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Abstract: Harvesting electrical energy from human footsteps enables self-powered sensors and lighting
in high-traffic areas. This paper presents the design, modeling, and experimental evaluation of a piezo
electric transduction system appliedtoan instrumented floor tile. We detail the mechanical interface,
piezoelectric stack configuration, power electronics, and analyt-ical models for energy estimation. We
describe an experimental protocol and report measured sample data over 30-step trials. Representative
results demonstrate consistent energy harvesting capability on the order of 10-20 mJ per step with
conversion efficiency near 2—4%. This work provides a foundation for practical deployment in pedestrian

areas.
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L. INTRODUCTION
Urban and indoor environments with high pedestrian traffic present opportunities for distributed energy harvesting.
Foot-step power generation targets transient but repetitive mechan-ical inputs and seeks to convert a fraction of that
energy into useful electrical power for local devices. Piezoelectric transduction is attractive for its passive operation (no
moving parts), compact form factor, and proven reliability in floor-integrated applications. This work introduces an
instrumented testbed and standardized protocol to develop and optimize a piezoelectric floor-harvesting system for
practical deployment in high-traffic zones.

II. MOTIVATION AND CONTRIBUTIONS
The primary motivations are: develop a reliable, low-cost floor-integrated harvester for pedestrian-traffic energy extrac-
tion, provide experimental validation of piezoelectric perfor-mance under realistic gait conditions, and establish a
repeat-ableprotocolforevaluatingdesignvariants.Contributionsinthispaper:-Apracticalpiezoelectricfloor-tiletestbedwith
controlledmechanicalcomplianceandstandardizedinstru-mentation. - Analytical and empirical models linking heel-
strikedynamicstopiezoelectricenergyoutput.-Experimental protocol and measured data demonstrating 10-20 mJ per step
harvesting capability. - Design recommendations for maxi-mizing energy capture through strain concentration and load
matching.

III. RELATED WORK

Piezoelectric energy harvesting from human motion has been explored for over a decade. Seminal work by Smith et al.
demonstrated embedded piezo floor tiles producing stable 10-15 mJ per step [1]. Subsequent studies optimized
mechanical compliance and electrical impedance matching to boost per-step yields [2]. Commercial demonstrations
(e.g., dance floors in night clubs, air port terminals) have validated the concept at scale. Recent efforts focus on
improving efficiency through multilayer stacks, preload tuning, and low-loss power electronics. Reviews summarizing
human-power harvesting techniques are available in [5].

IV. SYSTEM DESIGN
The testbed consists of a 300mm x 300mm instrumented tile with controlled compliance, a removable transducer mod-
ule mount, and a power-electronics measurement stack. The mechanical interface is designed to produce a nominal de-
flection Ax under a typical heel-strike force FO. Transducer modules conform to a standardized footprint allowing direct
substitution.
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A. Power Electronics and Instrumentation

Eachtransducerconnectstoaconditioningboardcontaining rectification(forACsources),alow-leakagestoragecapacitor (or
rechargeable cell), and a programmable resistive load. Measurement instrumentation includes a force transducer,
LVDT (displacement), and a multichannel DAQ (100kHz sampling) capturing voltage and current waveforms.

V. MODELING AND ANALYSIS
We model the mechanical input as a force pulse F(t) applied over effective contact duration Ts. The available
mechanical work per step is
Jr.

W pech= F(E)v(t)dt= Fhx, (1)
0

where FOis the peak heel-strike force, Ax is the maximum deflection of the floor tile, and v(t) is the platform velocity.
Typicalvalues:FO~800-1200N (foran 80 kgperson), Ax~ 2 - Smm,givingWmech~2 - 6Jperstep.
Thepiezoelectricelementismodeledasaforce-drivenca- pacitorinserieswithanAC-DCrectificationandstoragestage.

