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Preface

In 2001, BodyMech was created by Jaap Harlaar, in order to facilitate the analysis of 3D
kinematics to relevant joint angles for (PhD-) students.

BodyMech is a software tool, which runs in MATLAB and offers functions that are needed
for 3D human movement analysis based on marker registrations.

BodyMech is based on a graphical user interface (GUI) that can be used to interactively
analyze and visualize experiments of human movements, recorded with a 3D-kinematics
system (Optotrak, NDI). Data are stored in a structured file.

Users of BodyMech should at least have a basic knowledge of MATALB and movement
analysis techniques. A theoretical introduction of these techniques can be found in
Chapter IV.

The present version (3.06.01) of BodyMech is limited to the kinematics of human
movement with addition of EMG recordings and ground reaction forces.

Copyright: this program is free software under the terms of the GNU General Public
License (http://www.gnu.org/licenses/fdl.txt).

The editors gratefully acknowledge Nienke Wolterbeek for all her assistance to realize
this version of BodyMech.

Jaap, Harlaar
Caroline Doorenbosch
Marre Kaandorp

June 2006, VUmc Amsterdam

More information: www.BodyMech.nl

Suggestions and feedback: BodyMech@vumc.nl
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version 3.06.01
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Introduction

Intended audience

This guide can be used by everybody who is interested in motion analysis applications.
For students and researchers who are new in this field, it is strongly recommended to
read the theoretical chapter (Chapter IV) before start using BodyMech.

More experienced persons on motion analysis can use this manual to introduce
themselves to BodyMech.

For more details about the underlying codes and functions of BodyMech, the Matlab
Directory Report functions (Chapter Ill) can give a good overview of the BodyMech
functions. Also some example files are supplied in the subfolder DemoProject of
BMProjects.

Prerequisites and preparations for proper use

In order to use BodyMech for human movement analysis, the following steps must be
made:

1. Install the BodyMech files on your computer (p. 5), from this point on you can play
around with BodyMech using the demo files as an example.

As a default, specific VUMC_LAB functions are included in the initial installation (subfolder
VUMC_LARB in folder LabFunctions). They are specifically written for applications in the Human
Movement Lab at the VUmc and apply for calibration, data-file format of acquisition (import
function) and used stylus. Depending on the lab, similar functions have to be adapted for its specific
setup.

2. Create a ProjectModel: each research project starts with the creation of a Project
model (see Chapter Il). This is a BodyModelScript which includes information related to
the intended experiments (e.g. which segments, marker identification of each segment;
muscles are measured, how many forceplates are used etc.). For proper use of
BodyMech for kinematic analysis, clusterframes with at least 3 markers per segment are
required.

Se\?eral (editable) template ProjectModel scripts are included in the subfolder BMtemplates.

Note: Later in the analysis, for each Session or Subject, marker setup and calibration for a specific
subject (e.g. static calibration measurement of a reference position, anatomical calibration files) are
imported and stored for subseguent analysis of all trials of that subiect . Finally, seament and joint
kinematics can be calculated from raw 3D data from the Trials within each session. For each Trial
(i.e. each performed movement) the appropriate files from the experiments (3D data and EMG/force
if available) must be imported to analyse the specific movement. (see Chapter II)

Note: it is always the responsibility of the user to make sure that analog and marker files

are loaded are synchronized and that they apply to the same movement trial.

3. Design an anatomical calculation function; depending on the Project, an anatomical
calculation function is required or has to be created beforehand (see for details Chapter
I). A decision has to be made regarding the joint angle conventions, that will be used to
calculate the joint kinematics. Some templates of Anatomical Calculation functions for the lower
extremity are included in the subfolder BMtemplates If the experimental protocols for these issues
remain identical for each experiment the Project file has to be created only once.

4. Calibrate your LAB set-up and requirements for data format import (Chapter II)

BodyMechGuide 2006 6/81



How to “install” BodyMech

Initial conditions and actions for a proper installation

O Unzip the (downloaded) file BodyMech2006.zip in a folder named BodyMech3.06.01.
BodyMech software consists of a number of MATLAB mtfiles, stored in subfolders (see
below) :

(7] BodyMech3,06.01
(] BMcreateBODY

] EMkernel
(= ._I EMprojects
: {;] DemoProject
[ BMtemplates

' ] BMboals

i ._I BMvizfunctions
E:._I LaBFunctions
(] LaBtacls
{2 wUMC_LaE

L Your LAB

The reason for using different folders, is that each set of m-files has its own scope:

. BMcreateBODY j| files that are required to Create a Projectmodel
. BMdocs|: all BodyMech documents , e.g this guide
. BMkernel| : files that are general to the approach of 3D human movement analysis.

. BMéroieCtsl: all files used for specific Projects. Default a subfolder DEMOproject is added. Users
can add their own Project folder, which will contain any user written m-files and data that are
bounded to a specific project. (see Chapter Ill: BodyMechFunctionLibrary for more help info for each
function)

. BM templates|: template script files of Projectmodels and anatomical calculation functions
. BMtools:| basic helpful functions

. BMvizfunctions|: files that are related to all Graphics User Interface items

. lLabFunctions|: all files that are specific or helpful to the laboratory environment; divided in
general LABtools and specific folders (VUMC_LAB; Your_LAB)

Q open MATLAB (version 5.3 or higher);

Q Include the main and subfolders of BodyMech3.06.01 the path of MATLAB. To
extend the path setting, startup MATLAB and invoke the MATLAB Path Browser, by
selecting ‘Set Path’ from the File menu. In the MATLAB Set Path Window, click: ‘Add
with Subfolders’. Select the BodyMech3.06.01 folder to add it to the Matlab Path (in
Matlab5.3 all BodyMech folders have to be added separately). Then ‘OK’. Select ‘Save
Path’ from the file menu and close the Matlab Path Browser.

Q Type BodyMech on the Matlab command line. This should startup the BodyMech
graphical user interface start window (Figure 1).
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Figure 1 Startup Window of BodyMech Graphical User Interface

O Go for a Quickstart: Use the BodyMech GUI (Graphical User Interface) to visualize a
DEMOtrial of human movement:

In the Demoproject folder, two complete trials are copied, which can be loaded as an example of
one fully analysed movement:

- Select: [Load Trial file| from the Trial menu (or Click PushButton Load BMBfile)

<} BodyMech BODY

Project  Session |Tria| Wigw

Load Trial i
Define TrialHeader

Clear Trial

Import Marker File (OptoTrak)

Irnpork E50

Import Analog Data File »
Correct Offset ForceSignal

Update Info

Load BME file

Select TimeInterval Markers
KinematicsCalculation
KinematicsCalculationSteps ]
KinematicsCalculation (Anatoniy Referenced) »

Kinemsatic Displ:

Save Trial file *.bmb)
Export data

Figure 2. Load Trial

INFO
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- A window opens; browse to the folder \Bmprojects\DemoProject and select

DEMXrial 6Gait. bnb

i E3

0Open BodyMech-BODY

Zoeken in: Iﬁ DemoProject j s £k Eh-

| DEMOProjecModelFile, BME

| DEMOSessionModelFile. BME
DEMOTriall 0Jump, BME
EEZIEI"-'1IZ:ZITr'i-3|E- Gait . BME

_Bestandsnaam: IDEMDTriaIEGait.BME Openen I
Bestandstupen: I“,bmb j Annuleren |

Figure 3. Select DEMO GaitTrial

The BODY MODEL INFO screen is filled with the content of the BODYfile (note that 4

segments, 3 joints and 6 muscles are defined for this DEMO)

<) BodyMech BODY [_ =]
-]

Project  Session  Trial  Wiew

BEODY MODEL INFO

CURRENT BODYMECH BODY MODEL

S1 =Left_Foot m# 1 2 Sl M= CRA K=MCPA v=AS
S2=Left_Shank m# 4 5 B 7l M= CRA K=MCP& V= &5
S3=Left_Thigh mi & 910 11 [ M= CR& K=MCPA W= AS
S4=Pelviz m# 12 13 14 15| M= CRA K= MCP& Y= AS

1 = Left_Ankle

2 = Left_KHnee

J3 = Left_Hip

b1 = rectus_femaoriz_left

M2 = vastuz_|aterslis_letft
M3 = vastus_medialis_left
b4 = biceps_femoris_left
S = zemitendinosus_left
ME = gastrocnemiusz_left

Updstelnfo

Load BME file

Kinematic: Display

I

Il ECCY HEADEF, info |||l
LAE |d: === LAB_WUmnc Amsterdam ===

<Project=: BM_DEMO ||| Code: 000
AnatomicalCalculationFon: DemodnatCale_LowE=x_4Segm_Left.m

=Session=. BM_FREEZE || Code: CEMO || Date:
Subject: E ||| Static Kinematics file: CR003 BMNY

=Trial=: GAIT || Code: & ||| Time:

|| AnalogSignalFile: B A06 MDF

|| KinemsaticsFile: CHO0E BV

EME filz: DEMOTriglGGat BME ||| dated: 26-May-2006

Fetnarks:

|

Figure 4. BODY MODEL INFO screen with ProjectModel HEADER content
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To get a quick impression of the results: open de View menu and select e.g Show
Orthogonal Views (or Click PushButton Kinematic Display)

araph Marker

qraph Joint sngles
araph SREMG
qraph Raw EMG signal
Ext Force graphs

Figure 5. Menu View: Show Orthogonal Views

and the following window opens. Click on e.g. StickFigures and External force; scroll with
the slider through the time frames to get a similar display as in Figure 6 below:

T M e Top Wisw
L I
LA
I~ Al fromes

T aralorioal e bers
& SHok s

¥ EchmadPancion Foms.

I+ Bod ncs
I Hoktatch Hcfory

| T Sl — |

E =

o

5:0 T R T T

Figure 6. Show Orthogonal Views

Try all other options in this window and in the View menu of BodyMech .

In Chapter Il, all steps from creating a Project and Session model and completing a Trial
model will be described.

Starting from a cleared screen, these steps will finally result in the presented demo Trial
file DEMXt ri al 6Gai t . brb

Following the described actions in Bodymech will give more insight in the possibilities of
BodyMech and will facilitate its application for your own use, project, experiments and
analysis.
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BodyMech data structure

The basis of BodyMech data file is a structured array (Matlab variable) called BODY. This
structure contains fields to store all measured and calculated data as well as additional
information.

Appendix A show an overview of all possible BODY-fields and subfields.

If the structure file named BODY is made in BodyMech (i.e. a Bodymech model with
corresponding data), the contents of BODY and its fields can be viewed in the Matlab
command window, by typing for example:

BODY. HEADER (see Figure 7). (NB: if an error message appears of the type of 'unknown variable or
function; first typegl obal BODY and then again BODY.HEADER (or some other field).

Command Window

=x global BODY
x> BODY.HEADER

ans =

Version: '3.06.01
ModelType: '<Trials!
ProjectMamwe: 'EM DEHMO'
ProjectCode: '000°
FileMame: 'DEMOTrialeGait.BME!
FileCreationDate: 'Z26-May-Z006'
FileCreationTime: '10:52 AN
Session: [1xl struec]
Subject: [1x1l strucc]
Trial: [1xl struct]

Figure 7 Content of BODY.HEADER in the Matlab Command Window.

The BODY structure will be saved as a ‘<Project>’, ‘<Session>’ or ‘<Trial>’ file (all *.bmb
files), depending on the contents of the structure (e.g. what is already calibrated or
calculated).

Type of model is indicated in the field BODY.HEADER.ModelType (‘<Project>’, ‘<Session>’
or ‘<Trial>’, see also Appendix A). Content and use of each ModelType will be elucidated
in the next Chapter.

Appendix B shows the Actions of BodyMech (i.e. a menu item in the Graphical User
Interface) and the called BodyMech Functions (2" column) and the derived Output (i.e.
filled fields of the BODY structure).

BodyMechGuide 2006
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BodyMech

version 3.06.0

chapter Il. User Manual
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Introduction

In general, following all BodyMech calculation steps (structured in the BodyMech GUI),

joint kinematics are derived from raw 3D marker coordinates recorded with a 3D analysis

system. This version of BodyMech is based on the use of Optotrak for 3D marker
recording in a set-up of clusters of at least 3 markers per segment.

In Figure 8 the steps of the different BodyMech functions to process a recorded
movement data are shown. The round boxes show the input files from measurements
that are required for the BodyMech processes in the grey boxes. More specific relation
between BodyMech menu items and calculation steps can be found in Appendix B.

This Chapter will lead you through these steps.

Project model

»
L

A

Session model

1
BodyModel
Definition
2
Joint angle
convention
Reference
posture
calibration 3
Cluster
Anatomical Calibration
landmark
calibration
Cluster 4
; Cluster
Coordinates : .
kinematics
5a

Segment kinematics
posture referenced

5b
Segment kinematics
anatomy referenced

6
Joint

A 4

kinematics

»

A

Figure 8 Human movement analysis with BodyMech

Trial model
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Body Model Definition

In BodyMech, the following terms Project, Session and Trial are used for different
models, which reflect the different levels of analysis and include specific BodyMech
information. Figure 9 shows this structure and the relation of the different modeltypes.

In summary:

Project models contains all parameters of a whole research project (e.g. Project Name,

Used segments; Used joints etc...).

Subsequently, a Session model, parameters are added to the basic Project Model, that
corresponds to a specific experimental session or subject, who participates in the
experiments of that project (e.g. subject names; marker setup; calibrations, etc...).

Finally, a Trial Model is build with a Session Model, in which all parameters are appended
that fits with each measurement / movement of that specific subject; including EMG and

force recordings if applicable.

PROJECT

Bodymodel definition

v

v

SESSION 1
subject 1 information
static marker calibration

SESSION 2
subject 2 information
static marker calibration

TRIAL 1
dynamic marker recording,
EMG, forceplate, Video

A

TRIAL 2

TRIAL 3 P

Figure 9 Project, Sessions and Trials

»| dynamic marker recording,
EMG, forceplate, Video

TRIAL 1

TRIAL 2

Note A Project, Session or Trial file is always a*.bmb file and has the same file structure. The
only difference is the contents of the field: BODY.HEADER.ModelType and the number of filled fields.
The reason you can save the BODY structure as different files is that it will facilitate the orderly use

of BodyMech and immediately shows the state of the file

For a new research project you create aProject bmb file (model). For each new subject you start with
the Projectmodelfile, calibrate it for the specific subject and save this as aSession bmb file (model).
Then for each measurement you made with this subject, you open or start with the Session model
and appends / import the measurements and save it as aTrial bmb file (model). This will be

elucidated in more detail in the next section

Before you begin

Before you can start with BodyMech calculations, some prerequisite project and LAB

actions must be prepared:

1. Create a ProjectModel
2. Define Anatomical Calculation

Function

3. Adapt functions according to your LAB specifications

BodyMechGuide 2006
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ad 1. How to Create a ProjectModel

For each research project, decisions have to be made about the required information
from the measurements and what body model matches to obtain this information
(described in the project protocol). This chapter explains how to create a Project model.

Edit a new ProjectModel by yourself (skip the following section) or use one of the
templates as follows:

- select ‘[Start Proj ect’|from the Project menu. If another model was opened, all
info will be cleared, resulting in a blank Body Model Info screen (as in Figure 1).

- and select [Edit Project Mbdel (from tenplate)]

<} BodyMech BODY
Project  Session Trial  Wiew

Load Project File *.bmb) BODY MODEL INFO

|Update ProjectHeader O TODEL ACTIVE
Clear All

jeck Fun ProjectiModel
Save Project file ¢+, brb) Edit ProjectModel (From template)

___ Edit &natomical CalculationFunckion (From kemplate)
Update Info
Load BME file

Kineratic Dizsplay

Figure 9 Start Project

- a window will appear in which you can select one of the templates.

For the DEMO project: [Proj ect Mbdel _LowEx_4Segm Left. nj is selected:

Edit BodyMech ProjectModel Definition file

Zoekan in: I |2 BMtemplates

i L n_Left.m
@ ProjectModel_LowEx_43egm_Right.m
@ ProjectModel_LowEx_S3egm_Left.m
@ ProjectModel_LowEx_SSegm_Right.m
@ ProjectModel_LowEx_73egm.m

@ProjectMndel_anEx_SSegm.m

Bestandsnaam: |F'roiectModeI_anE:-t_dSegm_Left.m Openen I
Bestandstypen: IF'roiect".m j Annuleren |

Figure 10 Select ProjectModel_LowEx_4Segm_Left.m

This will evoke the Matlab Editor and shows a scriptfile of a template of ProjectModel.

BodyMechGuide 2006
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&2 Editor - C:\MATLAB 7" BodyMech3.06.01' BMtemplates'ProjectModel_LowEx_4Segm_Left.m*

Text Cell Tools Debug Deskbop Window Help | | a

File  Edit

DS HE| 2R |G #HF AR EBRE BB | s -] BOBA
16 = CreateBodyHeader (' YourFroject'); i
iy i
18 s HEHHSHEHBEESNERREEREERRES

13 % ## Create a body model ##

z0 L HEHHEHBHEEERBEREREREREEES

21 3Create yoOuUr oWwh Sedments

22 (CreateBodylegment (' Hame Segment', segment nurber, [Optotrak LED number] ) :

23 %For example:

24

25 = CreateBodySegment ('Left Foot',1,[1 2 3]); % Segwent 1

26 — CreateBody3egment ('Left Shank',2,[4 5 6]); % Segwent 2

27 - CreateBodySegment (' Left Thigh',3,[7 8 9]): % Seguent 3

Z8 = CreateBodyS3egmwent ('Pelvis' , 4,[10 11 12]): % Zegment 4

29

30 s HEHHSHEHEESS NSRRI BEEHEHREHARES R

3l % ##f Define anatomical landmark names ##

32 G HEHHEREREGEE RN R R R Y

33 - EBodyMechFuncHeader:

34

35 % Left foot (1)

36 % Fill in wour anatomical landmwarks of the foot between the '

37 — BODY.ZEGMENT (1) .Anatomicallandmark (1) .Name={'Calcansus left'};

38 - BODY.3EGHENT(1).Anatomicallandmark(Z) .Meme={'NTF_I left'}; % metatarsale I

39 - BODY.3EGHMENT (1) .Anatomicallandwark (3) .HNawe={'MTPF_V_ left'}; 5 metatarsale V

40

41 % Left shank (2)

42 % Fill in wour anatomical landmwarks of the lower leg between the !

