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Abstract—While electromagnetic waves dominate the data
communication arena in modern computing systems, they are
unsuitable in environments requiring stringent electromagnetic
interference control, such as covert operations, medical facilities,
and sensitive research settings. Molecular communication (MC)
is an alternative data communication paradigm that utilises the
propagation of chemical molecules to carry modulated data.
Implementation of MC systems demand expertise in specialised
hardware and chemicals, thereby limiting its accessibility for
researchers in communication and networks. This study ad-
dresses these challenges by developing a low-cost, ready-to-use
research platform for rapid prototyping and experimentation.
Utilizing Ethanol and Thinner as the chemical agents and off-
the-shelf gas sensors as receivers, the study explores the feasibility
of establishing a wireless diffusion-based MC channel between
computers. Through a series of experiments, the response of
sensors to chemical molecules under various conditions were
evaluated, demonstrating the effectiveness of the platform. The
proposed platform, suitable for indoor environments, provides
a foundational tool for further research in molecular data
communication.

Index Terms—Molecular Communication, Diffusion-based
Propagation, Low-cost MC Platform, Off-the-shelf MC, On-Off
Keying.

I. INTRODUCTION

Communication is paramount to the sustainability of a
society. Thereby, substantial amount of research followed by
technical and technological enhancements can be found in the
communication realm. Use of electromagnetic (EM) waves
is the most dominant medium for communication in modern
systems [1]. However, there are environments where the use of
EM waves is not suitable, such as covert operations, medical
facilities, highly sensitive research experiment facilities, and
implant communication [2]. Such environments require strict
EM interference control [2]. Therefore, there has been a grow-
ing emphasis on finding alternative communication technolo-
gies among the stakeholders where molecular communication
(MC) has drawn significant attention among researchers [3].

Inspired by the nature and observing how different bio-
logical organisms communicate, MC can be seen as a vi-
able substitute for EM communication for specific needs and
environments [3]. MC primarily resembles how biological
organisms such as microbes, plants, etc. communicate by using
compositions of different molecules (i.e., chemical signals) to
exchange information [4]. This interdisciplinary field lies at
the crossroads of engineering, communication technologies,

biology, biochemistry, biotechnology, nanotechnology, and mi-
crofluidics, drawing contributions from each specialized area
[5], [6].

MC can be classified into different subdomains and appli-
cations based on communication channel, propagation mech-
anism, and range. The establishment of any kind of physical
connectivity between the transmitter and receiver is identified
as a wiring mechanism where absence of such a guided
channel is considered wireless communication [7]. Further,
different propagation mechanisms would be employed based
on the nature of the application requirements. The communi-
cation range of MC is identified to be short-range (nano) if the
distance is measured in nm, mid-range (micro) if measured in
µm to cm, and long-range (macro) if measured in cm to m [8].

The primary propagation mechanisms of MC include
diffusion-based, flow-based, and active transport-based propa-
gation mechanisms [9]. Diffusion-based communication relies
on the passive movement of molecules from high to low con-
centration, making it suitable for short-range interactions [10].
Flow-based communication employs the directed movement
of fluids to transport information-carrying molecules, offering
enhanced control and stability in controlled environments
[11]. Active transport mechanisms utilize molecular motors or
biological machinery to actively deliver molecules to specific
destinations, providing greater precision and timing control in
molecular delivery [8].

Building MC channels require specialised hardware and
chemicals. Unlike traditional wireless communication equip-
ment, these hardware are bulky and requires careful handling.
Furthermore, the use of hardware and chemicals in MC chan-
nels requires expertise on embedded systems development.
Due to this reason, it is not straightforward for communication
and networks researchers to conduct research on using MC
for data communication. Under these circumstances, it is
necessary to have ready-to-use research hardware platforms
that facilitates the rapid prototyping and experimentation under
a lower cost.

