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Introduction 

This guide aims to help you learn how to use proEMG 2.0 by describing how specific tasks are done. This 
is not an exhaustive user guide - rather, it is a tutorial that aims to teach you the basics of proEMG by 
using specific examples. The guide assumes that you have installed and licensed the software, and that 
you are familiar with the basic operations. Please consult the User Guide for more information. 
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What's new in proEMG 2.0 
If you're already familiar with proEMG 1.3 or earlier, this section describes the main new features of 
proEMG 2.0. This is an overview only, please see later in the documentation for a complete description 
on how to use these features. 

New signal processing functions: 

 The Wavelet transform lets you visualize the EMG signal in a completely new way. Instead of 

showing the signal's amplitude plotted against time, the Wavelet display shows you the signal's 

frequency content plotted against time, using a 2D intensity plot. This lets you see in an intuitive 

and clear way where the signal is strong in low and where it is strong in high frequencies. 

 The Teager-Kaiser energy operator has been shown in the literature to be useful for improving 

the accuracy of automatic on/off muscle detection. 

 A moving correlator lets you plot the correlation coefficient between a graph and a pre-selected 

small section of another graph. 

 You can now plot the baseline standard deviation directly - in other words, plot how the 

standard deviation of the signal compares to its lowest value. 

New graph display functions: 

 Adjacent (side-by-side) display of normalization cycles. You can choose whether to see one, 

several or all cycles side by side, and you can use the space bar to "scroll" through to the next 

cycle. This is extremely useful if you have a lot of cycles, but need to inspect just a few cycles at 

the time. 

 2D graphs for wavelets, including averaged and side-by-side display of time-normalized wavelet 

data. 

 Right-click in the graph area to set preferences for graphs such as the colours used for the 2D 

intensity graphs and the fonts used for the title and axes. 

New stand-alone functions: 

 Data management has been improved. Instead of having to browse directly to folders, you can 

now register multiple sessions and multiple databases and select these directly. 

 The setup of trial types has been improved: 

o There is a muscle name library that lets you quickly assign pre-defined muscle names to 

channels. 

o The muscle name library is editable. 

o You can trigger capture start/stop/pause/resume using a hardware trigger signal. 

 You have the option of integrating and capturing a single CamCorder, WebCam or other video 

source, to be recorded concurrently with the analog data. 
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 You can also play back trials captured with video. There are new play/step forward/step 

backwards buttons, a time bar current time slider function, and you can specify video offset with 

respect to EMG data. 

 The Main Window in proEMG stand-alone has been re-designed to make it more intuitive, 

better looking, and require fewer mouse clicks and/or less mouse movement to use. 

 A new calibration function has been added for calibrating scale and offset for individual 

channels - especially useful for devices such as goniometers. 

New Processing Window Functions: 

 Complete redesign of the interface to make it more intuitive, better looking, and require less 

mouse movement and mouse clicks. 

 A new button lets you show multiple cycles from the same graph adjacent to each other (in 

addition to averaged and overlaid). 

 There are new icons for adding/editing/saving schemes, and the option to delete a scheme has 

been added. 

 A new function lets you copy the currently displayed graph to the clipboard as a bitmap, which 

you can then paste directly into, for example, PowerPoint or Word. 

 The Event Generation Scheme and Parameter Generation Scheme setup windows have been 

redesigned to make them more intuitive. 

 New functions for Parameter calculations: 

o Value at event. 

o Maximum and minimum values between Start and End Event. 

o Timing of maximum and minimum value between Start and End Event. 

o Timing difference between one event and another. This allows you to directly output, 

for example, how muscle activation timing compares in two different channels. 

 Export to Word functionality has been expanded to let you automatically export proEMG's 

graphs as bitmaps to Word. 

New Automatic Processing Functions: 

 The Automatic Processing Scheme setup window has been redesigned to make it much easier 

and intuitive to use. 

 A new function lets you export parameters from multiple trials to the same Excel spreadsheet. 

Welcome to proEMG 
The proEMG software is designed to make the acquisition and processing of EMG signals easy. 
Regardless of whether you are using a system connected to a Vicon analog-to-digital converter (such as 
the MX Control, MX Ultranet HD or MX Giganet), or you are using an off-the-shelf analog-to-digital 
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converter from National Instruments or Data Translation, the proEMG software provides lets you 
process your captured analog data from EMG or other sensors. 

There are three versions of ProEMG: 

1. proEMG Lite. This version lets you capture data and export to Excel or an ASCII file. You can then 
process the data further using your own processing algorithms. 

2. proEMG Stand-Alone. This version has all the capture functionality of the Lite version, but adds 
advanced processing functionality, pipeline processing, automatic processing workflows and 
read/write support for C3D files. 

3. proEMG Vicon Plug-ins. This implements all the advanced processing functions available in the 
ProEMG Stand-Alone as plug-ins accessible from the Vicon Nexus and Vicon Workstation pipelines. 
The actual data capture is done with the Vicon software. 

Your licence could be valid for the Lite version only, for the Stand-Alone only, for the Plug-ins only, or for 
both the Stand-Alone and the Plug-ins. Please contact Prophysics if you would like to extend your 
licence. 

Installing proEMG 
The installation package consists of two files, “Setup.exe” and “proEMGApplicationInstaller.msi”. You 
can double-click either of these and simply follow the instructions. The installer will, by default, install 
the software in the “C:\Program Files\” folder on your hard drive (or the equivalent in the local language 
for non-English Windows, for example “C:\Programme\” in German). The software has only been tested 
installed to this location, and may not work properly if you install to a different location. 

The installer will add a new folder called “prophysics”, as well as a subfolder to called “proEMG” where 
all the actual software is installed. 

NB: if you have Vicon software already installed on your PC, it is very important that you install the 
ProEMG software in the same root location. For example, if your Vicon software is installed at 
“C:\Program Files\Vicon”, then you must install ProEMG at “C:\Program Files”. The installer will then 
add a plug-in to the “Vicon” folder. If you do not have any Vicon software on your PC, the plug-in will 
still be installed, but cannot be used until Vicon software has been added. 

Dependencies 

 Windows 7 (strongly recommended) or Windows XP operating system. 

 The ProEMG software depends on a software library from Microsoft called “.NET 3.5” (dot-Net 
3.5). This library must be installed on your PC - for Windows 7, this will normally be pre-
installed. In any case, the installer will automatically detect whether this is necessary, and the 
installation of .NET will start automatically. However, this is a very large installation, several 
hundred megabytes, so make sure that you leave enough time and/or have a fast enough 
internet connection. Check the Microsoft web site for more details on .NET. 

 Export to Excel requires Excel 2003 or later. 
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 Export to Word requires Word 2007 service pack 2 or later. 

 The use of National Instruments or Data Translation analog-to-digital boards requires the latest 
drivers, available for download from the Web. Note that these drivers support a wide range of 
different boards with varying capabilities (capture rates, number of channels, resolution, etc.) 
The software should work with all boards supported by the drivers, but has not been tested with 
all of them. Please contact Prophysics Support if you have further questions. 

 

Introducing the Main Window 
The Main Window appears when proEMG Stand-Alone is started. The Window looks like this: 

 

The Window is divided into 5 main areas: 

 The toolbar at the top contains commonly used key functions and menus. 

 The trial list at the top left shows the trial in the currently open Session folder. 

 The channel list top middle shows the channels in the currently open trial, or the channels 
currently in Live use. 

 The group of controls at the top right lets you control capture and other aspects of the currently 
connected system. 

 The graph at the bottom shows one or more channels from a captured trial or from the Live 
system. 



 

 

Page 7 of 51 

 

The following colour codes are used by default: 

 Light blue is used for recorded data. 

 Light green is used for a live system. 

 Light red is used to indicate that no live system is present. 

The channel list and graph will always switch to showing recorded data whenever you open a trial from 
the trial list by clicking on it. If a live system is connected (and the live controls have background colour 

light green), you can switch back to showing the live data by clicking . 

Setting up a Data Management hierarchy in proEMG Stand-Alone 
When using proEMG regularly, it is very advantageous to have a structured way of storing your captured 
data. This makes it much easier to locate data you have captured previously. 

In the proEMG Main Window, click . This will open the "Select Session" window, which looks like this: 

 
 
The idea is that you can register any number of root folders in the right-hand side of this window. When 
you click , you can add a new root folder by simply browsing to it - this folder could be empty, or 
it could contain existing data. 

Once you have set up one or more root folders, you can double-click on the folder name in the list. Any 
Session folders found in the root folder will then be displayed in the list on the left, and you will also get 
a summary of the number of different capture files in each session. 

You now have the option of adding new Session folders, deleting existing ones or simply selecting one. 
Double-clicking a Session folder will select it as the active Session folder, and its contents will then be 
displayed in the main proEMG window. 
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Capturing Data in proEMG Stand-Alone 
In the proEMG Main Window, the interface that controls a live system is found on the right. If your 
system is connected and working as expected, the background colour of the different controls will be 
light green. If the connection is not working, the background colour will be light red: 

  

The first thing you need to do is to select a Trial Type. See the next topic for more information on how to 

set up the Trial Type. Select your Trial Type from the drop-down next to the  label. Then, type in a 

name for the trial in the text box next to . The list of channels in the middle shows you the currently 
active channels as well as the currently connected hardware: 

 

If this list is not green, it is showing the contents of a currently open trial. In this case, go back to live 

mode by clicking . You can click on one or more of the channels in the list to show the live signal 
from the channel in the graph area at the bottom of the Main Window. 