43 - BODY.3EGMENT(Z) .Anatomicallandmark (1) .Name={'Caput Fibulas left'};

44 - BODY.3EGMENT(Z] .Anatomicallandmark (2) .Name={'Tuberositas_ Tibia left'}:

45 - EBODY.SEGHENT (2] . Anatomicallandmwark (3) .Mawe={'Malleclus Lateral left'}: H
46 — EBODY.ZEGMENT(Z) .Anatomicallandmark (4) .Namwe={'Halleclus HMedial left'};

47

45 % Left thigh (3)

49 % Fill in wour anatomical landmarks of the upper leg bhetween the '!

50 - BODY.3EGHMENT (3] .Anatomicallandmark(l) .MName={'Trochanter Major_ left'}:

51 - BODY.SEGHMENT (3) .Anatomicallandmwark (2) .Nawe={'Femur Condyle Latersl left'}:

52 - EBODY.ZEGHENT (3] .Anatomicallandmark(3) .MNeme={'Femur Condyle Medial left'}:

53

54 % Pelwvis (4)

55 % Fill in wour anatomical landmwarks of the pelvis between the '

56 - BODY.3EGMENT (4] .Anatomicallandmark(l) .MName={'AL3I3 Right'}; % anterior superior iliac spine right
57 - BODY.ZEGMENT (4) . Anatomicallandmark (2) (Namwe={'L3I3 Left'};: % anterior superior iliac spine left
58 - EBODY.3EGHENT (4] .Anatomicallandmark(3) .Meme={'P3I3 Right'}; % posterior superior iliac spine right
59 = BODY.3EGHENT (4] .Anatomicallandmark(4) .Mawme={'P3I5_Left'};: % posterior superior iliac spine left
60

61 SHEgERERERE

62 % Joints ##

63 SHESEHERERE

63 %3Create your own Joints

cC e T e o T ) e T 5 amdm ) BT Tom s oamd= | RTINS RS CWCN TN T oamamm e s wn= 1 = e e s = ] s s, an = Colmmmvssam = d= 5 man samslema=] 4w -

Figure 11. Upper part of script template of ProjectModel
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Editor - C:', MATLAB 7" BodyMech3.06.01 BMtemplates'ProjectModel_LowEx_4Segm_Left.m*

File Edit Text Cell Tools Debug DCeskiop ‘Window Help |ax
DS HE| il |G HF QR0 EREBB| s« -] HOBE O

60 T
A

61 SHERBRARERE

62 % Joints ##

63 S HESEHERERE

63 4Create your own Joints

65 (CreateBodyJoint ('Hame Joint', number joint, [proximal segmwent, distal segment], [decomposition order])
(=13 sFor example:

a7

68 - CreateBodyJoint ('Left Inkle',1,[2 1],[Z X ¥]): % joint 1
63 — CreateBodyJoint ('Left ¥nee',2Z,[3 2],[2 X ¥]): % Jjoint 2
70 - CreateBodyJoint ('Left Hip',3,[4 31,[Z X ¥1); % Jjoint 3
71

72 SHEREREHAHEH

73 % Muscles fi#f

74 SHERERESERES

s YCreate your own miscles
76 yCreatebodyMuscle (' MusclelNawe', Musclelndex, EmgChannel, [proximal segment, distal segment])
77 (For example:
=]
79 = CreateBodyMuscle('rectus femoris left',1,8,[3 2]);
80 = CreateBodyMuscle ['vastus_ lateralis left! ,2,3,[3 2]):
81 —= CreateBodyMuscle ('vastus mwedialis left',3,10,[3 2]);
82 - CreateBodyMuscle('biceps fewmoris left',4,11,[3 2]):
83 - CreateBodyMuscle ['semitendinosus_left',5,12,[3 2]);
84 - CreateBodyMuscle ('gastrocnemius_ left',6,13,[2 1]):
55 - CreateBodyMuscle('soleus left',7,14,[2 1]);
86 - CreateBodyMuscle('tibialis ant lefr',8,15,[2 11!
a7
58 SHESERERERESRARY
89 s LiE chntext #§
a0 SHESEHER SR
91 % LAB specific!!
212 % CreateBodyContext (' lab rehab VU amsterdam')
e % load ForcePlateCorners Z003octid:
94 % [mazlab, fp2lab] =FixedLabCalibration (FPcornersMLT) ;
95 % BODY.CONTEET. MotionCaptureToLab=taz lakb;
=11
o7 % CreateExternalForce|'grfl',l,fpilak,2,[2 3 4 5 6 7]1):
95 % CreateStylus('Stylusl', 6, [13 14 15 16 17 18], 'NDprobeOfl117'):
==
100 SHEGEHER RGNS R R Y
101 % Anatowical Calculation file ##
102 SHESEHESEHEHEH NS R R R E
103 %3Fill in the filenasme of the anatowical calculation function of your project.
104
105 % AnatomicalcCalculationFunction='AnatCale Your Project.m';
106 L BODY.COWNTEET. bnatomicalCalculationFunction=AnatomicalCalculationFunction:
107
108 % END ### LowEx Model 4Secmn Left.m H#f -
| K _ _ _ | Ei

[ seript ln 83 col & |OVR
Figure 12. Lower part of script template of ProjectModel

To create your own ProjectModel:

Edit in this script and adapt all BODY field content to the requirements and protocol of
you own Project (type segment names and index, corresponding marker indices, joint
names + indices, muscle names and indices, fill in LABcontext information) and save the
script under a different filename, preferably in your own ProjectFolder.

In the template file; the main instructions are given by the comment lines for each part.
Note that all BODY.CONTEXT fields are not filled and should be adapted according to
your LAB specifications and calibrations (see next section). After completion of this
scriptfile; save is as a unique filename in YourProjectFolder. This ends the creation
process of your ProjectModel file.
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For the DEMOproject here: this CONTEXT part was ‘'uncommented': all fields are filled
according to VUMC_LAB specifications; and saved as DEMOmodel_LowEx_4segm_Left.m
inde DEMOproject folder.

ad 2. How to Define Anatomical Calculation Function

Dependent on the conventions adopted at your LAB for each joint, an anatomical
calculation function must be designed for the Project.

BodyMech provides several templates of anatomical calculation functions for the joint of
the lower extremity, based on CAMARC conventions (Capozzo et al, 1995) and the ISB
standards (2001, 2005)

When this suits your experiments and convention, you may use one of the templates to
edit and / run for your specific set-up.

In Bodymech:

- select [Start Proj ect|from the Project menu.

- and select [Edit Anatom cal Cal cul ationFunction (fromtenplate)|

J Body™iech BODY

| Prejmct  Session Trisl  View
Lowd Praject File (* b)) | BODY MODEL INFO
Update ProjectHeader Iu*npm BCTVE

Chaar Al
Start Project Fun Project Model
Save Project Fle (*.bmb) Echit ProjectModel (From bermplate)

Edit Anabomical CaloulationFunction {from tamplate)

Lowid BB Sl

il

Finematic: Diaplay

Figure 13.

Browse to the BMtemplate folder and select one of the files . For the DEMOproject the file
AnatCalc_lowEx_4Seg_left.m is selected.

Edit Anatomical Calculation Function K E

Zoeken in: Ia BMtemplates j P ﬁ -

e

AnatCalc | m_Left.m
B.C\natCaIc_LDWEx_“rSegm_Right.m
@F'.natCalc_Lu:qux_SSegm_LeFt.m
E.C\natCaIc_LDWEx_SSegm_Right.m
@nnatCalc_Lqux_?Segm .m
@F\natCalc_LowEx_BSegm .m

Bestandsnaam: IAnatEaIc_LDWEH_dS egm_Left.m Dpenen I
Bestandstupen: IAnatEalc“.m ﬂ Annuleren |

Figure 14. Select one of the AnatCalc template function to edit

This will evoke the Matlab Editor and shows a scriptfile of a template of a Anatomical
CalculationFunction.
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To create your project specific Anatomical Calculation function:

Check this function file for your own project and edit where neces sary. When the
number of segments and joint coincides with your Project set-up (segment names and
index; joint names and index etc..) AND you agree with the convention of anatomical
calculation for joint axes, planes and joint center calculation (i.e. CAMARC project), you
do not have to change anything and may save this template under your unique
projectName and in your own ProjectFolder.

Save the file with a unique filename in YourProjectfolder (also recommended when no
adaptations were made).

Tip: put this filename in your ProjectModel script in the CONTEXT part

ad 3. Set your LAB specifications

The following issues must be solved to adapt your own LAB specifications to the
BodyMech structure.

. Defining LAB coordinate system
. How to write data import functions

These will be explained below (also with aid of some functions form the folder BMtools):

Defining LAB coordinate systems

This section describes the general idea of defing coordinate systems in your lab and the
principles of writing a function FixLabCalibration.

There seems no point in using another coordinate system than the one that is defined by
the Motion Analysis system that you use. In the end, your results will be independent of
the experimental coordinate system that was used, and reported in anatomical terms.
Very often this is true, however two considerations also apply:

1. During the computational stages, you might want to inspect your data using the
visualisation interface of BodyMech.

2. When you use a reference position, instead of - or next to - an anatomical calibration,
you will need to align the body with the global coordinate system.

In BodyMech the convention of the International Society of Biomechanics is adopted, see
Figure 15, which means that the Y axis is pointing upward, in contrast to many systems
assuming Z to be upwards.

Figure 15: adapted from : Wu G, Cavanagh PR. ISB recommendations for standardization in the
reporting of kinematic data. . Biomech. 1995, 10:1257-61
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So in order to define a coordinate system, it is sufficient to establish an origin .0 ;
some point in the X direction s X ; and some point in the Z direction ,,sZ. (Just stick 3
markers on the ground).

From that point on the foIIowing holds: L
IabP:IabRnas* masP - rmso y \Nlth Iameas= (masRlab)

and: masR|ab= (masxlab ; masYIab; masZab)

masxl ab= masx' maso
masYIab: Cr0$(masz‘ maso y ma\sxlab )
maszlab = Cr OSS( masx ab , masYIab )

This gives you the translation vector and (after normalisation) the rotation matrix
between the two coordinate sytems. It is more convenient to define a transformation
matrix:

Subsequently the inverse of masTiap ; i-€. masT tiab = b Tmas IS Used and must be applied to
each measured marker time-series in the Motion Analysis System.

In BodyMech this transformation matrix must be defined in the Pr oj ect Model Fi | e
and stored in the field:

BODY. CONTEXT. Mot i onCapt ur eToLab

Doing so,it will be automatically applied to each marker time-series, after importing a
marker file.

However, in many gait analysis studies a forceplate is also used, and therefore it is more
convenient to use the corners of the force plate as ancherpoints to define the laboratory
coordinate system. The origin of the lab coordinate system is in the middle on the
surface of the forceplate.

Consider the following top view :

c2

Figure 16.Top view of a surfac uise for LAB calibration

The points C1, C2, C3 and C4 are the coordinates [x;y;z] of the corners of the
(rectangular) forceplate in the MAS-coordinate system. It can be probed, using a stylus,
or using 4 markers that are placed on the corners and recorded in a static view.

The function Fi xedLabCal i brati on([ CL, C2, C3, C4] ) will give you the proper

transformation matrix, with the origin at the geometrical centre of the forceplate, and
the directions of the lab-axis as shown.
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When you want to include the force measurements in the analysis, the coordinate system
of the force plate should be spatial synchronized with the lab coordinate system. To do
s0, the mechanical coordinate system of the force plate should be known. This can be
found in the technical reference manual of the forceplate as provided by the
manufacturer. Usually the mechanical coordinate system of the force plate is defined
relative to the geometical centre of the surface of the force-plate and this is exactly
where the lab coordinate system is defined ! This makes it rather easy to draw up a
tranformation matrix.

In the gait lab of the human movement laboratory of the VU University hospital in
Amsterdam, the system according to Figure 17 applies:

front side walk-way

Figure 17.The dark grey cube establishes the MAS coordinate system, the large arrows
represent the lab coordinate system. The mechanical coordinate system of the force has its origin
some cm. below the surface and using the Z-direction for the vertical, which is quiete common in
force plates.

% Thefollowing appliesto AMTI OR6-5-1000 ; serialno. 3509

% the geometrical forceplate orientation towards laboratory:
xmech_offset=0.;

ymech_offset=-0.68/1000.;

zmech_offset=41/1000.;

% the force-plate is covered with linoleum that is 3 mm. thick
zmech_offset=zmech_offset+.003;

% transformation
fp_geometrical_to fp_mechanical= ...
[eye(3),[xmech_offset ymech_offset zmech_offset]’; 0001];

% the geometrical forceplate orientation towards laboratory:
% X_lab=-X_fp;Y_lab=-Z fpZ lab=-Y_fp:
fp_geometrical_to lab=[-1 0 0 O;...

cond

"00-10;..
0-100;..
0001];

forceplate to lab=fp_geometrica_to lab...

*inv(fp_geometrical_to_fp_mechanical);

This 4x4 transformation matrix will be stored in:

BODY. CONTEXT. Ext er nal For ce( 1) . For ceSensor ToLab
and used by BodyMech to transform all force sensor readings into the lab coordinate
system.
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How to write data import functions

This section describes the general idea of a importing measurement data into the
BODYMECH structures.

Assumption: all data files contain rectangular data structures, i.e. a number of channels
that all are sampled on the same equidistant instances of time.

BodyMech
= BODY
5| = MARKER_DATA
£ MARKER_TIME_GAIN Teogniiarieroaal oy BODY SEGMENT(). SinematicsClusterMarkers
| £ T MARKER_TIME_OFFSET BODY SEGMENT(i) KinemaricsTimeBase
IE" -
= BODY HUSCLE (i) EMGsignal
f;'z ANSIGNAL DATA | AsugnemgDataTobody BODY.HUSCLE(i).EMGTimeBase
|E . N ANSIGNAL TIME_ GAIN
& IROTLEE ¥ NSIGHAL TIME_ OFFSET e BODY, CONTEXT.Externalfarce(i)Data
| S §  AsignforceDaraloBody BODY CONTEXT ExternalFarce(i) Timebase
] '
| =

Figure 18. General illustration about import function. Grey area's are global variables within
BodyMech (BODY fields indicated are not identical with current version).

Importing measurement datafiles (eg. OptoTrak NDF files, Porti TMS files, or labview DAR
files) is implemented in a specific ImportFile

An ImportFile has to be written for BodyMech for each type of measurement data file

that needs to be imported in BodyMech:

Q If no filename is passed to Loadfile as a parameter, LoadFile will invoke the file
browser

Q For actual reading the datafile, ImportFile uses the general purpose READFILE which
might use a particular dataformat.

Q If necessary, Loadfile uses calibration values of the labinstrument to calculate the
measurement signals into engineering units

Q Importfile handels synchonisation information, resulting in time-gain and offset.

Q Importfile puts the data into the Global data structures of BodyMech, preserving the
channel structure

Q In specific cases ImportFile might use that header information of a
MeasurementDatafile to define the BodyModel (dashed line in Figure 18), this is the
case when model configuration is dependent on userinput at the time of measurement.
This requires that at least a name for each channel is passed in the measurement
datafile, e.g. muscle names as channel idenitification in EMG equipment.

Available data file import functions in BodyMech

BodyMech can read or import the following data files (reated MATLAB function in folder:
LABfunctions):

Optotrak file — BodyMech function: Bmi nport Ndf . m; imports data file with raw 3D

coordinates of the clusters used on the subject. The extension of the file is free to
choose and usually the subject code is used for this purpose. 3D files start with
‘C#0000.<ext>’.
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DAR file - BodyMech function: Bmi npor t DAR. m: imports data file with measured force
plate and EMG data acquired with SYBARDAR application (DICOM format)

MDF file - BodyMech function: Bmi npor t Mif . m: imports a Sybar measurement data
file with the measured force plate and EMG data in ASCII format.

TMS file - BodyMech function: Bmi nport TMS. m:imports a file with EMG data acquired
with the TMS Porti software (Twente Medical Systems, Enchede, The Netherlands).

Use BodyMech & BodyModels

Project

You can apply Bodymech for kinematic analysis when all Project and LAB requirements
are met (previous section); i.e.

Q Project script function file is defined (m.file)
O Anatomical Calculation function is defined (m.file)
Q LAB specifications are set

Basic models for BodyMech are the Project, Session and Trial Models. The creation and
final analysis will be explained and demonstrated in the next sections:

You may start with BodyMech for the kinematic analysis:

All steps will be illustrated with de DEMO data set.

Run your Project scriptfile within BodyMech GUI:

> select ‘[Start Proj ect’|from the Project menu.
- and select [Run Proj ect Model]

| ) podpteckhooy K
|Prnm Seggon sl ew
Linel Pt Pl 1% ik DoDY MODEL IRFO

Lty Provectssdes W BODEL ACTIVE
Char &l

; T ] Exit PrajactMocel (From bemplate)
T St Aratomcsl Cloulabonunction [Tro benplabe )

Figure 19. Project menu: Run ProjectModel

A window appears to select your ProjectScriptfile to Run:

rurs Body™iech diefmtion file

:l - [ (mg E'
Aedanden=am IDanmnl_LmEx_i-‘ioﬂ'n_thn Dpsrar I
Begandiliperc  |Welisslml o] _pvsdenn |

Figure 20. Window to select ProjectModeFile to Run
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By running this scriptfile: you have build a BODY structure array with content in all
relevant fields for a ProjectModel.

In the BODY MODEL INFO screen, all relevant information for this Project BODY is shown
(Figure 15). (compare thisProject info with the Trial info from Figure 4 to identify the differences)

s ES

Project  Session  Trial  Yiew »
BODY MODEL INFO
CLURREMT EQDYMECH BODY MODEL ;l

=1 =Left_Foot m# 1 2 3| M=cra K=mcpa V=as
S2=Left_Shank ma 4 5 B 7|l M=cra K=mcpa V=as
S3=Left_Thigh m#& S 910 11 Il M=cra K=mcpa Y=as

Sd =Pelvis m# 12 13 14 15| M=cra K=mcpa Y=as

A1 = Left_Ankle

2 = Left_Knee

I3 = Left_Hip

. b1 = rectus_femoaris_left

Load BME file M2 = vastus_lateralis_left
M3 = vastus_medialis_left
5 L M4 = biceps_femoris_left
Kinematic Dizplay M5 = zemitendinosus_left
ME = gastrochemiug_left

Update Info

| oo |
[imene |
|

Il ECDY HEADER: it |||
LABid === LAG_WUmc Amsterdam ===

=Project=: BM_DEMC ||| Code: 000
AnatomicalCalculationFon; DemodnatCale_Leftm

=Session=: || Code: || Date:
Subject ||| Static Kinematics file:

=Trigl=: ||| Time:
|| AnslogSignalFile:
|| KinemsticseFile:

EME: file: ||| dlated:

Femarks:

Figure 21. BODY MODEL info of selected ProjectModel

Save Project File

Save your BODY (ProjectModel) as a BMB file
- select ‘[Save Project file (*.bnb)’]from the Project menu. First, a window

appears in which you may to edit your filename:

<) Save project data __ _'I EIl_)S_I

File Mame (* BhE}
PemoFrajectiodelFie BME

Project name
EM_DEMO

Project code

poo
64 I Cancell

Figure 22. BODY MODEL info of selected ProjectModel
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Session

Browse to your Project folder and save the .BMB file

Save BodyMech-BODY E1ES
Degbserire| 3 DeancP ot o= = EEl-
Bestarahiasm: I e bk pd=lFi b= BP4E: | Dipslasn I
Opskenak  [“OME ] Arnuken |

Figure 23 Save BMB file of selected ProjectModel

NOTE:

In the BODY MODEL Info panel, the letters S, J and M show the used segments, joints and
muscles used in this body model.