Towards this goal, this study aims at exploring the pos-
sibilities of establishing MC between two computers using
a wireless diffusion mechanism using low-cost, off-the-shelf
hardware components. As the target chemical agents in the
proposed MC, Ethanol and Thinner are used along with a
collection of gas sensors. In order to explore the nature of the
molecules in diffusion, a series of experiments were conducted
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to see how each sensor responds to the chemical molecules
under varying conditions. The work presented in this paper
makes the following contributions:

• Tests the effectiveness of off-the-shelf and low-cost
chemical sensors to act as receivers in an MC channel,
which will enable the large-scale deployment of MC
receivers in real-world application scenarios.

• Empirically evaluates the capability of chemical
molecules to carry information through diffusion.
Ethanol and Thinner, being volatile chemical agents
that spread through diffusion, present the opportunity to
be used as carriers of information in a diffusion-based
molecular communication channel, which can be easily
sourced from off-the-shelf market.

• Presents the design of a diffusion-based MC platform that
is usable in indoor environments. The proposed platform
uses off-the-shelf hardware and can be used as the basis
for further research in molecular data communication.

II. BACKGROUND AND RELATED WORK

A. Background

Recently, there is an inclination among researchers to ex-
plore the possibilities of communicating information using
molecular communication to address the needs of sensitive
environments [12]–[16]. Traditional communication relies on
EM waves, enabling high-speed data transfer by encoding
them to the properties of EM waves. However, EM-based
communication comes with drawbacks, such as high energy
consumption [3]. In contrast, MC uses chemical substances
as signals, encodes information through chemical states and
processes, operates at slower speeds, and is much more energy-
efficient. The noise of molecular communication channels
arises from molecules and particles in the environment rather
than from EM sources [3].

Initially, data is encoded into molecular signals according
to a specific encoding scheme [3]. These molecules are then
released into a transport medium, such as air or water, where
they propagate through the medium via various transport
mechanisms [17]. The variations in the concentration and dis-
tribution of the molecules convey the transmitted information.
At the receiving end, sensors detect the molecular signals,
measuring their concentration and spatial distribution. This
data is then decoded to reconstruct the original information,
utilizing the properties of molecular interactions with the
sensors to enable effective communication [17].

Diffusion-based MC is the most widely used model for
molecular transport mechanisms. This process, similar to radio
communication in nature, enables the transmission of infor-
mation in any direction without needing extra energy sources
or communication infrastructure [10]. Free diffusion describes
the movement of molecules from regions of high concentration
to those of low concentration until equilibrium is reached, all
occurring without chemical reactions [10]. Figure 1 illustrates
the basic model of diffusion-based propagation of information
in MC.

Fig. 1: Diffusion-based MC model that consists of a transmitter
and receiver between which, molecules travel from high to low
concentration. (adapted from [18])

Fig. 2: Placement of hardware components in the experimental
environment. The diffusive chemical agent (transmitter) is
placed at varying distances (30 cm, 60 cm and 120 cm)
from the sensor setup (receiver) attached to a computer. The
experiment was repeated multiple times to ensure accuracy
and consistency.

Alcohol, which includes various substances, such as
Methanol (methyl alcohol), Ethanol (ethyl alcohol), Iso-
propanol (isopropyl alcohol), etc., has frequently been used
as the chemical agent in diffusion-based molecular data com-
munication studies [12], [19]–[22]. Capacity for rapid vapor-
ization and stable vapor phase formation in Alcohols render
as exceptionally favourable diffusion properties for enabling
molecular data transmission through diffusion.

Modulation techniques in MC involve various strategies to
encode and transmit information through chemical signals.
Concentration-based modulation uses the concentration lev-
els of molecules in the medium to represent different data
values [9]. Type-based modulation differentiates between data
symbols by utilizing distinct types of molecules [9]. Timing-
based modulation encodes information based on the time
intervals between the release of molecular signals [9]. Spatial
modulation involves the position or movement of molecules
within a given space to convey data. Meanwhile, higher-
order modulation techniques combine these basic methods



to enhance the capacity and reliability of molecular commu-
nication systems, enabling more complex and efficient data
transmission.

