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Abstract: It is the aim of this paper to present the

architecture and the theoretical model of a field
management instrument with regard to its practical
implementation in precision horticulture. It is named
SIGAA (Advanced Agricultural Geographic Integrated

System) and it relies on different conceptual modules
being consecutively developed and time linearly
implemented in practical use. The paper describes the
main conceptual tasks and how they may be integrated
into a unique decision system that is to be used by
farmers or agricultural entities.
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INTRODUCTION

The development of precision agriculture and
implicitly that of precision horticulture as stand-alone
research fields is a direct consequence of the release of
access of the Global Positioning System (GPS) by the
United States Army to civilian research fields. As a result
of the release, a huge number of niche applications and
fields emerged into the international scientific research
focus. Horticulture made no exception to this trend and
the newly obtained precision in agricultural
measurements, agricultural tasks and computation or
calculus of various crop or soil parameters led to real
benefits and technological advances. Optimization of use
of artificial plant fertilizers [1], determination of average
fertility rates for various soil types, calculation of crop
yields for different soil compositions and placements are
only a few of the benefits that precision agriculture and
horticulture brought into their respective fields. At
present, existent technologies and concepts favor the
collection of field-data and based on the acquired data,
various soil variables with a high impact on plant
development are being determined and interpreted. All
the collected data is associated to the GPS coordinates
of the respective collection points, thus resulting in a
direct correlation between parameters and spatial
positioning. The visualization and interpretation of this
interdependent  parameter-location  relationship s
ultimately done by the development of spatial distribution
maps of the monitored parameters. The collection of field
data is a common practice used in almost every
precision agriculture or horticulture application currently
developed and some entities even developed field-data
acquisition networks.

However, most of the existent monitoring networks
use single source and single type parameters which
although yield valuable field information, do not offer a
comprehensive image of the monitored field. It is the
aim of this paper to present a field management
instrument in the form of an integrated mechatronic
system that is tasked with data acquisition, monitoring
various environmental parameters of different types,
associating the parameters to GPS coordinates and
interpreting the parameters into a single dynamic
output. The output represents a spatially distributed
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Rezumat: Scopul acestei lucrdri este acela de a prezenta
arhitectura si modelul teoretic al unui instrument de
management al productiilor agricole aplicat pe domeniul
horticulturii de precizie. Instrumentul este denumit SIGAA
(Sistem Integrat Geografic Agricol Avansat) si se bazeaza
pe module conceptuale diverse care sunt dezvoltate
consecutiv si implementate din punct de vedere practic, Tn
mod liniar. Lucrarea descrie principalele sarcini
conceptuale si modul cum acestea pot fi integrate intr-un
sistem suport-decizie original care poate fi folosit de
fermieri sau unitafi comerciale de tip agro-tehnic.

Cuvinte cheie: instrument, sarcing, concept, variabilitate spafiald

INTRODUCERE

Dezvoltarea agriculturi de precizie si implicit acea a
horticulturii de precizie ca si domenii de cercetare de sine
statatoare este o consecinta directd a deciziei Armatei
Statelor Unite de a liberaliza accesul la sistemul GPS (Sistem
de Pozitionare Globald) catre domeniile de cercetare civile.
Ca si rezultat al acestei liberalizari, un numar uriag de aplicatii
de nisa si respectiv, subdomenii si-au facut aparitia in
interesul de cercetare inertnational. Horticultura nu a fost o
excepttie de la aceasta tendinta, iar precizia nou dobandita in
aplicati precum topometria agricold, masuratorile i
determinarile indicilor specifici solului a condus la beneficii
reale si avansuri importante de ordin tehnologic. Optimizarea
utilizarii fertilizantilor artificiali [1], determinarea fertilitatii
relative a solurilor pentru tipuri de sol diverse si calcularea
productivitatii recoltelor pentru amplasamente si configuratii
de sol diferite sunt doar céateva dintre beneficile pe care
agricultura de precizie si horticultura de precizie le-au adus in
domeniile lor respective. La momentul de fata tehnologiile si
conceptele existente favorizeaza colectarea datelor din camp
si pornindu-se de la datele achizitionate, variabile diferite cu
Tnalt impact asupra ciclului biologic de dezvoltare a plantelor
sunt determinate si interpretate. Toate datele colectate sunt
asociate coordonatelor GPS existente la punctele geografice
de achizitie, ceea ce rezultd intr-o corelatie directa intre
parametri si pozitionare spatiala. Vizualizarea si interpretarea
acestei relafii interdependente parametru-vizualizare se face
in ultima instanta prin implementarea hartilor de distributie
spatiala a parametrilor monitorizati. Achizitia de date din
camp este o practica comuna folosita in aproape orice
aplicatie a agriculturii sau a horticulturii de precizie, iar
anumite unitati agricole au dezvoltat retele sofisticate pentru
achizitia datelor din cdmp.