Lowercase #m indicates the numbers of the markers on each segment (marker setup).
The letters behind the marker setup of each segment show the status of the
calculations. In the presented example (Figure 15) all letters are lower case, which means
that no analysis is done yet. E.g. in Figure 1, all letters are UPPER case, which means that
the corresponding calculations are done. See Tablel for more details about the
significance of each letter.

Model Kinematics Visualization
M = CRA K = MCPA V = AS
Cluster Definition Marker Kinematics Anatomical
markers

Reference Posture Cluster Kinematics Stick markers
Anatomical Posture referenced
Calibration kinematics

Anatomy referenced

kinematics

Table 1 Explanation of Body Model List indicators

For each session within each Project, i.e. usually each subject, a ‘Session model’ has to
be made. For this, the previously created ‘Project model’ is required as a basis, since
these parameters are necessary to generate a Session model. If no Project File is opened
yet (blank info screen); 'Load Project File' from the Project Menu.

In a Session model, more fields of the BODY structure are filled (see appendix B). These
are specific header information, measurement data of a reference position and importing
anatomical calibration files.

Define Session Header
Start Defining your Session Model:

- Select [Defi ne Sessi onHeader]| from the Session menu

An input window appears and all requested information can be typed.
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Ezcann Il igebor

Famrks

Figure 24 Input screen for Session HEADER parameters.

Import static trial

For the definition of Cluster frames (i.e. the specific cluster position relative to the

segments of the subject), a marker registration file has to imported. This can be done
with the following actions:

- select [ mport Static Trial| from the Session menu

For the DEMO file C#003. bny (one of the anatomical calibration trials) can be used.

1
open NDF (OptoTrak) file EE

Zoeken in:l;’"_‘) DemoProject j = =¥ B~

[£] analyse.log C#O06, BNY
C#00L.BNY C#006,EW

C#002,BMY CHO07,BNY
=003, BNy 006 BHY
C#004,BNY CH#009,BNY
C#005.BMY C#010.BMY
< 2

Bestandsnaam: II:#EIDS,BNY Qpenen I
Bestandstyper: IAIIFiIes[","] | Annuleren |

Figure 24 Input screen for Session parameters
In the BODY MODEL INFO panel, the codes K=mcpa is changed in K=Mcpa.
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Project Session  Trial  Wiew |
BODY MODEL INFO
CURRENT BODYMECH BO0Y MODEL

=1 =Left_Foot ma# 1 2 3| M=cra K=
S2=Left_Shank mE 4 S 6 T M=cra Mopa W=Fhs
53 =Left_Thigh a8 910 11|l M=c
5S4 =Pelviz m# 12 13 14 15| M=cra Mcpa “fas

Figure 25 BODY MODEL INFO panel with indicated changes

NOTE: For a static trial to Define Cluster Markers; all cluster markers must be visible for at least one
time frame. Check your experimental administration for specific trialname/number.

Define marker clusters
For ClusterDefinition; a time-instance has to be selected in which it is sure that all
measured markers are visible.

- select ‘[Def i ne Marker O usters’|from the Session Menu.

A plot appears in which the number of markers is visible over the sampled time for each
defined segment. With a cross haired cursor select the time instance by a left mouse
click (see Figure 26).

Be £t Tools indosd  Heln
D2 E& A

iat_foai
B T
a
B
] . .
0 D DDE 00 OMen S el D0T A0 0D 01
B T T T T T T T T
4
-
(] I I I i I I i I
ﬁu OOl DR 008 O Mg F ag008 OO0 003 O 01
4
H
1]
a ool OfE 00 0G4 W DS OF oW O 0a
] T T T T T T T T
a
z
1]
a opl  ope 0D3 004 0D DO OO0 003 O 01

Figure 26 Selection of the time instance for each cluster frame of the segments

In the BODY MODEL INFO screen the codes M=cra is changed in M=CRa.

4 BuslyMech BODY =100 %]

e

BODY MODEL INFO

Figure 27 BODY MODEL INFO panel with indicated changes

Define Reference Posture

The next step is defining a reference position.

NOTE: Despite that the reference position still has to be defined, the r is already an 'R’ (see Figure
21. This is explained by the fact that the recording of a ReferencePosture is simply a byproduct of
the ClusterDefinition. When you have defined the cluster frames by selecting a time-instance, the
pose of the body in that frame is also stored as the ReferencePosture. If this position can be used as
a ReferencePosture for the calibration of your model ,the following action can be skipped.
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However if another measurement corresponds to a standard ReferencePosture, this file
has to be loaded, which is then used to define reference position.

For a standard reference position, (i.e. static calibration) the subject takes a position in which the
segment axes are aligned with the laboratory axes.

In that case: load the marker file for this reference position:

- |Load Static Trial] (select file of reference position)

and subsequently

- Select ‘|Def I ne Reference Posture’ |fr0m the Session Menu,
a plot appears similar to the one of Figure 26 which requires the same action:

- select a time-instance which has all markers visible

In the DEMOproject, the first static measurement (C#0003,BNY) use for ClusterDefinition
suits the Reference Position. Therefore, there is no need to load a new file.

Tip: Combine these two steps by using a single static measurement in which the subject
took the preferred reference position. i.e. a “static calibration”.

The BODY MODEL INFO panel, will show M=CRa for each segment. You have now
explicitly added a (new) ReferencePosture.

Check Appendix B to see which functions BodyMech uses to define the cluster markers
and what fields are filled after this step.

Define Anatomical Markers

The second type of reference to marker registrations of rigid segments is the anatomy of
the bones that are the basic rigid structure within a Body Segment. For this purpose, the
position of specific superficial bony landmarks are defined by palpation. Wit a special
probe the positions of these landmarks are recorded (see LABnet for more details).

In the creation of the Project model that is used in this demo case, these bony landmarks
are named for each segment.

When anatomical calibration is used, the 3D coordinates of predefined Anatomical
Landmarks have to be imported to the Session model. These files contain data which
determine the position of each anatomical landmark relative to clusters on each
segment.

- select [Define Anatom cal Markers [from the Session menu

This will invoke the file browser, which will prompt you for every defined anatomical
mark (the name is indicated in the header of the browser) to select the appropriate file. It
follows all the anatomical marks for all of the segments, as selected when creating the
Project model. Please load all the files in accordance to table 2#. (derived from the
experimental administration).

Experiment This is done by palpating the bony landmark by means of a stylus, and perform a short
measurement of all the markers of the segment-cluster as well as all the markers of the stylus.
(which also might be a single marker)
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open probe- file: Calcaneus_left :,. " l X[
Zoskenin: | ) DemeBujact — x| &= i

= C #0085y
[ caone.Ewr
CHOOT,BMY
CH008.BMY
CHO09,BMY

=) caoin.eny

i3
Bestandsnaam: |EﬂDD4.ENY Dpenen I
Bestandstupen: I“.bny ;I Annuleren |

Figure 28 Selection of one of the anatomical landmark (‘calcaneus_left')

NOTE: This step is critical. Loading the wrong file creates an erroneous anatomical model.

The list of filenames that contain these anatomical measurements of each bony landmark
for the DEMO is shown in Table 2.

Bony Landmark File name

MIP_V_l eft C#002. bny
MIP_| _|eft C#003. bny
Cal caneus_| eft C#004. bny
Mal | eol us_Lateral |eft C#005. bny
Mal | eol us_Medi al _I eft C#006. bny
Tuberositas_Ti bea_ | eft C#007. bny
Caput _Fi bul ae_| eft C#008. bny
Epi condyl _Lateral _left C#009. bny
Epi condyl Medial | eft C#010. bny
Trochantor_Major _| eft C#011. bny
ASIS Left C#012. bny
ASI S_Ri ght C#013. bny
PSIS Left C#014. bny
PSI S Ri ght C#015. bny

Table 2 Files containing bony landmark measurements.

In the Session model, the coordinates of the bony landmarks are included in the corresponding
fields (see appendix B). These positions will be the virtual anatomical marks of the BODY model.

In the MATLAB command window you can also view the names of the anatomical markers:

- type: BODY. SEGVENT( 1) . Anat omi cal Landmar k. Nane to see the names for the first

segment.

After completion of the definition of all anatomical markers, the BODY MODEL INFO
panel shows M=CRA. You have added the Anatomical Reference so now the Session
model is completely defined and is ready to be used for calculation of the joint
kinematics from the trial data.

<) BodyMech BODY

Project  Session  Trial  Miew

BODY MODEL INFO
CURREMT BODYMECH BODY MODE
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Save Session file

Save your BODY (SessionModel) as a BMB file
- select ‘[Save Session file (*.bnb)’|fromthe Session menu.
First, a window appears in which you may to edit your filename :

) save scasion daca (= L
i s 7 M)
frracae s rbnerie pun
[ FrEcIE
Sesmon cody
Sewmon remarkz
Sukvect name
] e
[ ow I -:nm:il

Figure 29 Update Session Header

Use a unique name for your SessionModel to store :
= By M- BODY Em

& ~ e -
DEWMCProjacModeFla. BME
(Betendapaeme  [DEMDGessicridoceFis BB Orslam |
“Dpeloan s b [2HE =] Amdsen

Figure 30 Save SessionModel with unique filename.BMB

About references

A reference to the human body can be added in two ways:

1. Recording a calibration posture. This reference posture is used to calibrate the local
clusters to the global frame.

2. Recording an anatomical relationship

Note:  The attractive option of the first approach is that it does not assume that the markers of
the seaments they define have an a priori relation to anatomical (bony) landmarks. So no specific
anatomical model is needed. The second approach makes it possible to use an anatomical model,
without the need to switch to anatomical oriented markers. However, then it is necessary to add
“virtual markers” to a segment, by initial calibration (anatomical probing).

However, although the architecture of BodyMech is mainly based on this approach, also anatomical
based marker configurations (Helen-Hayes or Cleveland) can be handled. Purely anatomical based
marker configurations will need no calibration reference measurements for either cluster definition,
or reference posture, as all follows from the description of the marker setup. In practice a mixed
approach is often used, employing an additional single static calibration (with e.g. additional
markers, like a knee alignment device). This is not elaborated here, but ways to work around this,
for these common marker setups mentioned, is foreseen.
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Trial

When the clusters and anatomical landmarks are calibrated for a subject, the subjects’
measurements can be processed. This chapter shows how to import measurement files and
calculate kinematics for one of the movement trials of the DEMO project.

If no BODY model is open yet: select [Load Session file| from the Session menu.

In a Trial model, more fields of the BODY structure can be filled (see appendix B). These
are specific Trial header information, measurement data of the movement and extra
data, e.g. EMG and reaction force.

Define Trial Header

Start your Trial Model by defining HEADER information

- Select [Define Trial Header | fromthe Trial menu.

An input window appears and all requested information can be typed. Click OK after
completion.

=) Input Trial HEADER data M =] 53
Trigl name

fai

Trigl code

Trial time

tarker file

Analoy signals file

Remarks

e |

Figure 31 Input screen for Trial parameters.

Import marker file

Import the 3D position datafile corresponding to the specific movement (check your
experimental adminstration)

- Select [ mport Marker file|from the Trial Menu.

This will invoke the file browser to select the OT-file (*.EWI)

Select and Open C#006. ewi . (this includes the marker data of the gait trial of this subject)
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open NDF (OptoTrak]) file 7 x|

Zoeken in; I(_} DemaProject j 4= cf E2-
5 analyse.log C#DDE-.BN‘."
=l 001, BNy (=006 B
= c#nnz By =] cno7 By
CH003,ENY [i=] canoz.Bry
| C#004.BHY (=] c#o09.Brv
=] cnns Bny =] c#o10.B00v

i
Bestandsnaam: | CHODE.Ew Openen |

Bestandstypen: IAII File= [*.7) j Annuleren

Figure 32 open marker file C#006.EWI

Import analog file

If force plate and/or EMG recordings are made during the specific Trial, this file must
also be loaded.

- Select | nport Anal og Fil e| from the Trial Menu. > <dat at ype>

Select your own data format for used analog data. For the DEMO Trial: MDF format is used for EMG
and reaction force data

Note: it is always the responsibility of the user to make sure that analog and
marker files are loaded are synchronzed and that apply to the same movement
trial.

Project  Session | Trial  View

Load Trial fle {* bmib) INFO
Clear Trial

Update TrialHeader

Import Marker file (OpboTrak)

i

Impoet Anzdag Data Fle

Imiport MOF

Correct Offsst ForceSignal Impert TMS
Update Info. Select Trnelntered Markers Import DAR
KinematicsCaloulation Hepe s 5T

Load BME fle  KinematicsCakoulationSteps b

kinematicsCaloulation (Anatory Referenced) #
Hiretmetic Diepk  Save Tri file (*.bmi)
PR 3 ¥t ol 4

Figure 33 Selecty dataformat for analogdata for this experimental trial

For this DEMOproject select [EW sya06. ndf
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open SYBAR file 1

Zoeker in: IL’E} DemoProject j L ck E-

Bestandsnaam: |EWISYADE.MDF Openen I
Bestandstyper: I"_mdf j Annuleren |

Figure 34; import analog data file

For this type of data (*.MDF); a dialog box will show the header of its content, click OK.

A MOF content = E]

11 & ybvar measuenmant e
Wamon 001

1! 5 ample ieguercy. 100 Hz
Il Hr ol channeds: 16

1 Tinecods

WEMG - lam_L

11 EMG - walal L

IWEMEG - semin |
WEMG -1a L

WEMG - gamed L
HEMG - nog

HEMG - nog

HEMG - nog

ILFF - Forces

|1 FP - o'y

I FF - Fongee

Il FF - M omest .

ILFF - i pmard &
” FF-DOT_fctive

CorrectForcePlate signal for possible offset :

- Select [Correct O'fset ForceSi gnal|from the Trial Menu.

Click one time frame where the force has to be zero (unloaded). Force is corrected for a time
periode of .4 sec (+ 0.2) sec. around the selected time frame.

A Figure 0o =
Do bk dev nar Imb Desbmp sdndon LRE, 2
NeEHa k|Ca@s &0 =O
select ane poirt for 2em force
1000 T T T -
B0+ 1 E
BOO b ' E
||
400 E
200+ | .
] | il
| [ 1
_4]][' L 1 L L '
] il 400 B0 w0 LLE]] 1200

Figure 35 Plot of force signals to indicate time instant for correction offset
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Select time interval markers

Since all relevant measurement files are loaded, it is important to make a selection of
the interesting part of the measurement first.

- select ‘[Sel ect Ti ne I nterval | from the Trial menu. This will pop up a
selection window (see Figure 36).

=[S
- |

File Edit Wiew Insert Tools Desktop Window Help

M EEY B EE T

Left_Foot

& r T T T T T T T T T o

D 1 1 || 1 1 1 1 1 1 (‘\I

a 1 2 o 4 g & T g 3 10
Left_Shank

5[ T T T T T T T T T -

] I I .I 1 1 L) 1 1 I l 1

a 1 2 2 4 b & T g g 10
Lett_Thiah

. T T T T T T T T T =

I} 1 1 I 1 1 1 I|_[_|,_\_||_|_\ 1 .”_“J

a 1 2 3 4 3 & T g &l 10

Pelvis

sF T T T T T T T T T =

o L 1 1 L 1 1 JI 1 ||

1] 1 2 5 4 3 G T g @l 10

GRFy
o : : : : : : : :
e M ----- .
a | | | | | | 1 | 1
1] 1 2 3 4 3l & T g i 10

Figure 36 Selection of the time instance for kinematics calculation by clicking start and end point.

The first upper axes (# 4: corresponding to the number of SEGMENTS for the DEMO)
show the number of visible markers per segment. This should be at least three for
proper identification of the kinematics of each segment cluster (See Chapter IV for
theoretical background). However missing markers can be reconstructed by interpolation
(see next paragraph). The lowest axis shows the vertical component of the GRF for
reference (red lines). A time interval selection takes effect on all marker and all analogue
signals.

- move the cross hair in any axis and left click at start and stop time-instance
-> after two clicks the message appears:

<} Time interval selection I _,'_ |I:I| XI-

1.1982 sec. selected, continue?
»» this will erase all derived kinematics, if any..

Mo I BSC |

Figure 37. message after time selection. Choose Yes to continue with selected time interval

Kinematics Calculation

To calculate segment and joint kinematics
- [Ki nenati csCal cul ati on|in the Trial Menu. Appendix B shows which fields that

will be filled in the BODY structure.
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To get a better understanding of the calculation process, the intermediate steps taken in
this calculation can be chosen separately. In this case use the items in the ‘Kinematics
Calculation Steps’ submenu.

Each step is described below.

Projeck  Session !ﬁ_ View ']

Load Trial File {*.bmb) INFO
Clear Trial :_!
Update TrialHeader
Impart Marker file (OptoTrak) fiﬂc\; a\i o,
Impart C30 K=Micpa V=as
Import Analog Data File » [ Megaz=ias
Correct OFfset ForceSianal

Upiclate nfo Select Timelnterval Markers

KinematicsCalculation

Load BME file

lationSteps

nematicsCalculation (anatomy Referencad) »

Interpolate Marker Kinematics
Calculate: Cluster kinematics

Save Trial file {*.bmb)
Expart data

Kinematic Displ

Il BECDy HEADER: infa [

LABid: === LAE WUmc Amsterdam ===

Segment kinematics {Posture referenced)
wirtual markers
Create a default Stick figure

Joint kinematics (Posture referenced)

Figure 38 KinematicsCalculationSteps

InterPolate Marker Kinematics
>select | nterpol ate Marker Kinematics’|for the interpolation of missing
markers.

- use |Graph Mar ker|from the View menu to inspect the results

(interpolated values in red).

- select show Ort hogonal Vi ew from the view menu;
click Markers to visualize the marker trajectories in space in each plane.

