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Abstract

Molecular communication is a novel nanoscale communication method. It
can use ions, biochemical molecules or other information carriers to transmit
information. However, due to molecules are easily accumulated in the chan-
nel to produce strong internal symbol interference, the information transmis-
sion in the channel is vulnerable to a low reliability. Therefore, reliability has
become an important research issue in the field of molecular communication.
At present, the existing reliability model of molecular communication does
not take into account the drift velocity of the medium. Nevertheless, in some
scenarios, it is often necessary to consider the effect of the drift velocity of the
medium on the reliability of molecular communication. In this paper, we in-
troduce the drift velocity of the medium and propose a reliability model of
molecular communication based on drift diffusion (MCD2) in different to-
pologies. Furthermore, in the case of transmission failure, a retransmission
mechanism is used to ensure reliable transmission of information. Finally, we
also compare the reliability performance of molecular communication be-
tween reliability model of MCD2 and reliability model of molecular commu-
nication based on free diffusion. The simulation results indicate that the
proposed reliability model is superior to the existing reliability model of mo-
lecular communication based on free diffusion in analyzing the reliability of
MCD2.

Keywords
Nanonetwork, MCD2, Drift Diffusion, Reliability

1. Introduction

In recent years, with the rapid development of the Internet and 5G communica-
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tion technologies, people increasingly depend on network communication tech-
nologies. At the level of micro-network communication outside the traditional
communication network, nanocommunication technologies with different me-
chanisms have received extensive attention from researchers.

There are two main methods for implementing nanonetworks, namely
bio-inspired molecular communication and electromagnetic nanocommunica-
tion. Bioinspired molecular communication generally uses chemical signals,
cells, organelles or DNA as carriers. As for electromagnetic nanocommunication
generally uses carbon nanotubes as a carrier. With the development of nano-
network research, multiple nano-sensors can be deployed in the human body to
monitor the substances in the human body, such as glucose, sodium and choles-
terol. Then these sensors can transmit detection information to mobile phones
or computers to dynamically display the health of the human body. Na-
no-sensors can also detect the specific parts of human infections to prevent hu-
man diseases. To achieve the above functions, it must rely on tiny devices with
bionic functions, such as nanomachine. Nanomachine can be made up of na-
noscale components that perform tasks such as calculation, storage, sensing,
and driving. At present, there are three different ways to make nanomachine
[1], such as top-down method, a bottom-up method, and a biological hybrid
method.

However, due to the limited task types and space scope of a single nanoma-
chine, in order to complete more complex tasks in a larger scope, it is necessary
to connect multiple nanomachines to form a nanonetwork for task collaboration
and information sharing. To the best of our knowledge, there are four ways to
achieve communication between nanomachines, nanomechanical communica-
tion, acoustic communication, electromagnetic communication, and molecular
communication. Among the above four communication methods, researchers
have found that molecular communication is the most likely way to achieve
communication between nanomachines. This mainly depends on bio-inspired
molecular communication, which generally uses chemical signals, cells or orga-
nelles, and DNA as vectors to transmit information to adapt to functional cha-
racteristics of nanomachine.

At present, the main goal in the field of molecular communication is to enable
nanomachine can communicate with each other in a biological environment. In
this new mode of communication, information can be encoded as a carrier. such
as a molecule or ion for propagation. Examples of using molecular communica-
tion to solve problems including calcium ion signals [2], molecular diffusion [3],
bacterial communication [4]. Therefore, it can be applied to a wide variety of
fields. For example, the military field, the industrial field, the environmental
field [5], and the biomedical field [6].

Molecular communication is a new communication technology. It can use
bioinformatics molecules or ions to encode different information for transmis-
sion. However, the controllability and reliability of molecular communication

