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GaitSym Manual V2.0.0

Gait Simulation using Multibody Dynamics

INTRODUCTION

GaitSym is a forward dynamic modelling program. What that means is that you specify the forces a
the program uses Newton's Laws to calculate the movements. It uses the Open Dynamics Engine
physics library to do most of the hard work (opende.sourceforge.net) and provides a file format anc
display system so the user does not have to do any programming. It also provides various muscle
models so that the forces can be generated directly from muscle activation levels and a number of
hooks to allow it to be used with global optimisation tools such as genetic algorithms. The software
open source and is released under the GNU General Public License version 3.0 except for parts of
the software that are covered by different licences (for example the ODE portions are covered by
either Lesser GPL or a BSD license). If this license does not let you do what you want to do then
please contact me and | am sure | can sort something out.

INSTALLATION

The program is developed under MacOSX Leopard using the Qt GNU GPL v. 3.0 Version cross-
platform development system. It therefore compiles and runs on many of the Qt supported platform
including Linux and Windows. There is also a command line version designed for batch processing
Source code, makefiles and Qt project files are provided for MacOSX, Linux and for MinGW to allo
compilation under Windows. Binary files for MacOSX and Windows are also provided: simply copy
the executable file (and required DLL files for Windows) to a convenient folder on your computer
and run the program by double clicking as normal. If you wish to recompile the program then you w
almost certainly need to edit the makefiles and/or project files to accommodate dependencies on
your system. The main dependencies are a recent version of libxml2, OpenGL, GLU, and Qt. Unde
Leopard all of these are pre-installed except for Qt which needs to be downloaded from
gt.nokia.com. The code also uses a customised version of ODE which is included in the distributior
It is based on the SVN repository as of 16th August 2009 but includes an additional customised joir
not in the repository. This needs to be compiled following the general ODE instructions at
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www.ode.com. Again precompiled versions are provided for MacOSX and Windows but it is strong|
recommended that you compile your own versions of these files.

USE

The program is run either by double clicking the program icon or alternatively it can be run at the
command line. The command line version is useful because it allows batch processing and also
because it can print out a great deal of debugging information that can be useful in the design stag
As a minimum a model configuration file is required to specify the mechanical properties of the
system being simulated. This is an XML file which is specified by the "-c" option for the command
line version, or by selec@pgnfrom thé&ile menu in the GUI version. This file can be edited

using either a text editor or a dedicated XML editor and can include optional graphical outlines
representing the individual articulated segments within the model. These are often either skeletal
elements or can represent the skin outline of the segments. The file format required is a triangular
mesh Wavefront OBJ format and suitable files can be exported from most 3D CAD packages such
Maya, Form¥Z and Blender. If skin outlines are used then these graphic files can be used to define
the mass properties of individual segments provided a tissue density is specified. These OBJ files :
often stored in a different folder than the main XML file and this can be specified by the "-g" option
for the command line version or usiRgafezenceslialog in the GUI version.

For example to run the Allosaurus demonstration double click on the program icon to start the
program. First set the folder for the segment outlines byRelfsrengesnenu option. Then
click the E " button next to ti@raphics Pathext box to select the folder that contains the
segment outlines ("Models/Simple Biped Models/Allosaurus™). Then cliodutte. Now
selecOpenunder th&ile menu to open the file "Allosaurus.xml" which is in the "Models/Simple

Biped Models/Allosaurus” folder. The model should now load and you should get a screen as belov
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Screen shot showing the Allosaurus model and the control palettes.

To run the simulation click on the run button which is on the View palette. If you click this button a
second time the simulation will pause. If you want to restart the simulation from the beginning, sele
Reloadunder th€&ile menu.

Run or pause the simulation.

Step Step the simulation through a single 'stride’.

ﬁ Take a snapshot of the current state of the simulation.

The other controls on this palette control the camera position. The orange dot represents the came
position on an imaginary sphere looking inwards at the centre of interest. If you click on either the
side of top view of the sphere then the camera position will move. You can also control the camera
position by clicking on the simulation itself and dragging the mouse around with the left mouse
button held down. This will rotate the camera position. If you drag with the right mouse button then
you will pan the view by altering the centre of interest. You can zoom by dragging towards or away
from the centre of the view with the middle button. These controls take a bit of getting used to but

you can generally get the view that you want eventually.
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These values can be set more precisely by using the corraseyagalkette. Here are

shortcuts to predefined orthogonal views from the right, top or front. You can also use the spinboxe
to set specific values for the camera distance, field of view angle, and the X, Y and Z coordinates o
the centre of interest.

TheDisplaypalette allows you to control the features that are visible on the simulation. The controls

are as follows:

Tracking If checked the centre of interest will move with the X coordinate of the
body of interest.

Overlay If checked the display is not cleared between each simulation 'stride’.
Contact If checked the display shows lines indicating the magnitude and directi
Forces contact forces.

Muscle If checked the display shows lines indicating the magnitude and directi
Forces muscle forces.

White Bgnd If checked the display is drawn with a white rather than a black backgr

Bad Mesh  If checked all meshes are drawn twice but with the triangle winding re\
second time around. This can cure visual problems associated with pc

meshes.

Activation  If checked the muscle colour is replaced with a red to blue colour map
Clrs representing the activation level from zero to one.

TheMoviepalette allows you to record the individual 'strides’ of the simulation as a series of
numbered frames that can be used to construct a movie. GaitSym does not currently save movie fi
directly but creating movies from a series of still frames is very straightforward using external

software such as Quicktime or ffmpeg. The individual controls are as follows:

Folder Individual frame files will be stored in this folder within the folder conta
XML file. The folder will be created if necessary.

Record If checked the individual frames will be written to the specified folder.
Movie WARNINGthis command will overwrite existing files if they have the s¢

as a frame file.

PPM If checked write Portable Pixmap Files.
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TIFF If checked write Tagged Image Format Files.

POVRay If checked write text files suitable for the POVRay ray-tracing program
files can be very big but the end results of ray-tracing can be very bea
files include a user supplied "camera.pov" file to specify the backgrour
other elements in the scene. An example file is provided.

OBJ If checked write Wavefront .obj files. This is a good generic 3D format
read by many programs. The elements are named for easier editing.

Stride The simulation uses an internal integration step size set in the input fil
Generally speaking this is much smaller than the desired display inten
'stride’ sets how many integration steps are skipped per display updatt
example files use an integration step size of 0.0001s so a 'stride’ of 10
visual framing rate of 0.01s.

T max Sets a time limit for the simulation. This value supersedes the value se
input file.

The final control palette controls the visibility of individual components of the model. This is very
useful when particular components obscure an area of interest or when trying to identify individual
components. By right clicking in one of these palettes all of a particular component can be turned o
or off which can be extremely handy.

Data Output

One of the major changes in GaitSym 2,0 is that it is now much easier to extract data from the
program. Simply sel@cttput from th€&€ontrol menu. You will then be presented with the output
control dialog. This dialog presents all the elements in the simulation that are able to produce an
output. All that is required is to check the items where output is required. Whole lists can be checke
or unchecked by right clicking on the list. Output files are created in the folder where the XML file
was loaded. Each file is named by the output element and has the extension ".log". WARNING the:
files will overwrite any other files of the same name. Be careful that your model elements all have
unique, descriptive names that will not cause any confusion over contents or overwrite existing files
that you want to keep. Each of these files outputs all of the data associated with an element at eacl
integration time step. They can therefore become quite big. They do not (in general) calculate
derived data for you. Some of the "--debug" options in the command line version may be more
suitable for specific experiments if this is required. The ".log" files are all tab-delimited text files
suitable for import into programs such as Matlab or Excel. The first row contains labels that describ
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the data, and subsequent rows contain the data. The data output is detailed below (and further det:
can be obtained by looking at the source code - search for the Dump() routines). In general output
parameters are in world based coordinates.