To start capturing data, click . Once capture has started, the start button's image and function 

changes to become a stop button, which looks like this:   - click this to end capture and store the data 

file, or you can cancel by clicking  - if you do this, the data captured will not be stored. You also have 

the option of temporarily pausing capture by clicking  - the button changes to  and you resume 
capture by clicking again. 

The other functions and buttons in the live interface are: 

  - edit trial types. 

  - calibrate the chosen channels. 

  - the text box next to this lets you optionally type in notes relevant to the trial capture. 

  - the duration of the trial. When you start capture, you will see that the number of seconds 
captured is displayed in the first text box. The second text box displays, optionally, a time where 
capture will automatically end. You can type a value, in seconds, into this box or leave it empty if 
you wish to capture indefinitely. 

  - the current sample frequency. 
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 - this tick box lets you choose whether to use automatic triggering or not. See the 
next section about Trial Types for more information on automatic triggering. 

Setting up a Trial Type in proEMG Stand-Alone 
The Trial Type in proEMG is used to make it quick and easy to switch between different experiment 
types. For example, you may want to capture EMG from the lower body one day, and the perhaps from 
arm muscles a different day. The Trial Type lets you set up a specific mapping between the channel 
numbers of your EMG system and channel names, scales, offsets and units, as well as which channels to 
use and whether to use external triggers or not. 

You access the Trial Type setup window by clicking the  button in the main window. The following 
window appears: 

 

By default, the list on the left shows as many channels as are available on the connected analog-to-
digital card. The channels will, by default, be named "Channel 1", "Channel 2", etc. You probably want to 
rename these channels to something more descriptive in the context of what you will be measuring. 
When measuring EMG, it is common to name the channel the same as the muscle to which the EMG 
channel is attached. You can do this quickly and easily by using the muscle library on the right as follows: 

1. Click on the channel in the channel list to which you would like to assign a new name. 
2. Locate the muscle to which the EMG channel is attached in the muscle library, and double-click 

in the column "Left", "Right" or "None", depending on your preferences. 
3. Note that the channel name will be assigned, and that the channel selection will automatically 

jump to the next channel. If you know which muscle the next channel is attached to, you can 
immediately repeat step 2. 
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You can also edit the individual columns in the channel list as follows: 

 Channel name. Double-clicking in a cell in this column lets you edit the channel name. 

 Dev name. This column shows the channel name from the analog-to-digital card. Double-clicking 
in this column enables or disables the channel. A disabled channel is simply one that will not be 
used when capturing. This is useful when you don't want to use all the channels available on the 
analog-to-digital card. 

 Range. This is the analog-to-digital card's input range. Depending on the signal range of your 
input signal, you can change this to improve the resolution. Double-click in this column to 
display a drop-down menu showing the different resolutions. 

 Colour. Each channel has a colour associated with it, which is used for the graph that displays 
the channel's data. Double-clicking lets you change the colour. 

 Scale. The input voltage can optionally be scaled using this value. Double-clicking lets you edit. 

 Offset. The offset value is together with the scale, applied directly to the input voltage when it is 
read from the analog-to-digital card. 

 Unit. You also have the option of assigning a different unit to the channel. If, for example, you 
have a goniometer or some other device attached to the channel, you may want to apply a scale 
and an offset to transform the input signal from volts to, for example, degrees. In this case, you 
can double-click in this column to specify the correct unit. 

Under the channel list, you can set the sample frequency for the trial type as well as, optionally, a 
maximum trial length. 

Specifying a trigger signal 

In the bottom left hand corner of the Trial Type window, you have the option of specifying triggers that 
can start, stop, pause or resume trial capture. To add a trigger, first select the channel number from the 

channel list to which the trigger signal is attached. Then click  to add a trigger. 

The trigger needs a threshold value as well as a direction. The trigger will activate when the scaled input 
signal for the relevant channel crosses the threshold value, specified in the "Threshold" column, in the 
direction specified in the "Up/Down" column. For example, if the threshold is 10 and the direction Up, a 
trigger will activate when the signal in the previous sample was below 10 and in the current sample 
above. This, in that case, will activate the trigger specified in the "Action" column - CaptureStart, 
CaptureStop, CapturePause or CaptureResume. Double-click in a cell to change its value. 

Once you have set up the triggers, you need to make sure that they are active by checking the "Triggers 
Active" check box in the Main Window. 

Changing the Muscle Library 

You can edit the muscle names in the muscle library, for example if you would rather use a non-latin 
name, or if you'd like to use the local language instead of the strings "Left" and "Right". To do this, click 

 in the Trial Type setup window. The following window appears: 
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The muscle library is divided into muscle groups and muscle names. Each group contains one or more 
muscle names, and everything can be edited. When you click on a muscle group, the muscle names 
associated with this group appears in the list on the right. All you need to do to edit a group or a name is 

to click on it, and edit the string in the edit box below. You can also click  or  to either 
add a new muscle group or name, or remove an existing one. 

Finally, if you prefer to use different strings than "Left" and "Right", you can edit these strings in the text 
boxes at the bottom. 

Interacting with the Graph 
The graph is the main tool used to visualize data in proEMG. The graph could look something like this: 

 

The graph area has the following main areas: 

 A horizontal axis. Found at the bottom, this normally shows time, but can also show percent 
when the data is plotted time normalized, or frequency when a Fourier Spectrum is shown. 

 A vertical axis. Found at the left side, this normally shows a variable's value range and unit. The 
vertical axis normally scales automatically to fit the value range of the variable being plotted, 
but you can also set the range manually. 
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 A title. Found at the top, this normally shows the variable's (the channel's) name. 

 The graph area. This is where the data is plotted. One or more data sets can be plotted here, 
possibly also including the standard deviation. Additionally, events and other time markers can 
be plotted here. 

You can interact with the graph in the following ways: 

 Zoom on the axis. By left-clicking and dragging on either the horizontal or vertical axis, you can 
zoom to a range on the axis without changing the zoom on the other axis. 

 Zoom in the graph area.By left-clicking and dragging in the graph area, you can select an area 
on which you want to zoom. This affects both the axes. 

 Zoom out. Right-clicking on either axis will zoom out to the range before the last zoom in. 

 Reset zoom. Double-clicking the right mouse button on either axis will reset the zoom to the 
default on that axis. 

 Disable normalization cycle. By double-clicking on the double-arrowed line that visualizes a 
normalization cycle, the cycle is disabled and removed from consideration. This operation is 
undoable. 

 Move event. If you click and drag an event's symbol (found at the bottom for time normalization 
events and the top for channel-specific events), you can change the event's time. This operation 
is undoable. 

 Delete event. If you double-click on an event's symbol, the event is deleted. Note that 
normalization cycles that depend on the event are also deleted. This operation is undoable. 

 Change the graph preferences. If you right-click in the graph area and select "Preferences" from 
the shortcut menu, the following window appears: 

 
This window lets you select or set up a graph preference scheme. You can choose to change 
both the colours, the fonts and the font sizes of the graph labels as well as the graph title. This 
can be very useful when, for example, you wish to export the graph as a bitmap. You can also 
change the colours used when plotting Wavelets and other 2D intensity plots. 
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Using the proEMG Processing Window 
The proEMG Processing Window is the main window where you can try out proEMG's advanced 
processing functions on your data. The Processing Window is available both from proEMG's standalone 
version and from the plug-in version for Vicon Nexus and Workstation. 

From proEMG Stand-Alone 

From the proEMG Main Window, select a trial by simply clicking on it in the trial list window: 

 
This opens the trial. You can now click  in the toolbar at the top of the screen. This opens the 
proEMG Processing Window. 

From proEMG plug-in 
In Vicon Nexus or Workstation, load a trial that contains data with the corresponding channel names to 
the routine processing you wish to do, then locate the plug-in named "proEMG Processing Window" and 
add it to your pipeline. Also ensure that the trial has a subject defined and selected! 

You must now execute the process in the pipeline once - this is to update proEMG's cache of the current 
channel names (once the pipeline is saved, you don't need to do this again). After this, you can edit the 
plug-in's options. When you do this, you will first see a window that lets you configure the exact 
channels you wish proEMG to process. This is useful if, for example, you have a bunch of force plate 
analog channels that you do not wish to appear in the proEMG interface. The window looks like this: 

 
The list on the left contains all the available channels in the current trial that have not yet been selected 
for processing. The first time you run the plug-in, all channels will appear in the left-hand list. To select 
one or more channels for processing, click the corresponding channel names in the list followed by . 
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Alternatively, click  to add all the channels from the list. You can also double-click individual 
channels to select them straightaway. Equivalently, you can click  and  to remove items from 
the list of selected channels. 

The list of selected channels has two columns. Understanding these is very important if you wish to 
preserve your raw data. The Vicon software works as follows: 

1. You open a trial. If the trial has already been processed, it will have a C3D file. If so, Nexus or 
Workstation will open the C3D file and not the raw data file. If the trial does not have a C3D file, 
the raw data files will be opened. 

2. All the data from the C3D or raw data files are loaded into your PC's memory. There, you can 
display and interact with it using the normal functionality of the Vicon software. 

3. When you run the proEMG plug-in, a copy is made of the data in memory and passed on to the 
plug-in. In the dialog above, you select what data that gets copied. 

4. You can then use proEMG to manipulate the data further, for example to filter and smooth the 
data. 

5. Before you exit proEMG, you may then choose to save the data from the plug-in. This does not 
update the data stored on the hard disk. All the plug-in can do is to write the processed data 
back to the Vicon software. 

