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MEASUREMENTS OF EMISSIONS RELEASED BY THE HIGH POWER 

ENERGY GROUPS BOILERS 

 

Cristinel Racoceanu, PhD Professor 
  

”Constantin Brâncuşi” University of Târgu Jiu 

 

 
ABSTRACT: The paper presents a case study on measurements of emissions resulting from 

burning fossil fuels in boilers of the 330 MW energy groups. Benson boilers release 1035 tons of 

steam / hour and operate with lignite in the form of dust. To comply with the EU's environmental 

regulations, high power energy boilers must reduce the quantities of pollutants discharged into the 

environment through chimneys. To measure the concentration of pollutants in the emission, as well 

as pollutants immissions, gas analyzers were used. 
 

KEY WORDS: SO2, NO2, ash, gas analyzer, elemental analysis 

 

1. INTRODUCTION 
 

 Turceni Thermal Power Plant is an 

important part of Oltenia Energy Complex. 

The power plant is built on the Jiu River bank 

and has 330 MW of energy groups. The basic 

fuel of the boilers is lignite, which is 

transported to the power plant from the Motru 

Mining Basin (Jilţ Sud, Jilţ Nord quarries and 

Tehomir mines). 

 Jilţ Sud and Jilţ Nord quarries have the 

following technical characteristics: 

- production capacity – 6.500 thousand 

tons/year 

- industrial reserves – 285.000 thousand tons 

- calorific value of lignite Qi > 1700 kcal/kg 

 Tehomir mine has the following 

technical characteristics: 

- production capacity - 400 thousand 

tons/year 

- industrial reserves – 1.500 thousand tons 

- calorific value of lignite Qi > 1900 kcal/kg 

Figure 1 shows the surface quarries of the 

Motru Mining Basin, and Figure 2 presents 

the Turceni Thermal Power Plant. 

 

 
Fig. 1. Surface quarries of the Motru Mining Basin. 
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Fig. 2. Turceni Thermal Power Plant. 

 

2. EXPERIMENTAL 

RESULTS 
 

 

 

 Table 1 presents the results of elemental 

analysis (ash content A, moisture content Wt of 

lignite) as well as lower calorific value of 

lignite (Qi) for coal samples harvested from 

Jilţ Nord and Jilţ Sud quarries. 

 

 

  Table 1 

Exploitation of lignite Wt A Qi 

Jilț Nord 42,1 20,4 2005 

41,5 24,1 1850 

42,2 26,6 1706 

Jilț Sud 43,5 203 1726 

44,1 21,2 1715 

43,7 20,9 1721 

40,6 25,1 1702 

 

Figure 3 presents the automatic flue 

gas analyzer. 

 

 
Fig. 3. The automatic gas analyzer. 
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Table 2 presents the results of the 

experimental emission measurements for the 

boiler no. 4 of the Turceni thermal power 

plant in 2016 and the temperature of the 

combustion gases in the exhaust through the 

chimney. 

 

Table 2 Emission measurements for boiler 4 - Turceni thermal power plant 

Boiler 

no. 4 

Tga 
0
C 

SO2 

mg/Nm
3
 

NOx 

mg/Nm
3
 

CO 

mg/Nm
3
 

166,4 216,6 428,2 52,14 

 

Table 3 presents the results of the 

experimental emission measurements for the 

boiler no. 3 of the Turceni thermal power 

plant in 2016 and the temperature of the 

combustion gases in the exhaust through the 

chimney. 

 

 

Table 3 Emission measurements for boiler 3 - Turceni thermal power plant 

Boiler 

no. 3 

Tga 
0
C 

SO2 

mg/Nm
3
 

NOx 

mg/Nm
3
 

CO 

mg/Nm
3
 

151,4 220,4 430,2 53,9 

 

For PM10 sedimentary particles, the 

results of the measurements performed by the 

Environmental Protection Agency Gorj using 

automatic stations in the Turceni area are 

shown in Table 4. 

 

Table 4 Measurements for the PM10 pollutant 

Location Pollutant 

Daily 

average 

counts 

measured 

Validated 

data % 

No. of 

samples 

exceeding 

the daily 

limit 

value 

(50µg/m
3
) 

Annual 

average 

µg/m
3
 

GJ 1 Nephelometric 

PM10 

298 83 20 26,2 

Gravimetric 

PM10 

212 70 11 28,4 

GJ 2 Nephelometric 

PM10 

306 88 63 40,2 

Gravimetric 

PM10 

220 79 71 63,4 

 

The assessment of the pollutant immissions 

from Turceni thermal power plant was 

achieved by calculating the dispersion of 

noxious emissions in 2016. The emission 

measurements, the constructive characteristics 

of the pollution sources and the exhaust 

parameters of the flue gas in the chimneys, 

the meteorological parameters were taken into 

account. The characteristics of the dispersion 
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chimneys belonging to the desulphurization 

installations are: 

- H = 120.4 m; 

- Dtop = 7.5 m; 

- Number of chimneys: 4.  

Table 5 presents the average and maximum 

concentrations of pollutants in the Turceni 

area at different mediation intervals. 

 

 

Table 5 Maximum/average concentrations of pollutants in the Turceni area at different intervals 

Location Pollutant 
Mediation 

intervals 

Cmax 

[µg/m
3
] 

Cmedie 

[µg/m
3
] 

Limit 

values 

(V.L.) 

[µg/m
3
] 

Observations 

Turceni 

thermal 

power 

plant 

PM10 

year 8,80 7,90 40 
Cmax  V.L. 

Cmed  V.L. 

24h 11,70 9,40 50 
Cmax  V.L. 

Cmed  V.L.. 

NO2 

year 27,80 19,70 40 Cmax  V.L. 

1h 158,40 104,20 50 Cmed  V.L. 

SO2 

year 39,0 60,20 20 
Cmax  V.L. 

Cmed  V.L. 

24h 250,30 140,10 125 
Cmax  V.L. 

Cmed  V.L. 

 

Figures 4-6 show the average annual 

concentrations for pollutants: SO2, NO2 and 

PM10. 

 

 
Fig. 4. Annual average concentrations of SO2 
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Fig. 5. Annual average concentrations of NO2 

 

 
Fig. 6. Annual average concentrations of PM10 

 

3. CONCLUSIONS 
 

Concerning the PM10 pollutant, 

exceeding the limit values was the result of a 

combined effect between the surface dispersal 

phenomenon of the slag and ash deposits and 

the coal combustion process in the thermal 

power plant for the purpose to produce 

electricity - the chimney emissions.  

Due to the implementation of modern 

flue gas depollution technologies, the Turceni 

thermal power plant emissions are within the 

limit values for SO2 and ash pollutants. NO2 

emissions exceed the permissible limit.  

To reduce emissions of nitrogen 

oxides it is proposed to use the process of 

selective catalytic reduction with ammonia. 

Concerning pollutant immissions, 

limit values for SO2 pollutants are exceeded. 
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IMPACT ON THE SURFACE WATER AND SUBSTITUTION WATER OF 

TISMANA SURFACE MINING 

 

Lect. Dr. Mihuţ Nicoleta-Maria,  

 

University “Constantin Brancusi” of Targu Jiu  

 

 
ABSTRACT: Groundwater is the largest freshwater reservoir in the world, accounting for more 

than 97% of all freshwater reserves available worldwide (excluding glaciers and glaciers). The 

remaining 3% consists mainly of surface waters (lakes, rivers, marshes) and soil moisture. Until 

recently, the focus on groundwater has mainly referred to its use as drinking water (for example, 

about 75% of European Union citizens depend on groundwater for water supply), but it has also 

been recognized as an important resource for industry (eg cooling water) and agriculture 

(irrigation). However, it has become increasingly obvious that groundwater should be viewed not 

only as a water tank but must be protected for their environmental value. 
 

KEY WORDS:  groundwater, pollution, impact 

 

1. INTRODUCTION  
 

Underground waters play an essential role in 

the hydrological cycle and are vital to 

maintaining wetlands and flowing into rivers, 

acting as a buffer tank during drought. In 

other words, they provide the basic flow 

(water that replenish rivers all year round) for 

surface water systems, many of which are 

used for water and recreation. 

On many rivers in Europe, more than 50% of 

the annual runoff comes from groundwater. In 

periods of low water this figure may increase 

to more than 90% and thus the deterioration 

of underground water quality can directly 

affect surface waters and terrestrial 

ecosystems with which I am in touch. 

 Because groundwater flows slowly through 

the basement, the impact of human activities 

can affect them for a long time. This means 

that pollution that occurred decades ago 

whether it be from agriculture, industry or 

other human activities can still threaten the 

quality of water today and in some cases will 

continue to do so for some future generations. 

The legacy of the past is clearly visible in 

large-scale contaminated sites such as 

industrial areas, port areas, etc., where it may 

be difficult or even impossible, at the current 

technological possibilities and with the 

proportional expense of public or private 

funds, contamination. In addition, the 

experience of contamination remediation over 

the last 20 years has shown that the measures 

taken have not been able to completely 

remove all contaminants and that the sources 

of pollution, even partially removed, continue 

to release pollutants for a long time (e g a few 

generations). Therefore, an important 

emphasis should be placed on preventing 

pollution. 

 

2. WATER RESOURCES 
 

Tismana Open Pit Maine has a difficult 

hydrogeological regime. The main aspects 

related to the effect of open pit mining works 

on groundwater are concretized by: 

- interruption of the aquifers continuity, 

especially of the groundwater, as a result of 

the excavation and dump process; 
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- lowering the general piezometric level due 

to the operation of the cutting systems; 

-isolation of the hydrographic network due to 

sewerage and regularization works; 

- limiting the aquifer and water supply 

potential, resulting in the modification of 

some physico-chemical parameters of the 

groundwater. 

Surface waters. The entire perimeter was 

treated to solve the surface leakage and 

excavation of the groundwater. The Tismana 

mining perimeter is protected by taking over 

the surface leakage from the slopes and the 

adjacent valleys with channels that take over 

the flows discharged from the mobile pumps 

stations from the step channel junctions as 

well as from the pumping pumps on the 

contour and the hearth of the open caste mine. 

Tismana is protected by two channels, in the 

south and north. The South Shore Channel 

takes over the surface water leakage of the 

Tismana brook and their lead in the Tismana 

regularized streambed. This channel has a 

reception area of 27.54 km
2
, and the 1% 

assurance flow rate is 100 m
3
/s. The pumping 

stations on the work stages and the drilling 

wells also discharge into the canal. 

The northern sludge channel has the role of 

taking over the waters from the northern slope 

that come from the valleys: Cretani, 

Conacelor, Lupului and Istak valley. The 

calculation for the upstream zone at the 1% 

assurance is 26 m
3
/s for surface leakage. 

Tismana Open Cast Mine is protected to take 

water on the slopes by the northern slopes that 

discharge the rainwater from the surface 

drains and the drainage into the regularized 

Tismana channel. 

The Northern Slope Channel is hydraulically 

dimensioned to accommodate the flow rates 

on its three sections as follows: 

- section: 31.5 m
3
/s ensuring 1%; 

- section: II, 31.5 m
3
/s ensuring 1%; 

- section: III, 37.8 m
3
/s ensuring 1%. 

The checking of the sizing of the calculation 

at the 1% assurance is 76.37 m
3
/s and the 

flow rate is 72.0 m
3
/s at the 0.5% assurance 

for the II. On the discharge of the waters into 

the regularized Tismana channel (Northern III 

channel) 138 m
3
/s. The Western bank of the 

Tismana Open Pit Mine is protected by the 

Hastacioasa Canal that takes the waters off 

the Southwestern slope of the open pit mine 

dewatering drillings and adjacent trap 

channels. 

The calculation of the drainage section was 

made under the following conditions: 

- collected area of 6 km
2
; 

- importance class IV; 

- 5% insurance; 

- calculation rate 37.85 m
3
/s. 

The canal is located on the left slope of the 

natural bed at a higher elevation to ensure the 

detonation in the Tismana brook. The 

Găleşoaia Valley channel executed in the first 

phase of the Tismana Open Pit Mine attack 

evacuates the waters to the confluence point 

with the southern taluz channel. requires the 

blocking of the Găleşoaia valley and the 

processing of the water from the surface 

drains in the Valea Răstăcioasa channel. At 

the Tismana canal, regularized both on the 

Canal channel and on the Taluz Nord channel, 

there were provided shutters and dams in the 

case of large waters on the Tismana brook. 

Suspended materials discharged into the 

emissary. The suspensions coming from the 

functioning of Tismana Open Cast Mine are 

discharged into the Jiu River, an operation 

periodically controlled  by E.G.A Tg-Jiu. 
 When atmospheric precipitation increases, 

the amount of suspension exceeds the 

prevailing norms and increases the input of 

material with that from the washing of the 

slopes. 

 

The influence of the Tismana Open Pit Mine 

on surface waters. 

The site of the open cast mine requires the 

modification of the initial route of the 

Tismana River, which was moved to the NE 

by the village of Somanesti, parallel to the 

county road. The Tismana River flows into 

Jiu, in the Virt area, the water quality being 

improved by increasing the dilution rate - 

there are categories of water I.  
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Some elements remain weakly affected: 

oxygen regime, mineralization degree and 

fixed residue.  

The influence of Tismana's open pit mine on 

groundwater 

Action on groundwater changes as an element 

to which the contribution of the exploitation is 

treated as a result of exploitation in the entire 

Rovinari mining basin. 

The impact of day-to-day operations in the 

Rovinari basin is reflected as follows: 

- Decrease in pH of groundwater; 

- interrupting the continuity of aquifers, 

especially of the aquatic, through excavation 

and dump; 

- lowering of the general piezometric level 

due to the functioning of the scraping 

systems; 

-isolation of the hydrographic network due to 

sewerage and regularization works; 

-calculation of the groundwater aquifer due to 

increased input of organic material generated 

by coal or sterile powders; 

- Limiting the possibilities of feeding the 

aquifer, especially the groundwater. 

For the entire Rovinari Mining Basin, an 

increase in the NH4
+
, Fe2

+
 organic matter 

content in groundwater has been observed, 

which detracts from the quality indicators. 

Trenching and sinking works lead to the 

lowering of groundwater and groundwater 

levels in the areas around the quarries. 

To limit the negative influence of open cast 

mines and drafts on water levels, the 

following measures are taken: 

- water supply of neighboring localities; 

-instruction of exterior and interior halls for 

restoration of underground water mats; 

-construction of irrigation networks for the 

neighboring areas with water from the hail: 

- the construction of neighboring areas on the 

basis of a single plan, which will lead to the 

restoration of the ecological balance after the 

general arrangement. 

Water supply of the premises. 

In order to ensure hygiene-sanitary conditions 

and minimal comfort, a centralized supply 

system consisting of: source, supply, storage, 

treatment, distribution was provided within 

the Tismana premises. The drinking water 

supply consists of 2 drillings (130 m), located 

in the area of the premises, each providing a 

flow of 4.0 l/sec, a total of 8.01 l/sec. The 

consumption required is 5.01 l/sec, the flow 

covered by the 2 drillings. The quality of the 

drinking water must correspond to STAS 

1342/91, which requires the provision of a 

chlorine gas disinfection station. The drilling 

is made with submersible pumps mounted 

below the dynamic level. By blasting the 

water in a tank, placed at the elevation +190.0 

with a capacity of 200 cubic meters, a 

reservoir from which will be supplied with 

water both in the locality and in the locality of 

Hodoreasca. The premises area is supplied by 

gravity, a hydrophore being put into operation 

to create the necessary pressure in case 

interventions for fire fighting. The water 

supply provides 100% coverage and is 

provided with a severe sanitary protection 

area. Near the reservoir was provided a 

chlorine station with gaseous chlorine, with 

Romanian equipment, through which water 

disinfection is done. 

 

3. POLLUTANTS SOURCES. 

PROTECTION OF 

ENVIRONMENTAL 

FACTORS. QUALITY  OF 

ENVIRONMENTAL 

FACTORS.  
 

The way in which the activity of Tismana 

Open cast mine impinges on the 

environmental factor of water does not consist 

of emissions of pollutants, especially in the 

radical intervention on the permanent and 

torrential water courses, as well as on the 

hydrodynamics of the underground waters. 

The works carried out in the open pit mine 

and the waste dump manifested by the drastic 

modification of the relief so that it intervened 

by hydro-technical works on the Tismana 

River course. The 9,2 km channels and 

ditches built annually on the steps of the open 
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cast mine form a provisional hydrographic 

network for a significant amount of water. At 

the same time, thanks to digging and 

deepening of the underground canvas, 

including through shedding works, the 

inhabitants can no longer enjoy natural 

groundwater in wells or wells, being 

connected to the drinking water supply 

network. 

The sewage network and treatment plant for 

the waste water from sanitary groups, 

showers, canteen from the enclosure, which 

through a cast iron pipe system will be 

discharged into an outer network. This is 

made up of tubes of concrete, with a diameter 

of 200-300 m. The water from the canteen, 

showers and washing boots before being 

taken over by the main sewerage network will 

be passed through a grease separator or sand 

in order to retain the suspensions, thus that 

they do not penetrate the network and 

collapse it. Clean and remove suspensions are 

done manually whenever necessary. The 

waste water flow rate is: 

 

Qev=0,8xQ max zi=2,76 l/sec            (1) 

 

Waste water is of fecal matter type and does 

not contain any chemical, toxic, chemical, 

radioactive substances, meeting the sanitary  

norms in force as follows: 

-  Cuz suspension adm = 210 mg/dm
3
; 

-organic substances tested in CBO5 X5uz 

adm = 120 mg/dms; 

Ph = 6.8-7.5. 

The sewage treatment plant is composed of: 

- the sinker bolter - has the role of retaining 

coarse suspensions, large bodies, so that they 

do not penetrate the decanter; 

- Imhoff-2x500 m
3
 decomposer, where the 

decanting and purification of the mechanical-

biological type is carried out by deposition of 

the feces at the bottom. After fermentation 

and entry into the decomposition process, the 

bottom is emptied by vacuuming. These 

compounds can be used as fertilizer or 

deposited at the tailings pond by the 

beneficiary; 

- dilution sinker- is placed after the water is 

removed from the decanter and has the role of 

disinfecting the water before spilling into the 

emissary. Above the house is a plastic barrel, 

containing liquid chlorine or lime solution 

and which, by means of a dropper, introduces 

the solution into the water. 

- mud sinker through which the decanter is 

vacuumed; 

- Temporary pool where water is discharged 

after treatment; 

- a wastewater pumping station, which has the 

role of evacuating the water in the only 

possible emissary in the area, namely the 

Rastacioasa valley channel. It also flows into 

the Tismana river in the Calnic area, after 

which it reaches the Jiu river. 

The efficiency of the treatment plant is 85-

90%, resulting in the following concentrations 

after treatment: 

- Cuz adm = 25 mg/dm
3
; 

- X5us adm = 14 mg/dm
3
. 

Suspended materials released into the 

emissary 

Suspensions that will come from the domestic 

wastewater collected from the premises will 

be discharged into the Tismana river via the 

Rastacioasa Canal. The amount of suspension 

shall be as follows: 

- CBO5 adm = 14 mg /l; 

- Cuz adm = 25 mg /l. 

 

4. WATER PRODUCT 

IMPACT 
 

The work carried out by EM Rovinari in 

Tismana Open Pit Mine affects first the 

natural relief, morphology, the natural valleys 

being intercepted in canals and gullies and 

remodeling, and the underground water in the 

drainage system, being then discharged into 

the main emissary. Due to this fact, the 

aquatic ecosystem suffers, it simply 

disappears, and the restoration will take place 

naturally, with the exaltation of the works. 

The hydrostatic level and the natural flow 

direction are influenced by the open pit of the 

open cast mine, with the most aggressive 
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impacts of the boreholes or drillings because 

the underground water does not recover, 

instead of the natural layers of permeable 

materials being the inner or outer dump, the 

dumped, heterogeneous material presenting a 

mixture of impermeable, clay and permeable 

material. 

 

5. CONCLUSIONS 
 

The works in Tismana Open Cast Mine 

materialized with the modification of the 

surface alluviums in the perimeter of the open 

cast mine, the main course being Tismana, 

currently in the arranged canal, flowing into 

the Jiu River in the commune of Câlnic. 

Open cast mine, open-air and scraping 

systems have greatly changed the aquifer in 

the area by: 

- lowering of the general piezometric level 

through the operation of the scraping system; 

- sewerage and regularization of the 

hydrographic network; 

- limitation of aquifer feed, especially the 

groundwater horizon, inducing changes in 

groundwater chemistry; 

- interruption of aquifers continuity, 

especially phreatic, as a result of the 

excavation and dump process. 
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ABSTRACT: Between the environment and tourism there are complex reciprocal relations, 

interdependence and symbiosis, and the quality, variety and aesthetic aspect of the natural 

environment is a basic resource for tourism. The paper presents the concepts of rural tourism, 

agritourism, ecotourism and sustainable tourism, the characteristics and specificities of each form 

of green tourism and the fact that all of them have the common goal of protecting the natural 

environment in the long term. 
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1. INTERDEPENDENCE OF 

ENVIRONMENT - TOURISM 
  

Starting from the concept that the 

environment is the basis of all tourism 

activities, the quality, variety and aesthetic 

aspect of the natural environment is a basic 

resource for tourism. Thus, between the 

environment and different forms of tourism 

there are complex reciprocal relations, 

interdependence and symbiosis.   

Tourism, through its activities, does not 

protect the environment, it is a problem 

generator capable of destroying the resources 

it is dependent on. In order for the mutual 

relations between them to be sustainable, 

tourism must be planned and practiced in such 

a way as to use the natural resources of the 

environment, but to actively contribute to the 

preservation of its quality, because the quality 

environment favors the development of 

quality tourism. 

Changes in human society as a result of 

economic development in recent decades have 

led to the transfer of tourists' preferences from 

classical destination areas whose environment 

has been subjected to anthropogenic pressure 

to less-known but attractive natural 

environments, clean, wild and how much 

closer to the natural state. 

In the relationships between the two elements 

- the environment (as a factor) and tourism (as 

activity) - there are positive and negative 

influences. The qualitative and quantitative 

value of the natural and anthropic resources of 

a territory is decisive for tourism. Their 

irrational exploitation creates the risk of 

destroying the support that any tourist activity 

is dependent on. 

The concepts of rural tourism, agritourism, 

ecotourism and sustainable tourism can be 

embedded in the concept of green tourism, 

since they all have a common goal: 

protecting the natural environment in the 

long run. 

 

2. RURAL TOURISM 
 

Rural tourism has been developed, 

capitalizing on the characteristics favorable to 

the three main elements that compete for the 

achievement of the tourism act: 

 The rural space = the hearth and the 

village's estate = the support of the 

process of living and carrying out the 

specific activities 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

25 

 

 Rural population = an element of 

the centuries-old tradition of folk 

customs and traditions, a factor of the 

transformation of the natural 

environment and local resources 

  Natural products = natural riches 

that meet the personal and tourist 

needs of the people who come to the 

feast. 

Rural tourism has a wide scope, a continuous 

character and has a heterogeneous reception 

structure, represented by campings, tourist 

stops, holiday villages with bungalows or 

villas grouped around common areas for 

dining, sports: 

 it capitalizes on the natural, cultural 

and economic local tourist resources, 

facilities, agrotourism equipment and 

pensions and offers accommodation, 

activities, events, festivities, sports 

and entertainment in a typical rural 

environment 

 includes the actual tourist activity 

(accommodation, boarding houses, 

tourist travel, program development, 

basic and additional services), 

economic activities (predominantly 

agricultural and practicing traditional 

occupations) and how to spend leisure 

time 

 protects the natural and humanized 

environment and eco-friendly tourism 

 is a concept that includes the touristic 

activity organized and managed by the 

local population 

 is based on a close connection with the 

natural, human and human 

environment 

 motivates cultural and knowledge 

tourism and responds to the modern 

requirement of spending free time in 

nature by knowing, understanding, 

inventing and developing direct 

contact with the treasures of national 

history, folklore, traditional 

occupations and folk customs 

 transforms rustic holidays into a 

process of assimilation of knowledge 

and skills that give tourists personal 

satisfaction by initiating traditional 

local crafts and occupations 

 rest, air cure, fruit cure, fresh food 

consumption and occupational therapy 

(fig. 1.) 

 

 
Figure 1. Rural tourism in Romania 

 

3. AGRITOURISM 
 

Agrotourism = the movement of people in an 

unpolluted rural locality, located in a 

picturesque area, completed by staying for at 

least 24 hours and by the consumption of 

specific food and non-food, supplemented 

with cohabitation and integration in the 

rural society viewed in all its complexity . 

It is a form of tourism that includes two major 

components: 

 the actual tourist activity = 

materialized in accommodation, mass 

services, recreation (travel, fishing, 

riding) and other current services 

  economic (agricultural) activity = 

provided by the owner of the host 

agrotourism farm (pension), 

materialized in the production and 

primary processing of agro-food 

products in the household and their 

direct marketing to tourists or other 

commercial networks 

Agrotourism has an important role in the 

metamorphosis of rural areas, villages and 

small towns with a high degree of rural living 

and a valuable tourist potential. Settlements 

with a long historical past, with architectural 

buildings typical of the region, customs, 

traditions and a way of life, attract tourists 

who want to know these aspects. 
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Agro-tourism areas represent a more recent 

creation in many countries of the world, 

arising from the need to escape into quiet 

areas, beyond the walls of the city or the 

agglomeration of tourist resorts, and highlight 

the specificity of rural areas (natural 

environment, construction, habits, activities, 

culinary traditions) vary from one area to 

another. These geographic terraces, where rest 

rests with recreation, walking and practical 

activities can exist in the territory in a unitary 

way (Bran-Rucar aisle, Dorna Depression, 

Valea Ariesului) or dispersed in the form of 

tourist resorts like green resorts (Poieni-Cluj, 

Geoagiu Bai-Hunedoara, Tismana-Gorj, 

Murighiol-Tulcea, Botiza-Maramures, Bala-

Mehedinti). 

Agritourism as an economic and social 

activity is a form of rural tourism and must 

become a component of ecotourism, which 

uses for boarding and dining, agrotourist 

tourist boarding houses, enjoying an 

unpolluted and picturesque environment and 

natural tourist attractions. 

The first countries in which agritourism was 

practiced are the european alpine countries: 

- Switzerland - the country where in 1840 the 

tourist adventure, the original name of 

agritourism, appeared in the Chateau d 'Oex, 

where the English discovered a wonderful 

world (mountain landscapes, mountain 

waters, rich meadows with cattle flocks, 

welcoming people ) and in 1878, over 700 

tourists occupied all agro-touristic pensions. 

Currently, Switzerland hosts 10 million 

tourists annually, villages acquiring 

agrotourist function (Lake Leman area, Jura 

Mountains, Neuchatel). 

- France - has an old and rich tradition in the 

organization of rural tourism, the activity 

being coordinated by the General Association 

Tourisme et Espace Rural. The French state 

encourages the development of these areas, 

promoting an advantageous credit system and 

a stimulating fiscal policy, the most important 

areas for this form of tourism being: the 

Central Massif (Auvergne, Limousin, Cantal), 

Bretagne, Savoia, Champagne and Vosgi. 

- Austria - has developed an important tourist 

base in the countryside (recreational tourism 

villages), promoting the full rural pension 

system for family vacations: Tyrol and the 

Salzburg area on the Danube Valley. 

- Germany - organized rural tourism after the 

1960, through the primary organization of an 

inventory of sites suitable for tourism, 

especially well-maintained farms in the Black 

Forest Mountains (Schwartzwald) and the 

North Sea Länder. 

- Poland - it owns over 3,000 tourist villages, 

the first rural tourist facilities emerging in 

1970. 

- Belgium - has built real cores for rural 

tourism by associating 5-6 families that run 

agro-tourism activities. 

- Denmark - promoted the rural tourism 

product called active holidays, through which 

are offered full services (boarding house) in 

22 rural settlements, with 3000 

accommodation places. 

- Ireland - has 500 farms with capacities of 6-

10 people, offering complete or partial 

services, complemented by diversified leisure 

activities (riding, fishing, climbing, golfing). 