are low due to the interference between various symbolic molecules and the
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random walk of molecules. Therefore, the reliability of molecular communica-
tion has become an important research direction in the field of molecular com-
munication. Nevertheless, the reliability research of existing molecular commu-
nication has mainly involved the reliability analysis of molecular communication
in free diffusion channels, without considering the influence of the drift velocity
of the medium on the reliability of molecular communication. In this paper, a
reliability model of molecular communication based on drift diffusion is pro-
posed on the premise of drift velocity.
In the reliability research of molecular communication, Frank et al [7] used
virus particle as information carrier to study the reliability and delay of mul-
ti-hop molecular communication. Balasubramaniam et al. [4] analyzed the cha-
racteristics of multi-hop nanonetworks, such as the reliability of information
transmission under different topologies. Cheng et al [8] have studied the relia-
bility and delay of multicast topology under binary communication. Einolghoza-
ti et al [9] have studied the reliability problem between two nodes in a bacterial
colony molecular communication network. Tepekule et al [10] have proposed
two different types messenger molecules to reduce the impact of ISI to improve
the reliability of molecular communication. Shih ef al [11] used new channel
code techniques to improve the reliability of molecular communication. Leeson
et al. have used error correction code to reduce the decode error rate and im-
prove the reliability of the communication link [12]. Based on the above reliabil-
ity analysis of molecular communication, these researches have not mentioned
the influence of the drift velocity on the reliability of molecular communication.
Nevertheless, in our previous laboratory, Lu et al [13] [14] considered the drift
velocity of medium, they proposed the molecular communication model in the
vertical direction and its test bed, but no further involves the reliability of mole-
cular communication.
The motivation of this paper is to analyze the reliability of molecular commu-
nication on the premise of drift velocity. Based on this goal, we propose a relia-
bility model of molecular communication based on drift diffusion under differ-
ent topologies. In the case of a transmission failure, a retransmission mechanism
is used to ensure reliable transmission of information.
1) Our Contribution
* According to the existing research of molecular communication reliability,
we introduced the drift velocity of the medium to propose a reliability model
of molecular communication based on drift diffusion under different topolo-
gies.

* In the case of transmission failure, a retransmission mechanism is used to
ensure reliable transmission of information.

* In addition, we also analyze the influence of different model parameters and
different topologies on the reliability of MCD2, which can guide us to select
optimal parameter and topology to improve the reliability of molecular

communication.
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2) Paper Outline

The rest of this paper is organized as follows. Section 2 a system model can be
described. In Section 3, we proposed the reliability model of MCD?2 in the single
link, single path and multipath. Simulation results and analysis are presented in

Section 4. Finally, we summarize this paper in Section 5.

2. System Model

In this section, as shown in Figure 1, a system of molecular communication
based on drift diffusion is described as consisting of the following subsystems.
* Transmitter nanomachine (TN)

The transmitter nanomachine can continuously generate the same molecules
to transmit information. Assuming that the TN can precisely control the release
time of the molecule, and once these molecules are released into the channel by
the TN, they will no longer be affected by the TN.

* Transmission medium

In a fluid medium, information molecules propagate information between a
TN and a receiver nanomachine.

* Receiver nanomachine (RN)

When these molecules arrive at the RN, the RN can decode the information
from the TN. Then, these molecules can be completely removed from the cur-
rent channel by the RN.

Here, it is supposed that the TN and the RN are highly synchronized at all
times and that the information molecules only fully elastically collide with the
RN surface in the drift diffused channel. At the same time, the diffusion motion
of the information molecules released by the TN, which can be attributed to the
one-dimensional Brownian motion in the forward direction of the drift velocity
to simplify the analysis process.

MCD?2 has great application prospects in the field of biomedicine. For exam-
ple, in the human body, cell to cell communication can through the diffusion of
some information molecules or ions to transmit information. This process can
be abstracted as a communication process between two nanomachines. The

communication system model can be described as Figure 1.

o0 ®
O
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Transmitter ® v, — Receiver
nanomachine nanomachine
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Figure 1. The system of molecular communication based on drift diffusion.
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As shown in Figure 1, when the TN releases the information molecules into
the channel, after a period of time, the information molecules reach the RN by
the drift diffusion, and the RN will decode the received information molecules to
obtain the original information.

It can be seen from Figure 2, under the channel of MCD2, the communica-
tion process mainly includes the five processes, which are modulation, send,
transmission, receive and demodulation, respectively.

