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Abstract- Molecular communication is a rising communication model for biological nano-machines. 

It permits biological nano-machines to communicate to the external environment by exchanging 

information among the molecules. Due to the biological nature of biological nano machines, the 

molecular communication finds application to measure the conditioning of human body, formation of 

tissues etc. The communication is performed by using mainly three units (i) transmitter (ii) channel 

and (iii) receiver. At the transmitter side the information is encoded, in this research work, we are 

using OFDM technique to encode the information signal and then the encoded signal is passed to the 

external environment. Initially, a molecular communication network is designed by using n number 

of nano- machines. The network area of communication is defined by using 1000×1000 meter square 

height and width. The coverage area of each nano-machine is defined using the area of network 

which is 20 percent of total area. The source molecule and destination molecules are defined within 

the network. After this, route is formed from source to destination. The collision may occur in the 

communication path if there are more than one user transmitting data within the same route. In such 

case, packet is dropped and throughput of the network decreases. To overcome this problem, we are 

using OFDM (Orthogonal frequency division multiplexing). This technique helps to allow several 

molecules to transmit information in a specified band, by dividing the offered bandwidth into 

different narrow bandwidth carriers. Every molecule is allocated with defined carries to transmit their 

information and the carries are orthogonal to each other. This results in decreasing interference as 

well as the collision and hence increases the spectral efficiency. Also, ANN (artificial neural network) 

is used to classify the best possible route within the molecular communication network with the help 

of OFDM. To determine the efficiency of the proposed work, the parameter such as BER (Bit error 

rate) and MSE (mean square error) are measured in MATLAB. 
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1. Introduction 

Advances in biological science and 

nanotechnology have made it possible to 

design small-scale functional devices that can 

interact with bio-molecules and cells in nano-

micrometer environments from biological 

materials and mechanisms [1]. Examples of 

such bio-devices are known as bio-

Nanomachines that includes purified protein 

molecules, genetically engineered cells, 

artificial blast cells, and bio-silicon mixing 

devices. Given the unique characteristics of 

bio-Nanomachines, such as their small scale, 

biocompatibility and energy efficiency, it is 

conceivable that bio-Nanomachines can be 

connected to existing bio systems to achieve a 

range of new functions in health (e.g, 
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nanomedicine and tissue engineering), 

environment (eg, quality control), information 

and communication technology (eg, 

implantable biosensors and actuator 

networks), and military applications (eg, 

biochemical sensing) [2]. Usually, 

Nanomachines are considered to be as 

stationary nodes. However, mobile 

Nanomachines may be essential for many 

nano network applications. An example of 

mobile nano machine is a nano network that is 

developed to recognize cancer cells and 

provide information to a controller in order to 

take appropriate action. Obviously, these 

applications need to use MAMNET (mobile 

ad hoc molecular nano-networks). In 

MAMNET, Nanomachines collect some 

environmental information, such as chemical 

states, or have a certain concentration level 

and forward information to mobile central 

station known as “infestation” [3]. It is a 

central control unit that makes decisions 

based on collected information, or a gateway 

that connects MAMNET to a micro- device 

[2]. MAMNET is comprises of two types of 

mobile networks first is Nanomachines and 

second is infestations. Nanomachines and 

information are assumed to be genes Modified 

unit with additional functionality. 

Nanomachines are used to collect the data 

from the outside environment and deliver to 

the infestations. The flow of information in 

MAMNET is show in figure above. The 

source of information is represented by NM1 

(Nanomachines 1) NM2 is the infestation 

which is the controller of the network. The 

source node pass message to the intermediate 

nodes within the MAMNET[4]. 

 
 

 

 

Figure 1: Information flow in MAMNET 
 

The nanomachine 1 sends information to each 

nanomachine that comprises of the relay 

node, which collides with it and adheres. The 

nanomachines that get information follow the 

similar policy, which obviously increases the 

likelihood of information transfer. It is 

observed that this communication strategy is 

clearly similar to the spread of epidemics [5]. 

1.1 MOLECULAR TRANSMISSION 

RECEPTOR ANTENNAS 

As the size of the nanomachine is extremely 

small, different physical communication 

channels in a nano network are used that are 

different from traditional wired or wireless 

channels. In the nano network, in addition to 
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physics, chemistry and biology are also 

essential for implementing the physical layer 

as compared to the traditional communication 

network. Nano devices can be made 

automatically from nonmaterial’s and also 

establish naturally such as in the cells of 

biological systems. There are mainly three 

schemes to develop a system which is based 

on nanotechnology [6]. 

