
Metric Combinations in Non-coherent Signal
Detection for Molecular Communication

Shenghan Liu, Bin Li
School of Information and

Communication Engineering, BUPT, China

Weisi Guo
School of Engineering,

University of Warwick, UK

Chenglin Zhao
School of Information and

Communication Engineering, BUPT, China

Abstract—As a new paradigm that has advantages in the field
of nanocommunication, molecular communication via diffusion
(MCvD) achieves conveying information between nanomachines
both in vitro and in vivo. In general, inter-symbol interference
(ISI) is one of the dominant factors that restricts the quality of
communication, incurred by the long tail nature of the channel
impulse response. Meanwhile, because of the uncertainty of
channel knowledge, conventional coherent detection doesn’t work
well. In order to mitigate these unfavorable factors, a non-
coherent detection method based on the transient features of
molecular signals is proposed without the exact information of the
channel. On this basis, we propose a modified detection scheme
based on weight optimization in terms of deflection coefficient
to further improve the detection performance, thus reconstruct
the original information more accurately. Numerical results
demonstrate that the proposed method significantly reduces the
bit error rate (BER) compared with the former equal ratio
combination scheme.

Index Terms—molecular communication, non-coherent detec-
tion, transient features, weight optimization, deflection coefficient.

I. INTRODUCTION

Recently, molecular communication has been discovered
as one of the major communication mechanisms within the
organism, forming a series of research hot areas [1]. Unlike
traditional wireless wave-based systems, molecular communi-
cation takes molecules as information carrier, and its micro-to-
macro scale distance transmission occurs mainly in liquid envi-
ronment. Molecular communication could remarkably reduce
the channel loss and improve the energy efficiency because
of its better adaptation to the specific environment. In the
field of applications, biomedicine such as drug transmission
and disease monitoring, along with underwater industrial have
tantalizing prospects.

The most typical channel model for molecular commu-
nication is the diffusion model that transmits information
through the free diffusion of molecules (Brownian motion).
However, the randomness of the molecule motion may lead to
severe inter-symbol interference (ISI). A great many of signal
processing methods have been proposed to solve this problem,
including coherent and incoherent detection. The frequently-
used methods of coherence detection are the maximum a pos-
teriori (MAP) and the minimum mean square error (MMSE),
yet the defects are also obvious. Firstly, exact channel in-
formation is required which is hard to obtain practically. In
addition, they suffer huge computational complexity that may
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Fig. 1. A typical transmission model for molecular communication.

exceed the scope of nanomachine capabilities. With the further
research, the concept of non-coherent detection is introduced.
This new method avoids complex matrix operation and the
acquisition of accurate channel response.

In our previous work, we studied a novel non-coherent
detection based on transient features. In this paper, a modified
non-coherent signal detection method based on weight opti-
mization is proposed to obtain better performance of bit error
rate (BER). For the sake of assigning proper weight to each
sub-metric extracted from specific transient feature, deflection
coefficient is utilized to set the weight values reasonably.

II. SYSTEM MODEL

A well-established model for molecular communication via
diffusion is depicted in Fig. 1. We consider a fixed point
transmitter (Tx) communicating with a stable spherical pas-
sive receiver (Rx) in a three dimensional (3-D) environment.
According to the binary information to be conveyed, i.e.,
ak ⊆ A = {0, 1} (k = 0, 1, ...i, ...), the transmitter emits
a predetermined number of information molecules (Q) into
the diffusion channel at the beginning of each time slot to
represent bit “1”, or emits nothing to denote bit “0” utilizing
the on-off keying (OOK) modulation.

As the released molecules follow the pattern of free d-
iffusion, the expected concentration of molecules inside the
receiver at time t(t > 0) due to one emission of bit “1” at
time t = 0 is solved by the Fick’s second law and the initial
conditions:

h(d, t) =
Q

(4πDt)3/2
× exp

(
−d

2
Tx Rx

4Dt

)
, (1)

where D is the diffusion coefficient and dTx Rx denotes the
distance between Tx and Rx. Therefore, given the bit interval
Tb, the received signal due to a series of binary bits is given



as:

y(d, t) =

∞∑
i=0

ak−i · h(d, t+ i · Tb) + n(t), (2)

where n(t) represents the i.i.d additive Gaussian white noise
following the normal distribution n(t) ∼ N (0, σ2

n).

