
Prototype implementation of RFID based health management system

with low-power ARM microcomputer

Toshifumi Watanabe∗, Mizuki Murase†, Katsuhiro Naito†,
Nobuyuki Ito‡, Katsuhiko Kaji†, Naoya Chujo†, Tadanori Mizuno†

∗Graduate School of Business Administration and Computer Science, Aichi Institute of Technology
1-38-1 Higashiyama-dori, Chikusa-ku, Nagoya, Aichi, Japan

Email: t-watanabe@pluslab.org
†Faculty of Information Science, Aichi Institute of Technology

1247 Yachigusa, Yakusa, Toyota, Aichi, Japan
Email: murase@pluslab.org, naito@pluslab.org

‡Mitsubishi Electronic Engineering Co., Ltd., Japan
139 Shimoyashikicho, Kasugai, Aichi, Japan

Abstract—This paper demonstrates a new RFID based health
management system with a low-power ARM microcomputer.
RFID cards are usually used as identification in many companies.
The developed RFID cards can measure exercise quantity of office
workers by deploying a low-power microcomputer and sensors.
It is well known that a quantity of exercise has a strong relation
with a health condition. Therefore, a quantity of exercise is a
key indicator to prevent chronic diseases. The developed system
employs a standardized RFID system to communicate with RFID
reader/writers. Therefore, it is easy to install the developed
system by updating software for RFID reader/writers in entrance
gates, doors, etc. This paper demonstrates the prototype system
for health management system built on a low-power ARM
microcomputer.

I. INTRODUCTION

The increase in patients is a major cause of swelling medical
expenses. About 60 percent workers in the United States
have group health insurance in a company. About 70 percent
companies pay the full amount of the medicare costs for
their workers. Therefore, preventive maintenance of diseases
offers numerous benefits to companies by reducing medi-
care costs[1], [2]. Especially, due to the increase of lifestyle
diseases such as cardiovascular disease, diabetes, pulmonary
disease, amount of exercise in daily life has attracted attention
to be effective in preventing a variety of illnesses[3].

Typically, early adapters who are mindful of their health
show an interest in preventive maintenance of diseases, and
buy a wearable device for fitness and activity trackers to
maintain wellness. On the contrary, large majority of workers,
who do not take a special interest in lifestyle diseases, are less
concerned with disease prevention[4]. Therefore, almost all
wearable devices are not suitable for typical workers because
they tend to care nothing for wearing a special device even
if they understand wearable devices are effective for disease
prevention. As a result, more portable wearable devices are
required to measure daily activities for typical workers[5].

This paper develops a new RFID based health management
system with a low-power ARM microcomputer, and proposes
a health management system for office workers in compa-
nies. The developed RFID card can measure office workers’
quantity of exercise with an acceleration sensor and an air
pressure sensor. RFID cards are widely used in office buildings
to manage a security control and to record working hours.
Therefore, our system can be installed easily by updating

Fig. 1. Overview of System model.

software for RFID reader/writers in entrance gates, doors, etc.
The developed prototype consists of an RFID card, an RFID
reader/writer, and a health management cloud. By employing
an ARM-based microcomputer, the developed RFID card can
operate with a low-power consumption.

II. RFID BASED HEALTH MANAGEMENT SYSTEM

A. System Model
The proposed system model is shown in Fig. 1. It is

composed of three functions: the RFID cards, the entrance
gates, and the health management cloud. The RFID card is
designed for good performance in low-power consumption
by employing an ARM-based microcomputer and peripheral
devices such as an RFID chip supporting the FeliCa standard,
acceleration and air pressure sensors, and measures a quantity
of exercise continuously. The entrance gate has a base control
system on Windows OS and an RFID reader/writer chip
connecting by a USB cable, and transfers measured exercise
data from the RFID card to the cloud. The health management
cloud has a web server function and a database function to
collect measured exercise data, stores them, and shows an
analysis result of the data.

The advantage of the proposed system is an easy installation
in any companies because updating ID cards and software is
enough to collect exercise data of each workers. Additionally,
the proposed system avoids the necessity of a special operation
to collect the exercise data because the exercise data can
be collected when workers touch their RFID card to RFID
reader/writers to pass through a entrance gate.
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Fig. 2. Proposed data sequence.

