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What is Vicon ProCalc?

ProCalc makes calculating kinematic variables, events, and parameters easy 
and intuitive. It exposes several different processing schemes that let you 
use a graphical user interface (GUI) to configure the calculations. When 
executed, a processing scheme calculates variables, events and/or 
parameters based on data read from a .c3d file containing 3D motion data. 
The results are either written back to ProCalc or, alternatively, output 
directly to a Microsoft Excel spreadsheet, from where you can perform 
further analysis.

The following topics provide an introduction to installing and using 
ProCalc.

• Install and license ProCalc (see page 3)

• Get to know ProCalc (see page 4)

• Define calculations (see page 6)

• Pre-defined types (see page 9)

• Define input parameters (see page 10)

• Define variables (see page 12)

• Define events (see page 21)

• Define parameters (see page 23)

• Model parameters and static/dynamic processing (see page 29)

• Calculated parameters - Groups (see page 30)

• Process and calculate parameters (see page 33)
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Install and license ProCalc

 Download the ProCalc installer from:

https://www.vicon.com/downloads/software/procalc

By default, the software is installed in C:\Program Files\Vicon\proCalc (32-
bit Windows) or C:\Program Files (x86)\Vicon\proCalc (64-bit Windows) 
folder on your hard drive (or the equivalent in the local language for non-
English Windows).

Requirements

• ProCalc is supported under the following operating systems:

• Microsoft Windows 10, 64-bit (this is the Vicon-recommended OS): 
Compatible with and fully supported.

• Microsoft Windows 7: Supported and has undergone limited testing.
Although ProCalc may install and function under other Microsoft 
Windows operating systems, this is not officially supported or 
recommended by Vicon.

• Export to Excel requires Excel 2007 or later.

License ProCalc

ProCalc is licensed together with Vicon Nexus.
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Get to know ProCalc

The ProCalc user interface is optimized for screens with resolution 1600 x 
1050 pixels or higher. Although the minimum resolution is 1024 x 768, 
screens with higher resolution are recommended.

To launch ProCalc, do one of the following:

• From the Windows Start menu >  All Programs > Vicon > ProCalc. 
or

• Double-click on the desktop icon, if available.

After a short time, the ProCalc window is displayed: 

The main window is split into three parts:

• The left side contains the controls – where you choose what to process 
and how to process it.

• The top of the right side contains the 3D workspace – where ProCalc 
visualizes what you’re currently calculating.

• The bottom of the right side contains the Log – where ProCalc outputs 
relevant messages during your work.

ProCalc offers two main workflows:
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• Defining your calculations You use ProCalc to define what you wish to 
calculate, and how ProCalc should calculate it.

• Processing You use ProCalc to execute pre-defined calculations on one 
or more trials.
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Define calculations

The left side of the ProCalc window contains the various controls that you 
use to define calculations. To simplify the workflow, the controls are split 
into five tabs:

• Data Management. Lets you browse your data hierarchies and decide 
which trials you wish to work with.

• Input Parameters. Lets you define parameters that are used as inputs to 
all the other calculations. These could be subject parameters that you 
have measured (for example Patient Height), constant parameters that 
you wish to use (for example PI = 3.14156), or calculated parameters, that 
is, parameters that have been calculated by an earlier process (for 
example, if you have calculated certain offsets from a static trial that you 
want to use in the dynamic trials).

• Variables. Enables you to define your time-dependent variables. A large 
number of functions are available, which let you define new 3D points, 
vectors, lines, planes and segments, among other things. These are based 
on the trajectories or analog data found in the trial. For example, you 
could decide to create a new 3D point halfway between two trajectories 
from a trial, and then create a 3D segment with its origin in this point.

• Events. Here you define how ProCalc calculates new events. Events are 
simply time points in the trial where something important occurs, such as 
standard gait events like foot contact and foot off, but could equally well 
be more specialized ones like mid-swing or ball contact.

• Parameters. This is the final calculation stage. Here, you use a 
combination of your variables and events to calculate parameters from 
points of interest in the trial. Examples could be left knee flexion at foot 
contact, maximum hip flexion during swing, or club head velocity at ball 
contact.
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Data Management tab
The Data Management tab contains the ProEclipse data management 
controls. These let you organize, search, and open your trials easily. ProCalc 
primarily uses two aspects of ProEclipse: the ability to open a trial, and the 
ability to mark a trial. 

Important: Before defining or modifying any of the processing in ProCalc, 
make sure that you have opened a trial that contains data relevant to what 
you wish to calculate.