 

i. Top-down 

ii. Bottom-up and 

iii. Biological Inspiration method. 

The top-down approach is defined as 

downscaling of micro electromechanical 

devices to design a nano-devices. For this 

purpose, technologies such as Electron beam 

lithography and micro contact printing can be 

used. The resulting nano devices maintain the 

architecture of tiny components. In Bottom-up 

approach, nano devices are designed by 

aligning molecular units together as molecular 

creating clocks. But the technologies that can 

be producing the molecular nano devices by 

this method are not yet available [7]. 

The third method for the development of new 

nanotechnology or integrating them into more 

complex systems like as Nano 

robots/molecular robots are the biologically 

inspired scheme This scheme is based on the 

characteristics of future nanodevices that are 

already present in living cells and can be seen 

as self-replicating collection of nanodevices . A 

lot of Bio-nano-objects can be found in cells, 

including nano-biosensors, Biometric data 

storage components, tools and control unit [8]. 

 

 
 

Figure 2: Molecular Communication structure 
 

Figure 2 describes the molecular transmission 

reception communication network. The 

molecular communication system comprises 

of mainly three units named as molecular 

transmitter, molecular channel and molecular 

receptors. To encode the transmitting 
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information, nano devices are used [9]. The 

nano devices have limited store of messenger 

molecules. In this research, to transmit 

information we are using OFDM modulation 

that splits large data stream into narrow band.  

In OFDM, input data is initially transmitted to 

serial to parallel converter. The parallel data is 

being modulated and then passed through the 

IFFT (Inverse Fast Fourier transform) that 

converts the signal into time domain. The data 

is passed through the AWGN channel 

(Additive White Gaussian Noise) to reduce the 

noise and enhance the performance of the 

molecular communication system [10]. 
 

2 Related work 

 

Guney et al. [11, 2012] designed a MAMNET 

(mobile ad hoc molecular nano network) with 

electrochemical communication. MAMNET 

comprises of mobile Nanomachines and info 

stations that share nano scale information 

using electrochemical communication 

whenever the machines have a physical 

contact with each other. In MAMNET, the 

intermittent connectivity introduced by the 

mobility of nano-machines and info stations is 

a critical issue to be addressed. An analytical 

framework that incorporates the effect of 

mobility into the performance of 

electrochemical communication among nano 

machines has been presented. Chang et al. 

[12, 2018] proposed a information symbol 

interference mitigation for MAMNET. On the 

basis of dynamic channel detection system a 

peak time based identification system is used 

for recognizing signal. The proposed model 

has overcome the issued occur in the system 

due to te mobility and complex ISI in mobile 

MC. The performance parameters such as Bit 

error rate with respect to symbol rate have 

been measured. Nakano et al. [13, 2017] 

proposed a framework for target identification 

in mobile molecular communication system, 

which is based on the leader follower scheme. 

The framework is classified into two types 

such as (i) bio-Nanomachines (ii) leader and 

follower bio-Nanomachines. Leader bio-

Nanomachines have been utilized to identify a 

target and form an attractive gradient near to 

the target. Follower bio-Nanomachines move 

as per the attractive gradient created by the 

leader bio-Nanomachines. After reaching the 

target the molecules execute essential 

functions like removing drug molecules. Yang 

et al. [14, 2018] proposed a nano-network 

model for detecting target and drug release. 

The detection process has been affected due to 

the arbitrary diffusion of molecules and hence 

the molecules have not reached at the nano 

machine effectively. The relay nodes have 

been inserted into the communication model, 

which release attractants to enhance the 

effective range of chemo tactic substances. 

Lin et al. [15, 2017] presented a synchronized 

molecular communication model by using a 

clock offset between two Nanomachines. At 

the transmitting side, the source molecules 

record the time instance at which the 

molecules are transmitted towards the 

receiver. At the receiving side, the destination 

node extracts the time information in order to 

approximate the clock offset. Wicke et al.[16, 

2018] presented molecular communication 

model by using magnetic nano-particles. 

These particles are used to carry data from 

source to destination by using external 

magnetic field concept. These particles can be 

modifies as per diffusion with drift. Huang et 

al. [17, 2018] proposed a molecular 

communication model based on spatial 

modulation scheme named as conventional 

concentration shift keying. The transmitter 

end is divided into two parts such as space 

derived symbol and a concentration derived 

symbol. In the space derived symbol, the data 

is inserted into an individual activated 

transmitter machine. Space modulation has 

been used to avoid the interference of symbol 

problem that has been find out in the MIMO 

(multi input multi output) technique. The 

performance of the system has been measured 

by calculating SER (symbol error rate) 

parameter. 
 

