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• Connectivity analysis using the FieldTrip toolbox

• Overview: The Fieldtrip Toolbox is platform 
independent collection of matlab functions.

• Topic 1.1: Spike Analysis

• Topic 2.1: Time Frequency Analysis

• Topic 1.2: Spike LFP Analysis

• Topic 2.2: Coherence Analysis

• Tutorial (Matlab) Section:

• Topic 2.3: Connectivity Analysis



• For an analysis project high-
end functions are adjusted 
and assembled. Example: 
Steps for an ERP study:

• The FieldTrip Analysis 
Protocol would have this 
structure:



• General Overview of High-Level 
Functions:

• External Toolboxes work together with FieldTrip and are 
partly integrated, e.g.:

- FreeSurfer
- SPM
- Open MEG
- Brain network Toolbox functions (Graph Theory)
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Figure 1: The structure of the toolbox.

release of the latest version on an FTP-server. Next to
this, the documentation is fully available online as a wiki
(http://www.ru.nl/neuroimaging/fieldtrip), which promotes
active contributions of both users and methods developers.
The FieldTrip wiki contains a large amount of documenta-
tion for facilitating the use of the toolbox, including tutorial
documentation, answers to frequently asked questions and
example MATLAB code. Finally, there is an active e-mail
discussion list, with approximately 650 subscribers (state of
August 2010).

The focus of this paper is on features that discrimi-
nate FieldTrip from other (publicly available) toolboxes as
described elsewhere in this issue. We will first describe Field-
Trip from the user’s perspective, followed by a description
from the developer’s perspective. Both sections highlight
important features relevant for the specific target group.
Subsequently, specific features of the di!erent modules are
summarized. This paper ends with some concluding remarks
on the FieldTrip project as a whole.

2. The User Perspective

2.1. No Graphical User Interface. An important feature of the
FieldTrip toolbox is that it does not have a Graphical User
Interface (GUI). Instead, the user is interacting directly with
the functions on the MATLAB command line or in scripts.
Consequently, users need to have some basic knowledge of
MATLAB in order to fruitfully use the toolbox. Although this
requires an initial investment from the side of the user, it
allows for very flexible combination of the functions to suit
specific analysis needs.

The FieldTrip toolbox consists of high- and low-level
functions. The high-level functions provide a consistent
and easy-to-use interface of the functionality to the users,
enabling them to do the analysis in well-defined steps. The
low-level functions implement the core functionality, but
are not designed to be used by the common neuroscience
researcher and do not provide an easy programming struc-
ture to implement a complete analysis of the data. The low-
level functions are largely hidden from the regular end users
in private directories.

2.2. Analysis Scripts to Mix and Match. Practically, users
start by writing an analysis script, in which they mix
and match the FieldTrip high-level functions according
to the experimental research question. A script consists
of a sequence of FieldTrip function calls, each of which
performing a specific part of the analysis pipeline. If required,
the users extend the analyses with their own code. The

Table 1: File formats supported by FieldTrip. Less common file
formats are excluded from this listing but can be found on the
website.

Class of data Manufacturer/file format

MEG file formats

CTF/VSM

Neuromag/Elekta

BTi/4D Neuroimaging

Yokogawa/KIT

Chieti ITAB system

EEG file formats

BrainProducts/BrainVision

NeuroScan

Electrical Geodesics, Inc.

Megis software/BESA research

Biosemi

BCI2000

ANT/EEProbe

Curry

Micromed

Nexstim

European data format

Generic standard formats

Anatomical MRI formats

Dicom

NIfTI

Analyze

MINC

AFNI

Neuralynx

Animal electrophysiology Plexon

file formats Tucker Davis Technology

Cambridge Electronic Design

content and style of analysis scripts highly depend on the
expertise and programming skills of the user. In general the
resulting scripts can be thought of as (parts of) analysis
protocols. The scripts can be easily used for batch processing,
allowing for a convenient application of the same analysis
protocol to multiple subjects or experiments. Also, scripts
can be exchanged between users, and between students and
their supervisors, facilitating collaboration and knowledge
transfer.

2.3. A Typical FieldTrip Function Call. High-level FieldTrip
functions have a well-defined function-call interface. The
input to a particular FieldTrip function consists of one or
more MATLAB structures: a configuration structure, option-
ally followed by one or more data structures. The input
configuration structure contains the options or parameters
that specify how the data will be processed by the function
and/or how the algorithm will behave in detail. The input

• Subselection of File 
formats supported by 
FieldTrip (A sub-
selection)
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data structure is usually the output of a FieldTrip function
that was called earlier in the analysis pipeline (see below).

