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Abstract—This paper presents a low-power wearable biosignal 
monitoring system. The proposed system can communicate with 
smartphones using Near Field Communication (NFC) to check 
vital signs easily at any time. It comprises a battery, electrodes, a 
triaxial accelerometer IC, an NFC tag IC, and a biosignal 
processor LSI. The proposed biosignal processor LSI, fabricated 
using a 130-nm CMOS process, comprises heart rate monitoring 
circuits, a 32-kbyte ferroelectric random access memory 
(FeRAM), an accelerometer interface, and an NFC interface. 
The proposed system consumes 38.1 A for logging application 
at 32-kHz operating frequency, with 3.0-V supply voltage. 

I. INTRODUCTION 

Mobile health is expected to play an increasingly 
prominent role in health provision because of the advent of an 
aging society [1]. Especially, daily life monitoring is 
important to prevent lifestyle diseases, which are expected to 
raise the number of patients and elderly people who need 
nursing care. Our goal is to monitor and display vital signals 
and physical activity in daily life to improve users’ quality of 
life and to realize a smart society. 

This report specifically describes a wearable biosignal 
monitoring system, which can acquire long-term instantaneous 
heart rate (IHR) data and an acceleration value. The physical 
activities in daily life (e.g., locomotive, household activities) 
are classifiable using a triaxial accelerometer [2]. The IHR, 
which is calculated from the interval of R-waves in 
electrocardiogram (ECG), is useful for heart disease detection, 
heart rate variation (HRV) analysis [3], and exercise intensity 
estimation [4]. The key factors affecting wearable system 
usability are miniaturization and weight reduction. Battery 
mass and power consumption must be reduced because battery 
mass dominates wearable systems. Therefore, the main 
purpose of our research is power reduction. 

II. SYSTEM DESIGN 

Fig. 1 presents an illustration of an overview of the 
wearable biosignal monitoring system. The paste-type 
biosignal sensor comprises a battery, electrodes, a triaxial 
accelerometer IC, a near field communication (NFC) tag IC, 
and a biosignal processor LSI. An application on the 

smartphone provides parameter configuration and data 
retrieval functions using NFC. Using it, a user can easily 
check vital signs at any time. 

To minimize biosignal acquisition power consumption, we 
developed a biosignal processor LSI. Fig. 2 depicts the block 
diagram of proposed biosignal processor LSI. It comprises a 
heart rate monitor, 32-kbyte ferroelectric random access 
memory (FeRAM), an accelerometer interface, and an NFC 
interface. 
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Figure 1.  Wearable biosignal monitoring system overview. 

 
Figure 2.  Block diagram of proposed biosignal processor LSI. 

A. Biosignal Monitoring and Data Logging 

The biosignal processor LSI acquires an acceleration value 
from off-chip triaxial accelerometer IC and IHR from heart-
rate monitoring circuits. These values are stored in a data 
buffer until they are retrieved by a smartphone. The frequency 
range of biosignals is low (less than 1 kHz). Therefore, the 
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required active ratio of biosignal monitoring system is small. 
The standby current of the data buffer should therefore be 
reduced. We used FeRAM because it is non-volatile memory 
and because it does not consume standby current. 

Fig. 3 presents an illustration of the heart rate monitor. 
First, the ECG signal is amplified by an instrumental amplifier 
and an operational amplifier. Then, an R-wave pulse is 
generated by a peak-hold circuit and a comparator. An IHR 
calculator detects the rising edge of R-wave pulse and 
calculates the IHR. Fig. 4 presents the calculation flow of IHR. 
Here, IHR[n] is the output value of IHR calculator. The 
variable t1 and t2 store the TIMER value. If calculated IHR 
does not satisfy the following conditions, then is treated as an 
error. 

a) IHR is greater than 273 ms 
b) IHR is less than 2000 ms 
c) IHR variation from the prior value is smaller than ±25% 

Constraint c) is applied only when the prior IHR, as 
calculated using the prior R-wave, is not an error value. The 
output values of IHR calculator will not be updated. An error 
flag register is set if the error occurs. 