Output Control

m

L_metacarpus

L_scapulamove

mM

L_BicepsFemorisintl

mM

L_ExtensorCarpiRa ()]
L_ExtensorCarpiUl
L_FlexorCarpiRadiz
L_FlexorCarpiUlnar
L_GastrocnemiuslL:

mM

mM

M

mM

L_BicepsFemorisint]

L_ExtensorCarpiUli
L_FlexorCarpiRadiz
L_FlexorCarpiUlnar
L_CastrocnemiusLz
L_GastrocnemiusM

BODY JOINT GEOM MUSCLE DRIVER DATATARGET
[ L_antebrachium ™ L_carpal ™1 L_fore_contact L_Adductor [ L_AdductorDriver 1 L_carpal_Vector
™1 L_brachium ™ L_elbow ™1 L_hind_contact L_Anconeus ™1 L_AnconeusDriver 1 L_elbow_Vector
) L_crus 1 L_fetlock_front 7] R_fore_contact L_BicepsBrachiiLatg 71 L_BicepsBrachiilatg ™1 L_fetlock_front_Vecto
M) L_digit_fore ™1 L_fetlock_hind ™1 R_hind_contact L_BicepsBrachiiMed ™1 L_BicepsBrachiiMec ™1 L_fetlock_hind_Vector
™ L_digit_hind T L hip L_BicepsFemorisCa ™1 L_BicepsFemorisCal ™ L_fore_contact_Vecto

L_hind_contact_Vecto

[ L_metatarsus L_shoulder L_BicepsFemorisVe ™1 L_BicepsFemorisVe L_hip_Vector

[ L_scapula T L_stifle L_Brachialis 71 L_BrachialisDriver ™1 L_shoulder_Vector
™1 L_thigh T L_tarsal L_Brachiocephalicu 71 L_Brachiocephalicu ™1 L_stifle_Vector

[ R_antebrachium ™1 R_carpal L_CaudalTibial ™ L_CaudalTibialDrive ™ L_tarsal_Vector
™1 R_brachium ™1 R_elbow L_CommonDigitalE [ L_CommonDigitalE ™1 R_carpal_Vector

1 R_crus R_fetlock_front L_Coracobrachialis L_Coracobrachialis R_elbow_Vector

[ R_digit_fore ] R_fetlock_hind L_CranialTibial ] L_CranialTibialDriv ™1 R_fetlock_front_Vecto
™1 R_digit_hind ™1 R_hip 1 L_DeepDigitalFlexo 71 L_DeepDigitalFlexo ™1 R_fetlock_hind_Vectol
™) R_metacarpus ™1 R_scapulamove L_DeepDigitalFlexo 71 L_DeepDigitalFlexo ™1 R_fore_contact_Vecto
[ R_metatarsus ™1 R_shoulder 1 L_DeepDigitalFlexo [ L_DeepDigitalFlexo ™1 R_hind_contact_Vectc
[ R_scapula ™1 R_stifle L_DeepDigitalFlexo [ L_DeepDigitalFlexo ™1 R_hip_Vector

[ R_thigh ™ R_tarsal L_DeepDigitalFlexo [ L_DeepDigitalFlexo ™ R_shoulder_Vector
[ head ™1 headjoint L_DeepGluteal 71 L_DeepPectoralDriv ™1 R_stifle_Vector

™ neck ™1 neckjoint L_DeepPectoral [ L_DeltoidScapularC ™1 R_tarsal_Vector

[ trunk ™ L_DeltoidScapular [T L_ExtensorCarpiRa

L_GastrocnemiusM ™1 L_GracilisDriver

M

1 L_Gracilis L_lliacusDriver

‘| N A ) . . A
1 Llliacus 1 L_InfraspinatusDriv
()1 _lnfracninatuc X 1 tararalDiniralFyre |

The Output Control dialog box showing a typical selection of possible outputs.

Body

Note that the only orientation data produced is the orientation quaternion. You will need to use one
of the standard conversion formulae if you want Euler angles or rotation matrices. Energies have

been calculated as a convenience and are not intrinsic properties within the simulation.

Time Simulation time (s)

XP X position (m)
YP Y position (m)
ZP Z position (m)

XV X velocity (m%

YV Y velocity (ms
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yAY, Z velocity (mds

QW Orientation quaternion W

QX Orientation quaternion X

QY Orientation quaternion Y

Qz Orientation quaternion Z

RVX Angular velocity around X axis §jad s

RVY Angular velocity around Y axis ad s

RVZ Angular velocity around Z axis {fad s

LKEX Linear kinetic energy in X direction (J)

LKEY Linear kinetic energy in Y direction (J)

LKEZ Linear kinetic energy in Z direction (J)

RKE Rotational kinetic energy (J)

GPE Gravitational potential energy (J)
Joint

There are a number of different joint types and not all data is available for all joints. Thus Hinge axi
information is only produced for hinge joints. Note that force and torque values applied to ground
segments are not valid since they are not used internally.

Time Simulation time (s)
XP Position X (m)

YP Position Y (m)

ZP Position Z (m)

XA Hinge axis vector X
YA Hinge axis vector Y
ZA Hinge axis vector Z
Angle Joint angle (rad)
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AngleRate  Joint angular velocity (rdd s

FX1 Force that joint applies to body 1 X (N)
FYl Force that joint applies to body 1 Y (N)
Fz1 Force that joint applies to body 1 Z (N)
TX1 Torque that joint applies to body 1 X (Nm)
TY1l Torque that joint applies to body 1 Y (Nm)
TZ1 Torque that joint applies to body 1 Z (Nm)
FX2 Force that joint applies to body 2 X (N)
FY2 Force that joint applies to body 2 Y (N)
Fz2 Force that joint applies to body 2 Z (N)
TX2 Torque that joint applies to body 2 X (Nm)
TY2 Torgue that joint applies to body 2 Y (Nm)
TZ2 Torque that joint applies to body 2 Z (Nm)
Geom

An individual GEOM always have a position and orientation but it only generates forces when a

contact is detected. Each GEOM can generate multiple contacts depending on its geometry and th
geometry of the intersecting GEOM. For this reason the output log file contains information for eacl
contact and therefore each row of data can be of variable length. Note that force and torque values

applied to ground segments are not valid since they are not used internally.

Time Simulation time (s)

XP Position X (m)

YP Position Y (m)

ZP Position Z (m)

QW Orientation quaternion W
QX Orientation quaternion X
QY Orientation quaternion Y
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Qz Orientation quaternion Z

NContacts Number of contacts generated: the following parameters are repeated

contact
Bodyl Name of first body
Body2 Name of second body
XC Position of contact X (m)
YC Position of contact Y (m)
ZC Position of contact Z (m)
FX1 Force that contact applies to body 1 X (N)
FY1l Force that contact applies to body 1 Y (N)
FZ1 Force that contact applies to body 1 Z (N)
TX1 Torque that contact applies to body 1 X (Nm)
TY1l Torque that contact applies to body 1 Y (Nm)
TZ1 Torque that contact applies to body 1 Z (Nm)
FX2 Force that contact applies to body 2 X (N)
FY2 Force that contact applies to body 2 Y (N)
Fz2 Force that contact applies to body 2 Z (N)
TX2 Torgue that contact applies to body 2 X (Nm)
TY2 Torque that contact applies to body 2 Y (Nm)
TZ2 Torque that contact applies to body 2 Z (Nm)

Muscle

There are a number of different muscle types with a large number of parameters and not all data is

available for all muscles.