6. Finally, if you wish all processed data to be stored in the C3D file, you also have to use the save 
function in either Nexus or Workstation. 

The "Save in Channel" column lets you choose a different analog channel than the original one to store 
the processed data when proEMG writes back to Nexus or Workstation. Unfortunately, proEMG is not 
able to create new analog channels - these channels have to be existing ones. Therefore, to exploit this 
functionality, you have to set up and capture extra analog channels that don't capture anything. This 
again assumes that you have spare channels on your analog capture card. 

A concrete example: 

1. You want to capture analog data from 3 force plates and 16 EMG channels. Each force plate 
requires 6 analog channels, and you configure these using channels 1-18 on your analog card. 

2. You then go ahead and wire the EMG system into channels 31-46 on your analog card's patch 
panel. You have now used up 18+16=34 channels. Most Vicon analog capture units have 64 
channels, which means you have 30 left. 

3. Without worrying what is actually connected to these channels, you set up a second analog 
capture device in Nexus or Workstation that capture channels 47-62. 

4. You may choose to name the "real" EMG channels according to what muscles they are attached 
to. For example, channel 31 could be named "Left Biceps". You could then name the 
corresponding channel on the second device - the one that doesn't actually capture anything - 
"Left Biceps Proc". Take care not to use very long names - the C3D file only supports up to 32 
characters! 

5. Once you have captured a trial containing all these channels, you can configure it so that 
proEMG saves the processing data back in the dummy channels by double-clicking on the 
corresponding cell in the "Save in Channel" column and choosing wisely (so you'd choose the 
"Left Biceps Proc" in the example above). 
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Finally, once you've finished all your customizations, click , save your pipeline and you're ready to 
start processing. 

Introducing the Processing Window 

The window looks like this: 

 

The window has several groups of controls - these will be explained in the following sections. 

Signal Processing your Data 
First, you need to select which channels to visualize and process. In the top left hand corner of the 
Processing Window you'll find the channel list: 

 

Clicking on one or more (use ctrl- or shift-click to select more channels) selects the channels, and shows 
them in the graph area at the bottom. 
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The next area shows the Processing Pipeline. The pipeline has a drop-down menu above it, with the 
following four buttons: , ,  and . These buttons let you create a new scheme, edit a scheme, 
save changes and delete a scheme, respectively. Start by clicking . You will see the following text 
appear in the drop-down menu: . Now type in a unique name for your scheme, for 
example "MyProcessing", and hit Enter on your keyboard. Next, click  to edit the scheme. 

You can now click  just to the right of the Processing Pipeline list to add new operations to the signal 
processing pipeline. When you click, you will see a shortcut menu appear: 

 

This shortcut menu contains all the different signal processing operations available. Simply select an 
operation to add it to the pipeline. For example, add a "Butterworth Low-Pass Filter", a "Butterworth 
High-Pass filter" and a "Root Mean Square Smoothing" operation to create a very common pipeline 
which will filter out unwanted low- and high-frequency components from the signal and then smooth it. 

Many of the operations have settings associated with them. These can be changed by clicking on the 
operation and then . A separate window will appear, which depends on the operation being 
customized. For example, the "Root Mean Square Smoothing" operation has the following options 
window: 

 

Once you've selected the operations and the options you require, click  to save it. You also have the 
option of re-organizing the order of the operations in the pipeline by simply clicking on an operation and 
dragging it to a new place. 

Another useful feature is the ability to temporarily disable operations by clicking on the tick mark just 
left of the operation's name. This enables you to easily see the operation's impact on the currently 
graphed data - the graph updates automatically. 

Once you have saved a pipeline, the operations and options you selected can be quickly recalled by 
selecting the name you chose from the drop-down menu. The pipeline will then be applied to the 
currently selected channels. 



 

 

Page 17 of 51 

 

Time normalizing the data 
Time normalization is an important concept when looking at EMG data, especially if your data is cyclical 
(for example walking) or has distinct phases (for example a reaching study). Time normalization enables 
you to identify key events that define certain transition points in the data, which again can be used to 
compare data from different muscles or from different trials. 

Time normalization in proEMG uses the same principles as those used by most ordinary gait analysis 
software packages. There are two hard coded key events, namely "foot contact" and "foot off", as well 
as a generic event type, called "General". Additionally, each event can be associated with a context, 
which can be "Left", "Right" or "General". All in all, this means that there are 9 distinct events that can 
be used for time normalization purposes. 

proEMG will automatically read any events from either the Vicon Nexus or Workstation software when 
used as a plug-in, or from the C3D file when used in stand-alone mode. These events will be clearly 
displayed in the graph using the following symbols: 

 , ,  mean Left, Right and General foot contact, respectively. 

 , ,  mean Left, Right and General foot off, respectively. 

 , ,  mean Left, Right and General general, respectively. 

As you can see, red colour is used for Left, green for Right and blue for General. These symbols and 
colours are used throughout proEMG, and they also correspond to the symbols and colours used in 
Vicon Nexus and Workstation. 

In proEMG's Processing Window, have a look at the right hand side of the top part of the screen. You 
will see the following area labelled "Generate Events": 

 

This area is used for both automatic and manual generation of events. Let's look at the manual ones 
first. You can add events to the current trial by selecting the event type using the two drop-downs 
pictured above, and the double-clicking on the horizontal axis in the graph. The event will be added at 
the spot where you double-clicked. You can then move the event by clicking on it and dragging, or 
deleting the event again by double-clicking on its symbol on the graph. 

You can undo these changes at all times by click Ctrl-Z or clicking  in the toolbar. You can also click 

 to remove all time normalization events from the trial. 

Once you have at least two events, it is possible to time normalize the data between these two. The idea 
is simple - the Start Event represents the 0% point in the data, and the End Event the 100% point. What 
proEMG needs to know is which events should be used for what purpose. This is where the Time 
Normalization Scheme comes into the picture. Locate the following area in the Processing Window: 

 

This area controls whether the data is time normalized or not, what scheme is used, and also allows you 
to apply a scheme or edit it. By default, two schemes are defined: "LeftGaitCycle", which normalizes 
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from Left Foot Contact to the following Left Foot Contact, and "RightGaitCycle" which does the 
corresponding thing on the Right side. 

If you wish to define new schemes, you can click . This brings up the following window: 

 

At the top, you see your currently defined schemes as well as which events define it. Click "New" to add 
a new one. You have to give it a name, and select which specific events define the start and the finish of 
the normalization. Then, if the scheme should either repeat itself or be followed by a different one, you 
can select this from the "Next Scheme" drop-down. This lets you either define a scheme that has 
multiple cycles of the same type (for example gait cycles), or a scheme which has different parts (for 
example a golf swing which may be split into a back swing, a down swing and a follow-through). 

Once you have your schemes set up as well as your events defined, you're ready to apply your schemes 
to the different channels. Simply select the channels relevant for a scheme from the Channel List, and 
then select the scheme from the drop-down in the "Time Normalization" area. At this point, you will see 
that the different cycles are visualized with double-arrows between them, as illustrated below: 

 

You can now display the data time normalized simply by ticking , which in the example above will 
change the view to: 
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The graph now shows the data time normalized, averaged over all the defined cycles and also showing 
the standard deviation. There are three different ways of showing time-normalized data: averaged, 
overlaid and adjacent. You select this from the group:  

 

When the first option is selected, proEMG will average all the defined normalization cycles together and 
display the average curve with +/- 1 standard deviation curves either side. The second option will show 
all the defined cycles overlaid, as illustrated below: 

 

Using this view, you can compare the data from each cycle overlaid on one another. Furthermore, you 
can click on the cycle number in the top left corner of the graph to show only one cycle. 

The final option shows the normalization cycles adjacent (or next to) each other. This is useful if you 
want to focus on how the signal develops throughout the defined normalization cycles: 
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The adjacent function also has another useful feature - the ability to focus in on a subsection of the total 
number of cycles available. There are two ways to access this function: you can either right-click in the 
graph window and select from the shortcut menu: 

 

Alternatively, you can use the shortcut keys: the space bar scrolls to the next cycle, shift+space bar 
scrolls to the previous cycle whereas the number keys 1-9 specify the number of cycles you wish to show 
simultaneously. 

Another important function for time normalizing data is the ability to disable a normalization cycle. This 
is useful if, for example, you decide that one of your cycles has invalid data in it for whatever reason. 
You can remove this cycle from consideration simply by double-clicking on the double-arrow line at the 
top of the graph. If you do this, the double-arrow will disappear, and this particular normalization cycle 
will no longer be defined, which again means that the data in the cycle will not contribute to the 
average, nor will the cycle be used in other calculations based on normalized data. 

Automatically Identifying Muscle On/Off Events 
Often, EMG analysis tries to find out whether a muscle is "on" or "off", in other words whether the 
muscle is actively contracting or not, and then calculating parameters based on this, for example to find 
out how the person being measured is timing the muscle activity. 

For this purpose, proEMG has functionality designed to let you define an Event Generation Scheme 
(EGS), which can be used to automatically identify the transition points between muscles being "on" and 
"off". The EGS can also be used to define other types of events, but this section concentrates on muscle 
on/off since this is central to EMG analysis. You access the EGS functionality from the following area in 
the proEMG Processing Window: 
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The top line contains the controls for the EGS. You can select a scheme from the drop-down menu and 

then run the scheme by clicking , or you can click  to create new or edit existing 
schemes. If you do this, the following window appears: 

 

Here, you have the same 4 buttons used to create a new ( ), edit an existing ( ), save changes ( ) or 
delete ( ) a scheme as found in other areas in proEMG. You can either create a new scheme and then 

edit it, or edit an existing one. Once you've clicked , you can click  to add a new event to the 
scheme, or click an existing event in the list to edit it. 