 
Figure 3.  Heart rate monitoring circuits. 

 
Figure 4.  Calculation flow of the IHR. 

B. Data Communication 

The proposed system uses NFC to cooperate with 
smartphone (or a reader/writer). Several smartphones and 
tablet devices now support NFC technology. 

Generally, a wireless transceiver consumes the greatest 
amount of power in the biosignal monitoring system. However, 
compared with Bluetooth Low Energy or ZigBee, the standby 
power of NFC is extremely small. Moreover, the active 
communication energy is only consumed on the reader/writer 
side when using a passive mode, in which only the initiator 
generates a carrier during communications [5]. In addition, 
NFC enables us to initiate communication without manually 
configuring the communication link, unlike Bluetooth [6]. The 
NFC also has high security because it has a short 
communication range. Some secure payment services already 
use NFC [6]. 

Fig. 5 portrays the communication sequences of parameter 
configuration and data retrieval. To configure the parameters, 
the NFC controller can update the configuration registers. The 
logging data can be retrieved directly from the data buffer. 
The user can also read the parameter setting and timer value 
from configuration registers and timer. The logging start, 
logging stop, and system reset command are also issued from 
a smartphone. 

 
Figure 5.  Operation sequences. 

III. VLSI IMPLEMENTATION AND MEASUREMENT RESULTS 

Fig. 6 shows the biosignal processor LSI, which is 
fabricated in 130 nm CMOS technology. It consumes 13.1 A, 
on average, in data logging operation with 32-kHz operating 
frequency and 3.0 V supply voltage. Then, the IHR value and 
acceleration value are stored to FeRAM every second. Fig. 7 
presents a photograph of our developed paste-type biosignal 
sensor, which has 28  35  9 mm3 volume and 3.6 g weight 
including a battery. To demonstrate its operations using NFC, 
we built an Android application, as presented in Fig. 8. The 
left side of Fig. 8 shows a screen shot of the parameter 
configuration. The right side shows a screen shot of the 
obtained data. The required communication times for 



parameter configuration and 32-kbyte data retrieval are 1 s and 
35 s, respectively. 

Figs. 9 and 10 show the time series variation of current 
consumption and the breakdown of average current 
consumption, which include the biosignal processor LSI, the 
NFC tag IC, and the accelerometer IC. Then the sampling rate 
of acceleration values is set to 32 S/s. At the system level, the 
average current consumption is 12.2 A at standby, 38.1 A at 
data logging, and 645 A at data communication. Although 
data communication consumes a great amount of power 
because we use an active NFC tag [7] in this experiment, it 
will be reduced by replacing the active tag to a passive tag in 
future work. Table I presents a performance comparison 
between the proposed circuit and those of earlier works. Table 
I shows the benefit of this work: low power consumption. 
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Figure 6.  Chip photograph and specification of biosignal processor LSI. 
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Figure 7.  Prototype of a biosignal sensor. 

 
Figure 8.  Screen shots of the Android application. 
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Figure 9.  Time series variation of system-level current consumption. 
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Figure 10.  Breakdown of average current consumption. 

Next, we evaluated long-term data logging with a healthy 
subject, a 23-year-old man, in daily life. The upper side of Fig. 
11 shows the obtained acceleration value. The bottom side 
shows the heart rates calculated from the obtained IHR. Our 
biosignal sensor is not waterproof. Therefore, the sensor is 
removed during bath time. Although several errors are 
included in the obtained IHR data, almost all errors can be 
corrected from prior IHR values or subsequent IHR values. 

