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* Introduction to musculoskeletal modeling with
AnyBody

* Physiological design/evaluation criteria of
exoskeletons

o Examples

o Parametric study

* Final words and Q&A session
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For what we need musculoskeletal modeling
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AnyBody Modeling System

musculoskeletal simulation

Motion and
Forces

Internal body loads
* Muscle forces
 Joint forces

Body model

Design Optimization

Environment
model
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Machine Design and Optimization

 AnyBody Exporter for SOLIDWORKS®

o Plugin for SolidWorks

o Export your machine’s design from
SolidWorks

o Run Man-Machine simulations
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Body-Device Closed Kinematic Chains

 Measure kinematics ONLY
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Body-Device Closed Kinematic Chains

* Inverse Dynamics with Joint Coordinates

o Leads to extra effort for closed loops
o Might not be able to access reaction forces instantly

e AnyBody Inverse Dynamics (Cartesian Coordinates)

o Full dynamic detail
o Handles closed kinematic chains

 Control of Man-Machine interaction forces

o Contact forces on the human
o Control of normal and shear forces

(e.g. how tight the straps are)
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Detailed

. CAD )

AnyExp4SOLIDWORKS

Musculoskeletal

simulation Design objectives (J) and
— limits (C)
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Design Optimization /
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Physiological objectives

 Metabolic cost

o What about individual muscles?
o What about joints?
o Cause-effect?
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Physiological objectives

e Activation effort

° How to combine individual quantities?




ANYBoDY

TECHNOLOGY

Physiological objectives

= Muscle and ligament forces
= Net ground reaction force
= Net joint reaction force

e Joint reaction force

o How to combine individual quantities?
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Examples:

\ Technology Research Program H 1 ALSTOM
@ esa (contract No. 4000112181/14/NL/RA) Spaceawy%

# Title: “Integrated Countermeasures *
DLR Aerospace Center with Biofeedback and Actuators™ A N YE@HQ) LDo GY
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Box-lifting study

* No motion capture data used.

* Motion generated based on requirements

o Balance — Projected net CoM lies between feet
o Duration — 3 sec

o Posture — Attains standing posture
o Box motion — Polynomial trajectory in time

* Ground reaction forces were predicted

Parametric Study: =1
0<K< 100}’ TAssist = _E{_:(H - 9ref)
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Parametric Study
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Parametric Study
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Parametric Study
0<K<100
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Design check (iteration) with limits

* Max skin pressure P =70 mmHg = 9.3 kPa*

allowed —

e Assume chest attachment area to be 15x15 cm? —

OK

Stiffness:
60 Nm/rad

Chest

attachment
area 15x15 cm?

Max avg pressure: Max allowed stiffness:
22.5kPa> P, ed 25 Nm/rad

* Lyder, C.H. Pressure Ulcer Prevention and Management. JAMA-J. Am. Med. Assoc. 2003

?27?




ANYBoDY

TECHNOLOGY

Design check (iteration) with limits

* Max skin pressure P, ..q = 70 mmHg =~ 9.3 kPa

e Assume chest attachment area to be 15x15 cm?

OK

(M) 2beIaAY-aWIL JaMod d1j0geIsN Ued

[ Stiffness: ]

60 Nm/rad J

4,
Chest ,
attachment area] y Max avg pressure: Max allowed stiffness: %
15x15 cm? J 22.5 kPa> Pejopea 25 Nm/rad

277
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Results (25 Nm/rad
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Example 2: KAFO

CAD model in SolidWorks

AnyBody Exporter for
SOLIDWORKS

f
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Example 2: KAFO

* Combining motion capture with exo design, using motion cameras

Parametric Study:
0 <K <100
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Parametric Study
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Parametric Study
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Optimal results
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Example 3: Plantarflexor exercise machine

Technology Research Program spacea Ii tions
(contract No. 4000112181/14/NL/RA) p pps PR viceEs

#7 Title: “Integrated Countermeasures .
German
DLR Aerospace Center with Biofeedback and Actuators” A N YEQMQ LDOGY
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Example 4: Shoulder support device