- Italy -has switched to the widespread 

promotion of green vacations, where an 

important role is played by agrotourism. It has 

over 1500 reception locations (farms, villas, 

traditional houses, castles) located in 20 

regions of the country (Piedmont, Tuscany, 

Veneto, Alto, Adige, Abruzzo, Calabria, 

Sicilia). This activity is strongly stimulated by 

constant publicity, the Agrotourist guide 

since 1995, presents the cultural traditions, 

gastronomy, wines, folklore, Italy being the 

main receiver and emissary of european rural 

tourism. 

- Finland - over 500 tourist villages are 

approved, with over 10000 accommodations, 

benefiting from an exceptional natural setting, 

resulting from joining water mirrors (18,800 

lakes) with forests (68% of the country's 

territory) and the presence of white nights . 

Finland offers multiple recreational 

opportunities (skiing, fishing, sauna, riding, 

participation in various farm works on host 

agro-farm). 
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- Romania - the institutionalized bases of 

agritourism were put in 1972, when the 

Ministry of Tourism selected 118 

representative rural settlements to be 

promoted in tourism (OMT 297/1972). By 

Order of the Ministry of Tourism no. 744/16 

July 1973, 14 villages were declared tourist 

villages in 10 counties of the country: Bogdan 

Voda-Maramures, Fundata and Sirnea - 

Brasov, Sibiel -Sibiu, Vatra Moldovitei -

Suceava, Sarata Poiana -Bacau, Recas - 

Timis, Tismana-Gorj, Vaideeni -Valcea. By 

the Government Decision no. 438/1990, the 

Romanian Mountains Commission was 

established, whose attributions were taken 

after 1993 by the Romanian Federation for 

Montana Development and by the National 

Association of Rural, Ecological and Cultural 

Tourism (ANTREC) affiliated since 1994 at 

EUROGITES European Rural Tourism 

Federation, which coordinates the entire 

promotion and development activity in the 

field. 

The spatial organization of agritourism is 

characterized by the concentration-dispersion 

duality: 

 concentration of mass services, 

accommodation and animation in 

villages or green resorts 

 dispersion of activities (pedestrian 

or equestrian promenade, fishing, river 

tourism) in rural areas 

The tourist villages are picturesque rural 

settlements, economically, publicly and 

culturally consolidated, situated in unpolluted, 

conservative environments of cultural patterns 

(habits, inventory of work objects, port, 

gastronomy) that fulfill, seasonally or 

permanently, the function reception of 

tourists. Depending on the key element of the 

touristic motivation, the following types of 

villages are identified: 

- landscape and climate: Fundata, Rucar-

Bran Sirene-Bran, Tismana-Gorj, Bradet, 

Dambovita-Arges Bridge, Botiza-Maramures, 

Dorna Candreni -Suceava, Arieseni -Alba, 

Vama Veche, 2 Mai –Constanta 

- tourism for practicing winter and nautical 

sports: Fundata - Brasov, Garina - Caras 

Severin, Murighiol, Mila 23 

- balneary: Zizin, Covasna, Bala -Mehedinti, 

Oglinzi and Baltatesti -Subcarpatia Moldovei, 

Costiui -Maramures, Calacea -Timis, Sacelu -

Gorj, Geoagiu and Vata de Jos -Hunedoara, 

Moneasa -Arad, Tinca –Bihor 

- pastoral tourism: Orlat, Rasinari, Saliste, 

Gura Raului, Miercurea Sibiului, Cisnadioara-

Marginimea Sibiului, Vaideeni, Polovragi, 

Stanesti, Pocruia, Tismana-Oltenia 

depressions, Borlova, Turnu Ruieni -Karas 

Severin, Pui, Clopotiva, Ohaba de sub Piatra - 

country of Hateg) 

- with historical monuments, art and 

architecture: Sucevita, Putna, Dragomirna, 

Agapia, Varatec-Moldova, Aninoasa, 

Cotmeanca, Cozia, Horezu, Polovragi, 

Tismana – Getici, Harman, Prejmer, Biertan, 

Feldioara, Cristian – Transilvania 

- ethnofolclorical tourism: Curtisoara -Gorj, 

Avram Iancu -Alba, Rasinari -Sibiu, Customs 

-Suceava, Sapanta -Maramures, Pietrosita -

Dambovita, Bujoreni -Valcea, Naruja –

Vrancea 

- tourist crafts and crafts: Oboga, Marginea -

Suceava, Corund -Harghita, Humulesti-

Neamt, Sacel and Sapanta -Maramures, 

Carpus -Cluj, Malu cu Flori –Dambovita 

- tourist vineyards: Recas and Giarmata -

Timis, Voinesti -Dambovita, Cotesti, Jaristea, 

Straulesti-Vrancea, Pietroasele, Sahateni-

Buzau, Radaseni -Suceava, Syria -Arad, 

Agapia-Neamt, Murfatlar and Ostrov -

Constanta, Iasi, Dabuleni -Dolj (fig. 2.) 

 

 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

28 

 

 
Figure 2. Agritourism - a form of green 

tourism 

 

4. ECOTOURISM 
            

Ecotourism is an alternative to green tourism, 

based on practicing in unspoiled areas by 

anthropic, virgin intervention, preserving the 

integrity of the natural environment, and 

protecting traditional cultural tourism 

resources, and is distinguished by two 

elements: 

• is based on nature 

• is value-based (must be sustainable) 

In the view of competent international bodies 

(International Union for the Conservation of 

Nature - UICN, World Nature Conservation 

Fund, European Federation of Natural Parks, 

Wildlife Fund, numerous pacifist 

organizations in the field), the practice of this 

type of tourism is beneficial, being conceived 

as a useful tool in providing valuable natural 

and cultural assets through special protection 

activities and policies. It has emerged as a 

practical, practicable manifestation 

throughout the world in order to materialize 

the provisions of the Paris Convention on the 

Protection of the Universal Natural and 

Cultural Heritage following the World 

Conference of UNESCO (1972), the first 

document reconciling of the two elements of 

the environment: natural and cultural. 

Romania is among the first countries in the 

world to address the protection of the 

environment for tourism and has 

institutionalized this by creating a specialized 

body: the Nature Conservation Tourism 

Society, which was established at the 

beginning of the 20th century in Sinaia. 

The main objective of ecotourism is to 

provide high-quality tourism, with the 

protection of natural areas and the 

stimulation of local economies. The 

ecotourism activity is based on ecological 

principles, without disturbing or destroying 

the natural environment, the historical and 

cultural heritage and protecting, preserving, 

developing and achieving sustainable 

development (fig. 3). 

 

 
 

  
Figure 3. Ecotourism in Romania 

 

5. SUSTAINABLE TOURISM 

 

Tourism as an economic activity must be 

linked to the concept of sustainable 

development, being an industry dependent on 

the nature resources and the cultural heritage 

of each society, which sells these resources as 

an integral part of its products. The tourism 

industry has adopted the concept of 
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sustainable development, formulating the 

notion of sustainable tourism, which after the 

publication of the World Tourism 

Organization "Tourism in 2010" (1994), 

develops the idea of "meeting the needs of 

current tourists and the tourist industry and 

protecting the environment and opportunities 

for future". 

In the sustainable development of tourism it is 

necessary to respect the following general 

principles by the authorities, communities, 

entrepreneurs and travel agents: 

 the environment has an intrinsic 

value for tourism and it must be 

enjoyed by future generations 

 tourism is a positive, complex 

activity, benefiting the environment, 

local communities and tourists 

 the relationship between the 

environment and tourism can be 

developed so that the environment can 

sustain the long-term tourism activity 

and tourism development should not 

lead to the degradation of the 

environment but to the protection and 

preservation of it 

 the development of tourism activity 

must respect the characteristics of the 

place where it is carried out: 

ecological, social, economic, cultural, 

architectural 

 the purpose of tourism development 

must be balancing the needs of tourists 

with those of their destinations and 

hosts 

Sustainable tourism development can be 

addressed in two phases: 

a. The planning stage = the decision to 

include in the tourist circuit a certain area and 

the construction of the tourist equipment (the 

choice of the area is very important for 

avoiding conflicts with the environment - 

limitation of the damage to the landscape 

through the location of the resort, transport 

organization, architecture, methods used in 

construction equipment). 

b. The tourism activity stage = the local 

suppliers of tourism services 

(accommodation, transport, recreation) follow 

the impact of their own activities on the 

environment and develop strategies for 

solving these problems, with the help of 

specialized bodies or organizations on 

environmental issues (fig. 4). 

 

 
Figure 4. Sustainable tourism 

 

6. CONCLUSION 
 

 Between the environment and 

different forms of tourism there are 

complex reciprocal relations, 

interdependence and symbiosis.  

  The concepts of rural tourism, 

agritourism, ecotourism and 

sustainable tourism can be embedded 

in the concept of green tourism, since 

they all have a common goal: 

protecting the natural environment in 

the long run. 

 Rural tourism has been developed, 

capitalizing on the characteristics 

favorable to the three main elements 

that compete for the achievement of 

the tourism act: the rural space, rural 

population and natural products. 

 Agrotourism is a form of tourism that 

includes two major components: the 

actual tourist activity and economic 

(agricultural) activity. 

 Ecotourism is an alternative to green 

tourism, based on practicing in 

unspoiled areas by anthropic, 

distinguished by two elements: based 

on nature and value-based (must be 

sustainable). 
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 Sustainable tourism development can 

be addressed in two phases: the 

planning stage and the tourism activity 

stage. 
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ABSTRACT: Thermal soil decontamination methods are based on the heating of the contaminated 

material at different temperatures for the extraction, neutralization, destruction or immobilisation 

of pollutants, as well as the purification of the resulting gases. Terrestrial soil depollution 

technologies are applied on-site and off-site, except for vitrification (applied in situ). The paper 

presents the principle of the method, the removed pollutants, the advantages and disadvantages of 

the thermal decontamination technologies of the soil: steam injection, vitrification, incineration, 

thermal desorption and accelerated depollution by heating. 
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1. CHARACTERISTICS OF 

THERMAL METHODS 

DECONTAMINATION OF THE 

SOIL 
 

The general principle underlying the thermal 

methods of soil decontamination is the 

heating of the contaminated material at 

different temperatures for the extraction, 

neutralization, destruction or immobilisation 

of pollutants. In fig. 1 is the weight thermal 

methods of soil depollution. 

 

 
Figure. 1. Weight thermal methods of soil 

depollution. 

 

Thermal decontamination technologies are 

characterized by a high degree of complexity 

and technicalness. An important aspect in the 

thermal treatment technologies is the process 

of purifying the gases, because oxidation of 

the gas produces the emission of toxic 

products: SO2, HCl, HF, NO2, to be treated. 

Thermal methods have limitations if the soil 

has a low porosity, it is mixed with debris, the 

level of the aquifer is deep or the content in 

the COV and SCOV contaminants is high. 

Deforestation of soils rich in clay by thermal 

methods requires a high energy consumption. 

Thermal soil decontamination methods have 

the role of mobilizing volatile and semi-

volatile organic pollutants which are pushed 

through the soil by thermal effect to the soil 

surface, so they are easily extracted or 

converted into CO2 + H2O by burning the 

contaminated material, following other 

treatment technologies, but can also be 

applied to inorganic compounds that can be 

treated by thermal desorption (mercury). 

Thermal depollution technologies of the soil 

is applied on site and ex situ (off-site), except 

vitrification (applied in situ). 

The characteristics of the thermal treatment 

plant are as follows: 
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a. it is based on three stages of execution: 

- sludge preparation (excavation, sorting) 

- thermal treatment itself: drying, extraction 

or destruction of pollutants and cooling of the 

treated soils 

- treatment of extraction gases 

b. is done by two methods: 

- combustion combustion at over 1000 ° C 

- pyrolysis by indirect heating, the pollutant 

vapors being oxidized and purified at the 

outlet of an electric furnace (at temperatures 

of 600-800C) 

c. is based on the following components: 

- rotary oven 

- indirect heating oven 

- fluid bed oven 

- direct calcination oven 

In the USA for 1/3 of the rehabilitated sites 

thermal methods were used, and in the 

Netherlands, Germany, Holland, Germany 

and France, only heat treatment plants are 

used. 

Thermal depollution methods are used for 

secondary and tertiary recovery of oil from 

the deposit as biodegradation occurs at 

temperatures of 12ºC - 100ºC and 

microorganisms double their activity at each 

temperature increase by 10 ºC to a 

temperature at which this activity is inhibited. 

By heating the soil, volatile organic 

compounds vaporize, accelerating their 

recovery and semi-volatile organic 

compounds. Water solubility is influenced by 

temperature, increasing temperature 

increasing solubility and increasing the 

concentration of pollutant in water, so that the 

pumping rate is increased. Adsorption is an 

exothermic reaction and an increase in 

temperature reduces adsorption. 

 

2. STEAM INJECTION 
 

By steam injection, volatile organic 

compounds vaporize, accelerating their 

recovery. Depollution of the soil by injection 

of steam requires full recovery of the 

pollutant as soon as the steam has passed 

through the entire polluted area. The purpose 

of this method is to render pollutants 

remodeling and transform them into a more 

easily recovered form. 

The steam injection technology (fig. 2) 

comprises: 

 the steam generator 

 steam injection wells 

 collection wells 

 condensate treatment plant 

 

 
Figure 2. Soil depollution by injection of 

steam 

 

Soil depollution technology is based on the 

injection (fig. 3) with: 

 steam injection under ground 

pressure (mobilizes, evaporates and 

destroys dangerous components) 

 warm air 

 hot water 

 heating with electrical resistances - 

electrodes and electric fields cause the 

migration of contaminants from the 

soil, and under vacuum there is 

capture (fig. 4) 

 

 
Figure 3. Thermal treatment by steam 

injection 
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Figure 4. Heat treatment by heating with 

electrical resistors 

 

Superheated Steam Sterilization - is a non-

polluting pest control method used in 

biological and biodynamic farming systems. 

Thermal steam treatment can be done 

stationary - by passing the substrates (bulk 

material) through the steam sterilization 

facility in situ and onsite. For local 

sterilization, fixed equipment from the 

greenhouse is used = the underground 

irrigation pipe network or the mobile 

installations = the steam injection devices in 

the soil + the surface heat treatment 

equipment with panels or tarpaulins (fig. 5). 

 

 

Figure 5. Mobile plant for local soil 

sterilization 

 

a. Sterilization equipment with mobile panels 

- consists of steam boiler, steam hoses and 

surface coating panels. 

Prior to performing the treatment, it is 

necessary to loosen the soil layer on 

sterilization depth, through slitting and slitting 

works to allow steam access. During 

treatment, the area of the soil is covered with 

mobile panels. For movement, they are 

coupled to the hydraulic system tie or other 

hydraulic lifter. The panels are connected to 

the steam source (boiler). Steam from boiler 

with temperature = 105-130oC and pressure = 

0.5-3.0 bar is pressed into the soil. The high 

temperature of steam destroys pests, germs of 

pathogenic fungi and nematodes. In order to 

increase the working efficiency, several 

panels are used simultaneously, connected in 

parallel to the steam source. Upon completion 

of the sterilization, the panels are lifted and 

transported on the portion of the field to be 

treated. 

b.Plastic tarpaulin sterilization equipment - 

the edges of the sheet are anchored by 

sandbags. Steam from a mobile boiler or from 

the greenhouse of the greenhouse is 

transported by pipes, which are connected to 

textile hoses placed under the tarpaulin. The 

steam, with the temperature = 100-110 ° C, 

passes through the hose fabric and fills the 

space between the ground and the tarpaulin. 

The pressure of the steam cushion under the 

tarpaulin allows the infiltration of steam into 

the soil up to a depth of 40 cm. 

c. Injection device - represents a mobile steam 

sterilization equipment consisting of pipes 

provided with injection pins at the end of 

which there are openings through which 

superheated steam is pressed into the ground. 

The duration of treatment is 5 to 20 minutes 

(in the case of devices with buried pipes or 

injection pins) and 8 hours (in the case of 

tarpauling). During this time, the soil 

temperature increases to 80-95 ° C, enough to 

destroy insects, nematodes, weed seeds, 

bacteria and viruses. Steam injection of high 

pressure is not indicated as nitrifying bacteria 

can be destroyed.  

 

3.VITRIFICATION 
 

It consists in melting the soil at high 

temperatures of 1000-1700 ° C, cooling it and 

transforming it into a vitreous material free 

from inert, chemically stable, liquefiable 

elements, similar to granite or volcanic rock, 

in which inorganic pollutants are immobilized 

in a glass mass or clinker, and organic 

pollutants are totally destroyed. 

javascript:galleryModalOpen(0);
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Soil vitrification is achieved by introducing 

into the contaminated area four electrodes, 

placed in the bed and fed to an electric power 

supply. Since the dry soil is not a conductor 

of electricity, a layer of graphite sheets and 

frosted glass is placed between the electrodes 

to initiate and activate the thermal reaction in 

the soil. The contaminated area is subjected to 

a temperature of 2000oC, and due to the 

thermal effect of the electric current, the soil 

formed predominantly from aluminosilicates 

is converted into a glass in which all the 

present compounds are melted or vaporized. 

As the molten area expands, it incorporates 

non-volatile elements and organic products 

are destroyed. Above the decontaminating 

area, a cap is provided, provided with a 

suction mouth of the gases produced during 

the reaction. These gases are treated 

separately, depending on the specificity of the 

pollutants in their composition (fig. 6). 

 

 
Figure 6. Soil vitrification 

 

The disadvantages of the method are: 

 transforming the soil into a sterile, 

waterproof, non-agricultural rock 

 the risk of causing pollutants to 

migrate out of the contaminated area 

due to high temperatures used in the 

process 

 high cost of decontamination 

The advantages of the method are: 

 pollutants are totally degraded 

 there is no longer a risk of 

secondary pollution 

 

4. INCINERATION 

 

It is a method of soil decontamination, 

carried out ex situ only, consisting in the 

burning of contaminated soil at temperatures 

of 800 - 2,500 ° C, in which the complete 

destruction of organic pollutants takes place. 

After excavation of the contaminated area, the 

contaminated soil undergoes incineration 

preparation: drying, grinding and volumetric 

classification. Larger coarse granules, poorly 

affected by pollution, are separated upstream 

from incineration and stored in a controlled 

manner. 

Effective incineration of contaminated soil is 

carried out in two stages: 

•  volatilization of pollutants (at 400 ° C) 

• destruction of pollutants (at temperatures 

above 1000 ° C) 

Soil incineration systems are differentiated 

according to the type of incineration plant 

(fig. 7): 

 fluidised bed furnaces 

 indirect heating ovens 

 rotary drum furnaces 

 

 

 
Figure 7. Soil decontamination by 

incineration 

 

The disadvantages of the incineration method 

are: 

• polluting is a more expensive process than 

desorption, as temperatures to ensure the 

destruction of organic pollutants and the final 

products of CO2 + H2O degradation exceed 

1000 ° C 

• in the case of soil pollution with 

polychlorinated biphenyls (PCBs), dioxins 

and furans (PCDD and PCDFs) 

• soil incineration plant must be provided with 

denoxing columns and electrofilters for heavy 

metals 
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• with the loss of pollutants by combustion the 

destruction of organic soil components 

occurs, so after decontamination the soil is no 

longer suitable for agricultural use 

 

5. DESORPTION THERMAL 
 

It is an ex situ polluting process that is 

recommended for contaminated soil with 

volatile, semi-volatile compounds, 

hydrocarbons, chlorinated solvents, light 

aromatic compounds and polychlorinated 

biphenyls (PCBs) and is based on two distinct 

steps: 

• volatilization of pollutants by heating 

contaminated soil 

•  treating the resulting gases for the purpose 

of separating and concentrating pollutants 

The volatilization of soil pollutants is 

achieved at temperatures of 200 - 450 ° C, in 

various construction dryers. Gases charged 

with volatile pollutants in the drying phase are 

conveyed to the gas scrubbing unit, consisting 

of wet separators and capacitors. The gas flow 

passes through the wet separators, where 

intimate contact between gas and water is 

achieved. 

Thermal desorption is a process of removing 

an adsorbed substance from the surface of an 

adsorbent by heating. Contaminated soils are 

heated until organic pollutants and water 

evaporate. A gas capture system or a vacuum 

vapor extraction system transports evaporated 

water and volatile pollutants to a treatment 

plant. 

Depending on the operating temperature, the 

thermal desorption processes are classified 

into two groups: 

 thermal desorption at high 

temperatures (320 - 5600C) 

 thermal desorption at low 

temperatures (90 - 320 ° C). 

The application of this process is based on 

physical and chemical processes, adsorption 

and desorption of organic pollutants by soil 

particles during heating. The particle surface 

and microporous size influence the process of 

adsorption and desorption. The elimination of 

the pollutant by heating varies linearly with 

the temperature and depends on the heating 

rate, the duration of the heat treatment and the 

initial concentration of the soil pollutant. The 

hydrocarbon concentration (TPH) in soil 

should not exceed 10% and 15% humidity, 

exceeding these limits greatly decreases 

productivity. 

For heating speeds of 1000 ° C / sec and final 

temperature of 700 ° C, the pollutant is 

eliminated 100% in maximum one second, the 

initial concentration being 7%. Most 

pollutants are eliminated by thermal 

desorption in the temperature range of 300 ° 

C -500 ° C, with a treatment duration of 25 

seconds. After removal from the soil, the 

polluting treatment and polluting phase 

follows to avoid polluting the atmosphere, 

and after cooling the soil can be used for 

agricultural use (fig. 8). 

 

 

Figure 8. Mobile thermal desorption plant 

(DTD) 

 

The stages of DTD direct thermal desorption 

mobile operation (fig. 9) are: 

 soil conditioning for insertion into 

the thermal desorption plant for the 

separation of foreign bodies (stones, 

roots, wood pieces) and drying up to a 

decrease of moisture below 15% 

 introduction of contaminated soil 

into the desorber of the plant by means 

of a conveyor belt and a sneeze, 

preceded by a fine sieve of the 

material, up to a 20 mm 

 in the first phase of the process, in 

the desorber, the contaminated soil 

comes into contact with the 

combustion gases at a temperature of 
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370 - 540oC, releasing the water vapor 

and pollutant vapor 

 in the second phase, in the oxidant, 

the resulting gaseous phase is heated 

and oxidized at temperatures of 850-

870oC, until the carbon dioxide 

 in the third phase of the process, the 

gaseous phase, which trained solid 

particles, is cooled to 77-120 ° C by 

means of a water spray system; by 

cooling in the scrubber and by passing 

through the centrifugal separator 

(powercyclone), this phase is 

separated into a non-hazardous 

gaseous component, which is 

eliminated in the atmosphere and a 

solid component, which is recirculated 

in the oxidizer 

 the water used in the spraying 

system is captured, cooled and 

recirculated in order to retain the dust 

and volatile volatile substances 

removed from the polluted soil 

 decontaminated soil in the first 

phase of the process is cooled, 

checked by specific laboratory 

analyzes and stored for re-use 

 

 
Figure 9. The operations of the thermal 

desorption method of the soil 

 

Advantages of the method: 

 polluted soil comes in direct contact 

with desorber gas and petroleum 

products in the soil support burning, 

improving plant output 

 the mobile plant also includes its 

own power generator and is mounted 

on the trailer platform 

 installation can be done easily in 

areas near the polluted soil, reducing 

the transport costs of contaminated 

soil 

 

6. WASHING ACCELERATED BY 

HEATING 
 

Accelerated dehumidification is an in situ 

treatment process that uses heat and rapid 

heating of polluted soils up to 500 ° C in 

rotary kilns to accelerate the volatilization of 

organic pollutants and ease their extraction. 

Volatile pollutants are extracted from the 

unsaturated zone by the vapor extraction 

process under vacuum. Hot water depollution 

techniques also include special technologies: 

 recovery of petroleum waste 

 frequency radio heating 

 heating by conductivity 

 in situ injections with heated steam 

 hot air injections 

 thermal desorption in situ 

 heating with electrical resistors 

 

CONCLUSION 
Thermal decontamination technologies are 

characterized by a high degree of complexity 

and technicalness.  

The general principle underlying the thermal 

methods of soil decontamination is the 

heating of the contaminated material at 

different temperatures for the extraction, 

neutralization, destruction or immobilisation 

of pollutants. 

By steam injection, volatile organic 

compounds vaporize, accelerating their 

recovery.  

Vitrification consists in melting the soil at 

high temperatures of 1000-1700 ° C, cooling 

it and transforming it into a vitreous material 

free from inert, chemically stable, liquefiable 

elements. 

Incineration is a method of soil 

decontamination, consisting in the burning of 

contaminated soil at temperatures of 800 - 

2,500 ° C, in which the complete destruction 

of organic pollutants takes place. 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

37 

 

Desorbtion thermal is recommended for 

contaminated soil with volatile, semi-volatile 

compounds, hydrocarbons, chlorinated 

solvents, light aromatic compounds and 

polychlorinated biphenyls (PCBs). 
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ABSTRACT: Agroecosystems have a much simplified structure, with low internal diversity, with 

unsaturated organic nozzles and a distribution of substance and energy on few (sometimes single) 

and wide channels. However, the trophic structure is similar, the basic section (organic substance 

producer), consisting of green plants, which fix the solar energy. Agricultural ecosystems or 

agroecosystems, as ecosystems, are structurally and functionally distinct from natural ecosystems, 

primarily through increased energy consumption, the use of other sources of energy outside the 

solar system and an energy flow does not take into account natural biogeochemical cycles. 
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1. INTRODUCTION  
 

Within the agroecosistcmelor, 

ecosystems of the agrotouristic farms are 

differentiated, which actually include the 

module of the production of vegetables and 

fruits and eventually of cereals or other types 

of plants and the module of raising the 

animals with the area of the pastures and the 

related gorges, as well as the module of 

processing the products obtained to capitalize 

on them through tourism. These ecosystems 

are distinct dynamic and complex systems 

that produce biomass of plant and animal-

friendly human origin and make it better 

(through public catering for tourists) in order 

to make the farm work more profitable. 

Regardless of the way of expressing 

the membership of agroecosystems, whether 

they are quasi-natural, or that they have 

different degrees of artificialisation, it is 

essential that within them there is the man 

who, through a smaller or larger contribution , 

arranges, controls and regulates them. Thus, 

under the cybernetic relation, the human 

being, as a component of the agricultural 

ecosystems, is the dominant species, which 

carries out the self-regulation and ecological 

balance in the agroecosystem, a situation 

similar to the climate climax of the natural 

ecosystems and which is called "agroclimax". 

The concept of agroclimax attempts to 

impose, through a synthesis activity, 

optimized farming systems. They will have to  

meet the following requirements: 

conservation of habitats, optimal use of the 

ecological conditions of the given territory, 

and obtaining of vegetal and animal 

production. 

 The relationships between man and 

the agricultural systems he has set up are 

"existential", depending on the preservation 

of the groups of life in agroecosystems, 

including human beings. Therefore, the 

"symbiotic" structure of ecosystems becomes 

essential, in the sense that cultivated plants 

and domesticated animals, components of 

agroecosystems, are totally dependent on 

humans (they can not compete with wild 

plants and animals), and man in turn depends 

in a proportion that tends towards the balance 

and productivity of ecosystems farm 

equipment. 
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2. NATURAL ECOSYSTEM 

AND AGRICULTURAL 

ECOSYSTEM 
 

 

 
         

Agricultural ecosystems or agroecosystems, 

as ecosystems, are structurally and 

functionally distinct from natural ecosystems, 

primarily through increased energy 

consumption, the use of other sources of 

energy outside the solar system and an energy 

flow does not take into account natural 

biogeochemical cycles (Table 1).

