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//This is & model which can predict the posture as s consequence of spplied loads in hands
//Tt does this by minimizing joint torques and apply balance drivers which account for external

//applied loads

//The model is driven by a combination of the following drivers:
/1 * Drivers which minimize the joint moments (arising from gravity and applied loads in hands) in el
/1 * Driver which tries to keep the CoP inside the foot stance

/1 * Feet maintain contact with the ground, but the position can be controlled by widgets
/1 * Hands are linked to an object, of which positioning can be altered using widgets

//Twe type of loads can be applied, either a fixed weight of the object and/or a force vector

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

//Te run the model

/1 * Load the medel

Try to drag (click and drag) one of the widgets in the Modelview (seen
release the model will run the analysis

as small coordinate syste

/7 * vhen the widget

#include "libdef.any”

rea.any”

ointlimit/Balance_template_foot _:
‘MinTorqueClass/MinTorqueClass. any’

#include
#include

//switch to define if load is applied to both hands or a single hand
ghtHand, Load InLeftHand, LoadInRightHand+LoadInLeftHand

Model Tree:

AnyScript Lo
StandingPo:

Ready

//Three combinations LoadInki
#define LoadInRightHand 1 | v
< >
Main Ln31 Col 29
Output

0.0) ..Design variables have been updated.
0.1) ..Kinematic analysis completed

0.2) ..Dependent variables are fully updated.

1.0) InverseD: (Operation: Main.Studh

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
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Body Loads

* Joint moments
Muscle forces

e Joint reaction forces
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AnyBody Modelling System

Motion and
Forces

Body model

Environment

model

Inverse dynamics
Muscle recruitment

Simulation

Design Optimization

Internal body loads
* Muscle forces
* Joint moments
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Post Processing (e.g.
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ANYBODYRUN
A web application for running biomechanics

Presented Professor John Rasmussen




ANYBODYRUN

An interactive running-style investigator!

AnyBodyRun.com

- a web application for running biomechanics o

ch part of the foot that 5 i act with the ground first
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Set the speed at the model runs
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‘ The peak ground reaction force shows how the peak of The metabolism parameter shows how much energy is
the force the model must absorb each time it comes in needed to continuously sustain the shown running style.
contact with the ground. It is denoted in units of It is denoted in units of kilocalories per kilo bodyweight

bodyweights. per kilometer,




1. Introduction



Lots of new technology for [l
running
Wearables Gadgets
Garmin Polar

i Bi
Suunto Runcoach etworks dats

Fitbit Runkeeper 0 w
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The Cloud

Accelerations J _istance,
Angular velocities : Height
GPS Step frequency

Calorie consumption

Wearable



2. ldea and technology



Biomechanical model

Muscle forces Joint reactions

Muscle mechanical Muscle
work metabolism

Ground

: Tendon forces
reactions

Ligament forces Efficiency

We need a lot of information to compute this validly
for a given person running in a given way




Can be simulated accurately

Motion capture
input

Anthropometry
input

Force platform
input
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Statistical data

Both of these statements are probably true:
People run differently
People run similarly

So, running parameters will be statistically
correlated.

We need
Data
Running parameters

O AN e

e Y
S

This Photo by Unknown Author is licensed under CC BY-SA



https://en.wikipedia.org/wiki/Great_Bristol_Half_Marathon
https://creativecommons.org/licenses/by-sa/3.0/

Data

* Pipeline of motion-captured running trials
from a running shop.

e 285 successfully processed trials so far.

Marker Trajectories

AnyBody

Joint angles

Kaiser Sport & Orthopaedics A/S



Joint angles: Different and similar

Some motions have much similarity between trials...