Scheme controls
Each of the tabs that enable you to define part of the calculation expose 
the same controls for creating, editing, saving and deleting the calculation 
schemes. The following controls are available:

The drop-down list to the left contains the currently saved schemes of the 
type corresponding to your selected tab (input parameter, variable, event or 
parameter).

To do this Click this button

Create a new scheme.  and enter a suitable name.

Edit the selected scheme.  Its icon changes to  and the editing controls become 
available.

Cancel editing.

Save a scheme when you’ve 
finished editing.

Delete a scheme if it is no 
longer needed.
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Add, Remove, Copy and Mirror controls
All tabs that expose the interface to define calculations have the same 
buttons in the lower left corner to add, remove, copy or mirror new 
variables, events or parameters. These work as follows:

To do this Click this button

Add a new, blank element in the list, which you can configure using the 
other elements in the interface.

Remove the selected element from the list.

Copy the currently selected element in the list.
This enables you to save time if you are creating multiple similar 
elements by copying an element and changing only the properties that 
differ from the source elements.

Quickly and easily define variables, events and parameters for the 
opposite side of the body.
For example, if you’ve defined an element for the left side, you can then 
make a copy of it and use the mirror function. This changes all 
references to Left to Right (and vice versa). This includes all the inputs 
as well, and the function also changes inputs that start with a capital L 
to a capital R (and vice versa), which is handy if you have input 
trajectories that follow the old convention of using only L or R to denote 
the side.
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Pre-defined types

ProCalc provides many pre-defined types that define specific entities that 
are meaningful in the context of kinematic or kinetic analysis of 3D motion 
data. These types are used for all calculations. The following types are 
defined:

• Number. A floating-point value with or without a unit, for example 15.6kg.
• Angle. A single-component angle with unit in degrees or radians.
• Voltage, Length, Time, Percentage, Frequency. Numbers where the units 

are fixed.
• Point. A specific location in 3D space, for example the location of a 

marker or a calculated joint center. Points always have a length-based 
unit such as mm or m.

• Vector. A direction in 3D space and can be visualized as an arrow. For 
example, a vector could define the direction from one point to another, 
the direction of movement, or a velocity.

• Euler Angle. A 3D angle that describes the rotation between two 
segments, or between a segment and the global reference frame.

• Moment, Force, Power. 3D kinetic variables, either calculated by a 
biomechanical model or measured by a force plate.

• Line. A line has a location and a direction in 3D space. It is defined by a 
point that the line passes through, and a vector that defines its direction. 
A line does not have a start or end point.

• Plane. A plane is defined by a point which is contained in the plane as 
well as a vector that defines the plane's normal vector.

• Rotation. A rotation is a 3x3 rotation matrix that describes the 3D 
rotation from one segment to another. A rotation can be decomposed to 
Euler angles.

• Segment. A segment has both a 3D location and orientation in space. Its 
location is defined by the position of its origin, whereas the orientation 
by its rotation from the global (laboratory) coordinate system.
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Define input parameters

The ProCalc tab for defining input parameters looks like this:

To define input parameters:

1. Either select an existing parameter to edit, or create a new one by 
clicking the Add button just below the list.

2. Enter a suitable name for the parameter.
3. Select the appropriate type for the parameter:

• Subject parameter. These are read from the Vicon Nexus subject 
parameters associated with the trial, if available. Eg: Subject Height.

• Constant Parameter. This is a constant value, optionally with a unit. 
Eg: PI = 3.14156 (unitless) or ForcePlateLength = 500mm.

• Constant Vector. This is the 3D equivalent of the constant 
parameter. Eg: ForcePlateOffset = { 300, 200, 0 } mm.

• Constant Euler Angle. The 3D angle equivalent. Eg: OffsetAngle= < 
15, 30, 0 > deg.

• Calculated Parameter. This parameter is used when you need to feed 
an output parameter from a previously processed trial (typically a 
static or calibration trial) as an input parameter. Eg: WandOffset = 
14mm.
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4. Enter the relevant value, and select the Quantity and Unit.
5. If you’ve defined subject measurements for the trial in Nexus, ProCalc 

automatically recognizes these. If you are defining a Subject 
Measurement as an input parameter to ProCalc, you will see the Nexus-
defined subject measurements in the drop-down list below the 
parameter name. To automatically complete the parameter name field 
correctly, select the required subject parameter and then click Use.

