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POSLOVNA ANALITIKA, OPTIMIZACIJA | VELIKI PODACI
Mirko Vujogevil

redovni |l lan Akademije ingenjerskih nauka
Fakultetor gani zaci oni h nauka Univerziteta u Beogradu,
mirkov@fon.bg.ac.rs

U izlaganju e se dati pregled osnevnih po
nom savremenih informacionih tehnologija u
Poslovna analitika (Business Analytics) je nefab nova sintagma, krilatica koju je

prije nekoliko godina lansiratNFORMS-a me r i | ki I nstititaut =za o
nj a i nauk u .Roslonreanadiikag me ztay edni | ki,tebtrer mi n z a

logije, aplikacije i praksu neprekidnogsistematizovanog iterativnog razmatranja,
p r avwahja ipreigitivanjaranijih poslowiihp o s t i (genfarmhaasgi dabi seung-

rijedilo poslovanje pomolu napredni h met od
Ov aj termin i skralienica BA brzo su prihv
proizvodam mi j enj eni h podr gci racionalnom donog
veli kih kompanija koje su prepoznane poter
maci oni h sistema. Kao posledica toga, nast
manjaianal i 1 baanpa i analitil]ar odluke.

Za primjenu koncepata poslovne analitike u praksi neophodna su znanja iz oblasti
posl ovanj a, menadgmenta i i nformacioni h si
melu probl emi ma, kojih u pooblénokojasepde uvi j ek
vatno mogu tretirati metodama poslovne analitike. Zatim treba razviti pogodee mat

mati|l ke model e i metode Kkojima se zadovol
namjera da predlogeno rjedgenje bOde za r a:
kljulnu ulogu imaju operaciona istragivanj
na primjeni egzaktnih formalnih model a i n
Sve to se radi uz intenzivno kori dhenje re
rezultata informacionih tehnologijwe. Tu se
remene informacione sisteme: veliki poddiig(datd. Radi se o obilju podataka koje

se generigu velikom brzinom, po pira rodi S
mogu biti vrijedni, beskorisni il gtetni

naziv savremene tehnologije koja omogul ava
i nestrukturiranih podataka. Njen uticaj na poslovnu analitiku je takav da eblasti
menadgmenta | esto koristi termin analitika
primjenu.
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INVESTIGATION OF THE EFFECT OF TEXT FILES PREP-
ROCESSING ON EFFICIENCY OF THE SPAM CONTENT FIL-
TERING

Malysh V.N., Kurbatov A. L.
LipetskStatePedagogicalUniversity(LSPU), Russia
vmalysh@mail.ru

Abstract: This article examines soneéfectsof text files preprocessiman efficiency of the spam
content filteringas welldifferent softwarémplementation optionsf naive Bayesian classifier.

Key words: spam content filteringclassification of text documentigxt files preprocessing
naive Bayesian classifier.
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Summary: The mobilerobot can be controlled by the movingdirection with InversePendulum
control. In this paper,we estimatethe onestepforward of mobilerobot positionby usingmobile
inversependulumwhich representsa systemijncluding a seriesof problemsin control, suchas
instability, influenceof dry friction, contactproblems sensotinformationprocessingandbased
on thoseestimationresults,it can be controlledthe one stepforward of mobilerobot direction.
Here, we establishedsimulationmodelof mobilerobot and modelingenvironmentWebuild an
abrasivetrajectorypath. This paperdiscussesalsothe useof simulationmodelingto analyzethe
costs,benefits,and performancetradeoffsrelated to the installation and use of mobile robot
with inversependulumto supportmovingrobot inside an abrasiveenvironmentAdditionally,
wethink aboutpossibilitiesto expandthis movingwith someintelligent systemslike fuzzylogic

andneuronetwork

Key words:estimation, control, position, mobile robot, inverse pendulum

INTRODUCTION

Autonomousmobile robotscontrolledwithout humaninterventionwe needednh many
applications Whenmobile robot movesfrom one point to another,it is obligatoryto
planthebestroute [1 ] [2]