3 Proposed Technique 

 

In this research work, ANN is used to classify 

the defected molecules and to optimize the 

route in an efficient manner so that message 
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from source molecule to destination molecule 

can be reached with high accuracy. The 

structure of ANN is discussed below. 
 

3.1 Artificial Neural Network (ANN) 

ANN is a mathematical calculating model that 

is used to solve problem in the similar manner 

as that of biological neuron network. ANN 

modifies the message that passed to the 

network by learning and by sensing the input 

data. ANN structure mainly comprises of 

three layers that are interconnected to each 

other through wire [18]. The structure of 

ANN is shown in figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Schematic representation of neural network [19] 

The architecture of ANN is shown in figure 4, 

which is also known as multilayer feed forward 

network that comprises of more than one layer. 

There can be more than one hidden layer used in 

the neural network with single input and output 

layer. The hidden layer is not directly seen by 

the input and output layer and the hidden layer 

help to take out the essential neurons from the 

input layer. The source nodes in the input layer 

forward neurons along with their activation 

function to the first hidden layer. The output of 

the first hidden layer becomes as the input to the 

second hidden layer and so on. If all the neurons 

in the layer are connected to each other then, this 

structure is known as “fully connected” neural 

network[20]. 

4 Methodology 

The steps of the proposed research work are 

written below: 

Step 1 Start  

Step 2 Create an ad hoc molecular 

communication network using defined height 

and width. 

Step 3 defined the source nano-machine and 

destination nano-machine within the molecular 

communication network and creates a route. 

Step 4 Proposed molecular communication 

network using OFDM. 

Step 5 Generate random data to simulate the 

proposed model in the form of a series. 

Step 6 Serial data stream is converted into 

parallel data stream. 

Step 7 Data to be transmitted will be done. 

Step 8 After that inverse FFT will be applied to 

get time domain. 

Step 9 After that AWGN channel will be used 

for transmission. 

Step 10 In pilot based arrangement each 

subcarrier used as pilots bit.  

Step 11 The estimation of channel is done using 

ANN classifier based on properties of random 

generated molecules and classify the best 

channel to transmit data from source to 

destination. 

Step 12 In the end BER and SNR rate will be 

calculated.  

Step 13 Stop 

The algorithms used to design an ad-hoc 

network are written below: 

Network deployment algorithm 

Define height = 1000 

Define width = 1000 

Input layer Hidden layer Output layer 
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Define N number of nodes for the simulation of 

network 

For i = 1 to N 

       Plot_node(i)=coordinate(X, Y) 

       Define node name = N(i) 

      Molecular_ Source_Node = random(N) 

       Molecular_Destination_Node = random(N) 

       If Molecular_Source_Node == 

Molecular_Destination_Node 

             Molecular_ Source_Node = rand(N) 

            Molecular_  Destination_Node = rand(N) 

       Else 

            Molecular_  Source_Node = 

Molecular_Source_Node 

           Molecular_   Destination_Node = 

Molecular_Destination_Node 

       End 

       Define Molecular_Source_Node as source 

       Define Molecular_Destination_Node as 

destination 

End 

Coverage area creation algorithm and routing 

algorithm 

𝑫𝒆𝒇𝒊𝒏𝒆 𝑪𝒐𝒗𝒆𝒓𝒂𝒈𝒆_𝒔𝒆𝒕

=
𝟐𝟎 ∗ 𝒘𝒊𝒅𝒕𝒉 𝒐𝒇 𝒏𝒆𝒕𝒘𝒐𝒓𝒌

𝟏𝟎𝟎
 

For i = 1 to N 

       Cov_set(i) = Coverage_set(N) 

       Cov_list(N, i) = Cov_set(i) 

End 

For i = 1 to N 

       Route(1) = Molecular_Source_Node 

       Route(i) = Molecular_Source_Node(Cov_se(N)) 

       If Cov_set(Molecular_Source_Node) == 

empty 

              Next_node = random 

       End 

       Repeat while destination is not found 

       Route(last) = Molecular_Destination_Node 

End 

5. Experiment results 

In this section, the results obtained for the 

proposed ad hoc based molecular 

communication system using OFDM are 

discussed in detail. 