Finally, we verified the noise tolerance of proposed system 
using a clean ECG waveform of the MIT-BIH Arrhythmia 
Database (#100) [10] and a muscle artifact noise waveform of 
MIT-BIH Noise Stress Test Database [11]. According to the 
definition in [11], we organized the noisy ECG waveforms 
with 15, 14, and 13 dB signal-to-noise ratio (SNR). These 
waveforms are generated from a signal generator as presented 
in Fig. 12. Then we evaluated the accuracy of IHR output. Fig. 
13 shows the measurement result of noise stress test. When 
SNR is lower than 14 dB, the obtained IHR of the proposed 
biosignal sensor is affected by noise. The root mean square 
errors of IHR at 15, 14, and 13 dB SNR are, respectively, 
7.0×10-5, 1.0×10-2, and 6.0×10-2. 
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Figure 11.  Measurement results of Daily life monitoring. 
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Figure 12.  Noise stress test environment. 

TABLE I.  PERFORMANCE COMPARISON 

 This Work 
Dinh et al. 

[8] 
Yamakawa et al.

[9] 

Technology 130 nm Discrete 350 nm 

Supply voltage 3.0 V 3.7 V 2.6–3.3V 

Current 38.1 μA 3 mA 212 μA 

Sensor 
Acceleration/ 

Electrodes 
Microphone 

Microphone /  
Pressure sensor/

Electrodes 

Communication NFC Zigbee RFID 
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Figure 13.  Measurement results of noise stress test. 

IV. CONCLUSION 

As described in this paper, we examined a wearable 
biosignal monitoring system that can acquire acceleration and 
IHR data. We developed a prototype system using the 
proposed biosignal processing LSI, which can communicate 
with the Android application by NFC. The average power 
consumption during data logging was 38.1 A, including the 
proposed biosignal processing LSI, the NFC tag IC, and 
accelerometer IC. The noise tolerance of the proposed system 
is evaluated. It correctly functioned at SNR higher than 15-dB. 

REFERENCES 
[1] H. Nakajima, T. Shiga, and Y. Hara, “Systems Health Care,” In Proc. 

of IEEE SMC, pp. 1167-1172, Oct. 2011. 

[2] Y. Oshima, K. Kawaguchi, S. Tanaka, K. Ohkawara, Y. Hikihara, K. 
Ishikawa-Tanaka, and I. Tabata, “Classifying household and 
locomotive activities using a triaxial accelerometer,” Gait and Posture, 
vol. 31, pp. 370-374, 2010. 

[3] W. Roel and M. John, “Comparing Spectra of a series of Point Events 
Particularly for Heart Rate Variability Data,” IEEE T-BME, BME-31, 
no.4, pp.384-387, Apr. 1984. 

[4] S. Yazaki and T. Matsunaga, “Evaluation of activity level of daily  life 
based on heart rate and acceleration,” In Proc. of SICE, pp. 1002-1005, 
Aug. 2010. 

[5] E. Strommer, J. Kaartinen, J. Parkka, A. Ylisaukko-oja, and I. 
Korhonen, “Application of Near Field Communication for Health 
Monitoring in Daily Life,” In Proc. of IEEE EMBS, pp. 3246-3249, 
Aug. 2006. 

[6] J. Morak, H. Kumpusch, D. Hayn, R. Modre-Osprian, and G. Schreier, 
“Design and Evaluation of a Telemonitoring Concept Based on NFC-
Enabled Mobile Phones and Sensor Devices,” IEEE T-ITB, vol. 16, no. 
1, pp. 17-23, 2012. 

[7] Felica Contactless IC Card Technology, 

“http://www.sony.net/Products/felica/” 

[8] A. Dinh and T. Wang, “Bandage-Size Non-ECG Heart Rate Monitor 
Using ZigBee Wireless Link,” ICBBT, pp. 160-163, 2010. 

[9] T. Yamakawa, T. Inoue, M. Harada, and A. Tsuneda, “Design of a 
CMOS Heartbeat Spike-Pulse Detection Circuit Integrable in an RFID 
Tag for Heart Rate Signal Sensing,” IEICE Trans. Electron., vol. E90-C, 
no. 6, 2007. 

[10] MIT-BIH Arrhythmia Database (mitdb), Record 100, 

"http://www.physionet.org/physiobank/database/mitdb/" 

[11] MIT-BIH Noise Stress Test Database (nstdb), 

“http://www.physionet.org/physiobank/database/nstdb/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