Carefulplanningandtime managemens essentiafor autonomousnobile robots.We
are usingtwo typesof algorithmsfor planningof time, one planninga generaltime
(off-line) and secondis local path planning (or+line). We must have all the infor-
mation aboutthe location of fixed obstaclesand the pathfor the obstacle'suniversal
way. The robot calculateghe bestroute oncefollowed this pathto the targetpoint. If
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robot haven tenoughinformation on the environmentthe mobile robot is using sen-
sorsto understandhe environmentandthis is called a local path planning(on-line)
[4] [5]. In addition,the desiredpathmustavoid obstacle$8].

Many engineerdavetried to makemobile robotsthathavethe ability to self-balance.
The simulationof robotic systemss an essentiakool in suchpapers[9], [10], [11],

[12], [13], [14]. Without simulationtools like SolidWorks,CATIA, Virca it is impos-

sible to designcomplexsystemssuchas closedkinematicchainrobots[11] or a mo-

bile robot[13]. It is necessanto developvirtual environmentsor operatortraining
[10]. Simulationis alsoa very importanttool for teachingbasicconceptof robotlike

systemswithout the actualexperimentatiorf9]. Fig.1 showsthe function diagramfor

amobilerobot

Signals (Control Info,
Game level, Resat)

[

Mobil Robot
s03l
— Signals (Status

PC Communication

Fig.1 Picture of block scheme of Mobile Robot

MOBILE INVERSE PENDULUM MODELING

There are a many papers dealing with the mobile inverse pendulum. The model of the
pendulum here is derived using Lagrange equations of the 1st kind like in [15, 16], but
here, the constraint forces which mre cor
ponents are also presented. The simulation and experiment here shows at least the
same or, in some situations, a better conformity (which is hard to assess due-to diffe
ent pendulum parameters). Compared to the friction compensator in [19], the one
presengéd here fuzzyfies the control logic, what is reflected in smoother added control
torques. In the presented pendulum, the sensor fusion of the gyroscope and-the incl
nometer is done based on a detailed inclinometer model observer, which is reflected in
accuate and dynamic body angle estimation. The system geometry is fully described
using three coordinate systems as shown in Fig. 2.: Ca absolute coordinate system,
Cb in the middle of the axis between two wheels witxis parallel to the Ca-axis

and rotated by anglg, and Cc in the ©G of the pendulum body rotated by angle
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Fig. 2 Top view (left) and side view (right) sketch of the mobile inverse pendulum.

The mechanical system elements are the pendulum body with mass M = 209 kg,
inertia tersor

Je.c = diag(JJy. J)
= diag(1.180.95,0.27) kg m?, and length L =0.39 m from

bodyGs COG to rotating axis; left and right wheds with mass m,, = 0.55 kg and

radus R=75mm, inertia torque inrotating diredion J,=0.0Bkgn? and
whed tradk

2Bw=0.44m.

Actuators ading with torque M, and torque M, respedively, are locaed
between the pendulum body and the left and right wheels. The system is undelying
the gravitation with accéeraion g = 9.81 m/s”.

SEGWAY TRANSPORTATIO N

Dean Kamen discovered the Segway individual transporter in the show "Gaed Mo
ning America" on ABC TV network, described it as "the first-balfancing individual
transporter in the world". When you look at the Segway ride, it bexaftear what he
was saying.

ﬁw To Segway move forward or back, it is sufficient that the driver leans
7 ) slightly forward or backward. To turn left or right, the driver simply
moves lean steer controller left or right.

To maintain balance, when bendifmyward, the wheels are turning
right speed and to move forward. Segway using this extremely complex
process called dynamic stabilization that allows the Segway transporter
balance on just two wheels.