2.4. Configuration Structure. The specification of the param-
eters in the configuration structure follows the user’s per-
spective: channels are for example indicated with their
label and physical quantities are expressed in SI-units (e.g.,
frequency in Hz). Configuration parameters are stored in
fields that express their meaning in human readable names.
If possible, default values will be assigned to parameters that
have not been specified by the end user.

2.5. Output of the FieldTrip Function. The output of a
FieldTrip function is a MATLAB structure containing the
processed data. This data structure also includes the con-
figuration field that was used for the computations inside
the function, allowing the user to inspect the details of the
analysis, for example, the default configuration settings that
were used. Some FieldTrip functions do not produce output
data, but rather a figure displaying the data. A small set of
FieldTrip functions generates neither data, nor figures, but
extends the input configuration structure.

2.6. Definition of Data Structures. FieldTrip makes use
of a number of well-defined data structures which are
designed to be parsimonious, yet complete. They contain
the numeric representation of the data in combination with
the information necessary to interpret this numeric data.
There are certain types of data structures for the di!erent
representations of the data. For example, segmented sensor-
level time domain data is stored in a structure of data type
“raw”. Structures of this data type consist of a cell-array
“trial”, in which each cell contains a Channels ! Timepoints
matrix, a cell-array “label”, referring to the label of each of the
channels, and a cell-array “time”, in which each cell contains
the 1 ! Timepoints vector, providing temporal information
for each of the samples in each of the trials (Figure 2(a)).
Figure 2(b) shows an example of a structure of data type
“freq”.

2.7. Analysis Scripts for Step-by-Step Analysis Are Protocollike.
As mentioned before, analysis scripts usually contain a
sequence of FieldTrip function calls. Each analysis step is
usually performed by a single high-level FieldTrip function.
To illustrate this, the following paragraphs and Figure 3
describe an analysis pipeline, showing the one-to-one map-
ping between a conceptual analysis step, and a high-level
FieldTrip function. Figure 4 gives an impression of the
corresponding analysis script.

2.7.1. Define Data Segments of Interest. A typical analysis
starts with reading and segmenting the data such that the
experimental conditions are represented as trials in a data
structure. For simple experimental designs, segmenting the
data can be done using a standard function that is included.
For complex experimental designs, the user can provide his
or her own function that decodes the sequence of triggers.
Specific to FieldTrip is the possibility to create and analyze

data =
trial: {1x100 cell}
time: {1x100 cell}
label: {275x1 cell}

hdr: [1x1 struct]

grad: [1x1 struct]

cfg: [1x1 struct]

>> data.time (1)

ans =

[1x600 double]

>> data.trial (1)

ans =

[275x600 double]

(a)

freq =

powspctrm: [275x10x50 double]

dimord: ‘chan freq time’

label: {275x1 cell}
freq: [1x10 double]

time: [1x50 double]

cfg: [1x1 struct]

(b)

Figure 2: Data representation examples. (a) Epoched time domain,
sensor-level data. (b) Time-frequency representation of sensor-level
data.

segments of variable length. One can think of segmenting
the data as inverting the implementation of the experimental
design in the stimulus presentation software. The definition
of the boundaries of the relevant data segments is generated
by ft definetrial.

2.7.2. Identify and Remove Artifacts. Once the interesting
segments of data have been identified, one may want to
identify artifacts in the data that would a!ect the quality of
the analysis results. Subsequently, the user can either remove
the a!ected segments from the data altogether, or remove the
artifact from the data by applying a linear projection.

The function ft rejectartifact allows for semiautomatic
detection of well-defined artifacts such as eye blinks, muscle
contractions, or MEG SQUID jumps. With a minimum of
user interaction artifacts are identified by thresholding the
data after processing the data to increase the sensitivity to
pick up the characteristics of the specific artifact. For exam-
ple, MEG SQUID jumps are easily detected after applying
a median filter to the data. Alternatively, users can use the
ft databrowser function, allowing them to browse through
the data and manually identify data segments containing
artifacts (Figure 5).

To project out artifacts with a characteristic spatial
topography, such as eye blinks or cardiac activity, the
ft componentanalysis function can be used. This implements
a variety of blind source separation methods, such as
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segments of variable length. One can think of segmenting
the data as inverting the implementation of the experimental
design in the stimulus presentation software. The definition
of the boundaries of the relevant data segments is generated
by ft definetrial.

2.7.2. Identify and Remove Artifacts. Once the interesting
segments of data have been identified, one may want to
identify artifacts in the data that would a!ect the quality of
the analysis results. Subsequently, the user can either remove
the a!ected segments from the data altogether, or remove the
artifact from the data by applying a linear projection.
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contractions, or MEG SQUID jumps. With a minimum of
user interaction artifacts are identified by thresholding the
data after processing the data to increase the sensitivity to
pick up the characteristics of the specific artifact. For exam-
ple, MEG SQUID jumps are easily detected after applying
a median filter to the data. Alternatively, users can use the
ft databrowser function, allowing them to browse through
the data and manually identify data segments containing
artifacts (Figure 5).

