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Background
Molecular Communication (MC)

• Molecular Communication (MC), inspired by the natural way
biological cells communicate, has been studied in engineering as the
key paradigm for realizing computing and information systems
increasingly integrated with biology.

• Broad application scenarios range from medical diagnostics and
treatment, to biocompatible device and systems engineering.

Transduction of Information from the Molecular Domain 
to the Electrical Domain

• Converting information from the molecular domain to the electrical
domain can be achieved through various modalities. In this paper, we
approach the transduction through a redox modality.

• Redox, when quantified through electrochemistry, has molecular
information at one end and electrical information at the other end. In
[2], we already have a proof of concept in using redox modality to
convert molecular information into electrical information.

Diffusion

• Molecule diffusion is defined as the movement of molecules from a
higher concentration to a lower concentration.

• Fick’s laws of diffusion represent the process analytically [1].

Redox

• Redox refers to ‘Reduction’ and ‘Oxidation’. Reduction involves
gaining electron(s) while Oxidation involves losing electron(s).

• Many important biological processes involve Redox reactions. For
example, cellular respiration, immune response, and others.

• Redox active species are chemical which are able to readily undergo
oxidation or reduction due to an external stimulus.

Cyclic Voltammetry

• An electrochemical technique which uses a triangular wave voltage
to probe a chemical solution.

• The rate of change in voltage is parameterized as scan rate and is
relatable to the frequency of a signal.

Redox Communication System Model with Noise

Simulation and Preliminary Results

Motivation
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Figure 4. PDF for each input concentration within the range 1fM – 1.9fM

Figure 2. Redox Communication System Model with Noise

Redox Communication System Model Components
• Source: Biochemical reactions that generate a perturbation in redox active species.
• Molecular Transmitter: The imaginary surface which separates the redox channel from the source.
• Molecule Diffusion: The space between the transmitter and receiver which is controlled by the physics of diffusion.
• Diffusion Noise: A Poisson noise generated due to the Brownian motion of the particles in diffusion
• Redox Reaction(s): The reactions occurring at the electrode due to probing voltage.
• Reaction Noise: Generated due to the stochastic behavior of a chemical reaction at molecular level
• Electrical Receiver: The electrode along with the voltage source.
• Destination: An electronic device that can read the generated electric current signal.

Contribution
• A framework to estimate mutual information which can be used later

to compute the capacity bounds of the system and further optimize it
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• Our collaborators, the team
at University of Maryland,
have presented an
experimental proof of concept
(PoC) for the redox-based
interface. But the PoC
experiment does not have
sufficient quantitative data to
derive a generalized model.

• In [x], we created a simulation
tool based on the experimental
PoC and realized few
communication measure
parameters like SNR

• In this paper, we take it a step
further and look at preliminary
mutual information estimateFigure 1. Internet of Bio-Nano Things [3]

Mutual Information 
Estimation

• Differential entropy was employed to evaluate the system’s entropy using 
the binned data.
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• For calculating the conditional entropy, we used the same bin width (𝑤𝑤) 
as used for binning the output data.

• To calculate the Mutual Information, we used the following approach

𝑀𝑀𝑀𝑀 = ℎ 𝑦𝑦 − ℎ(𝑦𝑦|𝑥𝑥)

• Using these formulae and the binned data, we achieved the following 
estimates

h 𝑦𝑦 = 3.5643 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

ℎ 𝑦𝑦|𝑥𝑥 = 2.6614 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑀𝑀𝑀𝑀 = 0.9029 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝐶𝐶𝑆𝑆(𝑥𝑥, 𝑏𝑏)
𝜕𝜕𝑏𝑏

= −∇(−𝐷𝐷𝑆𝑆𝐶𝐶𝑆𝑆(𝑥𝑥, 𝑏𝑏)) ±
𝑀𝑀(𝑏𝑏)
𝑛𝑛𝑛𝑛𝑛𝑛 𝑆𝑆=𝑂𝑂,𝑅𝑅

𝑀𝑀 𝑏𝑏 = 𝑛𝑛𝑛𝑛𝑛𝑛 𝑘𝑘𝑓𝑓(𝑏𝑏)𝐶𝐶𝑂𝑂 �̅�𝑥, 𝑏𝑏 − 𝑘𝑘𝑏𝑏(𝑏𝑏)𝐶𝐶𝑅𝑅(�̅�𝑥, 𝑏𝑏) ∥�̅�𝑥∈𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

• Ferrocene (Fc) is the redox active chemical whose parameters
have been used for purpose of simulation

• We simulated for a concentration range of 1fM to 1.9fM with
increments of 0.1fM

• Concentration range chosen based on SNR results obtained in [4]

• Each concentration profile was run for 1000 simulations and peak
anodic current was used as the characteristic output to generate
Probability Distribution Functions (PDFs)

• Used Doane’s method for binning data

• Used finite difference method to generate a computational
simulation script in MATLAB.

• To account for Diffusion noise, at each time step, we applied
Poisson process

• To account for Reaction noise, we used Simbiology toolbox in
MATLAB to implement Gillespie-SSA algorithm

Conclusion and Future 
Work

• We modified the simulation engine from [4] to account for redox-state
based diffusion coefficient. We then ran simulations for a range of input
concentrations. We then used information theoretic and statistical
analysis methods to provide a preliminary estimate of the redox channel
communication performance in terms of MI.

• Future work will be focused on finding the capacity bounds of this
system as a function of physical and biochemical parameters. By doing
so, we plan to achieve a method to help optimize the redox-based
interface.
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