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footsteps,

classification, Human activities will produce different types ofusals and vibrations. The

digital fourier transform, sounds and vibrations generated by human activiiesbe used for various

power spectral density. purposes, among others, to identify or to knowpbsition of their presence
in a room.

In this paper proposed the method for identifyingnians by their footsteps.
The Identification is done by recognizing soundd wibrations generated by
human footsteps.
We also developed algorithm to clasify the detectib the human footsteps
recognition, starting from the analysis of sounds &ibrations detection
using geophone and microphene. The analysis waessaxy to classify
sounds and vibrations of footsteps with the soumad vibrations of the
surrounding environment.
From this research it is expected to know the drait human footsteps,
henceforth they can be used as identification g@eeson as the voice of
utterance. That is due to the fact that the namskwdbration generated from
footsteps are influenced by the weight, distanieaps of the sole of the foot,
footsteps rhythm, gait and other factors.
The differences in footsteps can be known frompibvwer spectral density of
sounds and vibrations generated by footsteps. Eeoergtep of the human
has a certain density of frequency, either fromsitgrof sounds or vibrations
generated.
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1. INTRODUCTION

The sound signal and the like is a topic that stiiws attention and still be the object in current
research. The rapid development of research itietde of signal processing can be seen by considettie
issues in some leading journals. Application oftdigsignal processing, however, has various probleéOne
of the topics in signal processing is for the redtign of human footsteps that generate sounds and
vibrations. Footsteps have different charactersmifane person to another. The difference can be iseen
digital quantization.

In this paper, the recognition of footsteps wasveetd by doing voice detection and vibration
generated by footsteps. By researching the foatstiefs expected to obtain unique values, so theg o
person’s footsteps can be differentiated from ather

If the steps have significant differences thenilt lne a lot of things can be done with the rectigni
of footsteps. Thus, the character of footstepsdcbel used as one of forensics indicators, for itieation
like human fingerprints. The recognition of the idwter of the human footsteps in this research identify
a person's footsteps in a limited scope, namebadblimitation of space, type of flooring and foeaw.
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2. RELATED WORKS

Many studies on sensing footsteps, with a varidtynethods and also with different approaches.
Well, here are some reviews of research relatéddiosteps, among others:

Shoji, Y et al [1] in their paper present that fhature extraction of a footstep is investigatéf
a footstep is discriminable, the application Marious fields can be considered. Shoji efoalus on the
recognizing a certain kind of footstep wavefsronder the restricted condition. The proposeneav
methodology using the feature parameter sushthe peak frequency set by the melcepstrunlysisa
the walking intervals and the similarity spectrum envelope. Itis shown for personattifieation
that the performance of the proposed methodffecteve.

In their work, lyengar, S.G. et al [2] present pula-based framework for integrating signals of
different but statistically correlated modalities binary hypothesis testing problems. Specificaigngar,
S.G. et al consider the problem of detecting ttesgnce of a human using footstep signals fronmseiand
acoustic sensors. An approach based on canonicalation analysis and copula theory is employed to
establish a likelihood ratio test. Experimentalitesbased on real data are presented.

Itai, A. and Yasukawa, H. [3] in their paper purpahat the characteristics of a footstep are
determined by the gait, the footwear and the fldacurate footstep analysis would be useful in aasi
applications, home security service, surveillanocg anderstanding of human action since the gaitesges
personality, age and gender. The feasibility ofspeal identification has been confirmed by usihg t
feature parameter of footsteps, however, the ratognrate of this method decreases as the number o
subjects increases. In their paper Itai, A. anduKawa, H. applies psycho-acoustics parameter tiiriea
extraction. Results show that the parameter prapdserein yields effective and practical personal
identification.

Yukang Guo and Hazas, M. [4] at their paper presdnte a number of acoustic localisation
systems have been proposed over the last few dgec#uese have typically either relied on expensive
dedicated microphone arrays and workstation-classgssing, or have been developed to detect a very
specific type of sound in a particular scenariowdeer, as people live and work indoors, they geresa
wide variety of sounds as they interact and mowaabrhese human-generated sounds can be useféto in
the positions of people, without requiring thenwiear trackable tags.

In their paper, Yukang Guo and Hazas, M. takeaxtmal yet general approach to localising a
number of human-generated sounds. Drawing fromasignocessing literature, we identify methods for
resource-constrained devices in a sensor netwatktert, classify and locate acoustic events ssapeech,
footsteps and objects being placed onto tablesaglkGuo and Hazas, M. evaluate the classificatiuh
time-of-arrival estimation algorithms using a datt of human-generated sounds we captured wittosens
nodes in a controlled setting. And they are shoat trespite the variety and complexity of the soutiusir
localisation is feasible for sensor networks, viitpical accuracies of a half metre or better. Wectizally
discuss the processing and networking considergtiamd explore the performance trade-offs whichhmn
made to further conserve resources.