6. Save the scheme by clicking the Save button at the top.
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Define variables

The defining of variables is one of the key tasks in ProCalc, and there are a 
large number of options available: 

Note that you define time-dependent variables that span the frame range 
of the input trial being processed. In other words, if your trial spans the 
frame range 56-652 (assuming the first 55 frames have been cropped), 
each variable defined in this interface will be evaluated for each frame 
between 56 and 652.

To define a variable:

1. On the Variables tab, select an existing variable to edit, or click the Add
button to add a new one.

2. Enter a suitable name for the variable you want to define.
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3. Select a function for the variable. The functions are grouped, so there 
are two drop-downs – the first contains the function groups, and the 
second the functions found within these groups. For a full description 
of all functions, see Functions for defining variables (see page 15). 
Depending on what function you chose, the Type, Input Variable, XYZ, 
Factor, Timing and Event controls are populated accordingly.

4. Choose the type of input variable by selecting from the first column. 
There may be one or more options, depending on the function.
Depending on the chosen type, the Input Variable drop-down list is 
populated with the available options. These may be variables from the 
currently loaded trial, or other variables that you have defined.

5. Select the components from the input variable that you wish to work 
with. The default is always all available components, for example XYZ 
for types Point and Vector. For example, if you choose only the X 
component from a point, then the Y and Z components are set to zero. 
This is equivalent to projecting the point onto the X-axis. Similarly, if 
you choose the YZ component, this sets X to zero, and is equivalent to 
projecting the point into the YZ plane.

6. Select the factor. The default is 1.0, which leaves the input variable 
unchanged. The factor is applied to all the components. In other words, 
if you have as input variable a point that has the value X = 100, Y = 
200, Z = 300 for a specific frame, choose the XY components and use 
a factor of 0.5, the input variable fed to the function will be X = 50, Y = 
100, Z = 0.

7. Selecting the Timing. The default is Continuous, which means that 
ProCalc evaluates the input variable at the same frame number as the 
output variable. However, sometimes you may wish to use input 
variables that evaluate at a different time from the one you’re defining. 
For example, if you are calculating a vector that points in the direction 
a subject is moving throughout the trial, you could calculate this from a 
marker position at the beginning of the trial to a marker position at the 
end. You would then change the timing from Continuous to one of the 
following alternatives:
a. FirstValidFrame. This returns the value of the input variable at the 

first frame in the trial where the variable is valid. For a trajectory, 
this would be the first frame at which the marker is not occluded. 
This means that the input variable evaluates to the same value for 
each and every calculation frame of the trial and effectively 
becomes a constant input to the function.
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b. LastValidFrame. As above, except that the last frame that has a 
valid value is returned.

c. Maximum. Returns the variable’s maximum value.
d. Minimum. Returns the variable’s minimum value.
e. Previous. Returns the input variable at the previous event of a given 

type relative to the current calculation frame. For example, if 
ProCalc is currently evaluating frame 354 and you have specified 
the Left Foot Strike, ProCalc looks backwards in time until such an 
event is found. Say this event is found at frame 325, then instead of 
being evaluated at frame 354, the input variable is instead 
evaluated at frame 325. This means that the input variable remains 
constant between each event of the specified type.

f. Following. As above, except that the specified event will be the next 
one in time. For the example above, if the next Left Foot Strike 
occurs at frame 416, then the input variable returns its value at this 
frame rather than the current calculation frame 354.

g. First. As above, except that the input variable is evaluated for the 
first event of the specified type in the trial.

h. Last. Again as above, except that the input variable is evaluated for 
the last event of the specified type in the trial.

i. MaxBetween. Returns the variable’s maximum value between the 
two nearest events of the specified type.

j. MinBetween. Returns the variable’s minimum value between the 
two nearest events of the specified type.

8. Repeat the procedure until all the input variables required for the 
function have been defined.

9. Optionally choose whether to negate one or more components of the 
variable. This can be useful if you’re defining Euler angles and for 
example, the biomechanical convention requires knee flexion to be 
positive, but the mathematics makes knee flexion negative.

10. When you have defined all your variables, save the scheme.
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Functions for defining variables
The following functions are available.

Variable timing information

You can set the timing information for each variable. This enables the 
function that generates your new variable to fetch the input data from 
input frames that are offset from the output frame. You have the following 
options:

• Continuous. The input variable will be taken at the same frame number as 
the one being calculated for the output variable.

