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Biomedical data for physical activity estimation

Triaxial Acceleration ‘Instantaneous Heart Rate (IHR)
= 60 / (latest RR[s]) [bpm]
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Energy expenditure is estimated by the above two kind
of biosensing data.



Ex) Triaxial acceleration measurement
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Development of wearable bio-medical sensor
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« Requirements
- Low power, Small size and Light weight



Design Issues

B Ultra low power consumption for longer life
operation with tiny battery.

B Noise tolerant IHR(Instantaneous Heart Rate)
Monitoring at short distance electrode condition to
realize wearable small size sensor.




Design Features

B Non-volatile memory and Non-volatile
MCU(Micro-Control Unit)
for normally-off computing



Normally-off computing
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Non-volatile FeRAM was employed to suppress standby leak.
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VLSI block diagram of bio-medical sensor
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6T-4C non-volatile memory

6 T-4C shadow memory

6T SRAM + Fe capacitor
= 6T-4C shadow memory
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Normally-off computing with Non-volatile memory

Operating condition
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FeRAM has the lowest leak-power
feature for bio-medical sensing.

100 Wiooo 10000 100000 100000 10,0000 100000,
Heart beat _ Electrocardiogram

0 00 000

N-words access per

second



Design features

B Algorithm of noise-tolerant IHR(Instantaneous
Heart Rate) extraction



Various noises in ECG wave
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(a) ECG waveform example
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QSWT filter for noise suppression
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Algorithm of noise torelant IHR extraction

;

Search window Template window Small window
*1°1" J——
R B '
" 0 []
~ HR |4 ~ :
P b
v
T B i
] ,-
2 ' &
o
¥

9]
w
o

Initial
time Search |
HRxO.‘75= Jange | |
HRx1.25

™ Small window

A A

Za) Coarse QRS search

Small window Small window
oo o=

\J

IHR

N

¢

— !
L| : L| 77|- Disable ADC | yp.0.75 s;ﬁf.meh
el ab @ Cadd and Iogic -t H‘R .;ﬁ25 g >
xX1.

(b) Fine QRS search (c) Template matching

Coarse-fine QRS template generation and template matching with QRS
prediction.




Success rate evaluation of IHR extractor
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The IHR extractor can also suppress motion artifact
and muscle artifacts.




Measurement results

Current consumption [pA]
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Photo of VLSI wearable bio-medical sensor

3.7.mm Technology 0.13 pm CMOS

1.2V (AFE, ADC, Logic, Memory)
3.0V (32.768-kHz OSC and I/O)

Supply voltage

Chip area 3.7x4.3 mm’

24 MHz (for processor)

Frequency
32 kHz (for other blocks)

Processor 32-bit Cortex MO (with NVFF)
On chip memory | 16-KByte 6T-4C NVRAM
Gain 54 dB

4.3 mm

AFE | Bandwidth | 700 Hz
CMRR 73 dB

Resolution | 8 bit

Current 0.23 pA@128 S/s, 1.0 pJA@1 kS/s




Experimental wearable bio-medical sensor

NFC tag IC Proposed
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Power reduction in sensor module
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Technical position of the bio-medical sensor
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Summary

B The wearable bio-medical sensor has been developed,
which features heart rate monitoring and tri-axial
acceleration using newly developed low power SoC.

B Non-volatile MCU for normally-off computing and noise-
tolerant IHR detection algorithm have been employed for
ECG-SoC design.

B The fully integrated ECG-SoC consumes 6.14pA for ECG
monitoring and the sensor system dissipates 20uA, allowing
2-weeks continuous sensing only using a 10-mAh thin-type
lithium-ion battery.



Recent Topics: Adaptive Sampling Technique
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11.3uA current consumption has been attained
by variable sampling rate techniques 2