  

Table 1.  The main differences between natural and prepared ecosystems 
  

Element of 

differentiation                                                                                                                    

The natural ecosystem The anthropogenic ecosystem 

ENERGY - uses only solar energy - increased energy consumption 

- uses other sources of energy 

- the energy flow is within 

natural biogeochemical cycles 

- the energy flow DOES NOT take 

account of natural biogeochemical 

cycles 

- natural circuits are either 

additional, 

either replaced by artificial circuits 

- Energy stream of about 1-4 x 

103 kcal / m2 / year 

- the energy flow generates 

negentropia (low entropy,  

designating the ability to invest 

in useful work - action) 

- much bigger energy flow, 

producer of entropy 

- was primitive: 5000 kcal / day / 

man 

- today (in developed countries: 

200,000 kcal / day / person 

 

STRUCTURE 

- the natural structure (stable, 

balanced) 

- Simplified and simplified trophic 

chains short, yielding productivity 

 with special techniques 

- artificially programmed structure 

(with very high indexes) in which 

the export of biomass is 

compensated 

by importing energy 

 

FUNCTIONING 

- can self-organize, self-develop - it does not have the capacity to 

self-organize 

- shows biological balance 

through 

 cyber regulation 

- component operation  is 

influenced by the information 

received from partners contact 

- Biocenose-biotope 

interrelations 

small changes in size 

- the human-environment 

relationship is not subject to self-

regulation mechanisms (resulting 

"ecological crisis" 

- accumulation of waste and 

depletion of resources) 

- characterized by linear processes 

- ecosystem balance is done by the 

transfer of energy and information 

from other ecosystems by man, 

which can close the loop of the 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

40 

 

inverse connection 

 

The agroecosystem is a simplified copy of the 

natural ecosystems and is created and man-

made by man through an extra energy supply 

("cultural energy"), a contribution represented 

by human labor and animal labor. During the 

so-called traditional agriculture, when 

domestic animals (most grazing livestock) 

were grown and harvested for their products 

and traction force, and equally were valued 

for the supply of organic fertilizers necessary 

for the fertilization of the field, 

agroecosystems are not - they were confused  

with the natural ecosystems, but they were 

inserted among them.             

         Contemporary agriculture, increasingly 

acquiring the character of an industrial 

bourgeois occupation, has to a great extent 

deviated from the regenerative conditions of 

the biosphere, losing real virtues of self-

restraint. By default, agroecosystems have 

departed from natural ecosystems, self-

organization and self-development capacity 

being null. 

          The man, who is the element of 

organization and leadership in agroeco-

systems, has accelerated in recent decades this 

remarkable detachment of agro-ecosystems 

from the natural ones by amplifying the three 

fundamental flows of ecosystems: substance, 

energy and information. It should be noted 

that although at the current stage 

industrialized agriculture implies significant 

ecological risks (generating "crises"), 

agroecosystems have not lost their "natural" 

attribute. This is because the mechanisms 

through which the substances circulate, drain 

energy and transmit the information is natural 

and in parallel there have been numerous 

concepts of reorientation towards the nature, 

capitalization and rediscovery of some of its 

most useful processes for judicious 

management of ecological systems in 

agriculture and especially agro-tourism farms.  

The distinction between agroecosystems and 

natural ecosystems does not consist of the 

general trophic structure (which is similar), 

but in its complexity. The mature natural 

ecosystems usually have extremely large 

internal diversity, highlighted by the high 

number of component species that saturate all 

ecological niches. This diversity generates the 

multiplication of trophic chains, the 

substances circulating through more and more 

narrow channels, the structure of a high 

complexity. 

        Agroecosystems have a much simplified 

structure, with low internal diversity, with 

unsaturated organic nozzles and a distribution 

of substance and energy on few (sometimes 

single) and wide channels. However, the 

trophic structure is similar, the basic section 

(organic substance producer), consisting of 

green plants, which fix the solar energy. So 

agroecosystems can be likened in the last 

analysis to simplified young ecosystems 

(Table 2). 
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Table 2. Comparative elements between agroecosystems and young and mature natural ecosystems 

 

Characteristics of 

ecosystems 

Agricultural 

ecosystems 

Natural ecosystems 

young mature (climax) 

biomass small small high 

P / R ratio > 1 > 1  sau  < 1 aprox. 1 

P / R ratio high high low 

Self-organization lipseste spontana spontana 

Trophic chains very short (usually) short (grazing) 

dominant) 

long, complex (the 

dominant detritive 

chain) 

stratification very poor or nonexistent low pronounced 

Diversity of species very small small the variable, usually 

high 

Vital cycles short, simple short, simple long, complex 

Predominant 

mechanisms of 

population regulation 

anthropogenic physical biological 

 

Fluctuations 

 

large 

 

pronounced less pronounced 

Cycle of mineral 

substances 

 

open (with exports and 

high imports) 

 

open more or more 

a little closed 

 

The role of detritivors little important important very important 

stability controlled by man fluctuating constant 

Potential harvest for 

man 

high or very high 

high 

high low or very low 

low 

 

If the juvenile stages of the ecosystem 

have a natural tendency towards evolution 

towards maximum ecological balance 

(maximum negentropy), in the case of 

agroecosystems it is necessary to remove the 

possibilities of establishing the final stage of 

ecological succession and the constant 

maintenance of an "agroclimax". From this 

point of view , agriculture, irrespective of its 

specialties, the degree of technical perfection 

and social organization, is a constant 

preoccupation of man to create continuous 

optimal conditions for the development of 

young ecosystems with unsaturated niches 

with a pro net economic efficiency of the high 

ecosystem and with the possibility to support 

a large human population. 

 

 

 

3. AGRICULTURAL 

ECOSYSTEMS AND FOOD 

ADMINISTRATION 
 

Man introduces into the body with food, 

nutrients that contain energy compounds that 

are expressed by the number of calories they 

contain. He needs substances to ensure the 

need for the body and the energy 

indispensable to physiological, physical and, 

intellectual activities. There is, therefore, a 

strict energy requirement that sustains the 

vital activity of the protoplasm of cells that 

make up the human body, an activity called 

basal metabolism. This refers to the intensity 

of metabolic processes that occur under 

"basal" conditions (muscle, digestive, 

intellectual rest), representing the minimum 

level of energy expenditure necessary to 
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ensure vital functions (circulation, respiration, 

etc.). The energy value of basal metabolism is 

considered to be equivalent to 1,700-2,000 

kcal / 24 hours in adult humans. To this is 

added the energy required for the 

incorporation of food for physical and 

intellectual activity, reaching a total of 3000-

7000 kcal / 24 hours. This is called effort 

metabolism. A 25-year-old adult is taken into 

account for the overall calculation of food 

needs. It is believed that, on average, the daily 

minimum requirement is about 2400 kcal / 

day. Failure to meet energy requirements in 

the diet is called malnutrition. In the absence 

of one or more compounds indispensable to 

the human body, even in a diet rich in 

calories, malnutrition occurs. In some parts of 

the globe, the so-called supranaturity is 

caused by a very high calorie diet that greatly 

exceeds the needs. 

The surface occupied by the agricultural 

ecosystems and the natural ones where man 

supplies his daily food is the nutritional 

surface. Here are also the marine and forests 

where fishing and hunting are practiced. 

The world's agricultural area is about 4.56 

billion ha (34.9% of the land area), of which 

arable 1.37 billion ha (10.14% of land area). 

The nutrition area is finite and gradually 

decreases as the world population grows. 

FAO data from 1981 shows that the average 

agricultural area on Terra was 0.325 ha / 

person, with large differences between 

countries. In our country the agricultural area 

is about 14.8 million ha (62% of the total 

area) of which 9.4 million ha of arable land 

(63%). Hence, the cultivated area of the 

inhabitants is 0.41 ha and the agricultural area 

of 0.64 ha, higher than the world average.  

Depending on the specifics of each country, 

the level of nutrition can be improved by 

different ways: 

- expanding cultivated areas (especially in 

Latin America and South Africa, Africa, 

Australia); 

- increasing the productivity of agricultural 

ecosystems; 

- reduction of food losses in the field (about 

20%) and warehouses (about 10%); 

- use of all food resources from natural 

ecosystems; 

- use of unconventional means of food 

production (algae crops, microorganisms, 

cultivation of plants on nutritive films, etc.); 

- genetic engineering (obtaining interspecific 

hybrids, gene transfer, protoplasts); 

- access of the entire population to food 

resources; 

- correlating demographic growth with the 

possibility of producing food. 

 

4. CONCLUSION 
 

Agroecosystems have a much simplified 

structure, with low internal diversity, with 

unsaturated organic nozzles and a distribution 

of substance and energy on few (sometimes 

single) and wide channels. However, the 

trophic structure is similar, the basic section 

(organic substance producer), consisting of 

green plants, which fix the solar energy. So 

agroecosystems can be likened in the latest 

analysis to simplified young natural 

ecosystems. 
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according to complex laws and connections, yet little known but guaranteed by their territorial 

extent, the multisecular longevity of the trees and the perenniality (regeneration) of these 

ecosystems and, last but not least, the harmony and the dynamic ecological balances set out here in 

the absence of human impacts. 
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1. INTRODUCTION  
 

In Romania, virgin and quasi-virgin forests 

are still fragmented and dispersed along the 

Carpathian chain, especially in the territories 

belonging to the National Parks Rodna, 

Călimani, Ceahlău, Cheile Bicazului - 

Hasmas, Bucegi, Piatra Craiului, Cozia, 

Retezat, Valea Cernei, Semenic - Nerei, 

Carasul Gorges - Beusnita and Apuseni. The 

island also appears in the Penteleu, Ciucas, 

Parâng, Zarand and the Danube Delta massifs. 

 Biodiversity or biological diversity is 

a global notion that scientists define the 

ensemble of life forms on our planet, in all its 

forms of manifestation and at all levels of 

organizing the living world, from genes to the 

biosphere. Depending on these organizational 

steps, biodiversity is studied at the 

intraspecific (genetic) level of species, 

ecosystems and landscapes, the latter being 

defined as "localized assemblies of 

interdependent ecosystems that have been 

modeled by a common ecological and human 

history ". 

Ecosystems consist of a community of 

living organisms (biocenosis), its 

environment (the biotope), and the 

interactions between these two components. 

Ecosystems are formed at very varied levels 

ranging from a microstation to a biosphere. A 

forest is an ecosystem, just as the trunk of a 

dead tree, a river, a pond, a mountain, a sea - 

are also distinct ecosystems. 

 

2. BIODIVERSITY OF 

ROMANIAN VIRGIN 

FOREST 

 
Of all terrestrial ecosystems, forestry is 

distinguished by its great complexity and 

biodiversity, the latter giving them a great 

deal of stability. These superior attributes are 

due to the fact that spatial expansion, 

structural complexity and permanence 

(continuity) provide forests and forest 

environments with the ability to mix highly 

diverse biotopes and specific biocenoses, 

consisting of numerous tree, shrub, grass, 

grass, moss, lichens, mushrooms, mammals, 

birds, batracians, reptiles, insects, worms and 

micro-organisms - to list only the main 

groups of animals. 

 The researches have also highlighted 

the fact that virgin and quasi-virgin forests in 

Romania are characterized by a pronounced 

compositional, structural and landscape 
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diversity. They harbor a valuable flora and rich fauna, consisting of almost endangered 

forest mammals in western Europe (bears, 

wolves, lashes) from many species of birds 

and other vertebrates and invertebrates. The 

survival of most of these species is closely 

related to maintaining the integrity and 

conservation of these natural refugees. 

 Table 1 presents comparatively 

several quantitative indicators of this country-

wide biodiversity of forest ecosystems and 

virgin forests, from which the role of the latter 

is the main depository and conserver of a 

large part of the forest and national 

biodiversity. 

 

Table 1.  Biodiversity in national territory, forest ecosystems and virgin and quasi-virgin 

forests in Romania (number of species) 
Taxonomic units 

and subunits 

 

Number of species reported 

 

In 

Romania 

 

In forest ecosystems 

and associated 

environments 

In the virgin 

and quasi-

virgin forests 

Plants 3567 1251 X 

Trees 58 58 27-51 

Shrubs 118 118 31-84 

Forest herbs 1075 1075 X 

Mammals  102 43 36 

Birds 387 >250 >156 

Reptiles  30 15 13 

Batrachia  20 16 15 

Freshwater fishs 91 21 13 

X  - lack of data 
 

In these forests, there are the main 

species of trees and shrubs growing 

spontaneously in our country, including some 

Balkan-sub-Mediterranean thermophilic taxa 

and numerous rare shrubs. 

Due to their role as barrier and refuge 

for plants and animals during the glaciations, 

the Romanian Carpathians and the virgin 

forests (which survived here) shelter some 

relic species and a large number of endemic 

species. 

Our woody species is characterized by 

a remarkable genetic and phenotypic 

diversity, manifested by the presence of many 

subspecies, varieties, forms, ecotypes 

(climatic, edaphic), provenances (populations) 

and hybrids, with special adaptive and 

productive valences. In the Romanian 

Carpathians there are also some of the most 

valuable gene centers in Europe, for spruce, 

fir, beech and oak species. 

In virgin forests, trees find optimal 

conditions to show their full genetic potential, 

both biodiversity and dimensional, reaching 

large diameters and a height of 60 m for 

spruce, 55 m for fir, 45 m for beech and 40 

for spruce m to the oak. Thus, in the Tarcau 

area, in 1959 a spruce of 62.5 m was found, 

which is a record for resinous in Europe. 

In the virgin forests can also be found 

secular trees, true patriarchs and giants of the 

temperate world, warehouses of precious 

information dendrocronological archives, 

worthy of study. Even after their death, in 

multi-age ages, these giants have lasted for 

decades in ecosystems (in the form of snakes 

or trunks down the ground), at various stages 

of decomposition, favoring the installation 

and development of successive cohorts of 

animals (small mammals, , insects, 

mushrooms, herbs or tree saplings) with well-

defined roles in the structure and functioning 
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of the ecosystem, and especially its 

regeneration. 

The virgin forests shelter large and 

dense brown bear, wolf, and lynx populations 

(almost vanished species in Europe) as well as 

deer, black goats and wild boar. 

The avifauna is represented by a 

number of 156 species of creeping, 

insectivorous, granivores or predators, of 

particular biological significance with eagles 

and eagles (mostly endangered), mountain 

cocks and birch - and this threatened with 

disappearance. 

In mountain waters, fish populations 

consist of trout, lost (currently quite rare), and 

other species, at the lower limit of forests. 

This faunistic diversity is determined, 

especially in the case of hunting species (bear 

(fig. 1), wolf (fig. 2), deer, laughter, black 

goat, mountain cock, etc.), compact and 

inaccessible), with sufficient resources of 

animal or vegetable food, water and shelter 

for rest, reproduction or hibernation. 

Much of the herbage and forest 

animals declared "monuments of nature" or 

protected by legal acts is partially or even 

fully enclosed in virgin forests currently in 

national parks or natural reserves and enjoys a 

certain protection status, although Grazing 

degradation, flower harvesting, abusive 

cutting or hunting poaching act on them. 

This category includes: yew, zampra, 

banat pine, spruce lice, thorns, dwarf birch, 

bear grapes, smirdar, queen's flower, Pietrei 

Craiului garlic, white ivy, lady's slipper, bulb, 

variegated tulip etc. .3 and 4.) 

Among the animals, this status of 

protection is given: the bear, the black goat 

and the laughter, and among the birds: the 

eagles and the eagles, the mountain bark and 

the birch (fig.5, fig.6). 
 

 

 

 

 
 

             
        Fig.1 . Illustration of Ursus arctos (brown bear)      Fig.2. Illustration of Lynx lynx  

                 surprised by cameras with  I.R.,                        surprised by cameras with  I.R.,                                    

                           Schela-Gorj area                                                   Şuşiţa-Gorj area 

 

 

 

 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

46 

 

            
     Fig. 3.  Fritillarea meleagris                            Fig.4. Cypripedium calceolus 

 

 

         
                         Fig.5. Rupicapra rupicapra                            Fig.6.Tetrao urogallus 

 

Preliminary research has shown, 

however, that many plant and animal species, 

even cantoned in virgin forests, are threatened 

with extinction, although they have been 

categorized as "endangered" or "vulnerable" 

and require firm protection measures to stem 

the decline and narrowing the current 

biodiversity. 

 So, the extraordinary biodiversity 

through which virgin forests lie far above 

other terrestrial and even forest ecosystems is 

conferred and ensured by the many ecological 

niches, biocoenoses and biotopes it 

encompasses and which generously offers a 

wide range of living creatures , to which they 

provide food and shelter conditions. 

In these forests, biodiversity is 

preserved and developed on a permanent 

basis, according to complex laws and 

connections, yet little known but guaranteed 

by their territorial extent, the multisecular 

longevity of the trees and the perenniality 

(regeneration) of these ecosystems and, last 

but not least, the harmony and the dynamic 

ecological balances set out here in the absence 

of human impacts. The complex, multi-

layered and mosaic structures of these forests 

also contribute to the formation of these 

"maximum biodiversity banks", which in turn 

ensure the stability and continuity of the 

ecosystem. 

Their scientific and patrimonial 

significance far exceeds our country's borders 

and is an invaluable natural capital with 

which our people and Romanian forestry is 

preparing to occupy the place deserved in the 

great European family, generally lacking such 

treasures. 

The conservation of exceptional 

biodiversity is closely linked to the future fate 

of virgin and quasi-virgin forests, which we 

have the obligation to protect and transmit to 

future generations, as they represent a natural, 
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exceptional, national, European and even 

world-wide heritage. 

Of the entire country, 47% is 

represented by natural and semi-natural 

ecosystems. Romania still has some of the 

largest areas of virgin and quasi-virgin forests 

in Europe. 

 

3. CONSERVATION OF 

FOREST ECOSYSTEMS AS 

THE FOUNDATION FOR 

SUSTAINABLE  

DEVELOPMENT  
 

 Sustainable development of forest 

ecosystems involves appropriate operational 

programs and actions. For this purpose it was 

necessary to promote the concept of 

sustainable management on an international 

level. 

 Sustainable management of forest 

ecosystems involves two major actions: 

• protecting current forests; 

• development of national heritage. 

The Ministerial Conference for the Protection 

of European Forests has formulated some 

general principles for their sustainable 

management, focusing on: 

• Conservation of biodiversity, avoiding 

anthropogenic action deregulating the 

ecological balance of the forest; 

• protecting virgin natural forest 

ecosystems, ensuring the health of the forest 

and their stability; 

• Promotion of the indigenous species in 

culture; 

• diversification of the structure of the 

stands by intensive treatments with natural 

regeneration. 

  For future policies, laws, strategies, 

programs and operational actions to protect 

forest ecosystems in Romania, it is advisable 

to adapt these principles of sustainable 

development to the situation existing in our 

country, considering: 

• completing the forestry domain in the 

direction of the optimal afforestation 

percentage (40%); 

• protecting forests, including forest 

resorts against degrading human action, 

avoiding pollution and anti-environmental 

technologies; 

• promotion of predominantly slow but 

longevous species, able to form sustainable 

forests; 

• ecological reconstruction of damaged 

forests; 

• preserving the biological diversity of 

the forest and ensuring its stability; 

• regeneration of forests mainly 

naturally; 

•Functionally-differentiated 

management by types of functional 

categories, protected, special conservation 

regime; 

• the adoption of long cycles, able to 

impose maximum stability over time. 

Promoting the sustainable 

development of forest ecosystems is 

impossible without: 

• technical progress; 

• adopting the legislation and technical 

regulations to the new requirements; 

• promoting the market economy; 

• financial support from both the state 

and international bodies; 

• development and intensification of 

scientific research; 

• cooperation with international 

structures. 

 Through ecological reconstruction 

measures, damaged forest ecosystems should 

be removed from the unsustainable 

development area. It has been shown that 

virgin and quasi-virgin forests represent at 

least 10% of the total land area. In many 

countries, this limit is considered insufficient 

to ensure the objectives of protecting and 

sustainable forest development. 

The main states of forest ecosystems are 

represented in Fig. 7 

As we can see, ecological objectives are a 

priority for natural and natural-modified 

forests, and neither artificial forests are 

marginalized. The principle of sustainable 

development is a common factor for all types 

of forest ecosystems. It insists on the 
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sustainable use of forest resources and the 

fight against overexploitation. 

The virgin forests are directed to the protected 

areas. In the case of artificial forests, it is 

recommended that they be made on an 

ecological basis, their management at a 

reduced age of exploitation being considered 

non-organic, as well as the use of alohtown 

species and monocultures. 

The main states of forest ecosystems 

are: 

• virgin forest ecosystems: forests 

whose trees have never been harvested in the 

last 250 years; 

• modified forest ecosystems: forests 

whose trees have been harvested over the last 

250 years, the new arboretum from natural 

regeneration, eventually complemented; 

• Artificial ecosystems: forests where 

all trees or more than half (after biomass) 

were planted. 

• Agro-systems: previous forest land, 

now used for agriculture; 

• urban ecosystems; 

• Degraded fragile systems: systems 

whose productivity and biodiversity are so 

low that they become incapable of self-

destruction without ecological reconstruction 

 
 

Fig. 7 The main states of forest ecosystems and their potentially sustainable uses 

 

4. CONCLUSION 
 

Of all terrestrial ecosystems, forestry is 

distinguished by its great complexity and 

biodiversity, the latter giving them a great 

deal of stability. These superior attributes are 

due to the fact that spatial expansion, 

structural complexity and permanence 

(continuity) provide forests and forest 

environments with the ability to mix highly 

diverse biotopes and specific biocenoses, 

consisting of numerous tree, shrub, grass, 
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grass, moss, lichens, mushrooms, mammals, 

birds, batracians, reptiles, insects, worms and 

micro-organisms - to list only the main 

groups of animals.  

In these forests, biodiversity is 

preserved and developed on a permanent 

basis, according to complex laws and 

connections, yet little known but guaranteed 

by their territorial extent, the multisecular 

longevity of the trees and the perenniality 

(regeneration) of these ecosystems and, last 

but not least, the harmony and the dynamic 

ecological balances set out here in the absence 

of human impacts. 
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ABSTRACT: The mining industry contributes to a great extent to the pollution of environmental 

factors, both through the large quantities of pollutants it produces and through its diversity. Studies 

on the future development of world mining activity have led to the conclusion that this activity will 

increase, particularly by expanding up-to-date exploitation in quarries, where incomparably higher 

productivity -as compared to that from the underground exploitation - can be achieved, which will 

allow the exploitation at reasonable prices of large deposits with low content of useful 

components. This paper presents the current study on water pollution by the Rosia mining 

operation. The quality indicators were determined: pH, total matters in suspension, chlorides, 

sulphates, CCOCr, iron, magnesium, calcium. The obtained experimental results indicated the 

negative impact of the exploitation of quarry manifested at Rosia as it follows: decrease in the level 

of the water due to the decrease of the initial groundwater levels, the drying up of certain 

sources and the decrease of the debits captions in the underground close to the surface. 
  

KEY WORDS: quarry, indicators, water, Rosia, method 

 

 1. INTRODUCTION  
 

          The negative impact of mining 

activities on the environment is a direct one, 

which is strictly the work of extracting actual 

deposits of useful minerals and an indirect 

one related to the processing and mining of 

products.[1] 

 Usually these activities are 

concentrated in certain geographic perimeters, 

the same area being influenced by the mining 

activity, both directly and indirectly. 

Of the total industrial lignite reserves 

approved, over 80% are exploitable in 

quarries, and 20% are exploitable through 

underground mining. [2,3] 

Roşia de Jiu is located in the Rovinari 

mining basin, on the administrative territory 

of Rovinari and the villages of Fărcăşeşti and 

Bălteni. It is currently managed by the Oltenia 

Power Complex. 

The opening of the quarry began in 

Rosia de Jiu in 1973 and excavation was done 

with an E 2000-01 machine making an 

opening from east to west along the entire 

quarry length. 

The quarry is located in the 

interfluvial area between the Jilţ river and the 

Jiu river, and it lies on 1/3 of the surface in 

the Jiu meadow, and the rest in the hilly area. 

Thus, the perimeter of exploitation 

comprises two relief zones: [4,5,6] 

 - the meadow area, situated in the regular 

course of the Jiu River of Fărcăşeşti, 

Moşneni, Roşia de Jiu and Rovinari; 

 -  the hill area, bounded by the Timişeni 

valley to the north and the Valea Parului to 

the south. 

The lignite deposit in the Roşia de Jiu 

quarry comprises 12 strata (I-XII) in the hilly 

area and 10 strata (I-X) in the meadow area, 

where the erosion process of Jiu has removed 

the XIth and XIIth strata. Given the large 
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depth at which they are situated, small 

thickness of less than 2 m and the presence of 

sandy rocks in their bed layer and theroof 

layer thereof, which mainly form strong 

aquifers horizons, the layers I to IV are not 

operated. The succession of the coal layers is 

shown in fig 1. 

During the collapse of the getic basin,  

the factors favoring the formation of coal 

deposits, a cavernous complex was formed, 

consisting of approx. 17 deposits of lignite in 

alternation with deposits of generally 

pelicultural and psamytic deposits. 

Layers I - II have lenticular 

development with generally low, 

unexploitable thicknesses. 

Layer IV is the first layer with 

regional extension in the perimeter. It is built 

from 1-3 carbonaceous  banks with a 

thickness ranging from 0.05 to 2.30 m. 

Layer V is one of the most important 

lignite layers in the perimeter. It is a complex 

layer that reaches a maximum thickness of 

more than 7.0 m. 

Characteristic of this layer is its 

branching into two jambs - the lower V layer 

and the V upper layer - almost across the 

perimeter area. 

 

 
 

Fig. 1. Geological profile through the perimeter of Roşia de Jiu quarry 

Vupper layer has a thickness 

between 0.15 m and 4.0 m and the lower layer 

V of about 1.0 m. 

The sterile / useful ratio of approx. 6.0 

mc / t for the whole perimeter up to the 

bedding layer V recommends this layer for 

quarry extraction as the last layer to be 

exploited. 

Layer VI is one of the main  

exploitable layers in the area and it is more 

uniform than the layer V. 

It develops throughout the perimeter, 

except for a small area in the northwest where 

it has been eroded. 

The main characteristic of this layer is 

its development together with layer VII, with 

which it forms complex VI - VII, constructed 

of 1-8 banks having a total thickness of 

between 4.0 to 6.49 m. 

Layer VII develops together with layer 

VII having virtually the same extension area. 

Individualized only in the hilly 

area, it consists of 1-5 banks around 2.0 m. 

Layer VIII develops throughout the perimeter, 

with the exception of areas where erosion is 

removed along the valleys that cross the 

region. VIII varies its  thickness between 3.0 

and 4.0 m. It is built from 1 to 9 charcoal jars. 
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Ninth layer is made of 1-7 carbon 

benches with the total average thickness of 

around 2.0 m. Layer X occupies almost the 

entire area in which the quarry develops, with 

the exception of the flourishing areas along 

the Rosia Valley and its tributaries where it is 

eroded. It is one of the most important 

economic losses. It develops on two levels. 

Lower X layer - has subunit 

thicknesses and is of no economic 

importance. The upper X layer consists of 5 to 

7 junctions alternating with the levels of coal 

and argillaceous coal, thus constituting the 

most inhomogeneous layer from the 

lithological point of view. 

Its thickness exceeds 7.0 m, with an 

average value ranging around 4.0 m. 

Layer XI has little development within 

the perimeter occupying due to the erosion of 

the high areas of the valley interfluves. It is 

built from 1 to 5 jars with a mean thickness 

below 1.0m. 

Layer XII develops only in the hilly 

area of the quarry as well as layer XI. It is 

built from 1-6 carbon benches of overall 

thickness of 1.0 m. 

 

Layer XIII has insignificant extension 

and thickness, appearing only on the high 

peaks in the perimeter, as well as the XIV and 

XV
th

 strata. Not important for exploitation. 

 Within the Roşia de Jiu perimeter, 

within the geological formations, the sandy 

levels with varying thicknesses and 

granulometry were highlighted, alternating 

with clays, marches, and coal deposits. Within 

these permeable porous formations, aquifers 

are individualized which, depending on the 

deposit conditions, are free or deep under 

pressure. This paper presents a study on water 

pollution by the ROSIA  quarry mining 

operation. 

 

Experimental 

In order to accomplish the 

experimental determinations, we used the 

existing machines existing in the laboratories 

of the Engineering and Environmental 

Protection in Industry of the Faculty of 

Engineering: Hanna pH meter, Precisa 

analytical balance and Caloris electric 

oven. The used working methods correspond 

to the STAS [8] 

  

2. RESULTS AND 

DISCUSSIONS 
 

The results of the measured indicators 

are presented in Table 1 and Table 2. 

