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The webcast will begin shortly…
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• Introduction to the AnyBody Modeling System
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• Resources and upcoming AnyBody events

• Question and answer session
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Control Panel
The Control Panel appears on the top-right side of 
your screen.

Submit questions and comments via the 
Questions panel.

Questions will be addressed at the end of the 
presentation. If your question is not addressed, we will 
do so by email. 
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Musculoskeletal simulations
INPUT • Motion data

Joint reaction forces

Motion

Forces

Muscle forces

Muscle activity

Metabolic energy + fatigue

OUTPUT • Internal Body Loads
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Applications

Motion 
analysis

Ergonomics 
with/without 
exoskeletons

Automotive

Sports

Product design 
and optimization

Orthopedics 
and 
Rehabilitation

Body 
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Environment 
model

Motions 
and forces
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Inverse dynamics
Muscle recruitment

Body 
model

Environment 
model

Motions 
and forces

Simulation

Internal body loads:
• Muscle forces
• Joint forces

Post Processing 
(e.g. Finite Element tools)

Design Optimization
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Topology Optimization of 
Exoskeletons





The Ground 
Structure



This is the 
MBB Beam









Can we transfer this idea to biomechanics and 
exoskeleton design?

The Ground 
Structure

Generating design 
ideas from all 

possible solutions



Q
u

es
ti

o
n

s?
What would a ground 
structure look like for 
an exoskeleton?

Which design criterion 
would we be trying to 
optimize?



Energy variation over the gait cycle

0

10

20

30

40

50

60

70

0,0 0,5 1,0

En
er

gy
 [J

]

Time [s]

Kinetic Potential Mechanical

A 
w

al
ki

ng
 h

um
an

 is
 e

ne
rg

y-
w

is
e 

an
 is

ol
at

ed
 s

ys
te

m
The necessary power to 

change energy can only come 
from muscles

If there were no change of energy, then ambulation 
would be effortless!

Almost, but not completely, 
symmetrical



Total work is 0

Peaks are not 
completely symmetrical



Key Idea:
We add mechanical elements to the system such that the 
energy variation over the gait cycle is minimized.



Topology Optimization in Biomechanics

262 possible attachment points
The ground structure: 11350 
possible springs



After kinematic analysis, we 
know the length variation of 
all the springs over the gait 
cycle
Now we must figure out:
• Which of the 11350 springs should we 

keep?
• Which spring properties (stiffness and 

slack length) should they have?
For this, we define an optimization problem.



We imagine each line is a linear spring
Assuming linear elasticity, the elastic energy of spring j in each time step can be computed analytically:

𝐸𝑗 𝑥 =
1

2
𝑘𝑗(𝑥𝑗 − 𝑥𝑗

0)2

For each time step, i, the elastic energy of all springs is summed and added to the mechanical energy.

𝐸𝑖 = ෍

𝑗=1

𝑛

𝐸𝑗 𝑥𝑖𝑗 + 𝑉𝑖

where Vi is the mechanical energy of the entire body in time step i, and xij is the length of spring j in time step i.

Spring lengthSpring stiffness

Slack length

We want this to be as constant as 
possible. We express this as variance.



Optimization problem

Minimize the variance of total energy over the gait cycle:

𝐺 𝑘𝑗 , 𝑥𝑗
0 = ෍

𝑖=1

𝑚

𝐸𝑖 − ത𝐸 2

where ത𝐸 is the mean of the posture energies

11350 springs = 11350 spring stiffnesses + 11350 slack lengths = 22700 design variables. 
Very large optimization problem, but the objective function is explicit, so it can be solved very efficiently.
We dump the spring length variations from AnyBody and import them into a Python program, and then we optimize.



Interesting but 
impractical
• 360 individual springs remaining in 

the solution.

• Almost like pants made of an 
anisotropic fabric.

• Almost but not completely 
symmetrical.

• Is this practical for manufacture?

• 3D print on fabric?



Biomechanical Effects



Can we simplify the 
solution?

• 360 springs is a lot

• We would like a simpler solution

• We cannot just randomly remove springs that we 
think are less important

• We must reformulate the optimization problem



Penalization of the objective function

Before:

𝐺 𝑘𝑗 , 𝑥𝑗
0 = ෍

𝑖=1

𝑚

𝐸𝑖 − ത𝐸 2

where ത𝐸 is the mean of the posture energies.

Now:

𝐺 𝑘𝑗, 𝑥𝑗
0 =  ෍

𝑖=1

𝑚

𝐸𝑖 − ത𝐸 2 + 𝜀 ෍

𝑗=1

𝑛

𝑘𝑗

Penalization parameter

Reduce total amount of 
“spring”



Solution with 47 springs



Solution with 8 springs



266 springs

47 springs

8 springs

Energy span = 19.46 J

Energy span = 20.82 J

Energy span = 30.12 J



Discussion

•More points in the grids
•Larger grids
•Via points (multiple-point springs)

Could there be better 
solutions?

•Should probably be done
•Left for a later iterationEnforce symmetry

•Wrap springs around the leg surface to emulate running tights.
•Retained springs could be printed on the fabric.

Tights-type ground 
structure?

•Recently, marathon records have been broken with shoes that have tailored 
stiffness.

Running shoes-type 
ground structure



Functional garments
• Ground structure = many crisscrossing 

elastic bands in the fabric
• Remaining rubber bands after 

optimization are only the useful ones.
• Possible manufacturing by printing 

methods directly on the fabric.

AI-generated image





Similar example for 
the shoulder

• CXD shoulder orthosis
• 13,248 possible springs
• Springs with too large strain eliminated
• 8,339 springs left
• 16,678 variables in the topology optimization problem
• https://liftyahealth.com/

https://liftyahealth.com/
https://liftyahealth.com/


Result of topology optimization



Effect of the spring

Shoulder and elbow moments 
without springs With springs

Shoulder flexion

Internal rotation
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Resources
• www.anybodytech.com

• Events, Webcast library, Publication list, …

• www.anyscript.org
• Wiki, Blog, Repositories, Forum

• Events
• Webcast:  Sequentially coupled MSK 

multibody and FE modeling for the analysis 
of the human masticatory system

• November 17, 2026; 09.00 am and 05.00 pm 
CET

http://www.anybodytech.com/
http://www.anybodytech.com/
http://www.anyscript.org/
http://www.anyscript.org/
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Publications

1300+
publications

filter by:

Industry

Research area

Body part

100+
webcasts

filter by:

Industry

Publications list Webcasts list
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https://www.anybodytech.com/resources/anybodypublications
https://www.anybodytech.com/resources/webcasts
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Questions

• Send email to  sales@anybodytech.com

Meet us

• Send email to  sales@anybodytech.com

Trial version

• Send email to dsc@anybodytech.com

Presentation questions
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Thank you for your 
attention!

mailto:sales@anybodytech.com
mailto:sales@anybodytech.com
mailto:dsc@anybodytech.com
mailto:dsc@anybodytech.com
mailto:dsc@anybodytech.com

	Short Intro
	Slide 1: Topology Optimization of Exoskeletons
	Slide 2: Outline
	Slide 3: Control Panel
	Slide 4: Musculoskeletal simulations
	Slide 5: Applications
	Slide 6
	Slide 7
	Slide 8: Resources
	Slide 9: Publications
	Slide 10: Questions


