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The MotionMonitor xGen Elements  

The MotionMonitor xGen is an elegant and powerful set of tools for the acquisition, analysis, and 
visualization of biomechanical data.  It consists of a few basic elements that once understood can be 
used to collect research data using a variety of protocols or to create diverse applications that range 
from the simple to the very complex.  These elements consist of Setup and Analysis Components that 
can be viewed from the selection of the appropriate tab as shown in the image below.   

 

Before discussing these components in detail, it will be helpful to discuss data and how it is 
represented within the software.  The MotionMonitor xGen derives much of its power and flexibility 
from the use of data variables, expressions and formulas to configure the software.  It is arguably the 
most important aspect of the software. It will make configuration much easier if the structure of data is 
understood.  A few minutes spent on the next 5 pages will accelerate your understanding of the next 
generation of motion capture software! 

Data Representation 

Data is used in many places within the software.  For example, data can be used to determine how 
objects will move in the animation window during biofeedback exercises or how the collection of 
activities will be started or ended or how graphs will be populated.  Typically, when data is being 
requested, the software will display a drop menu that indicates ñUse Drop Listò or ñUse Formulaò or 
ñUse Expressionò.  In the parameter panel at the bottom of the images below, ñRigid bodyò data is 
being requested.  Ignore what the software is trying to accomplish, weôll discuss that later.  For now, 
focus only on the fact that ñRigid bodyò data is being requested.  The drop-list method is the easiest 
way to determine what Rigid body data (6 degree of freedom or position and orientation data) exists 
within the system.  In this example, the only data that exists is the Polhemus1 sensor data and the 
Stylus1 that is being defined by the selection.  If data is hierarchical ie. the selection contains more 
than one of the desired data types, additional fields will automatically display.  In this case, the 
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Polhemus1 system had 3 sensors that each provide 6 degrees of freedom data.  And when selected, 
the drop list was extended to permit selection of the desired sensor. 

In the example above, the ñDrop-listsò method was used to identify existing data that the system 
could use to satisfy its request.  The ñDrop-listsò method can also be used to create new variables.  
Let us consider several examples. 

First, understand that data can take many forms within The MotionMonitor xGen including: 
 

¶ Boolean Types, which can take a value of TRUE, FALSE or INVALID. 
 

¶ Integer Types, which are whole numbers. 
 

¶ Scalar Types, which are real numbers. 
 

¶ Vector Types, which represent a 3 dimensional position in space or any quantity that possess 
a magnitude and direction, are characterized by an x, y and z value as in vec(x,y,z)   Each of 
the x,y,z components is a scalar expression. 
 

¶ Rotation Types, which are measures of orientation and can take the form of Euler angles, 
Quaternions or Cosine Matrices.  Each of the components making up a rotation is a scalar 
expression. 
. 

¶ Axes Types, which are essentially rigid bodies and have a representation of both position and 
orientation (6DOF) as in:  axes(vec(x,y,z), rot(Z,Y,X)) where x,y,z and Z,Y,X are scalar 
expressions. 
 

¶ Time Types, which are time stamps of the form 7-10-2011 14:16:53:848.  When used in a 
calculation, time types return time in seconds.  A time variable, 
time(ps,sec,min,hour,day,mon,year), is composed of Timestamp.PartSec,  Timestamp.Sec,  
Timestamp.Min,  Timestamp.Hour,  Timestamp.Day,  Timestamp.Mon,  and Timestamp.Year.   
Where PartSec is Scalar and other fields are Integer values.  
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¶ String Types, which are groupings of alphanumeric characters.  Within a formula, the 
characters are enclosed within quotation marks. 
 

¶ Color Types, of the form:  color(red,green,blue) where the arguments are scalar expressions.  
 

In the example below, focus only on the parameter panel for StylusSensor. Weôll discuss Permanent 
Variables later.  For now, we want to focus only on the creation of the variable.  In this case 
ñStylusSensorò is being defined as an axes or rigid body variable that contains 6DOF data.  It was 
created by using the ñUse Drop-listsò method to select Polhemus1 Sensor1 axes data.  This is 
identical to our previous example but now we have a new variable ñStylusSensorò that reports the 
same data as Polhemus1 Sensor1 axes data.  The ñrelative toò field provides an easy method for 
transforming data to other coordinate systems (Axes). 
 