It is assumed that the transmission of information between the TN and the
RN is mainly based on the binary sequence. In order to avoid mutual interfe-
rence of the same type of molecules, we use two different types of molecules A
and B to represent “1” and “0”, respectively. Then, we use the array a[i] to
represent the information transmitted each time. And the encode of the infor-
mation by the TN can be formally defined as follows:

1 [LTN-> M,
dl ]Z{O,TN M,

Since the motion of the information molecules in the channel is affected by
the Brownian motion, the diffusion process is random, and the transmission
time of these molecules to the RN is also random. Without considering the drift
velocity, the information molecules propagate in the form of Brownian motion in
the channel. According to Fick’s second law, the partial derivative of the concentra-
tion of information molecules with respect to time is expressed as follows [15]:

oc(t) 8zc(t)

a e ®

Therefore, under the molecular communication channel based on free diffu-
sion, for any information molecule released by the TN at time ¢ = 0, the proba-
bility of the molecule at different position x can be used P(x,t) to calculate,

which its expression is as follows:

1 2
P(x,t) = JanD exp(— 4th] (2)

In the molecular communication channel based on drift diffusion, it is

Transmitter nanomachine

E . Source Modulation i

] information H
Transmission

Destination Demodulation Receive :

information ;

Receiver nanomachine

Figure 2. Basic process of molecular communication based on drift diffusion.
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necessary to consider the influence of the drift velocity of the medium on the
impulse response of the system. We suppose that the drift velocity only consists
of the positive drift velocity in the horizontal direction. In this paper, we only
consider the propagation of information molecules in the drift diffusion channel
in the one-dimensional case. Therefore, according to Fick’s second law, under
the drift diffusion channel, the partial derivative relationship of the concentra-

tion ¢(¢) of the information molecule with respect to time ¢is as follows:

8c(t) Dxﬁzc(t)_v 6c(t) 3)

ot ox? toox

In this paper, we suppose that the RN does not have an absorption boundary
under the flow medium, ranging from negative infinity to positive infinity. For
any information molecule released by the TN at time ¢ = 0, the probability of the
molecule at different position x can be calculated by using the position distribu-

tion function g(x,t) [16], which is expressed as follows:

_ 1 (x—v)(t)2
g(X,t)—mexp[— 4D J

In one dimensional environment, the position of any information molecule

(4)

changes with time, which obeys the position probability density function
g(x,t). Using this distribution, we can get that the time of any information mo-
lecule released by the TN reaches the RN after the moving d distance obeys the
probability density function (). Here we make the horizontal drift velocity

(v, =v), and its function expression f () is as follows:

F()=—2—exp ) 5)
JarDi 4Dt |

In the above Equation (5), D represents the diffusion coefficient of medium

and vrepresents the drift velocity of the medium. According to the function ex-
pression of f(¢), the cumulative distribution function F(¢) can be obtained,
which represents the probability any information molecules generated by the TN
reaches the RN before time £ Then, the calculation expression of F (t) is as

follows:

F0=Y1var (1) oo 2 v ) ) 0

3. Reliability Analysis of MCD2

In this section, we will give a mathematical model of reliability of MCD2 in single

link, and then we also extend this reliability model into single path and multipath.

3.1. The Analysis of Reliability in Single Link

If there is no other relay node between the TN and the RN, this transmission

path is defined as a single link. As shown in Figure 1, we present a system model
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of MCD2 under a single link. At the same time, we assume that the time re-
quired for the TN to transmit one bit of information is 7, which transmission
time 7 can be divide into m equal time slots 7, that is 7 =mz . When the TN
transmits bit information “1” in a time slot, the probability of the event is rec-
orded as P(s, =1). Similarly, when the TN transmits the bit information “0” in
a time slot, the probability of the event is recorded as P(s, =0). Then the fol-

lowing Equation can be established:
P(s,=1)+P(s, =0)=1 (7)

We suppose that TN transmits bit information “1” or “0” with the same
channel transmission probability of A, the above Formula (7) can be reduced to
24 =1.Namely, 1=0.5.

When time slot % € {l, 2,3, ,n— 1} , TN transmits the information molecules
with the channel transmission probability of 1 without being received by RN, the
probability that this molecule reaches the RN in the n” time slot is recorded as

Vi (k,n) , and its calculation expression is as follows:
7y (k)= 2[00 F (1)
=l[F((n—k+1)r)—F((n—k)T)J (8)
1
:E[F((n—k+1)z’)—F((n—k)r)J, n>k

where F(r) is given in Equation (6). And when n=+%, Vi (n,n) can be
calculated by y, (n,n)=0.5F (7).