 
 

 

Table 1. Quality indicators for the waters evacuated from ROSIA quarry

Quality 

indicators 

UM 2015 

Sampling time 

february june august november 

pH Unit.pH 7.33 7.58 7.34 7, 43 

MTS mg / L 47 51 36 58 

CCO Cr mg / L 45.2 7 50.2 6 46.78 31 

Chlorides mg / L 13.11 6 15.24 2 14.235 14.525 

Sulphates mg / L 102, 6 101, 5 102 97.9 

Iron mg / L 0.12 4  0.143 0.07 0 0.08 2 

Magnesium mg / L 47.64 40.51 40.45 31.0 3 

Calcium mg / L 96.1 7 101. 5 98.18 87.16 

 

Table 2. Quality indicators for the waters evacuated from ROSIA quarry 

Quality 

indicators 

UM 2016 

Sampling time 
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february june august november 

pH Unit.pH 7.5 1 7.4 6 7, 69 7.48 

MTS mg / L 53 49 51 61.3 

CCO Cr mg / L 42.19 44.92 31.14 38.21 

Chlorides mg / L 12.05 7 9.21 6 21.270 23.17 0 

Sulphates mg / L 40.0 2 129. 1 81.7 7 7. 2 

Iron mg / L 0.07 8 0.06 7 0.14 8 0.10 1 

Magnesium mg / L 28.0 6 43.4 3 57.3 1 47.27  

Calcium mg / L 65.7 2 95.19 93.58 81.41 

 

The results represent the 

measurements accomplished during two 

years, 2015  and 2016. The interpretations of 

the results were made in accordance with 

NTPA Normative 001/2002. [8] 

 Regarding the establishment of 

supplying limits with the polluters of 

industrial and urban waste water on the 

evacuation in natural receivers, approved by 

GD no. 188/2002 on the approval of certain 

standards for the discharge of waste water 

into the aquatic environment of used waters, 

as amended and completed by GD 

no. 352/2005. 

By analyzing the determined 

indicators for the waters evacuated from the 

quarry, it is found that the over-crossing 

frequency is 100% (Fig.2). 
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Fig.2. Variation of MTS concentration in the water evacuated from ROSIA quarry 

 

The registered values for total Matters 

in suspension  were to 1,07  to 1.64  time 

higher than the admitted limit. 

For the other measured indicators, the 

obtained values were placed under the 

maximum admitted concentration. For the 

chemical oxygen consumption, the values 

were between 31,0 mg/L, the  lowest one and 

respectively 50.26mg / L, the highest one,  

and they represent 44, 7% and 70.8% of the 

admitted limit value. 

The values registered chlorides 

contained 7.083 mg/ L and 23.170 mg / L 

representing respectively 1.42% and 4.63% of 

the admitted limit value. 

The sulphate concentrations registered  

values  between 19,1 mg / L and 129,1 mg / L 

during the study two years, representing 

respectively 3.35% and 21.5% of the admitted 

limit value. 

For the iron, the  concentrations 

registered during two years. The registered 

values representing between 1,36% and 

2,98% of the admitted limit value. 

In the case of magnesium, the 

concentration variations were placed between 

2,7%, the  lowest one, and 57.31 the  highest 

one of the admitted limit value. 
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In cases of calcium, the registered 

values were also placed under the admitted 

limit. 

Therefore, the lowest value represented 

only 16.01 of the maximum admitted 

concentration, and the  highest one represented 

32, 2%. 

 

3. CONCLUSIONS 
 

Regarding the impact of the activities 

developed within the framework of the Rosia 

Quarry on the environment, we may formulate 

the following conclusions: 

    The impact of coal mining on the 

environment ROSIA is local and regional, 

which occurs throughout the life of the coal 

mining. 

 The environmental factor is affected 

by water, in particular of transport and storage 

of coal, taking place at the surface activity, and 

less than the actual activity of the masses of 

earth mining is carried out under the ground 

level. 

 The only indicator with values above the 

admitted limit is represented by total matters in 

suspension. 
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ABSTRACT: To characterize the water quality of an aquatic ecosystem, a lot of importance is 

given both to the qualitative and quantitative structure of the biocenoses that populate the 

ecosystem. Oligotrophic lakes with low trophicity are also the most sustainable in time. The 

eutrophic lakes contain in dissolved state a large amount of nutrients, which causes an intense 

dynamic of their respective biocoenosis. Regarding Vadeni lake from biological point of view only 

qualitative analyzes were carried out in order to establish associations of bodies that populate the 

water mass (plankton) and the benthos of the lake shores. By comparing the values obtained for the 

analyzed indicators with the values proposed by the regulations in force, Vădeni lake can be 

classified as oligotrophic. 
 

KEY WORDS:  ecosystems, Vădeni lake, biocenoses. 

 

 1. INTRODUCTION  
 

Qualitatively new processes appear in 

lakes. Such a process is the stratification of 

water. For deep lakes, the stratification of 

waters is certain, and even large floods cannot 

hinder this process. During the warm period 

of the year the upper area of the 

lake (epilimnion) is heated under the action of 

the sun and the supply of hot water from the 

river, while the bottom (hypolimnion) is at a 

temperature of 4°C which corresponds to the 

maximum density of water. These two areas 

are separated by an area with a high thermal 

gradient (metalimnion) 

The only source of water supply for 

Vădeni Lake is the Jiu River. We refer to Jiu's 

upper course, the water catchment area of 

Vadeni Lake having 1491 km². In order to 

know the potential of Jiu river as a water 

source for Lake Vădeni we must have 

knowledge of physical - geographical and 

hydrological regime for Upper Jiu [1,2].  

At present, Vadeni accumulation is 90% 

clogged, the retention volume being below 

0.4 mil.cm and is shown in figure1. The rapid 

process of clogging of the Vadeni lake 

occurred both during the floods (through large 

amounts of gravel and boulders) and due to 

small waters by sedimentation of the coal dust 

transported from the Jiu Valley. The 

evacuation capacity of the Vadeni dam is 

given by the four buildings, each measuring 

10 x 10 m. 

The clogging of the lake canceled its role 

of flood prevention therefore great attention is 

required  to the operation of the dam at  

maximum debits when emptying the bottom 

of the lake. 
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Figure 1. Clogging of Lake Vădeni 

 

The analyzed phytoplankton of the 

Vadeni lake was in most cases composed of 

different diatomaceous species and very 

rarely were present green algae (chlorophyll), 

algae whose ecological requirements are 

closer to the oligotroph level. Species of 

Asterionella formosa, Ceratoneis arcus, 

Cymbella ventricosa, Navicula gastrum 

predominate. Of the chlorophyll, sporadic 

Closterium was present. These algae are less 

demanding of nutrient concentrations 

(nitrogen and phosphorus), but are pretentious 

to the oxygen regime.  As the zooplankton, it 

is especially cladocerans of the Daphnia 

species and very isolated Bosmina 

and copepods (Cyclops).[3,4] 

They are replaced with species with 

similar filtering and intake ability, but adapted 

to more abundant food. For example, in 

oligotrophic lakes are present cladocerans 

such as Bosmina coregoni and Daphnia 

bucket, whereas in eutrophic ones they are 

replaced by Daphnia longirostris and Daphnia 

longirostris. 

Eutrophication is a natural, evolutionary 

process of accumulation of nutrients in an 

aquatic ecosystem. Water eutrophicantion is 

manifested especially in stagnant waters, or 

waters which flow very slowly, resulting in 

abundant growth of algae, a phenomenon 

known as  water flowering. 

The process of eutrophication can be 

accelerated by humans through the spillage of 

insufficiently treated waters into the 

ecosystem.  Due to this fact, the supervision 

of water quality from reservoirs is made 

unitarily in the country for all accumulations 

where eutrophication may occur. 

Experimental 
Considering the reduced surface of Lake 

Vădeni and the low depth compared to other 

accumulation lakes, samples were taken from 

two areas: upstream dam and middle lake. In 

the two areas water samples were taken 

each month of the year 201 6. 

Eutrophication indicators were related to: 

- arrangements of dissolved oxygen, 

chemical oxygen demand (CCOMn), the 

degree of saturation in dissolved oxygen, 

biochemical oxygen demand (BOD 5); 

- the ratio between chemical oxygen 

consumption and the dissolved oxygen 

concentration in the water; 

- the concentration of nutrients 

(NH4NO2, NO3).  

 

2. RESULTS AND DISCUSSIONS 
 

Measurement results and physico-

chemical analyzes are data on the qualitative 

and quantitative composition of water at 

certain points under certain weather 
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conditions and at different times of the 

year. The results of measurements carried out 

during 2016 are present in table 1  for the 

samples in the dam area and in table 2  - the 

samples from the middle of the lake.

  

Table.1. The result of the analyzes at the Vădeni dam 

 CRT. 

NO 

 THE TEST NAME 
 

U M Test methods 

RESULT 
 

  

1 Suspended matter mg / L SR EN 872/2005 24 

2 turbidity NTU 
SR EN ISO 

7027/2001 
4.32 

3 Oxygen Dissolved mg / L 
SR EN 

25813/2000 
12.0 

4 COD mg / L DIN 38409/2008 <10 

5 BOD 5 mg / L 
SR EN 1899-2 / 

2002 
3.3 

6 alkalinity mmol L 
SR ISO 9963-1 / 

2002 
1.57 

7 N-NH 4 mgN / L 
SR ISO 7150-1 / 

2001 
0.130 

8 N-NO2 mgN / L 
SR EN 26777 / 

C91 / 2006 
0.045 

9 N-NO3 mgN / L 
SR ISO 78 90-3 / 

2000 
0.98 

10 Ntot mgN / L 
SR ISO 

10048/2001 
<2.92 

11 P - PO4 mgP / L SR EN 6878/2005 0.06 

12 Ptot mgP / L SR EN 6878/2005 0.056 

13 Saturation % 
SR EN 

25813/2000 
98.0 

 

Table.2. The result of analyzes in the middle of Lake Vădeni 

  

CRT. 

NO 

  

THE TEST 

NAME 
 

  

UM 

  

Test methods 

  

RESULT 

OBTAINED 

  

1 
Suspended 

matter 
mg / L SR EN 8 72/2005 23 

2 turbidity NTU 
SR EN ISO 

7027/2001 
4.12 

3 
Oxygen 

Dissolved 
mg / L SR EN 25813/2000 11.7 

4 COD mg / L DIN 38409/2008 <10 

5 BOD 5 mg / L SR EN 1899-2 / 2002 3.2 

6 alkalinity 
mmol / 

L 
SR ISO 9963-1 / 2002 1.62 
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7 N-NH 4 
mgN / 

L 
SR ISO 7150-1 / 2001 0.143 

8 N-NO 2 
mgN / 

L 

SR EN 26777 / C91 / 

2006 
0.044 

9 N-NO 3 
mgN / 

L 

SR ISO 78 90-3 / 

2000 
1.03 

10 Ntot 
mgN / 

L 
SR ISO 10048/2001 <2.93 

11 P - PO 4 mgP / L SR EN 6878/2005 0.054 

12 Ptot mgP /L SR EN 6878/2005 0.059 

20 Saturation % SR EN 25813/2000 97.8 

 

In the case of the Vadeni reservoir, a 

shallow lacquer, the thermal stratification is 

very unstable, being disturbed by the wind or 

the variation of the air temperature. However, 

water temperature has a major influence on 

the dissolved oxygen concentration. 

Data analysis shows that higher values 

were measured in their spring-summer period 

because of snow melting and the rainfall of 

spring and summer. 

For the dissolved oxygen regime, the 

proportion in which water is saturated in 

oxygen is also important. The presence of 

oxygen in water is important both for the 

respiration of aquatic organisms and for the 

degradation of dead organic matter. It comes 

from the atmosphere. 

In the lake Vădeni higher values of the 

ratio chemical oxygen consumption/ 

concentrations of dissolved oxygen were 

obtained from the surface of the lake water in 

the two sampling areas. 

Analyzing the values obtained and 

comparing with those proposed for the lakes 

in our country, it is observed that the 

accumulation of Vadeni belongs to the 

category of oligotrophic lakes with a slight 

tendency towards mesotrophs. 

The nutrients regime in the water is 

considered one of the most important 

indicators to determine the eutrophication of 

an aquatic ecosystem. 

Using the total phosphorus and total 

mineral nitrogen as indicators, the maximum 

nutritional potential of the water in a lake 

ecosystem is taken into consideration. 

Nutrients are substances or chemical 

elements used in the normal growth and 

development of an organism. The limits on 

total phosphorus content and total mineral 

nitrogen in the lakes of our country are 

stipulated in Order no. 161/2006[6] for 

approving the Norms on surface water quality 

classification to determine the ecological 

status of water bodies. 

Total mineral nitrogen is one of the 

nutrients with essential role in the functioning 

of the aquatic environment. Nitrogen may 

exist in the gaseous 

form (atmospheric N2, NO2
-
), dissolved 

(NO2, NO3, NH4
+)

 or in the 

form of "Solid" in its organic matter.  

Under normal oxygenation conditions, 

nitrogen is found especially in the form of 

nitrates. Nitrates can be used by aquatic 

plants. 

- nitrification is the biological process of 

forming a nitrate of ammonia and other 

reduced forms of nitrogen. 

- biological denitrification process is 

performed exclusively by bacteria and is 

responsible for the loss of 50-80% of 

nitrogenous fertilizers in the soil.  

Analyzing data obtained for total mineral 

nitrogen we can see that higher values were 

organisms, being the most accessible form of 

nitrogen for microorganisms and 

plants. Nitrite and ammonium forms are 

present in the event of an aquatic 
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environmental disruption and are toxic to 

living organisms. 

The main nitrogen processes are: 

- fixing the molecular nitrogen and 

ammonification. The bacteria exclusively 

carry out the biologic fixation of molecular 

nitrogen. Organic nitrogen is not accessible 

to. As a finding, the surface area of the barrier 

has had the only values greater than 0.4 mg N 

/ L value which is a limit for oligotrophic 

lakes. Such values were recorded in the 

summer of 2016 and represented an 

exceeding in the limit allowed for 

oligotrophic lakes. For the water in the middle 

zone of the lake, all the total mineral nitrogen 

values were within the permissible limit for 

the oligotroph lakes. 

Now when analyzing the total of mineral 

nitrogen concentrations in deep water it is 

found that they are lower than in the surface 

water. In this case, somewhat higher values 

were recorded in the dam area. The recorded 

values are between 66.5 - 76.5% in the dam 

area and 51.5-71.5% in the middle zone, from 

the limit value allowed for the oligotroph 

lakes. Also the highest values were recorded 

during the summer. 

Total phosphorus - another nutrient with 

essential role in the functioning of aquatic 

ecosystems is phosphorus. In surface waters 

the phosphorus is found as organic 

phosphorus,  PO4
3-

 dissolved phosphorus 

fixed to the particles and silt. Phosphorus is 

less mobile than nitrogen.   

Phosphorus directly assimilable by 

the aquatic vegetation is found in the 

form of phosphate (PO4
3-

)
.
 After the death of 

phytoplankton organisms, 20-25% of the 

total phosphorus is released in the 

inorganic form, and 30-40% in organic 

form. The normal concentration of 

phosphorus in its fresh water is 1 mg / m
3, but 

its concentration increases with depth, the 

peak being in the mud at the bottom of the 

basin.  

In the lake water total mineral nitrogen 

has values from 0.26 mg /L in the middle of 

the lake to 0.44 mg / L in the dam area. 

The concentration of phosphorus in water 

depends on the concentration of organic 

substances, on the temperature and intensity 

of the bacterial activity. 

As with nitrogen, the total phosphorus 

values were above the permitted limit of 0.01 

mgP / L oligotrophic lakes. 

Thus, in the dam area, the recorded values for 

total phosphorus varied widely. For surface 

water, the smallest value represented 80% of 

the allowable limit and the highest value was 

90% above this limit. Smallest concentrations 

were measured between December-February 

and the highest June-August. The same is true 

of the depth profile. The lowest concentration 

of total phosphorus was 70% of the 

permissible limit for oligotrophic lakes and 

the highest concentration was 9 0% more than 

this limit. They are presented in  figure 2. 

Again, the highest values were 

recorded between June-August and the lowest 

in December-February. For the sampling area 

at the middle of the lake there were values 

that were maintained at the same 

concentrations as in the water in the dam area. 
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Figure 2.  Pt evolution in the dam area Vădeni 

 

 

CONCLUSIONS 

 

1. Lake Vadeni is a low-water lake, the 

thermal stratification of water is very 

unstable, and it can be disturbed by wind 

and day-night temperature variations. 

2. Dissolved oxygen concentrations and the 

oxygen saturation of the water, was over 

70%, the limit for oligotrophic lakes. 

3. The ratio of the chemical oxygen demand 

to the dissolved oxygen was in 96% of the 

recommended limits for oligotrophic lakes 

in our country (0-30%). 

4. Of the nitrogen forms present in the water 

of the Vadeni lake, nitrates represent 65% 

and 95% of the total mineral nitrogen, 

indicating the oxygen saturation, in all cases 

above 70%, the limit for the oligotroph 

lakes. 

5. The total phosphorus concentration in the 

water of the Vădeni lake was quite widely 

varied, but in most cases it was within the 

limit of the admissible value for oligotrophic 

lakes. 

6. Regarding the analyzed aquatic 

biocenoses, diatoms predominated in both 

plankton and benthos, which are in most 

cases represented by clear water indicators. 

7. By comparing the values obtained for the 

analyzed indicators with the values proposed 

by the regulations in force, the Vădeni lake 

can be classified as oligotrophic. 
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ABSTRACT: By their size and the chemical composition of deposited material slag and ash 

deposits resulting from the combustion of fossil fuels for energy purposes have a significant 

influence on all environmental factors. For Gorj County, the ash of the thermal power plant is an 

important element from the point of view of the problems that the industrial waste produces in the 

general context of environmental protection. In terms of economic activity, over 90% of industrial 

activities in the primary sector - mining, energy - the geographical area of reference is obviously 

exposed to the risk of being permanently nominated as the main generator of waste, a fact that is 

easily explained if it is taken into account that in obtaining energy, 25-30% of the total conversion 

of mineral resources are "high" situations, the remainder remaining as waste. 
  

KEY WORDS: thermal power, ash, fuels, waste, recovery 

 

1. INTRODUCTION 
  

The combustion of finely crushed coal 

in the outbreaks of thermal power plants 

results in 15-25% of the combustion slag 

deposited in the combustion plant and 75-

85% of the ash separated from the combustion 

gases in the mechanical or electrostatic 

scrubber systems. Coarse grain size fractions 

of ash are deposited in cyclones, and fine 

ones, called fly ash (flywheels) (CVT), are 

captured in electro-filters (CET). Depending 

on the type of electrophilter used, most non-

combustible minerals in coal 85-99.9% are 

found in furnace slag and ash, the remainder 

being discharged into the atmosphere by 

gaseous emissions. [2]. 

Due to its physical properties and 

mineralogical composition, the ash of thermal 

power was used in the field of construction 

for the first time in the USA as a filler and 

stabilizer material, and then in the cement and 

construction industry. 

 The quality of the coals and their 

combustion parameters determine the 

chemical composition of the ashes. So, a high 

content of coal in clayey, feldspar, quartz, 

small minerals leads to the formation of 

silico-alumina or aluminosilicate ash, while a 

higher sulphate content, including as a result 

of desulphurisation of the combustion gases, 

results in the formation of asphaltic ash.  

 Table 1 shows the chemical 

composition (average values) of ashes from 

the main thermal power plants in the country. 
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Table 1. The chemical composition (average values) of some fly ashes from Romania [2] 

CET SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O TiO2 PC 
S-

Sulfuri 

Mintia 

(coal) 
51,4 27,2 10,7 4,5 2,2 0,7 0,9 2,1 0,67 0,9 0,06 

Paroșeni 

(coal) 
51,1 27,5 10,1 4,2 0,38 0,6 2,8 - 1,33 2,1 - 

Rovinari 

(lignite) 
50,7 25,8 7,6 6,3 2,3 2,1 0,6 2,2 0,8 1,5 0,06 

Ișalnița  

(lignite) 
51,0 24,2 7,7 8,3 2,3 0,9 0,7 1,9 0,7 1,8 0,13 

Doicești 

(lignite) 
52,2 22,6 8,5 9,1 3,6 1,2 - 1,9 - 1,5 0,10 

Oradea 

 (lignite) 
55,1 20,4 9,7 6,5 2,4 1,1 0,6 2,3 0,6 1,3 0,08 

 

The ashes resulting from the burning of coal 

in our country are part of the silico-alumino-

aluminosilicate category. The large quantities 

of ash produced, correlated with the 

application of economic, technical and 

environmental criteria, make the thermo-

central ash a secondary raw material with a 

huge potential for recovery .  

 The ashtrays are similar to the clay-

limestone quartz natural sands, extracted and 

commonly used in many geographic areas of 

Romania for the preparation of hydraulic 

reinforced concrete mixtures. The specific 

feature is lower bulk density with approx. 25-

30% compared to the sands (so assimilable 

with a light granular aggregate according to 

EN 1097-3 classification), from which the use 

of lightweight concrete according to the 

classification in standard EN 206-1 and the 

constant concern of specialists in the field 

find ways of industrial exploitation (5). So, 

the hearth ash in the Ceplea Valley, belonging 

to the Oltenia Energy Complex - Turceni 

Power Branch, was used as a granular 

component in the brick manufacturing 

technologies for construction, resulting in a 

10-20% reduction in their density (6).  

 The literature also mentions the 

possibility of using this type of waste also in 

the case of the production of concrete 

mixtures for constructions, intended for the  

 

 

production of light prefabricates (7) or of the 

masses in the tenement building works (8). 

 The amount of ash used as a cement 

substitute depends on a number of factors 

such as the gray characteristics, the cement 

characteristics, the type of concrete (simple or 

reinforced), the concreting conditions of the 

concrete, etc. 

 The most important quantities of ash 

of thermo-center are used as fillers and in the 

stabilization of the earth by correlating 

density and ash humidity with compactness. 

Another area of valorization of the ash of 

thermo-center is the masonry ceramics used 

as substitute raw materials and which their 

carbon content gives rise to a porous 

structure. Locally, ash is used as a natural 

aggregate for the production of concrete and 

masonry or lightweight aggregates to produce 

lightweight concrete.  

  

2. EXPERIMENTAL PART  
 

In the experimental works, for the 

preparation of mixtures of light concrete, 

granular ash aggregates of the thermal power 

plant from the Ceplea Valley (Turceni) and 

the expanded perlite produced by SC 

PROCEMA PERLIT SRL were used. As a 

hydraulic binder, a typical Portland cement of 

42.5 N type was used. The main physical 
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characteristics of the materials used are 

shown in Table 2. 
 

 

Table 2. Main physical characteristics of the materials used 

Material 

Characteristics 

Granulometric distribution 

Rest (%)on the sieve(mm) 

Density in bulk 

 (g/cm
3
) 

 

Humidity 

(%) Netasat Tasat 

Ashtrays of 

thermo-power 

4 3 2 1,25 0,5 0,09 <0,09 
0,74 0,83 24,1 

1,3 2,6 3,6 4,2 31,4 18,5 34,4 

 

Perlite 

expanded 

- - 7,3 14,2 39,1 76,4 96 0,11 0,17 0,5 

Cement 42,5N 

Plug-in time Compression strength (MPa) 

Start The end    at 2 days    at 7 days    at 28 days 

4 hours and 

20 minutes. 

7 hours and 

15 minutes. 
20,6 31,5 43,8 

 

In order to track the influence of the 

gray weight and the expanded perlite on the 

concrete characteristics, 5 different variants of 

mixtures were tested in successive batches of 

5 kg. Concrete bundles were compacted in 

100x100x100 mm and 160x40x40 mm 

metallic patterns using a vibration mass of 50 

Hz and a 0.5 mm vibration amplitude. 

The reinforced concrete pieces were 

decapped after 24 hours of making and stored 

under humidity conditions at ambient 

temperature until the characteristics were 

determined. For the determination of the 

characteristics, the concrete specimens were 

subjected to laboratory tests at intervals 2 

days, 7 days and 28 days from making, both 

in the raw state and after drying at 105 
o
C to 

constant weight. The results obtained are 

shown in Table 3. 

      

Table 3. Physico-mechanical characteristics of experimental concrete 
Sample The batch recipe (%masic) Density (g/cm

3
) Compression strength 

 (MPa) 

Ash Perlit Cement Water Cruel Dry Cruel Dry 

1 60 - 40 55 1,10 0,94 10,3 8,3 

2 45 15 40 77 1,01 0,61 8,6 6,2 

3 40 20 40 84 0,86 0,69 8,6 4,0 

4 35 25 40 110 0,87 0,63 7,1 3,3 

5 30 30 40 125 0,77 0,59 5,2 2,7 
 

 3. CONCLUSIONS 
 

The ash of the thermal power plant can 

represent an alternative of useful raw material 

for the production of concrete, in the sense 

that the participation as a granular aggregate 

in the formation of the mixed batch causes the 

density of the concrete to be reduced and, 

implicitly, to increase its thermal and acoustic 

insulation capacity. The low bulk density of 

the ash of the thermal power plant also 

determines the ability to use as a granular 

aggregate in admixture with the ultra-light 

expanded perlite, including its mass 

proportions of 20-30%, situations in which 

natural sands can no longer provide a 

satisfactory degree of homogeneity due to the 

high density difference of the mineral 

components used. 

Modification of the thermal properties of the 

thermal power plants by applying processing 

technologies (physical, mechanical, chemical, 
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magnetic, thermal or combined) allows them 

to be used in the production of concrete and 

mortar performance. However, the application 

of these technologies must be analyzed in 

terms of technical advantages and economic. 

Changing the technical properties of the 

thermal power plants by applying processing 

technologies (physical, mechanical, chemical, 

magnetic, thermal or combined) allows them 

to be used in the production of concrete and 

mortar performance. However, the application 

of these technologies must be analyzed in the 

light of technical and economic advantages. 
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ABSTRACT: Water supplies are indispensable technical equipments for the populated centers and 

for industry, which condition the hygienic life of people and act as an essential factor in all 

industrial production processes. In populated centers, water serves to meet household needs 

(drinking, cooking , etc.), public needs (trade, social-cultural objectives, institutions, streets and 

street washing, sprinkling of green spaces, etc.), zootechnical needs and fire fighting. In industries, 

water has multiple uses: water entering the product for steam production, such as cooling water, as 

a means of washing, sorting or transporting various materials, etc.  
 

KEY WORDS: wastewater, water quality, physico-chemical analysis, Motru. 
  

1. INTRODUCTION 

  
The determinated elements in the 

choice of water sources are on the one hand 

the quantity, pressure and quality of water 

required by the consumer and, on the other 

hand, the conditions of the available water 

sources, the water quality of these sources, the 

relative position (distance and level 

difference) to the source and to other 

consumers and others. 

Sources of anthropogenic pollution are 

of particular importance and are the main 

cause of contamination of the Motru River. 

The main sources of pollution of the Motru 

River are as follows:  

- fecaloid-household waste water 

resulting from the satisfaction of 

household water needs - personal and 

collective dwellings, 

-  fecal and domestic waste water 

resulting from meeting the water needs 

of public institutions,  

- waste water from social activities -

economic in the area - public food, 

trade, industrial activities, etc.  
In order to highlight the quality of 

Motru river water on the territory of Gorj 

County, samples were taken and physico-

chemical analyzes were made from three 

distinct sections: Motru to the Black Water 

(S1), upstream of Motru (S2), downstream of 

Motru (S3). 

The physicochemical indicators 

analyzed in the year 2015 are those presented 

in Table 1. 
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Table 1. Physical and chemical indicators on the quality of the Motru River water 

 

2. EXPERIMENTAL 
 

PH measurement is performed by an 

electrochemical method using a device called 

pH meter.  

 Suspended matter is determined by 

gravimetric (weighing) method. Filter a 

certain volume of sample well homogenised 

on a filter paper weighed beforehand to 

constant weight, drying it to constant weight 

at 105 ° C and weighing at analytical balance. 

Determination of nitrates and nitrites was 

performed by spetrometric methods. 

Interpretation of the result was made 

according to the Order of the Ministry of 

Environment and Water Management no. 

161/2006 for the approval of the Normative 

regarding the classification of surface waters 

in order to establish the ecological status of 

the water bodies. 

 

3. RESULTS AND 

DISCUSSIONS 

 

According to the provisions of this 

normative act, good chemical status of a 

water is achieved if all the quality indicators 

characterizing the chemical status are 

included in the water or biota quality 

standards. 