III. NON-COHERENT DETECTION

After the signal sampling, three decision sub-metrics are
constructed to form an overall metric by exploiting the tran-
sient features of the discrete time signal y(n), which are
defined as follow [2]:

1) Local geometry shape: In the case of H1 (i.e., ak = 1),
the shape of the output signal in the kth interval will firstly
reach the highest point then decline gradually, while in the case
of H0 (i.e., ak = 0) it will be declining steadily. Accordingly
the first sub-metric is defined as:

ck,1 =
1

2L0 + 1
·

Mx+L0∑
n=Mx−L0

yn−

1

M − 2L0 − 1
·

Mx−L0−1∑
n=kM

yn +

(k+1)M−1∑
n=Mx+L0+1

yn

 ,

(3)

where M is the sample size, Mx , kM + Mmax is
the position of the maximum concentration, and the sample
window L0 is set empirically as M/8.

2) Transient shape among symbols: In the case of H1, an
obvious turning point of the received signal appears at the
beginning of the kth bit. Thus the second sub-metric is defined
as:

ck,2 =
1

2L2
·

 kM−L1−1∑
n=kM−L1−L2

yn +

kM+L1+L2∑
n=kM+L1+1

yn

−

1

2L1 + 1
·

kM+L1∑
n=kM−L1

yn,

(4)

where L1 and L2 are sample windows with small values, e.g.
1 and 3.

3) Energy difference: The last sub-metric utilizes the en-
ergy difference depending on whether a new bit “1” arrives.
Therefore the last sub-metric is defined as:

ck,3 =
1

M
·

(k+1)M∑
n=kM+1

yn − 1

M
·

kM∑
n=(k−1)M+1

yn. (5)

In general, the accuracy of each sub-metric is different,
hence a proper weight is demanded to be assigned for each
sub-metric. Since the discrete time samples are independent
with a relatively large M , the probability density of each sub-
metric condition on different information bit (H1 or H0) is
approximately Gaussian, thus we propose a weight optimiza-
tion scheme based on the deflection coefficient [3], which is
defined as:

DCi =
(E[ci|H1]− E[ci|H0])

2

V ar(ci|H0)
(i = 1, 2, 3), (6)

accordingly, the weights are normalized as ωi = DCi∑
i
DCi

(i = 1, 2, 3) compromised to meet the absence of channel
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Fig. 2. BER performance of the proposed weight optimization scheme
compared with the former equal ratio combination scheme.

information. Then the weighted metric is denoted as ck =
3∑

i=1

ωick,i. Moreover, the detection threshold λk is updated

adaptively via:

λk = ω1 ·
1

k

k∑
k′=1

ck′,1+ω2 ·
1

k

k∑
k′=1

ck′,2+ω3 ·
1

k

k∑
k′=1

ck′,3, (7)

a bit is detected as “1” if its indicator ck is larger than λk,
otherwise it’s decoded as “0”.

IV. NUMERICAL SIMULATIONS

We evaluate the performance of our proposed scheme
compared with the former equal ratio combination method [2]
via numerical simulations. The parameters of the pending test
signals are shown in Fig. 2. The symbol interval and sampling
interval are set as Tb = 0.45s and Ts = 0.01s, respectively.

In Fig. 2, the modified non-coherent detection scheme
shows a better performance in contrast with the former equal
ratio combination method in both molecular channels. In large
part it is due to the unbalance of the reliability among the
three metrics extracted from transient features, whereas the
proposed scheme assigns appropriate weight proportional to
one’s deflection coefficient for each sub-metric, improving the
accuracy of detection.

V. CONCLUSION AND FUTURE WORK

In this paper we propose a modified weighted metric non-
coherent detection scheme to further improve the BER perfor-
mance of binary signal detection in molecular communication.
Our future work will be established in mapping the weights
into vector space and utilizing the gradient approach to derive
the optimal theoretical values.
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