Time Simulation time (Ss)

stim Stimulation value - set by controller
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act Activation level - allowing for activation kinetics

spe Slack length of parallel element (m)

epe Elastic constant parallel element (N/m)
sse Slack length of serial element (m)

ese Elastic constant serial element (N/m)

k k value for Minnetti-Alexander model
vmax Relative maximum contraction velodity (s
fO Isometric contraction force (N)

fce Current contractile element force (N)

Ipe Current parallel element length (m)

fpe Current parallel element force (N)

Ise Current serial element length (m)

fse Current serial element force (N)

vce Curent contractile element velocity)(m s
vse Curent serial element velocity)m s

ense Energy stored in serial element (J)

enpe Energy stored in parallel element (J)

pse Power output of serial element (W)

ppe Power output of parallel element (W)

pce Power output of contractile element (W)
tension Tension of muscle-tendon unit (N)

length Length of muscle-tendon unit (m)
velocity Velocity of muscle-tendon unitfm s
PMECH Mechanical power of muscle-tendon unit (W)
PMET Metabolic power of muscle-tendon unit (W)
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Driver

Drivers specify the stimulation patterns that are sent to the muscles. Their outputs are

straightforward.
Time Simulation time (s)
Value Stimulation value
Data Target

Data targets are used for global matching algorithms. They report how close particular aspects of tl
model are to desired values at specific time intervals. They are a current area of active research sc
information returned my change. Anyone using this functionality is advised to check the source cod

However the basic format is straightforward.

Time Simulation time (s)
TargetXXX The value (XXX) to be matched
ActualXXX The actual value (XXX) in the simulation

Distance The calculated error score

Command Line Version

The program can also be run from the command line. command line options are available and a
complete list will be printed if the "-h" option is given. A selection of the commoner options are

given below:
-c filename, --config filename Reads filename rather than the default confi
as the config data
-g path, --graphicsRoot path Prepends path to the graphics filenames

-J filename, --inputKinematics filename¢ Reads tab-delimited kinematic data from file
-K filename, --outputKinematics filenar Writes tab-delimited kinematic data to filena

-M filename, --outputModelStateFile  Sets the model state filename
filename

-t X, --outputModelStateAtTime x Writes the model state to model state file at
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-N, --NewStylePositionlnputs Uses new standardised position and quaterr

inputs

-0, --NewStylePositionOutputs Uses new standardised position and quaterr
outputs

-d n, --debug n Prints out a lot of extra debugging informatic

stderr if n is higher than 0.

If you need information other than kinematics out of the command line version of the software then
you need to use one of the -d options and to know exactly what you are getting in many cases will
require you to look at the source code. Not all information is currently available so you may need tc
write something specific in particular cases although usually the required information is available ar
what you will need to do is write some sort of script to parse the debug output to extract the
information you ne®EWARE The debug files can be enormous. Let me know if there is

something obvious that you cannot get out. | can add it to an FAQ file.

THE CONFIG FILE

This is where the complexity of the program is hidden and it is recommended that you edit an existi
file whilst you get used to the format. What follows is a description of the elements that make up th
file but for the full details you will need to look at the source code. The coordinate system used is
probably not important for the simulation but the graphical output makes much more sense if a righ
handed coordinate system is used with positive X being forward and positive Z being up. However
there is an option in the preferences to set Y and this will help if your data is set up that way. The u
system is also probably not important as long as it is consistent. It has only been tested in Sl units.
The parser is very fussy and does not give particularly helpful error messages. However "-d 17", th
XMLDebug option is helpful at telling you how far the parser has got before failing. This option only
works for the command line version of the software.

IMPORTANT: The documentation here is incomplete and (possibly) inaccurate. To get a
complete and accurate idea of what is going on you need to look at the source code. All XML
parsing happens in Simulation.cpp.

<?xml version="1.0"7>
<GAITSYMODE>

<STATE options />
<IOCONTROL options />
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<GLOBAL options />
<ENVIRONMENT options />
<BODY options />

<JOINT options />

<GEOM options />
<MUSCLE options />
<DRIVER options />
<DATATARGET options />
</GAITSYMODE>

Options all take the form keyword="value" where value can be some mix of text and numbers as
specified in the descriptions. Boolean values can be written as "true", "false”, "1" or "0". Double

precision numbers can be specified in normal decimal notation. Text is any valid XML text.

<STATE options />

Unused element produced to record some information about when in the simulation a model state
file was produced.

<IOCONTROL options />

Optional. Used to specify the input and output styles wanted. Possible options are:
OldStylelnputs="boolean"

Requires subsequent statements to use old style inputs. Can appear multiple times in the XML file.
OldStyleOutputs="boolean"

Model state output format follows old or new format

<GLOBAL options />

Required. Specifies values to control the overall simulation. These are generally required but look ¢
the example files to see suitable values. Possible options are:

IntegrationStepSize="double"

Sets the integration step size for the OpenDE integrator. See OpenDE documentation for more
information on suitable values.

GravityVector="double double double"

Sets the value and direction of gravity (X, Y, Z).
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ERP="double"
CFM="double"

These values together specify the global damping and stiffness of the simulation system. They can
very important for simulation numerical stability. See OpenDE documentation for more information

on suitable values. Note these values can be calculated bSEpey@yinstannd

DampingConstamtstead but you really do need to read the OpenDE documentation.
StepType="string"

OpenDE has 3 different integrators of varying speed and"atmlai&tgp™ QuickStepand
" StepFast'You probably waktorldStepivhich is the default and most accurate. See OpenDE

documentation for more information.
ContactMaxCorrectingVel="double"
ContactSurfacelLayer="double"

These parameters control the global characteristics of contact joints and effect bounciness and
momentum conservation. See OpenDE documentation for more information on suitable values.

AllowInternalCollisions="boolean"

Controls whether body mounted contacts can only interact with the static environment or with each
other too.

BMR="double"

The metabolic rate to be added to produce gross estimates of metabolic cost. Set to 0 if net costs &

wanted.
TimeLimit="double"

The simulation time limit. Set to 0 if no time limited wanted. This value can be overridden by the
GUL.

MetabolicEnergyLimit="double"
The simulation metabolic energy limit. Set to 0 if no metabolic energy limited wanted.

MechanicalEnergyLimit ="double”
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The simulation mechanical energy limit. Set to 0 if no mechanical energy limited wanted. Mechanic
energy is the mechanical work done by the muscle-tendon unit combined.

FithessType="string"

The simulation generates a score at the end of the simulation for use in global optimisation
experiments. This can eithéDiianceTravelled'this is the quantity of interest,
"KinematicMatcli’matching to existing kinematics is want€shemnaticMatchMiniMax'if

kinematic matching should use a minimax algorithm where only the largest error at each
timestep is considered rather than the normal sum or errors approach where the sum of all
errors is used for the score

DistanceTravelledBodylD="string"

When calculating distance travelled the system uses the position of the centre of mass of a specifie
body and this is where it is specified. A common cause of crashes is if this ID string is not defined
later on in the file.

<INTERFACE options \>

These options control the appearance of the graphical interface. They do not affect the simulation
process itself and are generally optional.

TrackBodyID="string"

The graphical output can track the X coordinate of a specific body by setting this to its ID. If the ID
does not exist then the program will crash gracelessly

EnvironmentAxisSize="double double double"

X, Y, Z values specifying the size of the axes drawn at the origin. X axis is red, Y axis is green, Z a;
is blue.

EnvironmentColour="double double double double"

Specify the colour of ENVIRONMENTraphic as Red, Green, Blue, Alpha colour with values
from O to 1.

BodyAxisSize="double double double"
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X, Y, Z values specifying the size of the axes drawn at the centre of mass of each BODY. X axis is
Y axis is green, Z axis is blue.

BodyColour="double double double double"
Specify the colour of B@DYgraphics as R, G, B, A colour with values from O to 1.
JointAxisSize="double double double"

X, Y, Z values specifying the size of the symbol drawn for a joint. The form of the symbol is joint
dependent.