For the other indicators - nitrates, nitrites, 

ammonium - the values obtained fall within 

the class II quality class (fig.1 and fig.2)

 

Sampling 

Section 

 

 

Sampling 

period 

Physical-chemical indicators analyzed 

pH 
Conductivity 

 

Fixed 

residue 
Cl

-
 

SO4
2

-
 

NO3
-
 NO2

-
 NH4

+
 

Unit. 

pH 
µS / cm mg / l mg / l 

mg / 

l 
mg / l mg / l mg / l 

Moru la 

Apa 

Neagră 

(P1) 

March 7,4 130 88,3 14,18 14 2,18 0,009 0,299 

June 7,59 163 114 10,64 9 3,07 0,014 0,217 

September 7,46 152 103 10,12 10 2,81 0,010 0,243 

November 7,3 147 91 11,31 12 2,49 0,008 0,271 

Motru   

upstream  

the city 

 Motru 

(P2) 

March 7,21 255 182 14,18 32 3,28 0,029 0,503 

June 7,3 312 211 10,6 30 3,46 0,031 0,475 

September 7,1 271 184 12,45 26 2,78 0,020 0,423 

November 7,34 296 201 15,12 27 2,16 0,016 0,461 

Motru 

down the 

city 

 Motru 

(P3) 

March 7,24 260 186 14,18 33 3,69 0,032 0,477 

June 7,4 334 226 14,18 37 4,11 0,032 0,497 

September 7,13 288 195 13,96 29 3,21 0,023 0,514 

November 7,29 310 211 17,13 31 3,08 0,014 0,438 

 

Limits 

admitted 

according 

to . Ord. 

161/2006 

Classes of 

quality 
 

I 

6
,5

 –
 8

,5
 

- 500 25 60 1 0,01 0,4 

II - 750 50 120 3 0,03 0,8 

III - 1000 250 250 5,6 0,06 1,2 

IV - 1300 300 300 11,2 0,3 3,2 

V - >1300 >300 >300 >11,2 >0,3 >3,2 
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Figure 1. Variation of NO3 concentration in the Motru River 
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Figure 2. Variation of NO2 concentration in the Motru River 

 

Simultan eously with the analyzes carried out 

for the Motru River water, samples were 

taken and chemical analyzes were carried out 

for the wastewater from Motru, after passing 

through the existing treatment plant. This 

station is a mechanical-biological one.The 

results of the measurements for wastewater 

discharged into the Motru River are shown in 

Table 2. 

 

Table 2. Quality indicators for waste water discharged from the Motru treatment plant7 

 

Point 

of 

sampli

ng 

Perio

d 

Physical-chemical indicators analyzed 

pH 
Condu

ct 

Fixed 

residu

e 

Cl 
SO

4 
NO3 NO2 NH4 

CBO

5 

Deterge

nts 

Sus

p. 

Unit

. pH 
µS/cm mg/l mg/l 

mg

/l 
mg/l 

mg/

l 

mg/

l 

mgO2

/l 
mg/l 

mg/

l 

 

Exhaus

t of the 

Motru 

Marc

h 
7,4 226 154 

13,4

7 
27 7,96 0,09 8,31 21,4 1,18 62 

June 7,3 312 211 
14,1

8 
18 

11,4

4 
- 

22,0

9 
88,5 1,07 51 

Septe 6,9 286 194 17,7 25 9,36 0,07 9,36 65,1 0,88 58 
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treatme

nt plant 

mber 3 

Nove

mber 
7,01 245 166 

17,2

1 
21 8,92 0,06 7,94 46,5 0,34 41 

 

Limits 

admitted 

according to. 
NTPA001/2002 

6,5–

8,5 
- 2000 500 600 25,0 1 2,0 20 0,5 35,0 

 

Interpretation of the results was done in 

accordance with the provisions of the NTPA 

001/2002 Norm on the determination of the 

limits of pollutant loading of industrial and 

urban waste water to evacuation to natural 

receptors. For the suspension indicator, the 

overrun frequency was 100% (Figure 3). The 

highest value was recorded in March (62 mg / 

l), which was 1.77 times the value allowed for 

evacuation in the emissary. 
  

 
Figure 3. Concentration of suspensions in water discharged from the Motru treatment 

plant 

 

The determinants showed values too much 

above the admissible limit. So, in March, the 

measured value was 2.36 times higher than 

the allowed limit (Figure 4). 

 

 
 Figure 4. The concentration of detergents in the water discharged from the Motru treatment plant 

 

The most significant exceedances were 

recorded for ammonium nitrate. The 

frequency of exceedances was 100% and the 

highest value was measured in June (22.09 

mg / l), which is a 11-fold exceedance of the 

limit value (Figure 5). 

  

 
Figure 5. The concentration of NH4 in the water discharged from the Motru treatment 

plant 
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The same frequency of exceedances (100%) 

was also recorded in the case of biochemical 

oxygen demand (CBO5). In this case, the 

highest value was also measured in June as 

4.4 times the permitted limit value (Figure 6). 
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Figure 6 . Variation of CBO5 water discharged from the Motru treatment plant 

 

The fact that ammoniacal nitrogen and 

biochemical oxygen consumption are 

exceeded in all seasons, and values recorded 

for these two indicators are well above the 

admissible limits, shows a total inefficiency 

of the biological treatment stage of the 

treatment plant in Motru.  

 

4. CONCLUSIONS 
 

Analyzing the results obtained for 

the three sampling sections, some conclusions 

can be drawn. So, in the Motru to Black 

Water section (S1) for the fixed residue, 

chlorine and sulphate indicators, the values 

obtained are below the limits for quality class 

I. In the fixed residue indicator, the highest 

value obtained (114 mg / l) represents only 

22.8% of the limit for class I quality. 

The values of the indicators analyzed 

for the water discharged from the Motru 

treatment plant are as follows:  

- The pH of the discharged water is 

between the limits allowed by the Urban 

Waste Disposal Regulation in the natural 

receptors, 

-  the fixed residue has registered values 

well below the allowed limit, greater than 

1.5% of the admitted value,  

- chlorides and sulphates present values 

well below the permitted limit, 

- the values for nitrates (NO3) and nitrates 

(NO2) are also below the permitted limit 

value.  

     The other analyzed indicators show 

exceedances of the admissible limit values, 

demonstrating that the treatment plant has 

major operating deficiencies for both the 

mechanical and, above all, the biological 

ones. So, the values recorded for suspensions 

are above the admissible limit of 35 mg / l. 

the same situation is also observed for 

detergents. But the most significant 

exceedances are seen in the NH4 and CBO5 

indicators. 

 

 5. BIBLIOGRAPHY 
 

[1] Antonescu C. S. (1967): „Water 

biology”; 

[2] Ianculescu O., Ionescu Gh., 

Racoviţeanu Raluca, (2001): „Sewage 

treatment”, Publishing house Matrix 

Rom, Bucureşti; 

[3] Negulescu M., Secară E., (1976): 

„Exploitation of wastewater treatment 

plants”, Publishing house Technical, 

Bucharest; 

[4] Negulescu M., (1978): „Urban 

wastewater treatment”, Publishing 

house Technical, Bucharest; 

[5] Papadopol M., (1978): „Hydrology 

(Biological Limnology)”, Bucharest 

University 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

70 

 

[6] H.G. nr.188/2002 to approve some 

rules on the discharge conditions in 

the aquatic environment of waste 

water; 

[7] Order of M.M.G.A. no.161 / 2006 for 

the approval of the Normative 

regarding the classification of surface 

waters in order to establish the 

ecological status of the water bodies.

 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

71 

 

 

INDIRECT MEASUREMENT OF DISTANCES IN TOPOGRAPHY

 

Şchiopu Emil Cătălin, Lecturer phd eng.  

 

,,Constantin Brâncuşi” University of Târgu Jiu 

 

 
ABSTRACT: This paper describes how to measure the distance between two points without being 

traversed by the operator conducting the measurement. For indirect measurement of distances, a 

special device made up of optical spirit level and a state (ruler) is needed. 
 

KEY WORDS: Measurement, distance, topography, optical spirit level, ruler. 

 

1. INTRODUCTION 
 

 In the topography, the value of the 

distance between two points on the ground 

can be obtained by direct, indirect and 

calculation measurement. 

 Direct measurement of a distance means 

how many times the length of the instrument 

is measured in that distance, applying it 

successively on the line from one end to the 

other. 

 Indirect measurement of distances 

implies the avoidance of the actual distance. 

 The most widely used method of 

indirect measurement of distances is the 

stadimetric one. 

 The instrumentation required to apply 

this method consists of a theodolite or spirit 

level, provided with stadimetric wires (Figure 

1) and a ruler. 

 

 
Fig. 1. Stadimetric wires 

 

2. DESCRIPTION OF THE 

MATERIALS NECESSARY 
 

2.1. Description of the optical spirit level 

 

In essence, a spirit level comprises a 

telescope that rotates on a vertical axis and 

which is used to create a horizontal line of 

sight so that the layouts can be made. 

The spirit levels are also equipped 

with a horizontal circle graduated in 

sexagesimale (360 degrees) or centesimal 

(400 gon) and which is used for drawing 

sharp or sharp angles. 

The optical spirit level (Figure 2) can 

also be used to determine the distance 
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between two points (indirectly) optically 

(indirectly) with an accuracy of 0.1 - 0.3 

meters. 

 

                 
    1).                2). 

Fig. 2. Materials needed to perform indirect distance measurements 

1). Optical layer and topographic support; 2). Topographic spirit level 

 

2.2. Description of the topographic ruler 

 Topography ruler is a clear, cm in cm, 

3/4 or 5m long, ruler that serves various 

topographic determinations (indirect distance, 

vertical angle, difference level. 

 It is made of wood or aluminum and, to 

keep it in the right vertical position, some types 

of grooms are provided with mounted spirit 

level. 

 The ruler is graded in full cm, grouped 

in dm, drawn and written alternately on one 

side and the other. Grades are alternately 

colored (from m to m) in black and red on a 

white background. 

 Reading on the ruler is done by 

registering the number in dm (written 

figures) plus cm (read by count) and mm 

(approximate). Reading (Figure 3) is done in 

the sense of increasing the number, and the 

reading counts 4 digits (expressed in mm) 

and represents the height of the ground at 

the level of the thread considered. 

 

 
Fig. 3. Reading on the topographic ruler (stage) 

 

 3. WORK TARGET 
 

       The principle of stadimetric measurement 

is based on the resemblance of two triangles 

that are formed on the one hand between the 

apparatus and the ruler (state), and on the 

other side inside the apparatus (Fig. 4). 
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 Fig. 4. The principle of stadimetry 

1). spirit level 2). Ruler, 3). Triangle formed between spirit level and ruler, 4). Triangle formed 

inside the spirit level, D). The distance between the spirit level and the ruler, l). the length (section) 

read on the ruler. 

  

The distance in the plane between the spirit 

level and the ruler is calculated with the 

relation: 

klD                 (1) 

 

where: 

l – the section read on the ruler [mm], 

l = B – A  

k – stadimetric coefficient = 100. 

In the sloping terrain situation (Figure 5), the 

sighting must be made on the ruler at the 

height of the apparatus, which means that the 

axis of sight is parallel to the ground line, but 

forms a horizontal angle equal to the slope 

angle . 

This angle is equal to the angle formed by the 

vertical direction of the ruler (AB) with the 

direction perpendicular to the axis of sight 

(ab). 

 The distance in the slope terrain is 

calculated with the relation: 

 

cos klD               (2) 

 

where: 

l – the section read on the ruler [mm], l = B – 

A  

k – stadimetric coefficient = 100. 

  - angle of the slope. 

 

 
 Fig. 5. Determining the distance on the slope land 
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4. CONCLUSIONS 
 

 In the topography, the measurement of the 

distance between two points on a line can be 

done by one of the two methods, namely the 

direct method or the indirect method. 

 For indirect measurement of the distance 

between two points a ruler and a position are 

required. 

 For indirect measurement, section l on the 

ruler must be determined. This section is 

calculated as the difference between the 

reading read on the upper stadimetric thread 

and the vise value on the lower stadimetric 

thread. 

 In the case of slope measurements, 

corrections must be applied to the location of 

the topographical bush. 
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MEASURING TOPOGRAPHIC ANGLES
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ABSTRACT: This paper presents how to measure the horizontal and vertical angles between two 

visas. For measuring topographic angles, a specialized device called theodolite is needed. 

 

KEY WORDS: Measurement, angles, topography, theodolite. 

 

1. INTRODUCTION 
 

 To determine the spatial position of 

some points on a topographic surface, apart 

from measuring the distance between them, it 

is necessary to measure both the horizontal 

and the vertical angles. 

 Horizontal angles and horizontal 

distances serve to determine the horizontal 

position of the points, and vertical angles 

serve to calculate the reduced horizon 

distance, slope measurements, and vertical 

point positioning. 

 Horizontal angle ( ) is the angle 

resulting from the horizontal projections of 

two target lines. (Figure 1). 

 The vertical angle (z, ) is the angle 

located in a vertical plane, being determined 

by the horizontal direction of sight. 

 The technical equipment used to 

measure both horizontal and vertical angles is 

called theodolite. 

 

 
Fig. 1. Layout representation of topographic angles 

 - horizontal angle, z end  – vertical angle (z - zenital angle) 

 

2. DESCRIPTION OF THE 

THEODOLITE  

 
 Theodolites are specialized 

topographical equipment for angular 

measurement. These can be analytical (angle 

readings are made by the operator) or 

electronic (Angle readings are done by the 

machine and their value is displayed on the 

display). 

 The parts of an electronic theodolite 

(model Leica T110) are shown in Fig. 2, and 

the orientation axes are shown in FIG. 3). 
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    Fig. 2. The parts of an electronic theodolite. Model Leica T110 

1 - optical path, 2 – telescope, 3 – vertical motion screw, 4, 5 – battery and accessory, 6 – battery 

cover, 7 – reticule focusing eye, 8 – image focuser, 9 – detachable handle, 10 – lens, 11 – objective, 

12,13 – battery with detachable batteries, 14 – screen, 15 – keyboard, 16 – circular spirit level, 17 – 

horizontal motion screw. 

 

 
Fig. 3. Orientation axes of a theodolite 

ZA = Line of sight / axis of the telescope = the line from the reticle to the center of the lens. SA = 

The main axis - the vertical axis of rotation of the telescope. KA = Secondary axis - horizontal axis 

rotation of the telescope. V = Vertical angle / zenital angle. VK = vertical circle. Hz = Horizontal 

angle. HK = Horizontal circle 

 

3. FIXING AND 

CALIBRATION OF THE 

THEODOLITE 
 

3.1. Pin the tripod 

  To fasten the tripod follow the 

following steps: 

- loosen the screws on the tripod legs and pull 

them to the required length and then tighten,, 

- pull the tripod feet to the ground to ensure 

sufficient stability, 

3.2. Horizontalisation approximation - 

laser centering 
  The following steps are taken to 

achieve approximate horizontalisation: 

- place the theodolite on the tripod and gently 

tighten the central bolt (Figure 4)  

- rotate the tripod bolts to the central part 

(Figure 5), 

- the centering laser lights up by pressing the 

key , and the electronic spirit level will 

appear on the screen (Figure 6) 
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                    Fig. 4.                          Fig. 5. 

Place theodolite on the tripod                                   Driving the steering screws 

 

 
Fig. 6. Electronic spirit level 

 

- adjust the tripod feet so that the laser beam 

falls on the ground mark (known 

mathematical point), (Fig. 7). 

 

 
Fig. 7. Centering of the laser on the ground 

 

- the legs of the tripod move until the circular 

spirit level centers. 

 

3.3. Precise horizontal alignment 

  In order to achieve the precise leveling 

with the electronic spirit level, the following 

steps are taken: 

- start the electronic spirit level with the key 

 and center the electronic spirit level by 

turning the riding bolts. When the electronic 

spirit level is centered, then the theodolite is 

horizontal (Figure 8), 

 - check the laser centering and reset if the 

laser point is eccentric to the ground marker. 
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Fig. 8. Centralization of the electronic spirit level 

 

 4. MEASURING ANGLES 
 

4.1. Measurement of horizontal angles 

  For the measurement of the angle 

between two horizontal visas, one of the 

following two methods can be chosen: 

- the method of difference between two 

readings, 

- direct measurement method. 

 

4.1.1. The method of difference between two 

readings 

  Stages (Figure 9): 

- install the theodolite at point A,  

- read the Hz value with the device's visor at 

point B, 

- read the Hz value with the device's visor at 

point C, 

- the following calculation formula applies: 

 

 
Fig. 9. Measurement of horizontal angles 

 

   BHCH zz                              (1) 

 

4.1.2. Direct measurement method 

  Stages: 

- install the theodolite at point A,  

- target point B and set the value of Hz to "0", 

- refers to point C and the Hz value displayed 

on the screen is the value of the horizontal 

angle  between points B and A. 

 

4.2. Measurement of vertical angles 

4.2.1. Measuring the zenith angle 

 Stages (Fig. 10): 

- install the theodolite at point A,  

- refers to point B and directly reads the 

zenith angle value. 
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Fig. 10. Measuring the zenith angle 

 

4.2.2. Measure the vertical angle between two 

points 

Stages (Fig. 11): 

- install the theodolite at point A so that it can 

easily target points B and C1,  

- read the V-value with the machine's vision 

at point B, 

- read the V-value with the machine's vision 

at point C1, 

- the following calculation formula applies: 

 

   BVCV  1                     (2) 

 

 
Fig. 11. Measure the vertical angle between 

two points 

 

 

BIBLIOGRAPHY 

 

 

  CONCLUSIONS 

 
 In the topography the angles are of two 

categories, namely horizontal angles and 

veritcal angles, 

 Vertical angles may be: zenital angle or 

slope angle, 

 The topographic device that can measure 

the two angles is called theodolite  

 Two methods can be used to measure 

horizontal angles: the method of difference 

between two readings or the direct method. 
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ABSTRACT: Individuals with hearing loss constitute the single largest disability group in 

America.  Noise is the number one cause of hearing loss.  Approximately 30 million workers are 

exposed to noise levels or toxicants that are potentially hazardous to their hearing.  Fortunately, 

noise-induced hearing loss can be reduced through the application of occupational hearing loss 

prevention programs (HLPP). 

 

KEY WORDS:  noise, screen, effective height, noise barrier,acoustic 

 

 

         1. INTRODUCTION 

  
Commonly, a noise barrier is a solid 

structure ,positioned between the source and 

the receiver, which blocks the direct path of 

sound propagation. Whenever a noise screen 

is positioned between the source and the 

receiver, it provides a reduction of the sound 

pressure level, and it can even eliminate it 

completely in those particular spaces called 

“shadow zones” where the sound does not 

travel at all. To ensure an easier picture of the 

concept, in this class the noise barriers will be 

considered as thin walls. 

 

 

The acoustic efficiency of a noise 

screen is represented by the insertion loss  ∆L 

DL = L0 -Lb (dB)
 

Where L0 and Lb are the SPL values 

with and without the screen. 

In most situations there are several 

different paths a sound can follow to reach the 

receiver when the barrier is installed. 

 

2. NOISE SCREENS: THE 

MAEKAWA FORMULAS 
 

Depending on the case, we have to use 

different mathematical formulas to obtain ∆L. 

In this class we are going to explain 

the different formulas for solve the first two 

abovementioned cases. 

If we only consider the energy 

diffracted by the upper edge of a thin, 

infinitely long barrier we can estimate the 

insertion loss as: 

 

)203log(10 NL   
for N>0 (for 

spherical field) 

)5.52(log10 NL   

for N>0   (for 

cylindrical 

field) 

 

We can see that in these formulas, 

called Maekawa’s formulas ∆L is function of 

 Diffraction at upper of the 

screen: i.e. the barrier is 

very long and the effective 

heights not too high  
Diffraction at sides of the 

screen: when the distance 

between the source and the 

screen edge is less than 5 

times the effective height 
 

Passing through the screen 

 
 Reflection over other 

surfaces present in 

proximity: when the 

location allows it  
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the number N, which is the Fresnel number 

defined by:


2
N  

δ=difference between the diffracted path 

and the directed path. It is always > 1 if there 

is a diffraction. 

λ=wavelength 

 

The Maekawa formulas are logarithmic 

formulas, so we obtain a result expressed in 

decibel (dB). 

We can also express the Fresnel number 

N as function of the frequency because: 

 

N =
2d

l
=

2 fd

c
because l =

c

f
 

f  = frequency 

c = sound speed 

 

2.1. Maekawa chart 

If we want to tabulate the results in 

order to see the relationship between the 

Fresnel number N and the insertion loss, we 

can use the Maekawa chart.The line that 

describes that relationship is different 

depending on the case we are studying. 

If we are studying a spherical field 

(generated by a point source) the Maekawa 

chart is the following: 

 

 
 
In the graphic, the straight, solid line 

represents the Maekawa formula, while the 

curved, dotted line represents the actual 

pattern obtained by connecting the results of 

actual measurements.When the Fresnel 

number is larger than 1, these two lines 

coincide. For N<1, instead, the Maekawa 

formula causes some errors: for better 

accuracy, it is recommended to employ the 

Kurze-Anderson formula (which indeed 

provides accurate results also for N>1): 

 

DL = 5+ 20 × log
2 ×p ×N

tanh 2 ×p ×N( )

é

ë

ê
ê

ù

û

ú
ú
 

 

The following chart represents the 

relationship between the Fresnel number N 

and the insertion loss ΔL for spherical fields 

and cylindrical fields. 

 

 
 
In this chart the blue line represents 

the Maekawa formula trend for spherical 

fields; the red line represents the Maekawa 

formula for cylindrical fields, and last of all, 

the gray line represents the trend of the 

Kirchoff formula, another formula to obtain 

the relationship between N and ΔL and which 

behaves quite poorly in real world. 

At the bottom of the chart we can see 

a figure that clarifies some concepts. 
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First of all we can see without the 

meaning of ΔL: ΔL is the path difference 

among the diffracted and the direct sound. 

We can also give a definition to the 

term effective height. Effective height heff: it 

is a length, expressed in meters, that 

represents the distance between the upper 

border of the barrier and the intersection with 

the barrier of the line connecting the source 

and the receiver.heff is not the same height as 

the barrier’s height, because if source and 

receiver are not on the ground, or if the 

ground is not horizontal, the effective height 

is systematically smaller than the total height 

of the barrier. This concept can be better 

understood thinking that the barrier is divided 

in two parts: the lower one reaches the “see-

not-see” height, at which the receiver can 

barely see the source through a line-of-sight 

which is tangent to the screen.  

All the further elevation of the barrier 

above this “line of sight” becomes the 

effective height of the barrier. 

One could think that, for getting any 

effective sound attenuation, the barrier must 

be taller than the “line of sight”, and if the 

barrier is too short, allowing the receiver to 

“see” the source, there is no attenuation. 

However, adopting the convention that 

the Fresnel number is positive whenever heff 

is positive, and that N becomes negative when 

heff is negative (that is, when the barrier is 

below the line-of-sight), we see that the 

Maekawa formulas still work, as shown in the 

charts above, if N > -0.3 

 
 

N>0 N<0 

 
 

And this means that some small sound 

reduction is obtained even when installing a 

noise screen, which appears too short, as it 

allows the receiver to “see” the source. 

When the value of N=0 (that is, when 

the height of the barrier is tangent to the “line 

of sight”), we still get a significant 

attenuation, which is equal to 5 dB for a point 

source and 2.5 dB for a line source, as shown 

by the Kurze-Anderson formula and by the 

Maekawa chart. 

 

2.2. Noise screens: finite length 

If the length of the barrier is not long 

enough, we must also consider its lateral 

edges. Each edge has its own Fresnel number 

(N1, N2) and this causes a change in the  

formula relating the Fresnel number with the 

insertion loss. 

The new formula is: 

 

 

 

 

 

 

Valid for values of N,N1,N2 >1 – in 

this formula Δ Lb is the insertion loss caused 

by the upper edge, evaluated with the 

Maekawa or Kurze-Anderson formulas. 

We have to use this formula whenever 

the side edge is closer than 5 times the 

effective height. 

 
The insertion loss changes with 

frequency: hence we have to draw the noise 

spectrum twice, both in absence and in 

presence of the barrier. 

It is observed that the insertion loss 

increases with frequency. 

In the figure below we can see the 

noise spectrum without the barrier (in blue) 

and the one with the barrier (in red). 

 

 
For evaluating the total, A-weighted 

sound reduction caused by a barrier in dB(A), 

we have to compute Δ L separately at every 

frequency (for example in octave bands). 

)1log(10
21 N

N

N
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Then we compute the total A-

weighted SPL for the spectrum before the 

installation of the barrier, we recompute the 

new total A-weighted SPL after the 

installation of the barrier, applying at every 

frequency the proper value of ΔL, and finally 

we get the A-weighted insertion loss, ΔLA, as 

the difference between the two A-weighted 

values of total SPL, before and after the 

barrier installation. 

 

 AafterAbeforea LLL   

 

This means that, whilst the values of Δ 

L at single frequencies depends only on the 

geometry, the total insertion loss in dB(A) 

also depends on the spectrum of the noise 

source. And, as shown in the figure above, the 

value of Δ L increases with frequency. Hence, 

the very same barrier will provide a large 

reduction of the A-weighted noise level for 

sound sources having a spectrum that contains 

a lot of energy at high frequencies (example: 

train), and a significantly smaller reduction of 

the A-weighted SPL for noise sources having 

most energy at low frequencies (large Diesel 

engines, trucks, highways, etc.). 

 

3. CONCLUSIONS 
 

Noise as nuisance and health hazard Noise is 

more than just a nuisance. It constitutes a real 

and present danger to people's health. Day 

and night, at home, at work, and at play, noise 

can produce serious physical and 

psychological stress. Noone is immune to this 

stress. Management, supervisors, and 

employees shall properly wear the prescribed 

hearing protection while working or traveling 

through any area that is designated as a high 

noise area. Hearing protection will be 

provided at no cost to employees who 

perform tasks designated as having a high 

noise exposure and replaced as necessary. It is 

the supervisor’s responsibility to require 

employees to wear hearing protection when 

noise levels reach or exceed 85 dBA.   

Those employees will have the 

opportunity to choose from at least two 

different types of hearing protection. Noise is 

a type of atmospheric pollution. It is a 

shadowy public enemy whose growing 

menace has increased in the modern  

age of industrialization and technological 

advancement. If you are aware of some of the 

symptoms of NIHL (like ringing ears or 

muffled speech), seek a hearing test from a 

qualified hearing health professional. 

Although noise exposures are hazardous, 

other medical causes for hearing loss should 

be ruled out by a qualified health care 

provider, using data from your hearing test 

and your history. 

Be alert to hazardous noise. Since 

prevention is so critical, make sure that your 

family (especially children), friends, and 

colleagues are aware of the hazards of noise. 

Although animal research with drug therapies 

and the physiology of the hearing system may 

eventually lead to the development of 

treatment strategies to reduce NIHL, the most 

fundamental recommendation is the best. 

One-third of permanent hearing loss is 

preventable with proper hearing loss 

prevention strategies. 
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ABSTRACT: The objective of this work was to develop a research to find interesting solutions to 

the problems we face in relation to the protection of the environment, the health and welfare of 

animal’s important solutions built using some new technologies. 

With the help of science, namely the use of automated sites such as UAVS and how to understand 

their role, we can find out what might be the advantages of using such an approach, in comparison 

with the classical method, in terms of efficiency. The collection of images with the help of drones, 

intended to evaluate the environment with improved performance, a new area of activity that 

provide very interesting results in the research work that can be implemented in potential 

applications in various technologies in the real world (surveying, construction, etc.). 
 

KEY WORDS: protection of the environment; collection of images; agricultural drones 

 

       

1. INTRODUCTION 

  
In related research activities this 

year, was conducted from October 2016-

October 2017, a research report what it 

proposes four objectives:  

a. Ensure the materials required in the 

deployment phase of the land; 

b. Drone’s reports specific information; 

c. Identification of the main 

characteristics of flora and vegetation, 

areas researched from Romania; 

d. Valorization of research results. 

The first objective was achieved 

through the purchase of information 

materials and other necessary materials: 

plans, satellite imagery, maps, 

rootograms, climatic data, etc.  

The second objective was to raise 

the pilot drone’s and photo-video 

material for processing them.  

The third objective was achieved 

through the preparation phase of the 

ground what was moving on the ground 

and the identification of specific 

geographical areas. Thus, the elaboration 

and documentation of vegetation and 

fauna.  

Capitalizing on the results of the 

research is to publish works in 

specialized publications.  

Finally, the present Report presents an 

overview of the areas researched trying to 

convey information as accurate and current 

with reference to the hill areas. 
 

