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Architecture for Neuromodulation Applications

Student: Yen-Ting Lu Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

Deep brain stimulation (DBS) is a neuromodulation therapy that has been
applied to neurodegenerative disorders such as Parkinson’s disease. As the number of
sensing channels, sampling rate, and long-term recording requirements of implantable
neuromodulation systems continue to increase, the resulting data volume imposes
significant constraints on transmission bandwidth and system power consumption.
Therefore, a low-complexity compression architecture is required to reduce the
amount of neural data prior to transmission while preserving the information required
for subsequent analysis.

Because local field potential (LFP) signals contain valuable physiological
information, this work focuses on lossless compression to ensure exact reconstruction
of the original data. A Deflate-based compression ASIC is proposed for neural signal
transmission. Deflate combines LZ77 and Huffman coding. LZ77 replaces repeated
data sequences with length-distance pairs, whereas Huffman coding assigns variable-
length codes according to symbol statistics to reduce statistical redundancy. Canonical
Huffman coding is further adopted to generate codewords systematically according to

the assigned code lengths and symbol order. Consequently, only the code lengths and



associated lookup information need to be stored, reducing the memory requirements
and control complexity associated with a complete Huffman tree.

The proposed compression architecture employs hash-based dictionary
searching, dual-port memory, and a write-buffer mechanism to improve the efficiency
of repeated-string matching and dictionary updates. A two-pass dynamic canonical
Huffman coding architecture is implemented in the back end, while first-in, first-out
buffers are used to coordinate the data flow among processing stages. Static Huffman
coding is also supported for small data blocks to avoid the code-table construction and
header overhead associated with dynamic coding. The proposed system generates a
GZIP-compliant output bitstream, and a cyclic redundancy check is used to verify the
integrity of the reconstructed data.

In addition to neural signal compression, this work improves the signal-
processing and stimulation-control functions of an existing neuromodulation platform.
The fast Fourier transform (FFT) module employs pipelined and block floating-point
architectures to achieve a balance among numerical dynamic range, computational
accuracy, and hardware cost. The module supports spectral analysis of beta-band
neural activity associated with Parkinson’s disease. Furthermore, a programmable
stimulation-ramping controller is developed to gradually increase or decrease the
stimulation amplitude according to the target amplitude and ramp duration, thereby
reducing perceptible stimulation and transient side effects caused by abrupt amplitude
changes.

The compression architecture was implemented and verified using both an FPGA
platform and a 0.18-um CMOS process. Neural data stored in the FPGA block RAM
were used as the input, and the compressed output was captured using an integrated
logic analyzer. Chip measurement results demonstrate that the compression system

operates correctly at a supply voltage of 1.8 V. For the evaluated neural signal dataset,
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the system achieves a compression ratio of 5.1x with an average power consumption
of 4.27 mW. The FFT module and stimulation-ramping controller were separately
integrated into an existing FPGA/SoC verification platform for neural monitoring and
stimulation. System-level functional verification was performed using an analog-to-
digital converter emulator, a UART interface, and a LabVIEW-based graphical user
interface.

In summary, the primary contribution of this work is a lossless neural signal
compression ASIC, supplemented by architectural improvements to FFT processing
and stimulation-ramping control. The proposed design reduces the amount of neural
data required for transmission and improves the implementation flexibility of neural
signal analysis and stimulation control, providing a foundation for long-term neural

recording and highly integrated neuromodulation systems.

Keywords — Deflate, lossless compression, neural signal, deep brain stimulation,

fast Fourier transform, ramping control.



