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Who is AnyBody?

AnyBody Technology
(Aalborg, DK; Boston, US)
• AnyBody Modeling System
• Licenses, Training, Support
• Consulting

AnyBody Knowledge Centers
• DK: Aalborg University  - Prof. Rasmussen

• Biomechanics, Ergonomics, Sport, Automotive 

• US: Colorado School of Mines – Prof. Petrella
• Biomechanics, Orthopedics, Sport

• GER: OTH Regensburg – Prof. Dendorfer
• Biomechanics, Orthopedics, Gait



Modeling System

Ergonomic Analysis 
and Documentation

Physiological Load 
Cases for Finite 

Element Analysis

Surgical Planning, -
Evaluation & -Failure 

Analysis

Gait Application
AnyGait

Product Design 
Optimization



Modeling with measured forces

?

Boundary conditions are necessary for inverse 
dynamic analysis.

In MoCap models this is provided by force plates.

What if no measurements are available?
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I nve rse  Dynamic  Ana lys is  ( IDA)  o f  muscu loske le ta l  mode ls   

 

- App l ied  in  many f i e lds ,  e .g . ,  spor ts  b iomechan ics  

 

- Es t ima t ion  o f  musc le ,  l i gament ,  and  jo in t  fo rces  

 

1 )  Top-down  

- Under -de te rm ina te  du r ing  doub le  suppor t  

 

2)  Bot tom-up  

- Fo rce  p la te  measurements  

   Res idua l  fo rces  and  moments  

INTRODUCTION 



Typ ica l  so lu t i ons  to  these  i ssues  

 

 1 )  M in im ise  res idua ls  th rough  op t im isa t ion  methods  

  

 2 )  Es t ima te /d is t r i bu te  GRF&Ms under  bo th  fee t  

 

P roposed  so lu t i ons  fo r  2 :  

 

-   M in im ise  j o in t  moments  ( A u d u  e t  a l .  2 0 0 3 ,  2 0 0 7 )  

 Only  s tand ing  pos i t i ons ,  no t  movement  

 

-   Ar t i f i c ia l  Neura l  Ne twork  ( E e l  O h  e t  a l .  2 0 1 3 ,  C h o i  e t  a l .  2 0 1 3 )  

 Comprehens ive  ana lys i s  necessary  to  de te rm ine  inpu t  

 

-   Dynamic  contact  model  and muscle  recru i tment  ( F l u i t  e t  a l .  2 0 1 4 )  

 

 Unive rsa l  me thod  

 Sca led  mode l  and  k inemat i c  da ta  on l y  

 Va l ida ted  fo r  ac t i v i t ies  o f  da i l y  l i v ing  

INTRODUCTION INTRODUCTION 



None  o f  t he  ex i s t i ng  me thods  have  been  va l i da ted  f o r  spo r t s - re l a ted  

movemen ts .  

 

- Fo rce  p l a te  measu remen ts  pa r t i cu l a r l y  l im i t i ng  

 

- La rge r  acce le ra t i ons  and  f o r ces  

 

- Comp lex  movemen t  pa t t e rns  and  con tac t  cond i t i ons  

 

 

 

 

 

INTRODUCTION 

- IDA o f  movements  common fo r  spo r ts  and  rec rea t i ona l  

exe rc i se  

 

- Compare  p red ic ted  GRF&Ms to  measured  da ta  

 

- Compare  j o in t  k ine t i cs  be tween  mode ls  

 

 

 

 

 

 

AIM :   To  eva lua te  t he  accu racy  o f  t he  me thod  o f  F l u i t  e t  a l .  ( 2014 )  t o  

 p red i c t  GRF&Ms  du r i ng  spo r t s - r e l a ted  movemen ts .  

 

 

 



- E igh t  ma le  and  two  fema le  sub jec ts  
( a g e :  2 5 . 7 0  ±  1 . 4 9  y e a r s ,  h e i g h t :  1 8 0 . 8 0  ±  7 . 3 9  c m ,  w e i g h t :  7 6 . 8 8  ±  1 0 . 3 7  k g )  

 

- F i ve  spor ts - re la ted  movements :  

 

 R u n n i n g  a t  a  s e l f - s e le c t ed  p a c e  

 B a c k wa r ds  r u n n in g  

 S i d e - c u t  

 Ve r t i c a l  j u m p  

 A c c e l e ra t i on  f r o m  a  s t a nd i ng  p o s i t i o n  ( A S P )  

 

- Vary ing  fo rce  charac te r i s t i cs  and doub le /s ing le  suppor t  

 

 

 
 

 

 

 

 