2. INTEGRATED FARM-

LEVEL TO PREVENT SOIL 

EROSION 

 

2.1 Commune of Diculești, Vâlcea 

County 

Diculeşti commune presentation 
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           Diculești Township is in the southern 

area of the County, bordering to the West 

with the town of Bălcești, locality on the 

North Sea and Valley to the South with the 

locality Făurești.  

           From the point of view of the situation 

in relation to the urban centers, village 

Diculești is located on the relatively large 

distance far from RM. Vâlcea (about 90 km), 

about 40 km far from about 40 Drăgășani and 

km of the city of Craiova. 

           In terms of geographical landforms are 

potholed encountered by hills with heights 

ranging between 150-275 m and meadow area 

of the Olteț River in Romania located in the 

West of the town, the river which collects all 

the branches of the torrentially territory the 

commune.  

         The Olteț River emerges from the 

mountains Căpățânei enters the territory of 

the commune in Alder point where it joins the 

Cerna River and runs through the Township 

from North to South.  

The supply of potable water is made from 

natural springs through the sinking of wells.  

Archaeologists have been highlighted the 

following units:  

• Brown podzolic soil pseudogenization 

moderate; 

• Brown podzolic soil eroded in part with 

skeleton; 

• Brown soils with soils pseudo-rendzine; 

• recent bucket with skeleton; 

2.2. Integrated farm-level measures to 

prevent soil erosion  
  

           The physical condition of the soil 

degradation is defined by destroying its 

basically irreversible or easily reversible. In 

this section are presented the processes 

relating to the reduction of physical 

degradation prevention times. No details are 

given in the Code concerning the drainage 

works and their maintenance. However, many 

soils, it is important to ensure that these 

systems operate efficiently and controls the 

water in the soil.  

 

 
 Figure 1. Overview of using drone in the 

farm Ylo Prod SRL  

  

2.3.  General principles  

  

Protection of soil against erosion through 

farmland and through agri-cultural specific 

technologies:  

Knowledge of plants grown in the light of the 

level of protection that it provides soil; they 

are classified into the following categories:  

• very good protectors-grasses (lolium species 

and dactylis) and perennial legumes (alfalfa, 

clover, birdsfoot trefoil); 

• good protectors-grain cereal (wheat, barley, 

oats, millet, Sudan grass, etc.); 

• protective environment-annual legumes 

(peas, soybeans, lupins, vetches, beans, etc.); 

• weak motor protectors-crops (corn, 

sunflower, sugar beet, potatoes, Zucchini, 

vine, etc.); 

Fields with slopes of more than 10% shall be 

applied to the system of standing crops 

grassed Strip, strip whose width varies with 

slope:  

a) slope of 5%-10% of width of 60-150-m; 

b) slope of 10%-15% of width of 30-60 

meters; 

c) slope of 15%-20% of width of 20-30 

meters; 

d) slope of more than 25%-20 m of width. 

In dry areas with slopes exceeding 15%, and 

uniforms and with a medium textured soil 
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with runs of different waves at Earth 

distances, and on slopes of more than 20% are 

running agroterase. To improve the quality of 

soil and humus layer, restoration is going to 

bring the intake of organic fertilizers, 

vegetable scraps, green fertilizers. And in this 

case, the practice of hidden cultures is very 

useful.  

On soils subjected to erosion and vulnerable 

ones will avoid semiretired with disc harrows 

and milling machines.  

On sloping fields when grassing is not 

possible, it may be a permanent practice in 

alternate strips of crop plants and very good 

protectors with grassed Strip, length of the 

contours. The land will be protected through 

waves, agroterase, smooth or trellis fences.  

Subject to wind erosion farmland will be 

protected by curtains and hedges, forest to 

limiting the transport of soil particles and 

deposit them as sediment in the water.  

An extremely harmful practice is the cutting 

of forests and deforestation as well as area 

permanent pasture and grassland. Inevitably, 

these lands will lose nitrogen from the soil 

and will degrade quickly. For preventing and 

combating soil erosion on sloping arable land, 

it is recommended that the following works 

and practices:  

• execution and hoeing crops on level curves; 

• the use of manure and fertilizers well 

fermented green; 

• practicing on the level curves of cultures on 

the strip widths depending on the slope; 

• the practice of growing crops in strips, 

interspersed with grassed Strip permanently 

targeted on curves or level within 3-5%; 

• the practice of special abolement with plant 

protectors for erosion; 

• many anti-establishment of plantations in 

the form of 10-15 m wide curtains, compass, 

level curves from the slopes of 20-25%; 

• perform adequate land improvements. 

 

 
Figure No. 2. Picture overview of irrational 

afforestation’s  

 

Figure 3 presents the effects of irrational 

global deforestation. 

 

    
Fig.3 The year 2005                                                   Fig.4 The year 2008 
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 Fig.5 The year 2010                                                            Fig.6- 2012-year remote sensing images 

     
Fig.7 The year 2012                                                         Fig. 8 The year 2017 

                                         

3. CONCLUSIONS 
  

The drones will impact agricultural 

significant and long-lasting in the technology 

of the future, they need to be upgraded with 

additional devices to collect more 

information, such as thermal sensors to 

identify early signs of stress in plants, which 

can later be rolled, analyzed and used by 

farmers 

Management of protected areas serving 

flora and fauna of Romania must pursue the 

following matters, namely: 

-promotion of sustainable management of 

water resources 

-protecting flora and fauna in the 

protected areas; ensuring the long-term 

conservation of protected natural areas 

(protection of wild species diversity and 

protection of genetic diversity), while 

encouraging the development of local 

communities (protection of natural features 

and specific cultural); 

-facilitating the development of 

sustainable tourism within and near protected 

areas; 

-encouraging and supporting scientific 

research. 
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ABSTRACT: In order to study the physico-mechanical characteristics specific to the new products 

tested in the research laboratory, it was necessary to make equipment that allows for the making of 

mixtures in order to obtain accurate laboratory samples. For this purpose, a device has been 

developed that has the possibility to set the speed but not a constant maintenance at the mechanical 

load modification. In the present paper there is proposed a negative feedback control system which 

will allow the speed to be maintained at the set value regardless of the mechanical load. 
 

KEY WORDS: automatic regulation system, speed control, automatic control function, mixing 

equipment. 

 

1. INTRODUCTION 
 

In the framework of the activities for the 

implementation of the physical and mechanical 

characterization procedures of the building 

materials, in the testing laboratory which 

assures the development of competence in the 

field of investigation in the field of ceramic 

materials science, equipment was made for the 

mixing of the materials for the realization of 

concretes 

The necessity of studying the specific 

physical and mechanical characteristics of the 

newly obtained products also required the 

capability to determine the properties of some 

thermally resistant monolithic products, which 

led to the development of the laboratory's 

competence in the field of standard tests for 

dense and thermal insulating refractory concrete 

according to the international standards in force. 

In order to make mixtures to obtain accurate 

laboratory samples, a mixing system is needed 

to ensure a certain speed. The optimum speed of 

the mixing device depends on the materials used 

and in most cases is between 60-80 rotations / 

minute for lightweight concrete and 100-120 

revolutions / minute for heavy duty. The system 

developed in the project was based on an 

industrial mixer of the SCHULLER SX30 type 

shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

The SX30 [1] is a professional, 2-speed 

agitator for continuous, robust, easy-to-use 

operation with speed control. It can be used for 

mixing plasters, mortars and concrete. 

To adjust the speed of operation, the mixer 

has an electronic mount that allows easy speed 

adjustment with predefined and marked on the 

6-way adjustment knob. Considering the 

maximum work speed of 760 revolutions per 

minute and the optimal working speed with 

values between 60-80 revolutions/minute or 

100-120 revolutions/ minute, there is a very 

small interval in which adjustments must be 

made, which leads to large changes of the 

working speed at low stroke of the adjustment 

knob. 

In order to achieve an optimal working 

speed and the possibility of adjusting the desired 

Fig.1. Mixer SX30 
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value, the identification of the adjustment 

method used to determine the possibility of 

intervention on the existing assembly in order to 

achieve the proposed goal or the need for a new 

control system has been achieved. 

As a result of the study of the control 

module, the control scheme shown in Figure 2 

was identified 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

From the analysis of the operation of the 

asynchronous motor with the coil rotor it is 

deduced that the decrease of the supply voltage 

also decreases the mechanical torque. Since the 

engine will operate at a speed of about 10% of 

the maximum speed, it will result in a relatively 

low torque which will result in blockage of the 

mixer when the torque is increased during 

mixing of the concrete and will be blocked if 

which concrete becomes denser. For this, the 

optimal solution chosen for modernizing the 

mixer is to achieve a mechanical speed 

reduction system with a transmission ratio of 1: 

5. This solution leads to the use of the mixer at a 

speed close to 500 revolutions / minute, to 

increase the mixing torque. It also replaces the 

control part with an automatic closed-loop 

speed control system 

 

2. THE PROPOSED SYSTEM 

In order to make an automatic speed adjustment 

system, it is necessary to use a speed transducer, 

a speed prescribing element, a design element to 

change the speed of the mixer and a system to 

implement the automatic control function. For 

easy viewing and setting of the system 

parameters, a display system and control buttons 

for the start and stop commands are required. 

The block diagram of the proposed system is 

shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.SX30 Mixer Speed Control 
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1. Mixer SX30 

2. Permanent magnet 

3. A1104 Hall-sensor 

4. Signal format circuit 

5. Arduino Uno board 

6. triac control circuit 

7. LCD 20x2 dispaly 

8. Start / Stop button 

9. PC 

 

Numerical system 

The system is built around a numerical 

system like Arduino Uno [2].  This  is a 

microcontroller board based on the 

ATmega328P. It has 14 digital input/output pins 

(of which 6 can be used as PWM outputs), 6 

analog inputs, a 16 MHz quartz crystal, a USB 

connection, a power jack, an ICSP header and a 

reset button. It contains everything needed to 

support the microcontroller; simply connect it to 

a computer with a USB cable or power it with a 

AC-to-DC adapter or battery to get started. The 

Uno board is the first in a series of USB 

Arduino boards, and the reference model for the 

Arduino platform. 

The Arduino Uno can be programmed with 

the (Arduino Software (IDE)). Select 

"Arduino/Genuino Uno from the Tools > Board 

menu (according to the microcontroller on your 

board). The ATmega328 on the Arduino Uno 

comes preprogrammed with a   bootloader that 

allows you to upload new code to it without the 

use of an external hardware programmer.  

 

The speed transducer 

A hall sensor was used to measure the 

speed. To do this, a permanent magnet will be 

placed on the mixer shaft and the sensor will be 

mounted firmly so that the magnet passes closer 

to it. The hall sensor used is type A1104 [3]. 

The Allegro A1104 Hall-effect switches 

are next generation A110x family, produced 

with BiCMOS technology, consists of devices 

that feature fast power-on time and low-noise 

operation. Device programming is performed 

after packaging, to ensure increased switchpoint 

accuracy by eliminating offsets that can be 

induced by package stress. Unique Hall element 

geometries and lowoffset amplifiers help to 

minimize noise and to reduce the residual offset 

voltage normally caused by device 

overmolding, temperature excursions, and 

thermal stress. The A1104 Hall-effect switches 

include the following on a single silicon chip: 

voltage regulator, Hall-voltage generator, small-

signal amplifier, Schmitt trigger, and NMOS 

output transistor. The integrated voltage 

regulator permits operation from 3.8 to 24 V. 

Functional Block Diagram is  shown in Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the sensor output, the signal will have a 0 

logic value when the magnet is near and 1 logic 

otherwise resulting in the signal shown in 

Figure 5. 

 

 

 

To determine the speed, the period T 

shown in Figure 5 must be measured. Arduino 

boards has the ability to measure the duration of 

a pulse on 1or 0 logic. For this, the scheme of 

Figure 6 is used, which at the output will have a 

signal with a duty factor of 1/2 of the impulse, 

duration on 1 or 0 logic being equal. To 

determine the speed, the duration of any of the 

two logical states 1 or 0 will be tested. 

 

 

 

 

Fig.4. A1104 Hall-effect structure 

 

T 

Fig.5. Output sensor signal 
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Execution element  

In order to maintain the same speed control 

principle as the one originally in place on the 

mixer, a voltage control circuit for trigger at a 

controlled phase angle for  triac was developed. 

Many triac command circuits use a 

potentiometer to control. For compatibility with 

other circuits, the control part was designed 

with a DS1804 digital potentiometer 

The DS1804 [4] trimmer potentiometer is a 

nonvolatile digital potentiometer that has 100 

positions. The device provides an ideal method 

for low-cost trimming applications using a CPU 

or manual control input with minimal external 

circuitry. Wiper position of the DS1804 can be 

stored in EEPROM memory on demand. The 

device’s wiper position is manipulated by a 

three-terminal port that provides an increment/ 

decrement counter controlled interface. This 

port consists of the control inputs ,CS , INC and 

U/D. The DS1804 will operate from 3V or 5V 

supplies and is ideal for portable application 

requirements. The device has a total of 100 tap-

points including the L- and H- terminals. A total 

of 99 resistive segments exist between the L- 

and H- terminals. These tap-points are 

accessible to the W-terminal, whose position is 

controlled via a three-terminal control port. 

 

Triac control gate trigger circuit 
 

In the complex power electronic equipments 

the control unit must implement multiple 

functions. To increase the operating 

performance a modern driver are used to control 

the triac or other power semiconductor devices 

[5]. These gate drivers must be able to achieve 

the phase control of the triac,  during the both 

halfwaves of the AC voltages.  

Usually the gate trigger circuits  for triac 

perform the following operating functions: 

- synchronization function 

- voltage – time conversion function 

- pulse generating function 

- electrical isolation function 

- protection function 

To implement these functions the gate trigger 

circuits can be structured in a functional block 

diagram as shown in figure 7. This gate driver is 

able to control a power structure with  triacs 

supplied by a single AC voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Synchronization circuit and zero crossover 

detector are made using FOD814 bidirectional 

optocoupler. It provides, in particular, isolation 

of the zero crossing circuit to the power grid. 

The ramp generator is achieved by charging a 

constant current capacitor using a constant 

current mirror. 
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Fig.7. Triac control gate trigger structure 
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The comparator has the ramp signal and 

control voltage at both inputs. When control 

voltage becomes greater than the downward 

ramp signal, a command pulse is generated 

using the NE555 integrated circuit. In order to 

maintain galvanic isolation from the AC 

network, the power triac is commanded via an 

intermediate optotriac. The complete engine 

speed control circuit diagram of the mixer is 

shown in figure 8 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The software application 

The software application implemented in 

the Arduino module will control whether the 

mixer starts or stops from the start and stop 

buttons. To avoid a startup shock, especially 

when the mixer starts at a high load (unmixed 

concrete), the start will be done with a 20% 

command that will gradually increase for 10 

seconds or until the set speed is reached. 

Fig.8. Triac control gate trigger circuit 
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The speed setting will be done with a 

potentiometer that will output an electrical 

voltage signal 0-2.5V corresponding to a 

speed of 0-125 revolutions per minute. The 

voltage is read by an analog input of the 

Arduino module. It displays a set speed value 

on a 2x20-character LCD display. This will 

also show the  measured  speed in revolutions 

per minute, as well as command of the triac 

with values in the 0-99% range. 

Starting a cycle is done by pressing the 

start button, starting from a preset value that 

will gradually increase for 10 seconds or until 

the set speed is reached. After that , the 

constant speed rotation function will be 

executed [6]. For this, the implemented 

function compares the set speed with the 

measured one and based on a self-adjusting 

function will determine the new command 

that will result in the speed change to keep it 

at the prescribed value. 

 

CONCLUSIONS 
 

The proposed system is a very useful 

system in the research laboratory of the 

physico-mechanical characteristics specific to 

new products because it is possible to obtain 

homogeneous mixtures in constant speed 

conditions at optimal values  presented in the 

literature. By connecting the Arduin module 

to a PC, you can graphically record all three 

displayed values  (set value, measured value, 

command) so that the process parameters can 

be analyzed later in order to obtain the time or 

the optimal amount of work depending on the 

mixture used. 

It is also possible to create a specific 

working scheme from the PC by 

programming the start time and the mixing 

time of the mixture. Depending on the type of 

the mix, the control function used or only the 

parameters of the adjustment function can be 

controlled from the PC. 

In conclusion, the proposed system is 

one that increases the quality of the materials 

made in the research laboratory, but it also 

allows analysis of the parameters of the 

mixing process in order to carry out studies of 

different mix recipes, the quantity of 

processed material or the mixing time. 
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ABSTRACT: In the IT area and more special in the software development area any changes in 

used files can be very important. Saving many copies of each file created can require a large 

amount of memory and also can lead to an incoherence in control and tracking changes. Things 

can be more complicated when, for the same project, work many users. As a solution to these issues 

were developed software mechanisms to easily control, store and track the changes of the files and 

easy sharing between different users of same files. This paper presents an overview over version 

control systems and software which can be used to completely control the status of used files. Also 

will be presented an open-source solution which can be used by the most of common software 

developers and not only. 

 

KEY WORDS: software, version control, system  

 

 

1. INTRODUCTION 

 

According to figure 1 [1], the version 

control, also known as revision control, 

subversion control or source control, is the 

management of changes to documents, 

computer programs, large web sites, and other 

collections of information. Changes are 

usually identified by a number or letter code, 

termed the "revision number", "revision 

level", or simply "revision". A more general 

definition is provided in [2], where version 

control or revision control is defined as the 

process of managing multiple versions of a 

piece of information. 

Manually managing multiple versions of 

even a single file is an error-prone task, 

though, so software tools to help automate 

this process have long been available. The 

earliest automated revision control tools were 

intended to help a single user to manage 

revisions of a single file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Over the past few decades, the scope of 

revision control tools has expanded greatly; 

they now manage multiple files, and help 

multiple people to work together.  

The best modern revision control tools 

have no problem coping with thousands of 

Fig.1. Example of a graph view [1]  
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people working together on projects that 

consist of hundreds of thousands of files [2]. 

Version control is a system that records 

changes to a file or set of files over time so 

that you can recall specific versions later [3]. 

Today this is use, in generally, for software 

source code files, though in reality you can do 

this with nearly any type of file on a 

computer. All version control system are 

software based and imply a “mechanism” to 

store all changes and events into a simple or a 

more complex database  

It allows you to revert selected files back 

to a previous state, revert the entire project 

back to a previous state, compare changes 

over time, see who last modified something 

that might be causing a problem, who 

introduced an issue and when, and more. 

Using a version control software also 

generally means that if you screw things up or 

lose files, you can easily recover [3]. 

 

2. TYPES OF VERSION 

CONTROL SYSTEMS 
 

There three main types of Version Control 

Systems (VCS), depending of the purpose of 

the use, which are briefly described in [3].  

Local version control systems store all the 

changes into a local database (figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Centralized Version Control Systems 
(client-server) showed in figure 3 store files 

and all changes to a database into a central 

server and there are many clients which are 

connected to the same database. It’s usually 

used when for a project works many people 

 

 

 

Fig.2. Local VCS  
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Distributed Version Control Systems 
(fig.4) are more complex and the most reliable 

systems. One of the main feature is that on 

each of the user computer is a mirror of the 

entire repository from the server, including its 

full history. 

 

3. VERSION CONTROL 

SOFTWARE 
 

For an individual developer or user it can be 

said that a local version control system can 

fulfill all the requirements, but also there are 

some centralized or distributed types available 

Fig.3. Centralized VCS  

Fig.4. Distributed VCS  



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

100 

 

with more features than a local one, which 

can run locally as well as on a server. 

In [4] can be found general and technical 

information on many notable version control 

and software configuration management 

(SCM) software. Also in [5] and [6] are 

presented the most used software. 

In the list of VCS, one of the oldest 

software is Concurrent Versions System 

(CVS) (figure .5). 
 

 

CVS it’s a centralized system and has been 

around since the 80s, and has been very 

popular with both commercial and open 

source developers. It is released under the 

GNU license, and uses a system to let users 

“check out” the code they are going to work 

on and “check in” their changes [5]. 
 

Subversion it’s also a client-server 

software and is probably the version control 

system with the widest adoption. Most open-

source projects use Subversion as a repository 

because other larger projects, such as 

SourceForge, Apache, Python, Ruby and 

many others, use it as well. Google Code uses 

Subversion exclusively to distribute code. 

Because of Subversion’s popularity, many 

different Subversion clients are available. If 

you’re a Windows user, Tortoise SVN is a 

great file browser for viewing, editing and 

modifying your Subversion code base. If 

you’re on a Mac, Versions is an elegant client 

that provides a “pleasant way to work with 

Subversion.” Xcode is Apple’s developer 

environment and Subversion client that ships 

with Leopard on a Mac [6] showed in figure 

6. 

 

 

 

Git offers a much different type of version 

control in that it’s a distributed version 

control system. With a distributed version 

control system, there isn’t one centralized 

code base to pull the code from. Different 

branches hold different  parts of the code. 

Other version control systems, such as SVN 

and CVS, use centralized version control, 

meaning that only one master copy of the 

software is used. Git is a fast and efficient 

system, and many major open-source projects 

use Git to power their repositories. GitHub 

Fig.5. CVS [6]  

Fig.6. SVN [6]  
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has recently helped establish Git as a great 

version control system [6]. 

An example of a gift is showed in figure 7. 

 

Bazaar, showed in figure 8, is another 

distributed version control system, like Git, 

that offers a very friendly user experience. It 

supports many different types of workflows, 

from solo to centralized to decentralized, with 

many variations in between. This is a great 

revision control system for nearly any project 

because it’s so easy to modify. It’s also 

embeddable, so you can add it to existing 

projects. Bazaar also has a strong community 

that maintains things like plug-ins and lots of 

third-party tools, such as GUI software to add 

a graphical interface to the system. 

 

CONCLUSIONS 

 

Version control systems are a category of 

software tools that help an individual user or a 

software team manage changes to source code 

or used files over time. Version control 

software keeps track of every modification in 

a special database. If a mistake is made, the 

clock can be turned back and compare earlier 

versions of the files to help fix the mistake. 

Version control protects versioned files from 

both catastrophe and the casual human error. 

Version control helps tracking every 

individual change by each contributor and 

helping prevent concurrent work from 

conflicting. 

Few reasons to use VCS: 

- it helps to track the history and 

evolution of your project; 

- its helps when you're working with 

other people and  makes it easier for you to 

collaborate; 

- it helps to recover from mistakes; 

- it helps to work simultaneously on 

multiple versions of your project. 
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ABSTRACT: Internet of Things (IoT) describes an emerging trend where a large number of 

embedded devices (things) are connected to the Internet. These connected devices communicate 

with people and other things and often provide sensor data to cloud storage and cloud computing 

resources where the data is processed and analyzed to gain important insights. Cheap cloud 

computing power and increased device connectivity are enabling this trend. IoT solutions are built 

for many vertical applications such as environmental monitoring and control, health monitoring, 

vehicle fleet monitoring, industrial monitoring and control, and home automation. MATLAB and 

Simulink products support IoT systems by helping you develop and test smart devices, access and 

collect data in the cloud, and analyze IoT data. At a high level most IoT systems can be made up of 

3 subsystems, namely: intelligent devices (IO objects) that are present at the periphery of the 

network, which have the role of collecting the data; the IoT platform for processing, storing and 

analyzing data collected from the sensor; and the desktop software environment to develop 

algorithms associated with the IoT application. 
  
KEY WORDS: embedded devices, sensor, cloud, control, monitoring 

 

1. INTRODUCTION 
 

The term "Internet of Things" was invented 

by British entrepreneur Kevin Ashton in 

1999. Through the phrase "the Internet of 

Things" we understand a network of physical 

objects or things incorporated with 
electronics, software, sensors and 

connectivity to allow objects to exchange data 

with the manufacturer, operator and / or other 

connected devices based on the International 

Telecommunication Union's Global Standards 

Initiative [1]. Internet of Things allows 

objects to be remotely sensed and controlled 

through existing network infrastructure, 

creating opportunities for direct integration 

between the physical world and 

computational systems, resulting in improved 

efficiency, accuracy and economic benefit. 

Each object is uniquely identifiable through 

the integrated computerized system, but is 

able to interoperate through existing internet 

infrastructure. Experts estimate that IoT will 

reach about 50 trillion objects by 2020 [2]. 

 

 
Figure 1. Predictive Evolution of Object 

Networks [2] 

 

Usually, IoT is expected to offer advanced 

connectivity between devices, systems and 

services that go beyond machine-to-machine 

(M2M) communication and cover a variety of 

protocols, domains and applications. The 

interconnection of these integrated devices 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

103 

 

(including smart objects) is expected to 

appear in all areas, while making it possible 

for advanced applications such as an 

intelligent network and the possible 

expansion to areas such as the Smart City.  

In 2014, the IoT vision has evolved due to the 

convergence of multiple technologies, from 

wireless to internet communications and from 

integrated systems to microelectromechanical 

systems (MEMS). This means that all 

traditional integrated systems, wireless sensor 

networks, controlled systems, automation and 

others contribute to the development of IoT. 

 

2. APPLICATIONS OF THE 

INTERNET OF THINGS 
 

2.1. Automotive 

 

IoT is present in all industries, including 

automotive. Connectivity in the car is 

something already known, but with 

increasingly advanced features, and soon it 

will be a reason for choosing a car [3]. Some 

Automotive IoT examples include automatic 

car transmission and efficient traffic system.  

With the help of IoT, every second can be 

recorded by telematics which generates a 

huge number of data such as: date, speed, 

time, acceleration, latitude, longitude, 

consumption and mileage [4]. 

Studies show that by 2020, more than 35 

million cars will be interconnected and 

generate more than 1 terabyte of data per 

year, more than 60 percent of sold new cars  

will have car services connected, making 

driving much easier [5]. 

Among the new features available in 

automotive we can find: wi-fi hotspot, speech 

to text, apps, handwriting recognition, as well 

as safety measures such as keeping the 

distance from the car in front, proximity 

sensors [6]. 

 

2.2. Infrastructure Management 
 

An application of IoT is the monitoring and 

control of operations for rural and urban 

infrastructure such as bridges, railways, winds 

[7]. 

IoT infrastructure can be used to monitor any 

events and changes in structural conditions 

that can compromise security and increase 

risk. IoT devices can also be used to control 

critical infrastructure such as bridges which 

facilitate boats access. The use of IoT devices 

for monitoring and operating the 

infrastructure can improve the management 

and coordination of emergency response, 

quality of service and it can reduce operation 

costs in neighboring areas. 

 

2.3. The Medical System 

 

IoT devices can be used to activate remote 

monitoring systems and emergency systems. 

These medical health monitoring devices can 

range from blood pressure and cardiac 

monitors to advanced devices capable of 

monitoring specialized implants, such as 

pacemakers or advanced hearing aids [8]. 

Specialized sensors can be used in households 

to monitor the health and well-being of older 

people, while ensuring that the necessary 

treatment is administered and assisting people 

to regain lost mobility through therapy. Other 

devices that encourage healthy living, such as 

connected scales or portable cardiac monitors, 

are also possible with IoT. Physicians can 

monitor the patient's health on the mobile 

phone after the patient has been discharged 

from the hospital. 
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Figure 2. Healtcare and smart home application [8] 

 

3. THE DESIGN OF THE IoT 

SYSTEMS BASED ON THE 

LEGO MINDSTORMS EV3 

ROBOT 
 

3.1. Create the Simulink model for 

Lego Mindstorms EV3 Robot 

 

The aim is to create a simple model with the 

following specifications: 

 Detect and track the black color on the 

left and the white on the right side. 

  Stop at a distance of 15 cm when 

encountering an obstacle on its route. 

The Simulink tool in Matlab allows us to 

model the robot's structure into smaller and 

simpler components. 

The approximate speed of the robot at a given 

time is compared to a known target speed. On 

this basis, the rotation speed of the robot's 

wheels is increased or decreased using a P 

controller. Secondly, the amount of light 

reflected on the light sensor is measured in 

order to determin its position relative to the 

edge. The target light intensity is the average 

of the light quantities reflected by the white 

and black portions of the path, this being 

maintained by a PID controller. 

To add to the robot the ability to detect the 

obstacle, we will need the ultrasonic sensor. 

Speed variation due to speed and line tracking 

control must be provided to the engines only 

when the obstacle distance value exceeds a 

certain threshold. In the subsystem, where we 

added detection and obstacle avoidance, we 

used two levels of 25 cm and 15 cm, so that 

the robot reduces speed without any issues. 

