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Understanding brain stimulation techniques

Deep brain stimulation (DBS)Transcranial alternating current stimulation (tACS)



Transcranial alternating current stimulation (tACS)

- Weak E-fields in cortex

- Mechanism partly understood

- State-of-the art: weak E-fields synchronize 

or desynchronize neural activity
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Personalized E-fields based on MRI

Segmentation

Head mesh

the specified parameters, the volumetric mesh for the head model was generated. The generated

mesh could not be direct ly used for running simulat ions in FEMfuns because the output from

Iso2Mesh does not have the faces of the mesh labeled. So the mesh faces had to be correct ly

labelled and designated. The mesh regions were labeled based on the disconnected surfaces, all

thedisconnected surfaces in the mesh were taken and they wereassigned the label corresponding

to the regions. It should be noted that some mesh cells may not be labeled and may instead

be assigned a value of 0, which causes an error when the mesh is imported to FEMfuns as

it does not t reat these cells as actual geometry. To ensure that all elements are labeled, an

increased value of one was added to the generated elements’ labels. The mesh file generated

had to be converted to an XML file for use with FEMfuns. However, the output from Iso2mesh

cannot be direct ly converted to an XML file using dolfin-convert , a conversion tool provided

by the FEniCS toolbox. This tool requires the input mesh file to be in ASCI I (American

Standard Code for Informat ion Interchange) format . To convert the mesh, the output from

the mesh generat ion (ie nodes, elements, and faces) which were in double-precision float ing-

point numbers, were writ ten in int32 format . Fieldt rips is a MATLAB toolbox that has the

funct ion mesh load gmsh4.m which specifically uses int32 format ted mesh files. This funct ion

was specifically created for meshes created using SimNIBS. It also has a funct ion mesh save -

gmsh4 which is used to write the mesh files in ASCI I format which can be used as input to the

funct ion dolfin-convert which creates the XML files as required by FEMfuns. Figure 2 shows

the cross-sect ion of the generated volumetric mesh. Di↵erent regions of the head are shown in

di↵erent colors. Figure 17 in appendix A shows the contacts inside the mesh in space.

Figure 2: Cross sect ion of the volumetric mesh generated

6.3 Simulat ions in FEM funs

This sect ion will discuss various simulat ions performed using femfuns. Figure 3 shows the

numbering of contacts that will be used to refer to simulat ions. The two types of simulat ion

used are monopolar and bipolar simulat ion. The cent roids of each contact are used to assign

the source and sink points for all simulat ions. Table 8 shows the cent roids obtained for each

contact .
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Deep brain stimulation (DBS)

- Strong E-fields in deep structures

- Mechanism still unknown

- State-of-the art: strong E-fields are driving 

the effect



DECODE

- Weak cortical E-fields have never been studied

- Weak cortical E-fields of tACS are known to 

desynchronize neural activity

- Desynchronization is important in several 

neurological conditions, including Parkinson’s
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track and maintain synchronization with the reference signal

even in the presence of noise, frequency variations, or other

disturbances [18].

Fig. 1. Basic phase-lock loop presenting its 3 essential components: Phase
detector, Loop filter and Voltage Controlled Oscillator (VCO). A phase
detector compares the phase of a periodic input signal against the phase of
the VCO signal; the output of the phase detector is a measure of the phase
error between its two signals. The loop filter filters the error voltage and the
control output is applied to the VCO. The VCO changes its frequency in a
direction that reduces the phase error between the input reference signal and
the output of the VCO [18].

The proposed solution (Fig. 2), has the aim of exploring

how thecomplementary roleof DBSand tACScould modulate

plasticity and functional connectivity between the cortex and

basal ganglia, and therefore study Parkinson’s disease’s motor

symptoms, in particular, bradykinesia and rigidity. The DBS

stimulator, asan implanted system, providesaccess to thebasal

ganglia, a structure that is difficult to reach with existing non-

invasive or minimally invasive techniques. On the other hand,

the tACS stimulator, as an external system, can be the optimal

way to target the cortex, complementing the capabilities of the

active implantable system.

Fig. 2. Example of network stimulation of the cortico-subcortical axis,
involving both chronically implanted electrodes and transcranial electrodes,
along with EEG electrodes to record the DBS artifact. Adapted from [19].