According to the above analysis, the probability that M molecules of type A or
B released by the TN are not received by the RN in the n” time slot is

represented by /3, , and the calculation expression is as follows:

B, :H[l—%[F((n—k+1)r)—F((n—k)z’)JjM (9)

The reliability of MCD2 under a single link is defined as the probability that at
least one information molecule released by the TN is successfully received by the
RN before time T, which is recorded as £, . In summary, the calculation expres-
sion of the reliability of MCD2 in a single link is as follows:

P, =l—ﬁﬁ(l—%(F((n—k+1)z’)—F((n—k)r))jM (10)

n=1 k=1

where M represents the total number of A type or B type information molecules
released by the TN in each time slot, and m represents the number of time slots.
In the case of transmission failure, we use the automatic repeat request me-
chanism (ARQ) to ensure the reliable transmission of information. The working
mechanism is as shown in Figure 3, that is, when the M information molecules
of type A or B released by TN are not successfully received by the RN within a
specific time slot. Within the time set by both sides of communication, the TN
will continue to regenerate M information molecules releasing in the channel

until the RN receives the information molecules released from the TN,
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Figure 3. Schematic diagram of automatic retransmission request mechanism for MCD2.

and RN will generate A/ acknowledgment information molecules for transmis-
sion to the TN. Therefore, when the TN receives the confirmation molecule
transmitted from the RN, the transmission of one bit information is successfully
completed. Here, it is assumed that information molecules and confirmation in-
formation molecules are different, but they have the characteristics of common
diffusion.

As shown in Figure 3, it is assumed that the maximum number of retransmis-
sions of single link is C; during the retransmission process. Therefore, after us-
ing the automatic retransmission request mechanism, the probability that the
RN receives at least one molecule is denoted as £, and its calculation expres-

sion is as follows:

B=p+(=R)B+(-R) B+(1-R) B (1-B)" R
¢ ) : (11)
=2(-8)' R

3.2. The Analysis of Reliability in Single Path

A single path with two links is described in Figure 4. There is only one relay
nanomachine between the TN and the RN.

As can be seen from Figure 4, the communication system consists of TN, re-
lay nanomachine and RN. At the same time, TN, relay nanomachine and RN are
placed in a row. Then in single path communication, we use the same type of
molecule to transfer information from TN to RN. In this process, we believe that
TN can release M molecules in the channel to transmit a bit information to the
relay nanomachine. Then, these information molecules arrive at relay nanoma-
chine which can continue to replicate A/ molecules by forwarding these infor-
mation molecules to RN using the same type of molecule. Then, these informa-
tion molecules can bind to the corresponding receptors from RN, and the in-
formation molecules are eventually decoded by RN, while the decoded molecules
are removed from the current environment. This means that the communication
is successfully completed in the single path.

This communication process can be thought of as two processes. In the first
stage, TN releases these information molecules to the relay nanomachine, and
from TN to relay nanomachine any molecule experienced by the time # obey
£,(t), it represents the probability density function (PDF), it can be with the Equ-
ation (5), then £;(t) can be described as the following Equation (12):
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Transmitter
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O Mg nanomachine nanomachine
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—
Figure 4. The system of MCD2 in the single path.
2
d d, —vt
fi(t)=—=exp _(di=v) >0 (12)
VanDr 4Dt

The CDF is denoted by F,(¢) which could be connected with the probability
density function £(# in Equation (12) as follows Equation (13):

F}(t):%[l—kerf( %(Z 1}}]4—;6)@(;}(1—%66[ \/%(;—THDJ(IS)

According to Equation (12), (13), then we can use P, to represent the reliabil-
ity of communication between the TN and the relay nanomachine. Then 2, can
be calculated as follows Equation (14):

R=1- lﬂ[ﬁ(l——( ((n=k+1)7)=F ((n—k)r ))jM (14)

n=1 k=1

Similarly, when these information molecules are released by the relay nano-
machine first hit the RN. Then we could consider that the time # experienced by
any molecule from relay nanomachine to RN obeys the £(#), which could be as-

sociated with Equation (5), then £(¢) is described as follows Equation (15):

£ (6)= a exp| — (d, =vt)’ >0 (15)
JanDr 4Dt

At the same time, the CDF is denoted by F,(¢) which could be connected
with the probability density function f, (t) in (15) as follows Equation (16):

oo il Bl o

According to Equations (15), (16), then we can use 7, to represent the reliabil-

ity of communication between relay nanomachine and the RN. Then P, can be
computed as follows Equation (17):