 
 

Because Polhemus.Sensor1 is an ñaxesò variable we know it contains both position and orientation 
data.  In the image below, we have defined a vector variable named ñvStylusSensorPosò.  Selecting 
Polhemus1 from the drop-list automatically adds fields that will result in the selection of the variableôs 
vector components.  In this case ñPosò is the vector representation of its position. The system 
recognizes the data is hierarchical and automatically adds the vector representation to the 
expression.  If ñUse drop-listò is changed to ñUse formulaò, the internal form of the vector variable will 
be displayed.  In this case ñPolhemus1.Sensor1.Axes.Posò.  Note that vector data types have a 
derivative drop-list.  This provides an easy method for calculating the first and second derivatives for 
a variable. 
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Continuing this example, we know that a vector variable contains x,y,z scalar components. Adding a 
scalar variable named StylusSensorPosX and from the drop-list selecting Polhemus1, we see that the 
expression now contains a field labeled ñPosò and a drop-list field with choice of x, y and z 
components or the magnitude of the position.  The system automatically recognized the data as 
having scalar components and offered them in the drop list.  Switching from drop-list to formula we 
can observe the internal format as ñPolhemus1.Sensor1.Axes.Pos.Xò.    

Note that scalar data types also have a derivative drop-list.  As with vector data types, this provides 
an easy method for calculating the first and second derivatives for these variable types. Below, the 
first derivative of the position has been selected, thus defining velocity of the StylusSensor in the X 
direction of the World coordinate system.  Switching from drop-list to formula we can observe the 
internal format as ñdiff(Polhemus1.Sensor1.Axes.Pos.X)ò.  
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While use of the drop-list method provides a fast method for defining data, the formula method adds 
real power to the process.  In the image below, the formula method is selected. Formulas can be 
typed directly into the formula edit field as shown below.  In this case the operator ñmax()ò has been 
entered which computes the maximum value for a variable between the specified start and stop time 
with readings evaluated at the specified interval.  

 

Alternatively, operators and variables can be selected from cascading dialogs.  Right clicking in the 
edit field provides a menu that is used to insert variables and operators.  The operators are grouped 
by type.  Selecting max(X, StartTime, StopTime, Interval) results in the code for that operator being 
placed in the edit field as shown below.   
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Right clicking again with the cursor within the max() operator parentheses, and inserting the variable 
Polhemus1.Sensor1.Axes.Pos.X, a Start Time, End Time, and interval, separated by commas, will 
complete the definition.  

 

If, after entering, the text in the edit field remains red, there is an error which can be determined by 
hovering over the edit field.  Operators follow standard order of operation and can be nested.  
However, caution should be exercised when nesting computationally intensive operators such as 
derivatives and integrals or multiple ñifò statements as the number of computations can expand 
exponentially. 

With this understanding of drop-list and formula data, we can now proceed to the components that 
make up The MotionMonitor xGen software. 
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Setup Components 

Setup Components is the means by which data are generated.  Setup Components include the 
definition of the world axes, selection of data-collection hardware, rigid bodies, styluses, objects, 
permanent variables and subjects.  Components can be used in almost any quantity and 
combination.   

World Axes 

Selecting the ñWorld Axesò in Components Setup tab brings up the parameters panel for defining the 
world axes.  These include the axis which points north (only required for Inertial Measurement Units 
or ñIMUôsò), the axis which the subject faces during setup, and the axis which points upward.  The 
default world axes are right-handed but marking the check box will generate a left-handed coordinate 
system.  Note that ñaxis which the subject facesò refers only to the time of setup.  During data 
collection, the subject can move in any direction.  

 

Hardware 

Selecting ñHardwareò in the Components Setup allows the user to choose hardware devices. The 
ñLive Periodò on the hardware parameters panel specifies the maximum amount of time retained in 
the working memory for performing calculations displayed in the Live window.  The live period has no 
effect on the maximum recording duration.  However, a longer live period will use up more computer 
resources.  The ñplayback step intervalò simply establishes the period between readings displayed in 
the slider bar.  It is often used to match the playback to the speed of video. 
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Clicking the ñAddò button will add the hardware device selected in the drop-list to the hardware node.  
In the example below an OptiTrack system was selected from the drop-list. Selecting the specific 
hardware component will bring up its parameters panel.  Your client support engineer can help 
identify correct settings for each hardware type.  

The hardware device parameters panel is organized into multiple sections.  The area at the top and 
buttons at the bottom are more commonly needed, and therefore always visible. The Setup and 
Advanced sections are typically updated less frequently and can be expanded or collapsed as 
needed.  
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The hardware name is what defines how the hardware is referenced internally and when referencing 
data from the hardware device when using the variable drop-lists or formula right-click cascading 
menus. If the hardware device name is modified, the update will propagate throughout the software, 
expect within scripts and previously recorded activities.  One note of caution is that if you are 
changing the name, separate analyses would be needed for each different hardware name, possibly 
making post processing and batch processing more difficult. 