B. Related Work

MC is quite challenging due to the influence of many
different factors that the two communication end points may
not have control of, i.e. within the communication channel
alone, molecule diffusion may result in adding a number
of variables in to the equation such as Brownian motion,
advection factors, degradation and other affects through chem-
ical reactions, etc. [23]. Therefore, most of the studies on
MC are conducted in controlled and confined environments
to minimize such affects on communication by using tubes,
cylinders, or similar structures connecting sender and receiver,
limiting the free-space spread of the chemical molecules in
use. However, a few studies have used free diffusion of the
chemical to the environment with air flow assisted propagation
using electrical motor driven fans and were able to successfully
send a text message to the receiver at a macro range [12].

Shakya et al. [15] have been able to identify transmitted
molecules at meter-scale distances, using modulation rates
as fast as 100 Hz using a tube guided flow of molecules
which proves the possibility of information communication
at significantly higher rates using MC. Daniel [13] has carried
out a study to successfully increase the throughput of com-
munication using multi-chemical transmission together with
quadrature amplitude modulation on molecules. However, the
studies used a confined tube analogous to a cable in a wired
communication channel, such as Ethernet, where the molecule
propagation happens through the flow flow of air inside the
tube.

This work focuses on building an experimental setup in an
indoor environment with atmospheric air without using any
guided media or air flow control mechanism thus working
only with the chemical’s properties of diffusion and atmo-
spheric conditions to study the possibilities of building an
MC. Therefore, the conditions in this experimental setup is
challenging but closely resembling a real-world application
scenario. Thereby, this study reveal new avenues of using MC
for information communication under realistic conditions.

III. PROPOSED APPROACH

The research study aims to build a platform to systemati-
cally investigate the transmission of bit patterns using chemical
signals, which act as carriers, through air as the medium in
indoor environments. The initial phase involved an extensive
literature review to identify appropriate methodologies and
materials for the experiments. For preliminary experiments,
lab-grade Ethanol, containing 95% Ethanol and 5% water,
was chosen as the primary chemical medium based on its
established use in previous studies as an effective transmitter
in MC systems [12], [19], [22]. In subsequent experiments,
N.C. Thinner (Nitrocellulose Thinner) was selected due to
its cost-effectiveness and widespread availability in the off-
shelf market, making it a practical and accessible option. N.C.

(a) Connectivity of sensors to the Arduino MEGA board.

(b) Models of MQ series sensors used for experiments.

Fig. 3: Receiver hardware setup consisting of various sensors
in the MQ series that are sensitive to various gases.

Thinner typically includes a mixture of chemicals such as
toluene, acetone, butyl acetate, ethyl acetate, and alcohols like
isopropyl alcohol or ethanol [24].

The experimental setup included the deployment of an
array of sensors at the receiving end to detect the trans-
mitted chemical signals. The selection of these sensors was
guided by a review of relevant literature and other scholarly
sources to ensure they were capable of accurately capturing
the transmitted data [12], [13], [25]. Multiple experimental
trials were conducted to test the transmission of data through
free diffusion in air, with chemical agents serving as carriers.
During each trial, detailed data from the sensors was logged
to record signal reception and transmission performance.

Subsequent to data collection, a thorough analysis was
performed to assess the efficacy and reliability of the diffusion-
based MC system. This analysis encompassed evaluating pa-
rameters such as bit rate, transmission consistency, and overall
system efficiency.