SegwayPersonalTransporter(PT) (Fig. 3) is the Wo r | folsé self

_ balancingtransportationdevice with two wheels. The mechanismis
Fig 3.SegWay | basedon the principle of the invertedoendulumwith advancedtontrol

to maintainbalanceat all times.
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To move,rider leansforward or backwardand the transporterac-
celeratesn the properdirectionto balancethe system Similarly, to
take turns the rider leanssidewaysand the transporteradjuststhe
speedof both wells. Handling feels naturalbecausehe amountof
lean, measuredby gyroscope,controls the accelerationand the
curvature of turns. Segway Personal Transporter (PT) is the
i e Wo r | fidsbsslf-balancingtransporétion devicewith two wheels.
‘@F\* The mechanisnis basedon the principle of the invertedoendulum
4 % with advancedcontrol to maintainbalanceat all times. To move,
rider leansforward or backwardand the transporteracceleratesn
the properdirectionto balancethe system.Similarly, to take turns
Fig. 4Lego therider leanssidewaysandthe transporteadjuststhe speedof both
Segway wells. Handling feels naturalbecauseahe amountof lean, measured
Robots .
by gyroscopegcontrolsthe acceleratiorandthe curvatureof turns.

In this paper, the goal is to building the Segway rofféits 4) in the
software Packet SolidWorks usingadymade components "Lego Mind storms NXT
2.0 kit" and then making simulations of the same in the specified software package. In
this paper point of interest is simulation, while the assembly will be described in brief.
More details can be found on thelsite whose link is given in the introduction. In
order to reconstruct this project again, implies a knowledge of the software package
SolidWorks.Robot assembly is done by known parts from internet and built a final
robot model.

The real Segway transger uses input from gyroscope to control the stability and
balance. Because gyroscope is not part of the Lego kit, Segway robot makes use of the
light sensor. The sensor registers the light intensity when the robot is started. As the
robot tilts, the lightintensity changes and the robot reacts by adjusting poweoto m
tors #1 and #2. As a consequence, the robot cannot maintain vertical position; it tries
to maintain the position at which it is started. It is therefore necessary to start the robot
at near vaical orientation. Simulation with Solid Works

Onceyou get familiar with the robot behaviorwhen conrolled using both simpler
(Segvay) and moreadvancedSegvay BT) programns, go ahead and build Segvay robot
in SolidWorks. Whenyour modelis comgdete, you will simulate bottcortrol scenarios
in SolidworksMotion.

Follow the instructions below to build your Segway robot asembly. Because all
SolidWorks partfiles aresuppliedaspartof this project,you only needto mate tkem to
createa final assemby. Because the basicassemblybuilding skill is a perequisiteto
thislessonthestepshelowdo notdetil howto mateparts.

SOLIDWORKS SIMULATIO N

The New Motion Study is necessary to change the Type of Study in Motion Analysis
asshown in Fig. 5
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Fig. 5 Type of Study in Motion Analysis

Assembled Robot necessary divided into three "solid group” (rigid groups) as shown
in theFig. 6

@ Orientation and Camera Visr] x

Invert Selection

& | Hde
B Show with Dependests
Eolate
Create Motion Plot

I
Szmmmbu L
it g Em:“&:“ ‘Add to New Rigid Group
i S0 i Srponert Tshy |
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) Tablrtop<2> Pefault<sh

Fig. 6 Rigid Group

Note: in "Rigid Groups" are not admitted CPU, as can be seen in the figure, because it
will be used for measuring angular velocity and angular acceleration.

In other step, it is necessary to define contact surfaces and between one point and the
plate and thenepeat all of the other wheel and board. The followking 7 give as
define of contact surfaces.

Maximum torque at the point that gives the engine Tmax can be expressed starting
from the standpoint that the wheels do not skid to obtain the following eqguati
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Fig. 7 Define contact surfaces

Plotting diagrams of certain size is very important because that procedure specified
these value are used to simulate the movement of the @bdtig. 8will be shown

the way to daw a diagram of one size is a function of time while the other identical
diagrams drawn.

