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An SVM Processor with On-Chip Active Learning

for Closed-Loop Epileptic Seizure Control
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Motivation

Support vector machine (SVM) is a supervised-learning-based
classifier that features sparse weights and low computational
complexity in inference. SYM has been deployed in many
edge devices for low-power applications, such as image
classification, melody detection, and motion tracking.
Conventionally, a pre-trained model is loaded for the entire
succeeding inference procedure. However, such an approach
fails to support robust detection performance for highly-
dynamic signals, such as EEG. Therefore, model adaptation,
which adjusts the weights dynamically, is required and crucial
for such applications. Off-chip model adaptation has been
proposed to tackle the problem by re-training the model
off-line. However, data have to be transmitted wirelessly to
the outside body, introducing the risk of data loss and security
issue. This makes on-chip model adaptation necessary. In
this work, we propose an SVM chip that can support both
training and inference. The chip achieves both low power and
low latency through significant complexity reduction. Used
in epileptic seizure detection, the detection rate and false
alarm rate are improved by applying on-chip adaptation. The
proposed SVM processor can be used in many loT devices
that demand realtime, energy-efficient classification along
with dynamic adaptation.

Design Features

The computational complexity of on-chip SVM training is
much higher than that of on-chip SVM inference. To reduce
the complexity, optimization is performed across from three
different aspects:

e Computational complexity

1. An alternating direction method of multipliers (ADMM)
optimizer is exploited because of its highly-parallel
structure and fast convergent rate.

2. Minimum redundancy and maximum relevance (mMRMR)
feature selection and low-rank approximation reduce
99.4% of computational complexity and 90.4% of memory
storage requirement compared to the direct-mapped design.

e Hardware complexity

1. For EEG feature extraction, a 256-point complex-valued
fast Fourier transform is used to efficiently realize the
512-point real-valued FFT by fully utilizing two data
streams, resulting in 34% of hardware area reduction.

2. Reconfigurable CORDIC-based processing unit is
designed to support six distinct linear and non-linear
functions, saving 46% of hardware area.

e Processing latency

1. Approximate Jacobi method is adopted in eigenvalue
decomposition (EVD) to improve the convergence
speed compared to original cyclic Jacobi method,
resulting in 89% latency reduction.

2. 8x parallel computing for disjointed rows and columns
further reduces 87.5% of latency.

Chip Implementation

Designed and fabricated in TSMC 40nm CMOS technology,

the chip integrates 3.8M gates in an area of 4.53mm?2. The

proposed processor operates at a clock frequency of 130KHz
from 0.58V. The power dissipation for SVM training and
inference are 2.9mW and 1.9mW, respectively. The latency for

SVM inference is 0.71s and the model can be retrained within

0.78s. The technical breakthroughs and contributions of this

work are summarized as follows.

1. This work demonstrates the first SVM-based seizure
detector for both detection and adaptation.

2. The chip achieves both SVM training and inference, each
with a latency less than 1 second.

3. The power consumption of the chip is less than 3mW
for both training and inference, allowing for low-power
applications.

4. The false alarm rate is reduced by 50% through model
adaptation for epileptic seizure detection.

5. The energy efficiency and throughput-to-area ratio of this
chip are respectively 1.5x10° and 364 times higher than a
high-end CPU (Intel i7-2600).
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