P=1- ﬁﬁ(l——( L ((n—k+1)7)- ((n—k)r)))M (17)

n=1 k=1
As for the process of the TN releases information molecules to relay nanoma-
chine and then relay nanomachine simultaneously forward these information

molecules to RN. We consider that no link failure from TN to RN in the single
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path. Then we get the reliability of the single path P; can be denoted as follows
Equation (18):
P, =PP, (18)

3.3. The Analysis of Reliability in Multipath

In this section, we will investigate the reliability of MCD2 in the multipath. As
you can see from Figure 5, the multipath consists of one TN, 4n relay nanoma-
chines and n Receiver nanomachines. As shown from Figure 5, when TN wants
to transmit a single bit information by releasing M molecules in each time slot.
As for each hop, a released molecule can only attach to the next hop node for
forward transmission. The aim is to ensure that at least one information mole-
cule can be successfully received by RN, RN, or RN, before time 7. There are 2n
paths in the $ which include TN-M;-N,-RN,, TN-M,-N,-RN;, TN-M,-N,-RN,,
TN-M,-N,-RN,, TN-M;-N;-RN, and TN-M,-N,-RN,. These paths are labeled as
81585585,5,,5;,",5,, » which are all disjoint and independent. On the one hand,
we define S as the set of the multipath and each path s, has 3 hops. Then set §
can be assigned as § = {s1 ,S5, 5, ,s4,sl,,~-,s2n} . On the other hand, we also define
B P J, where P. is

m > 2% m2n ij

a set of corresponding link reliabilities P, = [%,Pj,,
the reliability between node 7and /.
From Figure 5, we can see that the information molecules originate from TN

can pass along the paths s, or s, arriving at the destination nanomachine

Figure 5. The system of MCD2 in the multipath.
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RN,. These information molecules can also arrive at the destination nanoma-
chine RN, by passing along the path s, or s,.In addition, the TN releases
some molecules can reach the RN, through s, or s, before one time slot.
Therefore, the reliability of the multipath can be defined as P,, which means
the probability that at least one molecule from TN can be successfully received
by RN;, RN,, RN, -+, RN; or RN, before time 7.

Firstly, we consider that the reliability of the case at least one information
molecule from TN can be successfully received by RN, passing along the path
s; or s, can be defined as Fy . In this case, we can get the reliability £

for the two paths from the TN to the RN; as follows:

(AT IE -
5p S
£, = [15 (20)
s S

where P, can be calculated by the Equation (10).

Then we can consider the reliability of the case that at least one information
molecule from TN can be successfully received by RN, passing along the path
sy or s, can be defined as F . In this case, we can get the reliability F |
for the two paths from the TN to the RN, as follows:

P, :I_HS(I_P” ),ke[3,4],keZ (21)
S S

where P, can be calculated by the Equation (20).
Finally, we compute the reliability of the case that at least one information
molecule from TN can be successfully received by RN, passing along the path
§; or s, canbe represented by F . Base on this case, we can get the relia-

bility P~ for the two paths from the TN to the RN, as follows:
P, =1-TI(1-P, )keli,2n],kez (22)

spSS

where P, can be calculated by the Equation (20).

Therefore, we can calculate the reliability of the case that at least one informa-
tion molecule from TN can be successfully received by RN;, RN,, RNj, -, RN, or
RN,. According to our previous definition about the reliability of the multipath,

P, can be calculated as follows Equation (23):
By =Fs, +F,, +F, ++F . (23)

mul S34

4. Simulation Experiment and Result Analysis

In this section, we will via numerical analysis to obtain simulation results. This
experiment runs on a Windows 10 (64-bit) operating system, a PC with a mem-
ory size of 8GB, and a CPU of i7-9700. Then, we use MATLAB software to do
some simulation experiments. Firstly, we investigate the influence of different
model parameters for the reliability of MCD2 in the single link. These parame-
ters are given in Table 1. Then we compare the reliability performance of dif-

ferent models between MCD2 and the existing molecular communication based
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Table 1. Simulation parameters.

Symbol Description Unit
v the drift velocity of medium um/s
d distance between two nanomachines um
D the diffusion coefficient of environment um?/s
m number of time slot -
M number of molecules each time slot -

on free diffusion. Furthermore, we also compare the reliability of MCD2 be-
tween multipath and single path.