Results and Plots
Calculates results and creates graphs. ’J

IEc“é\.-}-*I@EE\Réé. Ble -

Fig.8 diagram drawing Step 1

Under Defined

Note: drawing diagrams is very important, without those SolidWorks does not see the
size of his essential for simulation, such as rotation angle, angular velocity and angular
acceleration (Pitch / Yaw / roll, angular velocity, angaleceleration) (Fig. 9)
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Fig. 9diagram drawing Step 2

PID controller is one of the oldest and most widely used management strategy and its
implementation can be successfully resolved about 90% of all management tasks. The
PID controller has three constant action: proportionalitfggral (I) and differential

(D). Law Management analogue PID controller is:

t de(t)

u = Kpe(t) + K;f e(t)dr + KdT'

0

where is the control variablé ), 0 (X)) Qwere all in proportion, integral and differe

tial backup, an error signal equal to the difference between the referendeasidna
controlled variable y (e = Refy). Equation PID controller is also required to enter
into the simulation in order to see its effect on the robot control. Determinatian-para
eters of the PID controller is a demanding process that can requestf dirat,de-

cause in this seminar used parameters are specified below. Reinforcements proportio
al, integration and derivation components are given respectively k1 = 10, k2 = 0.1, k3
= 0.01.After you set all the parameters, you can run simulations. Afteregsing is
complete movement, which takes some time, depending on the set number of frames
per second, can let the simulation by pressing play.

Note: running a simulation computer performs the calculation of the movement of the
robot. In doing so, youramputer may take some time to process the (@édga.10)
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CONCLUSION

This paper presented a review of the existing software tools for mobile roboa-simul
tion. We also discussed about introductory background aspects and abdatiGimu
processes and simulator architectures. This information can be important tohresearc
ers and developers interested in the simulation of mobile robotic systems.

In this paper it was possible to see a single physical model NXT Segway robots, and
setting the parameters required to simulate movement in application Solid Works.
According to these results it is possible to make a real Segway NXT Robotrand co
pare the results of the same movement.

This paper is given simulation Segway robot only isitaation where it is trying to
keep his balance. With this simulation it can go a step further where we can simulate
the behavior of the action of external forces which tend to be out of balance.

Since this paper was made as an introduction to simul&g&gway robot, for those
who want to devote themselves to more detailed simulation of the above Segway R
bot, in the references are listed links and sources that have been used for the produ
tion of this research paper.
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Abstract Energy harvesting is rapidly expanding into new applications. The idea of-stdafe
energy harvesting, and collecting miniscule amounts of ambient energy to power electronic
systems, was still visionary and limited to resegnaposals and laboratory experiments

Ultra-low-power technology is enabling a wide range of new applications that harvest ambient
energy in very small amounts and need little or no maintenselésustaining devices that are
capable of perpetual or nearfyerpetual operation. An increasing number of systems are-app
aring that take advantage of light, vibrations and other forms of previously wasted enviconme
tal energy for applications where providing line power or maintaining batteries is inconvenient.
Thefollowing article will discuss several technical challenges and show how ultra low power
technology is playing a key role in overcoming them.

Key words:energy harvestingjltra-low, power, ultra-low power technology ultra-low power
technology

INTRODUCTION. WHAT IS ENERGY HARVE STING?

Energy harvesting is a process by which ambient energy is captured and converted into
electricity for small autonomous devices making themsdfficient or process where
energy is derived from external sources, cagutuand stored for use in electronic
systems.

Sources as lighting, temperature differentials, vibrations, and radio waves (RF energy)
can be reused to operate lowower electronic devices.

Energy harvesting has gained a lot of interest within the efectrdesign community
over recent years. It is through this process that small quantities of energy cgn be ca
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tured, collected and then utilized by items of electronic equipment, allowing simple
tasks to be accomplished without the need for incorporatiognaentional power
source in the system design. In order to do this effectively, however, the system needs
to operate with the highest possible levels of efficiency, both in terms of the @onstit
ent parts that are specified and the way the system isutidNew systems, which are

now appearing in industrial and consumer electronics, also promise great changes.