Figure 3 shows the diagram of the 2 levels 

(one for the distance of 15 cm, the other for 

25 cm) of obstacle detection. Figure 4  shows 

the scheme for selecting motor voltage bias 

when encountering obstacles at different 

distances. 

 

 
Figure 3. Two levels of obstacle sensing – 25 

cm and 15 cm 
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Figure 4. Selection of motor voltage bias based on obstacle distance 

 

Figure 5 shows a chart for adding a tactile 

sensor that enables / disables the movement of 

the robot. The touch sensor emits "1" when 

the sensor is pressed and "0" when released, 

and the robot's movement is deactivated at the 

beginning. 

  

Figure 5. Enable/Disable signal for robot movement 
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Because sensors are involved, they generally 

require calibration. We need to see what 

values are required for blocks containing the 

'speed (m / s)', 'value for white' and 'value for 

black' constants, because this will decide how 

quickly and how centered on edge of the line 

the robot will move. This task must be 

performed because the output of the sensor 

may vary due to: 

- illumination conditions, the distance 

of the sensor from the floor (for edge 

tracking control) 

- surface texture, wheel friction (for speed 

control). 

Modifying the parameters of the created 

model is done by using the gain sliders for 

each component in the control block as shown 

in Figure 6. 

  

 
Figure 6. Slider Gain blocks provide parameter tuning for P, I and D control 

 

To ensure that the robot maintains its speed 

and tracks the line edge, it is necessary to 

adjust the P controller and the gains of the 

PID controller. Figure 7 shows the complete 

EV3 robot diagram with the purpose of 

tracking a black line and detecting obstacles. 

  

 
Figure 7. Modified top-level layout of Simulink model for EV3 Robot 
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3.2. Block diagram of the IoT 

system based on the Lego 

Mindstorms EV3 robot 

 

 

 

 

Figure 8 shows the block structure for 

implementing an Internet of Things system 

based on the EV3 Lego Mindstorms robot. 

This contains 3 subsystems: the first is the 

EV3 robot with all associated sensors, the 

second is the IoT platform (here the 

information is stored and processed) and the 

last one is represented by the software 

development environment (here different 

algorithms are developed so that the 

application can function best). 

 

 
Figure 8. The block diagram of the IoT system based on the EV3 robot 

 

4. CONCLUSIONS 
 

 

 

 

Things, in IoT can refer to a variety of 

devices such as heart monitor implants, farm 

animal biochips, electric shells in coastal 

waters, cars with built-in sensors, or field 

devices to help firefighters in search, and 

resque missions. These devices capture useful 

data using different technologies and 

automatically send them to other devices.  

The current market contains examples such as 

intelligent thermostats or weather 

conditioners that use the wifi for remote 

control. 

Currently, IoT is found in all areas, from 

home, transport, vehicle to people health and 

the environment. IoT is very useful, 

improving people's lives and helping them in 

their daily routine. 
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AUTOMATIC SAFETY VEHICLE 

CONTROL BASED ON ARDUINO MICROCONTROLLER 
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ABSTRACT: To minimize the occurrence of vehicle accidents due to an eye or hand movements 

while driving, an automatic vehicle human-voice-based safety control is proposed in this paper. The 

design is implemented using an arduino microcontroller. One of the most important safety control 

features is the automotive speed control (ASC). In this safety control function, which prevents a 

vehicle sudden hit, the necessary action is issued based on the vehicle-to-vehicle distance measure. 

To prevent an attention withdraw and in order to maintain a proper road and situation focus  

especially at night), several other automated safety control operations are provided (i.e., radio, 

flasher, left flasher, right flasher, wipers, drive, and stop). These features are controlled according 

to the human voice commands using an EasyVR module. The proposed model has been designed, 

built, and tested providing suitable results. 
  
KEY WORDS: safety-vehicle-control, arduino microcontroller, voice recognition. 
 

1. INTRODUCTION 
 

 

The problem of vehicle accident is part of an 

endless list of disasters that could occur 

anywhere anytime. According to the 

Association for Safe International Road 

Travel [1], about 1.24 million die and 50 

million are injured on the roads of the world 

every year. There are many reasons to why 

vehicle accidents may occur, for instance, 

carelessness while turning a radio on/off, 

searching for temperature control, searching 

for light control, etc. A detailed analysis of 

the  current methods implemented in the 

automotive field and a proposal for a new 

model for quantitative estimation based on the 

Stochastic Activity Network (SAN) are 

described in [2]. A new algorithm for 

calculating the braking distance in terms of 

vehicle safety in order to avoid collisions is 

presented in the paper [3]. The system 

developed by the authors detects the distance 

between the driving car and the vehicle 

(obstacle) in front and uses as parameters: 

vehicle speed, vehicle weight, driver response 

time, braking pressure build-up time and other 

parameters to calculate the distance for 

braking safely and to alert / assist the driver to 

maintain a safe distance. Designing an 

experimental installation in a simulating 

environment to enable automatic braking and 

to function independently for the vehicle as 

well as the incorporation of a  voice warning 

system in due time to alert the driver of the 

pending braking sctions are developed in [4]. 

In the paper [5] the authors propose a driver 

assistance system using audio-visual alerts. 

This type of implemented system has the role 

of assisting and letting the driver pay attention 

to the recognition of the environment, to 

observe the traffic situation and also to make 

decisions in order to drive safely. 

 

2. DESIGN PROCEDURE 
 

2.1. Automated speed control (ASC) 
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The Arduino Mega is used in this paper to 

provide all required functions for the 

proposed vehicle safety control. The Arduino 

Mega system is a microcontroller board based 

on the ATmega2560. It has 54 digital 

input/output pins (of which 14 can be used as 

PWM outputs), 16 analog inputs, 4 UARTs 

(hardware serial ports), a 16 MHz crystal 

oscillator along with other necessary 

connections. It contains all necessary parts 

needed to support the microcontroller and is 

powered by a computer with a USB cable [6]. 

The general block diagram for an ASC system 

is shown in figure 1.

  

 
Figure 1. Generic block diagram for an ASC system 

 

In this paper, the ASC system is made by 

using the Arduino map function, which in a 

way is similar to a fuzzy controller. The 

structure of the map function is: map (value, 

fromLow, fromHigh, toLow, ToHigh). The 

function remaps a given number from one 

interval to another. For example, a given 

value fromLow could be mapped to "toLow", 

a value from "High" to "toHigh", intermediate 

values being written between these domains 

[6]. The value provided by the map function 

is the distance measured by the ultrasonic 

sensor as it enters a certain range. If the value 

drops to a  lower interval, the vehicle must be 

stopped. 

The proposed ASC system is shown in the 

chart from figure 2: 

 

 

 

 
Figure 2. Speed controlling algorithm 

 

As generally illustrated in figure 2, an 

ultrasonic signal trigger command is sent 

through which the time required to return the 

echo signal is calculated. The distance is 
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calculated using the following sound 

equation: 

 

)2/(VTRange h                                  (1) 

 

Where V = 340m / s and it represents the time 

of the level High. 

During the next stage, vehicle speed is 

calculated using the appropriate sensor, eg 

accelerometer. The distance and speed values 

are entered in the control algorithm where a 

test algorithm is performed to test whether the 

required distance is greater than the current 

distance. If the required distance is less than 

the current distance, then the vehicle must 

maintain its speed, otherwise the speed must 

be reduced to a value that is less than the 

required maximum speed. 

 

2.2. Voice Recognition 
 

In this paper, the purpose of using voice 

recognition is to maximize driver safety by 

allowing the interface with various functions 

via voice commands to overcome the 

different distractions during driving. Some of 

the distractions can be seen as the light 

control, the windscreen washing system, thw 

radio, etc. The performance of voice 

recognition systems is evaluated in terms of 

accuracy and speed. Accuracy is evaluated 

using the Word Error Rate (WER) error rate, 

while the velocity is measured with the real 

time factor. However, voice recognition is a 

very complex issue, because vocalization 

varies in terms of accent, pronunciation, 

articulation, roughness, nasal, pitch, volume 

and speed. 

For Speech Recognition, a speaker-dependent 

module called EasyVR is used. EasyVR is 

used as an interface to enable voice 

recognition training. The EasyVR module has 

16 groups, each group can handle up to 32 

speaker-dependent commands. The groups 

can be used for different systems or 

subsystems, depending on the number of 

commands the user needs to activate. 

Using the EasyVR module, the voice 

recognition algorithm is used for two 

operations; training and recognition. For 

training, a spoken word is stored using certain 

software programs to prepare the system in 

order to recognize different words. To 

recognize a word, the word is spoken into a 

microphone to provide a certain vector that 

can be translated into a current (high value) so 

as to perform a certain function. An general 

part of the vehicle safety control algorithm is 

given by the following code: 

 

#include "EasyVR.h" 

#define TP 12 //Trig_pin 

#define EP 13 //Echo_pin 

boolean flasher= true; 

boolean radio= true; 

boolean wiper= true; 

boolean left = true; 

boolean right = true; 

boolean move1 = true; 

boolean reduce = true; 

EasyVR easyvr(Serial); 

Serial.begin(9600); 

} 

void loop() 

{ 

check_distance(); 

easyvr.recognizeCommand(1); 

while (!easyvr.hasFinished()){ 

check_distance(); 

} 

 int index = easyvr.getCommand(); 

if(index==0||index==1||index==2){ 

if(flasher==true){ 

digitalWrite(30,HIGH); 

flasher=false; 

} 

else{ 

digitalWrite(30,LOW); 

flasher=true; 

} 

} 

if(index==3||index==4||index==5){ 

if(radio==true){ 

digitalWrite(32,HIGH); 

radio=false; 
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} 

else{ 

digitalWrite(32,LOW); 

radio=true; 

} 

} 

 

The EasyVR screen is a slave module 

communicated through an asynchronous 

serial interface (known as the UART 

interface) designed with the following 

specifications: 

• Baud rate: 9600 (implicitly), 19200, 38700, 

57600, 115200. 

• Frame: 8 bit data, no parity, 1 bit stop. 

The microphone provided with the EasyVR 

module is a microphone with a one-way 

electric capacitor, which has an almost flat 

frequency response in the range 100Hz - 

20kHz. 

To recognize a voice using the EasyVR 

module, a "dB" (present as a character) is first 

sent to EasyVR to start the recognition 

process. Then, a check is made to make sure 

that there is a serial communication response. 

Once the answer is positive, the module 

checks the "r" character received from 

EasyVR, indicating that a command has been 

acknowledged. Then, a hexadecimal code is 

sent for the order index and a waitingperioad  

is required until the command is sent from the 

serial communication of the EasyVR module. 

As a result, the corresponding order for the 

received index is executed. This process is 

illustrated in the diagram of figure 3. 

The EasyVR module can save up to 32 

different commands. In this work, 7 functions 

were designed which can be stated as 

following: 

• Flasher 

• Left Flasher 

• Right Flasher 

• Radio 

• Wipers 

• Go 

• Stop 

 

 
Figure 3. Voice recognition algorithm 

 

Communication with the EasyVR module 

uses a standard UART interface compatible 

with 3.3-5VTTL/CMOS logical levels 

according to the powering voltage VCC. A 

typical connection to an MCU-based host is 

typically specified as seen in figure 4 [7]. 

 

 
Figure 4. MCU based host connection [7] 

 

The configuration at power/On is 9600 baud, 

8 bit data, No parity, 1 bit stop. The baud rate 

can be changed as necessary to operate in the 

range 9600 - 115200 baud. 

The proposed design model is presented as 

shown in figure 5. 
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Figure 5. Design of a vehicle safety control 

model 

 

 

3. CONCLUSIONS 
 

 

Vehicle safety issues in traffic are constantly 

being investigated, because an optimally 

implemented vehicle system would minimize 

the number of vehicle accidents. 

In this paper the model is implemented with 

the help of an Arduino microcontroller.  Also 

the EasyVR module is used for voice 

recognition operation and training. 

To control the speed of the vehicle, the 

necessary measures are taken based on the 

distance measurement between vehicles. To 

maintain good driving and focus in certain 

situations, the project has been provided with 

other automated control functions; radio 

control, light control, light control.  

All these control options are managed in 

accordance with the human voice commands 

provided by the EasyVR Module. The 

proposed model was designed, built and 

tested, delivering the right results as expected. 
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ABSTRACT: This paper presents a control architecture for biomimetic structures, using the PID 

control algorithm with a three-controller scheme for obtaining a certain biomimetic state. The 

analysis of this biomimetic state is simulated with the matlab / simulink simulation environment, 

based on the values of the three variable positions (eyebrow, eyelid, mouth) that are involved in 

creating an emotional state.   
  
KEY WORDS: PID control, biomimetic structure, architecture, emotion, simulation 

 

1. INTRODUCTION 
 

One of the most popular theories of 

emotion is the Plutchik American 

psychologist who proposed a detailed 

classification of emotional responses. He 

proposed a set of eight basic emotions, which 

are divided into four pairs of opposite states: 

joy-sadness, acceptance-disgust, surprise-

anticipations, anger-fear. All these emotions 

are considered innate. The Plutchik also 

created a wheel of emotions used to describe 

the connections between therm (fig.1). [1].  

His model is the connection between 

the idea of emotion circle and a color wheel. 

Like colors, primary emotions can be 

expressed at different intensities and can be 

mixed to from different emotions. Circumplex 

model is seen as a vertical section of a conical 

model of emotion [2]. A control structure 

based on biomimetic transducers and a fuzzy 

controller is described in the paper [3]. 

According to Plutchik, people can have 

opposing emotions at a time. Emotions that 

are the base of the cone are considered to be 

the most intense and as the intensity decreases 

are harder to distinguish [4]. 

 

 
Figure 1. Wheel emotions by Plutchik [1] 

 

2. DESCRIPTION OF A 

CONTROL 

ARCHITECTURE FOR THE 

CONTROL OF A 

BIOMIMETIC STRUCTURE 

USING THE PID 

ALGORITHM 
 

In this paper we designed a control 

architecture for commanding a biomimetic 

structure using three classical PID regulators 
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 +100 

+60 

    0 

(proportional-integrator-derivative), three 

execution elements and three transducers 

positioned on the reaction path, one for each 

input variable, eyebrow, eyelid-p, mouth-g. 

 

2.1. The domains considered for 

biomimetic expression states 

 

We consider that an expressive state of the 

human face is mainly given by the actual 

position of the eyebrow (s), eyelid (p) and 

mouth (g). 

From the analysis of the actual positions of 

the eyebrows (s), the eyelids (p) and the 

mouth (g) corresponding to the basic 

expressive states, the following figures define 

the variation scope for these variables [5].  

So, the s-eyebrow variable is shown in figure 

2 and has the following variation range: s[-

30%,+100%] [5]. 

 

 

 

 

 

 

 

 

Figure 2. The range of the eyebrow 

 

Obs. The eyebrow has the position '+10' [%] 

in the neutral state, raised (max) for '+100' 

and lowered (min) for '-30' [%].  

 The p-eyelid variable is shown in the figure 

below (Figure 3) and has the variation scope: 

p[0,+100] [%]  [5]. 

 

 

 

Figure 3. The range of eyelid variation 

 

Obs. Eyelid position is ’+60%’ neutral state, 

closed (min) ’0%’ and raised state (max) to 

’+100%’ [5]. 

The g-mouth variable is shown in the figure 

below (Figure 4) and has the variation sope: 

g∈ [-100, + 10] [%] [5]. 

 

 

 

 

 

 

 

 

Figure 4. The variation range of the mouth 

 

Obs. Relaxed mouth (neutral) the position is ’ 

-20%’, mouth fully opened (max) the ’ -

100%’ and tighten lips (min) at ’+10%’ [5]. 
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Determining the variation ranges of the three 

variables s, p and g, by studying and 

observing their positions,we can determine 

the minimum, maximum and intermediate 

values (as a percentage of the extreme values 

of the variation range) of the variables s, p, g 

for each elemental biomimetic expression 

state, which are presented in Table 1 below 

[5]. For the mouth variable -g, the direction of 

movement of this was considered to be 

negative with respect to the reference point, 

the range maximum being -80% and the range 

minimum being -35%. 

 

 

 

 

Table 1. Areas considered for elementary expressive  biomimetrics states [5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biomimetic 

state 

 

 

Variables 

The percentage values of the variables s, p, g for 

elementary biomimetic expressive states 

 

100% 

maxim 

 

75% 

 

50% 

 

25% 

 

0% 

minim 

(neutral) 

 

Happy 

S +80% +62.5% +45% +27.5% +10% 

P +50% +52.5% +55% +57.5% +60% 

G -70% -57.5% -45% -32.5% -20% 

 

Angry 

S +90% +70% +50% +30% +10% 

P +70% +67,5% +65% +62,5% +60% 

G 0% -5% -10% -15% -20% 

 

Surprised 

S +100% +77.5% +55% +32.5% +10% 

P +100% +90% +80% +70% +60% 

G -100% -80% -60% -40% -20% 

 

Dgust 

S -30% -20% -10% 0% +10% 

P +40% +45% +50% +55% +60% 

G -40% -35% -30% -25% -20% 

 

Sadness 

S -20% -12,5% -5% +2,5% +10% 

P +40% +45% +50% +55% +60% 

G 0% -5% -10% -15% -20% 

 

Fearful 

S 0% +2.5% +5% +7.5% +10% 

P +80% +75% +70% +65% +60% 

G -80% -65% -50% -35% -20% 
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Command architecture for commanding a 

biomimetic structure using three PID 

(proportional-integrator derivative) regulators 

with PID algorithm control, three execution 

elements to execute the corresponding motion 

with the control algorithm and three 

transducers to act collecting the current 

emotional state and transforming to the its 

output in numerical size, to be compared with 

the references and are positioned on the 

reaction path, one for each input variable, 

eyebrow, eyelid, mouth-g. 

 

 
 

3. SIMULATION OF A 

CONTROL STRUCTURE 
 

The Simulation of the control structure was 

performed in the matlab / simulink 

environment for the emotional state of 

"happiness" having the values according to 

table 1, as follows: s = 0.1 for minimum and s 

= 0.8 for maximum; p = 0.5 for minimum and 

p = 0.6 for maximum; g = 0.2 for minimum 

and s = 0.7 for maximum. 

 

 

Figures 6 and 7 show the simulation schemes 

in the matlab environment for a PID 

algorithm control architecture corresponding 

to the minimum and maximum of the 

emotional state of "happiness".  

Figures 8 and 9 show the simulation results in 

the matlab environment corresponding to the 

minimum and maximum for the emotional 

state of happiness. 
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Figure 6. Simulation scheme in simulink for minimal emotional state of joy 

  

 
Figure 7. Simulation scheme in simulink for the maximum emotional state of  joy 
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            a) The minimum of the happiness state           b) The  maximum of the happiness state 

Figure 8.a, b Simulation results for the minimum and maximum happiness status

 

4. CONCLUSIONS 
 

 

 
The aim of this paper is to present the 

principle of control of biomimetic structures 

by using classical regulators. The biomimetic 

structure control technique studied uses PID 

algorithms and is an attempt to cover the 

basic principles and intelligent control 

concepts in humanoid robotics. From the 

simulation results for the studied expression 

state it results that the eyebrow variable 

(yellow) having the range of variation 

between the highest and lowest positions has 

the response time till the point of reaching the 

highest reference value. The eyelid variable 

(purple) has the lowest variation range and the 

lowest response time.  

In general, this paper refers to a wide 

selection of examples that serve to 

demonstrate the benefits of applying this 

techniques in order to control these types of 

biomimetic structures. 

 

 

 

 

 

 

5. REFERENCES 
 

[1] Hall R. - Robert Plutchik, 

http://en.wikipedia.org/wiki/Robert_Plutc

hik. 

[2] Plutchik R., Nature of Emotions, 

American Scientist, Volume 89, pp 344-

349. 

[3] Popescu M., Runceanu A., Borcosi I., 

Simulating the facial expression of a 

biomimetic structures, Conference: 13th 

International SGEM JUN 16-22 2013, 

VOL I   Book Series: International 

Multidisciplinary Scientific 

GeoConference SGEM   Pages: 227-234. 

[4] Bruno Siciliano, Oussama Khatib, 

Handbook of Robotics, Springer, pp 1361. 

[5] Ionescu M., Popescu M., Borcoşi I., 

Development of a control arhitecture for 

a biomimetic structure based on cognitive 

affective reactions, Annals of the 

„Constantin Brâncuşi” University of 

Târgu Jiu, Engineering Series, Issue 

2/2012, ISSN 1844-4856.

 

http://en.wikipedia.org/wiki/Robert_Plutchik
http://en.wikipedia.org/wiki/Robert_Plutchik


Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2017 

 

 

119 

 

  

THE SELF-PILOTING FUNCTION OF A MULTICOPTER 

 
Ph.D. student Oliviu-Mihnea Gamulescu, Constantin Brâncuși University of Târgu Jiu, 

ROMÂNIA 

 
Ph.D. student Oliviu Mihai Musetoiu, University of Petroşani, ROMÂNIA 

 
Professor Doctor Honorable Engineer-Monica Leba, 

University of Petroşani, ROMÂNIA 

 

 
ABSTRACT: The objective of this work consisted in defining aspects of the main part of the 

system of autopilot of the multicopter. Before finding out about open sources and control plates, we 

need to know some basic elements of Self-piloting. 
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1. INTRODUCTION 
 

To provide an intuitive understanding of the 

multicopter, Figure 1.1 presents the 

combination and connection of a system to 

multicopter. As shown in Figure 1.1 The RC 

transmitter, the RC receiver, the autopilot 

(also known as the flight regulator), the GPS 

receiver and the ground Control station (GCS) 

belong to the command and control system. 

Moreover, a multicopter system includes the 

docking system and the propulsion system. 

Figure 1.1 Multicopter System components. 

Figure No. 1 "components of a drone" 

 

 

 

 

 

 

 

 

 

 

 

 

Figure No. 1. Components of a drone 

 

 

 

2. BATTERY 
 

The battery is used to draw power to the 

Multicopter motors. A problem often 

encountered at these is the time of Aduranta 

because it is heavily dependent on the 

capacity of the batteries. Now there are 

several types of batteries: Lipo (Lithium 

polymer), NiMH, these are the most 

commonly used, due to superior performance 

and low price [1]. 

 

 

 

 

 

 

 

 

Figure No. 2 Multicopter Battery 

 

2.1. Parameters 

 

The basic parameters of the battery include 

tension, discharge capacity, internal resistance 

and discharge rate. 

The nominal voltage of a single Lipo cell 

battery is 3, 7v.; When fully charged it can 

reach 4, 2v. To ensure the battery capacity 

and voltage, you can add more cells that can 
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be assembled together. In a real process, the 

remaining voltage is gradually decreased with 

the battery discharge. According to these date 

specified in the final discharge stage the 

tension may decrease sharply, which can lead 

to rapid loss of the ground push of the 

multicopter. To ensure that a multicopter has 

enough power to return home before the 

battery is run out of power, we should set an 

optimal voltage threshold for the battery. In 

addition, the output voltage will decrease as 

the discharge current will be increased due to 

greater tension allocated to internal resistance. 

It should be noted that the battery should not 

be completely discharged because we can risk 

a deterioration of it irreversible. 

 

2.2. Battery capacity 

 

Battery capacity [2] it is measured in "mAh" 

or amp "Ah". This is a technical index that 

shows how much the electrical charge in a 

particular battery is. For example, the 

3000mah capacity of a lipo battery signifies 

that the battery discharge will take one hour at 

3000ma (the current consumed by the drone), 

when the voltage of a single cell is low from 

4.2 to 3, 0v. However the download capability 

will be decreased along with the download 

process, and the output voltage will decrease. 

As a result, the remaining capacity is not a 

linear function of the download time. In 

practice there are two ways to detect whether 

the remaining capacity of a bateri can sustain 

the flight: 

-Detection of battery voltage by sensors in 

real time 

-estimate the charging value of the batteries 

 

2.3. Resistance 

 

Resistance [3] a battery is not a constant value 

and varies depending on the state of the 

power and its lifetime. The resistance of a 

rechargeable battery is relatively small in its 

original state, however after a prolonged 

period of use due to electrolyte exhaustion 

and decreased activity. 

Its chemical substance, the resistance will 

gradually increase to a certain extent that the 

energy in the battery cannot be released, so 

that it can no longer function. 

 

2.4.   Battery energy density 

 

Energy density [4] it is the amount of energy 

stored in a system or region of space, which is 

called in the final specific energy. In the 

generalarities for energy density and specific 

energy are (Watt x hour)/or Wh/kg. Batteries 

with a higher energy density are more popular 

due to the contradiction between volume 

(weight) and resistance for a specific product. 

Lithium-ion battery is becoming more and 

more popular and is used on a large scale in 

many applications. Its density is twice the size 

of NIMH i.e. from 240 to 300 Wh/KG [5]. 

 

3. DRONE CAPACITIES OF 

SELF-PILOTING  
 

Autopilot [6] of the multioperation is a flight 

control system used to control the altitude, 

position and trajectory of a multicopter. can 

be semi-Automatically (requires commands 

from Control lever) its completely automatic. 

The autopilot has a control framework that is 

often based on proportional-integrated-

derivative controllers (PID), leaving the 

paramedic to be set for different types of 

multicopters. 

 

4. COMPONENTS 
 

Autopilot [6] of the multioperation can be 

divided into two components, the software 

and the hardware. The software component is 

used as the brain of the multicopter and is 

utilized to send the information, instead the 

hardware component generally has the 

following components: 

4.1. GPS Receiver. Used to obtain the 

location of the Multituner; 

4.2. Inertia measurement Unit (IMU). This 

includes: three-axle accelerometer, three-axle 

gyroscope and electronic busala. It's used to 

get information about the altitude of a drone. 
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In general, the six-axle IMU is the 

combination of a three-axle aceelerometer and 

a three-axle gyroscope; A nine-axle IMU is 

the combination of a three-axle 

accelerometer, a A three-axle gyroscope and a 

three-axle magnetometer; and a tenth axle is 

the combination of an imu with nine axes and 

a barometer. 

4.3. Height sensor. The barometer and the 

ultrasonic search apparatus are used to abstain 

from absolute height (altitude) and relative 

height (distance from the ground). 

4.4. Processor. Act as a platform to receive 

information and run the algorithms to produce 

the control command. 

4.5. Interface. It acts as a bridge between the 

processor and the other devices, such as 

sensors and control lever. 

 

5. FUNCTIONS 
 

5.1. Perception. It's used to solve the location 

problem. GPS receptors, IMU and height 

sensors may have certain turbulence of 

communication, and their refresh rate varies. 

For example the refresh rate of the GPS 

receiver is 5 Hz, while the refresh rate of the 

accelerometer can be 1000hz. An extra load 

of the autopilot is to combine this information 

together to get a position and an altitude 

Exact. 

5.2. Control. Control exists to be able to 

solve the problem "how multicopter flies in a 

desired position". Depending on the position 

and altitude measured, the processor 

generates commands transmitted to the 

Multiopter motors in order to obtain the 

desired position; 

5.3 Decision. Refers to the reaction speed 

reported to the unit of time, between the 

Control Panel (remote control, tablet, PC, 

etc.) and Multicopter. They act differently 

with the account of the umrators factors: 

 Climatic factors namely: 

 Temperature 

 Humidity 

 Wind speed 

Physical factors: 

Represented by the interaction between the 

control Panel and Multicopter, influenced by 

the transmitter frequency. 

 

6. AUTOPILOT WITH OPEN 

SOURSE 
 

Currently, there are many applications for 

auto-piloting the multiopt which also include 

the control plates.  

 

Table No. 1. Websites for the autopilot 

application accessed on 02.11.2017 [6] 

 

APM 

(Ardupilot) 

http://ardupilot.org/ 

Openpilot https://opwiki.readthedocs.io 

Paparazzi https://github.com/paparazzi 

Pixhawk https://pixhawk.org 

Mikrokopter http://www.mikrokopter.de 

KKmulticopte

r 

http://lazyzero.de/en 

Multiwii https://github.com/multiwii 

Aeroquad https://github.com/AeroQua

d 

Crazyflie https://www.bitcraze.io 

CrazePony http://www.crazepony.com 

 

 
Figure No. 3 Control boards 

 

 

7. RADIO TELEMETRY 
 

Radio Telemetry [7] it refers to the use of 

digital signal processing technology (DSP), to 
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transmit data with high accuracy through 

radio technology. 