• FirstValidFrame, LastValidFrame. The input variable is taken at either the 
first or the last valid frame of the trial. This is handy if, for example, you 
want the calculate the vector from the first valid point of a marker to the 
last valid point, i.e. the general direction in which the marker has moved 
throughout the trial. By creating a Vector between points A and B, where 
point A is trajectory X at the first valid frame, and point B is trajectory X 
at the last valid frame, you get the direction vector of the trajectory's 
overall movement.

• Previous, Following. The input variable is taken at either the previous or 
the following event type specified in the combo box alongside. This 
could, for example, be useful if you want to calculate the distance a 
marker has traveled between two foot contact events.

• First, Last. The input variable is taken at either the first or the last event 
type specified in the combo box alongside.

Arithmetic
These take two input variables of any type. Note variables of different 
types cannot always be combined – for example, you cannot add an angle 
to a length.

• Add: A+B
• Subtract: A-B
• Multiply: A*B
• Divide: A/B
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Comparison
These functions take 2 or 4 input variables, performs a comparison and 
returns the relevant value.

• Max: A and B. Evaluates to the largest value of the input variables A and 
B.

• Min: A and B. Evaluates to the smallest value of the input variables A and 
B.
If A > B then C else D. Compares A and B. If A is greater than B, then the 
function returns variable C, otherwise it returns D.If A = B then C else D. 
Compares A and B. If A is equal to B, then C is returned – otherwise D.

Normalize
You can use this to calculate a percentage.

• Return A in % of B. Returns A’s value as a percentage of B.

Distance
These are functions that measure a distance.

• Magnitude: A. Returns the magnitude (length) of the vector A.
• Distance: A to B. Returns the distance from point or segment A to point 

or segment B.
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Point
These are functions that calculate the location of a 3D point.

• {A, B, C}. Defines a point directly from the three variables A, B and C, 
which then become the X, Y and Z component of the variable, 
respectively.

• {A, B, C} in Segment D’s local coordinates. Defines a point in global 
coordinates from the components X=A, Y=B and Z=C in segment D’s local 
coordinates.

• Point A offset by vector B. Starting at point A, this function defines a 
new point that is offset by vector B.

• Halfway between A and B. Defines the halfway-point between points A 
and B.

• Average of A, B and C. Defines the average point of the three input points 
A, B and C.

• Average of A, B, C and D. As above, except for all 4 input points.
• Distance A from point B towards point C. Starts in point B and travels the 

distance defined by A in the direction of Point C.
• Distance A from point B along vector C. Starts in point B and travels the 

distance defined by A along the Vector C.
• Joint center:Distance A from pont B, C defines normal, D defines plane. 

This is the “classic” Plug-in Gait method of defining a joint center (JC): a 
specific distance (typically half the joint width from the subject 
measurements plus half the marker diameter) away from point B 
(typically the joint marker), the JC point is placed so that the lines JC-B 
and JC-C are perpendicular

• Project: A onto B. A is a point which is projected onto a line or a plane, 
defined by B.

• Transform: A to B's local coordinates. A is a point in global space which is 
transformed to segment B's local coordinate system. This function 
returns a local point.

• Transform: A from B's coordinates back to global. The reverse of the 
above function, A is a local point specified in B's local coordinates which 
is transformed back to global. Note that no check is made to ascertain 
that the local point was originally defined in segment B's local 
coordinates.

• Conditional:If A exists then A else B. This can be used if a trajectory has 
gaps or for some other reason doesn’t exist in the trial.
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• Conditional:If A exists then A else B in C’s coordinates back to global. 
This function is designed to make it easy to recalculate the position of a 
marker which you have stored as a position in a local coordinate system 
during a static trial.

Vector
These are 3D vector function that either define a vector or perform 
calculations on vectors.

• From A to B. The vector from point A to point B.
• Dot product: A * B. The dot (scalar) product of vectors A and B.
• Cross product: A x B. The cross product vector of input vectors A and B.
• Rotate: A to B's local coordinates. Rotates the input vector A using 

segment B's rotation matrix.
• Rotate: A in B's local coordinates back to global. The reverse of the above 

function - rotates the input vector A using the inverse of segment B's 
rotation matrix.

• Project: A onto B. Projects the vector A onto vector B.

Line
These functions define a line in 3D space.

• From A to B. Defines a line that passes through the points A and B.
• From A in direction B. Defines a line that passes through the point A and 

has the direction of vector B.

Plane
Defines a plane in 3D space.

• Contains A, B and C. Defines a plane that contains the points A, B and C.
• Contains A, normal vector B. The plane passes through point A, and has 

normal vector B.
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Segment
Defines a segment which has a position and orientation in 3D space. There 
are many ways of defining a segment. The one to choose depends on how 
you want the internal axis system of the segment to be oriented.

