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Agenda

* Motivation
* Wireless Biomedical Ecosystems (WBE)

* Challenges within WBE framework
e Seamless loT platform
* Integrated spectrum sensing
* 5@G: Real-time wireless testbed
* Cloud: Expeditious data processing
* Cloud: Docker container-based analysis
* Remote care: Security concerns

* Latest wireless technologies in Biomedical
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* Conclusion
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Motivation

* Rising burden of chronic diseases & demand
for continuous marketing

* Explosive growth of Internet of Medical
Things/ wireless health ecosystem

e Technological enablers & shift to wireless

* Challenges:

* Interference, device reliability, energy
constraints, cybersecurity, and need for
autonomous operations

Wireless biomedical systems must become
reliable, autonomous, and secure!
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Wireless Biomedical Ecosystem (WBE)

 \Wearable devices - Generates biomedical

sighals
* Wireless network layer — Transmits data using B
wireless technologies such as 5G ; 8P e —
e Edge/cloud layer — Data processing 47“ [?' =D k = m&._g,
* Remote care interface — Insights to healthcare wasieison ——— —

professionals

i . Wireless biomedical ecosystem
At each points within WBE, there are challenges

that needs to be addressed!
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Seamless loT Platform: Seamless, secure, and energy-efficient
communication

Upper Layers (to loT Application) i
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Source: Seamless loT Platform, IEEE Communication Magazine
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Full spectrum 1/Q

Seamless loT Platform: Seamless, secure, and energy-efficient
communication

Channel information

w - —| Wireless Wi-Fi
ey c:ar:lni‘r!lli:i::ir:t:::rn (Bandwidth, RSSI, etc.) N | zichee
- L Carrier frequency 1/Q detection
3
! |
v
£ 2 BPSK
e | Symbol level #: phf_'tsec;e“l'e' | ,| Modulation QPsK
o g extraction Sl i b detection QAM16
¥
bt = Verification only

Tx1 Receiver Tx2

# phase Q
level
# amplitude Q » Wi-Fi
level Q Zighee
Average O
RSSI

Input layer Hidden layers  Classification layer

Source: Autonomous wireless technology detection, IEEE loT journal

Use-cases and research opportunities in bio-medical VADAPALANI
applications




Cloud Systems: Integrated spectrum sensing and channel

estimation

CR UE

— — —> Primary downlink channel

—> Uplink channel

— - - =» Secondary downlink channel

Spectrum sensing and
channel estimation
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Source: Integrated spectrum sensing, IEEE DySpan 2024
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5G: Real-time wireless testbed
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Source: Integrated spectrum sensing, IEEE DySpan 2024
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Cloud: Expeditious

data processing

User ( Codewom Base station
equipment S
g <
- _ o 3 5 Codeword RefineNet
e efineNe
> | Feature extraction (C> g. 3 k I Reconstructed
g ® 2 8 16 2 CSI matrix
vl Estimated CSI r_’n:
matrix Generic encoder design for existing » o i
deep learning based CSI processing ) o~ e e | e o
m
-------------------------------------- -| Feedback 2 2 2 &
lag] m o la2]
Codeword \ )
57 I . .
Decoder Conv 3x3; batch norm;
256 -, ) LeakyReLU alpha=0.3
L ~ Dense; Linear Co
32 »/2 - 3 X - - Py ®) Conv 3x3; batch norm;
; LeakyReLU
Pilot sequence aIph:= 0.3 = Reshape > Conv 3x3; batch norm;

Our encoder

Sigmoid

Source: Reconstructed autoencoder design, IEEE ICC 2024
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Cloud: Docker container-based analysis

linux2@linux2-ThinkPad-T430:~/docker-networkingS sudo docker build -f dockerfile -t lstm-container .
[+] Building 33.0s (7/7) FINISHED

Open-source dataset
— Container
A
L 4
Statistical Analysis Deep-Learning
Container Analysis Container | , . ,| Other considered
: 3 P techniques for each
= Ig. {@} container
Container-1 Container-2 Container-N
§ J
A ! N A
Container Networking ‘I_"Lnu.xz:fjli_nu;-:.E-ThinI-_.F'ad-Tch-D: er-networking$ sudo docker build -f dockerfile-2a -t anova-container .
[+] Building ©.8s (16/16) FINISHED
v L4 v
Simulation Resource Computational Other
time utilization complexity metrics