Interface.Left KneeFlexion 0 Interface.CenterOfMass_2 5 Interface.Left.HipAbduction_0
25 1 115 - :
- 110 -
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i 0.85 1
00 ' 07 08
...and some less.
Interface.Left.ElbowPronation_0
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Fourler series

e Convergent, infinite series approximation

e Useful for approximation of periodic functions

Number of

Ay, cos(¢y,)
' . 2mne
b, sin =
Wikipedia.org

Amplitudes Amplitudes



Contents lists available at ScienceDirect

Journal of Biomechanics

journal homepage: www.elsevier.com/locate/jbiomech
www.JBiomech.com

Running in circles: Describing running kinematics using Fourier series | )

Check for

Sebastian Deisting Skejo **, Morten Enemark Lund ", Martin Stensvig“, Nickolaj Mads Kaae®, "™
John Rasmussen ©

* Department of Public Health, Aarhus University, Aarhus, Denmark

® AnyBody Technology A/S, Aalborg, Denmark

¢ Kaiser Sport & Ortopadi, Copenhagen, Denmark

d Department of Materials and Production, Aalborg University, Aalborg East, Denmark

ARTICLE INFO ABSTRACT

Article history:

We explore the use of Fourier series to describe the kinematics of human running. From a database of 285
Accepted 11 December 2020

trials of treadmill running, we drive a musculoskeletal model with 104 anatomical joint angles to obtain
kinematics. Using FFT analysis, we determine a fundamental frequency for all independent joint angles
and compute average step kinematics. Finally, we represent the average step kinematics using Fourier




285 Trials

Big data!