Cu toate acestea, cele mai multe din retelele de
monitorizare/ achizitie folosesc parametri de un singur tip
si cu provenientd unica care desi contin informatii
valoroase, nu ofera o imagine comprehensiva asupra
campului monitorizat. Este scopul acestei lucrari de a
prezenta un instrument de management pentru productiile
agricole ce poarta forma unui sistem mecatronic integrat,
capabil de achizitie de date, monitorizare de parametri
variati, asociere parametru-locatie GPS si interpretare
parametrii sub forma wunui singur output dinamic.
Rezultatul acestui instrument reprezinta un profil de
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environmental profile of the land lot and it includes a
chemical layout of the field, a map of the physical
properties of the soil and spatial distribution of soil and
environmental factors. Based on the system output,
farmers and economic or research entities can
determine what plant crop would be best suited for the
entire field environmental profile or even for certain
areas within a single larger field. Each monitored field
has a unique environmental profile and if the described
instrument is regularly used on the same field, the
evolution of intrinsic and extrinsic soil and
environmental properties can be tracked.

MATERIAL AND METHOD
A. Structure and layout

The SIGAA field management instrument consists of three
main conceptual tasks: 1-the development of a field
sensor network, monitoring time continuous environmental
factors (soil humidity, soil temperature, air temperature,
etc.); 2-the acquisition and monitoring of time discrete
environmental factors (EC, distribution of chemical and
physical properties of the soil, etc.); 3- the integration of
the collected data in the SIGAA system (with GPS
support) in order to assert decision support statements —
what crop type would be best suitable to which
geographical area of the land lot and what crop type would
give the highest yield per hectare. The basic SIGAA
breakdown structure can be observed in Fig. 1. The
experimental data has been acquired from an agricultural
land lot belonging to INMA (National Institute for
Agricultural Machinery, Bucharest, www.inma.ro). The key
components mentioned above have been implemented
and experimentally tested, in field, leading to results about
the time evolution of complex environmental factors (both
continuous and discrete). These results are ultimately
integrated into a true interactive map of the field
environmental conditions.

o=

Parameters:
v" Electroconductivity
v pH (Soil Acidity)
v NO3 concentration
v' Na concentration
v K concentration

GPS =
Coordinates —
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mediu, distribuit spatial, al unui teren agricol si include o
hartd a parametrilor chimici inerenti terenului, o harta a
proprietatilor fizice ale solului precum si distributia spatiala
a parametrilor de sol si mediu. Bazandu-se pe acest
rezultat, fermierii pot determina care este cultura care s-ar
potrivi cel mai bine in relatie cu profilul terenului sau chiar
in relatie cu anumite zone incluse fintr-un camp de
dimensiuni mai mari. Fiecare cAmp monitorizat are un
profii de mediu unic iar daca instrumentul mai sus
mentionat este folosit Tn mod regulat pe acelasi camp,
evolutia parametrilor intrinseci si extrinseci ai solului,
precum si a proprietatilor mediului poate fi monitorizata.

