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The Control Panel appears on the 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.

Expand/Collapse the
Control Panel

Ask a question
during the
presentation

File View Help &~ _Opbgx
* Audio il |
Sound Check mll 7

Computer audio

% MUTED

Microphone (Corsair Vengeance.,

Speakers (Corsair Vengeance 1.

* Questions pill

When attendees arrive, show them this welcome
message

[Enter you question here...]

e
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Musculoskeletal Simulation

ANYBODY Body Loads

Modeling System  Joint moments
Muscle forces

.. * Joint reaction forces

Motion Data
Kinematics and Forces

[A] AnyBody - License - CAL reP
File Edit View Operation Tools Help.

D@ W X8 A 5| - [load i brectte W » M RunApplication -
EEF|R A Reploy: FEEAPEER: 1 1

Active Tools:  [£7] Main.HumanModel: Configuration

Model ~ 8 % | StandingPosturePrediction.main.any 4 b x| Model View1 vax o
Model Operations  Files //This is a model which can predict the posture as a consequence of spplied losds in hands A | ModelView1 | Chart1 DataView 2
//Tt does this by minimizing joint torques and apply balance drivers which account for external e
oy = . Qe e pe 0 180
coae /2pplied loads QIEEEG @ 0@ oo @
55 Main 7
147 HumanModel /" .
InputParameters //The model is driven by a conbination of the following drivers:
P! // * Drivers which minimize the joint moments (arising from gravity and applied loads in hands) in el
Model // * Driver which tries to kesp the CoP inside the foot stance area
& Kinematic_Pre_Study /7 * Feet maintain contact with the ground, but the position can be controlled by widgets
# Study /7 * Hands are linked to an object, of which positioning can be altered using widgets
7

» WidgetOperation

5 RunApplication 4

DrawsSettings //The current model has a force vector applied on the object being held between the hands with a zerc
1"

//Two type of loads can be applicd, cither a fixed weight of the object and/or a force vector

1"

//Te run the model

/1 * Load the model

// * Try to drag (click and drag) one of the widgets in the Modelview (seen as small coordinmate syste
/1 * when the widget is release the model will run the analysis

#include "libdef.any”
#include "jointlimit/Balance_template_foot_area.any”
#include "MinTorqueClass/MinTorqueClass. any”

Information v ax

/Iswitch to define if load is applied to both hands or a single hand

AnyMainFolder /IThree combinations LoadInRightHand,LoadInLeftHand, LoadInRightHand+LoadInLeftHand
#define LoadInRightHand 1

< >
Main Ln31 Col29

<

Model Tree:
Main

AnyScript Location: Output —

StandingPosturePrediictio

mainany (Line:36)  0.0) .Design variables have been updated.
0.1) . Kinematic analysis completed.
0.2) . Dependent variables are fully updated.
1.0) InverseD: (Operation: Main Stud
1.0.0) PreOperation (Operation: Main.Stucly. nverseDynamics.PreOperation):
1.0.0.0) InitialConditions (Operation: Main.Study.InitizlConditions):
1.0.0.0) .Design variables have been updated.
1.00.1)...Kinematic analysis completed.
1.00.2) .Dependent veriables are fully updated
1.0) Inverse dynamic analysis..
1.0) ..Inverse dynamic analysis completed

Ready
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AnyBody Modelling System

©
C
(1)
S " Inverse dynamics
= 3 Muscle recruitment
| -
> 2 [
Simulation
o]
kS
e Internal body loads
>
S * Muscle forces
aa) * Joint moments

Design Optimization

v
Post Processing (e.g.
Finite element tools)

Environment
model

March 19t 2020



(

AALBORG UNIVERSITY
DENMARK

Annals of Biomedical Engineering, Vol. 48, No. 2, February 2020 (© 20/9) pp. 805-821 BM E;\JOGA?EELCR?I\I]G Check for
https://doi.org/10.1007/s10439-019-02409-8 SOCIETY updates

Original Article

Estimation of Spinal Loading During Manual Materials Handling Using
Inertial Motion Capture

1 1 2 1
FrEDERIK GREVE LARSEN, FREDERIK PETRI SVENNINGSEN, MICHAEL SKIPPER ANDERSEN,” MARK DE ZEE,
3
and SEBASTIAN SKALS®'
'Sport Sciences, Department of Health Science and Technology, Aalborg University, Aalborg, Denmark; *Department of
Materials and Production. Aalborg University. Aalborg. Denmark: and *Musculoskeletal Disorders, National Research Centre
for the Working Environment, Lerse Parkallé 105, 2100 Copenhagen East. Denmark

( Received 11 April 2019; accepted 9 November 2019; published onfine 20 November 2019)

Estimation of Spinal Loading During Manual Materials Handling Using
Inertial Motion Capture

Frederik G. Larsen”, Frederik P. Svenningsen, Michael S. Andersen, Mark de Zee, Sebastian L. Skals




«
Background (

* Low back pain is the most frequent musculoskeletal disc
1999)

* Assessment of spinal loading during material handling
e 2-D biomechanical models (Potvin 1997, Merryweather 2009)
* 3-D computer simulations in the lab (Bassani et al. 2017)

* Inertial motion capture k i

« Combining the kinematics with predicted GRF to estimate spinal loading
(Karatsidis et al. 2019)
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Axial
Compression
to evaluate the concurrent validity of a
musculoskeletal model driven exclusively using IMC £ Anteroposterior

shear

X L4

data and GRF prediction for estimating L4—L5 spinal
zZ

Mediolateral
shear

forces during various lifting and transferring tasks.