285 runners x 104 DoF = 29640 functions to approximate

T u v W

B[ s e8| A58 8 BTN | P85 2N A0 8 A 2E>_0_Ant | 0Bt 20> 88| BT _Nr_08 A0t 0 028 _r_h |02t _sr_nr s _vr_mijwrmr_w_seswar_w_330sY_0_b3PosY_0_adlosY_0_b4dosY_0_a5’osY.
J_Running_Running trial 1 8.448199 0.035708 0.003839 -0.00449 -0.01942 -0.00113 0.001042 0.00097 -0.00014 0.002504 -1.6E-05 0.000168 -0.00333 0.000148 -0.00256 0.0002 0.000334 -0.00205 0.001808 0.000253 0.000424 0.000623 -0.(
J_Running_Running trial 2 8.643846 0.036227[ 0.003497] -0.00456  -0.019 -0.00074 0.001499 0.000812 -8.6E-05 0.002556 -4.9E-05 3.75E-05 -0.00391 0.000466 -0.00392 0.000387 -0.00018 -0.00212 0.001833 0.00039 0.000155 0.000631 -0.C
J_Running_Running trial 3 8.792152 0.036937 0.003338 -0.00407 -0.02052 5.14E-05 0.001604 0.001032 -0.00027 0.002924 -5.8E-05 -0.00017 -0.0033 0.001962 -0.00497 0.00044 -0,00013 -0.00218 0.001847 0.000241 0.00012 0.000598 -0.C
J_Running_Running trial 4 9.050938 0.037616 0.004135 -0.00284 -0.02108 0.002025 0.001423 0.000534 -0.00024 0.003291 -0.00022 -9.1E-05 -0.00332 0.003427 -0.00637 0.000404 -0.00015 -0.00228 0.001639 0.000235 8.16E-05 0.000575 -0.C
J_Running_Running trial 5 9.457112 0.038822 0.003729 -0.00354 -0.02023 0.002058 0.001271 0.000774 -6.7E-05 0.003924 9.96E-05 -9.4E-05 -0.00244 0.005897 -0.0077 0.000126 0.000197 -0.00239 0.002041 0.000311 4.36E-05 0.000861 -0.C
AJ_Running_Running trial 1 8.366281 0.044031 -0.00162 -0.00128 -0.01075 -0.00656 0.000327 -0.00017 -0.00057 0.000423 6.92E-05 -0.0001 0.001172 -0.0034 -0,00282 -0.00091 0.00036 -0.00098 0.001003 0.000247 -0.00037 0.000323 -0.C
AJ_Running_Running trial 2 8.562924 0.04171 0.000753 -0.00171 -0.01395 -0.00856 0.00067 -0.00021 -0.00096 0.001043 2.21E-05 5.47E-05 0.001589 -0.00139 -0.00198 -0.00103 0.000552 -0.0023 0.001131 0.000367 -0.00024 0.00122 -0.C
A_Running_Running trial 3 9.097102 0.040824 0.000694 -0.00219 -0.01435 -0.00763 0.001098 6.17E-06 -0.00072 0.001673 -5.7E-05 -7.2E-05 9.46E-05 0.000617 -0.00707 -0.00057 0.000534 -0.0025 0.001694 3.89E-06 -0.00023 0.000761 -0
' Running_2_Runningtrial 1 | 8.723054 0.06111 -0.00028 0.003566 -0.01559 -0.00495 -0.00017 0.00078 -0.00087 0.001513 4.52E-05 -9.4E-05 -0.00059 -0.00627 0.003204 0.000998 -0.00064 -0.00143 0.00349 -0.00042 -0.00036 0.000995 -0.C
»_Running_2_Runningtrial 2 | 8.903434 0.060729 -0.00075 0.00211 -0.01615 -0.00809 -0.00046 0.000443 -0.00153 0.001361 6.65E-05 -6.1E-05 -0.00015 -0.00681 0.002963 0.000495 -0.00056 -0.00248 0.003348 -0.00039 -0.00039 0.001212 -1..
» Running_2_Runningtrial 3 | 9.108696 0.060444 -0.00101 0.00269 -0.01889 -0.00675 -0.00028 0.000452 -0.00152 0.001647 -0.00016 -0.00032 -0.00071 -0.00659 0.003664 0.000976 -0.00083 -0.00249 0.003283 -0.00033 -0.00059 0.000903 -0.C
tP_Running_Running trial 1 8.833096 0.061634 0.001719 0.004021 -0.01635 -0.0077 -0.00029 0.000346 -0.00135 0.000738 8.14E-05 -0.00016 -0.00337 -0.00479 0.007552 0.000235 -0.00028 -0.00305 0.002234 -0.00036 -0.00073 0.000883 -0.C