If a new alignment of the hardware coordinate system will be performed using the ñAlignò button, then 
the ñStylus to useò must be defined using this hardwareôs data for digitizing new world axes points. 
The use of Associated subjects is unique to OptiTrack and should be discussed with your client 
support engineer.   

The data measurement used in live calculations and for updating graphics can be scaled down by 
enabling the ñlive data decimationò checkbox.  This will result in an effective measurement rate for 
real time purposes being equal to the hardwareôs measurement rate divided by the specified 
decimation factor.  Similarly, the display of data in the Live window can be suspended by placing a 
mark in the checkbox for ñSuspend live dataò. The processing and display of data in a live mode uses 
computer resources, so these options allow the user to optimize computer resources and free up 
more processing power for data collection.  These settings are independent for each hardware device 
and once an activity has been recorded data from the full measurement rate will be accessible for 
analysis.   

If a synchronizing device such as a handheld event marker is to be used in place of passive 
synchronization methods that are implemented by The MotionMonitor xGen by default, mark the 
ñSynchronizing event:ò check box and provide a definition of the event marker as a Boolean condition.  
The definition must be based on the hardware component being added.  For example, if considering 
an A/D device with a handheld event markerôs signal input to A/D hardware, the synching event would 
occur when the A/D input channel either exceeded some voltage or fell below some voltage, 
depending on how the A/D hardware is configured.  A signal from the OptiTrack hardware system 
could not be used as the synchronizing event for the A/D device.  The synchronizing event specified 
for each hardware device will be used to override the default MotionMonitor xGen alignment for that 
hardware.  In cases where a synchronization method is not implemented for a hardware device, the 
default synchronization method will still be used to align with other hardware data streams.  

Hardware components can be activated by clicking the ñActivateò button. This button will toggle 
between activate and deactivate depending on the state of the hardware.  Finally, the coordinate 
system of hardware components can be aligned with other hardware or a user specified world co-
ordinate system by clicking the ñAlignò button and following the screen prompts. 

The data that is streamed from a hardware system will automatically appear below the hardware 
component.  In the case of OptiTrack1, the hardware will stream i) the 3DOF vector position of 
ñMarkersò, ii) the axes data (vector position and orientation) of ñRigid Bodiesò, and iii) if being 
collected via Optitrack, ñForceplatesò center of pressure, force and moment data.  

Regardless the data type, when the data is selected as shown below, a panel will appear with 
smoothing parameters.  These can be set as appropriate for the data type and activity being 
collected.  The smoothing parameters can be modified separately for each data type or parameters 
can be applied to all data within the node when the ñApply to Allò button is clicked.  For example, 
ñApply to Allò, when smoothing a marker, will smooth all markers in that node, but not Rigid Bodies. 

It should be noted that these parameters control smoothing at the time of collection.  When a 
collected activity is being analyzed, these smoothing parameters can be modified as part of the 
analysis settings.  The smoothing parameters are saved within an Analysis (*.ian) file. 
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Subjects   

Selecting ñSubjectsò in the Components Setup tab allows the user to add one or more subjects to the 
workspace with the ñAdd Subjectò button.   

Selecting the added subject, Subject1 from the Subjects node reveals edit fields describing 
parameters that will be used during the calibration protocol. Most parameters are self-explanatory.  

Similar to the hardware device, the Subject parameters panel is organized into multiple sections and 
the name can be modified.  One note of caution is that if you are changing the name, separate 
analyses would be needed for each different subject name, possibly making post processing and 
batch processing more difficult.  

The ñAssume rigid bodies to be aligned with segment axesò checkbox can be used when the rigid 
body axes assigned to each segment are aligned with the longitudinal axis of the segment.  Then, the 
ñAnterior axis of rigid bodiesò, the axis that is directed anteriorly, can be selected from the drop-list.  
With these two axis directions known, the segment axes can be generated directly from the sensor 
data.  This has more advantages during the C3D import process, because a neutral stance file would 
no longer be required, but it can also be applied to real time subject calibrations. 

The ñAssume rigid bodies to be orientation-onlyò checkbox can be used with sensors that provide only 
orientation data, such as Inertial Measurement Units. Here the subjectôs skeleton is built much like a 
rag doll.  Each segmentôs proximal endpoint is positioned relative to its proximal segmentôs distal 
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