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Micro and Nano Bio Implants

In the future:

ingest robots that deliver drugg/ ¢
diseased tissue




Micro and Nano Bio Implants

Traditional implants use wireless

e Large form factor for nano
and micro implants

* Requires powerful external|
device |

 Cannot network implants |
inside the body




Molecular Communication

Neurons release
neurotransmitters
to communicate

Glands release hormones
into the blood stream

Target cell




Encode bits by releasing molecules into the blood stream




* Most past work is simulation based:
-  Models the MC channel
- Makes overly simplified assumptions

 Little experimental work:

== Traditional decoders:
0.25 bps with 1 % BER
- 1 bps with 10% BFR

Molecular
Recent Work leverages RNN: T wac  p

- Avoid modeling the MC channel Channel is Complex
- 4 bps with 4% BER
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1.Highlight two new key characteristics of
the MC channel that have been overlooked
by past work.

2.Present a system that accounts for these
characteristics of the MC channel.

3.Experimentally validate the findings and
demonstrate improvement in achievable
data rates and BER.
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MC

packet
\ delay spread coherence time

\’\ (7 speed stable environment?
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MC requires frequent but smart channel
state information estimation

long header and short data

1Weisi Guo, Taufiq Asyhari, Nariman Farsad, H. Birkan Yilmaz, Bin Li, Andrew Eckford, and
Chan Byoung Chae. 2016. Molecular communications: Channel model and physical layer
techniques. IEEE Wireless Communications 23, 4(aug2016), 120-127. 13
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* First received is first transmitted

* Interference from previous symbols
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MC requires more consideration about
inter-symbol interference

* Interference from both previous
and symbols
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VWhat are the distinct characteristics of
MC channel?

2. How do we handle these characteristics?

3. What is the performance of our solution?
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VWhat are the distinct characteristics of
MC channel?

\VHOW do we handle these characteristics?

3. What is the performance of our solution?
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Diffusion of NaCl molecules as
they propagate to from TX to RX.

(Colored red for demonstration) Arduino TX & RX Controllers NaCl
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u—-Link without nc and cu —é&—
u—-Link without cu —#—
U—Link  seem

3 4 5 6
Bitrate (bps)

1CU — Channel update (channel tracking)
’NC — Non-causality
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Compared decoders Data set

1. Least-Squares decoder 1. Different data rates
2. RNN decoder (Bi- 2. Different Tx-Rx distances
directional LSTM)! 3. Different Tx-Rx path

(single/double path)

INariman Farsad and Andrea Goldsmith. 2018. Neural Network Detection of Data

Sequences in Communication Systems. (jan 2018).
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Molecular communication is a potential method to enable
networking between micro implants inside human body.

This paper highlights distinct channel properties of MC, i.e.
non-causality and long delay spread.

p-Link can achieve 0.2% BER at 5 bps and 5% BER at 10 bps,
which is comparable to RNN solution.

u-Link takes the first step to investigate these differences
and opens discussions about fundamental principles in MC.
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ABSTRACT

Molecular communication has recently gained a lot of
interest due to its potential to enable micro-implants to com
municate by releasing molecules into the bloodstream. In
this paper, we aim to explore the molecular communication
channel through theoretical and empirical modeling in order
to achieve a better understanding of its characteristics, which
tend to be more complex in practice than traditional wireless
and wired channels. Our study reveals two key new charac-
teristics that have been overlooked by past work. Specifically,
the molecular communication channel exhibits non-causal
inter-symbol-interference and a long delay spread, that ex-
tends beyond the channel coherence time, which limit decod-
ing performance. To address this, we design, y-Link a molec-
ular communication protocol and decoder that accounts for
these new insights. We build a testbed to experimentally
validate our findings and show that g-Link can improve the
achievable data rates with significantly lower bit error rates.
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1 INTRODUCTION

Molecular communication (MC) has emerged as a promis-
ing technology for communication through fluids such as
micro-implants communicating through the bloodstream or
sensors communicating through industrial pipes [4, 20, 34].
In MC, a device can transmit data by releasing molecules
into the fluid which are then transported and detected at a
receiver [55). For example, a device can release molecules
to encode a “1” bit and release nothing to encode a “0” bit.
The receiver can measure the concentration of molecules to
determine whether the transmitted bit was a “1” or a “0".

Molecular communication has the potential to enable mi-
cro and nano-implants to communicate with each other in-
side the human body and coordinate sensing and actuation
tasks. Recent advances in biomedical sciences have in fact
led to the development of nano-implants that can sense hu-
man vitals from inside the body and even travel through
the bloodstream to perform targeted drug delivery and treat-
ment [12, 30, 55]. There is significant interest in enhancing
the operation of such implants by connecting them using
MC [4, 5, 9, 10, 20-23, 34, 53]. MC presents a suitable alterna-
tive to other communication technologies such as wireless.
In particular, RF signals do not propagate well in fluids and
form factor constraints prevent scaling RF radios to micro
and nano-dimensions [40, 56, 66]. In contrast, for MC, re-
searchers can design synthetic cells that send and receive
molecular signals [17, 52, 57], nano-scale Lab-on-a-Chip that
monitor chemical content [30, 54, 61], and bio-implants that
collect and process data [41, 43, 51].

While there is still a long way to realize the above vision,
this paper takes steps to achieve a better understanding of
the characteristics of the MC channel from both theoretical
and empirical perspectives. The MC channel tends to be more
complex in practice than standard RF, optical, or copper wire
channels [28]. Understanding and addressing the differences
between these channels and MC allows us to improve the
performance of molecular communication.

There has been a significant amount of work on theoret
ically modeling the MC channel [15, 16, 46, 47, 47, 58, 59,
62, 65, 68]. However, these models tend to be overly simpli-
fied with assumptions that do not hold in practice (e.g. no
inter-symbol-interference) or overly fitted to a closed form

Much more in the paper...
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