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Abstract 
This article examines the current research in nano communication networks specifically 
Molecular Communication (MC).Molecular Communication is an emerging communication 
paradigm where molecules are used to exchange information. Unlike traditional 
communication paradigms, molecules are transmitted as messages between biological nano 
machines. Key research challenges in molecular communication include design of system 
components and mathematical modeling of each system component as well as entire systems. 
Recent research in molecular communication and its propagation medium has been reviewed 
in this article.    
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Introduction 

Nanotechnology is miniaturization and fabrication of devices in a scale ranging from 1 to 100 
nanometers. The prefix nano means one billionth i.e., (1x10-9). Nanotechnology has been 
defined in a number of ways in literature. However according to [1] nanotechnology is “a 
branch of technology dealing with the manufacture of objects with dimensions of less than 
100 nano-meters and the manipulation of individual molecules and atoms”. Nano machines 
are fully functional devices and capable of performing trivial tasks like sensing, actuation, 
computing and data storage. Single nano machines are only capable of performing trivial 
tasks therefore to perform more complex tasks they must be interconnected to form a network 
[2], [24]. Nano-machines can be manufactured using three approaches top-down, bottom-up 
and bio-hybrid.  
Molecular communication (MC) is the paradigm in nano communication networks that 
utilizes molecules for communication among nano machine [2][3][20]. Molecular 
communication is biologically inspired i.e., it adapts the communication mechanisms already 
existent in nature for communication among living organisms. Human body is composed of a 
large scale heterogeneous network where molecular communication takes place for intra body 
communication [25].There are a number of intra body applications where small scale 
communication is necessary e-g targeted drug delivery, BMI (Brain Imaging Interface), tissue 
engineering and cell repair etc [2][20][25]. Various communication and networking aspects of 
MC are currently being explored by research community. We have investigated the current 
research in propagation medium of Molecular communication, after giving brief introduction 
of nano communication network. 
Section 2 discusses the current research in Molecular Communication. Section 3 defines the 
architecture of nano machines between which Molecular communication takes place. Section 
4 highlights the applications of nano networks. Section 5 discusses different communication 
mediums used for communication between nano machines. In Section 6 detailed architecture 
of Molecular communication has been discussed and in Section 7 is the conclusion.      
 
 
 



Background Study 
Molecular communication is as old as the existence of nature, as communication has been 
taking place between living organisms since then. However with the advancement in 
computer networking the significance of Molecular communication has been brought to light 
all over. The research on molecular communication from the networking perspective is almost 
two decades old but still is immature. There are still a number of open issues regarding design 
and mathematical modeling of system components that needs to be addressed.  

Molecular communication is able to take place in three ranges according to [2]. (1) Short 
range communication using molecular motors is the mechanism where inter cell and intra cell 
communication takes place using molecular motors, which are carriers of information 
encoded molecule. (2)Short range communication using calcium ions is another mechanism 
of molecular communication where communication might take place either between 
physically adjacent cells or distant cells using calcium ions (Ca2+).(3)Long range 
communication using pheromones is the communication mechanism that takes place between 
sender and receiver nano machines that might be millimeters to kilometers apart. Application 
domains long range communication is military field and environmental applications [2].  
 
Architecture of Nano-machines 
Nano-machine consists of five components in its complete form.  In order to develop efficient 
and novel nano-machines and to understand the communication mechanism between nano-
machine, study of biological cell architecture and their interactions has been proved helpful. 
Following architectural components are included in most complete nano-machines and their 
biological cell counterparts are identified by [2], [6] and compared in the table below: 

 
Table 1. Mapping between synthesized nano-machines and nano-machines found in 

biological cells 

Synthesized nano-machines Biological nano-machines 
Control Unit. It contains the embedded 
software, which aims to perform the 
intended task of nano machine.    

Control Unit. Similar to software 
conditional expressions biological control 
unit encodes protein structures, data units 
and regulatory sequences.  

Communication Unit. Communication 
mechanism of nano machine is realized 
through transceivers. Transceivers allow 
the embedded system to exchange 
information by transmitting and 
receiving messages at nano level. 

Communication Unit. The inter-cellular 
communication is realized through the gap 
junctions, hormonal and pheromonal 
receptors placed on the membrane of cell.  
 

Reproduction unit. It contains the 
instructions to fabricate the components 
of nano-machines and then to replicate 
them. 
 

Reproduction. This process takes place 
when nano machines are replicated by saving 
the code of nano machine in molecular 
sequences . 

Power Unit. Power unit supplies stored 
energy to all the other components of 
nano-machines, to maintain the 
electrical current in embedded software.  
 

Power Unit. Mitochondrion, chloroplast and 
Adenosien Tri phosphate are some of the 
substances of cells that correspond to the 
external chemical reactions to produce 
energy. This chemical energy is stored in the 
cell reservoirs and supplied to regulate the 
other components of cell. 



Sensor and Actuators. This unit 
provides interface between environment 
and nano machine.  
 

Sensors and Actuators. Sensing and 
actuation is the ability of biological cell to 
distinguish external molecules or stimuli e-g 
chloroplast of plants and flagellum of 
bacteria.    

 
The most complete nano machine consists of all the components described above. However 
according to application domain nano machines might be changed in shape such as nano 
robots in medical applications.  
 