 

EXPERIMENTAL PROCEDURES 



Marker -based  mot ion  ana lys i s :  

 

- E igh t  i n f ra red  cameras  samp l ing  a t  250  Hz  (Oqus  300  se r ies )  

 

- Qua l i sys  Track  Manager  v.  2 .9  

 

- Two AMTI  fo rce  p la tes  samp l ing  a t  2000  Hz  

 

- 35  re f l ec t i ve  markers  

 29  p laced  on  the  body  

 3  on  each  runn ing  shoe  

 

- Da ta  l ow-pass  f i l t e red  a t  15  Hz  

 

EXPERIMENTAL PROCEDURES 



Based  on  the  Gai tFu l lBody  templa te  f rom the  

AnyBody Managed  Mode l  Repos i to ry  v.  1 .6 .3  

 

Model  sca l ing  and k inemat ics   
( A n d e r s e n  e t  a l .  2 0 0 9 ,  2 0 1 0 )  

 

- Ad jus ts  segment  l eng ths  and marker  coord ina tes  

 

- M in im ises  the  sum o f  marker  res idua ls  

 

 

 

 

 

 

 

 

 

MUSCULOSKELETAL MODELS 

 

Inverse  Dynamic  Analys is  

 

- Twente  Lower  Ex t remi ty  Mode l   
( H o r s m a n  e t  a l . ,  2 0 0 7 )  

 

- S imp le  cons tan t  s t reng th  musc les  
 

- Quadra t i c  musc le  rec ru i tmen t  

 

 

 

 

 

 

 

 

 



Method  o f  F lu i t  e t  a l .  (2014)  adop ted ,  bu t  a l te ra t i ons  were  made  in  an  

a t tempt  to  improve  the  method .  

 

- 18  con tac t  po in ts  de f i ned  under  each  foo t  

 

- F i ve  a r t i f i c ia l  musc le - l i ke  ac tua to rs  i n  each  con tac t  po in t  

 

 

PREDICTION OF GRF&Ms 

- F max ,  z l im i t ,  and  v l im i t  ( con tac t  pa ramete rs )  

 

- Smooth ing  func t ion  imp lemented  

 

- So lved as  pa r t  o f  musc le  rec ru i tment  a lgo r i thm  



RESULTS 



RESULTS 



RESULTS 



RESULTS 

RUNNING  

 

 

 

 

B.  RUNNING  

 

 

 

 

S I D E - C U T  

 

 

 

 

V.  J U M P R L  

 

 

 

 

V.  J U M P L L  

 

 

 

 

AS P R L  

 

 

 

 

AS P L L  

 

 

 

 

r ranging from 0.97 to 0.99, median 0.99 

  

RED: Measured GRF&Ms 

BLUE: Predicted GRF&Ms 

Shaded areas: ± 1 STD 

† = sig. diff. peak forces 

† † † 

† † 



RESULTS 

RUNNING  

 

 

 

 

B.  RUNNING  

 

 

 

 

S I D E - C U T  

 

 

 

 

r ranging from 0.13 to 0.96, median 0.61 

  

RED: Measured GRF&Ms 

BLUE: Predicted GRF&Ms 

Shaded areas: ± 1 STD 

V.  J U M P R L  

 

 

 

 

V.  J U M P L L  

 

 

 

 

AS P R L  

 

 

 

 

AS P L L  

 

 

 

 



RESULTS 

RUNNING  

 

 

 

 

B.  RUNNING  

 

 

 

 

S I D E - C U T  

 

 

 

 

V.  J U M P R L  

 

 

 

 

V.  J U M P L L  

 

 

 

 

AS P R L  

 

 

 

 

AS P L L  

 

 

 

 

r ranging from 0.69 to 0.95, median 0.87 

  

RED: Measured GRF&Ms 

BLUE: Predicted GRF&Ms 

Shaded areas: ± 1 STD 



RESULTS 

RUNNING  

 

 

 

 

B.  RUNNING  

 

 

 

 

S I D E - C U T  

 

 

 

 

V.  J U M P R L  

 

 

 

 

V.  J U M P L L  

 

 

 

 

AS P R L  

 

 

 

 

AS P L L  

 

 

 

 

r ranging from 0.86 to 0.95, median 0.94 

  

RED: Measured GRF&Ms 

BLUE: Predicted GRF&Ms 

Shaded areas: ± 1 STD 



RESULTS 

RUNNING  

 

 

 

 

B.  RUNNING  

 

 

 

 

S I D E - C U T  

 

 

 

 

V.  J U M P R L  

 

 

 

 

V.  J U M P L L  

 