Calculate Cluster Kinematics

With known marker kinematics, next step is to Calculate Cluster Kinematics:
- select ‘[Cal cul at e Cl uster Kinenmatics’|from the ‘Kinematics Calculation

Steps’ submenu.

- select[ show Ort hogonal Vi ew |from the View menu;
click Segment frame in the graphical display windows.

To get from the arbitrary segments towards well-referenced segments, reconstruction of
segment kinematics relative to a reference posture is required (the reference position is
already stored in the SessionModel).

Project  Session Trial  Wiew

BODY MODEL INFO
CURRENT BODYMECH BODY MODEL

J M= CRA
56 T M=CRA K=hMCpa|v=as
910 11|l MeCRA K= MCga V=as

=1 =Left_Foot m#1 2
=2 =Left_Shank m# 4
=3 =Left_Thigh m# 8

Figure 39 BODY MODEL INFO panel with indicated changes
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Segment Kinematics (posture referenced)
- Select [Segnent Ki nematics (posture referenced) from the kinematics
menu.

- select [ show Ort hogonal Vi ew |from the view menu;
click ReferencedSegment frame in the graphical display windows.

Project  Session  Trial  View

BODY MODEL INFO
CURRENT BODYRMECH BODY MODEL

51 =Left_Foot mé&1 2 3 M=CR&
S2=Left Shank mit 4 5 6 7| M=CHA K= MCPa v=|as
S5=Left Thigh m#& 910 11 [ M= §RA K=MCPa
S4=Pelviz  m# 12 13 14 15| M= CRA\ K= MCPa Yo/as

Figure 40 BODY MODEL INFO panel with indicated changes

Virtual Markers
- Select Vi rtual Mar ker s))’ from the kinematics menu.

Create a Default StickFigure
- Select [Create a default StickFigur e’ from the kinematics menu.

+} BodyMech BODY

Project  Session  Trial  Wiew

BODY MODEL INFO
CURREMT EODYMECH BODY MODEL

S4=Peliz m# 12 13 14 15[ M= CRA K= MCOPA V= A5

Figure 41 BODY MODEL INFO panel with indicated changes

Joint Kinematics (Posture Referenced)

To calculate joint rotation angles of the joint involved, relative to the reference position:

- select Joint Kinematics (Posture referenced)|

Kinematics Calculation (Anatomy Referenced)

Alternatively, segment kinematics might be reconstructed relative to bony marks (these
anatomical markers are known in the Sessionmodel also).

- Select’ [Ki nematics Cal cul ation (Anatony Referenced)|

- Select {Segnent ki nemat i cs|

BodyMechGuide 2006

36/81



A windows appears to browse and select the pre-defined anatomical calculation Function,
as indicated in the ProjectModel (CONTEXT part).
For the DEMO: DenpAnat Cal ¢c_Low _Ex_4segm Lef t. mis selected.

Zu&nhl._;ﬁfmﬁnnﬂ: ﬂ = (E] F FO-

CamofnatCalc LoMEx dSagn_Laft.n
Cemoiade|_LowE:_+=epm_Lsfom

Besendabpen:  [M-fies [*m) x| e |
Figure 42 Run selected AnatomicalCalculationFunction

<} BodyMech BODY

Project  Session  Trial  Wiew

BODY MODEL INFO
CURRENT BEODYMECH BODY MODEL

S1=Left_Foot m# 1 2 3 M=CR& KFMCPS W= X5

Figure 43 BODY MODEL Ii'\llfdlpanel with indicated chang€

- select show Ort hogonal Vi ew | from the view menu;

click Anatomical Frames, AnatomicalMarkers and/or StickFigures in the graphical display
windows.

Note:  This is a project specific file, because its use (definition of anatomical frames) is project
specific, and very closely related to the model definition.

Running this file will result in the anatomy referenced kinematics of each segment, and
also in the kinematics of the anatomical markers and the stick markers, the latter two
will be used for visualization.

Joint Kinematics (Anatomy Referenced)

To calculate joint rotation angles of the joint involved, relative to the anatomical
calibrations:

Alternatively, segment kinematics might be reconstructed relative to bony marks (these
anatomical marks should be known in the model also).

- Select [Kinematics Calculation (Anatony Referenced)]

- Select Joint kinematics]

Save Trial file
Finally, save Trial model with a unique filename
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Db [ | DennoPhopec! = = B B
LEHCP s o Fin, B

wﬂm— CEMCS emzionioded i £16
]

e seszococon | MR =l
-u,,ﬂ Opdesnids [ "EME 5= | Arﬂml

Figure 44 Update Trial header ~ Figure 45 Save as Trial BODY MODEL

From this point all kinematics of the walking trial (#006) of subject EWI in Project DEMO
are calculated and can be inspected or visualized by the items in the View menu.

View menu

To view the final results of the DEMO trial, use the view menu.
E.gQ.
- Select [Show Ot hogonal Vi ews|

enu

bt G bt
T petmencer regeert 42,
e

I Esterval Reachon Force

Frostiiew Sliis

o 0
D AW 20 0 20 AW Em-

Figure 47
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Click on Stickfigures and External Force -

Dt Bngonal plane viess

Tap Wiew

o ]
moam o o0 a0 o wn

Figure 48

Use the slider to view the stick figures in time of recording >

Orthogonal plane viess

FroatView Sivle Vimw

Figure 49
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or hold stick history ->

Drthegn nal plans viaws

a0 20 0 o 1000

Figure 50 KinematicsCalculationSteps

Try all features in this orthogonal window.

More view functions: e.g.
- Select |G aph Joint Angl es|

B Ede Sow Imet Ik Dehion Windoe Hob 2
Seiect ST ,_._._,......___ i Zebihos
= DEES8 & RANE(< 0E =0
erit_ Sl -
e e . =i i .
o e .
.:E __.--"’-f —:—'—"_\—-\\\_ -
£ _
' E i [ A i a0
15
wogpl i e |
% n'//f M N 1
h,
- ; ; : ; oY,
o = A0 7] B (1) 120
£ . e
=] . ﬁjﬁ_‘b }/_H_/—v-./_"‘:
Select ol | = _4_\\’\ J |
(5 [ I e

Figure 51 Select Joint to view in graph
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or. > Select (G aph SREM{

=]

e [k | g i
sue .« ARGA € 18 0 Gt

[
]

L3 : ;

Figure 52 Select the muscle(s) to view

Jump ahead

Now try to analyse another Trial (vertical jump) of this DEMO with Bodymech, using the
following steps :

1. Load SessionModel of DEMO

import MarkerFile (C#010.EWI)

import analog data file (EWISYA10.MDF)

correct force signal

select time interval of interesting part

run kinematics calculation

run anatomical referenced calculation

view results

NG A WN

0 -0

Figure 53 Part of result after final analysis of Trial of vertical jump
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BodyMech

version 3.06.0

chapter 1. Function Library
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Introduction

Use Matlab directory reports

When you use Matlab 7 or v2006a it is possible to generate a ‘Help Report’ in the
Current Directory Browser. This report gives an overview of all the functions in the
current folder. If you wish more information about the BodyMech functions, make sure
this folder is selected and click ‘Help Report’ as shown below.

=) MATLAB

File Edit Wiew Debug Desktop Window Help

D4 BB o o

B B

Shortcuts [#] How to 2dd [#] What's Mewe (2] Body

B oF | @ -

1 BMkernel
1 BMprojects g
1 BMtemplat 0

AlFiles ¢+ [ M-Lint Code Check Report
1 BMcreateE 5 TODOJFIXME Report

1 BMdocs E? Help Report

Q Contents Repaork

&0 Dependency Report
] Bhdtools QR File Comparison Report
] Bihdwizfunct Coverage Repaork

Current Directory - ..ech3.06.01 2 > |JESe

Pl

| LABfunctions

All used BodyMech functions are listed per forlder below as a Matlab Help Report:
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BMcreateBODY

Scope: Files that are required to Create a Projectmodel

Cr eat eBodyCont ext

Cr eat eBodyHeader

Cr eat eBodyJoi nt

Cr eat eBodyMuscl e

Cr eat eBodySegnent

CREATEBODYCONTEXT [ BodyMech 3.06.01 ]: declares the CONTEXT
vari abl es of BODY
I NPUT
Cont ext Name : nane of the experinental |ocation (usually a |ab)
PROCESS
Generation of a substructure to the global variable BODY
that houses contextual information to a novenent study.
QUTPUT
GLOBAL: BODY. CONTEXT

% Copyri ght 2000-2006 This programis free software under the terns of
the

CREATEBODYHEADER [ BodyMech 3.06.01 ]: declares a header to BODY
I NPUT
proj ect _nanme : nane of the project
PROCESS
Generation of variable that represent a rigid body of the human
body
QUTPUT
GLOBAL: BODY. HEADER

% Copyri ght 2000-2006 This programis free software under the terms of
the

CREATEBODYJO NT [ BodyMech 3.06.01 ]: declares a new bodyjoint to
BODY. JO NT

I NPUT

Joi nt Name : nane of the joint

Segment Li nks: [ proxi mal _segnent _no di stal _segnent _no]

Jointlndex: a priori joint nunber

Deconposi ti onFormat: eul erian; cardani an deconposition format
PROCESS

Generation of variable that represent a joint of the human body
QUTPUT

GLOBAL: BODY.JO NT: new cell in the array of joint nanes

% Copyri ght 2000-2006 This programis free software under the terms of
the

CREATEBODYMUSCLE [ BodyMech 3.06.01 ]: declares a new bodynuscle to
BODY. MUSCLE

I NPUT
Muscl eNanme : name of the nuscle
Miscl el ndex : nunber of channel EMG signal
EngChannel : nunber of the colum in which the EMaata can be
retrieved
fromthe original datafile (e.g. MF
format)
Segrent Li nks: [segnent of Origin (prox); segnent of insertion
(dist)]
PROCESS

Generation of variable that represent a nuscle of the human body
QUTPUT
GLOBAL: BODY. MUSCLE: next cell in the array of nuscle nanes

% Copyri ght 2000-2006 This programis free software under the terns of
the

CREATEBODYSEGVENT [ BodyMech 3.06.01 ]: declares a new bodysegnment to
BODY. SEGVENT

I NPUT
Segrment Nane : name of the segnent
Segrent | d : nunber of the segment (optional)
MarkerList : list of marker |abels assigned to the bodysegnent
(optional)
PROCESS
Generation of variable that represent a rigid body of the human
body
QUTPUT

GLOBAL: BODY. SEGMENT: (first free) cell in the array of segnent
nanmes i s assigned
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Cr eat eExt er nal Force

CreateStyl us

BMdocs

% Copyri ght 2000-2006 This programis free software under the terns of
the

CREATEEXTERNALFORCE [ BodyMech 3.06.01 ]: declares a new external
force to BODY. CONTEXT

| NPUT
Ext For ceNane : name of the external force
Ext For cel ndex : indexnunber of the external forces

For ceSensor ToLab : transfornation matrix from forceplate coordinate
systen(s) to
lab coordinate system Usually FP corner nmeasurenents are
used to construct this

ForceSensor Type : either 1,2,3 or 4; 4 is identical 2 except that a
sensitivity matrix is used (definition follows C3D
conventi ons)

TYPE 1 TYPE 2,4 TYPE 3
CHANNEL (1,i) Force X Force X Force X1, 2
CHANNEL (2,i) Force Y Force Y Force X3, 4
CHANNEL (3,1) Force Z Force Z Force Y1,4
CHANNEL (4,1) CoP X Monent X Force Y2,3
CHANNEL (5,i) CoP Y Monent Y Force Z1
CHANNEL (6,i) Free Moment Z Monent Z Force Z2
CHANNEL (7,i) n/ a n/ a Force Z3
CHANNEL (8,1i) n/a n/ a Force z4
typi cal brand -- AMT| ; BERTEC Kl STLER

For ceSensor Channel s: channel nunbers that correspond to the anal og
input file,
SenshMatrix: optional,only required for type 4 forcesensors

PROCESS

Generation of variable that represent a external force to the body
QUTPUT
GLOBAL: BODY. CONTEXT. External Force : an elenent is added to the
array

% Copyri ght 2000-2006 This programis free software under the terns of
the

CREATESTYLUS [ BodyMech 3.06.01 ]: declares a new stylus to
BODY. CONTEXT

I NPUT
St yl usName : name of stylus
Styl usType : tracking sensor(0) or #markers(>=1)
Styl usToTi pFunction : . mfunction
Styl usl ndex © StylusType==1+: |ist of marker |abels

assigned to the Stylus
Styl usType==0 : tracking sensor no.
Styl usDat a
PROCESS
Generation of variable that represent a stylus, to be used in
anatomical calibration
QUTPUT
GLOBAL: BODY. CONTEXT. Styl us

% Copyri ght 2000-2006 This programis free software under the terns of
the

Scope: all BodyMech documents , e.g this BodyMechGuide
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BMkernel

files that are general to the approach of 3D human movement analysis.

Anat onyRef Segnent Ki nemati cs

Assi gnEngDat aToBody

Assi gnEngEnvel opeDat aToBody

Assi gnEngRawAndEnvel opeToBody

Assi gnFor ceDat aToBody

ANATOMYREFSEGVENTKI NEMATI CS [ BodyMech 3.06.01 ]: Calls an mfile
with specific calculations

I NPUT
PROCESS

Calls an mfile with specific cal culations

QUTPUT

% Copyri ght 2000-2006 This programis free software under the terms of

t he

ASSI GNEMGDATATOBODY [ BodyMech 3.06.01 ]: assigns neasured data in
t he BODY. MUSCLE-fi el ds

I NPUT

ForceThreshol d (optional) in New on

GLOBAL :

PROCESS

ANS| GNAL_DATA

ANSI GNAL_TI ME_GAI N

ANSI GNAL_TI ME_OFFSET

BODY. MUSCLE( . . ). Eng. I nput Fi | el ndi ces

Reads the Anal ogSi gnal s into BODY. MUSCLE-fi el ds

QUTPUT

GLOBAL :

he

BODY. MUSCLE( . . ) . Eng. Si gnal
BODY. MUSCLE(i Muscl el ndex) . Emg. Ti mreGai n
BODY. MUSCLE( i Muscl el ndex) . Emg. Ti meCf f set

% Copyri ght 2000-2006 This programis free software under the ternms of
t

ASS|I GNEMGENVELOPEDATATOBCDY [ BodyMech 3.06.01 ]: Assigns neasured
data in the appropriate BODY fields

I NPUT

ForceThreshol d (optional) in Newon

GLOBAL :

PROCESS

ANSI GNAL_DATA

ANSI GNAL_TI ME_GAI N

ANSI GNAL_TI ME_OFFSET

BODY. MUSCLE( . . ). Eng. I nput Fi | el ndi ces

Reads the Anal ogSi gnal s into BODY. MUSCLE-fi el ds

QUTPUT

GLOBAL :

BODY. MUSCLE( . . ) . Eng. Envel ope
BODY. MUSCLE( i Muscl el ndex) . Emg. Envel opeTi neGai n
BODY. MUSCLE( i Muscl el ndex) . Eng. Envel opeTi mef f set

% Copyri ght 2000-2006 This programis free software under the terns of

the

ASSI GNEMGRAWANDENVELOPETOBODY [ BodyMech 3.06.01 ]: assigns measured
data in the BODY. MUSCLE-fi el ds

I NPUT

ForceThreshol d (optional) in New on

GLOBAL :

PROCESS

ANSI GNAL_DATA

ANSI GNAL_TI ME_GAI N

ANSI GNAL_TI ME_OFFSET

BODY. MUSCLE( . . ). Eng. | nput Fi | el ndi ces

Reads the Anal ogSi gnals into BODY. MUSCLE-fi el ds

QUTPUT

GLOBAL :

BODY. MUSCLE( . . ) . Eng. Si gnal
BCODY. MUSCLE( i Muscl el ndex) . Eng. Ti neGai n
BODY. MUSCLE( i Muscl el ndex) . Emg. Ti meCf f set

% Copyri ght 2000-2006 This programis free software under the terms of

the

ASS| GNFORCEDATATOBODY [ BodyMech 3.06.01 ]: Assigns neasured data in
t he BODY. CONTEXT-fi el ds

I NPUT

ForceThreshol d (optional) in Newon

d obal :

ANSI GNAL_DATA

ANSI GNAL_TI ME_GAI N

ANSI GNAL_TI ME_OFFSET

BODY. CONTEXT. Ext er nal Force(1). Type

BODY. CONTEXT. Ext er nal Force(1). | nputFi | el ndi ces
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Assi gnMar ker Dat aToBody

Assi gnMar ker Dat aToSt yl us

BodyMech

BodyMechFuncFoot er

BodyMechFuncHeader

BODY. CONTEXT. Ext er nal For ce(1). For ceSensor ToLab
PROCESS
breaks up external force data and assigns it according to current
BODYdefinition
Transfornms all data to the | aboratory frane
QUTPUT
d obal : BODY. CONTEXT. Ext er nal Force(1). Signal s
BODY. CONTEXT. Ext er nal Force(1). Ti meGai n
BODY. CONTEXT. Ext er nal Force(1). Ti meCf f set

% Copyright 2000-2006 This programis free software under the terms of
the

ASS|I GNVARKERDATATOBODY [ BodyMech 3.06.01 ]: assigns neasured data
in the appropiate BODY-fields
I NPUT
GLOBAL : MARKER DATA
MARKER_TI ME_BASE
PROCESS
breaks up to data and assigns it according to current
BODYdefinition
Transforns all data to the laboratory franme
QUTPUT
GLOBAL : BODY. SEGMENT(..).C uster.Ki nemati csharkers
BCODY. SEGVENT( . . ). Cl ust er. Recor dedMar ker s
BODY. SEGVENT( . . ). Cl uster. Avai | abl eMarkers

% Copyri ght 2000-2006 This programis free software under the terns of
the

ASSI GNVARKERDATATOSTYLUS [ BodyMech 3.06.01 ]: assigns neasured data
the the current stylus
I NPUT
GLOBAL : MARKER DATA
: MARKER TI ME_BASE
PROCESS
Breaks up to data and assigns it to the stylus
Transfornms all data to the | aboratory frane
QUTPUT
GLOBAL : BODY. CONTEXT. Styl us. Ki nemati csMar kers

% Copyri ght 2000-2006 This programis free software under the terms of
the

BODYMECH [ BodyMech 3.06.01 ]: Executes Human Movenent Anal ysis
Sof t war e BodyMech
I NPUT
no input required
PROCESS
Creates G obal paraneters and initializes BodyMech
Opens the Graphical User Interface of Bodynech
QUTPUT
QU of BodyMech

% Copyri ght 2000-2006 This programis free software under the ternms of
the

BODYMECHFUNCFOOTER [ BodyMech 3.06.01 ]: calls at the end of each
BodyMech Functi on
I NPUT
no i nput
PROCESS
nil
OUTPUT
no out put