JointColour="double double double double"

Specify the colour of I@ENT graphics as R, G, B, A colour with values from 0 to 1.
GeomColour="double double double double"

Specify the colour of @OMgraphics as R, G, B, A colour with values from 0 to 1.
StrapColour="double double double double"

Specify the colour of MESCLEstrap graphics as R, G, B, A colour with values from 0 to 1.
StrapRadius="double"

Specify the radius of Mig@SCLEstrap graphics.

StrapForceColour="double double double double"

Specify the colour of MM@SCLEorce graphics as R, G, B, A colour with values from O to 1.
StrapForceRadius="double"

Specify the radius of MigSCLHorce graphics.

StrapForceScale="double"

A force of 1 Newton will cause a force graphic léngttapFarceScatetres.
StrapCylinderColour="double double double double"

Specify the colour of the wrapping cylinder graphics as R, G, B, A colour with values from 0 to 1.
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StrapCylinderLength="double"
Muscle wrapping cylinders are infinitely long but this value controls how long the graphic appears.
DrawingOrder="string string string string string "

Raw OpenGL handles transparency badly and GaitSym does not use a scene graph. This control
allows you to tweak the drawing order of element groups which may improve the effect. Options art
Environmendoint MuscleGeomBody

<ENVIRONMENT options />

Optional but essential if you want a floor.
Plane=" double double double double"/>

Specifies the plane used as the ground surface (a, b, ¢, d). The pland eqttdiion-tst az
= d. The plane's normal vector is (a, b, ¢), and it must have length 1. A standard Z=0 plane is speci
asPlane="0 0 1.0"

<BODY options />

Optional but you will not have a model if you do not specify some bodies!
ID="string"

Required. Name of the element: must be unique

GraphicFile="name"

Optional iDensitynot used. Name of OBJ file associated with this body. Can be a complete path
specification or just a file name if the -g option is used. For the GUI version this path will always be
appended to the default graphics folder path so absolute paths will not work as expected.

Scale="double"

Required. Allows the graphic file to be scaled when it is read in to allow standard sized component:
that can be resized to match an individual.

Offset="double double double"

Required. By default the graphic file should use the centre of mass as the origin. This allows it to b
offset X, Y, Z if this is not the case.
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Clockwise="boolean"

Optional. Defaults false If set toruethe winding of the OBJ file will be reversed. Use this if you

see display artefacts that can be fixed B#t Mesketting since it usually means that the

triangles in your objects are the wrong way round for GaitSym and fixing it up this way will mean th
the display is quicker since each triangle is drawn twicdBathdnetbieption is used. This

option is also important if you are usiDgtistysetting to calculate the mass properties.

Calculating the mass properties requires a well formed shape with the correct winding. If your shap

will not load when usingDeasityoption then try reversing the winding with this option.
Mass="double"

Required. The mass of the segment. Can be calculatdddngitythe

MOI=" double double double double double double"

Required. The elements of the inertial tensor around the centre of mass specified as 111, 122, 133, |
113, 123 where the matrix is:

[ I11 112 I13 ]
[ 112 122 123 ]
[ 113 I23 I33 ]

Density="double"

Required. The program can optionally calculate the mass, inertial tensor and position of centre of
mass by specifyifgemsityand making sure thatGnaphicFilés a well-formed, closed triangular

mesh. It copes with irregular, complex shapes but the density needs to be uniform. Set to "-1" if not
being used. If the origin ofGnaphicFileloes not match the centre of mass then the position and
offset are altered to accommodate this. Note you may have to alter the winding of your graphics file
with theClockwiseption if this function does not work. Detailed instructions for using this ability

are given in the section on Model Creation Workflow.
Position="string"

Required. Specify the position of the body. The origin of a body is its centre of mass. This cannot
currently be alterédtring"is a position string and can use the following conventions when

OldStylelnputs="false"
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¥ "XY Z'world coordinate location of centre of mass (this is the only option if
OldStylelnputs="trye"

¥ "BodyID X Y Z'coordinate location of centre of mas8osiylfp coordinate system,
BodyIDcan b&Vorld

¥ "BodyID X1 Y1 Z1 X2 Y:288ltion such thét,Y1,4hBodylDinBodylDlocal coordinates
has same world coordinat¥® &2,Z®n the current body in current body coordinates. This is

more useful that it might sound at first since it allows a body to be positioned by a joint constrair
allowing relative position specification of jointed structures.

Quaternion="string"

Required. Specify the orientation of the'siwihg'is an orientation string and can use the

following conventions widdStylelnputs="false"

¥ "W XY Z"quaternion specifying the rotation of the body in world coordinates (this is the only

option ifOldStylelnputs="trye"

¥ "BodylD W XY ZGuaternion specifying the rotation of the bodgaytig coordinate
systemBodyID can b&Vorld

¥ Note. The quaternion can also be specified as an angle axis construction by putting a "d" or a

r" immediately after the W parameter with no intervening space. The W parameter then
represents an angle in degrees ("d") or radians ("r") and the XYZ components are the axis of th
rotation.

LinearVelocity="double double double"

Required. Specify the linear velocity of the centre of mass of the body (XV, YV, ZV) in world
coordinates.

AngularVelocity="double double double"

Required. Specify the angular velocity of the centre of mass of the body (RXV, RYV, RZV) in world
coordinates.

PositionLowBound="double double double"

PositionHighBound="double double double"

William Sellers ¥ email: wis@mac.com¥ http://www.animalsimulation.org! 22



LinearVelocityLowBound="double double double"
LinearVelocityHighBound="double double double"

Optional. Specify limits for position and linear velocity. These are used to abort the simulation wher
it has gone crazy or to control the forward velocity of global optimisations.

<JOINT options/>

Specify the joints in the model. Optional.
ID="string"

Required. Name of the element: must be unique
Type="string"

Required. The type of joint required. OptioHghgeBall, Fixedand~loatingHingeAll joints
connect two bodies identified byltbe®ne body canWerldif the joint is connecting to the

environment.

Body1ID="string"

Body2ID="string"

Required. Set the bodies to be connected. These must already have been defined in the file.
Other options depend on the type of joitdirtgmjoints:

ParamLoStop="double"

ParamHiStop="double"

Set the minimum and maximum rotations about the joint. If not set then the joint can rotate infinitely

like an axle of a wheel.
HingeAnchor="string"

Specify the location of the common anchor of the hinge joint. This is specified for the posed model.
The model cannot be posed after the joint position has'steiag's&ef position string using the

following conventions:

¥ "XY Z'world coordinate location of anchor (this is the only Ottyl#Inputs="trye"
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¥ "BodyID X Y Z'coordinate location of anchor &mdg|D coordinate systeBndylDcan be
World

HingeAxis="string"

Specify the direction of the hinge axis. This is specified for the posed model. The model cannot be

posed after the joint axis has beéstised)'is a position string using the following conventions:
¥ "X'Y Z'world coordinate direction of the axis (this is the only@iotRiglélinputs="trye"

¥ "BodylD X Y Z'coordinate direction of the axis 8sidglD coordinate systefndyIDcan
beWorld

StartAngleReference="double"

If the starting pose is the reference pose then this should be set to 0, however if the starting pose i
not the desired reference pose then a value representing this initial angle can be set. So for a hum:
where the anatomical position is the reference position, if the starting pose has a 0.5 radian joint
angle then this value should be set to 0.5.

Note. Angles fefaramLoStgParamHiStaistartAngleReferemiegault to radians. However they

can be specified in degrees if a "d" is suffixed to the number. "r" can optionally be suffixed for
radians but it is not necessary.

ForFloatingHingeJoirtse options are basically the same. Floating Hinges are simply joints that
restrict all rotation to a single axis but do not affect linear movements. They are useful sky-hooks
when you want to stop a body falling over. For example in my 2.5D simulations | use a
FloatingHingeJoitd only allow the trunk to topple over forwards and backwards but not sideways,
nor to rotate around a vertical axis. This effectively limits the model to 2D but allows the muscle pat
and thus lengths to be fully 3D which is very useful.