4.1. Single Link

We consider that drift velocity of medium, the distance from TN to RN, diffu-
sion coefficient, time slot numbers have effect on the reliability of MCD2 in the
single link. Therefore, it is necessary to investigate how these parameters affect
the reliability of MCD2.

4.1.1. The Effect of Drift Velocity on the Reliability

Here, we suppose that the diffusion coefficient D = 0.8 um?/s, time slot number
m = 10, diffusion distance d = 8 um, and then we can use the reliability model of
MCD2 to analyze the influence of different drift velocity on the reliability of
MCD?2, Such as v= 0.8 um/s, v= 0.85 um/s and v = 0.9 um/s, Therefore, we
can see that the reliability of MCD2 varies with different drift velocity from
Figure 6.

As can be seen from Figure 6, the reliability of MCD?2 varies with drift veloci-
ty. When the drift velocity of the medium is gradually increased, the reliability of
MCD?2 is significantly improved. This mainly depends on the drift velocity of the
medium, which makes the information molecules fast transmission in the chan-
nel. These information molecules are less likely to accumulate in the channel
and cause symbol interference, which reduces the ISI noise in the channel to
some extent. Therefore, it can be inferred that when some information mole-
cules are sensitive to delay, the drift velocity can be faster, the system delay is
reduced, and the reliability of MCD2 also has been improved.

4.1.2. The Effect of Distance on the Reliability
It is supposed that the diffusion coefficient D = 0.8 um?/s, drift velocity v= 0.8
um/s, and time slot number m = 10. Then, we can use the reliability model of
MCD?2 to analyze the influence of different diffusion distance on the reliability.
Such as d=7.5 um, d=8 um and d= 8.5 um. Therefore, we can see that the re-
liability of MCD2 varies with diffusion distance from Figure 7.

It can be seen from Figure 7 that as the diffusion distance between TN and
RN increases, the reliability of molecular communication gradually decreases.
This is mainly because the longer the diffusion distance, the longer the informa-

tion molecules released by the TN arrive at the RN. When this information
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Figure 6. The reliability of molecular communication in different drift velocity.
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Figure 7. The reliability of molecular communication in different distance.

molecules diffuse in the channel, information molecules are prone to decay in
the long time irregular motion. It makes the concentration of information mo-
lecules on the RN surface to gradually decrease, which leads to the problem of
information decode error during the RN decodes information. Thus, the relia-
bility of MCD2 is reduced to some extent.

4.1.3. The Effect of Diffusion Coefficient for the Reliability

It is assumed that drift velocity v= 0.8 um/s, d = 8 um, and time slot number m
= 10. Then we use the reliability model of molecular communication to study
the influence of different diffusion coefficient on the reliability of MCD2. Such
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as D= 0.59 um?/s, D= 0.6 um’/s, D = 0.64 um?/s. Therefore, we can see that the
reliability of MCD2 varies with different diffusion coefficient from Figure 8.

From Figure 8, it can be found that the reliability of the single link gradually
increases as the number of molecules released in each time slot gradually in-
creases. When the number of molecules increases to a certain upper threshold,
the reliability of the link approaches 1. In addition, when the diffusion coeffi-
cient of the environment is gradually increased, the reliability of molecular
communication under a single link is maximized in a shorter time. The reason is
that the larger the diffusion coefficient, the faster the information molecules re-
leased by the TN move in the channel, and the greater the probability of reach-
ing the RN in the same time.

4.1.4. The Effect of Time Slot for the Reliability

We consider that drift velocity v= 0.8 um/s, diffusion coefficient D = 0.8 um?/s,
d = 0.8 um. Then, we can analyze the impact of different time slot length on the
reliability of single link. For example, we take time slot 7=1s, 7=25, and
7 =35, respectively.

From Figure 9, it can be seen that the reliability of molecular communication
differs at different time slot length. Moreover, it can be concluded that as the
length of time slot is larger, the reliability of molecular communication is higher.
Therefore, we consider to extend the time slot properly within the acceptable
delay range of both sides of the communication link. In this way, the influence of
residual molecules in the channel on the decode of another symbol bit in the next

time slot can be reduced, and the reliability of MCD2 can be further improved.