% Copyri ght 2000-2006 This programis free software under the terms of
t he

BODYMECHFUNCHEADER [ BodyMech 3.06.01 ]: is called in each BodyMech
Function to initialize global variables

I NPUT

none
PROCESS

nmakes BodyMech gl obal varabl es available in BodyMech Functions
QUTPUT

none
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Cal cul at eAnat oni cal Ki nemati cs

Cal cul at eCl ust er Ki nemati cs

Cal cul at eDef aul t Sti ckFi gure

Cal cul at eJoi nt Ki nemati cs

Cal cul at ePost ur eRef Ki nenati cs

Cal cul at eVi rtual Markers

% Copyri ght 2000-2006 This programis free software under the terns of
the

CALCULATEANATOM CALKI NEMATI CS [ BodyMech 3.06.01 ]: Calls an mfile
with specific cal culations
I NPUT
none
PROCESS
Loads and calls an mfile with specific anatom cal calcul ations
QUTPUT
GLOBAL BODY. CONTEXT. Anat omi cal Cal cul ati onFuncti on

% Copyri ght 2000-2006 This programis free software under the terns of
the

CALCULATECLUSTERKI NEMVATI CS [ BodyMech 3.06.01 ]: Estimation of the
transformation matrix
I NPUT
segnent _no : segnent nunber of actual BODY definition
gl obal : BODY. SEGMENT( segnent _no) . Cl ust er. Mar ker Coor di nat es
BODY. SEGVENT( segnent _no) . O ust er. Ki nemat i csMar ker s
BODY. SEGMVENT( segnent _no) . O ust er. Avai | abl eMar ker s
PROCESS
Application of rigid_body transformation for each tine-instance
only valid markers are sel ected
QUTPUT
GLOBAL BODY. SEGVENT( segnment _no) . d uster. Ki nemati csPose

% Copyri ght 2000-2006 This programis free software under the terms of
the

CALCULATEDEFAULTSTI CKFI GURE [ BodyMech 3.06.01 ]: generates default
stickfigure from anatonical |andnarks
I NPUT
I nput : none
PROCESS
generates default stickdiagramfrom anatom cal |andmarks for
vi sual i sation
QUTPUT
GLOBAL BCDY. SEGVENT(i Segm) . Sti ckFi gure(i Sticknmarker). Ki nenatics

% Copyri ght 2000-2006 This programis free software under the terms of
the

CALCULATEJO NTKI NEVATI CS [ BodyMech 3.06.01 ]: cal cul ates Eul er-
joint angles
I NPUT
Method : string, either 'AnatonyBased' or 'ReferenceBased
PROCESS
Cal cul ates the rotationmatri x between two segnents
Deconposition of the matrix into sequentional rotation angles
(Eul er, Cardanic)
QUTPUT
Alfa, Beta & Gamma for each joint
BODY. JO NT(j nt _i d) . Anat onyRef Ki nenat i cs. Rot at i onAngl es
BODY. JO NT(j nt _i d) . Post ur eRef Ki nemat i cs. Rot at i onAngl es

% Copyri ght 2000-2006 This programis free software under the terns of
the

CALCULATEPCSTUREREFKI NEMATI CS [ BodyMech 3.06.01 ]: calculates all
segnent ki nenmatics
I NPUT
GLOBAL : BODY. SEGMENT(..).C uster. Ki nemati csPose,
GLOBAL : BODY. SEGMENT(..). O uster. Post ur ePose)
PROCESS
Cal cul ates segnment kinematics relative to a reference posture
OUTPUT
GLOBAL : BODY. SEGMENT(..).C uster. Post ur eRef Ki nemati csPose

% Copyright 2000-2006 This programis free software under the terms of
the

CALCULATEVI RTUALMARKERS [ BodyMech 3.06.01 ]: generates virtual
mar ker coordi nates from anatomi cal markers

I NPUT
I nput : none
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Cl ear Al | But Pr oj ect Model

Cl ear Body

Cl ear BodyPr oj ect Mbdel

Cl earKi nemati cs

Cl ear Sessi onModel

PROCESS
generates virtual narker coordinates from anatom cal nmarkers for
vi sual i sation
OQUTPUT
GLOBAL
BODY. SEGVENT(i Segm) . Anat oni cal Landmar k(i Anat Mar ker) . Ki nemati cs

BODY. SEGVENT(i Segm) . Anat oni cal Landmar k(i Anat Mar ker) . Ti meGai n

BODY. SEGMVENT(i Segm) . Anat oni cal Landmar k(i Anat Marker). Ti meCf f set

% Copyri ght 2000-2006 This programis free software under the terns of
the

CLEARALLBUTPRQJECTMODEL [ BodyMech 3.06.01]: O ears (global) BODY
content of all Session and Trial fields except PRQJECTMODEL
I NPUT
none
PROCESS
Clears all BODY Session & Trial fields: BODY content of
PRQIECTnodel remai ns
QOUTPUT
GLOBAL BODY content for ProjectMdel

% Copyright 2000-2006 This programis free software under the terms of
the

CLEARBODY [ BodyMech 3.06.01 ]: Clears (global) BODY content of All
Mbdel Type Fi el ds form BODY
I NPUT
none
PROCESS
Clears all BODY fields contents
QUTPUT
GLOBAL BODY (enpty fields)

% Copyri ght 2000-2006 This programis free software under the terms of
the

CLEARBODYPRQJECTMODEL (BodyMech 3.06.01): Cears all (global) BODY
cont ent
I NPUT
none
PROCESS
Clears all BODY fields contents
QUTPUT
GLOBAL BODY (enpty fields)

% Copyri ght 2000-2006 This programis free software under the terns of
the

CLEARKI NEMATI CS [ BodyMech 3.06.01 ]: Clear relevant fields in
BODY. SEGVENT and BQODY. JO NT
I NPUT
scope : 'nmarkers';'segnents';'jonts'
PROCESS
clears kinematics fields in BODY. SEGVENT and BODY.JO NT
QUTPUT
GLOBAL: BODY. SEGMENT (all segnents); BODY.JO NT (all segnents)
ki nematic
fields cleared

% Copyri ght 2000-2006 This programis free software under the terms of
the

CLEARSESSI ONMODEL [ BodyMech 3.06.01 ] (is identical to
Cl ear Al | But proj ect nodel . m

Clears (global) BODY content of SessionMdel and Trial Fields from
BODY

I NPUT

PROCESS

Clears all BODY Session fields: BODYcontent of PRQIECTnodel

renai ns

QUTPUT

% Copyri ght 2000-2006 This programis free software under the terms of
the
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Cl ear Tri al Model

Correct O f set ForceSi gnal s

Def i neLocal Cl ust er Fr anes

Dehonogeni ze

Edi t NewAnat Cal cFuncti on

Edi t NewPr oj ect Model

CLEARTRI ALMODEL [ BodyMech 3.06.01 ]: Cears (global) BODY content
of Trial Model Fields from BODY
I NPUT
PROCESS
Clears all BODY Trial fields: BODYcontent of PROJECT and SESSI ON
nmodel renains
QUTPUT

% Copyri ght 2000-2006 This programis free software under the terms of
the

CORRECTOFFSETFORCESI GNALS [ BodyMech 3.06.01 ]: Correct for bias on
all
For ceSi gnal s from BODY. CONTEXT. Ext r enal For ce
I NPUT
Forceindex = 1 (when only one FP is used)
d obal : BODY. CONTEXT. Ext er nal Force(1). Signal s
BODY. CONTEXT. Ext er nal Force(1). Ti meGai n
BODY. CONTEXT. Ext er nal Force(1). Ti meCf f set
BODY. CONTEXT. Ext er nal Force(1). Type
PROCESS
plots the external force signals and asks for indication of zero-
force
level (= and - 0.5 seconds will used to cal cul ate bias)
includes: correct for bias and elimnation of too |ow forces
(vertical only)
QUTPUT
G obal : corrected: BODY. CONTEXT. Ext er nal Force(1). Signals

% Copyright 2000-2006 This programis free software under the terms of
the

DEFI NELOCALCLUSTERFRAMES [ BodyMech 3.06.01 ]: Defines an adhoc
cluster frame for each segment
I NPUT
nmode : either 'static' or 'dynamc'
PROCESS
"static' uses Local ReferenceFranme for each BODY. SEGFMENT
applies the first frame of CusterKinenmatics
QUTPUT
GLOBAL: BODY. SEGMVENT(i ). Cl uster. Marker Coor di nat es
BODY. SEGVENT(i ) . Cl ust er. Post ur ePose

% Copyri ght 2000-2006 This programis free software under the terms of
the

DEHOMOGENI ZE [ BodyMech 3.06.01 ]: Transformation to non honpgeneous
matrices
I NPUT
Transfornation matrix: size(HonbgeneousMatri x)=[4, 4, Nsanpl es]
Honobgeneous coordi nates: size(HonogeneousMatri x)= [4, Nsanpl es]
PROCESS
Transformation matrix: splits into a translation vector and a
rotation matrix
Honmpgeneous coordi nates: revonmes the 4th (hogenoues) coordinate in
th first dim
OQUTPUT
Transformation matrix: vector [3, Nsanples] and natrix
[ 3, 3, Nsanpl es]
Honmpbgeneous coordi nates: vector [3, Nsanpl es]

% Copyri ght 2000-2006 This programis free software under the terns of
the

EDI TNEWANATCALCFUNCTI ON [ BodyMech 3.06.01 ]: opens a tenplate
Anat omi cal Cal cul ation Function to edit
I NPUT
I nput : none
PROCESS
Loads an (tenplate) anatomical calculation function (mfile) and
opens Editor
QUTPUT
none

% Copyri ght 2000-2006 This programis free software under the ternms of
t he

EDI TNEWPROJECTMODEL [ BodyMech 3.06.01 ]: opens a tenplate to create
Proj ect Model to edit
I NPUT
I nput : none
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Honogeni ze

Honogeni zeCoor di nat es

Honogeni zeMat ri x

I ni t BodyMech

I nt er pol at eMar ker Ki nemati cs

LoadBodyFi |l e

PROCESS
opens a tenplate (mfile)to create ProjectMdel and evokes the
edi tor
QUTPUT
none

% Copyri ght 2000-2006 This programis free software under the terns of
the

HOMOGENI ZE [ BodyMech 3.06.01 ]: transfornmation to honpgeneous
coor di nat es
I NPUT
if N_input_argunent =1 : vector [3, Nsanpl es]
if N_input_argument =2 : vector [3, Nsanples],matrix [3,3, Nsanpl es]
PROCESS
if N_input_argurment =1 : adds ones as the 4th coordinate in the
first dinension
if N_input_argument =2 : conbines translation and rotation into a
single transformation (4X4) matrix
QUTPUT
vector [4, Nsanples} or matrix [4,4, Nsanpl es]

% Copyri ght 2000-2006 This programis free software under the terns of
the

HOMOGENI ZECOORDI NATES [ BodyMech 3.06.01 ]: transfornation to
honpbgeneous coor di nat es
I NPUT
coordi nate_array DI ML=3
PROCESS
adds ones as the 4th coordinate in the first dinmension
QUTPUT
h_coordi nate_array

% Copyri ght 2000-2006 This programis free software under the terns of
the

HOMOGENI ZEMATRI X [ BodyMech 3.06.01 ]: transformation to honpbgeneous
coor di nat es
I NPUT
Transl ati onVector [3, Nsanpl es]
Rot ati onMatri x [ 3, 3, Nsanpl es]
PROCESS
Conbi nes rotation and translation into a single transformation
(4X4) matrix
OQUTPUT
Transfornmation_matrix [4, 4, Nsanpl es]

% Copyri ght 2000-2006 This programis free software under the terns of
the

I Nl TBODYMECH [ BodyMech 3.06.01 ]: initializes BodyMech status of
vari abl es
PROCESS
Initialization of BodyMech gl obal vari abl es
QOUTPUT
GLOBAL: MARKER DATA, MARKER TI ME_GAI N, MARKER Tl ME_OFFSET
ANSI| GNAL_DATA, ANSI GNAL_TI ME_GAI' N, ANSI GNAL_TI ME_OFFSET
X=1 Y=2 Z=3 U=4
VI Z. ORTHOVODE, VI Z. ORTHOHANDLE
VI Z. DDDMODE, VI Z. DDDHANDLE
BODYSTATUS

% Copyri ght 2000-2006 This programis free software under the terms of
the

| NTERPOLATEMARKERKI NEMATI CS [ BodyMech 3.06.01 ]: interpolates all
mar ker - si gnal sarray
I NPUT
GLOBAL: BODY. SEGMVENT(..).Cl uster. Ki nemati csMarkers
GLOBAL: BODY. SEGMENT(..).C uster. RecordedMarkers
Critical Hole : warninglevel
PROCESS
Interpolates "holes" in the signal and snoothes the signal
uses GCVSPL
OQUTPUT
GLOBAL: BODY. SEGMENT(..).C uster. Ki nemati csMar kers
GLOBAL: BODY. SEGMENT(..).C uster. Avai |l abl eMarkers

% Copyright 2000-2006 This programis free software under the terms of
the

LOADBCDYFI LE [ BodyMech 3.06.01 ]: Opens BodyFile (*.BMB) selected
by user

I NPUT
none
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PROCESS
Opens BodyFile sel ected by user
OUTPUT
filename and ptahname of selected BMB file

% Copyright 2000-2006 This programis free software under the terms of
the

Local Ref er enceFr ane LOCALREFERENCEFRAME [ BodyMech 3.06.01 ]: creates an ad-hoc | ocal
coordi nate system
I NPUT
ClusterMarkers: nmatrix [3,M of a rigid cluster of M narker
positions in the GRF
(gl obal reference frane)

Mar ker positions are columm vectors: i.e conply to the [x;y;z]
f or mat
with N=> 3 : at least three non-colinear markers are needed
PROCESS

cal cul ates the coordinates of the markers in an orthonornal,
ri ght handed

l ocal coordinate system

origin: centroid of all N points

marker 1-x: direction of |local Xaxis

x, marker 1, mar ker 2: | ocal XY-plane

QUTPUT
M = (non- honbgeneus) narkercoordinates in the local frane
T=[Rt; 000 1] : the honogeneous transformation matrix
R =[Ex Ey Ez]; Ez=Ex X Ey ; local coordinate vectors in gl obal
axis, i.e. the rotation matrix
t = origin of the local coordinate system (in the GRF)

% Copyright 2000-2006 This programis free software under the terms of

the
Pr obeAnat ony PROBEANATOWMY [ BodyMech 3.06.01 ]: Cal cul ates coordi nates of bony
| andmarks in CRF
I NPUT
d obal : BODY. SEGMVENT. Cl uster-fields
PROCESS

Cal cul at es coordi nates of bony | andmarks in cluster frane
coor di nat es
and a transformation matrix of the global to the local (cluster)
frame.
OQUTPUT
d obal :
BODY. SEGVENT( i Segment ) . Anat oni cal Landmar k. O ust er Fr aneCoor di nat es
BODY. SEGMENT(i Segnent ) . Anat oni cal Landnmar k. Pr obi ngPose
BODY. CONTEXT. St yl us. Ti pPosi ti on

17: % Copyri ght 2000-2006 This programis free software under the
terms of the

Recor dRef er encePose RECORDREFERENCEPOSE [ BodyMech 3.06.01 ]: interactive selection from
recoderded marker Kkinematics
I NPUT
G obal : BODY. SEGVENT(i Segnent). d uster-fields
PROCESS
Interactive selection fromrecoderded marker kinematics
QUTPUT

d obal : BODY. SEGMENT(i Segnent) . d ust er. Post ur ePose

% Copyri ght 2000-2006 This programis free software under the terns
of the

Ri gi dBodyTr ansf or mati on Rl G DBODYTRANSFORMATI ON [ BodyMech 3.06.01 ]: calculates a
transfornmation matrix
I NPUT
X,y : matrices of a cluster of N markers on the rigid body in
[x;y;z] format; N=>3

X . first position
y : second position
PROCESS

Estimati on of rotation and translation between x and y sol ving
y = Rx +t in a least square optinal sense.
OQUTPUT
R : rotation nmatrix
t : translation vector
e : error

% Copyri ght 2000-2006 This programis free software under the terns of

the
Rot at i onMat ri xToCar dani cAngl es ROTATI ONVATRI XTOCARDANI CANGLES [ BodyMech 3.06.01 ] : Rotation
matrix to Cardan or Eulerian angles.
I NPUT
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RunBodyDefinition

RunPr oj ect Model

SaveAsBodyFi | e

Sel ect Mar ker Ki nenmati cs

ShowSel ect edMar ker Ki nenati cs

Transform

R BODY. JO NT(j nt _i d). Anat onyRef Ki nenati cs. Pose
Deconposi ti onFor mat :
BODY. JO NT(j nt _i d) . Anat onyRef Ki nemat i cs. Deconposi ti onFor mat
PROCESS
Extracts the Cardan (or Euler) angles froma rotation matrix.
The paraneters i, j, k specify t he sequence of the
rotation axes
(their value nust be the constant (X, Y or Z2).
j must be different fromi and k, k could be equal to i.
QUTPUT
The two solutions are stored in the three-elenent vectors a and b

ORI G NAL FUNCTI ON: RTOCARDA ( Spacel i b)
(c) G Legnani, C. Miola 1998; adapted from G Legnani and
R Adami ni 1993

% Copyri ght 2000-2006 This programis free software under the terns
of the

RUNBODYDEFI NI TI ON [ BodyMech 3.06.01 ]:
I NPUT

I nput
PROCESS

QUTPUT

% Copyright 2000-2006 This programis free software under the termns
of the

RUNPRQIECTMODEL [ BodyMech 3.06.01 ]: opens and calls a function to
create a New Proj ect Mdel
I NPUT
I nput : none
PROCESS
Loads and calls an mfile for creation of a new ProjectMdel

QUTPUT
GLOBAL BODY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terns
of the

SAVEASBODYFI LE [ BodyMech 3.06.01 ]: saves BODY nodel as *.bnb file
I NPUT
filename, pathnane
PROCESS
saves BODY nodel as *.BMB file
QUTPUT
GLOBAL BODY. HEADER. Fi | eNanme

% Copyri ght 2000-2006 This programis free software under the terns of
the

SELECTVARKERKI NEVATI CS [ BodyMech 3.06.01 ]: user interactive
sel ection of neasured marker kinematics

I NPUT

G obal : BODY. SEGMVENT(i ). Cluster. Kinemati csMarkers
PROCESS

User selects either tine-instance or time-interval
QUTPUT

d obal : BODY. SEGVENT(i Segnent) . d uster. Ki nenati csPose

% Copyri ght 2000-2006 This programis free software under the terns of
the

SHOWSEL ECTEDVARKERKI NEMATI CS [ BodyMech 3.06.01 ]: user interactive
sel ection of nmeasured marker kinematics

I NPUT

G obal : BODY. SEGVENT(i ). Cl uster. Ki nemati csMarkers
PROCESS

User selects either tinme-instance or tinme-interval
QUTPUT

d obal : BODY. SEGMVENT(i Segnent) . d uster. Ki nenat i csPose

% Copyri ght 2000-2006 This programis free software under the terms of
t he

TRANSFORM [ BodyMech 3.06.01 ]: Transformuses a 4x4
Transformati onMatrix on all elements of the |nvector
I NPUT
M : Transformati onMatri x
p : InVector
PROCESS
Transform uses a 4x4 TransformationMatrix on all elenents of the
I nvect or
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An CQut Vector (as well as its hompbgeneous val ue) is cal cul ated.
OQUTPUT

g : CQutVector

b : HomQut Vect or

% Copyright 2000-2006 This programis free software under the terms of
the

BMprojects

all files used for specific Projects. Default a subfolder DEMOproject is added. Users can add their
own Project folder, which will contain any user written m-files and data that are bounded to a
specific project. (see Chapter Ill: BodyMechFunctionLibrary for more help info for each function)

DEMOproject

Content of all relevant datafiles and functions for DEMO

YourProject

Scope: to be used for your own project data files and functions. Rename in unique folder
name according to your project

BM templates

template script files of Projectmodels and anatomical calculation functions

Anat Cal c_LowEx_4Segm Left ANATCALC LONEX_4SEGM LEFT [ BodyMech 3.06.01 ]: anatomical calculation file (t
I NPUT
I nput : none
PROCESS
Anatomi cal cal culation of |ower |eg kinematics, based on CAVARC convention (
al. 1995).