Applications that are now utilizing energy harvesting (or scavenging) include building
automation systems, remote monitor/data acquisition dedoes wireless sensor
networks. As harvesting does not rely on conventional forms of power source it has
two key ecological benefits. Firstly it does not result in any depletion of fossil fuel
reserves and secondly it does not add to pollution levels e dine no resultant ca

bon emissions, nor disposable batteries). In addition to dispensing with the need for
wiring or cabling and the convenience thereby derived, the real advantage of this sort
of implementation for OEMs and system integrators is thate it is in place, it
effectively has no dayo-day running costs, as there aren't utility bills or costly call out
trips to replace batteries, etc.

WHERE IS IT USEFUL?

1 Where line power is unavailable or costly
1 Where batteries are costly or diffictdt replace
1 Where energy is needed only when ambient energy is present

Asset o Plant Automation
: o Building _ .
Tracking/Monitoring Security, Lighting

&
Climate Control

-
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Fig. 1. Energy harvesting ways

HOW EXTRACT THE REQU IRED ENERGY

The harvesting of energy from the environment can be done in a variety of ways
(depending orwhich proves most suitable for the specific application setting), with
power | evels normally in the region of 1
mechanisms used are temperature difference, kinetics (normally through vibrational
movement), solar powgthe piezeelectric effect, the pyrelectric effect, and electro

magnetic. However, with the possible exception of solar energy, the perception that
energy harvesting is 6freed energy is not
thermal gradiets make use of considerable energy waste from the system. As a result
repair and maintenance costs do need to be factored in.

COLLECTING ENERGY EX AMPLES :

Music Club

1 A dance club in Rotterdam creates energy to power the LED lighdiclg visitor

creates QW of power by dancing on the flexible floor

Pedestrian Walk

Use of piezoelectric materials to harvest electrical energyfrom pedestrians walking

over it

1 Footbridge

1 Piezoelectric materials can harvest energy from vibrations, such as theslight m
vement of ootbridge as pedestrians walk across it.

WHERE TO FI NENERBREER?

f
f

Typical energy harvester output power
1T RF: 0. 1egW/ cm]
T Vibration: 1 mW/ ¢ mj
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T Thermal: 10mW/ cm]
T Photovoltaic: 100 mW/ c m]

Typical energy harvester voltages

1 RF:0.01mV

1 Vibration: 0.204 V

1 Thermal: 0.02 1.0V

1 Photovoltaic: 0.5/ 0.7 Vtyp/per_cell

Power consumption

Battery powered Applications in:
1 Body Area Networks3 e W = 1.8V * 1. 7¢A

TYPICAL APPLICATIONS

Energy Harvesting applications are potentially everywhere .Applications that are now
utilizing energy harvesting (or scavenging) include building automation systems,
remote monitor/data acquisition devices and wireless sensor networks.

As harvesting doesot rely on conventional forms of power source it has two key
ecological benefits. Firstly it does not result in any depletion of fossil fuel reserves and
secondly it does not add to pollution levels (as there are no resultant carbon emissions,
nor disposhle batteries).

In addition to dispensing with the need for wiring or cabling and the convenience
thereby derived, the real advantage of this sort of implementation for OEMs and
system integrators is that, once it is in place, it effectively has ndoeldgy running
costs, as there aren't utility bills or costly call out trips to replace batteries, etc.
XXXXXXXXKXXKXXX.