To project out artifacts with a characteristic spatial
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a variety of blind source separation methods, such as



• Example Processing Pipeline: Spike Analysis
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• Tutorial Content Overview - Spike Analysis



• Spike Analysis



• Tutorial Content Overview - Spike LFP Analysis



• Spike LFP Analysis

Spike Duration  ~ 1.2 ms

LFP Content (< 300 Hz, >3ms) 



• Spike LFP Analysis

For same channel data,
prevent leakage of Action 
potential to LFP



• Tutorial Content Overview - Time Frequency Analysis



• Topic 2.2: Coherence Analysis

Fieldtrip - Coherence Analysis 
http://"eldtrip.fcdonders.nl/tutorial/coherence



• Topic 2.2: Coherence Analysis

Fieldtrip - Coherence Analysis 
http://"eldtrip.fcdonders.nl/tutorial/coherence
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• Calcula&ng	  &me-‐frequency	  representa&ons	  of	  power	  is	  done	  using	  a	  
sliding	  &me	  window.	  This	  can	  be	  done	  with	  fixed	  &me	  windows	  (le?)	  or	  
with	  variable	  sized	  windows	  (right).



• The	  &me	  window	  limits	  the	  Frequency	  Resolu&on

Frequency	  Resolu&on:	   	  =	  1	  /	  &me	  window	  (sec.)

	  =	  1	  /	  0.5	  sec.2	  Hz
	  =	  1	  /	  0.2	  sec.5	  Hz







• Tutorial Content Overview



• Effects of variable Time Windows

•	   If	  you	  want	  7	  cycles	  per	  window,	  the	  &me	  
window	  is	  

1000	  ms	  for	  7	  Hz	  (1/7	  x	  7	  cycles)

700	  ms	  for	  10	  Hz	  (1/10	  x	  7	  cycles)

350	  ms	  for	  20	  Hz	  (1/20	  x	  7	  cycles)

7	  cycle	  &me	  window

140	  ms	  for	  50	  Hz	  (1/50	  x	  7	  cycles)



7	  cycle	  &me	  window

Fixed T
0.5 sec. 7 cycle

at 2 Hz the window is too 
long for the 3sec cutted 
segment:
3.5 sec (1/2Hz) * 7 cycles 
= 3.5 sec)

• Effects of variable Time Windows





The	   width	   of	   the	   frequency	  	  
smoothing	   increases	   with	  
frequency

• Multi-tapering

Number of
Tapers (K)

Time
Window
(sec.)

Frequency
(Hz)

= 1-2 * *

2*(0.5sec)*4Hz-13 =

2*(0.25sec)*8Hz-13 =

2*(0.25sec)*12Hz-15 =

2*(0.25sec)*16Hz-17 =





Gregoriou et al. 
[Science 2009]



• Topic 2.2: Coherence Analysis

Fieldtrip - Brain Connectivity Analysis 
http://"eldtrip.fcdonders.nl/tutorial/coherence



• Topic 2.2: Connectivity Analysis

Fieldtrip - Brain Connectivity Analysis 
http://"eldtrip.fcdonders.nl/tutorial/connectivity



Gregoriou et al. 
[Science 2009] Objectives: Understand that the computation of connectivity measures 

might be easy, but that the interpretation of the outcomes of those 
measures in terms of brain networks and activity remains challenging 
and should be exercised with caution.

Part	   1:	   Simulate	   some	   data	   and	   use	  
these	   data	   to	   compute	   various	  
connec&vity	  metrics.

Part 2: Evaluate the effect of common pick of 
noise up (between channels) on the consequent 
estimates of connectivity. Simulated data with 
common pick-up and different noise levels. In this 
part we are going to simulate some data consisting 
of an instantaneous mixture of 3 'sources', creating 
a situation of common pick up. 



Fieldtrip - Brain Connectivity Analysis 
http://"eldtrip.fcdonders.nl/tutorial/connectivity

• you may try on 
your own

• main exploratory 
exercise



Gregoriou et al. 
[Science 2009]

estimating the multivariate 
autoregressive model and 
the spectral transfer 
function, and the cross-
spectral density matrix

 ft_freqanalysis
 
ft_mvaranalysis 

 ft_connectivitysimulation 
 

prepare data

Part	  1:	  Simulate	   some	  data	  and	  use	   these	  data	  to	   compute	   various	  connec&vity	  
metrics.

compute and inspect 
various measures of 
connectivity

ft_connectivityanalysis
ft_connectivityplot


