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Abstract— Transcranial direct current stimulation (tDCS)
aims to deliver weak electric current into the brain to modulate
neural activities. Based on the volume conductor model of
the head, optimization algorithm can be used to determine a
specific montage of high-definition electrodes on the scalp to
achieve targeted stimulation. However, simultaneous targeting
for multiple disconnected regions can rarely be found in the
literature. Here we attempted to provide an integrated solution
for optimized tDCS to target multiple brain regions (either
a single point or brain structures). By improving the “maxintensity” routine previously published in [1], we are able to
target two regions of interest (ROI) in the brain simultaneously.
For ROIs more than two, we show that the “max-focality”
algorithm using weighted least-square in [1] can be further
improved by putting the L1-norm constraint on the stimulation
current as a penalty term into the cost function. Up to five ROIs
can be targeted at the same time without violating the safety
criteria. Further analysis shows that, for multiple targets, a
trade-off exists between targeting accuracy and the number
of electrodes needed. We implemented all these algorithms in
Soterix software HD-TargetsTM .

I. I NTRODUCTION
Transcranial direct current stimulation (tDCS) delivers
weak electric current (0.2 mA to 2 mA) into the brain to
modulate neural activities [2]. Research has shown that tDCS
can improve performance in some learning tasks and has
also shown promise as a potential therapy for a number of
neurological disorders such as depression, fibromyalgia and
stroke [3], [4], [5], [6]. Compared to conventional tDCS that
uses saline-soaked large pad sponges (25–35 cm2 ) [2], highdefinition tDCS (HD-tDCS) leverages a number of small (∼
75 mm2 ) gel-based ring electrodes [7], [8]. Modeling studies
have shown that HD-tDCS can improve the focality of the
stimulation [9], [10]. HD-tDCS provides flexibility in placing
multiple electrodes on the scalp. Based on the current-flow
models of the head [8], [11], targeted stimulation can then
be achieved by using an optimal montage of HD electrodes,
which is determined by general-purpose algorithms for optimization problems [1], [12], [13]. They can guide the electric
current to a specific brain region (a single point or a brain
structure).
However, to the best of our knowledges, simultaneous
targeting for multiple disconnected brain regions can be
hardly found in the literature. Ref. [1] was the first work
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on the optimized tDCS presented with strict mathematical
formulation that incorporates the safety constraints, but the
proposed algorithms were only applied to guide the current to
a single, point-like target. Ref. [12] extends the algorithm of
weighted least square in [1] to multiple disconnected cortical
targets. Ref. [13] also generalizes the “max-intensity” algorithm in [1] from a point-like target to a brain structure, but
it does not explicitly demonstrate this capability of structural
targeting to multiple regions.
Here we aim to provide an integrated solution of simultaneously targeting multiple brain regions including both pointlike targets and cortical structures. Specifically, we show
that the “max-intensity” algorithm in [1] can be improved to
target two regions of interest (ROI), by maximizing the L1norm of the electric field at the targets. For targeting more
than two ROIs, the “max-focality” algorithm in [1] based
on weighted least square with L1-norm constraint on the
stimulation current can be applied and improved by putting
the constraint as a penalty term in the cost function. We also
demonstrate that there is an intrinsic trade-off between the
targeting accuracy and the number of electrodes needed for
multiple ROIs. The implementation was integrated into the
proprietary software HD-TargetsTM by Soterix Medical (New
York, NY).
II. M ETHODS AND R ESULTS
A. Construction of the head model
The ICBM152 (v6) template from the Montreal Neurological Institute (MNI, Montreal, Canada [14], [15]) was
used for all the simulations in this work. The computational
head models were built following our previous work [11].
Briefly, the ICBM152 (v6) template MRI (magnetic resonance image) was segmented by the New Segment toolbox
[16] in Statistical Parametric Mapping 8 (SPM8, Wellcome
Trust Centre for Neuroimaging, London, UK) implemented
in Matlab (R2013a, MathWorks, Natick, MA). Segmentation
errors such as discontinuities in CSF and noisy voxels were
corrected first by a customized Matlab script [11] and then by
hand in an interactive segmentation software ScanIP (v4.2,
Simpleware Ltd, Exeter, UK). Since tDCS modeling work
has demonstrated the need to include the entire head down
to the neck for realistic current flow, in particular in deepbrain areas and the brainstem [11], the field of view (FOV)
of the ICBM152 (v6) MRI was extended down to the neck
by registering and reslicing the standard head published in
[11] to the voxel space of ICBM152 (see [17] for details).
HD electrodes following the convention of the standard 10–
10 international system [18] were placed on the scalp surface