Once you have done this, the bottom half of the window becomes active. There are now 3 areas you 
need to consider. First, the type of event you want to create: 

 

The "Standard" events are the ones typically used for time normalization, described in the previous 
section: Left/Right/General Foot Contact/Foot Off/General. You can set up an EGS to generate these 
events too, for example if you have a foot switch sensor or some other suitable signal. 

For this example, we will use a "User Defined" event. By default, proEMG comes with 3 user defined 
events, "Muscle On", "Muscle Off" and "Peak Signal". You can create your own, or edit the existing ones, 

by clicking . This brings up the following window: 
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Here, you can add new events, remove existing ones and define the event's colour and symbol. Note the 
difference between "Applies to Trial" and "Applies to Channel Only". The former is typically used for 
time normalization events that are shared by all the data in the trial, whereas the latter is used for 
events that apply to the channel only, such as the standard Muscle On/Off. 

In our example, we choose the "Muscle On" event type. We can now proceed to define when this event 
will be automatically added by looking at the following area of the Window: 

 

The first thing to decide is whether this event should be identified for all channels, or just one, by 
selecting the relevant option in the first drop-down menu. You then have the following four options for 
when the event should be defined: 

 

In other words, this specifies that an event will be added under a certain condition, namely that the 
signal in question crosses, or attains a maximum or minimum value above or below, a threshold value. 
The value itself is then specified in the next text box, before the next drop-down then specifies what the 
value actually means in the context of the data: 

 

For example, if you specify "5" in the text box and "value" from the drop-down, this means that your 
threshold becomes the value "5" in the data, which for example could be 5V if the input is a voltage. 

The other options require more explanation: 

 "% of maximum value" means that the threshold is calculated from the maximum value of the 
data being considered (this is explained further below). If, for example, the maximum value in 
the data is 0.75V, and you enter "10" in the text box, the threshold becomes 0.075V. 

 "% of range" is similar, except that the minimum value of the data being considered is also taken 
into account. The value "10" will, for example, mean that the threshold is set at 10% of the 
difference between the minimum and maximum values. If the minimum is 1V and the maximum 
5V, this would mean that the threshold would be 1V + 10% of the 4V range = 1.4V. 



 

 

Page 23 of 51 

 

 "x baseline noise stdev" sets the threshold based on noise found in the "quietest" period of the 
data's raw or signal processed values. The software finds the minimum standard deviation in the 
data, and sets the threshold based on a number of times this minimum. Just below the drop-
down, you can specify the number of samples to use for the standard deviation calculation, and 
whether to base the calculation of the raw data (without the signal processing pipeline) or the 
processed. 

The final text box lets you specify a minimum amount of time where the data has to be over or under 
the threshold for the event to be valid. This is to avoid a situation where a little bit of noise around the 
threshold could cause the data to cross multiple times within just a few samples, which would then 
cause multiple events to be identified. By entering, for example, "50" in the text box, you require that 
the data stays above or below the threshold for at least 50ms after crossing - thus ensuring that only the 
last event gets added if there's noise around the threshold. 

The final tick box is used to identify events when the average, rather than the current 
value, crosses the threshold. The event will be added to all cycles, but at the same point. 

In order to improve the reliability of the EGS, you also have a few more options to play with in the 
bottom area of the window: 

 

The first drop-down lets you choose whether the event should be added every time, or only the first or 
the last time, the condition for adding the event is attained. The second drop-down lets you specify 
what data to consider - "the whole channel" means that all the data is considered, whereas "every 
cycle" means that only the data within time normalization cycles is used. 

Finally, you can also choose to ensure that events always appear in pairs or groups by requiring certain 
events to accompany others. To activate this, tick the tick box, choose "after" or "before" from the drop-
down and select which event should accompany this one. A typical example would be to only define a 
"Muscle On" event before a "Muscle Off", and to only define a "Muscle Off" after a "Muscle On". Using 
this, you ensure that these two events are either added as a pair, or not at all. 

After you've set up your EGS, make sure that you click  to save before you . You are now 
ready to test the scheme - simply select the EGS from the drop-down in the Processing Window and click 

. 

 It is extremely important to note that the successful use of the EGS to define events automatically 
depends on two things: 

1. The quality of the raw data. Noisy raw data will make it difficult or impossible to uniquely define 
the thresholds necessary to identify events. 

2. The signal processing pipeline. Prior to identifying events, especially if you do this based on EMG 
data, it will be necessary to apply signal processing to the data to reduce noise and to obtain 
data that can be assessed automatically. 
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Calculating Parameters 
proEMG lets you specify parameters that you wish to automatically calculate. These could be anything 
from simple ones like "when do muscle X onset occur as a percentage of the gait cycle" to advanced 
parameters such as the mean or median frequency of a Fourier Transform. 

Parameters are calculated in groups known as Parameter Generation Schemes (PGS). Just like for events, 
parameter schemes have a name as well as a group of controls in the Processing Window, which looks 
like this: 

 

The drop-down lets you select one of the currently defined PGS. Then you can click  to execute 
the scheme,  to edit an existing or create a new scheme,  to show the currently calculated 
parameters, or  to delete the currently calculated parameters. 

If you choose , the following window appears: 

 

This window lists the selected PGS's parameters and lets you create a new, edit, save or delete a PGS by 
using the familiar , ,  and  buttons. If you want to create a new scheme, click  and type a name 
followed by the Enter key on your keyboard. Then click  to edit the scheme. 

Add a parameter by clicking . The parameter appears in the list, with a default name. You now 
specify the parameter by working your way down the different groups underneath the parameter list. 
The first group has the following items: 

 

First, type in a name for the new parameter. Then, select from the drop-down what the parameter 
should calculate. The drop-down has the following options: 
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1. Time of Start Event. The parameter calculates the time of each occurrence of the Start Event, as 
specified in the relevant drop-down box below. This could for example be the timing of the 
muscle onset of a specific muscle as a percentage of the gait cycle. 

2. Time of Start Event located before End Event. The parameter calculates the time of each 
occurrence of the Start Event as above, but only when it appears before an End Event. This 
could be useful if, for example, you wish to calculate the timing of Muscle On, but only when a 
Muscle Off is also present. 

3. Time of End Event located after Start Event. Equivalent to above, but for the End Event. 
4. Time from Start Event to following End Event. This calculates the time between the two 

specified events as long as the End event follows the Start event - ensuring that the time is 
always positive. This could for example be the percentage of the gait cycle which a muscle is 
“firing”. 

5. Time offset between Start Event and Nearest End Event. This is the same as the parameter 
above, except that the End Event could occur before the Start Event in time. If so, the calculated 
time will be negative. This could be useful if, for example, you are calculating how the timing of 
the onset of one muscle relates to another. 

6. Integrated from Start Event to End Event. This calculates the area under the graph from the 
timing of the Start Event to the End Event. 

7. RMS from Start Event to End Event. Calculates the RMS value for the samples between the Start 
and End events. 

8. Median Frequency from FFT, window centred on Start Event to End Event. Calculates the 
median frequency of the frequency spectrum from a Fast Fourier Transform based on a power-
of-2-number of samples, where the sample window is centred on the samples between Start 
and End events. 

9. Mean Frequency from FFT, window centred on Start Event to End Event. As above, but returns 
the mean rather than median frequency. 

10. Total Power from FFT, window centred on Start Event to End Event. As above, but returns the 
total power of the frequency spectrum. 

11. The value at the Start Event. Simply the value of the variable at the time point defined by the 
Start Event. 

12. The maximum value between the Start Event and End Event. This simply returns the maximum 
value in the range. 

13. Time of the maximum value between the Start and End Events. This returns the timing of when 
exactly the maximum signal occurs. 

14. The minimum value between the Start Event and End Event. The equivalent for the minimum 
value. 

15. Time of the minimum value between the Start and End Events. The equivalent for the timing of 
the minimum. 

Some of these parameters return timing information, others return a value. If calculations include 
values, then you also need to specify which pipeline should be used to process the data. You can specify 
the pipeline to use in the rightmost drop-down menu. 

The second group contains the following controls: 
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Here, you specify which events control the calculation of the parameter, and also for which channels the 
calculation should be done. Furthermore, you can optionally specify an offset. This is handy if you want 
to start the calculation of, for example, the RMS from slightly before the Start Event to slightly after the 
End Event. Specify a negative time offset to shift the start/end event ahead in time, or a positive offset 
to delay the event. 

The third group has the following controls: 

 

Here you specify how the normalization information is used to calculate parameters. The first tick box 
determines whether the time normalization will be used at all. Unless this is ticked, the rest of the 
controls in the group are disabled. 

The drop-down allows you to, optionally, apply a different time normalization scheme to the one 
currently applied (or to ensure that a specific one is used rather than the current one). If you select the 
option "Assigned Scheme", the currently applied one will be used. 

Finally, you can choose what normalization cycle to actually use for the calculation in case the two 
events appear in different ones. For example, if the "Muscle On" and "Muscle Off" events typically occur 
in two different cycles (for example because a Foot Strike event happens in between), you can "bind" 
the normalization cycle either to the Start or the End Event. If, for example, you bind the cycle to the 
Start Event and the End Event happens in the next cycle, its normalized value will be above 100%. 
Similarly, if you had chosen to bind the cycle to the End Event, the Start Event would have a negative 
normalized value. 