1wow

1ow
¥ deskiop
W

P laptop
Bicyche lighting
»SM

PALM MP3

Tramnsceiver Blustooth

Hearing aid
RFID Tag

Electronic watch

7 e calcisiaton
10w y
32 KHz quarz oscillator

Standby

Seemce IDTecREx repaet “Energy Harveiring sad Storage for Elecmess: Detaces 2005-2019

Fig. 2. The power Range scale of real world applications
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The power that is generated through the harvesting process can be used iraggny w

for example:

1 Switches (building automationHere the mechanical force applied to move the
switch ON or OFF is enough to generate a few milli Joules (mJ) worth of energy to
run a wireless transmitter. This sends an RF signal that actuates a door katc
light. As no wiring is needed there are both logistical and aesthetical upshots to this
approach.

I Temperature sensors (building automatiofipe temperature difference between
the ambient air and a heater can provide the power needed to senchterapata
back to regulation system wirelessly.

1 Air conditioning (building automation)The vibration of the aiconditioning duct
can be employed to create an electrical signal via electromagnetic induction. The
air conditioning can be controlled thrduthis signal.

1 Remote monitoring (industrial/environmentalhis could be in the form of an
unmanned weather station, a gas sensing system in a chemical plant, a Tsunami
warning system. A solar cell or a small wind turbine can provide the energy requ
red

1 Medical implants (healthcarelSuch as blood glucose monitors, where heat or
body movement allow a | ow power wireles
skin to feedback data to a hub without the need for inclusion of a battery (thereby
improving the ptient's comfort and reducing the inconvenience experienced

1 Watches (consumes)Where the use of either solar or kinetic energy can be used
to run a batteryess timepiece.

1 Tyre pressure monitoring, using surface acoustic wave (SAW) sensing technology,
it is possible to circumvent the issues arising from mounting the battery mmd co
plicated electronics needed to support temperature/pressure sensors on each of the
vehicl ebds wheel sof-mateniasrcests gnd thecedgineerisgg b i | |
source needed

9 Portable consumer electronics Calculators, toys, piezo gas lighters, electronic car
keys, electronic apparel etc

1 Industrial Mainly buildings, machinery, engines, rorshed wireless sensors and

actuators

Wristwatches, laptops;leooks,

Military and aeropace excluding WSN

Other Research, animals, farming etc

E ]
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Wristwatches 26

Other 1.29 B
g1 Bicycle
Military & Aerospace Dynamo

(excluding sensors)
175.00 !

Mobile

1 Phones

Industrial
12.76

1
Mesh WSN

Consumer Electronics = 385
]

Fig. 3. Applications that are now utilizing energy harvesting

MARKET ACCEPTANCE OF ENERGY HARVESTING DE VICES
Market acceptance of energy harvesting devices is very applichtmndant

This isbased on several parameters:

Size & weight

Amount of power generated versus amount of power needed by the system
Cost: Ease of access to grid & ease of access to the module or system to power
Number of devices to power

Critical mission of the module or sgsn to power

Required device lifetime: Projected lifetime for the energy harvesting devite co
pared to the system parts lifetime

A major factor to be taken into account is if there is enough power harvested for a
particular application from a particulanéronment, and if the scavenged power
needs to be stored

E R

=

MARKET DEMAND

Growth in the 2digit range will increase the market volume by 4 within the next 5
years after 2015
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Fig. 4. Market acceptance of energy harvesting devices

CONSIDERATIONS ABOUT ENERGY STORAGE METHO D

With only OWs of power to play with, it
done to utilize it to the fullest. Engineers need to work hard so they can avoid wastage.
This involves both hardware and software considerationscandbe done through
implementation of highly efficient component parts, as well as ensuring full design
optimization.

It is imperative that the electronic system consists of low voltage circuitry made with
smart power management. Energy storage may &so to be considered, as thesp

radic nature of these systems' operation means that in many cases there is no direct
relationship between the time when energy is harvested and the time when it is
subsequently utilized.