I I . DESIGN REQUIREMENTS OVERVIEW

The designed solution is meant to be used in a research

environment for the exploration of neuronal plasticity and

functional connectivity. The essential requirements are pre-

sented in Table I.

TABLE I
SYSTEM-LEVEL SPECIFICATIONS FOR THE DESIGNED INVESTIGATIONAL

RESEARCH SYSTEM

Requirements

Frequency and

phase tracking

Accurate and automated frequency acqui-

sition and precise phase tracking across

beta frequencies (12–35 Hz) is required to

demonstrate thecausal influenceof betacon-

nectivity between cortex and basal ganglia.

Programmable

phase lead or

lag

Provide a programmable phase lead or lag

option that allows precise selection and

adjustment, while ensuring synchronisation

with variations in the implanted stimulator’s

clock. The phase lead or lag should also be

finely adjustable to meet the requirements of

low frequency stimulation. In addition, pro-

grammable phase manipulation is consistent

with the principles of neural plasticity, in

particular spike-timing-dependent plasticity

(STDP). For example, assuming 2 ms as the

optimal synaptic delay for long-term poten-

tiation or depression at 20 Hz stimulation,

this corresponds to a phase shift of 15◦ .

Low duty

cycle

Compliance with very low duty cycle input

signals that are typical with brain stimulation

therapy (60 - 450 µs).

TTL-

compatible

Capable of establishing a reliable interface

with TTL-compatible stimulation devices.

Minimal jitter Minimal output pulse-to-pulse jitter to en-

sure robust paired-associative stimulation.

The jitter should be as low as possible to not

limit the programmable phase lead or lag.

Ethical and

hospital

protocol

compliance

The solution is intended to be used in a re-

search environment with patients, therefore

it has to demonstrate a high degree of com-

patibility with a wide range of established

ethical protocols and hospital procedures.

It should be able to seamlessly integrate

with existing practices and equipment, while

not affecting the ethical guidelines of the

scientific study being conducted.

Synchronization

detector

A lock-in detector that ensures the clocks

are synchronized prior to the activation of

the external stimulator.

In order to translate these requirements into concrete spec-

ifications, a systematic evaluation strategy as been developed.

Initially, a comprehensive theoretical assessment has been
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Fig. 3. Illustration of the system’s block diagram, showcasing its core functionality. The diagram highlights the input and output components (depicted
in blue) responsible for handling the EEG signal from a medically/research rated amplifier and transmitting the output signal to a medically/research rated
stimulator. The user-accessible elements (depicted in green) allow the user to interactact and set the device’s operational mode. Conversely, the hardware
electronic components (depicted in red) are not user-accessible.

Fig. 4. Physical representation of the system design. The bottom image
displays the system’s front panel, allowing users to check the system’s current
state, select the desired operational mode, and establish connections with
additional systems (EEG amplifier and TTL-compatible stimulation system).

filtering and pulse detection stage has been implemented. The

goal is to eliminate mains noise (50-60 Hz) and suppress

most of the EEG activity while preserving the high-frequency

components of the DBS pulses. This has been achieved

by incorporating a first-order high-pass filter with a cut-off

frequency of 60 Hz. Additionally, to further enhance the signal

quality, each input channel, treated as a differential signal,

undergoes initial amplification of the difference between the

two input signals, while effectively rejecting any common-

mode signals. This amplification and rejection process is

accomplished using an instrumentation amplifier (INA126).

After the amplification stage, a 10 kHz low-pass filter

is applied to eliminate high-frequency noise and unwanted

artefacts. In accordance with the nature of the DBS pulses,

which have a low duty cycle (60 - 450 µs), this 10 kHz

low pass filter selectively passes frequencies up to 10 kHz,

effectively removing higher frequency components that are

not relevant to the short duration of such pulses. Finally,

the filtered and amplified signals are directed to a dedicated

comparator, which detects the presence of the DBS pulses and

facilitates their subsequent processing in the next stages of the

system. The comparator provides a threshold-based detection

mechanism, ensuring that only significant pulse events are

captured and analysed.

The overall amplification of this stage is between 10-200

times, however it is not guaranteed that is enough for the

detection of the DBS pulses. For this reason, the EEG signal

can be supplied by a commercial amplifier. With this prior

pre-amplification stage, the reliability of the pulse detection

would be enhanced.
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