Experimental Data
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9 men, 4 women

Standardized lifting tasks with

increments of the burden
(5-20 kg)

Kinematics
e Qualisys (42 markers, 120 Hz)
e Xsens MVN Awinda (17 IMU, 60 Hz)

Kinetics
 AMTI force plates (1200 Hz)

Start-cycle

End-cycle [ 7‘1..'-"' N
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Computer simulations

* IMU input into the AnyBody Modeling System
* Apply sensors, measurement of body dimensions and calibration
e Stick figure from .bvh file
 Virtuel markers (Skals et al., 2017)

e Prediction of ground reaction forces (Fluit et al., 2014, Skals et al., 2017)
 Contact elements with ., ' gt :

=
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AMS

AMS
Inverse dynamic analysis

Virtual marker placement AMS
((‘ Xsens MVN 2018 on musculoskeletal model Kinematic analysis

AALBORG UNIVERSITY
DENMARK

IMC predicted GRF

Lifting scenarios

- Symmetric box lifting

- Asymmetic box lifting

- Box transferring

- One-handed load transfer

OMC, IMC, and GRF
measurements

AMS
AMS Inverse dynamic analysis
Kinematic analysis OMC predicted GRF

5 LY AMS
sl & AMS Inverse dynamic analysis
soy & © Kinematic analysis OMC measured GRF

0o @

ol gy
. !
Qualisys track AMS

manager Parameter optimization

® 1) IMC-PGRF

® 2) OMC-PGRF

® 3) OMC-MGRF




Data analysis and statistics
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 Parameters of interest
 Trunk flexion
* Vertical GRF for the right and left foot

* JRFs at the L4-L5 discs
* Forces erector spinae muscle force

e Statistical comparison

* |Intraclass correlation coefficients
* Root mean square error

* Relative root mean square error
[ }

Bland — Altman bias and limits of agreement
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Results: SYM Vertical GRF
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Results: ASYM Vertical GRF
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ASYM-10

Right Vertical GRF

[%BW]

Left Vertical GRF

0 50 100 0 50 100 0 50 100 0 50 100
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Results: SYM axial compression force
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Results: ASYM axial compression force s mmn
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«
Results: Axial compression force LOA (

DENMARK

TABLE 3. Median, 5th percentile and 95th percentile comparing inertial motion capture with predicted ground reaction forces
(IMC-PGRF) vs. optical motion capture with measured ground reaction forces (OMC-MGRF) and optical motion capture with
predicted ground reaction forces (OMC-PGRF) vs. OMC-MGRF for symmetrical lifting (SYM) with 5, 10, 15 and 20 kg, asymmetrical

lifting (ASYM) with 5 and 10 kg as well as one- (TRA-OH) and two-handed transferring (TRA-BOX).

SYM ASYM TRA-BOX TRA-OH Overall

OMC-MGRF vs. IMC-PGRF

Median 12.00 — 16.43 — 13.00 — 47.50 — 10.00

5th percentile — 118.83 — 105.16 — 81.31 — 14584 —111.28

95th percentile 160.90 91.80 82.30 37.85 123.01
OMC-MGRF vs. OMC-PGRF

Median 12.00 5.65 418 — 10.73 6.45

5th percentile — 7.59 —12.14 — 69.00 — 72.27 — 2310

95th percentile 37.60 20.14 31.57 6.03 34.02

Results are for L4—L5 axial compression force (%BW).
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Results: SYM anteroposterior shear force
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Results: ASYM anteroposterior shear force
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Results: SYM mediolateral shear force s mumn
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Results: ASYM mediolateral shear force
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Results: SYM Erector spinae
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Results: ASYM and TRA Erector spinae (
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- | «
Thorax-Pelvis orientation

SYM-20

Trunk Flexion
[Degrees]
o

100
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Sensitivity of pelvis tracker?
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The belvis tracker needs to be placed
i on top of the sacrum.