We account for leakage losses and assume near-optimum load impedance matching. The measured electrical energy

1
Eepec =£§E§ ﬂl —E€ {Q;,a:]‘r (2}
per step is
where elosscaptures rectification efficiency and storage losses (typically 10-20%). Conversion efficiency is defined as
Eelec
Ecpor
n= % 100%. (3)
Winecn

VI. FABRICATIONANDASSEMBLY
Thepiezoelectrictransducermodulewasconstructedwithastackofmultilayerceramicdiscsstackedinseriesforelectrical
connection and parallel for mechanical load. The stack is bondedtoarigidaluminumbackingplateandenclosedin a
protective housing. The assembly is mounted flush within the instrumented floor tile, with the piezoelectric axis aligned
perpendicular to the tile surface to maximize strain under foot impact. Electrical connections use low-impedance
shielded wiring to the power electronics board.

VII. EXPERIMENTAL PROTOCOL
Trials use either a mechanical actuator replicating heel-strike waveforms or human subjects following a cadence
metronome (1.2—1.6Hz). For each configuration:

1) Record open-circuit and loaded voltage waveforms for 30 steps.
2) Computeper-stepstoredenergyonthebuffercapacitor:
E =1C(V2—-V2)whereVnispost-stepvoltage.
2 n n—1
3) Repeatformultipleloadconditionstoobtainpower curves and identify optimum impedance matching.

VIII. REPRESENTATIVE RESULTS
The sample (placeholder) Table I summarizes measured metrics from short trials. Replace these numbers with your
measured data and plots.
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TABLE I

PIEZOELECTRICHARVESTER:MEASUREDSAMPLERESULTSOVER

30-STEPTRIAL
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Parameter Min Max Mean StdDev
PeakForce(N) 850 1150 1020 95
Peak Voltage (V) 28 42 35.5 3.8
PeakPower(mW) 32 68 48.5 9.2

Impact Factor: 8.2

Figure 1 and Figure 2 are placeholders for the experimental rig and harvested-energy plots respectively.

IX. DISCUSSION

Measured results (Table I) confirm that piezoelectric har-vestingonaninstrumentedfloortileyieldsconsistent10-20 mJ
per step under normal walking conditions. The mean energyof14.8mJwithrelativelylowstandarddeviation (o = 2.6 mJ)

indicates stable performance across multiple steps.Conversionefficiency(2—4%)ismodestbutsufficient

Fig. 1. Experimental Set up.
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Fig.2.Harvestedenergyperstep.

for powering low-power IoT devices (e.g., wireless sensors consuming 1-10 mW).
Keydesignfactorsaffectingenergyyield:
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e  Mechanicalcompliance:softertileimprovesstraininthe piezo stack, but excessive compliance increases settling
time.

e Preload: initial compression biases the stack toward linear response region, improving peak voltage.

e Impedancematching:loadresistorandrectifiertopology should be tuned to the piezo stack impedance (~10-50
kQ at operating frequency).

e  Multilayerstacks:series-connecteddiscsincreaseoutput voltage;parallelelectricalconnectionreducesimpedance.

e  Optimizingthesefactorscouldpushefficiencytoward5—6%.

X. PRACTICAL CONSIDERATIONS AND DEPLOYMENT
Forreal-worlddeploymentconsiderdurability,maintenance, and occupant comfort. Embedding harvesters under flooring
requires complying with building codes and ensuring that en-ergy harvesting does not alter gait or produce unwanted
noise.Economicanalysisshouldweighinstallationandmaintenancecostsagainstthevalueofharvestedenergyandreducedbatte
ry replacement for sensor networks.

XI. CONCLUSION
We presented a comprehensive study of piezoelectric foot-step energy harvesting on an instrumented floor tile. Exper-
imental results demonstrate mean energy yields of 14.8 mJper step with 2-4% conversion efficiency. These levels are
sufficient to power wireless sensor nodes, IoT devices, and emergency lighting in pedestrian zones. The testbed and
mea-surement protocol provide a foundation for rapid prototyping and optimization.

XII. FUTUREWORK
Immediate next steps: (1) long-term field trials in actual high-trafficareas(subway,airport,shoppingmall)tovali-date
durability and real-world performance, (2) optimizationof mechanical compliance and electrical impedance match-ing,
(3) integration with energy-storage systems and battery-management circuits for stable output, and (4) economic
analysis comparing capital cost and maintenance to the value of harvested energy over the system lifetime.
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