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How to make a C3D file from ASCII data

The CSV Format

The CSV file format (Comma Separated Values) is a very common ASCII data exchange file format that is often
used to export data from an application for general access.  Each line of the file is a data record consisting of
multiples of three fields (X,Y,Z co-ordinates) separated by commas. The use of the comma as a field separator
is the source of the name for this file format.  In general data is simply written as ASCII numeric values to a text
file using commas to separate individual sample values. 

In the motion capture environment, despite lack of adherence to RFC
4180 or any standard, CSV files make it easy to create a file containing
multiple 3D co-ordinates for multiple frames of data contain a set of
markers.  Each line contains one of more sets of 3D co-ordinates,
potentially recording multiple marker positions in sequential records. 
A major problem with the CSV format is that it has no defined
structure to record the co-ordinates (feet, inches, metres, millimeters,
centimeters are all possible), the time interval between each set of
samples, or co-ordinate information (names, descriptions).  This is
sometimes recorded in the first few lines of the CSV file but there is
no standard defining this and this additional (but essential) information
is often missing.  However, in spite of these shortcomings, it remains
a popular data export format because, being ASCII it is readily edited,
and easily imported into Microsoft Excel.

The C3D format

The C3D format is a biomechanics file format that was designed specifically to preserve all of the information
needed to analyze and reproduce 3D motion in common Biomechanics and Motion Capture environments.  C3D
is a widely supported binary format that preserves both 3D position and associated analog data (force plates,
electromyography etc) together with information about the data collection environment that records marker
names, descriptions, frame intervals, measurement units and many other essential data values in a standard and
easily accessible format for computational access.

The format is in the public domain and fully documented (https://www.c3d.org), allowing it to be widely
supported, enabling many different manufacturers to exchange and support motion data.  Motion Lab Systems
supports the C3D file format with a number of free tools (C3Dserver - http://www.c3dserver.com ) while an
open source program (Mokka) is available providing an interactive 3D working environment together with
application support via the Open source Movement Analysis library (http://www.openma.org).

The result is that movement data stored in the C3D format can be opened, analyzed and displayed by any
application that supports the format without the user needing to know, or enter, any additional information about
the data collection environment.  This makes data stored using C3D completely portable and accessible to
anyone, independent of any manufacturers equipment or an users data collection environment.
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Importing X,Y,Z data in the CSV format from the clipboard

The C3Deditor application

The C3Deditor is a commercial application written and sold by Motion Lab Systems to view, edit, and modify
the contents of C3D files with additional support for filtering, interpolation and changing the sample rate of both
analog and 3D data streams.  It supports all C3D formats and can seamlessly convert data between the different
formats, as well as allowing C3D files to be created by importing data from Microsoft Excel spreadsheet and CSV
files to generate a C3D file that can be opened by any manufacturers application.  The C3Deditor is supported
on 32-bit and 64-bit Microsoft Windows operating systems from Windows XP through Windows 10 and is
available for single individual use, or site (institutional) use.

Creating a C3D file with CSV data

The process of importing data into a C3D file requires that we have a C3D file open to store the imported data. 
The standard C3Deditor installation includes a small C3D file called dummy.c3d that contains some basic
parameters but does not contain any data.  This is supplied to make the import process relatively easy so that we
can import the spreadsheet data into an empty file that contains only the basic Parameter information.  The basic
process for importing 3D data is:

1. Open the ASCII CSV file with Microsoft Excel and assemble the data in a spreadsheet in the correct order
(X-Y-Z columns).  It is essential that the data is stored in millimeters with the +Z axis vertical for general
C3D application compatibility, so if your data uses a different measurement unit or co-ordinate system, this
is the ideal time to convert the data into the correct format, millimeters with the +Z axis vertical.

2. Open the dummy.c3d file in the C3Deditor (this is a small C3D file supplied with the application that does
not contain any data yet) and save it with a new file name to receive your imported data.  Set the C3Deditor
to “Edit” mode to allow you to edit and change the new C3D file contents.

3. Switch to Excel and select the range of data (x-y-z co-ordinates from the first frame to the last frame) for
the first marker that you wish to import into the
C3D file.  Copy it to the clipboard using the
right-mouse button menu in Excel.

4. Switch to the C3Deditor application and select a
3D Data marker to receive the data from the
C3Deditor Tree window then click on the first
frame in the graphical window (Channel: MK01 X
illustrated) to define the start location of the import
- normally this will be the first frame.  If the data
on the clipboard is correctly formatted then the
import option can be selected from the right-click
menu.  This will import, and display, the CSV data
starting at the selected frame and automatically
update the C3D file to record the correct number
of frames in the file.  You can now save the first marker import operation to update the new C3D file.

5. Repeat the previous two actions, selected a new marker from the CSV file and importing it to a new C3D
file  POINT channel, saving each operation until all the CSV data has been imported into the C3D file.

6. Finally, use the C3Deditor to edit the appropriate parameters describing the data and save the file in the
appropriate format.  The dummy.c3d file defaults to storing data at a 60Hz frame rate - if your data has a
different frame sample rate then you must update the POINT:RATE parameter to the correct value.

Note that while is is possible to import both analog and 3D data into a C3D file from individual ASCII files, it
can be very difficult to accurately synchronize two separate data streams.
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