ParamLoStop="double"
ParamHiStop="double"
FloatingHingeAnchor="string"
FloatingHingeAxis="string"

StartAngleReference="double
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ForBalljoints the only option is:
BallAnchor="string"

Specify the location of the common anchor of the ball joint. This is specified for the posed model.
The model cannot be posed after the joint position has'steiag's&ef position string using the

following conventions:
¥ "X'Y Z'world coordinate location of anchor (this is the only Ofutttyl#Inputs="trye"

¥ "BodyID XY Z'coordinate location of anchor BadgID coordinate systelgndylDcan be
World

Fixedjoints have no options. They simply fix two bodies in the pose specified. It is numerically more
stable to combine two bodies into a single body than to use a fixed joint but it mostly seems to worl

OK and it is often very convenient.

<GEOM options />

Optional. Specify a contact geometry. These contacts can interact with the environment and with
each other. However when there are n&#ipis on a single body make sure they do not overlap

since this can cause numerical difficulties.

ID="string"

Required. Name of the element: must be unique

Type"string"

Required. The typeGEOMrequired. Options @pherandCappedCylinder

BodyID="string"

Required. Set the bodyGE©OMis attached to. These must already have been defined in the file.
Position="string"

Required. Specify the position @&H@M "string'is a position string and can use the following

conventions wheéndStylelnputs="false"

¥ "X'Y Z'world coordinate location of centre of mass (this is the only option if
OldStylelnputs="trge"
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¥ "BodyID XY Z'coordinate location of centre of mas8osiylfp coordinate system,
BodyIDcan b&Vorld

Quaternion="string"

Required. Specify the orientation GH@M "string'is an orientation string and can use the

following conventions widdStylelnputs="false"

¥ "W XY Z"quaternion specifying the rotation of the body in world coordinates (this is the only

option ifOldStylelnputs="trye"

¥ "BodylD W XY ZGuaternion specifying the rotation of the bodgagytg coordinate
systemBodyID can b&Vorld

¥ Note. The quaternion can also be specified as an angle axis construction by putting a "d" or a

r'" immediately after the W parameter with no intervening space. The W parameter then
represents an angle in degrees ("d") or radians ('r") and the XYZ components are the axis of th
rotation.

SoftERP="double"
SoftCFM="double"

These values together specify the local damping and stiffness of the contactsGie€altéd by this
They can be very important for simulation numerical stability. See OpenDE documentation for more
information on suitable values. Note these values can be calculated $yrapgcdystgand

DampingConstairtstead but you really do need to read the OpenDE documentation.
CappedCylind&GEOM have two other self-explanatory parameters:
Radius="double"

Length="double

Spher6EOM only have:"

Radius="double"

Note.CappedCylindgiare now called Capsules in the OpenDE documentation. They are defined

with the axis along the Z axis aQuu#ternioroption is used to reorient them.
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<MUSCLE options />

Optional. Specify muscles that can apply forces to the model. Muscles consist of two parts that car
mixed and matched as required. The first paryjpetgich is the model used for force

generation and estimating metabolic cost and the sec®indpwitineh specifies how the path of

the muscle is defined.

ID="string"

Required. Name of the element: must be unique

Muscle Types
Type="string"

Required. Specifies the contraction and metabolic energy model. The options available are as follo
MinettiAlexandewrhich is the basic contractile unit described in Minetti & Alexabder 1977

converted to a linear form. This version does not include any elastic elements so is numerically ver
robust and works well for slow movements where elastic storage is probably not too important.
MinettiAlexanderExtendsedhe same contractile model but has series and parallel elastic elements
added so it can be used in simulations where elastic energy storage is important. This is reasonabl
stable as implemented but very stiff springs can be troUlhsgerGerritsenMarsithe

contractile unit described in Umberger et &l 23180 has serial and parallel elastic elements and

is a more traditional Hill style implementaaomedSpring a simple damped spring that can be

used to model a ligament, or a non-active muscle. Not all the parameters for these models are
exposed in the config file and you may need to edit the source if you need to alter some of these
values. Where possible | have tried to keep the same symbol names as in the original papers. The
UmbergerGerritsenMartnplementation is based heavily on Fortran code kindly provided by

Umberger.
For theMinettiAlexandanodels the following options are required:

PCA="double"

1 Minetti, A. E. & Alexander, R. M. 1997 A theory of metabolic costs for bipedal gaits. Journal of
Theoretical Biology 186, 467D476.

2Umberger, B. R., Gerritsen, K. G. M. & Martin, P. E. 2003 A model of human muscle energy
expenditure. Computational Methods in Biomechanics and Biomedical Engineering 6, 99b111.

William Sellers ¥ email: wis@mac.com¥ http://www.animalsimulation.org! 27



Physiological cross section area of the muscle.
FibreLength="double"

Length of the muscle fibres.
TendonLength="double"

Length of the tendon. This value is only WetbtiAlexanderExtendaad can be set to -1 which

will set the value internally so the muscle is at resting length in the starting posture for the simulatic
This is very handy because the exact length of a muscle-tendon unit can be difficult to calculate
externally due to the wrapping operators that can be used.

ForcePerUnitArea="double"

The force per unit area that can be generated by the contractile element (stress).
VVMaxFactor="double"

The maximum contractile speed of this muscle in lengths per second (strain rate).
ActivationK="0.17"

Effects the shape of the contraction curve. See Minetti & Alexander 1977.
SerialStrainAtFmax="double"

The serial elastic strain at the maximum force the muscle can generate. Only used by

MinettiAlexanderExtended
ParallelStrainAtFmax="double"

The parallel elastic strain at the maximum force the muscle can generate. Only used by
MinettiAlexanderExtended

ActivationKinetics="boolean"
Whether to include first order activation kinematics as specified®y He 1991

For thddmbergerGerritsenMartindels the following options are required:

3He, J., Levine, W. S. & Loeb, G. E. 1991 Feedback gains for correcting small perturbations
to standing posture. IEEE Transactions on Automatic Control 36, 322-332.
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PCA="double"

FibreLength="double"

TendonLength="double"

ForcePerUnitArea="double"
SerialStrainAtFmax="double"
ParallelStrainAtFmax="double"

These values are specified exadilyedisAlexanderExtended
SerialStrainModel="string"

ParallelStrainModel="string"

Can be set thinear"or "Squaretiepending on whether the elastic elements should follow a linear

or square curve for their length/tension relationship.

VMaxFactor="double"

The maximum contractile speed of fast twitch fibres in lengths per second (strain rate).
MuscleDensity="double"

The density of muscle tissue.

FastTwitchProportion="double"

The proportion of the muscle that is fast twitch.

Width="double"

The maximum length range of force production relative to the fibre length. Note: this value is
effectively the half width - typical value 0.5.

Aerobic="boolean"
If "true"then the aerobic model is used as opposed to the anaerobic model.

AllowReverseWork="boolean"
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The muscle model in the paper allows negative work in the muscle to generate metabolic energy. 1
may not be wanted and certainly it gets exploited by global optimisation routines that minimise
metabolic energy cost to produce almost zero cost locomotion.

For theDampedSpringnodels the following options are required:
UnloadedLength="double"

The unloaded length of the spring (m).

SpringConstant ="double"

The stress generated by unit straif)(N m

Area="double"

The cross section area of the spAng (m

Damping="double"

The damping constant of the spring?\N\Dampings modelled bgmpingStressstrainRaté

dampingConstant

Strap Types

Strap="string"

Specifies the strap type to use. This is"oweBbdint™ ThreePoint"NPoint, "CylinderWrap"

All straps require the specification of Origin and Insertion and some strap types require intermediat
points too. Multipoint straps always pass through the multiple points and apply forces to the attache
bodies as if the strap was a rope under tension and the points represent frictionless pulleys. They c
be used to model retinaculaCifiaderWrastrap allows the definition of an infinitely long

cylinder that the strap will wrap around when appropriate. The wrapping direction is fixed and the
wrap limit is 180; which should be suitable for modelling the path of muscles around bones.