{P_Running_Running trial 2 8.940215 0.062187 0.001084 0.006304 -0.01795 -0.0063 -0.00025 0.000645 -0.00132 0.000999 1.89E-05 -0.00026 -0.00332 -0.0058 0.007305 0.000543 -0.00048 -0.00276 0.003053 -0.00065 -0.00078 0.000788 -0.(
tP_Running_Running trial 3 0.10182 0.061991 0.001899 0.005601 -0.01869 -0.00764  -4E-05 0.000869 -0.00151 0.000817 8.S8E-05 -0.00041 -0.00268 -0.00536 0.005148 0.000136 -0.00031 -0.00305 0.002869 -0.00034 -0.00094 0.000695 -0.C
{P_Running_Running trial 4 9.241903 0.061222 0.000698 0.004958 -0.01962 -0.00713 0.000519 0.000758 -0.00162 0.0011 -0.0002 -0.00048 -0.00285 -0.00489 0.006752 0.001123 0.000146 -0.00335 0.002558 -0.0003 -0.00085 0.000585 -0.
\EK_Running_Runningtrial 1 | 8.872725 0.039892 -0.00203 -0.00342 -0.01624 -0.00499 0.000532 0.000233 -0.00077 -1.1E-05 2.9E-05 7.05E-05 -0.00285 -0.00552 0.002947 0.001405 0.001483 -0.00158 0.002178 -2.2E-05 -0.00024 0.000581 -0.C
\EK_Running_Runningtrial 2 | 9.363269 0.036795 -0.00107 -0.0035 -0.01535 -0.00865 0.000686 0.000529 -0.00064 2.9E-05  -2E-05 0.000228 -0.00248 -0.00364 0.000562 0.00093 0.001821 -0.00319 0.001734 7.83E-05 -0.00035 0.000568 -0.
\EK_Running Running trial 3 | 9.608649 0.038657 -0.00207 -0.00414 -0.01781 -0.00587 0.000561 0.00037 -0.00082 0.000373 0.000127 0.000191 -0.00217 -0.00218 -0.00099 0.001782 0.001561 -0.00322 0.002474 -0.00016 -0.00051 -6.7E-05 -0.C
Running_Running trial 1 8.466483 0.031246 0.001656 0.002641 -0.0187 -0.00547 -3.8E-05 0.000269 -0.00086 0.000256 0.00013 -6.7E-05 0.002147 -0.01108 0.006387 0.000771 0.001081 -0.00298 0.002085 -0.00031 -0.00031 0.000908 0.0C
Running_Running trial 2 8.682999 0.03877 0.002219 0.002114 -0.01762 -0.0032 0.000341 0.000366 -0.00096 0.000569 0.000452 -0.00012 0.004028 -0.00956 0.007078 0.000359 2.32E-05 -0.00193 0.001212 -5.8E-05 -0.00026 0.000488 0.
Running_Running trial 3 8.956291 0.037124 0.003254 0.003766 -0.01812 -0.00453 0.000184 0.000573 -0.00121 -0.00011 7.29E-05 0.000207 0.002423 -0.0087 0.006519 0.000369 0.000355 -0.00338 0.001288 -0.00016 0.000165 0.000462 0.0C
\WN_Running Runningtrial 1 | 9.116281 0.049125 0.001844 0.001553 -0.01638 -0.00013 5.36E-05 5.96E-05 -0.00124 0.002055 -0.00016 -5.8E-05 -0.00037 0.004642 0.002594 -0.00186 0.000722 -0.00193 0.003988 -0.00016 -1.9E-05 0.001196 8.1
\VN_Running_Running trial 2 | 9.471887 0.048584 0.003061 0.001337 -0.0157 -0.00039 0.000402 0.000225 -0.00146 0.002618 -0.00041 -6.7E-05 -0.00177 0.005447 0.001398 -0.00135 0.000668 -0.00296 0.004047 -0.00018 5.65E-06 0.001176 0.
\WN_Running Runningtrial 3 | 9.727813 0.048876 0.002513 0.000804 -0.01407 0.001183 0.000453 0.000364 -0.00133 0.003432 -0.00021 6.64E-05 -0.00146 0.005836 0.001112 -0.00118 0.001005 -0.00297 0.004115 3.93E-05 0.000274 0.00141 0.0(
01_Running_Runningtrial 2 | 7.905042 0.040567 0.001089 -0.00194 -0.01612 -0.00956 0.000539 0.000814 -0.00047 0.000465 2.81E-06 -0.00015 -0.0005 -0.00598 0.005793 -0.00036 0.000307 -0.00011 0.00309 -0.00023  0.0004 0.002107 0.0(
