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Design and Implementation of a Closed-Loop
Biomedical Signal Processing Circuit for Real-Time

Parkinson’s Disease Control

Student: Yu-Pin Yuan Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

Parkinson's disease 1s a neurodegenerative disorder, and its prevalence is expected

to rise with the global trend of population aging.

To address the growing demand for treatment, this thesis presents a closed-loop
biomedical signal processing circuit designed for real-time control in Parkinson’s
disease applications. The system continuously monitors pB-band neural activity and

dynamically controls the activation of the deep brain stimulator.

The proposed system operates in the frequency domain to estimate 3 amplitude,
eliminating the need for additional filters and reducing both computational and
hardware complexity. Welch’s method is integrated for B peak tracking, replacing the
histogram-based approach used in the previous design. This enhances detection stability
and accuracy while reusing previously computed spectra without additional
computational overhead. Simulation results show a correlation coefficient of 0.85 with

the clinically validated algorithm and a stimulation accuracy of 90%.

The overall system includes a fast Fourier transform (FFT) module, beta peak

tracker, decision-making logic, long-term recorder, parameter memory, and a universal



asynchronous receiver/transmitter (UART) interface. To achieve low power
consumption and minimal area, the algorithm and architecture of the FFT core are
optimized for resource-constrained implantable system-on-chip (SoC) environments.
CFFT packing is used to reduce operations and memory usage for real-valued
sequences, and a cached-memory architecture is used to minimize main memory access.
The beta peak tracker and decision-making logic are extended with weighted functions
to improve flexibility. The long-term recorder continuously logs beta activity for post-
implantation tracking, while the parameter memory and UART provide centralized

parameter control and real-time system monitoring.

To verify functionality, the system was deployed on an FPGA with a pseudo
analog-to-digital converter (ADC) to emulate SoC peripherals. A LabVIEW-based
graphical user interface was developed to parse UART packets and facilitate user

interaction.

The chip is fabricated in a 0.18-pym CMOS process and integrated into an SoC.
Measurement results show a per-channel detection latency of 866 us, with an average
power consumption of 0.55 mW under 1.8 V power supply and 921.6 kHz. Integration-

related leakage paths are identified and a solution is also provided.

In summary, the proposed biomedical signal processing circuit enables real-time
detection of abnormal beta activity and dynamic parameter adjustment, delivering
accurate stimulation control. Its small area and low power make it well-suited for long-

term implantable neuromodulation systems.

Keywords — Parkinson's disease (PD), implantable device, neuromodulation, deep brain
stimulation (DBS), fast Fourier transform (FFT), real-time closed-loop deep brain

stimulation (DBS) system-on-chip (SoC).