MATERIAL S| METODA

A. Structur a si plan

Sistemul de management al cAmpului SIGAA consta
in Tndeplinirea a trei sarcini conceptuale: 1 - dezvoltarea
unei retele de senzori pentru monitorizarea campului,
monitorizarea parametrilor continui Tn timp (umiditate
sol, temperatura sol, temperatura aer, etc.); 2 - achizitia
si monitorizarea parametrilor discreti in timp (EC,
distributia proprietatilor chimice si fizice ale solului, etc.);
3 - integrarea datelor colectate n cadrul sistemului
SIGAA (cu suport GPS) cu scopul de a produce
asertiunile ce duc la decizie — ce tip de culturd s-ar
preta cel mai bine carei zone geografice din interiorul
unui lot de teren si ce cultura ar oferi cea mai buna
productie la hectar. Structura de baza a SIGAA poate fi
observata in Fig. 1. Datele experimentale au fost
prelevate dintr-un lot de teren apartindnd INMA
(Institutul National pentru Masini Agricole din Bucuresti).
Componentele cheie mentionate mai sus au fost
implementate si testate din punct de vedere
experimental Tn camp, fapt care a dus la rezultate in
legatura cu evolutia in timp a factorilor de mediu (atat
continui cat si discreti). Aceste rezultate sunt integrate
intr-o harta interactiva ce descrie conditiile de mediu.

Discrete data and soil
sampling procedures

$

Interactive Maps
DECISIONAL
PROCESS

N

Fig. 1 — Basic breakdown §fructure of the SIGAA instrument / Alcatuirea de baza a instrumentului SIGAA

1. Time continuous parameter monitoring network

In order to properly conceive and develop a functional and
efficient sensor monitoring network it is important to
determine the relevant inputs and outputs for proper
system operation. Regarding the decision of the SIGAA
system inputs and outputs which are necessary in order to
achieve the desired functionality, it has been opted for a
process of sorting the factors that may have a high impact
rate on the plant life cycle. The following variables have
been taken into account: ease of monitoring for the
appropriate physical quantities of inputs, available
technology, reliability and accuracy of measurement of the
physical quantities corresponding to the inputs and
outputs, financial costs imposed by the measurement of
physical quantities corresponding to the entries, use or
development of statistical algorithms in order to monitor
input variables (for example: productivity per hectare/ per
previous year or humus concentration/ previous year).
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1. Retea de monitorizare a parametrilor continui Tn timp
Pentru a concepe si pentru a dezvolta o retea de
senzori functionala si eficienta este important sa se
determine care sunt intrarile si iesirile relevante pentru
functionarea corespunzatoare a sistemului. In ceea ce
priveste stabilirea intrarilor si iesirilor care sunt
necesare pentru obtinerea functionalitatii dorite, s-a
indeplinit un proces de filtrare a factorilor care por avea
un factor major asupra ciclului de viata a plantelor.
Urmatoarele variabile au fost luate in considerare:
Usurinta cu care se monitorizeaza marimile fizice
corespunzatoare inputurilor, tehnologia disponibila,
precizia masuratorilor marimilor specifice input-output,
costurile financiare impuse de masuratorile efectuate,
folosirea sau dezvoltarea de algoritmi statistici necesari
pentru masurarea variabilelor la intrare (ex.:
productivitatea pe hectar / pe an anterior/ sau
concentratia de humus / an anterior).
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After evaluating the impact of the factors on the life cycle
of plants according to the criteria listed above, it has been
decided to develop the following sensor network
infrastructure: five geographically evenly distributed soil
moisture sensors (model SM300-UM-1.1 manufactured by
Delta-T Devices Ltd [2]), one Delta-T Weather Station WS-
STD1 device which acts like a regular data logger for the
data acquired by the soil moisture sensors and also as a
platform for other station-integrated sensors. The sensors
that make up the rest of the network and that are
integrated within the weather station track the following
environmental factors: rain quantity (sensor type RG2),
wind speed (sensor type AN4), soil temperature (sensor
type TM1), air temperature (sensor type TM1), air humidity
(sensor type RH2), wind direction (sensor type WD4) and
atmospheric pressure (sensor type BS5).

2. Theoretical Model of the Temperature Sensor

The SIGAA theoretical model was developed using the
Matlab® environment. Though the actual implemented
sensor network contains all the above mentioned
sensors, it was intended the development of functional
and interactive models for two types of sensors chosen
as being of particular importance for the functionality of
SIGAA: the soil moisture sensor and the soil temperature
sensor. As an additional constraint of the models
developed, they are able to run as time domain
simulations chosen by the user depending on the specific
sensor simulated timeframe. Further, to achieve a
coherent form of data acquisition system for time-
continuous physical variables, the models have been
integrated into a single logical, capable of running a
single simulation for all systems included and of
outputting an integrated signal of the two sensors. Given
that the existing Matlab model for temperature sensors
are ideal (thermally inert), the need to create a new
model that is not ideal arose. A temperature sensor is
generally described by a second degree differential
equation. Assuming that the sensor is represented by a
finite mass with a uniform temperature distribution during
the transient to the mass, flow temperature is described
by the equation:

which allow the identification of reflection-transmissibility

factor as a function of environment propagation quality.