Calls function
Anat om cal FraneDefinition with specific input
QUTPUT
GLOBAL BQODY. SEGMVENT(i Segm) . Anat oni cal Fr ane. Ki nemat i csPose
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick).Ki nenatics
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick). Ti meOf f set
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick). TimeGin

% Copyri ght 2000-2006 This programis free software under the terms of the

Anat Cal c_LowEx_4Segm Ri ght ANATCALC LONEX_4SEGM RI GHT [ BodyMech 3.06.01 ]: anatomical calculation file (
I NPUT
I nput : none
PROCESS
Anat onmi cal cal culation of |ower |eg kinematics, based on CAMARC convention (
al . 1995).

Calls function
Anat om cal FraneDefinition with specific input
QUTPUT
GLOBAL BODY. SEGMVENT( i Segmn) . Anat oni cal Fr ane. Ki nemat i csPose
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick).Ki nematics
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick). Timedfset
BODY. SEGMVENT(i Segm) . Sti ckFi gure(i Stick). TimeGin

% Copyri ght 2000-2006 This programis free software under the terms of the

Anat Cal c_LowEx_5Segm Left ANATCALC LONEX_5SEGM LEFT [ BodyMech 3.06.01 ]: anatomical calculation file (t
I NPUT
I nput : none
PROCESS
Anat omi cal cal culation of Iower |eg kinematics, based on CAMARC convention (
al . 1995).

Calls function
Anat om cal FraneDefinition with specific input
QUTPUT
GLOBAL BODY. SEGMENT(i Segm) . Anat oni cal Fr ane. Ki nemat i csPose
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick).Ki nematics
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Anat Cal c_LowEx_5Segm Ri ght

Anat Cal c_LowEx_7Segm

Anat Cal c_LowEx_8Segm

Anat oni cal FraneDefinition

Proj ect Model _LowEx_4Segm Left

BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick). Ti meOf f set
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick). TimeGin

% Copyri ght 2000-2006 This programis free software under the terms of the

ANATCALC LONEX_5SEGM RI GHT [ BodyMech 3.06.01 ]: anatomical calculation file (
I NPUT
I nput : none
PROCESS
Anat om cal cal cul ation of |ower |eg kinematics, based on CAMARC convention (
al . 1995).
Calls function
Anat om cal FraneDefinition with specific input
QUTPUT
GLOBAL BODY. SEGMVENT(i Segn) . Anat omi cal Frane. Ki nemat i csPose
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick).Ki nenatics
BODY. SEGMVENT(i Segm) . Sti ckFi gure(i Stick). Timedfset
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick). Ti meGain

% Copyri ght 2000-2006 This programis free software under the terms of the

ANATCALC LONEX_7SEGM [ BodyMech 3.06.01 ]: anatomical calculation file (tenpla
I NPUT
I nput : none
PROCESS
Anat omi cal cal culation of Iower |eg kinematics, based on CAMARC convention (
al . 1995).
Calls function
Anat om cal FraneDefinition with specific input
OQUTPUT
GLOBAL BODY. SEGMENT(i Segm) . Anat oni cal Fr ane. Ki nemat i csPose
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick).Kinematics
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick). TimeOfset
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick). Ti meGai n

% Copyri ght 2000-2006 This programis free software under the terns of the

ANATCALC _LOWEX_8SEGM [ BodyMech 3.06.01 ]: anatomical calculation file (tenpla
I NPUT
I nput : none
PROCESS
Anat omi cal cal cul ation of lower |eg kinematics, based on CAMARC convention (
al. 1995).
Call's function
Anat om cal FraneDefinition with specific input
QUTPUT
GLOBAL BODY. SEGMENT(i Segm) . Anat oni cal Fr ane. Ki nemat i csPose
BODY. SEGVENT(i Segm) . Sti ckFi gure(i Stick).Kinematics
BODY. SEGMVENT(i Segm) . Sti ckFi gure(i Stick). TimeO fset
BODY. SEGMENT(i Segm) . Sti ckFi gure(i Stick). TimeGin

% Copyri ght 2000-2006 This programis free software under the terns of the

ANATOM CALFRAMEDEFI NI TI ON [ BodyMech 3.06.01]: cal cul ates anatonical franes
I NPUT
Segrment Nane : nanme of the segnment: 'Pelvis';'Right_Thigh';'Right_Shank';'Rig
;' Left_Thigh';'Left_Shank';'Left_Foot';

'Right _Hand';' Ri ght _Forearm ;' Ri ght_Hunmerus' ;' Ri ght_Scapul a' ;"' Trunk'
Anat omi cal Markers : coordi nates of anatom cal |andmarks
: NB. segnent nane, nunber and order is pre-defined in yo
Anat om cal Cal cul ati onFunction!!!
PROCESS
Generation of anatom cal franes according to the Camarc protocol
Capozzo et al. (1995)
Wi et al. (2005)
QUTPUT
T=anat omi cal frane (hom coordinates)

% Copyri ght 2000-2006 This programis free software under the terms of the

PRQJECTMODEL_LOWEX_4SEGM LEFT [ BodyMech 3.06.01 ]: Tenplate to create New Pro
for 4 segnments: foot, |lower |eg, upper leg, pelvis

I NPUT

I nput : none
PROCESS

wWill run to create a BODY with ProjectMdel content
QUTPUT
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Proj ect Model LowEx 4Segm Ri ght

Proj ect Model _LowEx_5Segm Left

Proj ect Mbdel _LowEx_5Segm Ri ght

Proj ect Mbdel LowEx 7Segm

Proj ect Mbdel _LowEx_8Segm

BMtools

GLOBAL BCDY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terms of the

PROJIECTMODEL _LOWEX_4SEGM RI GHT [ BodyMech 3.06.01 ]: Tenplate to create New Pr
for 4 segnents: foot, lower leg, upper leg and pelvis

I NPUT

I nput : none
PROCESS

will run to create a BODY with Project Mdel content
QUTPUT

GLOBAL BCDY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terns of the

PRQJECTMODEL_LOWEX_5SEGM LEFT [ BodyMech 3.06.01 ]: Tenplate to create New Pro
for 5 segnents: foot, |ower |eg, upper leg, pelvis and trunk
I NPUT
I nput : none
PROCESS
Will run to create a BODY with Project Mbdel content
QUTPUT
GLOBAL BODY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terns of the

PRQJECTMODEL_LOWEX_5SEGM RI GHT [ BodyMech 3.06.01 ]: Tenplate to create New Pr
for 5 segnents: foot, |ower |leg, upper leg, pelvis and trunk
I NPUT
I nput : none
PROCESS
Will run to create a BODY with ProjectMdel content
QUTPUT
GLOBAL BODY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terns of the

PROJECTMODEL_LOWEX_7SEGM [ BodyMech 3.06.01 ]: Tenplate to create New Projecth
for 7 segnments: feet, |ower |egs, upper |legs, pelvis

I NPUT

I nput : none
PROCESS

wWill run to create a BODY with ProjectMdel content
OQUTPUT

GLOBAL BODY with projectMdel content

%

S

Copyri ght 2000-2006 This programis free software under the terms of the

PRQJECTMODEL_LOWEX_8SEGM [ BodyMech 3.06.01 ]: Tenplate to create New Projecth
for 8 segnents: feet, |ower |egs, upper |legs, pelvis and trunk
I NPUT
I nput : none

PROCESS

Will run to create a BODY with ProjectMdel content
QUTPUT

GLOBAL BODY with projectMdel content

% Copyri ght 2000-2006 This programis free software under the terms of the

basic helpful functions

Overvi ewAl | BodyFi el ds

ReadDar 4BM

OVERVI EWALLBODYFI ELDS [ BodyMech 3.06.01 ]: list of all possible BODY
fields

% Copyright 2000-2006 This programis free software under the terms of
the

READDARABM : Function to read data fromDAR files (which are D COM
structured files)
I NPUT
Dar Fi | eNane
dat apat h
PROCESS
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O
o

cl earal | but

| oadVDF

| oadNDF

| oadTVB

nor nal i zeti nebase

Function to read data fromDAR files (which are DI COM structured
files)
especially for kinetic and el ectrophysiol ogical data to be assigned

in
a "Sybar" environnment
uses internal functions: ReadDi comAttribute
Fi ndDi conffag
ReadNext Di coniTag
QUTPUT

Fil eData: structured array

% Copyri ght 2000-2006 This programis free software under the terns of
the

cce

PROCESS; cl ears whol e worksapce, closes all graphics and clears
screem

CLEARALLBUT: Clear all variables except these.
CLEARALLBUT VARL renopves all variables fromthe workspace except
VARL.

CLEARALLBUT VARL VAR2 VAR3 ...

CLEARALLBUT(' VARL' , ' VAR2' ,' VAR3' , . ..)
CLEARALLBUT({' VARL' ,' VAR2' ,' VAR3',...})
do the sane for various variable nanes.

Copyri ght 2000-2006 This programis free software under the terns of
the

LOADMVDF : | oads SYBAR data files (*.MDF) from di sk
I NPUT

I nput
PROCESS

QUTPUT

% Copyright 2000-2006 This programis free software under the terms of
the

LOADNDF : | oads an 3D Optotrak File

| NPUT
I nput : Fil eExtension, WndowHeader
PROCESS
| oads an 3D Optotrak File
QUTPUT

% Copyri ght 2000-2006 This programis free software under the terms of
the

LOADTMS : | oads PORTI data files (*.S??) fromdisk
| NPUT:

PROCESS

QUTPUT

% Copyri ght 2000-2006 This programis free software under the terns of
the

NORVMALI ZETI MEBASE : cal cul ates a 0-100%ti nebase, ensenbl e-averages
cyclic signals
[ Cycl e, Ti meGai n] =Nor mal i zeTi neBase(si gnal , tri gi nd)
INPUT : signal: any one-dinmensional array
trigind : array of indices, default: [1 I ength(signal)]
shoul d i ncrease nonotoneusly
PROCESS: cal cul ates new points based on a 0-100%tinme base
by spline interpolation for each time interval

QUTPUT: if length(trigind)=2: Cycle [101 1]
if length(trigind)>2: Cycle [101 Ncycl es+2]
Ncyl es=l engt h(trigind)-1,
Ncycl es+1: nean signal per point, i.e. ensenble averaged
Ncycl es+2: stand. dev ensenbl e averaged points
Ti meGai n: (average) anplification/reduction of tine-axis
(i.e. 100/ (sanpl es/cycle))

WARNI NG user shoul d be aware of information loss in case of excessive
downsanpl i ng

% Copyri ght 2000-2006 This programis free software under the terms of
the
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r eadVDF READVDF : reads a Sybar neasurement file
I NPUT
I nput : data: numerical nmatrix
header: string matrix
get path and nane of MDF file to be | oaded

PROCESS
for keyboard-i nput
dat apat h=i nput (' geef het path van de data :','s');
dat afi | e=i nput (' geef de datafile (8 chars) :','s");

datafile=[ datafile, '.ndf'];
invoke the wi ndows-file-browser
[datafile,datapath] = uigetfile('*.mdf', 'open SYBAR file', 40,

40) ;
QUTPUT
% Copyri ght 2000-2006 This programis free software under the terms of
the
r eadNDF READNDF :reads NDI-optotrak data files (*.NDF) from disk
I NPUT

datafile, *.NDF format (Northern-digital Data File)
see OPTOTRAK docunentation for nore information)
including extention
dat apat h: conputers' pathnane (ending on a\)
PROCESS
reads file
strips header information
reads measurenent data
recodes m ssing narkers to NaN
OQUTPUT
data: 3D-matrix of neasurenent data (coordinates, markers, tine)
maesures in M LLI METERS
Sfrequency : sanple frequency [1/sec]
Col | Dat e : Collection date [dd/ myy]
Col | Ti ne : Collection time [hh:mm ss]

% Copyri ght 2000-2006 This programis free software under the terms of
the

readTVS READTMS : reads a file which holds a neasurenment fromthe TMS porti

system

dicrimtes between: Poly5 format 9(ee TMS POLY 5 technical reference
gui de, page 179)

The later TMS32 format, necessary to read |arge signals.

I NPUT

nane = name of the file (including path and extension)

QUTPUT

Si gnal [Nsanples, Nchannels] : matrix of neasured data (TMS32:
fl oatingpoint; poly5: integer)

Sfreq : 1l/intersanple_interval (integer nunber)

Si gnal Name [ Nchannel s] : cell array of channel nanes

% Copyri ght 2000-2006 This programis free software under the terms of

the
renoveart ef act REMOVEARTEFACT : reduces | ow frequency artefacts ( high-pass filter)
INPUT : Signal: any one dinmensional array
Fc . Low pass cut-off frequency (default: 10 Hz)
Fs . sanple fregency of Signal (default: 1000 Hz)

PROCESS: 3rd order high pass butterworth filter
QUTPUT: signal with reduced |owfreq.artefacts

% Copyri ght 2000-2006 This programis free software under the terns of

the
snmoot h SMOOTH : snoot hes a signal (lowpass filter)
I NPUT
Input : Signal: any one dinensional array
Fc . Low pass cut-off frequency
Fs . sanple fregency of Signal (default: 1000 Hz)
symmetric: 0 = one pass filter (default)
1 = twopass (bidirectional)
PROCESS

2nd order |ow pass butterworth filter (symmetric=0)
or 4th order |ow pass butterworth filter, no phase |ag
(symetric=1)
QUTPUT
t he snoot hed si gnal

% Copyri ght 2000-2006 This programis free software under the terms of

the
subsanpl e SUBSAMPLE : resanpl es an equidistant tineseries
in case of downsanpling, Nyquist' criterion is preserved
I NPUT
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BMvizfunctions

Si gnal : Oiginal tineseries

Sour ceFrq . sanple frequency of original timeseries
Dest Frq . target sanple frequency
Bandwi t h : Forced bandwith of the target signal relative to
Dest Frq
(default=.3, i.e the Nyquist criterion (.5) at the
safe side)
PROCESS

resanpl es an equidistant tineseries

|l owpass filtering will prevent undersanpling

QUTPUT

SubSanpl edSignal : New tinme series, at 1/DestFrq tinme intervals

% Copyri ght 2000-2006 This programis free software under the terns of
the

files that are related to all Graphics User Interface items

BodyMechCont r ol W ndow

BodyMechMenuFcn

G aphFor ceSi gnal s

G aphJoi nt Angl es

G aphMar ker s

BODYMECHCONTROLW NDOW [ BodyMech 3.06.01 ]: creates main user i/o
wi ndow
I NPUT
I nput : none
PROCESS
creates main BodyMech Graphical User Interface features
QUTPUT
BodyMech GUI

% Copyri ght 2000-2006 This programis free software under the terns of
the GNU General Public License (ww. gnu.org) declaration

BODYMECHVENUFCN [ BodyMech 3.06.01 ]: calling interface to common
BodyMech functions fromthe nmenu system
I NPUT
Functi onDescription: character string
this string nust be (case sensitive!) identical to the used
cal I back string-variable in the menu system (via
BodyMechCont r ol W ndow. m)
PROCESS
calls the appropiate BodyMech function
QUTPUT

% Copyri ght 2000-2006 This programis free software under the terns of
the

GRAPHFORCESI GNALS [ BodyMech 3.06.01]: plots ForceSignals (only
avai | bal e when inporting Dar Files)

I NPUT
GLOBAL : BODY. CONTEXT. Ext er nal Force. Si gnal s
PROCESS
pl ots GroundReacti onForce-signal s
QUTPUT

% Copyri ght 2000-2006 This programis free software under the terns of
the

GRAPHJO NTANGLES [ BodyMech 3.06.01 ]: Graphs angul ar deconposition
angl es of joints

I NPUT

A obal : BODY. JO NT. Post ur eRef Ki nemat i cs. Rot at i onAngl es

BODY. JO NT. Anat onyRef Ki nemat i cs. Rot at i onAngl es

PROCESS

Generation of joint-angle graphs
OUTPUT

% Copyri ght 2000-2006 This programis free software under the terns of
the

GRAPHVARKERS [ BodyMech 3.06.01 ]: Plots marker trajectories
I NPUT

GLOBAL : BODY. SEGMVENT(..).Cluster. Ki nemati csMarkers

GLOBAL : BODY. SEGMENT(..).C uster. RecordedMarkers

USER  sel ection of segnents
PROCESS

plots nmarker trajectories:

a figure for each sel ected segnent
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a plot-axis for each marker
interpolated markers in red

% Copyri ght 2000-2006 This programis free software under the terms of
the

G aphNet Monent s

GRAPHNETMOVENTS [ BodyMech 3.06.01 ]: Graphs angul ar deconposition
angl es of joints