OriginBodyID="string"
InsertionBodyID="string"

Required for all straps. Tbe of th&ODYs to which the origin and insertion attach. These

BODYs must be defined before the muscle.
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Origin="string"
Insertion="string"

Required for all straps. Position strings defining the positions of the origin arstringéidian.

position string and can use the following conventicDgishdelnputs="false"

¥ "XY Z'world coordinate location of centre of mass (this is the only option if
OldStylelnputs="trye"

¥ "BodyID X Y Z'coordinate location of centre of mas8osiylfp coordinate system,
BodyIDcan b&Vorld

ForThreePoingtraps the following additional definitions are required:
MidpointBodyID="string"
Midpoint="string"

Body ID for midpoint and position string for midpoint. Follows same conventions as origin and
insertion definitions.

ForNPointstraps the following additional definitions are required:
ViaPointBodyO="string"
ViaPoint0O="string"

Body ID for via points and position string for via points. Follows same conventions as origin and
insertion definitions. As many viapoints as required can be definéPopatiBe¢y0

ViaPoint), (ViaPointBodyYiaPoinfl (ViaPointBody2/iaPointp, (ViaPointBodyY/iaPointB

etc. The order that the strap wrap®tigiig ViaPointQViapointletc|nsertion

ForCylinderWragtraps the following additional definitions are required:
CylinderBodyID="string"
The IDs of thBODYto which the cylinder attaches BDiBY must be defined before the muscle.

CylinderPosition="string"
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Position string defining the positions of the centre of the'sgtindés. a position string and can

use the following conventions Whd®tylelnputs="false"

¥ "X'Y Z'world coordinate location of centre of mass (this is the only option if
OldStylelnputs="trge"

¥ "BodyID XY Z'coordinate location of centre of mas8osiylfp coordinate system,
BodyID can b&Vorld

CylinderRadius="double"
Specify the cylinder radius
CylinderQuaternion="string"

Specify the orientation of the cylifgteng'is an orientation string and can use the following

conventions wheéndStylelnputs="false"

¥ "W XY Z"quaternion specifying the rotation of the body in world coordinates (this is the only

option ifOldStylelnputs="trye"

¥ "BodylD W XY Z§uaternion specifying the rotation of the bodgamhyhg coordinate
systemBodyID can b&Vorld

¥ Note. The quaternion can also be specified as an angle axis construction by putting a "d" or a
"r'" immediately after the W parameter with no intervening space. The W parameter then
represents an angle in degrees ("d") or radians ('r") and the XYZ components are the axis of th
rotation.

Note: Cylinders always wrap one way only following the right hand rule. If the muscle is wrapping tt
wrong way around a cylinder then simply negate the quaternion by negating the X, Y , Z componer

<DRIVER options />

DRIVER are used to apply an activation leN¢B@LE. All the muscle types can be activated

and the effect is dependent on the muscle model beinghzsagdeB8pringis simply a tension
multiplier but the effect is more complex for the other muscle types. DieIgHEEstiolsimply

time dependent. They are optional but without drivers the muscles simply act passively with an

activation of zero.
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ID="string"
Required. Name of the element: must be unique
Type="string"

Required. This specifies the typ&BfER Current options di@yclic'and'Step' The difference
is thaCycliadrivers wrap round and re-use the activation levelStepereass do natyclic

drivers have an optidetadseoption to allow a phase lag to be implemented.
Target="string"
Required. Name of M8SCLEcontrolled by the driver. The muscle must already exist.

DurationValuePairs="double double E"

Required. List of numbers representing the duration and the activation level. The numbers are

interleaved so need to be in the"didationO activationO durationl activagtml”
PhaseDelay="double"

Optional and only usedCygliadriver. Phase delay for the activation durations. This wraps around
so the last activation levels will be used for the duration of this delay before the first activation level

are used in sequence as normal.

<DATATARGET options />

These are target values used to calculate how closely the model is matching externally provided de
They can be used for getting the model to match motion capture data for example. The current
implementation is primarily for global matching techniques since it only produces a single match
value but it would not be difficult to implement local matching strategies. This can be done to an
extent by starting off matching a short sequence and gradually increasing the length of the
simulation. Actually this works quite well because it allows earlier activation levels to be tweaked to

allow better overall matching.
Type="string"

The type of data target. Currently optional (def&dtddg for backward compatibility but will

become compulsory in future versions. Valid tyBesalar®'Quaternion™Vector"Scalatypes
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return the arithmetic difference between target andecadugpes return the Euclidean distance,

andQuaterniortypes return the angle in radians between the target and actual quaternions.
ID="string"

Required. Name of the element: must be unique

DurationValuePairs="double double E"

TargetTimes="double double E"

TargetValues="double double E"

Required. List of numbers representing the duration and the value to be matched.
DurationValuePaiiis deprecated and only worl&cadatypes. In this version numbers are
interleaved so need to be in the"tirded valueO timel vale¢f The preferred way of
specifying this information is tolasgetTime®llowed by a list of tirfiese0 timel timedid

TargetValudsllowed by a list of valuakieO valuel valué2iese work for BltaTargetypes.
Target="string"

Usually required (excepiMerchanicalEnergyndVietabolicEnerdgirgets). Name of the element
that the match is being made to. The element must already existEQ® galObE Bor
GEOM

Weight="double"
Slope="double"

OptionalWeightandSlopéhave default values of 1. The error value is calculated using the following

formula:
Error = Weight - Sldp@ositiveFunction(Target - Value)

ThePositiveFunctiaiepends on tMatchTypehosen. THerrorvalue will equal iMeighif the
difference betwe€&argetandvalueis zero. The higher the valuglépethe more rapidly this

value will fall as the difference betwegeiandv/alueincreases.

MatchType="string"
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Optional. Defaults ‘thinear"but can also be seéSmuare'This controls thositiveFunction
used. WitHLinear"it is the absolute value, @tuarelt is the square of the value. Using

"Squarefneans the total error term will be the standard sum of squares error term.
DataType="string"

Required bgcalatype. This specifies the property that is being matched. Possible options are:
"XP", "YP", "ZRthe world positions of the centre of mass

"QO0", "Q1", "Q2", "Q8ie world values of the orientation quaternion in W,X,Y,Z order

"XV, "YV", "ZVthe world values of linear velocity of the centre of mass

"XRV", "YRV", "ZRMhe world values of angular velocity of the body

"Angle; the angle of a hinge joint

MechanicalEnergy, MetabolicEndrgyotal energy values of the system.

CREATING MODELS: RECOMMENDED WORKFLOW

This system is often used in a comparative context and it needs to be relatively straightforward to g

in data for a new animal. Here is a suggested workflow for achieving this.

1. Anatomical Capture

The first thing you need is the anatomy of the new target. This is best obtained from a CT scan but
depending on size and available equipment it can be generated by laser scanning, microscopy, or
measurements. The required end result is a representation of the complete animal in a suitable CA
package standing in the required reference pose with the feet standing on the ground surface. | wo
recommend some sort of slightly artificial pose with all segments lined up with an axis rather than &
naturalistic standing pose (e.g. the torso lined up with the X axis, and the limbs and feet all
completely vertical for something like a horse) since this is a reference pose rather than necessaril
starting pose. Working from CT | would use OsiriX to segment out the bone and skin and import
these as OBJ surfaces in Maya or Form¥Z. However there are lots of other packages that will exac
the same thing and it really depends on what you have available and are used to. The no-cost optic
would be OsiriX and Blender. Your life will be easier if you use a right handed coordinate system w
Z up.
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2. Segmentation

Within your CAD package you will need to define the segments. | usually create both bone segmer
and skin outline segments. | use the bone segments in my visualisations and | can use them to che
the muscle paths. | use the skin outline segments to allow GaitSym to calculate the mass propertie
the segments. These segments should be exported directly from your CAD package as triangulatet
OBJ surfaces in global coordinates. The skin outlines will need to be cut into segments before expc
and any holes thus created closed over using the hole filling tools provided by your CAD package.
GaitSym needs well-formed triangular mesh closed objects to calculate mass properties.