Nano Network Applications 
Nanonetworks applications are unlimited and are used extensively in almost every field. 
However they are classified in following broad groups in [2]. 

Biomedical applications 
The size of nano devices makes them feasible for a number of bio medical and health 
monitoring applications including diagnostics, treatment and prevention of diseases. Another 
advancement in the field of healthcare is the nano machine deployed inside the human body 
which can remotely be controlled from the nanoscale and over the internet by an external user 
(healthcare provider) [7].  

 Industrial applications 
Nano devices are showing potential in a number of industrial and consumer good 
applications.  Interconnected nano-machines are used by video gaming industry for increased 
thrill and realistic gaming experience. It provides the functionality of transporting molecules 
from one location to another, mixing different types of molecules and separating specific kind 
of molecules from a mixture [10][11] . 

 
Military Applications 
Nanotechnology also has several applications in the military field. Nano devices such as 
imperceptible nano cameras, ultrasonic nano phones, and biological nano-sensors are devices 
that show potential in battlefield monitoring and actuation [2][7]. 
 
Environmental Applications 
The bio inspired nature of nano technology makes it feasible to detect and sense contaminated 
materials found in nature. The problem of handling and dumping garbage is increasing around 
the world; this problem can be dealt by biodegradation process that uses nano-networks [2].   
Nanonetworks can also be used to monitor air, thus controlling air pollution and nano filters 
can be developed to improve air quality and remove harmful materials from air [12]. 
 
Communication between Nano Machines 
Nano-machines are only able to perform trivial tasks on their own; therefore communication 
among nano-machines is very important to realize more complex tasks .Nano-machines can 
be interconnected to execute collaborative tasks in a distributed manner resulting in nano-
networks that expand the capabilities and applications of single nano-machines [2]. 
Nano-machine communication technologies are divided into four groups namely: 
• Electromagnetic communication 
• Acoustic Communication 
• Nano Mechanical Communication 
• Molecular Communication. 

 



Electromagnetic communication 
This type of communication based on the transmission and reception of electromagnetic 
waves between novel nano materials such as carbon nanotubes and graphene based 
nanoribbons [2][13]. The traditional transceiver of classical wireless communication is not 
feasible for nano-scale communication, however novel graphene based nano-materials have 
shown potential to overcome this limitation [13].  
 
Acoustic Communication 
Acoustic communication is realized by the transmission of ultrasonic waves through nano 
machine integrated transducers .These transducers should be capable to sense the variety of 
pressure and then react accordingly. Currently the size of transducers is the major barrier to 
implement this communication mechanism at nano-scale [2]. 
 
Nano Mechanical Communication 
In nano mechanical communication, the information is sent through nano machines that are 
linked physically. One of the major drawbacks for this communication technique in nano 
communication context is physical connection between devices. Therefore it is not feasible 
for the applications where nano-machines have to be placed at distant locations [4]. 
 
Molecular Communication 
Molecular Communication (MC) is a molecule based communication paradigm that enables 
transmission of bio-chemical information (e.g. status of living organisms), which is not 
feasible using traditional communication [14]. Molecules encoded with information to be 
transmitted, are called information molecules. The information molecules activate bio-
chemical reaction at receiver and may recreate phenomena and/or chemical status, which 
sender then transmits [9][14]  Molecular communication (MC) is considered the most 
promising nano networking mechanism due to its nano-sized transceivers that can easily 
integrate into nano machine [2][15].  
 
Molecular Communication Architecture 
Molecular communication architecture consists of information molecules that contain 
information to be transmitted, sender bio-nano machines that send information molecules, and 
receiver bio-nano machines that receive information molecules. Other types of molecules 
might be included in the system such as transport molecules which move information 
molecules, guide molecules which guides the movement of transport molecules, interface 
molecules for selective transport of information molecules [17].MC communication 
architecture is presented in the figure below. Different phases of molecular communication 
are described below [2][17]:  
• Encoding in this phase sender nano machine encodes the information into the information 

molecules in various forms. 
•  Sending: In this phase sender bio nano machine releases information molecules in the 

environment.  
• Propagation: It is the phase in which molecules travel from sender nano machine towards 

receiver nano machine. This transport can be either passive or active. Passive transport is 
the through diffusion of molecules in the environment without chemical energy, where as 
in active transport information molecules bind to molecular motors. 

• Receiving: Transmitted molecules are received from the aqueous medium in this phase 
usually with the help of chemical receptors [38].  

• Decoding: In this phase the captured molecules are decoded by receiver nano-machines 
into the form of chemical energy. 



Conclusion 

Molecular Communication is a novel communication paradigm which uses molecules for 
information transmission. Unlike traditional communication MC is capable to transmit 
information over short distances [22]. As MC is inspired from the communication among 
living cells and other biological materials it provides a number of biomedical and 
environmental applications. Nano Communication inside human body can poses a number of 
health applications e.g., targeted drug delivery, tissue engineering, BMI (Brain Machine 
Interface) and enhanced immune system [22].Interdisciplinary research is needed to develop 
theoretical and mathematical models for end-to-end communication between bio-nano 
machines. However authors in [18][24] have done wonderful work to explain layered and 
TCP like molecular communication. 
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