4.1.5. The Effect of Retransmission Times on Reliability
We presume that the diffusion coefficient of the environment D = 0.8 um®/s, d=

8 um, drift velocity v= 0.8 um/s, 7= 1, the number of time slot 2 = 10. In the
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Figure 8. The reliability of molecular communication in different diffusion coefficient.
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Figure 9. The reliability of molecular communication in different time slot.

process of transmission failure, a retransmission mechanism is used to ensure
reliable transmission of information. Such as C; =0, C; = 1, C; = 2, C; = 3.
Therefore, we can see that the reliability of MCD2 varies with different retrans-
mission times from Figure 10.

From Figure 10, we can see that the reliability of molecular communication is
different under different retransmission times. Moreover, with the increase of
retransmission times, the reliability of single link communication is higher. The
reason is that in the case of transmission failure, the use of automatic retrans-
mission mechanism can make the TN retransmit an equal number of molecules
in a predetermined time, so that the information molecules transmitted by the
TN are absorbed and decoded by the RN after multiple retransmissions, which
improves the reliability of link communication to some extent. But at the same
time, the communication link has a large delay. Therefore, in some links where
the communication delay is not high, and the delay is within the acceptable
range of both sides of the communication link, we can sacrifice time for high re-

liability.
4.2. Performance Comparison of Different Reliability Model

In the single link, the reliability model of MCD2 is compared with the existing
model of molecular communication reliability based on free diffusion [8]. Under
the condition that the parameters are set to the same value, we take the diffusion
coefficient D = 0.59 um?/s, d = 5 um, 7= 1, drift velocity v= 0.6 um/s, the num-
ber of time slot m = 10 to compare the performance of reliability in different
molecular communication reliability model. Therefore, we can analyze the per-
formance of the reliability between reliability model of MCD2 and the existing
model of molecular communication reliability based on free diffusion from Fig-

ure 11.
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Figure 10.
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Figure 11. Performance comparison of different MC reliability models.

From Figure 11, it can be seen that the reliability of molecular communica-

tion increases with the increase of the number of molecules. When the number

of molecules increases to a certain extent, the reliability of link will no longer in-
crease and tend to 1. Moreover, we also find that the reliability of MCD2 ob-

diffusion-

viously higher than existing molecular communication based on free diffusion,
which is mainly due to drift velocity accelerates information molecules reaching
the RN, thereby increasing the possibility that the RN receives the information

molecules. Based on the above analysis, if we continue to use the existing free

based molecular communication reliability model to analyze the relia-

bility of MCD?2, the analysis of the reliability of the communication link will
produce a higher error.
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4.3. The Comparison of Reliability between Multipath and Single
Path

In this part, we mainly focus on comparing the reliability of MCD2 between
multipath and single path. Firstly, we assume that diffusion coefficient D = 1
um?/s, v = 0.5 um/s and the number of time slot m = 10 in the multipath and
single path. Secondly, we take 1 = 3 to indicate that there are three receiver na-
nomachines in the multipath. What’s more, we also assume that the distance
between the corresponding two nanomachines is equal and independent. The
distance of each hop between two adjacent nanomachines is d,=4um,
dy,=5um, dy,=6um, d,=7um, d;=8um, d;=9um in six paths. As
for the single path, we also suppose that d, =4um, d, =5um. Then we can
use Equation (18) and Equation (23) to analyze the reliability of MCD?2 in the
single path and multipath.

Figure 12 shows that the reliability performance of MCD2 between multipath
and single path. We can find that the reliability of the multipath obviously high-
er than the single path. This is mainly because the information molecules can
easily reach the RN through multiple paths in the multipath, and the more in-
formation molecules can be received by RN. Therefore, the reliability of infor-

mation transmission in the multipath is higher than that of single path.

5. Conclusion

In this paper, we propose a reliability model of MCD2 to investigate the reliabil-
ity of different topologies between TN and RN. In the case of transmission fail-
ure, a retransmission mechanism is used to ensure the reliability of information
transmission. Furthermore, it can be concluded by numerical analysis that with
the increase of drift velocity, diffusion coefficient, retransmission times, the
length of time slot, and the decrease of diffusion distance, the reliability of MCD2
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Figure 12. The comparison of reliability between multipath and single path.
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can be improved. At the same time, we also find that our proposed model of re-

liability is superior to the existing reliability model of molecular communication

based on free diffusion in analyzing the reliability of MCD2.
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