If you choose the "both events" option, then both events have to be in the same normalization cycle if 
the events come from the same channel. If the events come from different channels, then the 
normalization cycle containing each event will be used. 

The fourth and final group has the following controls: 

 

Here you specify the parameter's actual value. The first tick box lets you determine whether to time 
normalize the value or not, in which case the value will be output in % rather than seconds. Finally, 
when multiple values are calculated for each parameters, which typically is the case, the final setting lets 
you choose whether to output each value, or the average or standard deviation of them. 

Exporting Data 

Exporting to Microsoft Excel 
proEMG lets you export data directly to Excel without going through an intermediate file format. You 
can do this from several places: 
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 The Main Window. This exports only the raw data and nothing else. To do this, you need to first 
mark one or more trials, which you do by double-clicking in the "Mark" column in the trial list. If 
you do this, a tick mark appears, as illustrated below: 

 
The tick marks indicates that these trials are marked for either export or automatic processing 
(see a separate chapter for more on automatic processing). You can now click  in the 
toolbar to export the marked trials. The following window will appear: 

 
You can either export more trials to the same Excel Workbook by clicking "Another Trial", or you 
can show the Workbook with the exported trials in it by clicking "Finished Exporting Show 
Excel". 

 The Processing Window. This window also has an export to Excel option, but from here all 
measured data as well as events and parameters will be exported. Click the  button in the 
Processing Window's toolbar to export. 

 Automatic Processing Scheme. The most flexible way to export to Excel is from the automatic 
processing scheme, as this gives you more control of what and how the data will be exported. 
See the chapter on automatic processing schemes for more information. 

Exporting to ASCII text file 

Exporting to a text file is equivalent to exporting to Excel, except that the results end up in a comma-
separated value (CSV) file instead of in Excel. Please see the last section for more information - the main 
difference is that you have to click  instead of . The exported text file will be saved in the 
same folder as the trial, with the same trial name though with the .CSV file extension. 

Exporting to Bitmap 

This function is available only from the Processing Window. You can click  from the Processing 
Window's tool bar to copy the current graph area as a bitmap straight to the Windows clipboard. The 
bitmap's size and shape will be exactly the same as what you see on your screen. You can then paste the 
bitmap into 3rd party applications such as Microsoft Word or PowerPoint. 
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Exporting to Word 

Please see the topic "Creating a Report". 

Creating a Report 
Creating a report in proEMG is based on Microsoft Word. Unless you have Microsoft Word 2007 (service 
pack 2) or later installed, this functionality will not be available. 

The concept is simple: using a Word template document that contains certain placeholders, proEMG will 
open up this template in the background and copy data into graphs, bar charts and bitmaps. Once 
everything is exported, proEMG will then move Word to the foreground and release the control of it to 
you. From then on, you are free to edit the report as you wish, or to archive or print it. 

There are two major bits of functionality in proEMG that enable you to create a nice-looking report: the 
interface that lets you set up the Word template and decide what variables get copied where, and the 
interface that you use on a daily basis to export your data to the template. 

Editing the Word Template 
proEMG requires you to have an existing Word template when you wish to make changes - it is not 
possible to create a completely new one. proEMG comes with an example report, so you can always use 
this as the basis for your new reports. 

You edit a Word template from the Processing Window. First - and this is very important - ensure that 
you have loaded a trial with the channel names that you intend to use for the report, and that you have 
calculated parameters and other results that you wish to display in the Word report's graphs before you 
edit the Word template. 

To edit the Word template, click  in the Processing Window's toolbar. The following window 
appears: 

 

You can select a template from the drop-down and then edit it directly by clicking , or you can 

make a copy of it by clicking , select the copy from the drop-down and then edit that instead 

should you wish to keep the original. You can also click  to delete the template. 

When you edit a template in proEMG, you use a combination of Microsoft Word itself and windows 
supplied by proEMG that lets you configure what data gets exported to Word when the template is used 
to generate a report. 

There are three types of embedded Word objects that can be used to visualize data: 

 Bitmaps 

 Line graphs 

 Bar graphs 

The Word template used needs to have one or more of these objects in it. 
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Once you've chosen to edit a template, proEMG opens Word automatically and shows you the contents 
of the Word template. You are free to edit the text and other objects in this template as you wish. 
However, assuming that one or more of the above-mentioned objects are also found in the template, 
proEMG will additionally display a window that lets you choose exactly what data gets exported. 

You have to configure these export objects one by one. Once proEMG has opened Word, it scans 
through the template until the first object of either of the three types mentioned above is found. 
proEMG then displays a configuration window appropriate for the type of object. 

At the bottom of each of these windows are five buttons which all of them have in common: 

  instructs proEMG to export the relevant data for the object being edited, so that you 
can see how it looks in the Word report. 

  saves the current Word template and your customizations, and exits. 

  exits without saving the Word template and your customizations. 

  moves the editing to the previous object in the Word template. If you're editing the first 
object, this button will be greyed out. 

  moves the editing to the next object in the Word template. If you're editing the last 
object, this button will be greyed out. 

Configuring a Bitmap Object 

The bitmap configuring window looks like this: 

 

The channels in the Channel Data list contains the actual channels you wish to export as a bitmap. To 

add a channels, click , to remove one click  and to edit the properties (such as the 

pipeline) of the channel export, click . The editing will be described further below. 

You also have the possibility of setting some properties: 
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 Time normalization. If you select this option, the data will be time normalized in the bitmap. 
You then have the same three options as you do in the standard Processing Window on how to 
display the normalized data, namely averaged, overlaid or adjacent (the normalization cycles 
side by side). 

 Amplitude normalization. The vertical axis will be amplitude normalized. 

 Data. You can select "Processed", "Raw", or both. "Processed" will show the data after signal 
processing with the current pipeline is done, whereas "Raw" shows the data without any signal 
processing. 

 Size. This is the exported size of the bitmap, in pixels. Note that if the bitmap is bigger than the 
width of the page in Word, Word will automatically scale the bitmap to fit the page. This means 

that the larger you exported bitmap, the smaller the text will be. You can always click  to 
experiment until you find a good solution. 

 Display Preference. In the proEMG graph area, you can create a named Preference scheme with 
colours, font sizes and a colour code for intensity plots. You may, for example, want to use 
different font sizes or colours for bitmaps that get exported to the Word report. The drop-down 
lets you choose an appropriate scheme. 

If you choose to  a channel's settings, you get the following window: 

 

The first drop-down lets you choose which channel to export, the second which signal processing 
pipeline to apply to the data. 

Configuring a Line Graph Object 
Whereas the bitmap object exports the data in a graph as a bitmap, the line graph exports the data 
itself, and uses Word's own graphing objects to display the graph. The configuration window looks like 
this: 
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Similar to the bitmap export, this also lets you choose which channels to export. You have the option of 

both time and amplitude normalizing the data. Then, you can  or  channels, and 

 to configure in detail what will be exported.  creates a copy of the currently selected 
channel, including all the settings. This is handy if you want the same settings, but only want to change 
the channel name, for example. 

When you edit a channel, you get the following window: 

 

First, you must choose which channel to export and what signal processing pipeline to apply. Then, you 
can choose whether to export the data averaged or not, and if averaged - whether to also include the 
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standard deviation. Furthermore, you can also choose what the colour of the exported graph should be, 
and the thickness and style of the graph. 

The final box is a bit more complicated. Here, you can configure the export from multiple trials into the 
same graph. There are three options: 

 All. This means that data from all the trials that get exported will end up in this graph. Handy if, 
for example, you wish to plot the same channel's data from different trials to compare them; 

 Only numbers. Selecting this and specifying a comma separated list of numbers, this lets you 
choose specific trials. For example "1,2" means that only the first and the second trial will be 
added to this graph. 

 With description. This final option lets you choose to export only trials with a certain description 
to this graph. The descriptions are provided in the proEMG Main Window, and could be any 
string. However, if you use certain strings, for example "Export This" as the description, and you 
enter the same string here, then only these trials will make it to this graph. 

Configuring a Bar Graph Object 
The Bar Graph is intended to visualize parameters by showing their relative sizes. The bar graph 
configuration window looks like this: 

 

A bar graph has two dimensions, one of which is called "categories", the other "series". The bar graph 
could look like this: 
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The categories are the groupings along the horizontal axis, whereas the series are the colour-coded 
entries within the categories. The first thing you need to do is to choose what the caption of the bar 
graph should be - you can type this into the text box at the top of the configuration window. 

Next, you should choose what the different categories and series are based on. Each presents you with a 
drop-down box containing 4 choices: 

 Trial Name. 

 Channel Name. 

 Parameter Name. 

 Cycle Number. 

What you choose here depend on exactly what you want to display in the bar graph. If, for example, you 
wish to compare the parameters "MuscleOnset" and "MuscleOff" for the channels "Left Gastroc" and 
"Right Gastroc", you could select that the categories should be based on the channel name, and the 
series on the parameter name. However, if you would like to compare how a parameter changes 
depending on which time normalization cycle number for which it is calculated, you have to choose to 
base either the categories or series (and then most likely series) on the cycle number. Similarly, you can 
also choose to compare the same parameter from multiple trials, for example if you want to see how 
the parameter has changed after changing some environmental factors - in this case, you would choose 
to base either the categories or series on the trial name. 