3. Initial Conbg File Creation

Most of the hard work of joint centre and contact point definition as well as muscle rigging is easies
performed within GaitSym using the 3D cursor functions. However you need to create a basic confi
file to get the segments into GaitSym before you can get going. All this config file has to do is speci
the bodies since it is only going to be used to assemble the model specified in global coordinates.
Here is an example minimal config file that simply loads up three segments in their default global
coordinates as saved from the CAD program. The mass properties of the segments can be specifie

known, or they can be calculated later from segment outlines. They are not needed at this stage.

<?xml version="1.0"?>
<GAITSYMODE>

<!-- this is pretty much boiler plate -->

<IOCONTROL OldStyleInputs="false" 0ldStyleQutputs="false"/>

<GLOBAL IntegrationStepSize="1le-4" GravityVector="0.0 0.0 -9.81" ERP="0.2" CFM="1le-10"
ContactMaxCorrectingVel="10" ContactSurfacelLayer="0.001" AllowInternalCollisions="false"
BMR="Q" TimelLimit="0.229000" MetabolicEnergylLimit="0" MechanicalEnergylLimit="0"
FitnessType="KinematicMatch" DistanceTravelledBodyID="trunk"/>

<INTERFACE TrackBodyID="trunk" EnvironmentAxisSize="1 1 1" EnvironmentColour="0.5 0.5 1.0
1.0" BodyAxisSize="0.1 0.1 0.1" BodyColour="0.65 0.50 ©0.39 0.5" JointAxisSize="0.1 0.1 0.1"
JointColour="0 1 @ 1" GeomColour="0 @ 1 0.5" StrapColour="1 @ @ 1" StrapRadius="0.005"
StrapForceColour="1 @ @ 0.5" StrapForceRadius="0.01" StrapForceScale="0.000001"
StrapCylinderColour="0 1 1 @.5" StrapCylinderLength="0.1" DrawingOrder="Environment Joint
Muscle Geom Body"/>

<ENVIRONMENT Plane="0 @ 1 0"/>

<!-- this needs to be edited for your body segments -->

<BODY ID="trunk" GraphicFile="trunk.obj" Scale="1" Offset="0 @ @" Mass="1" MOI="111 0 0 Q"
Density="-1" Position="World @ @ Q" Quaternion="World 1 @ @ 0" LinearVelocity="0 0 Q"
AngularVelocity="0 @ 0" Clockwise="false"/>

<BODY ID="right_thigh" GraphicFile="right_thigh.obj" Scale="1" Offset="0 @ 0" Mass="1" MOI="1
1100 0" Density="-1" Position="World @ @ @" Quaternion="World 1 @ @ @" LinearVelocity="0 @
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0" AngularVelocity="0 0 @" Clockwise="false"/>
<BODY ID="right_shank" GraphicFile="right_shank.obj" Scale="1" Offset="0 @ Q" Mass="1" MOI="1
1100 0" Density="-1" Position="World @ @ @" Quaternion="World 1 @ @ 0" LinearVelocity="0 0
0" AngularVelocity="0 @ @" Clockwise="false"/>

<!-- and back to boiler plate -->
</GAITSYMODE>

Once created fire up GaitSym, uBedferenceslialog box to specify where the segment outlines
are to be found and load up the XML file usdpgtireenu option. If there are no syntax errors
then you should see your model with all the segments posed in your reference posture.

4. 3D Cursor: Joints, Contact Points and Muscles

From the model now imported into GaitSym you need to specify the coordinates necessary to defin
the required joints, contact points and muscles. These can all be done using the 3D Cursor. This is
small sphere that you can move around the model. Its radius is spentfiecencdsit can be

moved in several ways. Firstly if you shift-click on one of your segment outlines it will jump to the
point on the surface of the model. When it moves it prints out the new 3D coordinates at the botton
of the window. More usefully though it copies these coordinates onto the clipboard so you can just
paste the values into another application. | usually have Excel open so | can paste the 3D coordina
straight into the spreadsheet but you can also have the config file XML open in a text editor and pa
the coordinates straight in there. Obviously this is an excellent way of defining the attachment poin
for muscles if you have bone scans. You can very quickly produce a table specifying exactly the
origins and insertions with no typing! However some of the points you need to define - particularly
muscle via points and joint centres - are not necessarily on the surfaces of the segments. For these
you can click in the nearest bone surface to where you think the point should be and then use the
nudge keys. These keys nudge the cursor in the X, Y and Z directions. The amount each press mo
the cursor is again set irPtieéerencesX adds a nudge to the X coordinate, shift-X subtracts a

nudge; Y adds a nudge to the Y coordinate, shift-Y subtracts a nudge; Z adds a nudge to the Z
coordinate, shift-Z subtracts a nudge. If you want nice round numbers for your positions then
pressing S snaps the 3D cursor to the nearest exact nudge multiple. Once you have done that onc
all nudges will stay nicely aligned. Each nudge or snap sends the current 3D cursor location to the
clipboard so you can paste it elsewhere. This makes it very easy to define any other point you neec
the model and provides you with the specification table that you will need for publication anyway.
Remember you can use the view controls to look at the model from any direction you like to check
that the 3D cursor is where you want it.
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You will still need to specify the other properties required by muscles and joints. These will need to
be done by hand using your preferred technique - whether that is by dissection or from the literatur
or by segmentation of CT or MRI imaging.

5. Complete Conbg File Creation

You now have all the information you need to create a working config file. Look at one of the sampl
files to get an idea of the formaGIGBALandNTERFACElements need little alteration -

simply change thestanceTravelledBody#ddlrackBodylDoptions so they use names that you

are going to specify for WODYs. | often do this editing in Excel since that is where | have

collected the various numbers gathered using the 3D Cursor. XML files are whitespace agnostic sc
you can leave as much or as little in as you want and they are quite happy with tab-delimited forma
files exported from Excel. The only thing to check is that the double quotes (") get exported properl
since they are important and some export formats can swallow them. The secret is that everything
specified ilVorldcoordinates and you let GaitSym convert these values to more convenient segmen

based local coordinates later on.

If you want GaitSym to calculate mass properB&keshould be specified as follows (with the

value dDensitychanged as appropriate for a specific segment if that information is available). The
ThighSkinOutline.obj file will be used to calculate the Mass, MOI and Position of the centre of mass
which is why it needs to left in global coordinates and the posed reference position. It is important
that these values are set to zero at this stage.

<BODY
ID="Thigh"
GraphicFile="ThighSkinQutline.obj"
Scale="1"
Offset="0 0 0"
Mass="0"
MOI="0 0 0 @ @ Q"
Position="World @ @ @"
Quaternion="World 1 0 @ Q"
LinearVelocity="0 @ 0"
AngularVelocity="0 0 0"
Density="1000"
Clockwise="false"

/>
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JOINTSs should be specified as follow®arhmLoStopndParamHiStoppecified in radians (or
degrees if a "d" suffix is used) and relative to the referencehtiogeArtehoandHingeAxis

positions are the world values obtained using the 3D Cursor.

<JOINT
ID="LeftAnkle"
Type="Hinge"
BodylID="LeftShank"
Body2ID="LeftFoot"
ParamLoStop="-0.5"
ParamHiStop="0.3"
HingeAnchor="World 0.4 0.25 @.13"
HingeAxis="World 0.0 1.0 0.0"
StartAngleReference="0"

/>

GEOM should be specified as follow$0Em#ns the world values obtained using the 3D

Cursor. Make sure that the surface of the contact is not below ground level. The ground is very stiff
by default and even a small penetration will generate very large forces that will catapult your model
skyward when you start the simulation.