• Origin A, X-Axis=A►B, Z-Axis=(A►B)x(A►C). Defines the segment using 
the three points A, B and C. The origin is at point A, whereas the major 
axis (X in this case) is defined by the vector from point A to point B. Then, 
the secondary axis is defined using the cross product of the major axis 
and the vector from A to C. The final axis is then formed from the cross 
product of the major and secondary axes, to form a right-handed 
coordinate system. This method of defining a segment is available for all 
axis configurations: XY, XZ, YX, YZ, ZX and ZY.

• Origin A, X-Axis=B, Z-Axis=B x C. This uses the point A and the vectors B 
and C to define the segment. B becomes the major axis, and the cross 
product of B and C becomes the secondary axis. This method is also 
available for all axis configurations.

• Define Origin A, X-Axis=lab axis closest to B, Z-Axis up. This is intended to 
make it easy to calculate a reference system that is aligned to the lab 
coordinate system.

• Define from 3-marker cluster A, B and C. The segment’s origin is the mid-
point between the input points A, B and C. The segment’s axes are 
aligned with the marker positions. This is intended to be used for a 
technical coordinate system defined by a marker cluster consisting of 3 
markers.

• Define from 3-marker cluster A, B, C and D. Equivalent to above, except 
based on a 4 marker cluster rather than 3.

• Offset segment A using segment B. This defines a segment that uses a 
source segment A and offsets this using segment’s B orientation and 
position. This is typically used when a static offset transformation has 
been calculated between a technical and an anatomical coordinate 
system during a static trial, and stored as a segment. During the dynamic 
trial, you can then offset the technical coordinate system A using the 
static offset B, which will recreate the anatomical coordinate system you 
started out with.
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Angle
Defines an angle, which can be either 1D or 3D. All 3D angles are Euler 
angles.

• Angle: Between A and B. Defines a 1D angle between A and B. Both A and 
B can be a vector, a line, a plane or a segment. The angle returned is the 
absolute angle between two directional vectors, measured in the plane 
that contains both. The direction vector for a plane is its normal vector, 
and for a segment its major axis.

• Angle: Between A and B around C. Returns the angle between A and B, 
which as above can be a vector, a line, a plane or a segment, but this time 
calculated around the vector C (or segment, in which case it’s the 
segment’s major axis).

• Euler angle: <TOKEN> between A and B. Defines an Euler angle between 
segment A and B, using the <TOKEN> as the Euler extraction order. The 
available tokens are XYZ, XZY, YXZ, YZX, ZXY and ZYX.

Velocity
Calculates the speed, or the velocity, of an input variable.

• Velocity: A. Returns the velocity of point A or segment A's origin by 
differentiating the input variable using a 3-point numerical differentiator.

• Angular velocity: A. As above, but returns the angular velocity of vector A, 
Euler angle A or segment A's major axis.

• Velocity (5-point): A. As above, except that a 5-point numerical 
differentiator is used instead of a 3-point one.

• Angular velocity (5-point):A.

Acceleration
Calculates the acceleration of an input variable.

• Acceleration: A. Returns the acceleration of point A or segment A's origin, 
calculated by double-differentiating the input variable using a 3-point 
numerical differentiator.

• Angular acceleration: A. Returns the angular acceleration of vector A, 
Euler angle A or segment A's major axis.
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Define events

Events are used to identify specific time points in a trial where “something 
interesting” occurs. The standard Vicon events (Left/Right/General Foot 
Contact/Foot Off/General) are available, as are custom events where you 
are free to name the event whatever you like. The relevant controls are:

To define an event:

1. On the Events tab, click an existing event to edit, or click Add to create 
a new one.

2. Select the event type from the drop-down list. The nine standard Vicon 
Nexus events are available, but you can also create a custom event. If 
so, you also get the option of naming the event whatever you want.

3. Select the variable type and the variable you want to use as the trigger. 
This could be a trajectory or analog data variable from the trial, or it 
could be one of your own calculated trials.

4. Select when the event should be generated. You have three options:
a. Generate the event when the variable attains its maximum value.
b. Generate the event when the variable attains its minimum value.
c. Generate the event when the variable crosses a threshold. The 

threshold can be defined as either an absolute value (for example 
“15 degrees”), or a relative value. Furthermore, the relative value can 
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be taken as a percentage of the variable’s range, maximum or 
minimum value, or even the range of just the current cycle. See 
below for a description on how to define cycles.