01_Running_Runningtrial 3 | 7.967521 0.039481 -0.00064 -0.00082 -0.01784 -0.00703 0.000563 -4.6E-05 -0.00046 0.000643 -6.8E-05 -0.00019 -0.00078 -0.00259 0.002653 -9.3E-05 0.00043 0.000349 0.003148 -0.00016 0.000287 0.001082 3.7,
01_Running Runningtrial 4 | 8.041502 0.036389 0.000122 -0.00067 -0.0205 -0.00896 0.00047 0.000229 -0.00015 0.00078 -7E-05 -0.0002 0.000414 -0.00194 0.003048 0.000262 0.000573 -5.3E-05 0.004895 -0.00054 0.000413 0.002418 -O.(
Running_Running trial 1 8.764394 0.049296 0.001141 0.002768 -0.02139 -0.00999 -0.00073 0.00085 -0.00188 0.002197 0.000292 -0.00039 -0.00091 -9.6E-05 0.003254 0.000502 -0.00134 -0.00127 0.002112 -0.00033 -0.00032 0.000957 -
Running_Running trial 2 9.108774 0.048135 0.001827 0.002496 -0.02134 -0.00985 -0.00091 -8.9E-06 -0.00162 0.001901 0.000334 1.33E-05 -0.00071 -0.00068 0.003513 0.000573 -0.00134 -0.00149 0.001526 -0.00029 -0.0002 0.000763 -8.
Running_Running trial 3 9.12394 0.049218 0.001511 0.002308 -0.02582 -0.00235 -0.00042 0.000315 -0.0002 0.003144 0.000171 -0.00024 -0.00068 0.000216 0.001205 0.000324 -0.00166 -0.0008 0.001904 -0.00021 -0.00023 0.000478 -0.(
‘A_Running_Running trial 1 9.006426 0.04312 0.001339 5.8E-05 -0.01516 -0.00183 0.000655 0.000154 0.000311 0.000732 -8.3E-05 0.000103 0.001095 -0.0123 0.009553 -0.00055 -0.00074 -0.00111 0.003082 -9.4E-05 -0.00029 0.000823 0.0C
‘A_Running_Running trial 2 0.263696 0.038164 0.002528 -0.0006 -0.01705 -0.00365 0.000816 0.000207 0.000524 0.001137 -0.00033 0.000174 0.001513 -0.01008 0.010884 -0.00046 -0.00038 -0.00236 0.003785 -0.00023 -0.00024 0.000933 5.2
‘A_Running_Running trial 3 9.598359 0.035495 0.001943 -0.00142 -0.01809 -0.00601 0.001105 0.000515 -5.7E-05 0.00124 -0.00037 3.52E-05 0.001457 -0.00798 0.010188 -0.00019 -0.00029 -0.00431 0.003313 -0.00015 -0.00026 0.000966 -9.
"_Running_Running trial 2 8.183816 0.051982 0.002791 -0.00068 -0.01599 -0.00546 0.000626 -0.00047 -0.00254 0.000408 -3.8E-05 5.95E-05 0.000111 -0.00673 0.002439 -0.00248 -0.00063 -0.00173 0.004067 -0.00082 0.001406 -0.00044 -0.C
"_Running_Running trial 3 8.474187 0.052947 0.003031 -0.00078 -0.01601 -0.00521 0.000535 -0.00035 -0.00249 0.000298 -0.00021 9.73E-05 -0.00055 -0.00516 0.004215 -0.00253 -0.00056 -0.00159 0.004629 -0.00091 0.001505 -0.00033 -0.
"_Running_Running trial 4 8.851719 0.051359 0.005027 0.000891 -0.01502 -0.01064 0.000191 -2.7E-05 -0.0026 -0.001 -0.00024 -0.00016 -0.00034 -0.00317 0.00484 -0.00252 -0.00081 -0.00412 0.00312 -0.00163 0.000347 1.96E-05 -0.
5_Running_Running trial 1 9.369388 0.050967 -0.00109 0.000498 -0.0163 8.75E-05 0.000394 -6.5E-05 -0.00062 0.000465 3.68E-05 5.35E-05 0.002512 -0.00784 0.00714 0.000296 0.000159 -0.00411 0.00323 5.27E-05 -0.00026 0.000681 -0.C
5_Running_Running trial 2 9.469866 0.051916 -0.0014 -0.00051 -0.01632 0.002984 0.000266 -0.00021 -0.00021 0.000671 -8.4E-07 -5.6E-05 0.002793 -0.00694 0.009044 0.000466 -2.6E-05 -0.00383 0.004406 4.94E-06 -0.00042 0.000488 -0.(

