designer would, however. Instead, 
the computing power would be harnessed to 
mimic Nature’s evolutionary approach—tak
ing the best existing solution to a problem and 
iterating to optimize performance in a given 
environment. In this way, the AI would explore 
the variants of a design beyond what is current
ly possible using the traditional design process. 
This approach is called generative design.

Although much of the generative design 
process is conducted autonomously, the process 
starts with choices made by a human. That
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engineer or industrial designer sets high-level 
design goals, along with design parameters and 
constraints, including material type, manufac
turing capability, and price points.

With the boundaries of the design problem 
established, the AI generative design system, 
such as Autodesk’s Dreamcatcher, explores 
permutation of a design solution, quickly 
cycling through thousands—or even millions— 
of design choices and running performance 
analyses for each design. For the most intensive 
calculations, the system can tap available cloud 
computing processing power.

One key component of a generative design 
system is its machine-learning algorithm. That 
algorithm detects patterns inherent in millions 
of 3-D models and generates taxonomies with
out human direction or intervention. Using that 
capability, generative design software can learn 
what all of the components of a complex system 
are, identify how they relate to each other, and 
determine what they do. It can then serve up

PROJECT DREAMCATCHER
re;im catcher is an experim ental platform  being built 
by Autodesk to explore the potentia l of AI tech 

niques and generative design tools in product creation  
from  conceptual design a ll the way to fabrication.

T H E  A U T O D E S K  D R E A M C A T C H E R  IN C L U D E S :
|  Tools for designers to describe design problems. 

Through pattern-based description, solutions become 
m odular and accretive, thereby expanding the quality  
and num ber of a lternatives tha t are searched in each 
design session.
Tools for shape synthesis, including several, 
purpose-built methods tha t a lgorithm ically  generate 
designs of d ifferent types from  a broad set of input 
criteria.

I Tools for exploration, presenting designers w ith  a set 
of possible solutions and the ir associated solution  
strategies. These tools help designers in build
ing a m ental model of which alternatives are high 
performing relative to a ll others in the set.

Once the design space has been explored to satis fac
tion, the designer is able to output the design to  
fabrication tools, or export the resulting geom etry for 
use in other softw are tools.

W

dozens of different design options for a specific 
dimension of a component and provide them as 
components for the next design.

Once new designs have been generated by 
the AI system, the human reenters the process. 
He will study different options based on the 
multiple choices of designs provided by the 
generative design system, and then modify the 
design goals and constraints to narrow down 
the options and refine the available ones. Using 
that input, the generative design system will 
then iterate another set of designs.

Over the course of several of these cycles, the 
most relevant solution will be selected through 
a combination of artificial intelligence and hu
man intuition.

Generative design techniques are not espe
cially new, but combining these deep reinforce
ment machine learning algorithms with cloud 
computing has produced new excitement.

Evolving an Answer
The generative design process may sound like 

something for the distant future, but recently it 
was applied to a real-world challenge involving 
a component for one of the most high-profile 
and expensive products in the world, the Air
bus A320 aircraft.

The part was a partition that separates the 
passenger compartment from the galley of the 
plane and supports a flip-down seat for flight 
attendants during takeoff and landing. Airbus 
engineers were looking for ways to reduce the 
partition’s weight and volume while retaining 
enough strength to bear the loads of flight at
tendants. It also had to hold up under the force 
of 16 g in the event of a crash landing.

A group of Airbus designers turned to Au
todesk and other partners to see if they could 
come up with an improved partition through a 
combination of generative design, biomimicry 
concepts for material and structural design, and 
additive manufacturing.

The generative design process the team used 
employed two algorithms derived from biologi
cal models. The first drew from the adaptive 
networks of slime mold: a single-celled organ
ism that can grow, stretch, and aggregate to 
form multicellular strucUires, with the mini
mum number of lines. These structures have 
a built-in redundancy to retain connectivity 
within the network, in case a line fails. This
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algorithm was used to inform the design of the 
bracing for the overall partition.

A second algorithm, derived from the mi
croscale structure of mammal bones, was used 
to build the lattice that makes up each member. 
Several different load cases were considered, 
some requiring more than 66,000 micro-lattice 
bars in the partition.

Once the design parameters were set, the 
generative design software (in this case Au
todesk Within) cycled through thousands of 
design variants. The human design team digi
tally mapped the different generated options 
against weight, stress, and strength parameters 
to decide which to prototype.

The resulting design is a latticed structure 
that looks random but is based on mammal 
bone growth. Like natural bone, the partition 
is dense at points of stress but lightweight 
everywhere else. The design, which Airbus and 
Autodesk call the bionic partition, is 45 per
cent lighter than the conventionally designed

THE Al CONTINUUM

a rtific ia l in telligence is embedded in products 
ranging from  sm art gadgets and devices to drones, 
robots, and autonomous vehicles. Currently, the Al 

continuum can be divided into three general areas ac
cording to com plexity:

Al autom ates basic re
petitive and standardized tasks, working from clearly  
defined rules. Humans are s t ill  making the key 
decisions. Examples include autom ated assem bly
line robots as w e ll as softw are-based agents that 
sim ulate the online activities of humans.

>  A U G M E N T E D  IN T E L L IG E N C E Al enhances the ability  
of humans to accomplish tasks, and humans and 
machines learn from  each other. Examples include 
in telligent v irtual assistants, some of generative 
design systems, and system s that can bring unusual 
or noteworthy events to human attention.

