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Abstract—Molecular communication (MC) is an emerging
paradigm that enables data transmission through biochemical sig-
nals rather than traditional electromagnetic waves. This approach
is particularly promising for environments where conventional
wireless communication is impractical, such as within the human
body. However, security and privacy pose significant challenges that
must be addressed to ensure reliable communication. Moreover,
MC is often event-triggered, making it logical to adopt goal-
oriented communication strategies, similar to those used in message
identification. This work explores secure identification strategies for
MC, with a focus on the information-theoretic security of message
identification over Poisson wiretap channels (DT-PWC).

I. INTRODUCTION

Molecular communication (MC) transmits information using
biochemical molecules, making it ideal for environments where
electromagnetic waves are ineffective, such as inside living
organisms or underwater. A key area of MC research is its
integration with the internet of bio-nano-things (IoBNT), en-
abling nanoscale devices to communicate with larger networks,
including future 6G systems [1]. Potential applications include
targeted drug delivery, bio-sensing, and medical diagnostics.
However, MC faces challenges like signal noise, delays, and
security risks. Since molecular signals can be intercepted, robust
security measures are needed to prevent eavesdropping and data
corruption.

In MC, data transmission is event-triggered, occurring only
in response to specific biological or environmental events. This
is crucial in intra-body communication, where molecular sig-
nals are released based on conditions like biomarker presence,
pH changes, or immune responses. Given this nature, goal-
oriented strategies ensure efficient and secure communication.
One approach is message identification [2], which prioritizes
recognizing whether a specific message was sent rather than
reconstructing the entire sequence. Unlike traditional methods,
it enhances security, energy efficiency, and robustness in noisy,
resource-constrained environments, reducing interception risks
in adversarial scenarios like Poisson wiretap channels. A key
challenge in IoBNT is securing information transmission [3].
Without protection, it could be misused to steal health data or
create diseases. Combining cybersecurity methods with biologi-
cal defenses, like the human immune system, can help address
this risk. One potential application in MC involves a malicious
eavesdropper concealing itself behind a legitimate receiver. This
scenario motivates the use of a degraded discrete-time Poisson
wiretap channel (DT-PWC).

II. IDENTIFICATION AND EVENT-TRIGGERED MOLECULAR
COMMUNICATION

In the classical transmission scheme proposed by Shannon,
the encoder transmits a message over a channel, and at the
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receiver side, the decoder aims to estimate this message based
on the channel observation. However, this is not the case for
identification, a new approach in communications suggested by
Ahlswede and Dueck [2] in 1989. This new problem with the
semantic aspect has enlarged the basis of information theory.
In the identification scheme, the encoder sends an identification
message (also called identity) over the channel and the decoder is
not interested in what the received message is, but wants to know
whether a specific message, in which the receiver is interested,
has been sent or not. This concept is critical in applications where
quick decision-making is required, such as emergency alerts in
nano-medicine. Identification codes grow double exponentially
with block length, allowing efficient transmission even in highly
noisy environments. Secure identification ensures that an eaves-
dropper cannot determine whether a message was transmitted to
a specific receiver.

MC has shown great potential in identifying and diagnosing
abnormalities across various fields, including biotechnology and
healthcare, such as in drug delivery, cancer treatment, and health
monitoring. Specifically, the use of MC for detecting abnormali-
ties in medical settings has been a key area of research in recent
years. Abnormality detection in this context refers to identifying
viruses, bacteria, infectious microorganisms, or tumors within the
body using either stationary or mobile nanomachines. Once an
abnormality is identified, treatment can be initiated through drug
delivery systems, targeted therapies, or nanosurgery. In terms

Fig. 1: Molecular communication

of information theory, diffusion-based MC has been studied
to understand its capacity and limitations. The capacity of
molecular timing channels in diffusion-based MC has been ana-
lyzed, providing both upper and lower bounds for the system’s
performance. The stochastic nature of molecular propagation
makes event-triggered communication a suitable approach. This
model relies on the discrete-time Poisson channel (DTPC) as
illustrated in Fig. 2, where the number of received molecules
occurs at random intervals following a Poisson distribution [4].
Let a memoryless DTPC (X ,Y,W (y|x)) consisting of input
alphabet X ⊂ R+