B. Communication Signaling
The communication signaling to collect exercise data is

shown in Fig. 2. The detail procedures are as follows.

1) The ARM-based microcomputer initializes the FeliCa
Plug that is the RFID chip supporting NFC Type-F, when
it receives an interrupting signal from the FeliCa Plug
detecting a magnetic field from an RFID reader/writer.

2) The RFID reader/writer sends the polling command to
the FeliCa Plug. The microcomputer on the RFID card
also replies the polling response.

3) The RFID reader/writer uses the read command and read
response to transfer the measured exercise data from the
microcomputer through the FeliCa Plug.

4) The RFID reader/writer uses the write command and
write response to notify the completion of the data
transfer.

5) The RFID reader/writer transfers the exercise data from
the RFID card to the health management cloud.

III. IMPLEMENTATION

We have developed a prototype system of the proposed
health management system. Fig. 3 is an overview of the devel-
oped ID card. We have employed EFM32GG990F1024 ARM
chip, that is designed for low-power consumption, to develop
a feasible wearable device supporting long-life operation. The
employed chip includes a 1024 KByte flash memory chip, a
Real Time Clock (RTC), and some interfaces for sensors and
the FeliCa Plug. We use a STMicroelectronics LIS3DH as
the acceleration sensor for the pedometer function, and use a
BOSCH BME280 as the air pressure sensor to count a flight
of stairs.

IV. EVALUATION

We have evaluated three types of performance of the
prototype system: a step count accuracy, a transmission pe-
riod between RFID and RFID reader/writer, and an energy

Fig. 3. Overview of developed ID card prototype.

TABLE I
OPERATING CURRENT OF EACH CHIP

EFM32GG990F1024 LIS3DH BME280 FeliCa Plug
Active 10mA 1mA 3.6 A 1mA
Sleep 0.8 A 0.5 A 0.1 A 0.1 A

consumption. The step count accuracy was about 98% with
1000 steps. The transmission period was about 235 ms that is
enough short to pass through an entrance gate. As the energy
consumption, the operating current of the hardware was about
32mA during the step counting operation. Table. I shows the
operating current of each chips. According to the specifica-
tions, we can reduce the operating current by designing a
minimum configuration of hardware with a microcomputer,
two sensors, and FeliCa Plug.

V. CONCLUSION

This paper has developed the new RFID based health
management system with low-power ARM microcomputer,
and has proposed the health management system for office
workers in companies. The developed RFID card can measure
office workers’ exercise with an acceleration sensor and an air
pressure sensor. The proposed system avoids the necessity of
a special operation to collect the exercise data by deploying
both identification and fitness and activity tracker functions
in an RFID card. Additionally, software updating of RFID
reader/writers is enough to install the proposed system into
conventional buildings. The developed prototype shows the
feasibility of the ARM-based RFID card supporting a long-
life operation.

ACKNOWLEDGMENT

This work is supported in part by the collaborative research project
with Mitsubishi Electronic Engineering Co., Ltd., Japan, Grant-in-Aid for
Scientific Research (B)(15H02697) and (C)(17K00142), Japan Society for
the Promotion of Science (JSPS), and the Hibi science foundation.

REFERENCES

[1] Himmelstein, David U and Thorne, Deborah and Warren, Elizabeth and
Woolhandler, Steffie, Medical bankruptcy in the United States, 2007:
results of a national study, The American journal of medicine(2009).

[2] S. Tani, M. Iwata, H. Inada, H. Narazaki, R. Haraguchi, K. Nakazawa,
An online support system for promotion of a behavior change for persons
with metabolic syndrome, IEEE SCIS 2012, Nov. 2012.

[3] Kopelman, Peter G, Obesity as a medical problem, Nature(2000)
[4] Jiang Lu, Ting Zhang, Fei Hu, Yeqing Wu, Ke Bao, Measuring Activities

and Counting Steps with the SmartSocks - An Unobtrusive and Accurate
Method, Global Humanitarian Technology Conference (2014).

[5] Pengfei Li,Yu Wang,Yu Tian,Tian-shu Zhou,Jing-song Li, An Automatic
User-Adapted Physical Activity Classification Method Using Smart-
phones, IEEE Transactions on Biomedical Engineering (2016).

2018 15th IEEE Annual Consumer Communications & Networking Conference (CCNC)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