 

 

 

AS P R L  

 

 

 

 

AS P L L  

 

 

 

 

r ranging from 0.78 to 0.94, median 0.94 
  

RED: Measured GRF&Ms 

BLUE: Predicted GRF&Ms 

Shaded areas: ± 1 STD 

† = sig. diff. peak forces 

† † † 

† † † 



- Compa rab le  r esu l t s  f o r  ve r t i ca l  GRFs ,  j o i n t  f l e x i on  momen ts ,  

and  resu l t an t  JRFs  ac ross  a l l  movemen ts  

 

- Ma jo r i t y  o f  peak  f o r ces  s i gn i f i can t l y  d i f f e ren t  

 

 Ad jus t i ng  con tac t  pa rame te rs  a  poss ib le  so lu t i on  

 

- D i sc repanc ies  i den t i f i ed  f o r,  e . g . ,  t r ansve rse  GRM and  HERM  

 

 Signa l - to -no i se  r a t i o  

 Simp le  knee  mode l  ( h i nge  j o i n t )  

 

- A reas  t o  imp rove :  

 

 Foo t -g round  con tac t  de te rm ina t i on   

 More  de ta i l ed  knee  and  f oo t  mode l  

 Sens i t i v i t y  ana l ys i s  on  con tac t  pa rame te rs  

DISCUSSION 



- Cou ld  be  used  i ns tead  o f  f o r ce  p l a te  da ta  

 

- A l t e rna t i ve  t o  mu l t i - se t t i ng  i ns t r umen ta t i on  o f  f o r ce  p l a tes  

 

 Outdoor  env i r onmen ts  

 Workp laces  

 Treadmi l l s  

 

- Comb ina t i on  w i t h  o the r  mo t i on  ana l ys i s  sys tems ,  e .g . ,  

 

 Elec t r omagne t i c  t r ack i ng  sys tems  

 Acce le romete rs /gy roscopes  

 Marke r - l ess  sys tems ,  e .g . ,  Sandau  e t  a l .  ( 2014 )  

 

- I n te r face  be tween  MLS and  AnyBody  ( S k a l s  e t  a l .  2 0 1 4 )  
 

CONCLUSION AND FUTURE WORK 
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How does it work?
Associate Professor Michael Skipper Andersen, PhD

Department of Mechanical and Manufacturing Engineering, Aalborg University, Denmark



Coulomb friction

• Normal force is unilateral.

• Friction force and normal force are

perpendicular.

• Friction force is limited by the normal force 

and friction coefficient. f𝑛

f1

f𝑓

f𝑛 ≥ 0

f𝑓 ≤ 𝜇f𝑛

f2



Muscle recruitment

minG 𝐟(m)

𝑠. 𝑡. 𝐂𝐟 = 𝐝
𝐟(m) ≥ 0

• Min/max:

• Polynomial:

G 𝐟(m) = max
𝑖

f𝑖
(𝑚)

N𝑖

G 𝐟(m) =෍

𝑖

𝑛
f𝑖
(m)

N𝑖

𝑝



Implementation: forces

f1

𝑥

𝑦

𝑧 f 𝑖 ≥ 0

𝐟n = 𝐟1+𝐟2+𝐟3+𝐟4+𝐟5

𝐟𝐟 = 𝜇𝐟2+𝜇𝐟3+𝜇𝐟4+𝜇𝐟5

f4

f3

f2

f5

𝜇f2

𝜇f5

𝜇f3

𝜇f4



Implementation: contact

Contact area

Contact area

Contact area

Contact area

Contact when:

• Node inside contact area.

• Node velocity small. 



Implementation: contact

• Contact controlled with the ”muscle” 

strengths

• Transitions are smoothed.

• Smoothing approaches:

• Post-process kinematics.

• Smoothing based on node position 

and velocity.



Limitation 

friction cone vs friction box

𝐟𝑓 = f𝑓,𝑥
2 + f𝑓,𝑦

2 ≤ 𝜇 𝐟𝑛

𝑥

𝑧
𝑦

𝐟𝑛

𝐟𝑓
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Experimental data
• Nine healthy subjects (4 males and 5 females)

• Gait lab data.
• Full-body marker set (53 markers).

• Six-camera Vicon system (100 Hz sampling).

• Two AMTI forceplates (1000 Hz).

• Activities of daily living (ADLs):
• Walking at comfortable (CWS) speed

• Walking at a slow (CWS-30%) speed.

• Walking at a fast (CWS+30%) speed.

• Walking over a 10, 20 and 30 cm obstacle.

• Gait initiation and termination.