5. To avoid false positives caused by the variable’s value hovering around 
a threshold, you can also specify that the threshold has to be crossed 
for a minimum number of milliseconds. If you do this, and the variable’s 
value happens to creep above the threshold before dropping below and 
back above again, only the last threshold crossing is identified.

6. You can add a dependency on a separate variable by selecting the Only 
when variable check box and completing the drop-downs. For example, 
an algorithm for determining foot contact may use the speed of a 
marker’s Z component, but also require the marker’s Z coordinate to be 
below a certain threshold. The second requirement can be specified 
using the Only when variable function.

7. You can also use the Only between Events check box to create events 
only when the threshold/minimum/maximum condition is reached 
between two other events. For example, this may be useful if you want 
to identify an event when the peak angle during swing has been 
reached. In this case, you’d choose to only add the event between the 
Foot off and Foot contact events. In this case, the maximum is also 
evaluated for each cycle separately, rather than for the trial as a whole.

8. When you are finished, remember to save the scheme.
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Define parameters

A parameter is a value calculated from one or more variables, either 
variables from the trial or variables that you have defined yourself. There 
are a large number of calculation functions and possibilities, and the part 
of ProCalc that lets you specify what to calculate looks like this:

To define a parameter:

1. On the Parameters tab, select an existing parameter to edit, or add a 
new one by clicking the Add button.

2. Enter a name for the parameter.
3. Decide which function to use for the parameter calculation. In the first 

drop-down menu, choose a function group. This populates the second 
drop-down menu. If the parameter requires a threshold, the Threshold 
Value text box and drop-down menu becomes active. For a description 
of the available parameter functions, see Functions for defining 
parameters (see page 25). 

4. Determine whether the variable should be a Model Parameter or an 
Export Parameter. For more information, see Model parameters and 
static/dynamic processing (see page 29). 
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5. Depending on the parameter function you chose, specify one or two 
input variables, or one or two input parameters, and up to four input 
events.

6. Choose the desired inputs. The variables are sorted by type, so select 
the desired type (e.g. Angle or Vector) first.

7. Choose the output unit. ProCalc automatically determines the quantity 
of the parameter, based on the inputs. However, you can choose the 
specific output units, eg, if you wish to see the results in meters or 
millimeters.

8. Choose whether to time-normalize the output. This option is available 
for parameters that calculate a time, and enables you to return the 
value as a percentage of a normalization cycle (eg, a gait cycle) instead 
of in seconds.

9. Remember to Save.



ProCalc 
Product 
Guide 

Vicon Motion Systems Ltd. 08-Mar-2018 Page 25 of 34

Functions for defining parameters
Like variables, the parameter functions are split into function groups.

Time
Functions in this group all return a time, either in seconds or normalized to 
percent if you specify the Time Normalize Between events.

• Event A. The time of A.
• Event A to Event B. The duration from A to B.
• Variable A max value [Event A, Event B]. The time when variable A attains 

its maximum value between two events of type A and B.
• Variable A min value [Event A, Event B]. As above, but for the minimum 

value.
• Variable A crossing Value going up [Event A, Event B]. The time of 

variable A crossing a Threshold value on the way up, between two events 
of type A and B.

• Variable A crossing Value going down [Event A, Event B]. As above, but 
crossing the threshold going down.

Total time
These functions calculate the total time a variable fulfils a certain 
condition.

• Above Value [Event A, Event B]. The total time a variable is above a 
certain threshold value, in seconds, between events A and B.

• Below Value [Event A, Event B]. As above, but the time the variable is 
below the threshold value.

Frequency
This group contains only one function.

• [Event A, Event B], this calculates how often the event pair A and B 
occurs. This could, for example, be used to calculate cadence, which is 
the step frequency, by specifying event A as foot strike and B as foot off. 
Although the standard unit for frequency is Hz, you can also choose units 
such as steps/min.
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Value
These functions calculate the value of a variable, or the value of a 
combination of variables, at specific points in time.

• Variable A [Event A]. Simply the value of the variable at the time 
specified by the event.

• Variable A [Event A] + Variable B [Event B]. The two variable values added 
together, the values taken at the points in time specified by events A and 
B, respectively.

• Variable A [Event A] –Variable B [Event B]. Variable B subtracted from A.
• Variable A range [Event A, Event B]. Variable A’s range (that is, its 

minimum value subtracted from its maximum value) for the time span 
defined by events A and B.

• Variable A max [Event A, Event B]. Variable A’s maximum value for the 
time span defined by events A and B.

