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ABSTRACT: Plantar pressure is tretudy of pressuredields acting between the plantar surface of foot skin and a
supporting surface during everyday locomotion. Such plantar pressure information is usefal/iapplicationsThis

paper presents a new plantar pressure measurement system in which is battery free. Piezoskoticgmeorae

used to measure foot pressure values. This sensed data is collected on the MCU for proces&ngtasstdied in

the memoryof dynamic NFC tagi24LR16ER. This tagfeatures an energy harvesting analog outpioiait harvested
energy is used to power the systemidFC on smartphone allows exchanging data between dynamic NFC tag and
smartphone. The sensed pressumias which are stored in the NFC tag are then displayed on the smartphone
graphically.

KEY WORDS: Foot plantar pressure; pressure seri3gnamic NFC tagEnergy harvestingsUI.

[. INTRODUCTION

Plantar pressure is the study of pressure fields abghgeen the plantar surfaces of foot skin and a supporting surface
during everyday locomotion. Such plantar pressure information is useful in the diagnosis and manafjpressure
related foot problems, footwear design, sport mechanics and other tppiigsbnormal foot pressures can be
indications of physical diseases such as diabetes mellitus [1], rheumatoid arthritis [2] and [8heSibws, by
monitoring abnormal pressures patients can be alertaed when the relative increase in plantar pressur

There are variety of plantar pressure measurement systems are available on the market. Theyingndbdd®e

into 2 categories: Platform system aneshoe system [4].To sense the foot pressure, platform system use one flat, rigid
and large array of pssure sensing elements arranged in a matrix configuration. Asttbénsystems have pressure
sensors in shoes, such that measurements reflect the interface between the foot and the shoe.

The recent biomedical or pressure related applications are towagdreattime and accurate measurement of normal
daily-life parameters. For that a contactless transfer of data between the data carrying device ather its ngore
flexible. NFC (Near Field Communication) or RFID (Radio Frequency ldentification) ioren fof wireless
communication that uses electromagnetic fields to automatically identify and track Dynamic NFGRED tag. The
tag contains electronically stored information.

The recent trends in technology allow reduction in both size and powerngoiisu of complex digital systems.
Currently, most of devices are powered by batteries but energy harvesting offers an alternatidetonetttract
energy from the environment and convert it to electrical energy to power an electronic devigpshBnesting from
RF radiation is a method which is used in many devices. RF radiation is used to power the IRdiatidg high
power electromagnetic energy from nearby sources (RFID reader or NFC enabled smartphone) teFi&vieg (r
dynamic NFC tag)d].

This project proposes new design of a wearable plantar pressure measurementand analysis syssémg fmorsormal
relative plantar pressure changalsis system is powered by radi@quency energy harvested by NFC reader, which
makes system battefgee. At the same time, this NFC reader (NFC enabled mobile) can read foot pressure vales from
a sensor tag.
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II. PROPOSED SYSTEM

Fig. 1 shows the system overview of proposed sysRemsure sensoi@e used to sense the plantar foot pressure. For
capturing the sensed pressure, each sensor is connected to one analog input port of microgoittriléstt the
microcontroller unit sequentially reads the analog output voltages Semrsos, digitize andthen store them to the
dynamic NFCRFID tag memory over’C bus. RFID tag antlFC readerare usedor storing a sensed data and for
commuication. After storing digitizedlata into the RFID tag\FC en&led smartphonecadsthat foot pressure data
and representthem graphically. There is no any external power supply is requifBlde dynamic NFC tag is a
contactless memorgowered by the carrier electromagnetic wageeived from NFC enabled smartphonealko
features amnergy harvesting analagutput Thatharvested energig used to power the whole systetinys, this system

is totally batteryfree.
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Figure 1: System Overview
lll. SYSTEM IMPLEMENTATION

A. PressureAcquisition System

Figure 2:Piezoelectric Sensor

The piezoelectric pressure sensor produces an electric field (voltage) in response to friesseiris. no external
power supply is required & it has s@lbwer generatingThere are two types ohaterials are used for piezoelectric
sensors: piezoelectrieramics and singlerystal materialsThe maintenance of piezoelectric sensor is very Tavis
sensor is unaffged by the external electromagnetic field.

For capturing the sensed pressure, each sensor is connected to one analog inpaigrodoottroller.
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B. Controlling Unit

The analog sensor voltagesad by the microcontroller ATmega8a digitized by an analotp digital converter.
ATmegaBais a lowpower CMOS &it microcontroller based ahe AVR enhanced RISC architectulidnis AVR
microcontroller haSRAM, onchip programmable flash memory, 10 data space, and the EEPRZR
microcortroller executes powerful instructions in a single clock cycle

C. Dynamic NFC/RFID Tag, RF Energy Harvesting and Wireless Communication

The digitized data is sertb the dynamic NFC (Near Field Communication) tag. The M24LRR6E is a dnamic
NFC/RFID with duatinterface, electricallyerasable programmable memory (EEPROM)is also a contactless
memory powered by the received carrier electromagnetic waves. It featuf€siatelface and an energy harvesting

analog outputThat harvested energy isagsto power the system.

The two inputs of this IC are connected to an external antenna coil exclusively. The antennaseditéspower and
access the device using the 1ISO 15693 and ISO 1B0006de 1 protocoldNFC enabledsmartphone (reader) allows

exchanging data between dynamic NFC tag and smartphone.

Figure 3:The sensor board: Microcontroller, Dynamic NFC tag, Antenna coil

E. User Interface

An interactive graphical user interface (GUI) is implemented to display real time resuligiethent medial
instrument information. In mgystem the graphical user interface displays the foot pressure values of each sensor
graphically. Also in that we can set the threshold value of fasspre so that if pressure of any point of foot in@sas

then itwill indication.
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IV. RESULTS

The datds transmittedo the remote receiver that is a smartphone thredgiess communicatiorFigure 4shows the
graphical user interface for sitphones.

V. CONCLUSION

This paper presents a nglantar pressure measurement systéigzoelectric sensors att@n, light, filexible and there
is no external power supply is required. Atmega8a is-bih VR microcontroller and has echip flash memory. The
M24LR16ER dynamic NFC tag is a contactlasemory and features energy harvesting analog outputsdinged

data is collected on the MCU for processing and then it is sent to the smartphone wieldisghay itin real time on

smartphone graphically.

Figure4: Plantar pressurealueson smarfphone
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