A. Experimental Setup

The overall experimental setup involved storing the chem-
ical of interest in an isolated space, equipped with a sensor
array capable of detecting it’s presence in the atmosphere. The
sensors were connected to a computer system that continu-
ously recorded data from each sensor. Two primary modes of
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Fig. 4: Readings of sensor data with and without Ethanol exposure in hourly intervals and at varying distances (Distance 1 =
30 cm, Distance 2 = 60 cm, Distance 3 = 120 cm). The sensors MQ-2, MQ-6, and MQ-9 are exhibiting strong sensitivity to
Ethanol at longer distances in contrast to others.

experimentation were conducted with the chemical: continuous
exposure to assess sensor sensitivity and intermittent exposure
to study diffusion patterns over time. Both the chemical source
and the sensor array were positioned at identical heights
to ensure the measurement of horizontal communication, as
depicted in Figure 2.

1) Receiver: The sensor setup comprised 8 sensors: MQ-
1, MQ-214, MQ-3, MQ-5, MQ-6, MQ-8, MQ-9, and MICS-
4514, as shown in Figure 3b. With the exception of the MICS-
4514, all sensors belong to the MQ series sensors. Literature
indicates the common usage of the MQ-3 sensor in ethanol
detection, prompting the inclusion of other MQ series sensors
to broaden the dataset and assess their respective sensitivities
[12]. Their wide sensitivity to volatile organic compounds
(VOCs), as shown in Table I, enables them to detect substances
such as Thinner as well. The operational principle of MQ
sensors are based on the detection of changes in electrical
conductivity upon interaction with specific gases [26]. In
contrast, the MiCS-4514 utilizes a compact metal oxide (MOS)
sensor design with two independent sensing elements, Vnox
and Vred, integrated into a single package. This sensor uses
micro electro mechanical system (MEMS) technology that
enables the detection of concentration of a range of gases
including CO, C2H5OH (alcohol), H2, NO2, and NH3 [27].

Each of these sensors are producing analog outputs that
can be read through a microcontroller platform for processing.
For this purpose, an Arduino MEGA2560 embedded device

featuring an ATmega2560 microcontroller was used. Figure 3a
illustrates the wiring of the sensors to the embedded device
where their analog output are directly read by the Arduino
device’s general-purpose input and output (GPIO) ports. A
firmware written for the Arduino device is deployed to con-
tinuously read sensor output and transfer data to the connected
computer through its USB port. A Python script running on
the computer captures the incoming stream of data through the
USB port and saves them to a log file along with time stamps
in comma-separated value (CSV) format.

2) Transmitter: The role of the transmitter is to release
chemical molecules in a controlled manner to represent data
in the MC medium. In order to keep the experimental setup
easy to handle under low data rate transmissions, a simple

TABLE I: The considered sensors of the MQ series and the
gases they are capable of detecting. (adapted from [26])

Sensors Detectable Gases

MQ-2 LPG, i-butane, propane, methane (CH4), alcohol, hydrogen
(H2), smoke

MQ-214 methane (CH4), LPG, i-butane, propane

MQ-3 alcohol, benzene, methane (CH4), hexane, LPG, carbon
monoxide (CO)

MQ-5 LPG, natural gas, town gas
MQ-6 LPG, iso-butane, propane, LNG
MQ-8 Hydrogen (H2)
MQ-9 Carbon Monoxide (CO) and methane (CH4), LPG
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Fig. 5: Readings of sensor data at hourly time intervals capturing an alternative 1 and 0 pattern using Ethanol. The sensors
MQ-2, MQ-6, and MQ-9 continues to demonstrate a consistent sensitivity across time.

mechanical procedure was used to control the opening and
closing of the lid of chemical container. No force, such as air
flow or heat, was used to induce the diffusion; thus, natural
chemical diffusion occurred at room temperature when the
container lid was open.

3) Channel: No specific channel or flowing mechanism is
assembled, thus the chemical diffuses freely into the open air
of the confined room without any induced force.

IV. EVALUATION AND RESULTS

A. Sensitivity of Gas Sensors

To determine the sensitivity of the receiver hardware to
the presence of the chemical molecules, Ethanol was diffused
from the transmitter to the atmosphere at hourly intervals.
Furthermore, the distance between the chemical transmitter
and the sensor receiver was varied to observe its impact to the
detectability of the molecules.