I NPUT

d obal : BODY. JO NT. Net Monent
PROCESS

Generation of nonent-angle graphs
QUTPUT

% Copyri ght 2000-2006 This programis free software under the terns of
t he

G aphRaweny GRAPHRAVEMG [ BodyMech 3.06.01 ]: plots Raw Eng Signals (only
avai | bal e when inporting Dar Files)
I NPUT
GLOBAL : BODY. MUSCLE(. . ). Eng. Si gnal
USER: selection of nuscles
PROCESS
pl ot s SRE-signal s:
a plot-axis for each selected nuscle
QUTPUT
% Copyri ght 2000-2006 This programis free software under the terns of
the
G aphSRE GRAPHSRE [ BodyMech 3.06.01 ]: Plots SRE

I NPUT
GLOBAL : BODY. MUSCLE( . . ). Eng. Envel ope
USER: sel ection of nuscles
PROCESS
pl ots SRE-signals:
a plot-axis for each sel ected nuscle

% Copyri ght 2000-2006 This programis free software under the ternms of
the

Li st BodyHeader

LI STBODYHEADER [ BodyMech 3.06.01 ]: lists the BODYheader to the
screen
I NPUT
gl obal : BODY
PROCESS
creates char list of all header-info on the screen

% Copyri ght 2000-2006 This programis free software under the terns of
the

Li st BodyMbdel

LI STBODYMODEL [ BodyMech 3.06.01 ]: lists the BodyMech BODY npdel to
the screen
| NPUT
gl obal : BODY
PROCESS
lists all current active segnents, joints and nuscles on the screen

% Copyri ght 2000-2006 This programis free software under the ternms of
t he

O thoVi ew ORTHOVI EW[ BodyMech 3.06.01 ]: Opens orthogonal display w ndow
I NPUT
lab_area: (xlow, xhigh, ylow, yhigh, zlow zhigh]
PROCESS
Creates window with kinematics nenu and orthogonal plane views
% Copyri ght 2000-2006 This programis free software under the terms of
the
ShowTi p SHOWI P [ BodyMech 3.06.01 ]: Shows tipposition in display
I NPUT
I nput : gl obal BODY. CONTEXT. Styl us. Ti pPosi ti on
PROCESS
Shows tipposition of anatom cal prober in display
% Copyri ght 2000-2006 This programis free software under the terms of
the
Ti neControl TI MECONTROL [ BodyMech 3.06.01 ]: invoked when GU tinmecontrol is

mani pul at ed
| NPUT
Input : relative or absolute time-instance from GU -control
PROCESS
calculates tine and calls updating functions
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% Copyri ght 2000-2006 This programis free software under the terns of
the

Updat eBodyHeader UPDATEBODYHEADER [ BodyMech 3.06.01 ]: user i/o to a header to BODY
I NPUT
Scope ['All'; "' Project';'Session';"'Trial']
user i/o
PROCESS
Generation of variables
QUTPUT
GLOBAL: BODY. HEADER

% Copyri ght 2000-2006 This programis free software under the terns of
the

Updat eOrt hoVi ew UPDATEORTHOVI EW [ BodyMech 3.06.01 ]: Updates orthogonal display
wi ndow
I NPUT
I nput : gl obal VIZ. ORTHOMODE
VI Z. ORTHOHANDLE
BODY. SEGVENT(i ). C uster. Ki nemati csMarkers
BODY. SEGMENT(i ). C uster. Ki nemati csPose
BODY. SEGVENT(i ). O uster. Post ur eRef Ki nemat i csPose
BODY. SEGMENT(i ) . Anat omi cal Frane. Ki nenati csPose
BODY. SEGVENT(i ) . Anat oni cal Landmar k. Ki nenati cs
BODY. SEGMENT(i ). Sti ckFi gure. Ki nenatics
BODY. SEGMENT( 1) . Cl uster. Ti mreGai n
BODY. SEGVENT( 1) .  uster. Ti neCxf f set
BODY. CONTEXT. Ext er nal For ce

PROCESS
Updat es orthogonal display w ndow dependent on slider tine

% Copyright 2000-2006 This programis free software under the terms of

the
Updat eVi zOr t hoMbde UPDATEVI ZORTHOMODE [ BodyMech 3.06.01 ]: Updates orthogonal

vi sual i zati on nodes

I NPUT

I nput :none
PROCESS
Updat es orthogonal visualization nodes
QUTPUT

GLOBAL VI Z. ORTHOMODE

% Copyri ght 2000-2006 This programis free software under the terns of
the

Updat eVi zTi e UPDATEVI ZTI ME [ BodyMech 3.06.01 ]: Updates orthogonal display w ndow
I NPUT
I nput : gl obal VIZ. ORTHOMODE
VI Z. ORTHOHANDLE
Vi zTi me
BODY. SEGVENT(i ). C uster. Ki nemati csMarkers
BODY. SEGMENT(i ). Cl uster. Ki nemati csPose
BODY. SEGMENT(i ). C ust er. Post ur eRef Ki nemat i csPose
BODY. SEGVENT(i ) . Anat oni cal Frame. Ki nenat i csPose
BODY. SEGMENT(i ) . Anat omi cal Landmar k. Ki nemati cs
BODY. SEGVENT(i ). Sti ckFi gure. Ki nematics
BODY. SEGMENT( 1) . Gl uster. Ti mreGai n
BODY. SEGMENT( 1) . Cl uster. Ti mreX f set
BODY. CONTEXT. Ext er nal For ce
PROCESS
Updat es orthogonal display w ndow dependent on slider tine

% Copyri ght 2000-2006 This programis free software under the ternms of
t he

LabFunctions

all files that are specific or helpful to the laboratory environment; divided in general
LABtools and specific folders (VUMC_LAB; Your_LAB)

LABtools

Basic handy tools and template functions to design yourown LAB specifications (see
Chapter | and Il for more details)
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Fi xedLabCal i brati on FI XEDLABCALI BRATI ON [ BodyMech 3.06.01 ]: Calcul ates calibration of
| aboratory equi pnent setup
I NPUT
FPcornersMAS=[cl_mas c2_nas c3_mas c4_nas];
(To be generated with eg: ProbeForcePl at eCorners. nm
default is the 1999 calibration of VUnc | aboratory
PROCESS
cal cul ates transfornmati on based on factory calibrations
QUTPUT
noti onanal ysis_To_lab = transformation matrix
forceplate_To_lab = transfornation matrix

% Copyri ght 2000-2006 This programis free software under the ternms of

the
For cepl at eTr ansf or nati on FORCEPLATETRANSFORVATI ON [ BodyMech 3.06.01 ]: Cal cul ates calibration
of | aboratory equi pment setup
I NPUT
FPcorner sMAS=[c1_mas c2_nas c3_mas c4_nss];
(To be generated with eg: ProbeForcePl ateCorners. nm
default is the 1999 calibration of VUnt | aboratory
PROCESS
cal cul ates transformation based on factory calibrations
QUTPUT

noti onanal ysis_To_lab = transformation matrix
forceplate _To_lab = transformation matrix

% Copyri ght 2000-2006 This programis free software under the terns of

the
LoadPr obi ng LOADPROBI NG [ BodyMech 3.06.01 ]: Inport probing data from
Optotrakfile (*.NDF)
I NPUT
Data from probing file
PROCESS
Cal cul ates StylusTip coordinates
QUTPUT
Styl usTip
% Copyri ght 2000-2006 This programis free software under the terms of
the
Pr obeFor cePl at eCor ners PROBEFORCEPLATECORNERS [ BodyMech 3.06.01 ]: probing the forceplate
corners
I NPUT
I nput
PROCESS
QUTPUT
% Copyri ght 2000-2006 This programis free software under the terns of
t he
ProbeRect angl eCor ners PROBERECTANGLECORNERS [ BodyMech 3.06.01 ]: |oad probing of the

corners of a rectangle defining a standard |ab frane
relative to the notion analysis frane.
See Rect angl eToLabFrame. m for details.

% Copyri ght 2000-2006 This programis free software under the terms of

the
Rect angl eToLabFr ane RECTANGLETOLABFRAME [ BodyMech 3.06.01 ]: Calcul ates calibration of
| aboratory frame by equi pment setup
I NPUT
Rect CornersMAS = [ 3 x 4] matrix
Coordi nates of the 4 corners of the rectangle - that is assuned to
be
level - given in the coordinate system of the Myvenent anal ysis
system
NB t he sequence of the corners cl--c4 (see below) is critical
Ti p: Taking the corners of the forceplate is quite convenient
PROCESS
Calibratin of the notion anal ysis coordinate systemtowards a
st andard
| absystem

the geonetrical centre of the rectangle is definied as the origin
of the
| aboratory coordi nate system

adapting the | SB reconmendati ons for standardization in the
reporting of kinenmtic data,

the Y axis points upward and parallel with the field of gravity

which is perpendicular to the |aboratory-floor,

the X axis points in the direction of the wal kway (assunmed from
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left to right)
Zaxis follows as a consequence (in a right handed coordinate

systen),
TOP VI EW
C2 ---mcmmmem - c3
| |
| |
| O------mmmm - > X
| | |
| | |
cl ---------- |--------- c4d
|
|
\/
Z
QUTPUT

ma2l ab= (4x4) transformation nmatrix

% Copyri ght 2000-2006 This programis free software under the terns of
the

VUMC_LAB

NDpr 0be06117 NDPROBEO6117 [ BodyMech 3.06.01 ]: calculates the tip coordinates of
the stylus

I NPUT
I nput: actual global stylus marker coordinates

PROCESS
uses: a stylus specific calculation

QUTPUT
Styl usTi p=gl obal coordinates of the stylus tip

% Copyri ght 2000-2006 This programis free software under the terns of
the

NDpr obe06138 NDPROBE06138 [ BodyMech 3.06.01 ]: calculates the tip coordinates of
the stylus

I NPUT
InputData : actual gl obal stylus marker coordinates

PROCESS
uses: a stylus specific calculation

QUTPUT
Styl usTi p=gl obal coordinates of the stylus tip

% Copyri ght 2000-2006 This programis free software under the terns of

the
VUnt MASCal i brati on1999 VUMCVASCALI BRATI ON1999 [ BodyMech 3.06.01 ]: provides
forcepl at ecorner-coordi nates used in 1999 at the LAB VUnt
I NPUT

no vari abl es
the 1999 calibration of Forceplate in the VUnt | aboratory is
docunent ed
here
PROCESS
cal cul ates corners
QOUTPUT
ForcePl at eCornersMAS = [3 x 4] matrix of the MAS coordi nates of
each corner

% Copyri ght 2000-2006 This programis free software under the terns of
the

Your LAB

Scope: to be used for your own LAB specific calibration and import files anf function.
Rename in unique folder name according to your
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Introduction

Kinematics is a qualitative description of human movement. For most purposes, the
human body is modeled as a mechanical linked system of rigid bodies that move with a
limited number of degrees of freedom. (linked segment model). This way of description
is mainly suitable when movements have to be reduced to the level of anatomical
structures.

This Chapter of the BodyMechGuide presents all technical and mathematical steps that
are required to get from 3D marker registration to joint kinematics, which are
implemented as algorithms in the software and data structure of BODYMECH in Matlab.
All equations are referred to in the other Chapters of the BodyMechGuide

Several MatLab functions described here, were derived from the Faculty of Human
Movement Sciences, VU University Amsterdam (DirkJan Veeger and Idsart Kingma) and
from the software library Spacelib of Giovanni Legnani
(http://bsing.ing.unibs.it/~glegnani/#spacelib)

Global set up

The sequence and steps to reconstruct joint kinematics from 3D marker positions are as
follows:

anatomical

y A
marker SEGMENT — kinematics > kinematics
. . ’ » . markercluster 1 anatomical segment 1
registration definition ! . JOINT
Z . v kinematics
:_> kinematics »|  kinematics
markercluster n anatomical segment n

Figure 54. Schema of all theoretical steps to reconstruct joint kinematics from 3D marker positions.

Marker registration
3D positions of all markers recorded during the experiments. Each body segment is
represented by a cluster of at least three markers.

Model definition of the body

The degrees of freedom of a joint is considered as the relative position and orientation
of two adjacent body segments. Each body segment is judged as a rigid body and has
to be defined dependent on each specific project or experiments. This is called a Body
Model.

An example of a BodyModel is a template of 17 body segments , describing the whole

body (Figure 2)

Cluster kinematics

At each body segment, a cluster of at least three markers is coupled. A coordinate
system is assigned to this cluster (= CRF: Cluster Reference frame). For each recorded
time frame, six degrees of freedom, position and orientation (= pose) of the CRF relative
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to the glbal reference frame (GRF) can be calculated; i.e. three degrees of freedom of
rotation (orientation) and three degrees of freedom of translation (position). This is
described by a 4x4 transformation matrix (a rotation matrix eand a translation vector)
per body segment per recorded time frame.

Body segment calibration
Body calibration can be obtained in several ways:

A. with a reference posture of the body: for example by recording the body in a standard
(static) reference position; for example in the anatomical posture in which the anatomical
axes ahve a known orientation relative to the GRF. In this way, axes of rotation and
positions of the body segments can be defined. For each subsequent recording (of a
movement), cluster kinematics is compared with this reference trial.

B. with an anatomical reference coordinate calibration. In this way, on each segment a
defined anatomical coordinate system is appended (ARF: Anatomical Reference Frame).
This ARF system is defined by at least three anatomical reference points, ususally by
means of palpable bony landmarks. The relation between the CRF and the ARF is fixed
with the assumption that the position of the clustermarkers do not shift relative to the
identified anatomical landmarks. With these ARF per segment, the cluster kinematics can
be converted.

C. some mixed forms from the two calibration methods above can be applied, e.g. when
it is not possible to palpate the three anatomical points. Or with some additional a priori

information and assumptions (e.g. an ideal spherical joint), the location of some
anatomical locations can be determined.

Joint kinematics.

A joint is defined as the coupling between two adjacent body segments. Joint kinematics
can be judged as the differences in orientation and position between two body segments
as a function of time. One of the segments is used as reference segment (e.g. the
proximal segment). This is unambiguously possible by means of three angles, which
describe the orientation relative to the three orthogonal anatomical axes of the reference
segment. However, usually, joint position is judged as a sequence of angle rotations.
This is possible to decompensate the rotation matrices to a specific sequence. Clinical
conventions play an important role in the choice of the decompensation sequence.

Assumptions

Assumption 1.
The human movement system is considered as a set of linked segments (rigid
bodies).Type of links between these segments are the joints.

Assumption 2
The type of data, i.e. the 3D positions of the markers are available as time dependent
signals, usually obtained with some type of 3D registration equipment.
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Body Model

Body Segment Definition
A template of a 17 segment Body Model is shown in Figure 55.

pelvis
right_thigh

. right_shank
. right_foot
. left_thigh
. left_shank
. left_foot
. trunk
9. head
10. right_scapula
11. right_upper_arm %
=) >

ONOUTAWN P

12. right_lower_arm
13. right_hand

14. left_scapula
15. left_upper_arm
16. left_lower_arm
17. left_hand

Figure 55. A template of a 17 segment Body Model

Each segment has the following properties which are related on different levels to the
human body:

r11 ldentification: the name of the segment; the indices of the markers attached

(21 Calibration: the rigid position of the markers during an experimental session

(31 Kinematics : the description of the movement during each trial.

141 Anthropometrics: fixed information which is not relevant for the recontruction of the
kinematics.

For each segment, a procedure has to be available, which links the anatomical coordinate
system to the segment [e.g. see Capozzo, 1995, ISB standard protocols]

The assumption of a rigid body segment is difficult to apply, due to intern dynamics of
movement and the wobbling mass of body soft tissue and also for largely defromable
segments, such as the trunk, foot or hand. If necessary for a project, a more accurate
model must be used for these types of segments or include more segments (fore- and
midfoot; toes; fingers; more trunk segments)

Joint Definition

r11 ldentification: the name of the joint and the adjacent segments

21 Calibration: the definition of the anatomical coordinate system (dependent on
chosen procedure)

31 Kinematics: the description of the joint angles during each movement trial.

Marker kinematics

Marker kinematics are the experimental data i.e. the 3D marker coordinates of all
markers as a function of time of some 3D registration system in a pre-defined format.
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Segment kinematics

Cluster Reference Frame

To define a coordinate system to a cluster of markers (CRF: cluster reference frame), a
calibration (static) recording is required in which all markers are valid at a same time

frame in the GRF. See Figure 56.

A

laboratory-frane
Figure 56. A rigid body (triangle) with a cluster of 4 markers (m1..m4) eand its corresponding CRF

First step is to determine an origin, a plane and an axis in this plane in order to
construct an orthogonal reference frame to the cluster.

One of the possible solutions:

origin: the centroid of the marker coordinate is determined, which is used as the origin
for the CRF:

m,

)
I
S|

Qos

i=1

Use (arbitrary) two markers to define the X-as.( in Figure 56 ; through origin and marker
1) and a plane (XY; in Figure 56 throiugh origin, marker 1 and marker 2); this results in
a coordinate system {eq. 2}. To divide these three orthogonal vectors by their length, an
orthonormal (righthanded) coordinate system {eq. 2}.

X = (M- t) €, =X/||
7=2 % ¢, =3/
z=X"(my-1) e, =7/|Z

The coordinates of the markers in this local system are obtained according to eq 3.: 1.

of Mi 3 gf Mids €y gf M€y g M X,

! remarks for notation: Matrices are indicated by CAPITALS; vectors with lower case and vector
arrow; subscript left indicateds the coordinate system in which the corresponding vector of the
column vectors of the matrix are given. Right subscripts indicates identificatione. Superscript right:
possible arithmetrisch operation (eg square, inverse or transpose).
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By definition; this yields the column vectors of the rotation matrix of the local system to
the global system {eq 4}.

grf Rerf = (Ex éy €z) {4}

With vector fof the origin of the system {eq.1}, the relation between point m in the GRF
and the same point in the CRF is given by equation 5:

grf m =gt Rerf *orf m *orf torf {5}

Point m has (normal) Xx,y,z coordinates in the local and global system. To describe the
transformation , matrix multiplication with a rotation matrix and addition of a vector is
required. Such a (non-homogeneousous) process can also be done in one step when
using homogeneousous coordinates.

Homogeneous coordinates

Both the rotation matrix R and vector f of the origin of CRF define the transformation,
i.e. the 4x4 transformation matrix of the system to transform a point in coordinates of
the local reference system to coordinates in the global system. {eq. 6}:

N

Y x

| I b ley. €y €7 Ityl Xy 1Yy |Zy ltyl
atRet Larter e e en Lol dxy tyy 2yl

g Tar =) O petietity Yy Sy Vs VY Y g
e L | 1€x, ©y, €z, ilz1 Xz 1Yz |2z t;]
0 o0 o] 1 | [0770 0o iijjoiolol1]

With {eq. 6}, the pose (= position and orientation ) of the local reference system (here:
the CRF) relative to the global system is described. Using the homogeneous coordinates
of point P are given by:

t
P :iX y z Wi . The homogeneous coordinate W is zero voor infinite points

and usually 1 for a point in space. This generalisation is clear from the last part of
equation 6.