The next thing you have to do is to select which channel(s) and which parameter(s) will actually get 
exported to the bar graph, and also whether you wish to export all the cycles, only the first, or the 
average of the cycles. Finally, you can also select which trials to export in the same way as you can for 
the line graphs. 
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This has to be selected with respect to your choices above. For example, if you choose to export 
multiple channels, but neither series nor categories is based on the channel name, you would not be 
able to tell these parameters apart since the different channels will not be labelled. 

Conversely, if you export parameters from only one channel, say "Right Quad" then you may want to 
use the caption to illustrate this. For example, you could use the caption "Right Quad Muscle On/Off" 
and base categories on the parameter name and series on the cycle number - also making sure that you 
then choose "All" for the "Export Cycle(s)" setting. You would then get the following bar graph: 

 

There are many ways you can organize your parameter export. Remember that you can always click

 to get an idea of what the final result will look like. 

Extending the Word Template 

The example template supplied with proEMG, or any other template that you use as the basis for your 
new template, will probably contain too few or too many bitmap, bar graph or line graph objects. 
Furthermore, you may wish to add text information that also becomes part of your Word template. This 
is very easy - simply edit the Word template itself as it is visible on your computer screen. 

First and foremost, to create a new bitmap/bar/line object, simply copy an existing one and paste it into 

the report where you want it. You can then use the  and  buttons to navigate to the new 
objects. Remember that these buttons always go to the previous or next bitmap/bar/line object in the 

Word template, so if you copy an object, paste it in directly afterwards and click  you will be able 
to configure the new one straight away. 

Deleting objects is done by deleting it directly from the Word template. 
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Normalizing the Amplitude 
Amplitude normalization allows you to compare EMG values from different capture sessions more 
easily. This is usually done by recording an amplitude normalization trial, sometimes based on a 
Maximum Voluntary Contraction (MVC). It is entirely up to you what data you wish to use for amplitude 
normalization. What proEMG provides is the functionality to let you use a single normalization value for 
a given channel for an entire capture session. In other words, if you capture a normalization trial at the 
beginning of the capture session, for example and MVC, then you can use the same value to normalize 
all subsequent trials in the same session. 

There are two ways to obtain amplitude normalization values, either manually from the proEMG 
Processing Window, or automatically using an automatic processing scheme. See below for more 
information on the latter. 

To do this manually, first open the trial that you wish to use and then go to the Processing Window. You 
will see the following group box just above the graph area to the left: 

 

The first tick box, , lets you choose whether the current data should be amplitude normalized or 
not. The actual amplitude normalization value to use is then found in the text box just afterwards. Then, 
the next text box shows the trial name from which the value was taken, just for reference. 

The final three buttons have the following functions: 

  finds the maximum value of the currently displayed data and sets this as the normalization 
value for the channel.  

This only works when a single channel is displayed. Note that if you wish to use a 
normalization value from a specific region of the graph, you can zoom in on this region on the 
horizontal (time) axis. 

  lets you manually enter a value if you don't want to use a value from the data. 

  deletes the value and resets it to zero. 

Automating the Workflow 
Whilst you can always do everything manually in the Processing Window, this quickly becomes very 
cumbersome if you want to do a lot of processing on a routine basis. Therefore, proEMG provides you 
an interface for automating the workflow. This is known as the Automatic Processing Schemes (APS). 

The idea of the APS is that you create a workflow, a kind of a "to do" list, where you tell proEMG exactly 
what you want done in terms of signal processing, time normalization, event schemes, parameter 
schemes, data export and report generation. 

You can access the APS functionality either from proEMG stand-alone, or from proEMG Vicon 
Nexus/Workstation plug-ins: 

 In proEMG stand-alone, you'll see the following area on the toolbar at the top: 

 
The drop-down lists the available APS, either example ones installed with proEMG, or ones 



 

 

Page 36 of 51 

 

you've made yourself. You can select an APS from the drop-down and then click  to 
execute it. To set up new ones, or edit existing ones, you should click . 

 If you access proEMG via Vicon Nexus or Workstation, load a trial that contains data with the 
corresponding channel names to the routine processing you wish to do, then locate the plug-in 
named "proEMG Automatic Processing" and add it to your pipeline. You must now execute the 
process in the pipeline once - this is to update proEMG's cache of the current channel names. 
After this, you can edit the plug-in's options. When you do this, you will first see the same 
window that lets you choose which channels to include in the processing, equivalent to the 
options for the "Processing Window" plug-in. Please see the "Using the proEMG Processing 
Window" section on page 13 for more information. 

The interface that lets you edit the APS looks like this: 

 

Again, the scheme creation, editing, saving and deleting operations are done from the same widget at 
the top that is used for other schemes, such as the signal processing, event or parameter generation. 

The list at the top contains the "to do" list. It has to contain one or more steps, which will be executed 
sequentially on each trial you process. The type of operation is listed in the second column, the 
operation's parameters in the third, the number of channels on which the operation will be used in the 
fourth, and finally, a list of the channels in the fifth column. This gives you a quick overview of what the 
APS will actually do. 

There are now two main ways to edit your scheme: 

 Add a new step by ensuring that no existing step is selected in the list, configure the step and 

then click . Note that when you're adding new steps, you should see the  
symbol to the left just under the list of steps. 
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 Edit an existing step by clicking on the step in the list. You should see the  symbol 
appear to the left under the list of steps, as well as the number of the step you're editing. You 
can now edit the type of operation, the parameters and the channel selection directly. 

Be careful! If you want to add a new step, but you have an existing one selected, any changes you make 

will change the selected step! Always make sure that you see the  symbol before you start 
configuring a new step. 

You can also re-arrange the list by selecting a step and clicking  and , or delete a step by 

clicking . 

When configuring a step, start by selecting which action you wish to perform. The list of available 
actions is the first list box at the bottom. This is followed by a list of parameters, which depends on the 
exact action you have chosen. Finally, a list of the available channels is shown. Not all actions work on 
individual channels, but if it does then this list will be active and you can choose which channels the 
action will apply to. 

These are the available actions: 

 Delete Existing Events. This deletes either the trial-specific events (typically used for time 
normalization) or channel-specific events (such as muscle on/off). You can choose either 
"TrialEvents" or "ChannelEvents" as the according parameter, and finally the channels which 
apply. 

 Run Pipeline. This runs the signal processing pipeline named in the parameter on the channels 
you select. Note that you can use several "Run Pipelines" to apply different signal processing to 
different channels, or you can apply one kind of signal processing to a channel, calculate some 
results, then apply another and calculate more results. Note that the pipelines are not 
cumulative. If you apply one and then subsequently another in a later step, the second pipeline 
works on the raw data, not the results of the first. 

 Get Amplitude Normalization. This operation lets you obtain an amplitude normalization value 
from one or more channels. The operation scans through the currently loaded data (processed 
with the current pipeline) and, depending on the parameters, sets the amplitude normalization 
value. The operation has numerous parameters: 

o Replace. Possible values are "ReplaceAlways", "ReplaceIfBigger", and 
"ReplaceIfSmaller". This means that the value obtained is compared with the one that 
already applies, and unless "ReplaceAlways" is chosen, it is replaced only if it compares 
favourably according to your "Bigger" or "Smaller" parameter. 

o MinMaxAvg. Possible values are, perhaps not surprisingly, "Min", "Max" and "Avg". This 
lets you choose whether to use the minimum, the maximum, or the average of the 
values found in the trial (see below). 

o OnEvent. This is the event type that determines that the search for the normalization 
value is on. Before this event is found, no data is considered. 

o OffEvent. This event type determines that the search is off. An amplitude normalization 
value will always be found between an "OnEvent" and an "OffEvent". If you have 
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multiple such event pairs, the value considered for amplitude normalization will depend 
on the MinMaxAvg parameter - see above. 

 Run Event Scheme. This action runs the event scheme defined in the parameter section. Do 
remember that if your event scheme depends on time normalization of the data, you should 
perform this action first. 

 Run Parameter Scheme. This action runs the parameter scheme defined in the parameter 
section. Again, bear in mind that the parameter scheme may depend on time normalization or 
events, so make sure you do everything in the right order. Additionally, you have two 
parameters: 

o Show. Possible values "ShowParameters" and "ShowNothing". If you choose the former, 
the automatic processing will stop and show you which parameters have been 
calculated - in case you want to manually check that everything went OK. 

o Clear. Possible values "ClearExisting" and "NoChange". Lets you clear any existing 
parameters that may hang around from earlier processing. 

 Assign Time Normalization Scheme. This is a crucial step for time normalization. By default, 
proEMG does NOT time normalize the data. If you would like to do this, there are two things you 
need: a time normalization scheme and events. If you have a separate scheme for the left and 
right sides, you would typically use this action twice, and select your left scheme to go with your 
left side channels and vice versa. 

 Amplitude Normalize. This step lets you apply or clear the amplitude normalization. The 
parameter should be "Normalised" if you wish to apply the normalization, or "Unchanged" if you 
wish to base the values on the channel's original unit. 

 Show Data for QA. This is an incredibly important step because this lets you break the 
automatic processing and have the user manually check over the data. This is described in more 
detail below. 

 Export to Excel. This transfers the data to an Excel spreadsheet. Each trial will get a new sheet in 
the same Excel Workbook. The parameters let you choose what to export: 

o TrialEvents - the events that relate to the trial. 
o ChannelEvents - the events that relate to the selected channels. 
o ChannelData - the current data in the channel. The second parameter determines how 

the data is exported: against time, averaged or even average+standard deviation. 
o Parameters - the currently calculated parameters. 
o TrialEventSeries - this lets you export the events as a time series where the time point of 

the event gets a numerical value corresponding to the event type if the event is 
happening, or simply "0" if it's not happening. This lets you export the events next to the 
actual data as a stream of integers where the value of the integer indicates whether an 
event occurred with the data value or not. 

o ChannelEventSeries - the same, except for the channel events. 