Performance Analysis Container

Source: End-to-end Docker container testbed IEEE NAECON 2025
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Remote care: Security concerns

Offline Phase - Cloud/Central Server

Bayesian
Optimization

l Outputs

Initial DP parameters,
Quantized Model, RL
agent initialization

D
———— Input
-

Open-source
datasets

—>

Deployment to
edge device

Online phase - Edge device

Central Coordination
Authority

Global Privacy

budget constraints

Offline trained
quantized
model

'Y Input

s

Real-time
sensor data

Output

Application

— 5 specific inference

&predictions

Edge device

.| Reinforcement

system data

Ll .
learning agent

Output

DP-Protected
Outputs

C—}? Adjusted noise

Periodic Model/Policy

Updated DP
parameters

Source: Google IRP
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Privacy specific

System and resource

parameters constraints
Resource
Notations | Description Y . Bound
constraint
€ Privacy loss bound | Memory < 512MB
Probability of
é catastrophic Power < 5W
privacy failure
o Noise scale Inference Time | < 100ms
C Clipping norm Model Size < 10MB
Per-I i
o er ayer_gradlent CPU Usage < 75%
perturbation
A te pri .
€total gdrega e. privacy Device Temp < 60°C
cost over time
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Al-Enhanced 6G and Terahertz Communication

* Terahertz (THz) imaging for early cancer o —
detection st
* Benefits: P el il A . O
. . . . Micro- 3 - Ultra- o Gamma
* High-speed, low-latency THz links for brain-machine wave
interfaces < , . . ; . . >
« Non-invasive in nature S % T
Terahertz Region
* Remote robotic surgery: 6G enables <1ms latency e
for haptic-feedback surgical robotics (000« At e 3 e

* Research opportunities:

* Minimizing tissue absorption and heating effects

e Al-driven channel modeling for predicting
interference patterns

* Energy efficiency for implants and neural data
streaming

Source: Google IRP

Use-cases and research opportunities in bio-medical
applications




Optical and visible light communication (VLC)

* Use cases: L —
Lmlum-.__.__l_.- = _-.. '-:-.__. e
* Electromagnetic-safe environments T e L e
* Secure hospital networks Lt ] T
* Smart wards i et bl :-@
* Research opportunities: ah | ..

* Channel modeling through tissue and fluid *'-:i."
* |ntegration with loMT networks
* Al based adaptive beam steering

Source: Google IRP S RM
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UAVs and Wireless Mobile Health (m-Health) Systems

* Use-cases:
* Medical drone delivery
* Post-disaster telehealth
* Aerial surveillance

* Research opportunities:
* Reliable UAV-ground communication
* Autonomous routing and link recovery
e Secure Communication protocols

Source: Google IRP
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Quantum and Nano-communication in Biomedicine

. Excltation Optical Electrochemical
* Emerging area L !
Y ( “~ al Voltammetry
M;"?zj\ Fluorescence )
* Use-cases: e N W e
- . ’}:2 ¥s N i EIS ¢
* In-body nano-networks: Drug delivery nanoparticles .sz;m,umiw
* Quantum-secure medical data exchange % P oiied o
* Biphotonic sensing Q,
* Research opportunities: ngﬂ? P oo
delivery e

* Modeling molecular noise and signal reliability
* Design of nanoscale transceivers and gateways B el
¢ Quantum key distribution 55

AEAe)
). 0)e) Cell death

Source: Google IRP

Use-cases and research opportunities in bio-medical " VADAPALANI

applications




Conclusion

Biomedical applications keep evolving

. While these technologies expand biomedical
Extracts the potentlal of lateSt/advanced connectivity, their reliability and safety depend on

technologies autonomous spectrum awareness and adaptive wireless
intelligence — exactly what my research enables
through real-time autonomous wireless technology

Connectivity, reliability, and security are 3 Y’s detection!
important in advanced applications!

Guard rails are important

Source: Google IRP
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Thank you!

Dr. Venkataramani Kumar
Assistant Professor
Department of Computer Science & Engineering (CSE)
University of Puerto Rico at Mayaguez (UPRM), USA
Email: venkataramani.kumar@upr.edu
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