If the conversion efficiency, seen from the energy point
of view, worth's the effort is proposed to be studied by
mathematical logic and Boole algebra. In this respect
several theories were developed to quantify the elastic
membrane case, starting from basic reasons of acoustical
energy manifestation.

Thus were analysed:

- normal conjunctive type of logical algebra functions;

- logical functions for which matrix relationships
between both function and argument sign were
determined;

- the normalization of domain frontier from energy
transfer chances point of view via domain shape
dependent differential operators, being established
equations type for frontier shape (2):
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Dupa evaluarea impactului factorilor asupra ciclului de
viata al plantelor conform criteriilor listate anterior, s-a decis
asupra dezvoltarii urmatoarei infrastructuri de retea de
senzori: cinci senzori de umiditate a solului distribuiti
geografic regulat (model SM300-UM-1.1 dezvoltati de
Delta-T Devices Ltd. [2]), o statie meteo model Delta-T WS-
STD1 ce se poate comporta si ca un datalogger obisnuit
pentru datele achizitionate de senzorii de umiditate a solului
si de asemeneaa ca si platforma integrata pentru alti
senzori inegrati ai statiei. Senzorii care alcatuiesc restul
retelei si care sunt integrati cu statia meteo urmaresc
urmatorii factori de mediu: :cantitatea de precipitatii (sensor
tip RG2), viteza vantului (sensor tip AN4), temperatura
solului (sensor tip TM1), temperatura aerului (sensor tip
TM1), air humidity (sensor type RH2), wind direction (sensor
type WD4) and atmospheric pressure (sensor type BS5).

2. Modelul teoretic al senzorului de temperaturd

Modelul teoretic al SIGAA a fost dezvoltat cu ajutorul
software-ului Matlab®. Desi reteaua de senzori dezvoltata
si implementata la nivel practic contine toate tipurile de
senzori mentionate mai sus, intentia de a crea modele
interactive si functionale pentru doua tipuri de senzori alese
ca fiind de o importanta deosebita pentru functionalitatea
SIGAA: senzor de umiditate a solului si senzorul de
temperatura a solului. Ca o constrangere suplimentara a
modelelor dezvoltate, ele sunt capabile sa ruleze simulari
ca domeniu de timp alese de utilizator, Tn functie de
intervalul de timp simulat senzorul specifice. In plus, pentru
a obtine o forma coerenta de sistem de achizitie de date
pentru timp continuu variabile fizice, modelele au fost
integrate intr-o singura logica, capabil sa ruleze o simulare
unic pentru toate sistemele incluse si a scoate un semnal
integrat de cei doi senzori. Avand in vedere ca modelul
existent Matlab pentru senzori de temperatura sunt ideale
(termic inert), trebuie sa creati un nou model, care nu este
ideal aparut. Un senzor de temperatura este in general
descrisa de o ecuatie diferentiala doilea grad. Presupunand
ca senzorul este reprezentata de o masa finita, cu o
distributie temperatura uniforma in timpul tranzitorie la
masa, temperatura de tur este descrisa de ecuatia:

2
Zs— P L€

’ 1
Zs+pplE .

care permit identificarea factorului de reflexie — transmisibilitate

functie de calitatea mediului de propagare.

Masura in care conversia are un randament care sa justifice
efortul din punct de vedere energetic, s-a studiat prin
intermediul elementelor de logicd matematica si algebra
Boole. in acest sens au fot analizate teorii care sa cuantifice
cazul membranelor elastice, pornind de la considerentele
primare ale modului de manifestare a energiei acustice.