• Deep squatting (DS).

• Stair ascent (SA) and descent (SD). 



Modelling

• The AnyBody Modeling System v. 5.3.1.

• New Twente lower extremity model 

(TLEM) v. 2.0. (Carbone et al, 2015).

• Hill-type muscle models.

Fluit et al. 2014. Prediction of ground reaction forces and moments 

during various activities of daily living. J. Biomech. 47(10), 2321–2329



Modelling: scaling

• Segment length and marker 

location optimisation (Andersen 

et al. 2010).

• Performed on one gait trial per 

subject.



Modelling: contact model
• Coulomb friction model.

• Normal and static friction forces modelled 

with muscle-like actuators.

• 12 contact points under each foot.

• Ground contact when:

• Node close to the ground plane.

• Node velocity small.

• Transitions are smoothed by controlling

the strength of the contact ”muscle”.

• Residual ”muscles” on pelvis with low

strength.



Modelling: inverse dynamics
• Simultaneously computes the muscle, 

joint and ground reaction forces.

• Masses distributed according to Winter.

• Strength: Length-mass-fat scaling 

(Rasmussen et al., 2005).

• Recruitment criterion: Sum of muscle

activitities cubed. 



Comparisons

• Variables

• GRF&M:

• Force plate reference frame.

• Equivalent GRM at the location of the 

ankle joint center projected onto the force  

plate.

• Joint moments.

• Metrics

• Root-mean-square difference (RMSD).

• Pearson correlation coefficient, .

• Statistics

• Two-tailed Wilcoxon signed rank test.
• Mean GRF&M.

• Peak GRF&M.



RMSD: 0.08 (0.01) BW

: 0.96

RMSD: 0.04 (0.01) BW

: 0.96
RMSD: 0.02 (0.00) BW

: 0.82

RMSD: 0.02 (0.01) BW

: 0.92
RMSD: 0.01 (0.00) BW

: 0.68

RMSD: 0.02 (0.01) BW

: 0.70

CWS results: GRF&M

*: significant difference in mean.

†: significant difference in peak.
• Black, solid line: mean experimental data.

• Thin lines: ± 1 SD in the experimental data.

• Gray area: predicted mean ± 1 SD.

*† 



Results: GRF&M

*† *† *† *† 

*: Significant difference in mean.

†: Significant difference in peak.

p < 0.05

• Black, solid line: mean

experimental data.

• Thin lines: ± 1 SD in the 

experimental data.

• Gray area: predicted mean ± 1 SD. 



CWS results: Joint moments

*: significant difference in mean.

†: significant difference in peak.

p < 0.05

• Black, solid line: mean experimental data.

• Thin lines: ± 1 SD in the experimental data

• Gray area: predicted mean ± 1 SD 

stance phase

stance phase stance phase stance phase

stance phase

: 0.83 : 0.94 : 0.89

: 0.82 : 0.93

*† 



Conclusions

• Generally, very good agreements between predicted and measured GRF&Ms

were found.

• The prediction was poorest for the transverse GRM.

• Likely caused by the hinge knee model.

• Potential applications:

• Predictive models.

• Measurement systems using inertial measurement units only.

• Treadmill gait without force plates.

• To improve dynamic consistency in inverse dynamic simulations.



Further reading

• Fluit et al. 2014. Prediction of ground reaction forces and moments during various 

activities of daily living. J. Biomech. 47(10), 2321–2329

• Jung et al. 2014. Ground reaction force estimation using an insole-type pressure 

mat and joint kinematics during walking, J Biomech. 47(11), 2693-2699

• Skals 2015. Prediction of ground reaction forces and moments during sports-

related movements, Master's Thesis, Aalborg University, Denmark
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Hands on…
ADDING GRF PREDICTION TO A MOCAP MODEL



Get the code…
• GRF prediction has always been possible 

AnyBody for long time, but it has not be 
easy…

• We have wrapped the code in AnyScript
class templates to make it easy to use…

• Available on the wiki.anyscript.org 

wiki.anyscript.org



Time for questions:
AnyBody events:

◦ Oct. 27th Webcast: 

◦ Title: Load Analysis of the hip joint for occupational activities

◦ Presenter: Dipl.-Ing. Patrick Varady. Institute of Biomechanics, Trauma 
Center Murnau and Paracelsus Medical University Salzburg

◦ Oct. 26th to 30th HFES 2015 (Los Angeles)

◦ Send us an email to schedule a meeting: sales@anybodytech.com

Visit our website:
◦ www.anybodytech.com 

◦ For events, dates, publication lists,  ...

wiki.anyscript.org