Initially, the chemical was diffused from about 30 cm away
from the sensor receiver setup (by opening the container lid) in
a closed room for approximately one hour. After this exposure,
the chemical diffusion was stopped (by closing the container
lid) and the room was ventilated. Afterwards, the chemical was
placed further away from the sensor at distances of 60 cm and
120 cm, respectively, and the experiment was repeated. This
process was carried out multiple times to ensure the accuracy
and consistency of the results.

The overall results indicate that most sensors are sensitive to
Ethanol, and their readings vary with distance, as illustrated in
Figure 4. The sensors MQ-2, MQ-6, and MQ-9 exhibit clear
changes in sensitivity to the chemical at different distances
(30 cm, 60 cm, 120 cm) in contrast to the other sensors. Con-
versely, the sensor MQ-5 demonstrates sensitivity primarily at
close ranges. The MICS-4514 and MQ-214 sensors did not
show satisfactory sensitivity to Ethanol.

B. Slow-rate Data Transmission
Based on the insights gained by the previous experiment, an

attempt was made to transfer a fixed bit pattern of alternating
1s and 0s through the MC. For this purpose, a modulation
scheme of on-off keying (OOK) was used where digit 1 was
represented by the emission of chemical molecules for a time
period of 1 hour, and the digit 0 was represented using the
absence of chemical molecule emission for a time period of
1 hour. Effectively, the channel was supposed to transfer bits
in the physical medium at a rate of 1 bit per hour.

This experiment was conducted by positioning the Ethanol-
diffusing transmitter at a fixed distance (120cm) from the
sensor setup in a closed room for approximately one hour,
during which the sensor monitored and recorded any changes
induced by the chemical. After this observation period, the
chemical was removed, and the room was ventilated to elimi-
nate any remaining traces. Following ventilation, the chemical
was reintroduced into the environment at the same distance
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Fig. 6: Readings of sensor data when transmitting Hamming-encoded data using Thinner molecular signals.

from the sensor, and the experiment was repeated. This process
aimed to evaluate the feasibility of transmitting a bit pattern
using chemical signals, assessing the sensors’ ability to detect
and interpret these signals effectively.

The results gained by this experiment were promising and
demonstrated a significant elevation in sensor readings when
the chemical is introduced to the medium in alternating time
periods as illustrated in Figure 5. Notably MQ-2 and MQ-
6 sensors as showing discernible patterns in their output.
Although with rapid variations, MQ-9 sensor is also continuing
to demonstrate its capability to detect Ethanol cross time
windows.

C. Fast-rate Data Transmission

The results from the previous experiment indicates that it is
possible to transfer data with OOK modulation, as long as the
rate is maintained at a significant low value, such as 1 bits per
hour. In order to transfer data in faster rates, it is necessary
to reduce the time duration of chemical emission from 1 hour
to smaller windows. Furthermore, attempting to achieve faster
data rates can increase the possibility of erroneous detection
of bits at the receiver. Mechanisms to mitigate such errors
by detecting and correcting them is necessary when building
faster MC channels. Towards this goal, in this experiment, a
faster data transmission was tested with error detection and
correction using Hamming codes.

An alternating sequence of 1s and 0s, similar to the pre-
vious experiment was considered, with a length of 8 bits
as the data to be transmitted, i.e., 10101010. By using
Hamming(12, 8) coding scheme, the original data were con-
verted to a sequence of 12 bits which consists of the original
8 bits of data and additional 4 parity bits for error check, i.e.,
101010100100. When these bits are transmitted through the
MC and received at the other end, it is possible to correct
single bit errors and, at least, detect multiple bit errors. It
helps to improve the robustness of the MC under noisy and
uncertain conditions.

