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Utilization of Signal Similarity in Compressed Sensing
—Realizing Low-power Dissipation Wireless EEG Monitoring Circuit System—

Daisuke KANEMOTOT, Eichi TAKIMOTO, and Tetsuya HIROSE"

1 Graduate School of Engineering, Osaka University 2-1 Yamadaoka, Suita, Osaka, 565-0871 Japan
E-mail: tdkanemoto@eei.eng.osaka-u.ac.jp

Abstract In order to achieve power-saving in sensing integrated circuits, there is a lot of interest in compressed sensing,
which can greatly reduce the amount of information handled by the circuit. However, when the signal is not sparse, the
accuracy of reconstruction deteriorates, making it difficult to increase the compression ratio. Therefore, we have proposed a
new method of compressed sensing that improves the sparsity of the signal by focusing on the similarity of the signal, and
enables both high-precision reconstruction and power saving through high compression. In this study, we applied this method
to a wireless EEG transmission system and confirmed the effect of reducing the power consumption of the microcontroller
(Nordic Semiconductor nRF52840) mounted on the transmission device while maintaining high reconstruction accuracy. As a
result of the verification, it was confirmed that even when the signal was compressed (5x compression) at an equivalent 40Hz
sampling rate, the power consumption could be kept to 83.2uW/ch while maintaining high reconstruction accuracy. This result
means that a 14% improvement has been achieved over conventional power-saving recording.

Key words Compressed sensing, low-power dissipation, signal similarity, EEG, random undersampling
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37=9, BENHIHE

Fig.1 Compared to equally spaced sampling, random undersampling re-
duces the number of sampling cycles and the number of radio trans-

missions, thus saving power.
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Fig.2 Compresses the signal to be sensed x using the observation matrix®

[EfRES

to obtain the compressed signal y.

X3 EYIRILETH W SEETIULE, x FRETH 2 28— 2R b
IV s IZHfRATHE

Fig.3 Given a sultable basis matrix'¥, x can be decomposed into a basis

matrix and a sparse vector s.

K4 o775 0 ZHV3 L, EfiEEy £ A8—ARZ bLs
BB I DIEUF T on 3.

Fig.4 Using the sensing matrix ©, the compressed signal y and the sparse

vector s are related by a linear mapping.
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Fig.5 (a) Generate a basis by arranging the past signals from past signal x;
toxg. Because there is a correlation between the past signals and the
sensing target signals, it is highly likely that a sparse vector, s, will
be obtained. (b) A compact basis, Wps, is generated by collecting
only the past signals that are likely to be used.
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HIREIE

5 25
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Fig.6 The mean frequency was calculated for the EEG data from chb01 to

chb05 (2000 frames each) excluding the frames containing signals
above 150uV by DC cut, and the results were histogrammed. The
basis matrix W3, was generated using the 500 frames with the

highest frequency of 2-3 Hz.
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Fig.7 System block diagram used for verification. The microcontroller of

transmitter and the PC of receiver that performs reconstruction use
® to realize random undersampling. The receiver uses a basis matrix

W¥;.3p, for reconstruction.
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Fig.8 Photograph of the system used for verification. The system is ca-

pable of performing reconstruction and power measurement while

communicating.

MAN § [EP

BLE &{&
GEM’E

Data Scale Trigger

+08.61TmA —

+06.61TmA —

_BY7U

19.85s 19.87s 19 89s 19915 19 93s 19955
defbuffer1

X9 FHHERERAVCCEGROBREZFHILER. 2R a7 08—
BTV X RS RY Y v TEERIC, BLE O
BIFRZBNHEIHERTE S, A7 L — 20 HABEMRZ

253uA TH 5.
Fig.9 Results of measuring the current during communication using an

instrument. The power consumption for BLE communication can
be confirmed after sparse sampling operation by random undersam-

pling. The average current consumption during this frame is 25.3uA.
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Fig. 10 The reconstructed signal waveform utilizing signal similarity at

CR=S5 is close to the original signal.
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