 Export All Parameters to One Excel Spreadsheet. This is useful if you have calculated the same 
parameters from multiple trials, and you wish to compare them in a single spreadsheet. This 
operation cannot be used in the same APS as the "Export to Excel" action. 

 Export to Word. This exports the current trial to the Word template selected in the parameters. 

 Save Trial. Simply saves the trial. In proEMG stand-alone, this means that a C3D file will be 
generated. In the plug-in version, this means that the data will be written back to Nexus or 



 

 

Page 39 of 51 

 

Workstation. Note that you have to add a separate pipeline operation in the Vicon software to 
actually save out the C3D file! 

Breaking the Automatic Execution for QA 

All measured data contains errors, and EMG even more than most. There are numerous sources of 
errors - sometimes, the data can look clean and lovely, but other times noisy. A automatic processing 
scheme will not know the difference - it just calculates its values, oblivious as to whether the incoming 
raw data was bad or not. 

For this reason, the APS includes the vital step "Show Data for QA". When this step is encountered in the 
workflow, the automatic processing stops and a window pops up asking the user to verify that the data 
is valid before processing continues. The window looks like this: 

 

The window provides the user with a simple text message in the top left corner, a list of available 
channels, and then some easy-to-use controls. At the bottom, the relevant data is displayed. 

This window is especially useful to check that events have been correctly identified. The user can add 
new trial events by double-clicking on the horizontal axis having first selected the event type to add 
above the graph area to the right. Events of all types can additionally be moved or deleted (by clicking 
and dragging and double-clicking, respectively). This lets the user identify and remove any events that 
have been defined erroneously, for example. 

The buttons at the top lets the user select how to view the data - time normalized or not, and if so - 
averaged, overlaid or adjacent. If an event is added, deleted or moved accidentally, undo/redo functions 



 

 

Page 40 of 51 

 

also exist, and there's a button to quickly show the underlying raw data. Finally, if everything looks 
simply too bleak, the user can also choose to cancel the entire execution of the APS. 

However, assuming everything looks fine, the user can click the big Forward button to continue to the 
next step in the process. 

Running the Automatic Processing Schemes 

Once you've set up your required APS, you can use it on a routine basis to efficiently process EMG and 
other analog data processing. After your data has been captured, either in proEMG stand-alone or in 
Vicon Nexus/Workstation, you can use the APS functionality as follows: 

 In proEMG stand-alone, you need to mark one or more trials for processing. You do this by 
double-clicking the trial's cell in the "Mark" column in the list of trials in the Main Window. A 
green   mark appears in the cell, indicating that the cell is marked. You can mark one or more 
trials - if you press the SHIFT key when double-clicking to mark, all trials between the previously 
marked trial (or the top) in the list and the one you click will also be marked. When you've 
marked the trials you wish to process, you select the processing scheme from the toolbar and 
then click . 

 In proEMG plug-in, you must set up a processing pipeline in Vicon Nexus or Workstation. Please 
see the relevant Vicon documentation for more information on this. The pipeline then needs to 
include the "proEMG Automatic Processing" operation with the correct parameters set as 
described above. Make sure that you also include the "Save Trial" pipeline operation if you wish 
to automatically save the processed data from the Vicon software. 

Signal Processing Operations 
Here follows a description of the different signal processing operations which you can add to proEMG's 
signal processing pipeline. 

Filters 
Filters are designed to improve a signal by removing unwanted frequency components. For example, if 
the information you're looking for in an EMG signal lies in the frequency range 20Hz - 200Hz, you could 
use a high-pass filter with cut-off 20Hz and a low-pass filter with cut-off 200Hz to create a band-pass 
filter 20Hz-200Hz. 

Note that the filter's cut-off is gradual. In other words, if you specify a 20Hz high-pass cut-off, you can 
expect that the filter gradually takes effect around the 20Hz mark. You can look at the Fourier Transform 
spectrum from a filtered signal to get an impression of how the filter impacts different frequencies. 

The following filter operations are available: 

 Butterworth low-pass filter. This removes frequencies above the cut-off frequency specified in 
the filter's options. 

 Butterworth high-pass filter. This removes frequencies below the cut-off frequency specified in 
the filter's options. 
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 Notch filter. The notch filter is designed to remove frequencies at and around a specific 
frequency, which is determined in the filter's options. This filter type is useful to remove, for 
example, 50Hz interference from the mains power. 

Smoothing 
Smoothing operations are designed to make a noisy signal smooth. This is done by replacing a sample 
with a new value calculated on the basis of the sample and its immediate neighbours. The number of 
neighbouring samples that are taken into account depends on the smoothing window size, which is set 
in the operation's options. The smoothing window size is specified in milliseconds. In other words, if you 
specify 100ms as the smoothing window size, and the sample frequency is 1000Hz, a single sample will 
be influenced by 50 samples either side. 

There are four smoothing operations: 

 Moving Average Smoothing. A sample is replaced by the average of all the N samples that fall 
within the smoothing window: 

     
 

 
   

     

     

 

  

 Root Mean Square Smoothing. A sample is calculated by adding the squares of all N samples 
that fall within the smoothing window, calculating the mean and taking the square root: 

      
 

 
   

 

     

     

 

 Moving Standard Deviation. A sample is replaced by the standard deviation of all N samples 
that fall within the smoothing window: 

      
 

 
          

 

     

     

 

 Baseline Standard Deviation. Sample as the moving standard deviation, except that the value is 
normalized to the minimum value. In other words, the minimum standard deviation of the 
entire calculation gets the value 1, and all other values become multiples thereof: 

     
    

      
 

Wavelet 

The Wavelet transform solves a common problem with frequency-based transforms such as the Fast 
Fourier Transform (FFT, see separate section for more on this). A "traditional" FFT transforms your signal 
from the time domain, where the signal is plotted against time on the horizontal axis, to the frequency 
domain, where the signal is plotted against frequency on the horizontal axis. 
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This is a great way to obtain information on the different frequency components of the signal, but all 
timing information is lost. In other words, you may discover, when looking at the FFT, that a signal has a 
lot of high-frequency components compared to low-frequency, but you have no idea when these high 
frequencies occur. For EMG, the timing of the signal is often very important, so it is desirable to find a 
way to obtain both frequency and timing information from the signal simultaneously. The answer is, as 
you have probably already guessed, the Wavelet transform. 

The Wavelet Transform changes your one-dimensional (signal value as a function of time) EMG (or 
other) signal to a two-dimensional one (intensity and frequency as a function of time). The signal will be 
distributed into several wavelet bins. Each bin has a centre frequency, and contains the frequencies in 
and around this centre frequency. The number of bins (or wavelets) you get, depend on the original 
sample frequency of the signal - you get 9 bins for a 1000Hz signal, for example. 

These are the centre frequencies for the different wavelet bins: 

1. 6.90Hz 
2. 19.29Hz 
3. 37.71Hz 
4. 62.09Hz 
5. 92.36Hz 
6. 128.48Hz 
7. 170.39Hz 
8. 218.08Hz 
9. 271.50Hz 
10. 330.63Hz 
11. 395.46Hz 

The intensity plot for a wavelet-transformed signal looks like this, with the raw signal plotted 
underneath: 

 

The intensity is colour-coded according to the scale on the right. In this example, white background 
means very low intensity, and then it increases through blue, green, yellow and red. You can see, then, 
that the EMG bursts have most of their intensity around wavelet 4 and 5, which corresponds to the 
60Hz-90Hz region. 



 

 

Page 43 of 51 

 

Teager-Kaiser Energy Operator 

The Teager-Kaiser (TK) Energy Operator is a surprisingly simple, yet very powerful way to plot the energy 
of the signal. An EMG signal's background noise contains very little energy, so the TK tends to amplify 
the "real" EMG signal and remove the background noise. Several studies have shown that using TK 
improves the accuracy of the detection of muscle on/off events. The TK operator can be used in a signal 
processing pipeline that includes a high/low pass filter first, then the TK and finally a smoothing 
algorithm. You will see, when you compare the resultant signal processed graph with and without the 
TK, that the areas of the signal with only background noise tend to have a lower amplitude, and the 
areas with "real" EMG tend to have a higher amplitude. 

The TK formula is surprisingly simple: 

      
            

The following two graphs illustrate how well TK works. First without TK: 

 

And then the same signal and processing, only this time with TK: 

 

As you can clearly see, the area between the EMG bursts is much "cleaner" when using TK, which again 
results in a more clearly defined muscle onset. 
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Cross-Correlation Coefficient 

The cross-correlation coefficient lets you calculate how well a small graph section correlates with a 
complete graph. The resulting coefficient has a value between 0 (no correlation at all) to 1 (perfect 
correlation). Setting up the calculation requires you to first determine a graph section with which to 
correlate. You do this by displaying data from a single channel in the graph view, zooming in on the 
section you wish to correlate to. Then, add the operation "Cross-Correlation" to your signal processing 
pipeline, and click to open the operation's options. You will see the following window: 

 

You can now click  to copy the graph section currently displayed in your graph, and also add a 

descriptor in the text box at the top. Click  to exit the dialog, and you will be able to plot the 
cross-correlation coefficient. The closer to the value 1 you get, the better the shape of the graph you 
copied into the options matches the shape of the graph currently being processed. 