The storage method used must be imitage, with a high charge current capability,
moderate discharge capability and possibly no-disttharge capability at all. The

digital IC at the heart of the system must be able to offer more than adequate processor
performance to carry out the systere t as ks whil e simultaneou
low voltage operation, so that the power budget is not exceeded. Furthermore this IC
must be coseffective enough that its implementation does not impact too greatly on

the overall expense associated viltle system otherwise the system will have too

high a price tag to justify deployment in many of the energy harvesting applications
already discussed.
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RECENT APPLICATION

Together Canova Tech and ON Semiconductor have developed a fully flexible design
platform that enables original equipment manufacturers (OEMs) to test and validate
their Energy Harvesting Cell concepts or applications utilizing Canova Tech's ETA
Platform harvester module which features ON Semiconductor's LC87F7932B ultra
low power, fullyprogrammable micro controllfihis approach combines an utoav

power microcontroller with an efficient, ready to customize and predefined ICantegr
ting critical and mushave blocks like the harvesting interface and power management
functions, sensasnd actuator interface.

Based on the LC87F7932 ullaw power microcontroller unit (MCU) from ON
Semiconductor, and Canova Tech ETA Platform , this new development kit gives
engineers an industiyroven development kit that can be customized ( hardeszde

Software ) in order to suit specific application requirements and thus augment the
systemds power/ performance characteristics

The ETA platform is fully configurable and it can be interfaced and matched with

most of the common energy harvesters in rirerket, handling DC and AC inputs

larger than 0.9V or, with the use of an external transformer, larger than tens aof a mill

volt. The collected energy can be transferred / stored in various storage elements such

as chemical batteries, capacitors and supgradtors. Through it the system can
manage the accumulated energy efficiently, regardless of erratic delivery patterns, so
that it can implement power saving strategies, like the use of the embeddddwiltra

power configurable analog front end, in whittte acquisition and conditioning of
signals from the systemb6s sensors can be
external MCU.

ooy
—
—
3
| -t
| -
{
-
-
|5
!
-
-

EEEENE/NERS RNSENET

B e W BRI i

Fig. 4. Block Diagram and layout of the Eta Platform

The LC87F7932B MCU is an-Bit device based on CMOS technologyhdis a central
processing unit (CPU) running at a 250ns (minimum) bus cycle time. The ICantegr
tes 32 kBytes of oiboard programmable Flash memory, 2048 Bytes RAM, achim
debugger, an LCD controller/driver, a-b# timer/counter and a real time clodks
12-bit, 7-channel low power anale-digital (ADC) converter transforms the
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acquired signal after conditioning has been completed by the front end. This digital
signal can then be transferred wirelessly or stored for extraction at a datedspe-
ding on the application.

CONCLUSION

There are a number of major obstacles and challenges involved in the design of energy
harvesting systems. Engineers need to boost processing performance as mseh as po

sible, while keeping overall power budget to a mimimand not accruing heavy-e

penditure in what can prove to extremely esstsitive applications. Every effort must
be made to employ the best optimized components and to ensure that the development
process is totally streamlined. By employing the devekmmplatform detailed in this
article, based on an ulttaw power MCU architecture and a configurable and custo
izable device, engineers can overcome these obstacles and thus realize more effective
implementations.

This study provides a overview of uliaw power energy harvesting application,
especially recent technology developments and existing barriers.

REFERENCES

[1] s. Roudy and L. Frechett e, AEnergy scavenging
net wor ks, 0 i n Ha nrishAgorkhmsednd /ASohitectuces, |. Stgnenovic, Ed.
Wiley, 2005.

[2] Chapman, P. and Raju, M., "Designing power systems to meet energy harvesting needs", TechOnline
India 8(42), 2008.

[3] Web

[4]  http://www.rsaustralia.com/.

[5] http:// www.ti.com/energyharvesting.

[6] http://www.idtechex.com/events/presentations/harnesseeenergyultra-low-powerenergy
harvestingcircuits-for-smartbuildingswearabledevicesandfactory-automatior005283.asp.

[7] ATexas instruments, o http://www.ti.com/.

[8]  http://www.ecnmag.com/articles/20/L2/energyharvestingenables ultrdow-powerapplications.

29

an
















































































































































































































































































































