Au fost luate in considerare:

- functii algebrice logice de tipul conjunctiv normale;

- functii Boole de tip logic pentru care s-au determinat
legaturi matricile ntre semnul functiei si semnul
argumentelor;

- normalizarea frontierei domeniilor din punct de vedere al
sanselor de transfer energetic, prin intermediul operatorilor
diferentiali dependenti de forma domeniului, fiind
stabilite ecuatii ce descriu frontiera de forma (2):

0, _ 00| _ [ 5
| =S =0, =2k+ @

Using such elements of mathematical analysis, limit
solutions were developed by constructing successive
coordinates which satisfy given frontier conditions, having
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Cu aceste elemente de analizd matematica au fost
dezvoltate solutii ale problemei la limita, prin constructia
coordonatelor succesive satisfacand conditii pe frontiera
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applicability to built-in membranes (diffuser) or partially
built-in membranes.
The general solution is one of the type (3):

k k-1 i
sta W 0

j N
on* o " on

where: a;,b, ,¢ are given functions on Q;

n — the normal;
7 - tangent to frontier ' of domain Q .

The maximum elongation of membrane vibration has
been determined using the analogy with solid mechanics
elements, being obtained relations (4) that describe the
maximum deformation under pulsing stress (which
corresponds to acoustical wave):

INMATEH - Agricuttural Engineering

date, cu aplicabilitate la membrane incastrate (cazul
difuzoarelor) si incastrate partial.
Solutia generala determinata a fost de forma (3):
o°w
js aTS

+b; w|+agw=9, (3)

unde: a;,b, ,¢ sunt functii date pe Q;

n - normala;
T - tangenta la frontiera r a domeniului Q .

S-a determinat elongatia maxima a vibratiei unei
membrane prin analogie cu elemente specifice mecanicii
solidului, obtindndu-se relatii ce descriu deformarea
maxima pentru o sarcina pulsatorie (corespunzatoare
undei acustice) de forma (4):

4

2 2 2 2 2 2 2
A(DAW)_(l_V)@ E)g\;v_za D 9°w , 9°D 9 Wj:_yha w
X* 0y

where ( is a limited arbitrary function.
On the domain frontier (for w=0) because of D, and
T, operators proprieties, equation becomes the frontier

condition itself.

As a result of acoustical analysis of pressure wave
propagation the three-dimensional model is considered,
which takes into account the attenuation on constant
section track, shown in (fig. 3).

A
JA =
215 B

oxdy 0xdy dy® Ox> g ot?’

unde Y este o functie arbitrard marginita .

Pe frontiera domeniului (pentru w=0) datorita
proprietatilor operatorilor D, si T, ,ecuatia se transforma
n conditia pe frontiera.

Rezultat al analizei acustice a propagarii undei de
presiune este modelul tridimensional care ia 1n
considerare atenuarea pe trasee fara schimbare de
sectiune, redata in (fig. 3).

Fig. 3 - Attenuated propagation of the acoustic pressure wave / Propagarea cu atenuare a undei de presiune acustica

For processing the experimental data were used

statistical and mathematical techniques, as following:

- the statistical models analysis;

- algorithm of statistical data conditioning;

- the development of a generalized Weibull biparametric
distribution model.

Probabilistic nature of presence of the acoustic energy
with a potential conversion is closer to the Weibull-type
model. So it was considered necessary to develop an
application in MathLAB environment, which allows the
probability distribution law to be stressed out, for data sets
of continuous random variable (fig. 4).

Pentru prelucrarea datelor, s-a apelat la tehnici de
prelucrare statistica si matematica care au constat in:
- analiza modelelor statistice;
- realizarea unui algoritm de prelucrare statistica a datelor;
- dezvoltarea unui model de probabilitate care are la baza
distributia biparametrica generalizata de tip Weibull.
Caracterul probabilistic al prezentei energiei acustice
cu potential de conversie, este mai apropiat de modelul
de tip Weibull. Astfel ca s-a considerat necesara
dezvoltarea unei aplicatii in mediul MathLAB care permite
evidentierea legii de distributie probabile pentru seturi de
date variabile aleatoare continue (fig. 4).