Fast Fourier Transform 
The Fast Fourier Transform (FFT) operation lets you investigate the frequency spectrum of your signal. 
The operation transforms a section (window) of the signal which has to be a power of 2 samples long 
(i.e. 256, 512, 1024, 2048, 4096, ...) and shows you the intensities at different frequencies. You can 
choose the width of the window yourself, and you can also choose exactly where on the source signal 
the window is positioned. To add an FFT to your signal processing pipeline, add the "Fast Fourier 
Transform" operation from the list. When active, your graph view will show both the FFT and the raw 
signal, for example like this: 
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At the bottom, you see the FFT where the intensity is plotted v frequency, at the top you see the source 
signal. A light pink area indicates the window used to calculate the FFT. You can click on this and drag it 
to a different part of the source signal to get an impression of how the signal's frequency content 
changes dynamically. 

Do bear in mind that the FFT assumes a stationary signal within its window, so if the window is very 
wide and covers a signal that changes, the frequency spectrum won't give you any dynamic information. 

The FFT graph also shows the mean and the median frequency of the FFT. The mean frequency is simply 
the frequency you get if you multiply each frequency by its intensity and divide by the total intensity. 
The median frequency is the frequency where exactly half the intensity of the spectrum lies at higher 
frequencies and half at lower. The MD cursor shows the median, and the ME cursor the mean 
frequency. 

The FFT options let you set: 

 The width of the window, in samples: 256, 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536, 
or simply the highest possible power of two. 

 The windowing function: rectangular (unchanged), Hamming, Hann or Blackman. A windowing 
function other than rectangular will decrease the effects of the abrupt change from "no signal" 
to "full signal" at the borders of the FFT window. You will, with a window function, get a 
smoother frequency spectrum. 

FFT-Window 

In addition to the standard FFT function, there's also the possibility of showing the mean median FFT 
frequency or the FFT power spectrum as a function of time. This is done by choosing a window width, 
for example 512 samples, and calculating the target value for each sample whilst sliding the calculation 
window along. This technique is also known as Short Time Fourier Transform (STFT). 

The FFT-Windows has the following options: 

 The width of the window: 256, 512, 1024, 2048, 4096 or 8192 samples. 

 The calculation interval: Every sample, or every 5th, 10th, 100th, 500th or 1000th sample. This is 
simply to speed up the calculation, since sliding the window along by a single sample each time 
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will likely produce very little variation in the target variable, but take a long time since an FFT 
has to be calculated perhaps several thousand times. 

 What the function returns: the mean frequency, the median frequency or the total power 
spectrum. 

 The windowing function, as above: rectangular, Hamming, Hann or Blackman. 

Other Operations 

 Centre on Zero. This function simply calculates the average of all the values and subtracts this 
value from each sample, thus ensuring that the signal is equally balanced around the zero line. If 
you have a DC offset in your signal, this is the easiest way to remove it. 

 Rectify Only. This function makes all negative values positive. 

 Differentiator. Differentiates the signal (i.e. calculates the derivative). You have two options: a 
numerical 3-point differentiator, or a 5-point one. 

 Scale signal. Simply applies a scale factor a and an offset b to the signal. The defaults are scale=1 
and offset=0, leaving the signal unchanged:              

Advanced Functions 
The following sections describe functions that are not intended for normal daily use of proEMG, but 
which can nevertheless be tremendously useful when the need arises. 

These functions are available in proEMG Stand-Alone only. 

Importing ASCII Data 

Sometimes, you may discover that you have some data which were not measured with proEMG, but 
which you'd really like to process. This could be data from a separate measurement system, or perhaps 
something you've downloaded on the internet. If the data comes in C3D file format, you can load it 
directly into proEMG, but if not, you have the option of importing an ASCII file (assuming that you can 
somehow save the other data in this format). 

The function is available by clicking  in the toolbar of proEMG's Main Window. This will display a 
menu containing the following options: 

 

Selecting the "Import ASCII..." option produces the following window: 
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This is where you select what to import and how to import it. Here's what to do: 

1. Select in which folder your ASCII files are located by clicking  and browsing to it. 
2. Enter the file extension of your ASCII files, for example "csv" or "txt". 
3. You should now see a list of files on the left hand side. Click on one to select. 
4. If the channel names have also been exported in the file, make sure you tick the box and type in 

the row number in which the names are found. 
5. Also make sure you select the correct delineator (character that separates the entries): space, 

comma, tab or semicolon. 

6. Click . This will attempt to read the channel configuration automatically 
and populate the channel list on the right hand side. If this is successful, you don't have to do 
this manually. If the channel names have not been read automatically, you need to manually 
enter them by double-clicking on the relevant cell. 

7. You can also choose not to import a specific channel (column) from the source data by double-
clicking on the column number - the row will turn light pink. This can be useful if, for example, 
the first column just contains the time. proEMG assumes the data starts at t=0 with equally 
spaced samples, so a time column is redundant information. 

8. You can also edit the unit in case you're not importing voltages. 
9. Make sure you specify the row in which the actual data starts and the sample frequency of the 

source data. 

10. Finally, click  or  to do the conversion. 
11. Your imported files will be copied to the current session folder. 

Averaging Trials 

If you'd like to create an average of several trials, you could do this by first exporting the data to Excel or 
ASCII and calculating the averages yourself. However, proEMG also has its own averaging function, 
which is very easy to use. 
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The function is available by clicking  in the toolbar of proEMG's Main Window. This will display a 
menu containing the following options: 

 

Before you select "Average Trials" from the menu, you need to mark the trials you wish to average. This 
is done by double-clicking in the "Mark" column, a  appears to indicate that the trial is marked. 

Once you've marked the trials you wish to average, select from the menu and you will see the following 
window: 

 

Click  to add the trials you marked. You can then use the  and  buttons to get 

remove ones you don't need, before clicking , which takes you to the next step in the 
process. Then, the following window appears: 
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You now need to do as follows: 

1. Type in a name for the file that will contain the average data. 
2. Specify which channel names to average, and which pipeline to use for the averaged files. You 

can click  to copy the channel names from the currently open trial, or you can 

click  to manually type in the name, or  to get rid of a channel. 
3. Decide which pipeline to use for the processing of the channels. You do this by double-clicking 

the relevant cell in the "Pipeline" column and selecting from the drop-down. If you want to use 
the same pipeline for all channels, you can select the pipeline for any channel and then click 

 - this applies the pipeline from the currently selected channel to all of them. 
4. Decide the number of sample points to use for the averaged data. All averaged data will be re-

sampled, and the number entered in the "Sample Points" text box determines the granularity of 
the averaged data. 

5. Decide whether to average multiple cycles within each trial. Make sure  is 
ticked if you want this. Otherwise, only the first cycle from each trial will be used. 

6. You must also decide how the amplitude values should be averaged. You have three choices: 
a. Original. The trials are averaged together without changing the amplitude. 
b. % Max. The trials are normalized to each trial's maximum value, then averaged 

together. 
c. Normalized. The trials are normalized to the amplitude normalization value, then 

averaged together. 

7. Finally, click  to calculate the average data and generate the average data file. The file 
will appear as a new trial file in the currently open session. 

Important: All trials selected for averaging need to have at least one time normalization cycle defined 
and applied. It is not possible to average data from channels that have no time normalization scheme 
applied. 

Setting Preferences 

There are a small number of preferences you can optionally set in proEMG. Click  in the toolbar of 
proEMG's Main Window. This will display a menu containing the following options: 

 

Selecting "Preferences" displays the following window: 
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There first three options concern the colours used in the interface to signify that you're streaming live or 
offline data, or to signify that no live system is currently connected. All you need to do to change these 
colours is to click on the relevant button. 

You can also select a different update frequency for the live data. This value controls how many times 
per second proEMG redraws the live graph view. The default is 50, which gives you a smooth display. 
However, depending on your PC's capabilities as well as the number of channels you wish to display 
simultaneously, you may want to reduce this number. This makes the view appear less smooth, but on 
the other hand lets you display more channels simultaneously. This is especially useful if your PC or 
laptop is not very powerful. 

The last preference controls whether proEMG supports multiple subjects per session or not. If you do 
not have this requirement, leave this option un-ticked. However, if you do wish to have multiple 
subjects, then please read on. 

Managing Multiple Subjects in a Session 
If you have selected to allow multiple subjects in a Session (you do this in the Preferences, see the 
section above), two main changes will take place in the user interface: 

 A menu option, “Session Subjects…” will be added to the ProEMG menu. 

 A new column will be added to the Session View, called “Subjects”, to the right of the 
“Description” column. This column shows the subject name assigned with the trial. 

Note that this column may be out of view on the right hand side of the Session View. You 
may have to either use the scroll bar or resize the window to see it. 

If you select the option “Session Subjects…” the following dialog will be displayed: 
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The dialog lets you add, delete and rename subjects. You can also view the properties of the subject by 
selecting one and then clicking the “View” button. This displays a dialog that shows the current subject’s 
amplitude normalization values. 

To change the subject associated with a trial, simply double-click the relevant cell in the Subject column 
in the Session View. The same dialog shown above will be shown, letting you add, delete, rename or 
view the subject as required. To assign a subject to a trial, simply double-click the subject name. 

Note that a subject only stores information about the amplitude normalization values for that 
subject. In other words, the functionality lets you capture multiple subjects, or multiple sets of 
normalization values for the same subject, within the same session. 

 