Schumer, S. [5] in her paper concluded that a neetifocombining multiple seismic geophone
signals to reduce noise and improve SNR was dematedtin this paper. It has been shown that apglyin
this method will lower false alarm rates and imgrastassification capabilities. Additionally, locadition
characteristics can be determined on a multi-axéed signal to model expected behavior of a humia@et
when traversing a seismic sensor’s field of detectiThis method may have benefits when detectihgrot
targets and has the potential to be expanded iottphe modalities.

2. RESEARCH METHOD

Digital signal processing is related to the repnésgon of signals using symbols or the systematic
processing. The purpose of the processing is imat& the parameters of the signal characteristic®
change the signals form to some desirable ways.cldssic formula of numerical analysis: as theyewer
designed for interpolation, integration, and diéietiation, is a digital signal processing algorithNaturally.

In this study we focus on the sound and vibratienegated by footsteps with a detection method
simultaneously with the geophone and microphoneéetect the frequency range under 250 Hz. This is
because geophone has sensitivity below 250Hz (BLASH III), whereas for the microphone, we will use a
special microphone with sensitivities at low freneg that is the microphone used on instrumentsasic.
The recognition of the character voice of footstapiig DFT method is to determine the power of spéc
density.

In this paper the detection system is designedhasiis in Figure 1. In Figure 1 the sensing of
human activity is shown, then the analysis is cetetll From the analysis of human activity thenHhert
analysis is conducted related to environmentalisgnesults. This is done to know original voicgrel and
vibrations generated by footsteps. Some environahdattors that can affect the sound and vibratiom
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generated by the environment, such as sounds anativns of motor vehicles, air conditioning, hdusiel
appliances or office etc.

Other
Analysis

Human Human
Activity [—>| Activity
Sensing Analysis

Footsteps
Analysis

Algoritm
Figure 1. Detection system design

Then analysis is conducted to classify sounds brations that are shown in Figure 2. Signal
classification algorithm is required to classifyettype of signal which is detected by the microghaon
geophone. We can obtain the signal of footstepsctled as a result of the classification. Then fithm
recognition of footsteps it would be able to digtirsh between a person's footsteps and other pgofile
there is an unrecognized foot step during analylsase, it will be classified as anomaly. The fagistthat
are classified as anomalies can have many pos&biliThe cause of this anomaly can be: one’s
psychological condition, a new resident, guestuohtr-owned or may be due to a worn out/ brokeadet.

Human Activity
Vocal Behaviour
Environmental noise
Vocal
Walk Behaviour Vocal Behaviour
Behaviour A Anomali
Vocal Vocal
Behaviour B Behaviour
Walk Behaviour A Group

(Footstep A)

Walk Behaviour B Walk i
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Figure 2. Signal classification algorithm

In Figure 3. the system configuration is shown.this configuration the signal received by the
geophone and the microphone will be forwarded ¢ocibmputer by a sensor peripheral interface thrabogh
shield and the Arduino Mega. This peripheral ire€f not only has a function as an intermediaryalsd as
a controller of the geophone and microphone. Therface peripheral, the geophone and microphone are

connected to the computer wireless.
3 Computer

Arduino Mega

Sensor Shield

Geophone Microphone

Figure 3. System configuration
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The detection system of Algorithm Design eithergeme or microphone is shown in Figure 4. It isvaho
that the detection is started with initializatioode, that is the interface for geophone and miaaophThis
initialization is performed on the sensor shield #&rduino Mega, then the address is configurederfihe
setting is completed then the geophone and micmplare ready to detect the sounds and vibrations
generated by the footsteps. After doing the dagaiaition (sounds and vibrations detection) we U3Ed as

the algorithm to figure out the power spectral dgrsf each detected footstep.

The reverse of the DFT is calculated simply by giogl the Fourier transform again, and reversing
the resulting buffer (to be precise, because ofrmumalization, should also divide the resultinghpées by
N). By reversing, that mean reading the buffer fimack to front.

The components of the DFT are complex numbers,thag have a modulus and a phase. The
modulus of V[K], sqgrt (V[k]*V*[K]), describes thentensity of the particular frequency correspondimgk
(more precisely, because of our normalization, khdivide the modulus by sqrt(N)). The phase ofi\ven
component describes the phase shift of this compatavhat angle it starts its oscillations.

Node
initialization
Address
configuration
Data
acquisition

Footsteps
Identification

Algorithm
Implementation

Figure 4. Detection system design both geophonervaaaphone

3. CONCLUSION

The differences of footsteps can be known by thegpoospectral density of sound and vibration
generated by footsteps. Every footstep of the huhzana certain density of frequency, of generateshds
or vibrations. The difference between one's foptsted others’ will be more accurately distinguidbaly
detecting footsteps simultaneously, that is by gigigophone and microphone.

Geophone and microphone have sensing with eachabaistics, so that by doing the simultaneous
detection, the accuracy of foot step identificateam be more believable obtained. This was intexsify
the power spectral density that is processed U3
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