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Abstract—Bio-receptor clustering is a common and yet not
well understood phenomenon in cell biology. Cooperative signal
detection can both enhance and weaken information decoding.
This paper leverages on diversity combining knowledge in signal
processing to show how inter-symbol-interference (ISI) and
channel noise from diffusion can be reduced using cooperative
detection. We devise a cooperative scheme whereby K receptors
and a fusion center (FC) are clustered to cooperatively detect a
common broadcast signal. The receptors report detected signals
to the FC, where reports share common information, but are
independent and identically distributed (i.i.d), and thereby are
capable of stochastically filtering the noise contamination. Subse-
quently, the FC makes a decision by considering the ISI via a non-
coherent concentration difference metric. Numerical simulation
results demonstrate that the proposed bio-cluster cooperative
detection scheme can significantly improve the communication
performance in presence of ISI, which suggests a great promise
to the future of molecular communication (MC) enabled Internet-
of-Nano-Thing (IoNT) applications, and also points the way for
further cross-disciplinary investigation with cell biologists on the
cell clustering phenomena.

Index Terms—bio-clustering, cooperative detection, non-
coherent detection, MCvD, Internet-of-Nano-Things

I. INTRODUCTION

Recent advances on nano-technology have widely attract-

ed attentions on Internet-of-Nano-Things (IoNT), which is

recognized as one of the Top 10 Emerging Technology [1].

To support this, information is transmitted through complex

diffusion-advection channels, causing uncertainty in reliabil-

ity and arrival time. Molecular communication via diffusion

(MCvD), modulating information into chemical structures of

molecules, allows nano-scale information carriers to diffuse

through complex medias, thereby becoming a promising com-

munication candidate for IoNT technology.

The major challenges of MCvD lie in the inter-symbol-

interference (ISI) and channel noise, which deteriorate the

communication reliability. To address it, current schemes can

be categorized into two groups. The first group resorts to

coherent signal processing methods, e.g., maximum likelihood

(ML) scheme [2] ,which is challenging due to the rapid

changing fluid channel and low signal processing capacity

at the nano-scale. The second group learns from natures,

including the enzyme equalizer, bacterium relay, and stochastic

resonance (SR) filter, which are all non-coherent communi-

cation schemes. However, there is limited understanding on

the bio-cluster phenomenon, which stems from the fact that
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Fig. 1. Illustration of a cooperative MC system with K = 4.

receptors of a bacteria will be clustered when sensing and

tracing concentrations of attractants [3].

Inspired by the bio-clustering, a cooperative selection

scheme (i.e., the N out-of K) was proposed in [4], whereby a

fusion center (FC) detects a signal depending on the majority

(≥ N ) of hard-decisions from K receptors that share the

common information of transmitter’s signals but independent

and identically distributed (i.i.d) channel noise. However, the

majority rule does not fully exploit stochastic property of the

noise; a mis-detection from a receptor with noisy observation

slightly lower than a threshold will be treated as no-signal

with weight 1/K, and thereby weakens the detection from

FC. Besides, current literature [4] overlooks the role of ISI that

affect hard-decisions and leaves the performance suboptimal.

In this paper, we focus on devising a bio-cluster inspired

cooperative scheme, aiming to address the counting channel

noise and ISI. In order to exploit the stochastic characteristic

of the counting noise, each receptor in the cluster generates

a different observation with common transmitter info and

i.i.d counting noise. Relying on the reported observations, the

FC will make a decision using a non-coherent concentration

difference metric in order to counteract the ISI.

II. SYSTEM MODEL

A cooperative MCvD system (into three-dimensional space)

is illustrated in Fig. 1, consisting of a nano-transmitter (TX), a

cluster of K nano-receptors (RXs), and a nano-FC. We assume

that all RXs and FC are spherically optical passive observers,

with volumes as VRX and VFC, and radius as rRX and rFC, such

that the effect on other RXs is negligible. The TX transmits

ON/OFF key (OOK) signals, i.e., u = [u1, u2, ...ui, ...], ui ∈
{0, 1}, i ∈ N

+ modulated by A-type molecules, with bit

interval Tb. As such, the objective of the RXs and FC is to

cooperatively detect the on/off molecular signals.