0 , output alphabet Y ⊂ Z+
0 and probability

massive function (pmf) W (y|x) on Y , be given. For n channel
uses, the transition probability law is given by

Wn(yn|xn) =

n∏
t=1

(yt|xt)

=

n∏
t=1

exp(−(xt + λ0))
(xt + λ0)

yt

yt!
, (1)



where λ0 is some nonnegative constant, called dark current,
representing the non-ideality of the detector. The sequences
xn = (x1, x2, · · · , xn) ∈ Xn and yn = (y1, y2, · · · , yn) ∈ Yn

are the channel input and the channel output, respectively.
This mechanism is particularly effective for low-power, burst-

based transmission schemes in biomedical applications. By lever-
aging event-triggered coding, it is possible to minimize energy
consumption while maximizing data security and robustness
against interference.
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Fig. 2: Event-triggered molecular communication

III. INFORMATION-THEORETIC SECURE COMMUNICATION

Security in MC remains a challenge. Research focuses on
efficient, low-latency coding and secure molecular transceivers.
MC-6G integration demands advances in information theory,
nanotechnology, and biochemical cryptography.

Transmission over a degraded discrete-time Poisson wiretap
channel (DT-PWC) has been considered in [5]. The transmission
capacity of degraded DT-PWC is given by

Cs(W,V ) = max
PX

(I(X;Y )− I(X;Z)). (2)

Secured identification problem has been first considered in [6].
Identification over Gaussian wiretap channel has been explored
in [7] as follows.

Theorem 1. Let C(W ) denote the transmission capacity of the
main channel W , Cs(W,V ) and Cs,ID denote the secure trans-
mission capacity and secure identification capacity, respectively.
Then

Cs,ID(W,V ) =

{
C(W ), Cs(W,V ) > 0,

0, otherwise. (3)

The idea of the optimal secure code scheme for identification
achieving the capacity is to concatenate two fundamental codes,
as shown in Fig. 3. The idea of the direct proof is to concatenate
two fundamental codes. We consider a transmission code C′ and
a wiretap code C′′ as depicted in Fig. 3. For the message set
{1, . . . ,M ′} one uses {1, . . . ,M ′′} as a suitable indexed set of
colorings of the messages with a smaller number of colors. Both
of the coloring and color sets are known to the sender and the
receiver(s). Every coloring function, denoted by Ti : C′ −→ C′′,
corresponds to an identification message i. The sender chooses
a coloring number j randomly from the set {1, . . . ,M ′} and
calculates the color of the identification message i under coloring
number j using Ti, denoted by Ti(j). We send both of j with
the code C′ and Ti(j) with the code C′′ over the GWC. The
receiver, interested in the identification message i, calculates the
color of j under Ti and checks whether it is equal to the received
color or not. In the first case, he decides that the identification
message is i, otherwise he says it was not i.
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Fig. 3: The construction of the identification wiretap code

To the best of our knowledge, it is not known whether
secure identification can be reached for discrete-time Poisson
wiretap channels (DT-PWCs). In our work, we consider the
secured identification over DT-PWC as illustrated in Fig. 4. This
model consists of of a transmitter (Alice), a legitimate receiver
(Bob), and an eavesdropper (Eve). Bob detects these molecules,
while Eve, observes a degraded version due to diffusion and
environmental noise. The channel input, channel outputs at the
legitimate receiver and the eavesdropper are denoted as X , Y
and Z respectively. The pmfs of the main channel W (·, ·) and
the main channel and the wiretap channel V (·, ·) are given by

W (y|x) = exp(−(x+ λB))
(x+ λB)

y

y!
(4)

V (z|x) = exp(−(x+ λE))
(x+ λE)

z

z!
, (5)

respectively, where λB and λE are the dark currents at the
legitimate user and the eavesdropper’s receiver, respectively.
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Fig. 4: Discrete-time Poisson wiretap channel

IV. CONCLUSION

Ensuring secure communication within MC systems is essen-
tial for their widespread adoption. By addressing the challenges
of secure identification over DT-PWC, future research can pave
the way for robust and reliable MC networks within 6G ecosys-
tems.
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