• Variable A min [Event A, Event B]. As above, except for Variable A’s 
minimum value.

Integrated
This group contains only one function.

• Variable A [Event A, Event B], calculates the integral over the time span 
defined by events A and B.

RMS
This stands for “root mean square”, which adds up the square of all sample 
points and finally returns the square root of the sum.

• Variable A [Event A, Event B]. Calculates the RMS of variable A between 
the events A and B.

• Variable A –Variable B [Event A, Event B]. Calculates the RMS of the 
difference between variables A and B over the time span defined by 
events A and B.

Average
These functions calculate the average value of a variable, or a combination 
of variables.
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• Variable A [Event A, Event B]. The average of each sample point over the 
time span defined by events A and B.

• Variable A’s local coordinates in Variable B [Event A, Event B]. Variable A 
can be either a point or a segment, whereas variable B has to be a 
segment. The function calculates the average position (and, if a segment, 
orientation) of A in B’s reference frame. The main use of this function is 
to store an anatomical point or segment in a technical segment’s 
reference system based on a static trial, which can be used later in a 
dynamic trial.

Stdev
Equivalent to the average function above, except that it calculates the 
standard deviation.

• Only Variable A [Event A, Event B] is available.

3D
Functions in this group calculate parameters based on 3D variables.

• Distance Variable A [Event A] to Variable B [Event B]. Calculates the 
straight-line distance from the 3D variable A to the 3D variable B.

• Speed Variable A [Event A, Event B]. Calculates the speed of 3D variable 
A between event A and event B. This corresponds to the distance 
covered divided by the time between the two events.

• Distance Travelled Variable A [Event A, Event B]. Calculates the 3D 
distance traveled by variable A between events A and B. This is 
calculated by adding each line segment traveled for each frame between 
the two events.

Temporal
These are special functions for calculating typical temporal parameters.

• Single Support [Event A, Event B] – [Event C, Event D]. Calculates the 
time between events A and B, but then subtracts the time outside the 
span defined by event C to event D, should either of these lie inside the A 
to B span. When A = ipsilateral foot contact, B = ipsilateral foot off, C = 
contralateral foot off and D = contralateral foot contact, single support is 
calculated as the total stance time (A to B) minus the time of double 
support (A to C and D to B). However, should C and D lie outside the span 
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A to B (for example when a running motion is analyzed), nothing is 
subtracted since there is no double support.

• Double Support [Event A, Event B] – [Event C, Event D]. Calculates the 
time from event A to event B minus the time inside the span defined by 
event C to event D.

Parameter
These functions enable you to combine other parameters.

• Parameter A + Parameter B. Adds two parameters.
• Parameter A –Parameter B. Subtracts parameter B from parameter A.
• Parameter A * Parameter B. Multiplies the two parameters.
• Parameter A / Parameter B. Divides parameter A with B.
• (Parameter A + Parameter B) / 2. Takes the average of two parameters.
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Model parameters and static/dynamic processing

Parameters can be saved out from ProCalc in two ways:

• A Model Parameter is saved to an internal file that belongs with the data 
you’re processing.

• An Export Parameter is exported to Microsoft Excel when you process 
the data files.

The concept of a Model Parameter is that you can calculate a static value 
based on one trial and use this value in other trials. This is commonly used 
in 3D motion capture when a static trial is captured with more markers 
than subsequent dynamic ones, usually because the static trial includes 
markers that are difficult to capture – or have a high risk of being knocked 
off – in the dynamic trials.

If you select the Model Parameter check box on the Parameters tab, the 
parameter is saved to the Session folder that you’re currently processing, 
and associated with the subject name. For example, if you output a point or 
a segment as such a model parameter, you can subsequently use this as an 
input variable when you define your Variables. For a more specific example: 
you use a static medial epicondyle marker, and you create a thigh segment 
coordinate system based on three or more other markers (eg, a cluster 
attached to the thigh). You can now save the position of the medial 
epicondyle marker in the thigh segment’s local coordinate system as a 
Model parameter. Then, you can re-create this marker as a virtual marker in 
a dynamic trial by transforming the local coordinate of the parameter to 
the global coordinate system. 
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Calculated parameters - Groups

Sometimes you may want to calculate the same type of parameters on 
many different variables. You can define such parameters using the 
individual parameter interface described in Model parameters and static/
dynamic processing (see page 29), but it can quickly become cumbersome and 
time-consuming to do all the work. For this reason, ProCalc includes the 
Define Parameter Groups window, which lets you define groups of 
parameters quickly and easily.