Given the diffusion coefficient D, and the distance between

RXk and TX dTR,k where k ∈ {1, ...,K}, the expected

concentration of a single symbol at RXk for time t > 0 is

given by [4]:

hk(t) =
VRX

(4πDt)
3/2

exp

(
−d2TR,k

4Dt

)
. (1)

Assuming M as the number of molecule A, the received

concentration from a sequence of symbols is expressed as:

yk(t) = M ·
∞∑
i=1

ui · hk (t− (i− 1) · Tb) + ω(t), (2)

where ω(t) ∼ N (0, σ2
ω) is counting noise with variance σ2

ω .
For the link from RXk to FC, due to their close proximities,

the Eq. (1) is no longer suitable, and we describe the expected

concentration received by FC as follows [4]:

lk(t) =
1

2

[
erf

(
rFC + dFC,k

2
√
Dt

)
+ erf

(
rFC − dFC,k

2
√
Dt

)]

−
√
Dt

dFC,k · √π

[
exp

(
− (−dFC,k + rFC)

2

4Dt

)

− exp

(
− (−dFC,k − rFC)

2

4Dt

)]
,

(3)

where dFC,k gives the distance from RXk to FC.

III. BIO-CLUSTERED INSPIRED COOPERATIVE SCHEME

The description of the bio-cluster cooperative scheme is

given by following steps.
Step i) At the beginning of the ith bit interval, each RX is

deployed to receive the concentration of molecules and sample

MRX times by sample interval TRs. The mth (m ≤ MRX)

sample of RXk within the ith bit interval is derived as:

yi,mk = yk ((i− 1) · Tb +m · TRs) . (4)

Step ii) Each RX reports its summation of the samples (i.e.,

yik =
∑MRX

m=1 y
i,m
k ) to the FC via the B-type molecules.

Step iii) The FC firstly receives and samples the concentra-

tions of B molecules, with sample interval TFs, and then sums

the total MFC samples, as zi, i.e.,

zi =
K∑

k=1

MFC∑
m=1

yik · lk(m · TFs) + ε(m · TFs), (5)

where ε(m · TFs) ∼ N (0, σ2
ε ) is the sample of RX-FC link

noise with variance σ2
ε . As a result, the decision will be made

by evaluating the summation zi, i.e.,

ûi =

⎧⎪⎨
⎪⎩
0 zi < γ or zi − zi−1 < −�

ûi−1 |zi − zi−1| < �

1 others,

(6)

where γ serves as a hard threshold [4] that is sensitive to

errors caused by noise and ISI. � is an adaptive threshold

defined by |zi − zi−1|, representing the non-coherent metric

of concentration difference that is applied to combat the

ISI contamination. Given the noise model, γ and � can be

determined by minimizing the bit error rate (BER).
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Fig. 2. Performance of proposed bio-cluster cooperative detection scheme.

IV. NUMERICAL SIMULATIONS

Based on our key contribution of a noise and ISI cancelling

cooperative detection threshold (see Eq. 6), we perform a

numerical simulation to demonstrate the detection perfor-

mance in contrast with the N out-of K scheme [4]. In

this simulation, TX is located at (0μm, 0μm, 0μm), emitting

M = 104 A-type molecules into the diffusion channel, with

D = 5 × 10−9m2/s. Two different bit intervals, i.e., Tb =
0.5ms, and 1ms, are evaluated, representing different ISI. FC

is located at (2μm, 0μm, 0μm). K = 5 RXs are randomly

distributed within vicinities of the FC (i.e., dFC,k < 0.6μm).

The radii of RXs and FC are rRX = rFC = 0.225μm. The

sample intervals for RXs and FC are TRs = 0.9 × Tb/MRX,

and TFs = 0.1× Tb/MFC with MRX = MFC = 10.
From Fig. 2, we can observe that under a lower influence

of ISI (Tb = 1μs), the proposed scheme outperforms the

N out-of K scheme. This is attributed to that RXs report

observations rather than making hard-decisions that will elim-

inate their stochastic properties and subsequently make FC

vulnerable to channel noise. Moreover, given a higher ISI

effect (Tb = 0.5μs), (BERs) of N out-of K scheme saturate,

whereas the proposed scheme can still improve its BER. This

is because the utilization of the non-coherent concentration

difference metric, which is able to counteract ISI.

V. CONCLUSION AND FUTURE WORK

This paper proposes an non-coherent bio-cluster cooperative

scheme to address the noise and ISI of diffusion channels.

For the future work, we will 1) try to develop optimal cluster

sizes and formations, and 2) optimize non-coherent metrics

and thresholds from both the receivers and FC.
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