* Combining motion capture with exo design, using Xsens

movagd ALSTOM mMovagd ALSTOM




TECHNOLOGY

ANYBODY

Polishing Task Support

Example 5
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Discussion

* The changes might be pronounced or suppressed

Device Joint Activation Metabolic
Benefit % Reaction Effort Cost
Box-lifting 21.4 62.2 19.6
Sit to stand 9.2 33.9 26.4

* How collectively quantify activation and joint reaction? ?
o : Act Effort = a’;
o Otherwise it is based on luck to capture the comfort/discomfort lJj

j o1

e Short term vs long term?

JReffort M z]RFizj
I
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Discussion

e Other criteria?
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Design framework (another look)

Detailed

. CAD )

AnyExp4SOLIDWORKS

Musculoskeletal

simulation Design objectives (J) and
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Movement Assisting Devices:
parts and products for workers, elderly and children

MovAID is & cross-disciplinary project gathering a consortium of 13 partners under
the EU Horizon 2020 Research and Innovation Programme which aims at developing
technologies assisting the manufacturing of intelligent, passive and highly

kineto-d ipment to enhance or human

movements.
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An.Dy

Advancing Anticipatory Behaviors in Dyadic Human-Robot Collaboration

The concept

Recent technological progress permits robots to actively and safely share a common workspace with humans.
Europe currently leads the robotic market for safety-certified robots, by enabling robots to react to
unintentional contacts. AnDy leverages these technologies and strengthens European leadership by
endowing robots with the ability to control physical collaboration through intentional interaction.

To achieve this interaction, AnDy relies on three technological and scientific breakthroughs. First, AnDy will
innovate the way of measuring human whole-body motions by developing the wearable AnDySuit, which
tracks motions and records forces. Second, AnDy will develop the AnDyModel, which combines ergonomic

models with cognitive predictive models of behavior tasks, which are learned
from data acquired with the AnDySuit. Third, AnDy will propose the AnDyControl, an innovative technology
for assisti ictive physi trol, based on AnDyModel.

By measuring and modeding human whole-body dynamics, AnDy provides robots with an entirely new level of

awareness about human intentions and ergonomy. By incorporating this awareness on-line in the robot's

controllers, AnDy paves the way for novel applications of physical human-robot collaboration in
health-care, and ass 2

AnDy will accelerate take-up and deployment in these domains by validating its progress in several realistic
scenarios. In the first validation scenario, the robot is an industrial collaborative robot, which tailors its
controllers to individual workers to improve ergonomy. In the second scenario, the robot is an assistive
exoskeleton which optimizes human comfort by reducing physical stress. In the third validation scenario, the
robot is a humanoid, which offers assistance to a human while maintaining the balance of both.
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Previous webcasts
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www.anyscript.org
o Wiki, Forum, Repositories

resource for writing AnyScript code.

Events:

14-17 Jun: CAQOS International 2017, Aachen, Germany
14-18 Jun: ISBS 2017, Cologne, Germany

?

Subscribe on u u

AnyScript.org is an open community for users of the AnyBody Modeling System and the AnyScript

21 Jun Webcast: Computing realistic loads in the lumbar B0 el SR i i T Ao R 1 ‘Th”ef't?‘ff managed
spine by using the AnyBody musculoskeletal model Yerdonschot. N. (2015) “Sensitivity of subject-

parameters in simulations of gait", |
Biomech, vol. 49 (9), pp. 1953-1960. [DOI]

&Y Meet us? Send email to sales@anybodytech.com

2016 Garijo. N., Verdonschot, N., Engelborghs, K. &
Pérez, M. (2016), "Subject-specific
musculoskeletal loadine of the tibia: methods
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Time for questions
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Mohammad S. Shourijeh, PhD
R&D Engineer

AnyBody Technology
mss@anybodytech.com

“ @AnyBodyTech
, @AnyBody Tech

m @AnyBody Technology A/S