<GEOM
ID="RightFootContactl"
Type="Sphere"
BodyID="RightFoot"
Position="World 0.45 0.30 0.01"
Quaternion="1 0 0 0"
Radius="0.01"

/>

MUSCLE should be specified as follows. | would recomiviemettiddexadenodel when first
testing since is it more stable. However it does not have any elasticity so it is not suitable for runnin
simulations. It should be specified as followigihandnsertiorpositions are the world values

obtained using the 3D Cursor. The muscle geometry values come from dissection, literature or
whatever.

<MUSCLE
Type="MinettiAlexander"
Strap="TwoPoint"
ID="RightHipExtensor"
OriginBodyID="Trunk"
Origin="World 0.15 0.1 1.05"
InsertionBodyID="RightThigh"
Insertion="World 0.1 .15 0.75"
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PCA="+1.2699565e-01"
FibreLength="+5.2000000e-01"
ForcePerUnitArea="300000"
VMaxFactor="8"
Activationk="0.17"

/>

Obviously some muscles will use a diffeegrithreePointequires idPointand
MidpointBodylDNPointrequires the necessary via p@iaRdintBody0/iaPointQ
ViaPointBodyYiaPointktc). These extra locations can be obtained using the 3D Cursor. If you are
using other muscle models then they need more pavinettexkexanderExtendedjuires
TendonLengtlserialStrainAtFmaRarallelStrainAtFmandActivationKinetic TendonLength

is set to -1 then its value will be calculated so that the muscle is slack in this pose. This is often a g
starting value but it depends on how unnatural the reference pose is - you may wish to try different

poses later and smdonLengtbalculated from there.

Once the file has been created and edited it should be read into GaitSym. The easiest way is to us

GUI version but you may need to check the syntax of the XML file using the command line version:

gaitsym -d 17 -c config_file.xml

This uses the XMLDebug option, to see where you have made errors with the config file. It is very
easy to get things wrong - both in terms of XML syntax and also in terms of getting all the muscles
attached to the right bodies. Once it is running you can check the graphical output to see if
everything looks OK. In particular check that muscle wrapping round cylinders are wrapping the
right way and that the muscle paths are where you want them. The easiest way to do this is to turn
all the muscles and then turn them on one-by-one so you can verify that each one is doing what yo
want.

When it works you have several options. Usually it is a good idea to save the file from within GaitSy
and generalave As (relativeé$ the best option. This file contains the full definition of the model

but almost all the global definitions used in the original file have been converted into segment
referenced values and the automatically calculatedadabEldf OffsetandPositiorhave

been filled in (af@ndonLengtif used). This is the model definition file that you should now use
since segment local definitions are almost always more useful. However it can be improved by a lit
judicious editing.

TheBODYpositions and orientations are still specMigmidcoordinates which makes posing

the model difficult. This can be fixed by editing the positions as follows:
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If you look in thEOINT definitions you will see something like this:

<JOINT
ID=" LeftHip"
BodylID="Trunk"
HingeAnchor="Trunk -0.0081 0.0805 -0.2725"
HingeAxis="Trunk @ 1 Q"
Body2ID=" LeftThigh"
Body2HingeAnchor=" LeftThigh 0 -0.0357 ©.1852"
Body2HingeAxis="LeftThigh 0 1 @"
StartAngleReference="0"

/>

You can use this information to changedhieroption in theeftThighto:

<BODY
ID="LeftThigh"
Position="Trunk -0.0081 0.0805 -0.2725 0 -0.0357 0.1852"
/>
This means that theftThighwill always be positioned so that (-0.0081,0.0805,-0.2725) on the
Trunkmatches up with (0,-0.0357,0.1852) aefti@ighwvhich matches the joint position.
Usually the trunk will be the one segment that has a world based position afDdaNthe other
will use their upstream linB&DY as their reference so that any movement of an B&hiam

will be automatically propagated.

TheLeftThighorientation can be changed fromW&iridbased to beifigunkbased too with

the quaternion representing the rotation from one to the other. When changing orientations for
hinge joints, remember to change the VatagAngleReferemae so that the joint limits stay

valid and so that all reported angles match the reference pose. Also for hinge joints it is important t
ensure that the rotation is valid for the axis of the hinge joint. This can easily be done by specifying
the quaternions using the angle axis formulatidimgekg45d 0 110t a 45; rotation about the

Trunklocal Y axis.

5. Useful Checks

When | have created a model | tend to create a set of drivers that will drive the limbs through their 1
range of motion - usually by driving each muscle to maximum activation one at a time for a second
so. | do this with gravity set to "0 0 0" and vEENVIlRONMENToO get in the way and | can see

that the limbs move as | expect. This is because it is very easy to get the signs wrong on the joint i

(they depend on the direction the hinge joint axis points in) and it shows up any crazy muscle
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mistakes (like hooking up a right side muscle to a left side body or getting wrapping cylinders the
wrong way round). It is also easy to get positions relative to the wrong body and that means that th
will not move properly.

After | have generated the mass properties using the skin outline | generally switch to a skeleton fo
regular use since it makes seeing the muscles and contacts much easier. If you follow the workflow

suggested then it makes things easier.

| also try to automate as much as | can so | have Python scripts to do as much of the data manipul:
as possible and | keep hand editing to a minimum. It is hand editing where errors creep in and it is
worth spending the time making a script to do something just to avoid the time it takes later on to
trace down subtle mistakes. For example things like getting the data from the OBJ files into the
config file can be partially automated by using labels in Maya and a combination of Python and Exc
In the end though, a complicated model is a complicated model and will take quite a bit of time to
build. Still it is not something you need to do very often and the 3D Cursor makes getting the data
from the articulated skeleton very straightforward.

Check that your muscle paths work properly at the extreme ranges if the extreme ranges are
important for your simulation. This can be tricky and there will be compromises between anatomica
accuracy and paths that actually work. | find cylinder wrapped paths to be much more reliable at
extreme ranges than via points.

FAQ

Q. Why does my model walk fine on MacOSX and fall over on Windows?

A. Floating point arithmetic can give slightly different answers on different platforms due to a variety
of factors. Normally this makes no visible difference but in the case of a complex activity like walkir
the difference between a swing limb clearing the floor by a very small margin and just colliding with
the floor will be enough to make a simulation fall over on one platform and not on another. If this is
important to you then you will need to either improve the robusticity of your control algorithm or
make sure you use a consistent platform. Even things like the specific version of your compiler can
make a difference!

Q. Why is only the simulator available and not the code used to generate the activation patterns?

A. The simulator code is robust and relatively easy to use and for a lot of applications you can supy
arbitrary activation patterns that are easy to generate externally. The current incarnation of my
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optimisation code is a monster designed to run on high performance massively parallel computers.
IS not easy to set up or use and generally requires customisation on each platform it is used on dey
on local factors. It is probably almost as easy to create your own code (and there are plenty of
optimisation systems out there) as it is is to use mine and you will gain a much better understandin
of what it and your models are doing However if anyone is really desperate to use my implementati
then please contact me and | can probably be persuaded to come and install it for you.

Q. Why isn't there a feedback-based closed loop control system?

A. | haven't needed one yet! The source code is there so it would be relatively straightforward to
write your own. | will write one eventually | suppose since there are lots of limitations in an open loc
system. Things like central pattern generators can easily be bolted on too.

Q. Why doesn't the ball joint have joint limits?

A. The simple answer is that the OpenDE implementation does not have them. The easiest way to
implement them is to use contacts, muscle stretch and springs to restrict movement just as naturall
occurs in the body.
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