>  A U T O N O M O U S  IN T E L L IG E N C E Al takes over some 
decision-m aking, but only a fter a human fu lly  trusts  
the machine or becomes a liab ility  to the prompt 
accom plishm ent of a task. Self-driving vehicles, cur
rently  in developm ent by over 30 companies, are just 

one exam ple of autonomous intelligence.

compartment divider found on existing aircraft. 
Fabricated using additive manufacturing, the 
finished product requires just one-twentieth 
the raw material compared with a partition 
built using traditional design processes.

More than 100 separate pieces, made of a 
high-strength metal alloy developed by Airbus, 
were 3-D printed and then assembled. The 
resulting partition is the world’s largest 3-D 
printed aircraft cabin component, and it more 
than satisfies the Airbus team’s requirements.
It is thinner and stronger than the component 
it will replace, and because it is 30 kg lighter, 
each bionic partition will save approximately 
3,180 kg of fuel per plane per year.

The partition is undergoing final testing and 
approval. Once complete, the final design could 
be used in A320 aircraft next year.

The lessons Airbus learned in designing 
the bionic partition pave the way for chang
ing how an entire aircraft is conceived and 
manufactured. The next generation of Airbus 
planes will be made up of components based on 
generative design, built by 3-D printing, using 
innovative materials. Airbus plans to evolve its 
methods for producing larger structures inside 
a plane: for example, the cockpit wall, which is 
twice the size of the bionic partition and needs 
to be bulletproof to protect the pilots, or the 
structure that houses the galley for food and 
beverage service.

Autodesk has also applied its generative 
design and Al tools to other high-profile proj
ects. Autodesk collaborated with the digital 
industrial engineering company Hack Rod to 
design the chassis of a race car. The company 
also is involved with the MX3D bridge proj
ect in Amsterdam—not only will the bridge be 
generatively designed but it will also be printed 
on-site by multi-axis industrial robots.

The generative design tools developed by 
Autodesk and other firms are only the begin
ning of a revolution in engineering, one that 
will change the way we think about it.

Considering the power of generative de
sign tools—and the near-omniscient artificial 
general intelligence that will soon undergird 
it—some may wonder if the human designer 
and engineer will be made redundant. I think 
that is the wrong way to look at the contribu
tion of artificial intelligence. Instead, through 
these technologies, designers’ creativity will
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amplify and their productivity will dramatically 
increase.

For instance, using a system tied to a power
ful voice recognition system, a designer will 
be able to start a conversation with a cognitive 
design assistant. “Let’s design an autonomous 
vehicle,” he begins. A number of different cate
gories of vehicles appear. The designer selects a 
category, identifies high-level design goals and 
constraints, and the design activities proceed 
with the cognitive assistant doing most of the 
work, and generating several options beyond 
what current generative design systems can 
do. The cognitive assistant will also help the 
designer in evaluating the different options and 
making the final decision. It will even use the 
new explainable AI (XAI) tools to clarify to the 
designer the rationale of the options selected. 
After finishing the design of a complex system, 
the cognitive assistant will automatically send 
the files to an automated additive manufactur
ing facility to have a prototype made for the 
system.

It won’t only be the designs that undergo 
biologically inspired iterative processes. Future 
complex systems will become self-evolving, 
rebuilding or even redesigning themselves as 
needed.

An example is provided by the recent re
search by a team in the department of informat
ics at the University of Oslo in Norway. The 
research team, led by Kyrre Glette, discovered 
a way for robots to design, evolve, and manu
facture themselves using generative design 
software. The robots are built in a virtual envi
ronment and their movements simulated. The 
researchers then introduce certain parameters, 
such as getting from one side of the room to the 
other, and the AI tests each generatively cre
ated design against those goals. The best results 
spawn new iterations, and then the final design 
is automatically printed.

The intent is to develop self-evolving robots. 
The only human intervention is in the assembly 
of the printed parts.

This research and related activities may ulti
mately result in the development of self-repair
ing, self-healing, self-adaptive, self-reconfigur
ing systems—and products that “operationally 
improve” themselves. Instead of depreciating 
in value and capability, such products could 
improve over time.

The bionic 
partition is 
stronger and 
lighter than 
the human- 
designed part 
it w ill replace.
Photo: Autodesk

In time, the role of the human engineer may 
be that of a director rather than of a producer. 
Humans may not be the ones executing the 
tasks, but we will be choosing the direction we 
want the machine to take and we will be pro
viding the most critical feedback: whether we 
are satisfied with the results.

Much of the technical aspect of engineering 
will be moved to the machine-based design 
system, just as one need not be able to operate a 
slide rule or complete an isometric drawing to 
be a successful engineer today. To a certain ex
tent, the engineer will become someone adept 
at translating the inchoate human desires—for 
products with a more elegant shape or which 
use less energy or which perform more ef
ficiently—into a working relationship with an 
artificial intelligence that will find the solution 
as long as it knows what the problem is.

Once machines know how to design—even 
how to design themselves—engineering will 
be changed, but engineers will still be highly 
skilled. They will be augmented cognitively, 
physically, and perceptually by AI technolo
gies. And therefore they will simply need to 
build their capacity with a different set of skills, 
including teaching the AI systems how to in
novate and become effective partners in future 
human-AI organizations. ME
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TO LEARN WORE

For m ore in fo rm ation  
on a rt if ic ia l 
in te lligence  and 
generative design, the 
au tho r has created 
a w ebsite  as 
a companion 
to th is  a rtic .e : 

http://www.aee.odu. 
edu/proddesign/.
The s ite  contains 
tines to o r lin e  
m a te ria l re la ted  to a 
va rie ty  o f aspects of 
a r t if ic ia l in te lligence, 
generative design, and 
o the r AI engineering 
app lica tions. The site 
also inc ludes a daily 
news feed fo r up -to - 
date nfornnation on 
re la ted  subjects.

http://www.aee.odu
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