.|0) x| T =Iof|
Fie Edt Window Help RS
08
a 40000 dpha 142185 R P B
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il gzf--
3 (47563821, 28874.24] \eTv N
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4 5 B 7 E 10 11 12 13
@
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Fig. 4 - Example results delivered by operating the program Weibull: calculated data window (left) graphics options (including correlation test
chi2)(right) / Exemplu rezultate livrate prin operarea cu programul Weibull: fereastra de date calculate (stg.) opfiunea reprezentéri grafice
(inclusiv testul chi2 de corelare)(drt)
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RESULTS
Assessment of potential energy

Acoustic pressure level is not sufficient to assess the
acoustic noise energy. Based on a calculation model it can
determine the density of acoustic energy or acoustic power
available in a certain area of space.

The calculation takes as input the acoustic pressure
level (in dB) and the value of the temperatures
measurement is performed (in °C).

Temperature environment in which sound waves is
propagated will influence the sound speed and the
environment density - measurements are reflected in the Z
calculation - the environment propagation impedance.

In table 1 are presented the values of these quantities
at several common temperatures.
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REZULTATE
Evaluarea potenfialului energetic

Nivelul de presiune acustica nu este suficient pentru a
putea evalua energia acustica a zgomotului. Pe baza unui
model de calcul se poate determina densitatea de energie
sau de putere acustica disponibild intr-o anumita zona din spatiu.

Calculul are ca marimi de intrare nivelul presiunii
sonore (in dB) si temperatura la care este efectuata
masuratoarea (in °C).

Temperatura mediului de propagare a undei sonore
influenteaza viteza sunetului Tn mediul respectiv si
densitatea mediului — marimi care se reflecta in calcul prin
Z — impedanta mediului de propagare.

Tabelul 1 prezinta valorile acestor marimi la céateva
temperaturi uzuale.

Table 1/ Tabelul 1

Air temperature / Air density / Sound velocity / Air impedance /
Temperatura aerului Densitatea aerului Viteza sunetului Impedanta aerului
t[C] p [kg/m®] c [m/s] 7 [N-S/m°]
0 po=1.293/1,293 o =331 7o = 428
15 p1s= 1.225 /1,225 Cis = 340 71 = 417
20 P20 = 1.204 / 1,204 Coo = 343 7= 413
25 P25 = 1.184/ 1,184 Cos = 346 Zys = 410

On the basis of the acoustic pressure and of the environment
impedance can be calculated intensity acoustic, a input
quantity that assess the potential of the acoustic energy.

To assess the energetic potential acoustic, was
developed an algorithm, synthesized by diagram shown in

figure 5.

Acoustic pressure level
Niveiul presiunii acustice
Np[dB]

Air density [
Densitate aer

plkgim?]

Acoustic pressure/
Presiune acustica
pIp-]

4

Acoustic intensity!

Intensitate acustica
le.[wim?]

[

Pe baza presiunii acustice si a impedantei mediului se
poate calcula intensitatea acustica, o prima marime
definitorie pentru evaluarea potentialului energetic acustic.

Pentru evaluarea potentialului energetic acustic, s-a
dezvoltat un algoritm, sintetizat prin diagrama prezentata
n figura 5.

Air temperature /
Temperaturg aer
t[°C]

Sound velocity /
Viteza sunetului
c[mis]

Air impedance |
Impedanta aer
Z[Nsim?]

Fig. 5 - Diagram of acoustic energy potential assessment from measurable quantities /
Diagrama de evaluare a potenfialului energetic acustic pornind de la marimi méasurabile

As shown in the presented diagram, there are two
groups of parameters: measurable parameters and the
parameters specific of the propagation environment.

If the first group expresses the possibility of measuring
of noise and identifying of the sound pressure, the second
group characterize the propagation environment,
quantifiable by the determined impedance.

To validate the developed mathematical tool, have
made a series of basic laboratory tests, that consisted in
identifying the capability of acoustic energy into electrical
energy conversion for standard signals generated.

Acoustic pressure level was increased to the upper
limit of audio amplifier used. The results are presented in
table 2.

33

Dupa cum se observa din diagrama prezentata, exista
doua grupe de parametri: parametrii masurabili si
parametrii caracteristici mediului de propagare.

Daca prima grupa exprima posibilitatea de masurare a
zgomotului si identificare a presiunii sonore , cea de a
doua grupa caracterizeaza mediul de propagare,
cuantificabil prin impedanta determinata.

