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Abstract 

This paper describes a wearable bio-medical sensing 

system, which features monitorings of heart-rate and tri-

axial acceleration using a newly developed SoC. A Non-

volatile MCU(NVMCU) based on FeRAM for normally-

off computing and a noise-tolerant IHR detector have 

been employed for the SoC design. The SoC consumes 

6.14uA for heart-rate monitoring. The sensing system 

consumes totally ~ 20uA, allowing two-weeks continuous 

sensing only using a 10-mAh thin-type lithium-ion battery.  

,  

1. Introduction 

It is well known that the aging problem is getting more 

serious worldwide. To solve the problem, daily-life monitor-

ing is especially important in preventing lifestyle diseases. 

Our goal is the monitoring of vital signals and physical activ-

ity in daily life to improve users' quality of life. 

This report describes a wearable biosignal monitoring 

system, which can acquire long-term instantaneous heart rate 

(IHR) data and an acceleration value. The IHR is calculated 

from the interval of R-waves in electrocardiogram (ECG). 

The physical activities in daily life (e.g., locomotive, house-

hold activities) are classifiable using a triaxial acceleration 

and IHR. 

 To enhance the wearable system usability, battery mass 

and power consumption must be reduced. However, strict 

limitations on power consumption and electrode distance of 

wearable ECG monitors makes devices sensitive to various 

kinds of noises. Especially, if a subject is not at rest (e.g. dur-

ing exercise), the signal-to-noise ratio (SNR) of ECG signals 

will be significantly degraded. To realize the low-power and 

noise-tolerant system, we proposed the SoC using normally-

off architecture[1][2] and robust IHR monitor[3].  

 

2. System Description 

Figure 1 presents an overview of the wearable healthcare 

system, comprising the proposed SoC, Near Field Communi-

cation (NFC) tag IC, and accelerometer IC. The NFC is used 

for program loading, individual optimization, and data re-

trieval from the SoC. 

A normally-off computing architecture has been intro-

duced to achieve low power characteristics. The proposed 

SoC consists of an ECG sensing block, NVMCU, and extra 

interfaces (see Fig. 2)[2]. The ECG sensing block has an an-

alog front end (AFE), an 8-bit SAR ADC, and a robust IHR 

extractor. The NVMCU includes a Cortex M0 (CM0) core 

with ferroelectric-based non-volatile FFs (NVFF) [1], a 

16Kbyte 6T-4C NVRAM for instruction and data memory, 

and peripherals. 

Fig. 1  Overview of the wearable healthcare system 

 

Fig. 2  SoC block diagram for biomedical sensor[2] 

 

3.Normally-off computing architecture 

   Figure 3 summarizes frequency component of several bi-

osignals.  Because the frequency range of biosignals is low, 

both the standby power reduction and sleep time maximiza-

tion is efficient for system level power reduction.The nor-

mally-off computing technique has been adopted to the buffer 

memory. The technique is the method to turn off when it is 

not in use. The blue line shows power consumption transition 

in case of volatile memory and the red one shows that in case 

of non-volatile memory in Fig.3. 
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Fig. 3  Frequency component of several biosignals and 

power transition in case of normally-off computing. 

 

The non-volatile memory drastically reduces the leak-

age current because the power supply can be gated in the 

standby mode. We utilized FeRAM as a non-volatile memory. 

A 6T-4C memory cell which couples SRAM-cell and Ferro-

electric capacitor has been developed to realize both non-vol-

atility and fast access characteristics. The non-volatile tech-

nique was also introduced into all of F/F embeded in the 

NVMCU[4]. It minimizes transition overheads, allowing a 

standby period maximization. 

 

4.Physical Activity Group Classification Algorithm 

A physical activity classification algorithm[5] is pro-

posed for energy expenditure estimation. The proposed algo-

rithm can improve the classification accuracy using both the 

triaxial acceleration and heart rate. It employs three indices: 

the heart rate reserve (%HRreserve), the filtered triaxial ac-

celeration, and the ratio of filtered and unfiltered acceleration. 

The percentage HRreserve is calculated using the heart rate 

at rest condition and the maximum heart rate, which is calcu-

lated using Karvonen Formula. Using these three indices, a 

decision tree is constructed to classify physical activities into 

five classes: sedentary, household, moderate (excluding loco-

motive), locomotive, and vigorous. The Algorithm was real-

ized on MCU embedded in the SoC. 

 

5. Fabrication and evaluation results 

The 3.7x4.3 mm2 test chip has been fabricated using 

0.13-um CMOS technology. Fig. 4 shows the chip photomi-

crograph and characteristics summary. The operating voltage 

is 1.2 V for AFE, ADC, 24-MHz oscillator, IHR extractor, 

NVMCU, and other digital blocks. Only the 32-kHz oscillator 

and IO circuits are operated with 3.0-V supply voltage. The 

current consumption is 6.14 uA on average with IHR logging 

application, including 1.28-uA non-volatile MCU and 0.7-uA 

heart rate extractor. The system containing the SoC, accel-

erometer IC and NFC tag IC, consumes totally ~20uA.  

 

Fig. 4  Photomicrograph and characteristics of SoC  

Fig. 5  Photo of experimental biomedical sensor module 

 

6. Conclusions 

   A wearable biomedical sensing system integrating the 

newly designed SoC has been developed. Its low power fea-

ture was realized by normally-off computing architecture 

based on non-volatile FeRAM. It consumes totally ~20uA. It 

realizes two-weeks continuous sensing only using a 10-mAh 

thin-type lithium-ion battery. 
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