(De Zee et al. 2007)

®
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Conclusion e e

* IMC-PGRF model can be used to estimate musculoskeletal loading
during standard manual materials handling tasks under dynamic
conditions

* The introduction of a burden to the analysis results in less accurate
JRF compared to a previous study on gait (Karatsidis et al. 2019)

* IMC-PGRF models might be used in the field to track
relative changes in axial compression forces

27
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New BVH improvements in version 7.2.3

| Ensure you use the newest version:
o Anybody Model Repository (AMMR v.2.2.3)
o AnyBody Modeling System (AMS v.7.2.3)

e 1.Virtual markers are attached to the BVH rig

* 2When models loads the position of the markers are
calculated using a "forward" approach

v 3.Removes jump in angles problems entirely

v' 4 The PreProcess analysis step is no longer needed

Note:

* Many inertial MoCap system suffer
from bad acceleration data.

* Wrong accelerations == wrong forces
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Updating older models

Model

Goto AMMR documentation: —

< Updating old (ammr < 2.2.3) BVH based models _ € 2NY -2

-1 C3DFileData
. . -0+ BVHFileData
The safest approch is to reimplement your model based on the newest BVH example and AMMR = - .
®a  uooa T T T T “  FileMame
v.2.2.3. ' o
----- ¥ . CompatibilityMode_72
However, it is also posible ta change a few files in existing models to utilize the new BVH improvments - *,. TranslationScale
in AnyBody v.7.2.3. % Rotation5Scale
MODEL REPOSITORY #  StartFrame
1. Important: Make sure your use the new AMMR (>=2.2.3) and new AnyBody Madeling System ¥  EndFrame
(»=7.2.3). Youl can colpy your existing model folder into the new AMMR, or edit the local i i @  ConstructModelOnOff
Quick search libdef.any file to pointtothe new AMMR. e % MarkerNames
2. Add following to the local libdef.any file to enable new features: ; .
Go s e toeheblenewieslres: e & MarkerFilter
----- @ TranslaticnalDataFilter
Table of Contents #define MOCAP_FUTURELBVH_READER_73 e @ RotstionalDataFilter
Welcome to the AMMR documentation! ey @  AddTranslationsToOffsetOnOff
Getting Started with AMMR From future version 7.3 this will not be necessary e @  ModelDrawOnOff
Configuring the Body Model
The Body Models 2. Add the following the follwing to MarkerProtocol.any file: ModelDrawRGBs
L ModelDrawScale
Application Examples
" i InterPolType
Daily activities and ergonomics Main.WodelSetup.BVHFileData.Compatibilitylode_72 = OFf: ype
Motion Capture and gait analysis Main.ModelSetup.BVHFileData.MarkerNames = { InterPaolBsplineCrder
Orthopedics and rehab "HEAD", "HEAD_R", "HEAD_L", "SACR", "RHJC", "LHJC", "T1C7Jnt", "SPINE", ¥ |nitialPos_FrameMo (Editable)
Other examples "L3", "CHEST", "RSJC", "REJC", "RALE", "RWRB", "RWJC", "RHT1", “RHT2", G- Filter
— "LSJC", “LEJC", “LALE", "LWRB", “LWJC", "LHT1", "LHT2", “RKJC", "RKNE", “' . =
[EERE "RAJC, "RTOE", "RTOE2", "LKJC®, "LKNE®, "LAJC", "LTOE", "LTOE2" e *.. Rotation2PiFixOnOff
VA S % Rotation1PiFoOnOff
Creatil Hi del fre atch - . . .
Teating 8 HUman MOGRIITOM SCTAICT | T “_ RotationFixByModelOnOff (Editable)
Introduction to Scaling ~ @ UpdinitialP
The AnyMoCap Framework \j Note: If you have adapted your protocol to anything else that the Xsens standard you need touse b o pdinitialPos
About the AMMR your own marker names. Also, the model may complain about deprecated members, which can just - Header
be deleted. -0 Data
- Model
=-F& Markers
0B Abscissa
HEAD
HEAD R
HEAD_L
& cArD
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www.anyscript.org
o . . SHORTEN TIME TO MARKET
o Wi kl ) Re pOS Iitori es, Forum AnyBody simulations help you design products that

are optimized for human use

Events:
- May 6™ Webcast (English):

Subject-specific lower limb modeling and evaluation
with a force-dependent kinematics natural knee
model

ACCELERATE YOUR BUSINESS

ey |
: I
{ py
e
RS L
v e

Orthopedics Automotive

o May 7t Webcast (Spanish): m | _m“

Modelado y evaluacion del miembro inferior nativo Aegieros Dogie e Aerospace

usando cinematica fuerza-dependiente y
! .
Laghe” W

geometrias especificas del sujeto
Ergonomics

IZY Meet us? Send email to sales@anybodytech.com
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‘ all categories » H all tags » ‘ Latest Top

Latest

Category Topics

Main Forum 19 / month

This is the category for discussion
about the AnyBody Modeling
System and problems with
models

Announcements 2
Big and small news AnyBody

Modeling System, and Model

Repository (AMMR)

1/ month

Blog comments

This category is for collecting
discussions from blog posts on
AnyScript.org. Do not create new
topics in this category. They are
created automatically when
people comment on blog posts.
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