Pentru validarea instrumentului matematic dezvoltat s-
au efectuat o serie de teste primare de laborator care au
constat n identificarea capabilitati conversiei energiei
acustice n energie electricd pentru semnale etalon
generate. Nivelul de presiune acustica a fost crescut pana
la limita superioara a unui amplificator audio. Rezultatele
obtinute sunt prezentate in tabelul 2.
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Table 2/ Tabelul 2

Nr. crt. / Level amplification / Acoustic pressure level / Voltage / Tensiunea Maximum current /
Crt. no. Nivelul amplificarii [dB] Nivelul presiunii sonore [dB] Vi [V] Curentul maxim [mA]
1. 18 111.6/111,6 0.125/0,125 0.0002 / 0,0002
2. 22 115.6/115,6 0.582 /0,582 0.0003/0,0003
3. 28 123.7/123,7 1.82/1,82 0.0073/0,0073
4. 34 127.1/1271 2.53/2,53 0.515/0,515
5. 40 130.7 /130,7 3.84/3,84 2.68/2,68
6. 46 132 5.42/5,42 10.25/10,25
7. 52 134.1/134,1 6.55/6,55 13.86 /13,86
8. 58 136.9/136,9 8.22/8,22 16.7/16,7
9. 64 137.3/137,3 8.25/8,25 16.9/16,9
CONCLUSIONS CONCLUzII

As a result of acoustic energy conversion research
stage the following appreciations and points of view can
be formulated:
= Surely, an approach of energetical potential of
acoustic pressure theory is possible from the side of
quantic mechanics elements, in this respect being
needed an intrusive approach with fundamental
character, employing energy cvasielements of
acoustic, thermodynamics and electricity;

= The energy conversion is possible and is sustained
by researches at both national and international level;

= The description of pressure waves shape is essential
in order to explain phenomena of energy propagation
through distinct environments;

=  The mathematical analysis approach by employing bi
and k valent logisc, together with developed statistical
instrument and Boole algebra elements is in
consensus with quantic mechanics principles, being
able to explain the chance of energy conversion;

= Conversion of acoustic energy was enclosed in the
group of actions to recover waste energetical potential;

= From the current assessments, we can appreciate
that in terms of energy transformed values, noise is a
energy with a low potential.

But there are some issues that
development of research in this direction:

- continuity energetics;

- potential for recovery by adapting the
conventional techniques;

- possibility that by the conversion to obtain a
default effective noise mitigation.
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Tn urma derulérii cercetarii se pot formula urmatoarele
puncte de vedere si aprecieri privind sansa conversiei de
energie acustica, astfel:
= Tn mod cert, o0 abordare a teoriei potentialului energetic

al undelor de presiune acustica este posibila numai

prin prisma elementelor de mecanica cuantica, in acest
sens fiind necesara o abordare intrusiva cu caracter
fundamental apelandu-se la cvasielementele energetica
specifice acusticii termodinamicii si electricitatii;

= Conversia energetica este posibila si este sustinuta de
cercetarile derulate pe plan mondial si national pana in prezent,

= Descrierea formei undelor de presiune este o activitate
esentiala in contextul explicitarii fenomenelor ce au loc
la propagarea energiei in medii cu caracteristici distincte;

= Abordarea analizei matematice prin intermediul logicii bi
valente si k valente, impreuna cu instrumentul statistic dezvoltat
si elementele de algebra Boole luate n considerare
sunt in consens cu principiile mecanicii cuantice si vor
fi in masura sa expliciteze sansa de conversie energetica;

= Conversia de energie acustica se incadreaza in grupul de actiuni
ntreprinse in vederea recuperarii deseurilor cu potential energetic;

= Din evaluarile de pana in prezent, se poate aprecia ca din
punct de vedere al valorilor de energie transformata,
zgomotul este o energie de potential redus.

Exista Tnsa cateva aspecte care justifica dezvoltarea
cercetarilor in aceasta directie:

- continuitatea energetica;

- potentialul de recuperare prin adaptarea
tehnicilor conventionale;

- posibilitatea ca prin conversie sa se obtina o
atenuare fonica implicita eficienta.
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