When point P (see Figure 57) has the (homogeneous) coordinates

t
Po = i Xo Yo 2o 1! in the absolute reference frame (0) and in the local, body

t
fixed reference frame (1), the coordinates P} = i X1 Y1 71 li , the
(homogeneous) transformation is described by equation 7:

R =My R {7}

Figure 57 lllustration of homogeneous coordinates
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With this, each point of a rigid body can be described in a reference system that is linked
to the human body (CRF) . In other words: the pose of a rigid body (segment) is fully
described by the transformation matrix. Section ‘from joint rotation matices to joint
angles' will show how this information can be translated to orientation and position of a
rigid body.

The determination the coordinates of the markers in the local system, is possible in two
ways.

Equation 3 show the most direct way: the vector-inproduct of the coordinate vectors of
the cluster markers relative to the origin of the local system (in the global system) with
the determined unity vectors of the local system - in global coordinates- yields the local
coordinates of the markers.

An other way is an inverse transformation on homogeneous global coordinates of the
markers can be applied:

ot Mi et Tart Yt Mi =grf Tog 2t M {8}

Kinematics of the cluster

Section 1 demonstrated that the pose of the rigid body is determined by the
transformation matrix with which the coordinates of each point on the rigid body can be
calculated (see eq. 5). In practice, the problem is reversed: the laboratorium coordinates
of (some of the) markers op the rigid body will be recorded during the movement (one
set for each time frame). Subsequently, the transformation matrix T (which describes
the kinematics of the rigid body) must be estiemated from the measured laboratorium

coordinates gf Mj (with known local coordinates ¢rf Mj ); equation 9:

2

n
. []
mn a “TGRF,CRF XM ,CRF - mi,GRF" {9}
T iz
Idem, in non-homogeneous coordinates.
OrI — e — 2
mn a RGRF,cRF *Mj crF +d - Mj GrRF H {10}
di=1

This problem is solved in the literatuur by Spoor and Veldpaus (1980) and adapted by
Veldpaus ea. (1988). Later it is shown that the problem can alos be solved with the les
complex Singular Value Decomposition (SVD) method (Arun ea. (1987), a technique to
solve an overdetermined system and is superior in difficult conditioned marker
geometries (e.g when markers ar almost aligned (S6derkvist and Wedin, 1993)).

The reference pose
For a reference pose, the transformation between the cluster reference frame n and the

laboratorium frame determined by o Tpr (ref) .when at time frame i during
n

recording, the transformation matrix will be determined by grf Tcrf (I) , the
n

transformation relative to the reference position is (eq. 11):

_ -1
GRFTCRFn(i) *CRFn (ref )TGRF _GRFTCRFn (i )* GRFTCRFn(ref) {11}
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Anatomical Reference Frame (ARF)

The use of a anatomical reference frame, means that a reference frame is used, that is
linked to the anatomy; i.e. the body segment. The bony structurs in this segment will be
used as starting point (pap[able and rigid). Figure 58 shows an ARF for the right thigh,
linked to bony patrs of the femur. By recording the position of each bony point
(landmark) simultaneously with the cluster markers on the segment, the position of the
anatomical location can be expressed in the local coordinates of the cluster:

- _ -1 -
orf Manat | =grf T “grf Manat | {12}

In Figure 58, the anatomical points ME (mediale epicondyle) LE (laterale epicondyle) and
TM (Trochanter major) are shown.. For the right thigh, the following ARF can be defined

based on these three bony landmarks:

t :]/2*(mLE +mME) {13}
X =(My, - ) Z &, =Xx/|x
y=7' X e, =y/ly (14}
Z=( /

L
laboratory-framre

Figure 58 lllustration of the three reference frames: laboratory (GRF), cluster (CRF) and
anatomical (ARF). CRF and ARF are indicated on the femur; anatomical bonty landmarks: medial
epicondyle (ME), lateral epicondyle(LE), trochanter major (TM) and hip joint center (FH) are
shown.

Comparable to the unity vectors and the translation vector of the cluster

referencesystem, (grchrf ) (see equation 6), the three unity vectiors and the vector of the

origin are defined by a transformation matrix: cf Tanat .
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The position of the body segment can be calculated for each time frame relative to GRF:

grf Tanat (1)=grf Terf (1)*crf Tanat {15}

Equation 15 expresses the cluster function as an intermediate in the process of
calculation of the ARF. Also note the uniformity with {eq. 11}.

An alternative is to use the recordings of the anatomical points {eg.12} and the actual
cluster transformation matrix, to determine the position of the anatomical points in the
global system (as virtual markers). Further, the local system can be constructed (apply
equations 13 and 14, but now in the GRF) which yields directly the transformation matrix
(see eq. 6). Disadvantage is more calculation time; advantage; for each position the ARF
can be constructed which allows ad hoc adaptations.

Specific anatomical coordinate systems

Conventions for anatomical coordinate systems (examples in Figure 59) can be fiund e.g.
in Capozzo et al. (1995) and the ISB standards.

\\//

Figure 59. Example of specific anatomical coordinate systems (from Capozzo et al., 1995)
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Joint kinematics

From segments to joints

A joint is defined as the link between two adjacent segments, e.g. a proximal and a distal
segment. When the position of both segments in the GRF is known, the position of the
distal segment relative to the proximal segment follows from :

prox 1dist (i)zprox Torf (i) grf Tdist (i)
U {16}

. 1, .
prox Tdist (1)=grf Tprox (1)* grf Taist (1)

The rotation part of the transformation matrix yields the interrelated orientation of the
two segmenten, and with that the joint.

From joint rotatiematrix to joint angles

The orientation or degrees of freedom can be expressed by three joint angles; most
common used is the definition of sequence of joint rotations. After the first rotation, the
next axis can be chosen in the new coordinate system in the adapted sequence. Many
choices are possible, but hese are mainly driven by clinical conventions. For most joints,
the standaardisation, proposed by Grood and Suntay (1983) is the most accepted (e.g.
see Figure 60).

Figure 60 lllustration of the standaardised sequenace , according to Grood and Suntay (1983)

With a standardized decomposition of 3D-oriententatie in a sequence of plenary angles,
the appearance of singular points, or "gimbal lock", is possible. For example at the
shoulder, which requires a special treatment.

When the standard ISB convention of coordinate systems are adopted, the ‘normal’
Grood and Suntay decomposition will be ZY X.

Other conventions are possible, e.g. according to Legnani (SpaceLib; :
http://bsing.ing.unibs.it/~glegnani/#spacelib)
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There are several types of coordinates which can express the relative angular position of
two moving bodies in 3D space; generally two frames are fixed on the two bodies.

In the "neutral” position, these frames are parallel to each other. One of the two
reference frames is called absolute, while the other moving. Their relative angular
position is expressed by the position of the moving frame with respect to the fixed one.
The relative orientation of two frames can be imagined as obtained from the neutral
position by three subsequent rotations a, b, gof the moving frame around three axes: i,
j, k. Rotations are generally performed about the axes of the fixed or of the moving
frame.

It is possible to show that a group of three rotations a, b, garound axes i, j, k of the
fixed frame are equivalent to a sequence of rotations g b, a, around axes kK, j, i (reverse
order) of the moving frame.

Value of |,j,k for Cardan (Tait-Brian) systems Euler systems
rotations around itk i=k?!j
axes of fixed frame
X, Y, 2 Cardan angles X, Y, X
Cyclic Y, Z, X Y, 2,y
Z, XV 2, X Z Euler angles
Z,Y, X Nautic angles z,Y,2
Anti-cyclic X, Z,Y X, Z, X
Y, X, Z Y. X, ¥

With the rotation axes are given, the angular position can be expressed by the three
rotation angle values. Rotations about fixed axes multiply to left, while about moving
axes to right.

References

Arun, K.S., Huang, T.S. and Blodstein, S.D., (1987). Least-squares fitting of two 3-d point
sets. [EEE Trans. Pattern Anal. Machine Intell. 9, pp. 698-700. IEEE Trans. Pattern Anal.
Machine Intell, 9, 698-700

Cappozzo et al. (1995). Position and orientation in space of bones during movement:
anatomical frame definition and determination. Clinical Biomechanics, 10, 171-178
Spacelib: http://bsing.ing.unibs.it/~glegnani/#spacelib

Grood ES, Suntay WJ. (1983) A joint coordinate system for the clinical description of
three-dimensional motions: application to the knee. J Biomech Eng. 1983
May;105(2):136-44.

Legnani G. software package SpaceLib: http://bsing.ing.unibs.it/~glegnani/#spacelib

Soderkvist |, Wedin PA. (1993) Determining the movements of the skeleton using well-
configured markers. J Biomech. 1993 Dec;26(12):1473-7.

Spoor CW, Veldpaus FE. (1980) Rigid body motion calculated from spatial co-ordinates
of markers. J Biomech. 1980;13(4):391-3.

Veldpaus FE, Woltring HJ, Dortmans LJ. (1988) A least-squares algorithm for the
equiform transformation from spatial marker co-ordinates. J Biomech. 1988;21(1):45-54.

BodyMechGuide 2006

74/81



Wu G, Siegler S, Allard P, Kirtley C, Leardini A, Rosenbaum D, Whittle M, D'Lima DD,
Cristofolini L, Witte H, Schmid O, Stokes | (2002) Standardization and Terminology
Committee of the International Society of Biomechanics. ISB recommendation on
definitions of joint coordinate system of various joints for the reporting of human joint
motion--part I: ankle, hip, and spine. International Society of Biomechanics. J Biomech.
2002 Apr;35(4):543-8.

Wu G, van der Helm FC, Veeger HE, Makhsous M, Van Roy P, Anglin C, Nagels J, Karduna
AR, McQuade K, Wang X, Werner FW, Buchholz B (2005) International Society of
Biomechanics. I1SB recommendation on definitions of joint coordinate systems of various
joints for the reporting of human joint motion--Part Il: shoulder, elbow, wrist and hand.
Biomech. 2005 May;38(5):981-992. Review.

BodyMechGuide 2006

75/81



BodyMech

version 3.06.0

Appendices

BodyMechGuide 2006 76/81



Appendix A

Body Structure

BODY

CONTEXT

Warsion
ModelType
ProjectMame

ProjectCode
FileName

v

Marm

Code
Invastigaior
Data

Time
MarkerDataF ke
Famarks

FileCreationDate

FileCreationTime

Mame

Codé
AdmRecordNo
Haight

Waight
CataOfBirth
Sexs

Trial

Hama

Code

Time
MarkerDataFile
AnalogDataFile
Walkingelocity
Reamarks

Cluster

MarkerinpuiFileindices
MarkarCoordinates
PosturaPoss
KnematicsMarkers
RecordedMarkers
AvallableMarkers
KinemalicsPose
PostureRefkinemalicsPasa
TimaGain

TimeOffaat

StickFigure (n)

ClusterFrameCoordinates
Kinemalics

TimeGain

TimeOffset

AnatomicalFrame

ii

ToClustar
KinematicsPose
TimweGam
TimeOffsat
Markeriiodsl

—b{ﬁnamlcalLandmm {r) }—\_'

Mame

ProximalSegmentMame

v

Hamea

MarkernpuiF ikl nde
PrabingPoss
ClusterFramaCoordinates
Kinematics

TimaGain

TirsaOMsat

Distal3egmantName

—b{ PostureRefkinematics I—b

Pose
DiecompositionFarmat
RotationAngles
TimaGam

TimeOffaet

—b{ﬂnatnwﬂeﬂ(inemaﬁm }—b

Pose
DecompasiiionFormal
RolalionAngles
TamaGain

Tme{ffeet

Marme

Segments

InpuiFilelngices

Signal

TimaGain

TimaOffsat

Envalope

Enwilepe TimeGain
Envalope TimaDffsat
EmvalopeProcassingFilter

MName
MotionCapturaTolab
ExtermalForce (n)

Name

Type
InpulFilalndicas
ForceSensorTolab
SanshMatrx
Signals

TameGain
TimalOfsat

o Sylus I
—blAnammbcaICalwlaﬂnnFuncﬂnn ‘ L

Mame

Type

TipPosition
ToTipFunction
(CalibrationDate
MarkerinputFilaindices

Kinematicsharkers
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Appendix B BodyMech functions

BODY siructure created

BODY HEADER Versicn = ‘3.06.01'
BODY HEADER ModelTypa = "<Project>"

BODY HEADER FileName

BODY HEADER FileCreationDate
BODY HEADER. FileCreationTime
BODY HEADER. Session. Investigator

BODY SEGMENT Name
BODY, SEGMENT Cluster MarkerinputFile ndicas
BODY SEGMENT Anatomicallandiark. Name

Segments
E'ODY MUSCLE Emg.InputFilelndices

BODY CONTEXT.ExternalForce Name

BODY CONTEXT.ExternalForce. Type

BODY CONTEXT.ExternalForce. InputFileindices
BODY CONTEXT ExternalForce ForceSensorToLab
BODY.CONTEXT.ExternalForce SansMatrix

BODY. OONTE)(T AnatomicalCalculationFunction

BODY HEADER FileName
e oy
BODY HEADER. ProjectCade
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|
|
i

NI

-
7]
s
&

2
8

BODY . SEGMENT(i).Cluster KinematicsMarkars
BODY.SEGMENT(i).Cluster. RecordedMarkers
BODY, SEGMENT(i) Cluster, AvailableMarkers
BODY.SEGMENT(i). Cluster, TimeDffset
BODY.SEGMENT(i) Cluster TimeGain

|BODY SEGMENTII).Cluster MarkerCoordinates
BODY SEGMENT(I).Cluster. PosturePose

BODY SEGMENTI() Cluster PosturePose

BODY.SEGMENTI(I) AnatomicalLandmark. ClusterFrameCoardinates
BODY, SEGMENT(i). AnatomicalLardmark, ProbingPose
BODY.CONTEXT Stylus TipPosition

BODY.SEGMENT/i).Cluster. KinematicsMarkars
BODY SEGMENT (1).Cluster RecordedMarkers
BODY.SEGMENTI(i). Gluster. AvailableMarkers
BODY. SEGMENTI(i). Cluster, TimeDiffset
BODY,.SEGMENTI(|.Cluster. TimeGaln

BODY.CONTEXT. Stylus KinematicsMarkers

BODY SEGMENTI(H). AnatomicalLardmark, ClusterFrameCeordinates
" |BODY. SEGMENT(i). AnatomicalLardmark, ProbingPose

BODY. HEADER Subject Height
BODY. HEADER Subject Weight
BODY. HEADER Subject DateOiBirth
BODY.HEADER Subject Saxe
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MARKER_DATA
MARKER_TIME_OFFSET
MARKER_TIME_GAIN

Import Marker file

BODY.SEGMENTI(i).Cluster. KinematicsMarkers
BODY SEGMENTI(). Cluster, RecordedMarkers
BODY SEGMENTI() Cluster. AvailableMarkers
BODY. SEGMENT(). Clusier. TimeOffsat

BODY SEGMENTI(I).Cluster. TimaGain

BODY HEADER Trial AnalogDataFile

ANSIGNAL_DATA
ANSIGNAL_TIME_CFFSET
ANSIGNAL_TIME_GAIN

BODY.COMTEXT.ExternalForce(i). MeasuredSignals
BODY.COMTEXT.ExternalForca(i). Signals
BODY.CONTEXT. ExternalForce(i). TimeGain
BODY, CONTEXT ExternalForedi), TimeOffset

BODY. MUSCLE() Emg.Ervelope
BODY. MUSCLE() Emg EnvelopeTimatain
BODY.MUSCLE{l).Emg.EnvelopeTimeOffset

BODY HEADER. Trial AnalogDataFile

m
=

MARKER_TIME_OFFSET
MARKER_TIME_GAIN

BODY.COMNTEXT ExternalForcedl). MeasuredSignals
| BODY .COMTEXT.ExternalForca(i). Signals

BODY.CONTEXT.ExternalForcedi). TimeGain

BODY.CONTEXT. ExternalForce{i). TimeOffset

BODY MUSCLE(l).Emg. Signal
s BODY . MUSCLE().Emg. TimeGain
BODY MUSCLE().Emg. TimeOffset

g

BODY CONTEXT. ExternalForce(i) MeasuredSignals
BODY.CONTEXT ExternalForce(i). Signals

BODY. CONTEXT ExternalForea(i) TimeGain

BODY .CONTEXT.ExternalForcedi). TimeCsat

Comrect Offset Force
Slanal

2
%
:
g
5

BODY HEADER. Tnal MarkerDataFile
BODY.HEADER. Trial AnalagDataFile
BODY. .HEADER.Trial VideoFile
|BODY.HEADER. Trial.VideoPath
BODY HEADER. Trial VideoTimeGain
BODY HEADER. Trial VideoTimeOffset
BODY HEADER.Trial. Remarks

I
| e |

ToBody I

BMimporthdf I

I

T y I

DataT I

Define Trial Header

|
E
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SelectMarkerkinematics

Kinematics Calculation

Kinematics Calculation

(Anatomy Refarenced) I

BodyMechGuide 2006

InterpolateMarker
Kinematics
CalculateCluster
Kinematics I
Saegment Kinematics

Wirtual Markers

Create StickFigure

JaintKinematics

Kinematics

Segment Kinematics

AnatomicalCalulationFunction.m
(BODY.CONTEXT)

AnatomicalFrameDefinition.m
JointKinematics -

{Posture Referenced)
InterpolateMarker
Kinematics
CalculateCluster

BODY.SEGMENTI(i).Cluster. KinematicsPose
BODY, SEGMENT(i). Cluster, TimeOifset

BODY SEGMENTI(I).Cluster KinematicsFose
BODY. SEGMENTI) Cluster, PostureRefkinematicsPose

BODY SEGMENTIi). StickFigure ClustarFramaCoordinates
BODY_ SEGMENTII). StickFigure. Kinamatics

BODY SEGMENTI(i}. StickFigure TimeGain

BODY SEGMENTIi}. StickFigure TimeOffset

BODY . JOINT(I).PostureRefKinematics Pose
BODY.JOINTIi). PostureRefkinematics. RotationAngles

BODY SEGMENT(i) Cluster. PostureRefiinematicsPose

oODY.S
LI =i

o
oD

Do o

BODY_JOINT(il AnatomyRefkinematics Pose
BODY.JOINT(i) AnatomyRefKinematics. RotationAngles