Fourier coefficients, anthropometry, running characteristics, etc. About 1400 columns

-



PCA: yes, parameters are dependent

008 -

007 -

006 -

It takes about 40 PCs to represent 90% of the variance
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0.04 -
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0.00 -




A new modelling paradigm

The "old” way
Subject- Subject- Subject-

specific specific specific
data model results

The new way

Statistical Models of SS L;)ZJCE;]:E SSEZJCE;;'CC-
(big) data everybody oo L




Average runner

Completely virtual.
Completely detailed.
We can simulate its biomechanics and find
any property.
* Running economy
* Ground reaction forces
e Tissue loads
Prospective/predictive:
* |f we make it run differently, then we can
see the changes in loads, economy, etc.
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Data-Based Parametric Biomechanical
Models for Cyclic Motions

John RASMUSSEN®! Morten Enemark LUNDP®
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Aalborg @, Denmark
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Abstract. We present a method to convert motion capture data and anthropometric
statistics into parametric biomechanical models of cyclic motions, such as walking,

Open access: http://ebooks.iospress.nl/publication/55322



Desktop Implementation: The Runover App

0 Runover

10.0 km/h

My Body

RE = 4148.0 J/(kg km)

My Run

Side/Front

Reset All

Step Length [m]:

Step frequency [steps/s]:

Foot strike

OUTPUT
Peak GRF
Rate of force dev.
Patella lig. force
Achilles force
Stance ratio

Import gadget data

Recompute running style

kmi/h min/km

Heel <-> Forefoot
LEFT RIGHT
1.7 BW 1.74 BW
21.48 BW/s 21.98 BW/s
6.37 BW 6.42 BW
7.21 BW 7.35 BW
87.4%

Return



Forefoot landing

0 Runover

10.0 km/h

My Body

RE = 4233.0 J/(kg km)

My Run

R

Side/Front

Reset All

Step Length [m]:

Step frequency [steps/s]:

Foot strike

OUTPUT
Peak GRF
Rate of force dev.
Patella lig. force
Achilles force
Stance ratio

Import gadget data

Recompute running style

kmi/h min/km

Heel <-> Forefoot
LEFT RIGHT
1.79 BW 1.79 BW
2378 BW/s 23.78 BW/s
5.84 BW 593 BW
7.89 BW 8.45 BW
83.7%

Return




Neutral and forefoot running for John
(might be different for another person)

o [l N w H 2] ()] ~ (o) Vo]

Economy [kJ/kg km)] Peak GRF [BW] Pat. Lig. [BW] Achil.Tend. [BW]

B Neutral M Forefoot



Putting it on the web: AnyBodyRun.com

Continuous parameters Discrete combinations

Many parameters Few parameters

Detailed output Few output variables

Short computation
time

Instant response




3. Outlook



Processing

Personal biomechanical

Database of
model

runners
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« Wiki, Blog, Repositories, Forum

Known ligament
parameters

l

Events

Compare

—_—
Ground truth laxity

N

_—

il

« March 23 — webcast: A methodology to evaluate
the effects of kinematic measurement
uncertainties on knee ligament properties
estimated from laxity measurements

» Aalborg University in Denmark is planning a
new Advanced Musculoskeletal Modelling PhD
course to be held 3-7 May 2021. ONLINE
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ZX Meet us? Send email to sales@anybodytech.com

y'__l Want to present? Send email to ki@anybodytech.com



https://phd.moodle.aau.dk/course/search.php?q=Advanced+musculoskeletal+modelling+%282021%29&areaids=core_course-course
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Time for questions

Like the FaceBook group: AnyBodyRun

Visit https://anybodyrun.com/
ANYBODYRUN

An interactive running-style investigator!
Share your video Join the community
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Control which part of the foot that comes in contact with the ground first

Heel Midfoot Forefoot
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Stride Length

Control the stride length which in tumn will affect the cadence

Short = Mean Long
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Pace: 3:00 min/km

Set the speed at which the model runs
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! Adjust the height of the model
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Bodyweight: 80kg ©)

Adjust the bodyweight of the model
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