Note that the parameter scheme names are shared between the individual 
and group parameter interfaces. The group parameter interface is simply a 
different way of specifying the same thing.
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To configure groups of parameters:

1. In the Define Parameter Groups window, select the parameter scheme 
to edit and click the Edit button.

2. Click the Filter dropdown list, choose which type of input variable for 
which you want to calculate variables. For example, you could choose 
EulerAngle to see all the variables of this type. Note that Left variables 
and Right variables are grouped.

3. Click on a variable. The first click will highlight the variable, and the 
second click will select it (a subsequent click will then de-select it). A 
checked variable means that at least one parameter will be calculated 
on the basis of it.

4. In the list on the right, the top section lists the current functions. 
When you perform this step for the first time, the list is empty. To add a 
function to the list:
a. In the Define New Function section at the bottom, enter a name for 

the function (eg, Max or ValueAtIC, IC meaning Initial Contact in 
this case).

b. Select a function. For available functions, see Functions for 
defining parameters (see page 25), though not all the functions 
available for individual parameters are available here.

c. Select the input events. You can choose between Ipsi and Contra 
meaning "the same side" and "the opposite side", respectively. Then 
you can select the actual event type, either custom types or the 
standard Foot Contact, Foot Off and General. In other words, if you 
select Ipsi Foot Strike this means a Left Foot Strike event for a left-
associated variable, and a Right Foot Strike for a right-associated 
variable.

d. Select the output quantity and unit. Note that no verification is 
made that your selected output unit matches the input variable. If 
you choose incompatible units, your output parameters will not 
calculate correctly.

e. Click Add to add the function to the list at the top.
5. Select which components for which to calculate, and which sides. Note 

that you also have the option of calculating the "Ratio" - this is simply 
the left side value divided by the right.

6. Optionally, you can rename the components. For example, instead of 
using defaults such as "HipAngleX", you can enter "HipFlexExt".

7. Save before exiting.
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As illustrated above, this interface lets you configure the calculation of a 
large number of parameters for each variable.

Note: The name of the parameter is automatically generated, so that:

Parameter Name = SIDE_COMPONENT_FUNCTION

For example, if you've named the first component of the HipAngles variable 
HipFlexExt and the function Max, the resulting parameter name will be 
Left_HipFlexExt_Max.
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Process and calculate parameters

When you have set up and configured all your schemes - input parameters, 
calculated variables, new events and parameters - you can use these to 
calculate parameters from any number of motion capture trials that 
contain the relevant data needed by the processing, typically trajectories, 
events, analog data and perhaps modeled data (for example, the output 
from Plug-in Gait or a similar biomechanical model).

To process and calculate parameters:

1. Decide which Input, Calculated Variables, New Events and Calculated 
Parameters schemes to use and select these from the drop-down 
menus at the bottom of the Data Management tab.

2. Browse to the data you want to process in the Data Management tree.
3. Mark all the trials you want to process. You can either right-click on the 

trial and select Mark Trial from the shortcut menu, or you can press the 
M key on your keyboard. You can also multi-select trials to speed up 
the marking process.

4. If you choose the option to export to an existing Excel spreadsheet, the 
first column must contain the parameter names you want to export. 
ProCalc then exports the parameter values in subsequent columns. 
This enables you to export only a subset of parameters even if your 
scheme calculates many more, and also to choose the order in which 
the parameters are exported.

5. You also have the option of ticking the Export Cycles tick box. In this 
case, a parameter is calculated for each defined cycle (as applicable), 
and exported separately in the Excel spreadsheet.

6. Click the Process Marked Trials button.
Important: There may be inter-dependencies among the schemes. For 
example, the parameter scheme may depend on a variable or an event 
calculated by another scheme. If you do not select the correct 
schemes, or if a scheme has been altered so that such a dependency is 
broken, the corresponding parameters will not be calculated.
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The calculated parameters are automatically copied to an Excel 
spreadsheet.

If you do not specify an existing sheet into which the parameters will be 
added, they are copied to a new, blank sheet. If the sheet is blank, the 
parameter names appear in the first column and the relevant unit in the 
second. In the third column, the parameter's average value appears, and in 
the fourth, its standard deviation. The average and standard deviation are 
calculated on the basis of all defined cycles for which the parameter is 
calculated. Optionally, in subsequent columns, the results from the 
individual cycles are added.

If more than one trial is exported, subsequent trials are added in columns 
immediately following the previous trial.
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