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Abstract—We propose a method to estimate the direction from
which an array receiver sees a pointwise source in a diffusive
molecular communication (MC) system. The estimator neither requires any knowledge about the number of released molecules nor
the source-receiver distance. The goal is achieved via a spherical
array composed of fully-absorbing (FA) elements. The estimation
method relies on a recently proposed temporal asymptotic singleinput multiple-output channel model for diffusive MC that takes
into account the interaction among the FA elements.

I. I NTRODUCTION
Molecular communication (MC) is defined as a bio-inspired
communication paradigm where signals are exchanged between nanodevices by using molecules as information carriers.
Localization, in presence of multiple active receivers, is a
recent subject of research with many practical applications
[see [1] and references therein]. In targeted drug delivery,
nanorobots are expected to localize the tumor and release drug
in its proximity [2].
This abstract hires the single-input multiple-output (SIMO)
asymptotic model from [3], which main contribution is the
definition of a more general multiple-input multiple-output
(MIMO) model, to propose an estimator of the direction under
which an array receiver sees a pointwise source. However,
unlike in [4], which considers the source localization problem,
the novel aspect is that we relax the assumption of knowing
the exact number of released molecules. We show that in this
case, which is closer to a realistic scenario, the proposed array
receiver is able to estimate the direction of the source. The
performance of the array is evaluated by computing the root
mean squared error (RMSE) between the estimated angles and
their correct values.
II. S YSTEM MODEL
The system consists of a pointwise source, multiple spherical FA receivers, and diffusive channel. The source emits NT
molecules in the environment instantaneously. Molecules diffuse through the medium with a constant diffusion coefficient
in an unbounded 3D environment. Each FA receiver counts
the number of molecules that are being absorbed as they hit
its surface. The FA characteristic introduces a coupling effect
among the receivers’ observations, which can be interpreted as
a reduction of molecules from the environment [5]. Thus, we

Fig. 1. Example of spherical array receiver with 75 FA elements.

need to consider the reciprocal impact to study the number
of molecules absorbed by each FA receiver. The expected
temporal asymptotic number of absorbed molecules by p
spherical FA receivers can be written in matrix notation as [3]
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where Ni is the expected asymptotic cumulative number of
molecules absorbed by the ith element of radius Ri , di,j is
the distance between elements i and j on the receiving array,
and di is the distance of the ith element from the source.
III. E STIMATION OF THE S OURCE D IRECTION
The solution of (1) is
T = RN,

(2)

which gives the inverse of the scaled distances di /NT . When
NT is known, it is used to rescale the solution and obtain an
estimate of the di s, which are then used into multilateration
to estimate the location of the source. In case NT is not
known, the solution of (2) allows to obtain an estimation
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Fig. 2. a) The array of receivers with 9 elements. b) RMSE corresponding
to the spherical test-set with radius 30µm when the number of receivers is 9
and the number of released molecules is 105 .

of the source direction. Azimuth and elevation angles are
computed by converting the result of the multilateration, which
is in Cartesian coordinate, to the spherical coordinates. Note
that, the transformation of coordinates that gives an estimate
of source direction is only possible only for the symmetric
spherical array receiver configuration proposed in this abstract,
which is hereafter described.
The FA elements are placed on the surface at the intersections of the longitude lines and latitude circles. First, we
place two receivers in the sphere poles. Then, we draw l,
equally spaced, longitudinal lines and l − 1 latitude circles,
equally distributed over the sphere. The l (l − 1) intersections
of longitude lines and latitude circles identify the positions of
the receivers. The total number of FA elements, p, reads
p = l(l − 1) + 3.

(3)

This configuration maintains the symmetrical distribution of
the elements, up to a good extent, from any viewpoint outside
of the array. An example the array with radius 20 µm and 75
FA elements is shown in Fig. 1.
IV. N UMERICAL EVALUATION AND RESULTS
Without loss of generality, we assume that the center of the
spherical array receiver is located at the center of the Cartesian
coordinate system. We distribute 103 points, corresponding to
the source’s positions, uniformly on the surface of a sphere
with radius Rt and name it as spherical test-set. For every
point on the spherical test-set we estimate its azimuth and
elevation angles. This process has been repeated 5 · 103
times for every point on the spherical test-set. Throughout
the source direction estimation process we assume that the
number of absorbed molecules by each FA element follows
the Poisson distribution with the mean obtained from (1).
Fig. 2a represents the array made of 9 receivers. Fig. 2b
depicts the spherical test-set with radius 30 µm such that the
RMSE corresponding each point is shown in terms of color.
We can see that the quality of estimation follows the pattern of
the receivers configuration over the array: the areas with low
RMSE correspond to where the longitude lines of the array
are. The quality of estimation is dependent on the receivers
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Fig. 3. The MRMSE of estimating the direction of the source for p = {9, 75}
and Rt = {30, 50, 70} [µm]

concentration and symmetrical distribution of the receivers
over the array.
In order to compare the performance of the array in terms
of number of receivers, radius of the spherical test-set, and
number of released molecules, we take the mean RMSE
(MRMSE) of the points on the spherical test-set corresponding
to a specific set of parameters. Fig. 3 shows the MRMSE of the
proposed algorithm in estimating the direction of the pointwise
source. The MRMSE is plotted versus NT for different number
of receivers, and different spherical test-set radius. It can
be seen that by increasing NT , the estimator performance
improves and the MRMSE drops. Moreover, the array with 75
FA elements outperforms the one with 9 in all cases. Finally,
as the distance between the center of the array and the source,
or equivalently the radius of the spherical test-set, increases
the MRMSE also gets worse.
V. C ONCLUSION
A method to estimate the direction of a pointwise source in
diffusive MC system by means of a spherical array receiver
made of FA elements is introduced. Based on the asymptotic
number of absorbed molecules by the receivers, the array
can estimate the direction of the source without knowing the
number of released molecules. Numerical results, obtained by
computer simulations, are reported in terms of MRMSE.
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