 
Figure 5: Molecular communication network 

The figure 5 represents the molecular 

communication network area used for 

transmitting the information from one source 

node to destination node. Here red circles 

represent the sensing molecular nodes and green 

line representing the route followed by the data 

from source molecular node to destination 

molecular node. X-axis represents the width of 

the network whereas y-axis represents the height 

of the network. 
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Figure 6: Modulated signal in serial form 

The figure 6 represents the modulated signal 

from parallel to serial form. y-axis represents the 

amplitude of the proposed work whereas the x-

axis defines the time in second. The amplitude 

of the modulated signal varies from+1 to -0.8V. 

 
Figure 7: Modulated signal in parallel form 

When the serial modulated signal is passed 

through the serial to parallel converter the 

waveform obtained is shown in figure above. In 

parallel form, the information is transmitted at 

the same time on single line, which helps to 

increase the speed of data transfer. The signal 

represented in figure 5.5 represents the parallel 

encoded signal for MIMO-OFDM 

communication System and encoded using 

Encoding Technique. The above figure 

represents the parallel signal which is obtained 

by passing the modulated signal to serial to 

parallel converter and also the data is 

simultaneously transferred. 
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Figure 7: Modulated signal after pilot tone insertion 

The above waveform appears after adding the 

pilot tone in the modulated signal. The pilot tone 

helps to provide security and we are inserting a 

pilot tone after every 8 bit. The graph is plotted 

between time and amplitude. The time interval 

ranges from 0 second to 12 second with an 

interval of 2 second. The molecular information 

is transmitted into parallel form in order to 

reduce the chances of error. Here, we are taking 

96 bit information signal which is split into 8 

frames with an interval of 12 seconds. After 

every 12 sec a pilot bit is inserted with parallel 

signal as a carrier of signal to carry the signal 

from transmitter molecule to receiver molecule. 

Pilot tone insertion helps in modulation process 

of proposed molecular communication network 

to modulate the generated signal and decrease 

the noisy effect. 

 
 

Figure 8: MSE vs SNR 

The above graph represents the value of MSE 

measured with respect to the SNR in molecular 

communication channel. The SNR varies from 0 

to 20 dB whereas MSE varies from 10−2 to 

10−3. 
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Figure 9: BER vs SNR 

Figure 9 represents BER with respect to the 

SNR performance over AWGN channel with 

some Encoding Technique. The x- axis depicts 

the SNR whereas along y axis represents the 

values of BER. The value of BER is varies from 

0.12 to 0 with respect the SNR. 

 
Figure 10: MSE vs SNR (QAM and SBM) 

Figure 10 represents the obtained MSE value of 

proposed work with respect to different SNR (0 

- 20) in proposed work and from the figure it 

clear that the MSE value is better in proposed 

work (QAM) as compare to the existing work 

(SBM (single band modulation)). The reduction 

of MSE value is possible with combination of 

BFO as an optimization technique with artificial 

neural network for QAM. 
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Figure 11: BER vs SNR (QAM and SBM) 

Figure 11 represents the obtained BER value of 

proposed work with respect to different SNR (0 

- 20) in proposed work and from the figure it 

clear that the BER value is better in proposed 

work (QAM) as compare to the existing work 

(SBM (single band modulation)). The reduction 

of BER value is possible with combination of 

BFO as an optimization technique with artificial 

neural network for QAM. 

5 Conclusion 

In this research work, an ad hoc molecular 

communication network is designed in 

MATLAB simulator. The designed network 

comprises of nano machines and information 

stations, which share the information through the 

electrochemical communication channel. The 

Nanomachines are moveable, which pass 

information from one machine to the other 

machine through liquid channel. Initially an ad 

hoc network is designed by using n number of 

molecules with defined area. During the 

communication process, the information has 

been carried out by molecules from one place to 

other place through channel. In molecular 

communication network, we are using OFDM 

concept, which helps to reduce the collision 

along with the loss of packets during 

transmission. To carry the packet data within the 

network, pilot bit with serial to parallel 

converter has been used and also reduced the 

loss of data. In serial data the chances of data 

losses are more, to reduced data losses, we used 

serial to parallel converter, which transmit data 

bits simultaneously and hence speed of 

communication is increased. In this research 

work, we are using QAM as a modulation 

technique with OFDM. To determine the 

efficiency of the proposed work, the parameters 

such as BER and MSE have been measured with 

respect to SNR. It is concluded that the average 

value of BER and MSE obtained for the 

proposed work are 0.044 and 0.016 respectively. 

From the comparison it has been concluded that 

QAM performs better as compared to SBM 

technique. 

In future work, we can use optimization 

algorithms such as Genetic algorithm (GA), 

Artificial Bee colony (ABC), Cuckoo search in 

order to optimize the paths.  
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