For the purpose of this experiment, Thinner purchased
from the off-the-shelf market was chosen, which is available
in larger quantities for cheaper cost, hence more applicable
in real-world large-scale MC implementations. Preliminary
observations were conducted to confirm that the sensor setup
was capable of detecting Thinner, similar to Ethanol-based
experiments. To make the experimental setup even more real-
istic, this experiment was conducted in an indoor environment
where doors and windows were kept open throughout the
experimental procedure to allow external factors, such as wind,
temperature, and humidity conditions change freely without
any control.

The time window for a single bit transmission was set
to an ambitious 15 minutes, which is four times faster than
the 1-hour window in the previous experiments. During the
experimental procedure, Thinner was diffused into the air
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(a) Analog values of MQ-9 sensor when transmitting hamming-encoded bit pattern using Thinner.
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Fig. 7: Readings of MQ-9 sensor when transmitting hamming-encoded bit pattern using Thinner.



to represent a bit value of 1, while diffusion was halted to
signify a bit value of 0. The Thinner diffused passively into
the air whenever the lid of the transmitter was opened, with
no additional force applied to control the process. A fixed
distance of approximately 120 cm was maintained between the
chemical transmitter and the sensor receiver setup throughout
the entire procedure.

Overall, it was observed that the majority of sensor readings
increased during the period when the Thinner was diffused,
with some readings showing significant increases while others
showed slight increases as illustrated in Figure 6. However,
the exact transmitted bit pattern is not visibly observable in
the detected chemical signals on the sensors. Upon cessation
of the diffusion, these readings generally decreased. Notable
exceptions to this pattern were the MQ-214 sensor and the
Vnox sensor within the MiCS-4514. The MQ-9 sensor, in
particular, demonstrated exceptionally impressive results, as
depicted in Figure 7. Even with the MQ-9 sensor, due its
noisy nature of the output signal, it was not straightforward to
extract the modulated bits out of it. Therefore, the following
strategy was used. For each time window of data transmission,
the received data samples were aggregated separately to obtain
different statistical properties as representatives for each time
window. Among these representatives, the mode and trimmed
mean1 proved to be ideal representatives of the samples in each
time window as it was discovered empirically. Based on these
values, it was possible to distinguish the individual data bits
that are received at each time window based on the received
value’s amplitude.

Although the transmitted data consisted of a Hamming-
encoded bit sequence, the extracted data by visual observation
at the receiving end indicates that all bits can be successfully
received for MQ-9 sensor without any errors. However, if the
bit extraction procedure was to be automated, a threshold value
should have defined to filter out the mode and trimmed mean
values in the resulting graphs to determine a particular bit is
either 0 or 1. The closeness of the values in the resulting
graphs indicate that this threshold value need to be carefully
selected to distinguish bits with minimum errors. Once the
bit pattern is recovered, if any errors present, they can be
detected and corrected due to the use of Hamming codes. In
this particular preliminary experiment, it was not required as
all the original 8 bits, i.e., 10101010, could be retrieved
straightforwardly.

D. Discussion

Wireless communication systems that uses EM spectrum as
the medium can operate simply using a supply of electricity
without any other resources. In contrast, systems that uses
MC channels for data transfer depletes chemical resources that
are carrying information from a transmitter to the receiver.
Due to this reason, it is necessary for MC channels to use
chemicals that are lower in cost and easy source for refilling

1A technique for averaging that eliminates a small proportion of both the
highest and lowest values before computing the mean.

transmitter endpoint; use of an expensive or difficult to find
chemical means, the MC system becomes unsustainable in the
long run. In this work, the initial use of Ethanol proved to
be effective in transferring data through the diffusion-based
channel. However, since Ethanol is relatively expensive and
difficult to obtain in sufficiently large quantities, the later focus
was laid on Thinner, which is readily available in off-the-shelf
markets for a significantly lower cost.

Gas sensors of the MQ series (and many other similar
sensors) does not become fully functional as soon as they
are powered up. These devices require a pre-heat time period
during which, their internal components are heated up to a
particular temperature, before they become usable. During
experiments, it was noted that different sensors have different
pre-heat time periods; without providing these required pre-
heat times, the output of sensors are less reliable and mostly
erroneous. As a workaround, experimentation in this work
were preceded by a long pre-heat time period provided to the
entire collection of sensors, often amounting to a 1 hour. In
real-world deployments of MC systems that uses similar gas
sensors, it would be necessary to precisely time the required
pre-heat time period before they are used.

The sensors of the MQ series available in the market may
not always be coming from its original manufacturer. There
are various counterfeit components available in the market that
are indistinguishable from the original components. Due to
this reason, there is no guarantee that different samples of
the same sensor model will exhibit the same sensitivity and
chemical detection behaviour as discovered through experi-
mentation. Therefore, it is necessary to ensure the authenticity
of sensors used in an implementation of a MC system. Another
workaround to this issue of behavioural diversity of compo-
nents can be to employ a fleet of sensors of the same model
at the receiver, and then, extracting a collective representation
of their readings, such as statistical average or other value.

When a transmitted signal consists of multiple consecutive
1 or 0 values, it has the possibility to affect the detectability
of the next different bit transmitted by the channel. For
example, consider a situation where two consecutive 0 bits
are transmitted by the absence of any chemical emissions in
two consecutive time intervals. This depletes the atmosphere
of the carrier molecules due to a longer time period of non-
emission. When a digit 1 is transmitted next by emitting
chemical molecules, the receiving end expects to see a larger
dose of molecules for detecting that signal. The opposite of
this phenomena is also possible where a digit 0 would be
indistinguishable if multiple consecutive digit 1s have filled
the atmosphere with a large quantity of chemical molecules.
This phenomena, called inter-symbol interference (ISI) is a
challenge that requires sophisticated data encoding and mod-
ulation techniques at the physical layer of MC channels for
effective mitigation.

The key focus of this was on evaluating the diffusion-based
propagation and the detectability of molecular signals at the
receiving end. An aspect that was not explored in this work
is the design and functionality of the molecular transmitter



endpoint. Due to the use of relatively slow data rates in
this work, the molecular transmitter could be mechanically
controlled by opening and closing the lid of chemical container
at a manageable speed. However, going forward to higher
data rates, it is necessary to build diffusion-based molecular
transmitters that can automatically release and block molecular
diffusion to the atmosphere with fine-grained quantities and
time intervals.

V. CONCLUSION
Molecular communication has gained attention as a viable

alternative to traditional electromagnetic wave-based commu-
nication, particularly in environments where electromagnetic
signals face interference or attenuation, such as areas with
high noise or obstructive materials. Implementing MC often
requires specialized hardware, embedded systems expertise,
and a background in chemistry, which can complicate research
efforts for network researchers. To address these challenges,
our study introduced a ready-to-use and cost-effective research
platform that simplifies the exploration of MC. This plat-
form utilizes inexpensive sensors as receivers and common
chemical agents like Ethanol and Thinner, employing free
diffusion as the primary propagation method. We conducted
experiments to assess sensor sensitivity to chemicals at various
distances, transmitted binary data through chemical diffusion,
and tested Hamming-encoded ASCII data transmission. The
results demonstrated successful reception of the transmitted bit
patterns, and the experiments effectively simulated real-world
conditions by allowing free diffusion at room temperature.

VI. FUTURE WORK
In future work, it is essential to log environmental factors

such as temperature and humidity to better understand their
impact on sensor readings and transmission. Currently, we
compare the sensor outputs in the presence and absence
of chemicals, focusing on value fluctuations. However, to
enhance accuracy, we need to establish a threshold or baseline
value for each sensor, as their readings do not start from zero
and vary based on specific analog values. Furthermore, we
plan to develop a portable setup that allows for easy transport
across various environments, enabling users to log readings
independently without needing to connect to a computer
or laptop, thus facilitating more flexible and efficient data
collection.
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