Unlike analog radio-telemetry, which consists 

of a model and analogue modular station, 

digital radio Temletria provides a RS232 

transparent interface whose transmission 

speeds are 19.2 Kbps. It is capable of sending 

and Receive data in less than 10ms. The data 

transmitted shall comprise: 

-Field intensity 

-Temperature 

-Tension 

-Error statistics 

-Network management. 

As a means of communication telemetry radio 

has a specific area of applications. Under 

certain special conditions, it can provide real-

time and reliable data transmission. 

Radiotelemetry technology is suitable for any 

geographic environment because it has low 

installation and maintenance costs. 

One end of the radio telemetry is connected to 

a GCS software, and the other end is 

connected to the multicopter. Communication 

between these two is carried out using certain 

bidirectional communication protocols. 

 

 
Figure No. 4 Software GCS [8] 

 

The communication protocol is also called the 

communication Regulation, referring to the 

Convention for the submission of the data of 

both parties. The Convention includes 

uniform rules on data format, synchronous 

method, transmission rate, procedure, error 

checking and correction and definition of 

control characters, to be recorded on both 

sides of the communication. It is also called 

the rules of control of the links. 

The wording of the communication protocol 

is advantageous in the separation of the GCS 

[8] and the autopilot, as long as the 

communication protocols are respected, the 

GCS application can be compatible with 

various free sources of autopilot. 

Mavlink Communication Protocol [9] it is a 

file library designed for drones and small 

aircraft. It is based on the general Public 

License and can effectively incorporate the 

structure of data C through a serial port to 

transmit data packets to the GCS. This 

communication protocol is tested on a large 

scale such as: 

- PX4 

- APM 

-Parrot AR. Drones. 

For example, the Openpilot application adopts 

the Uavtalk protocol to communicate with the 

GCS. 

 

CONCLUSIONS 
 

The composition of a multicopter can 

support the fully autonomous flight of a 

multicopter. For semi-autonomous 

multicomponent piloted, some components 

can be removed, such as gyroscope and GPS 

Recptter.   

 To choose better components and improve 

performance or find the causes of failure, it 

is necessary to have a deeper and 

comprehensive understanding of the 

multiopt. For example, by adjusting Speed 

control parameters and choice of suitable 

propellers, flight performance can be 

improved; Taking into account the 

compatibility of engine speed control, some 

accidents can be avoided. 
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1. INTRODUCTION 
 

Lyapunov equations (LEs) are powerful tools 

in studying stability problems for linear 

stochastic differential equations (LSDEs). In 

this paper we consider a special class of LEs 

associated with infinite dimensional LSDEs 

with unbounded coefficients and infinite 

Markovian jumps (MJs). The problem of 

existence of mild solution for this class of 

LEs seems to be a new and unaddressed 

problem in the literature. However, many real 

life phenomena such as sound, heat, 

electrostatics, electrodynamics, fluid 

dynamics, elasticity, or quantum mechanics 

are described by linear partial differential 

equations with unbounded coefficients [4]. In 

addition, the study of LSDEs with infinite 

Markovian jumps (LDSMJs) have attracted 

recently the interest of many researchers [1-9] 

due to their new applications in modern 

queuing network theory [4] or in the study of 

safety-critical and high integrity systems (as 

for e.g. aircraft, chemical plants, nuclear 

power solutions, large scale flexible structures 

for space stations etc). 

Thus the study of LSDEs with unbounded 

coefficients and infinite MJs is at the same 

time extremely current and of great 

importance for practical applications.  

Our goal is to prove an existence and 

uniqueness result for Lyapunov type 

equations associated with this type of LSDEs. 

 

2. HYPOTHESES AND 

STATEMENT OF THE 

PROBLEM 
 

In this paper H is a real separable Hilbert 

spaces and Z  is an interval of integers, which 

may be finite or infinite. Then,  HL  is the 

real Banach space of linear and bounded 

operators acting on H and HE  is the Banach 

subspace of )(HL  formed by all self-adjoint 

operators. As usual, .,.  is the inner product 

on H  and .  denotes the norms of elements 

and operators.  

An operator )(HLA  is called 

nonnegative and we write 0A , if A  is self-

adjoint and 0, hAh  for all .Hh  By 

Z

)(HLl  ( or Z

EH
l  ) we denote the space of all Z  - 

sequences g =    
Z iHLig }{  (or 

 
Z

E  iHigg }{  ) with the property that 

    igg i ZZ
sup: . We know that 

Z

)(HLl  

( or Z

EH
l  ) is a real Banach space. An element 
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Z

EH
lX   is said to be nonnegative and we 

write 0X  if and only if   0iX  for all 

Zi  . Let   Z

HLs lC ,R   be the space of all 

mappings  
Z

HLlf R:  with the property 

that  xsfs   is a   .sup:.
ZZ i  - 

continuous function. Then   Z

HLb lC ,R   will 

denote the subspace of   Z

HLs lC ,R   formed 

by all bounded mappings. 

In this paper we study solution properties 

for a class of Lyapunov type equations 

associated with the following class of infinite 

dimensional LSDEs with MJs 

 

   dttAxtdx )1(
    

                .,
1

tdwtxttB kk

r

k






 
under the following hypothesis: 

 

(H1) 

i)   HHADA :  is the generator of a 

strongly continuous semigroup  tS  and 

     rklCtB HLbk ,..,1,,R,.  

Z
 for all 

Rt . 

ii) [6]   R,tt  is a right continuous, 

homogeneous Markov process on a 

complete probability space ( , F, P) 

with the state space Z  and the standard 

transition probability matrix  

 

    

      
.0,0

,|

,
,











st

jstPtp

tptP

isij

jiij



Z

 
 

The infinitesimal matrix Zjiij ,,  is 

defined by 

 

        ,/0lim0:
0?

tptpp ijij
t

ijij     

 

where   Z jip ijji ,,0.   (here ij  is the 

Kronecker delta function) and satisfies the 

following conditions: 

 

Z jiij ,,0  , ij  , ciiij

ijj





,Z

. 

 

iii)      
 R,

,1
ttwtw

rkk  is a standard r  

dimensional Wiener process on   with 

respect to the filtration 0}{  ttH  where 

0,:  tttt GFH  and 0, ttF  is the 

smallest   -algebra containing all sets 

FM , P(M )= 0 with respect to which 

all random vectors tssw ),( are 

measurable. 

iv) the  - algebras   tssw 0,  and 

  tss 0,  are independent. 

From the finite dimensional case, we know 

that mean square stability problems, as well 

as solution representation problems for 

LSDEs with MJ given by Eq. (1), often 

reduces to the study of solution properties for 

associated Lyapunov type equations of the 

form 
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,
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itMitBitXitB

jtXIAitX

itXIAitX
dt

d
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r

k

ij

ijj

H
ii

H
ii






Z

 

  .0,,0)3( TtiRlRTX
H

 Z
Z

E  

Perturbation theory shows that Hi IAA ii

2


  

also generates a family of strongly continuous 

semigroups      RttSetS
tI

i

H
ii

,2



 on H . It 

is not difficult to see that S

      
Z

HLZii ltSt 


 for all Rt  and 

  
Z

tS  tS . Let us define 

      ,:, tYStSYit ii


  for  HLY  . We 

note that         iXitiXt ,  is a linear 

and bounded operator on Z

EH
l   and 

    
ZZZ

XtXt
2

S  . 

By a mild solution 

    Z

EH
lTCRTXX s ,,0),.;(.   of (2) - (3), 
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we mean a strongly continuous function 

which satisfies the integral equation  

 

    

   

  .),(,

),(,),((,

,),()4(

,

1

xdsisMjsX

isBisXisBips

xiRisTxisX

ij

ijj

kk

r

k

T

p


















Z

 

Our goal is to prove that (2) - (3) has a unique 

mild solution     Z

EH
lTCRTXX s ,,0),.;(.  . 

 

3. MAIN RESULTS  
 

In this section we shall apply the classical 

method of successive approximation to prove 

that (4) has a unique solution from 

  .,,0 Z

EH
lTCs   

Theorem 1. The integral equation (2) - (3) 

has a unique nonnegative mild solution 

 Z

EH
lCX b ,R   . 

Proof. For any p  > 0 fixed, the mapping  
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is Lipshitz in X . Indeed 

   
Z

YsXs ,,  =
Zi

sup

      

       ||)(,

)),(),(,||

,

1

(

iYiXips

isBiYiXisBips

ij

ijj

kk

r

k
















Z

     iYiXisBpsS
Zi

k
Zi

r

k




 sup),(sup(
2

1

2
 

   

 

  .,

)

),(sup(

)sup

,

2

1

2

,

Z

Zij

ijj

k
Zi

r

k

Zi
ij

ijj

YXpsL

YX

isBpsS

iYiX

























Z

Z

 

Since  tS  is strongly continuous and kB  

satisfies (H1) we can apply the Uniform 

Boundedness Principle to deduce that 

   

)

),(sup(,

,

2

1

2

ij
ijj

kZi

r

k

isBpsSpsL











Z

  

is bounded on Tps 0  , i.e. there is 

0TL  such that   ,, TLpsL   on 

Tps 0 . It follows that   is Lipshitz in 

.X   

On the other hand, for any  > 0, there is p
 

such  that |T - p|< . For all X satisfying
 

,
Z

X  and  Tps ,  we have  

  
Z

Xs,    ., MLXpsL TZ
   

Let us consider the sequence of successive 

approximations 
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01

0

xdssXsRxxsX

xdssXsRxxsX

HxTpsRxxsX

n

T

p

n

T

p



















 

A standard proof shows that  sX n 1  

is 
Z

.  convergent to  sX  , uniformly on 

 .,Tps   Since       Z

HLsn lTCX ,,0.1   it 

follows that       Z

HLs lTCX ,,0.   , too .   

Moreover,   0,,  xxYs  for all 

0,   YRs  and Hx , i.e  YsY ,  is a 

positive function on .Z

EH
l    

Hence  

       0,,,01  


dsxxRsxxsXxsX

T

p

 

for any 0R  and .Hx   

 

Inductively, we deduce that  

     xxsXxsX nn ,1  
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       dsxxsXssXs nn

T

p

,,, 1


  

     0,, 1  


dsxxsXsXs nn

T

p

 . Hence 

   sXsX nn 1  for all nN  Tps ,  .  

Passing to the limit as n  in (5) 

we deduce that  sX  is a nonnegative mild 

solution of (2) - (3). The convergences follow 

by standard arguments. We only note here 

that for the convergence of the series 

    xjsXjsX nij
ijj

,,
,





Z

, we can use 

the bounded convergence theorem for series, 

the hypotheses 0,
,




ijij
ijj


Z

 and the 

uniform convergence 

     0,,



n

n xjsXjsX  with respect to .j   

The uniqueness of the mild solution follows 

by using Gronwall’s Lemma. 

 

4. CONCLUSIONS 
 

 In this paper we have proved that classical 

results concerning the existence of mild 

solutions for Lyapunov type equations remain 

valid for LEs associated with LDSEs with 

unbounded coefficients and countably infinite 

Markovian jumps. In a future work we shall 

investigate if these mild solutions can be 

approximated by sequences of strong 

solutions of Lyapunov type equations with 

bounded coefficients. Such result and Ito's 

lemma [6] would lead to obtaining mean 

square stability results for LDSEs (1) in terms 

of global solvability of Lyapunov type 

equations of the form (2). 
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1. INTRODUCTION 
 
The study of stochastic differential equations 

(SDEs) with Markovian jumps have been 

continuously developed and improved in the last 

decade. In essence Markovian jumps systems 

(MJSs) are hybrid systems which dynamic is 

described by classical differential equations and a 

Markov process that governs the switching 

process. Earlier studies of MJLSs focused on 

systems with finite state space for the Markov 

process and the theory is essentially worked out 

(see [7] and the references therein). However, in 

the real world, the changes in dynamics could be 

infinite due to the occurrence of infinite number 

of discrete events at random times. 

Consequently, the scientific community has 

turned recently its attention to the case where the 

state space of the Markov process is countable 

infinite or, more general, it is an arbitrarily chosen 

Borel space (see [1-6], [8-13]). 

In this paper we study the mild solution 

approximation problem for a class of linear SDEs 

with infinite Markovian jumps and unbounded 

coefficients in the drift. Following classical 

results, we prove that mild solution can be 

approximated by a sequence of strong solutions 

for an associated system of SDEs. However, in 

the case of infinite Markovian jumps some 

additional hypothesis is required to obtain the 

uniform convergence of the approximating 

sequence. Weakening these hypotheses remains a 

challenging subject for a future research. 

 

2. PRELIMINARIES 
 

Through this paper H  is a real separable 

Hilbert space and Z is an infinite interval of 

integers.  

We denote by  HL  the Banach space of all 

linear and bounded operators acting on H  

and by  
Z

HLl  the real Banach space of all 

sequences    
Z

Z HLii lgg  }{  with the 

property that     ii gg
ZZ

sup  [11]. 

Let  P,,F  be a complete probability space. 

For any integrable random variable   defined 

on ),,,( PF    E  denotes the mean 

(expectation) of   .  

If G  is a   -algebra of subsets of   in F  , 

we denote by  
G
|E  the conditional 

expectation (mean) of   with respect to G .  

Also if    is another random variable on   

and G  is the   -algebra generated by  , 

then we use the notation ]|[ E  for the 

conditional mean of   with respect to  . 

If FBA,  and ,0)( BP  we write  BAP |  

for the conditional probability of A  given B  

and ]|[ BE   for the conditional mean of   on 

the event B . 
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3. HYPOTHESES AND 

STATE-MENT OF THE 

PROBLEM 
 

In this note   R,tt  is a right continuous, 

homogeneous Markov process on   with the 

state space Z  [10]. The process  t  has a 

standard transition probability matrix  

 

    

       0,0,|

,
,









stjstPtp

tptP

isij

jiij



Z
 

 

and an infinitesimal matrix Zjiij ,,  

defined by  

 

       tptpp ijij
t

ijij /0lim0:
0?

  ; 

  Z jip ijji ,,0.    

 

and ij  is the Kronecker delta function. In the 

sequel we assume that Z jiij ,,0   , ij   

and 

ciiij

ijj





,Z

 

for all Zi  and some 0c . As proved in 

[10], the convergences   ijijt tp 0?lim  , 

   0/lim 0?  ijijijt ttp   are uniform with 

respect to i  and j  . 

Now let }0{NN  r  be fixed. We 

consider on   a standard r dimensional 

Wiener process      
 R,

,1
ttwtw

rkk  such 

that the   -algebras   tssw 0,  and 

  tsst  0,G  are independent. 

As in [10], we denote by 0, ttF  the smallest 

  -algebra containing all sets FM  with 

0)( MP  with respect to which all random 

vectors tssw ),(  are measurable. It follows 

that 0,:  tttt GFH  contains all P  - 

negligible sets from F  and is an admissible 

filtration for the Wiener process 0)}({ ttw  , i.e 

(a) the Wiener process is adapted to the 

filtration, and 

(b) for every 0t  , the process 

     0 stwstw  is independent of the   

algebra tH  . 

In what follows 
t

H  will denote the normal 

filtration 0,0   thth H  and M  will be the 

indicator function of a set M  . 

Lemma 2 from [10] shows that 

rktw tk ,..,1,)}({ 0   are Wiener processes 

with respect to the filtration 0}{  ttH  . 

Consequently, the Ito's integrals in this note 

will be defined with respect to these Wiener 

processes and the normal filtration 0}{  ttH  . 

By   HbaL w ,,2

,  we denote the space of all 

H  -valued, processes )(tX  , ],[ bat  , that 

are nonanticipative with respect to 
t

H  and 

have the property   













 dttXE

b

a

2
 [10]. 

 We know [8, 10] that any   HbaLX w ,,2

,  

is stochastically integrable on ],[ ba  . 

Let r  be a fixed natural number.  

We assume the following hypothesis 

 

(H1) 

i)   HHADA :  is the generator of a 

strongly continuous semigroup  .tS  

 ii)    rklCB HLbk ,..,1,,R  

Z
, are such that 

         tStBtBtS ikik   for all Zi . 

 

We consider the linear stochastic differential 

equation 

 

            

  tttx

tdwtxtBdttAxtdx ktk

r

k



 


00

1

0,)2(

,)1(




 

 

where   is a H  valued and 0t
H  - 

measurable random variable such that 

  
2

E . 

 We say that a stochastic process 

  HTtLx w ,,0

2

,  is a mild solution of (1) - 
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(2) if it satisfies the stochastic integral 

equation  

 

   

          .

)3(

1

0

sdwsxsBstS

ttStx

ksk

t

t

r

k
o












 

 

A mild solution of (1) - (2) is said to be 

continuous iff its trajectories  ,txt   are 

continuous for P  -almost all  . 

Arguing as in the finite dimensional case, (see 

for example Theorem 36 from [7]) it can be 

proved that (1) - (2) has a unique continuous 

solution ),,()( 0 ttxtx  , 0tt   which 

belongs to   HtL w ,,0

2

,  [10]. 

Now, let us denote by 

    Hn nIAnRnAnnARA  ,, 2 ,n  N the 

Yosida approximations of A , where  

   dttSeAnR nt




0

,  denotes the resolvent 

set of A . We note that (H1) ii) implies that 

  ik tB  also commute with nA  for all Zi  

and rk ,..,1  . 

If   ntA

n etS   is the uniform continuous 

semigroup generated by nA , we know that  

    ,, HxxtSxtS
n

n 


 

uniformly on bounded subsets of ),0[  . 

We associate with (1) - (2)  the approximating 

system of differential equations 

 

   

        

  .,0,)5(

,

)4(

00

1

Nntttx

tdwtxtB

dttxAtdx

n

kntk

r

k

nn












  

 

As in the case of (1) - (2), for all Nn  there 

is a unique continuous mild solution 

  HTtLx wn ,,0

2

,  of  (4) - (5).  

Moreover, we know from [10] that  (4) - (5) 

has a unique continuous strong solution 

  HtLx w

s

n ,,0

2

,    , i.e there is a unique 

function   HtLx w

s

n ,,0

2

,    which satisfies 

the integral equation 

 

   

        .

)6(

1

sdwsxsB

dssxAtx

k

s

nsk

r

k

s

nn

t

t

s

n

o















 

 

A standard proof (which is a simple exercise 

for the reader) shows that the strong solution 

 tx s

n  coincides with the mild solution  txn  

for all .Nn   

Our goal is to prove that the mild solution of 

(1) - (2) can be approximated by a sequence 

of strong solutions of the associated system of 

differential equations  (4) - (5). 
 

4. MAIN RESULT 
 

In this section we give some sufficient 

conditions for approximating the mild 

solution of (1) - (2) by sequences of strong 

solutions of (4) - (5). 

 

Theorem 1. If  tx  is the unique mild 

solution of (1) - (2) and   Nntx s

n ,  are the 

unique classical solutions of  (4) - (5), then 

   txtx s

n   as n  in mean square, 

uniformly on any bounded subset of ),[ s  . 

Proof. Substracting (3) and (6) we get  

 

       

        

          .)

(
1

00

sdwsxsBstS

sxsBstS

ttSttStxtx

ksk

s

nskn

t

t

r

k

n

s

n

o
















 
 

Passing to the mean square, we see that 

 

       

  2

0

0

2

||)

(||{1

ttS

ttSErtxtxE

n

s

n
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          .||

||

2

1

sdsxsBstS

sxsBstSE

sk

s

nskn

t

t

r

k
o







 
  

 

We first note that 

 

 
        

         



2||

||

sxsBstS

sxsBstSE

sk

s

nskn




  

              
               2||

||

sxsxsBstSsx

sBstSsBstSE

s

nsk

s

n

skskn









           

         
2

22

2

sup2

2

sxsxEsBstS

sxstSstSsBE

s

nik
Zi

s

nnsk









         

       ).

(sup2

22

2
2

sxsxEstS

sxstSstSEsB

s

n

s

nnik
Zi






  

Moreover, hypothesis   Z

HLbk lCB ,R  

implies that  

 
   Tkik

ZiTts

bsB ,

2

,

supsup
0


  

 

and we conclude that  

 

   

      



2

00

2

{1  ttSttSEr

txtxE

n

s

n
 

       dssxstSstSEb s

nn

t

t

Tk

r

k
o

2

,

1

2 


 

       }.2
2

2

,

1

dssxsxEstSb s

n

t

t

Tk

r

k
o

 
  

 

In the sequel we shall prove that each of the 

last 2r integrals converge to 0  as n , 

uniformly with respect to t  on compact 

intervals. 

Let .0tT   The mapping 

),,(],[: 2

0 HLTt     sxs s

n  is 

continuous and, consequently, 

),(]),([ 2

0 HLTt   is compact. Let 

],[ 0 Tts  be fixed and let 

.)]()([sup)(
2

],[),(




stSstSEs n
Tst

n 


 

The mapping  

2
)]()([),(  stSstSEt n 



 

is continuous on ],[ Ts  for every .Nn  

Thus there is KTst snsn  ],[),( ,,   such that 

).,()( ,, rnsnn ts    Since s  is fixed, we 

simply denote by ),( nnt   the pair ).,( ,, snsnt   

Then  

.)]()([)(
2

nnnnn stSstSEs    

We shall prove that 0)(



n

n s  . Assume by 

contradiction that .0)(



n

n s  Then for every 

0  there is a subsequence of )(sn  such 

that .)(  sn  Since NN  nnnnt }{,}{   belong 

to compact sets, they have convergent 

subsequences still denoted by Nnnt }{  and 

Nnn}{ , respectively. We consider a 

subsequence of Nnn s)}({  (still denoted 

)(sn ) defined by the convergent 

subsequences Nnnt }{  and Nnn}{ .  

Knowing that     ,, HxxtSxtS
n

n 


 

uniformly on bounded subsets of ),0[  , we 

can apply the uniform boundedness principle 

to deduce that there is TM  such that 

Tn MtS )( . We also conclude that

  0)()(lim 


xstSstS nnn
n

 for any .Hx   

On the other hand, if  HLTn   is 

strongly convergent then  

  0
2
nTE  as n ,  

for any H  valued and 0t
H  - measurable 

random variable   satisfying   
2

E . 

Indeed  

   

  ,
2

2/1

2







 

ET

ETTrTTE

n

nnn
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 where 
2

.  is the Hilbert Schmidt norm of an 

operator [10]. Since   2/1
 ETn  is 

2
.  

convergent (see [11] for example), it follows 

that   0
2
nTE  as n  and the 

conclusion follows. Hence 

 

.0})]()([

limlim2{2

})()(

))](()([{lim2

)]()([lim

2

2

2

2

2



























stSstSE

EM

stSstSE

stSstSE

stSstSE

nnn

n
n

n
T

nnn

nnnn
n

nnnn
n

 

 

It follows that  


0)(lim sn
n

, which is 

contradiction. Therefore .0)(lim 


sn
n

   

Therefore 

         0sup
2

,  sxstSstSE s

nnTst  as 

n  . 

We note that  

      

 stSEst

dssxstSstSE

nTtstst

T

t

s

nn

t

t

o

o









(||),(}),,{(

2

0


 

    .)(||) 2 dssdssxstS n

T

t

s

n

o

   

Applying the bounded convergence theorem, 

we deduce that 

       0
2

 dssxstSstSE s

nn

t

to

 as 

n  uniformly with respect to t . 

Then, for all 0 , there is a natural number 

TN ,  such that 

     

       dssxsxEstSb

bmtxtxE

s

n

t

n
t

Tk

r

k

Tk

r

k

s

n

o

2

,
1

,
1

2

2

211




















 for 

all .,TNn    

Using Gronwall's inequality, we get the 

conclusion.The proof is complete. 

 

Now let us replace hypothesis H1(ii) by  

(H2)    rklCB HLbk ,..,1,,R  

Z
, and 

    HLsB i

ieZ

k   is a finite set for any fixed 

s. 

Corollary 1. The conclusion of the above 

theorem remains true if H1(i) and H2 are 

satisfied.  

Proof. The proof is similar to the one of 

Theorem 1. However, in the absence of the 

commutativity property H1(ii) we have to 

prove that each of the integrals 

            dssxsBstSstSE s

nskn

t

to

2



,k=1,..,r  converges to 0  as n  uniformly 

with respect to t  on compact intervals. For 

this we shall use H2. We first note that 

mapping ),,(],[: 2

0 HLTti      

    sxsB s

nik  is continuous and, consequently, 

),(]),([ 2

0 HLTt ii  , is compact for all 

iZ. On the other hand, the image of the 

function ),,(],[: 2

0 HLTt      

      sxsB s

nsk   is included in D:=
ieZ

i  By 

virtue of H2, D is a finite union of compact 

sets, which implies that M is compact, too.  

Repeating the arguments from the proof of 

Theorem 1 with ∆ replaced by D,  we deduce 

that             dssxsBstSstSE s

nskn

t

to

2



converges to 0 uniformly with respect to t  on 

compact intervals for all k=1,..,r . 
 

5. CONCLUSIONS  
 

This paper establishes sufficient conditions 

for approximating the mild solution of (1) - 

(2) by sequences of strong solutions of system 

(4) - (5). It is well known that, by combining 

such approximation results and Ito’s Lemma, 

the stability of equation (1) - (2) can be 

studied in terms of global stability of certain 
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Lyapunov type equations. Unfortunately, our 

sufficient conditions are not very general and 

limit the application possibilities. These 

conditions are becessary either to ensure the 

compactness of the image of ],[ 0 Tt  through 

the mapping         sxsB s

nsk   (see H2) or 

to avoid working with this map (see H1(ii)).   

We hope that further research will weaken 

these conditions. 
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MAPLE PROCEDURES FOR ERROR ESTIMATION OF  APPROXIMATE 

DEVELOPMENTS OBTAINED USING HORIZONTAL ZONES 
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ABSTRACT:  The aim of this paper is provide a set of Maple procedures to evaluate of how close 

the 3D-object formed using an approximate development is from the original 3D-object. The 

approximate developments taking into consideration are obtained extending the well-known zone 

method from spheres.  
 

KEY WORDS:  error estimation; approximate development; surfaces of revolution; zone method 

               

 

1. INTRODUCTION 

 
The purpose of this paper is to provide an 

example of using mathematical software (namely 

MAPLE) to help students be able to model real 

world situations and to obtain more rapid results. 

A surface is said to be a developable surface if 

it can be isometrically mapped to a plane.  When 

the development (the unrolling the surface of a 

3D-object on a plane) is cut, it can be folded at 

suitable places to form the desired 3D-object or an 

approximate model of the original 3D-object in 

case of a non-developable surface (see [3], [4], 

[6], [7] for various examples of approximate 

developments).  

We start with a non-developable surface of 

revolution and its associated approximate 

development (pattern) constructed in [4]. We 

provide various Maple procedures for estimate of 

how close the 3D-object formed using the 

development is from the original 3D-object.  

More precisely, we take into consideration 

surface of revolutions obtained by rotating a plane 

curve around the y-axis (vertical axis). We 

assume that the curve is defined by its parametric 

form 

x=x(t)                                           (1.1) 

y=y(t),      t[a, b] 

 

and that the following conditions, referred in 

subsequent considerations as (1.2), are satisfied: 

1. x(t) ≥ 0 for all t[a, b].  

2. tx(t) and ty(t) are piecewise  

continuously differentiable. 

3. y(t)≠0 for all but finitely many t[a,b]. 

Then the standard parameterization of the surface 

of revolution obtained by rotating the plane curve 

about the y-axis is 

x = x(t)cos()                              

y = y(t),  t[a, b], [1, 2]      (1.3) 

z = x(t)sin() 

 

We do not necessary consider a complete rotation. 

Thus  [1, 2].  

          

2. MAPLE PROCEDURES 

FOR ERROR ESTIMATION 

OF APPROXIMATE 

DEVELOPMENTS  
 
As in [4] in order to obtain the approximate 

development of surface of revolution (possibly 

non-developable), the surface is split into 

horizontal zones and each zone is then 

approximate with a developable surface: a 

cylinder, a cone, a frustum of a cone, or an 

annulus, as appropriate.  

Then the approximated developable surfaces are 

unwrapped or unrolled into planar surfaces (see 

for example [1] or [5] for the development of a 

developable surface). We consider the standard 

parameterization  (1.2) of a general surface of 

revolution and a set of parameters {t0, t1, …, 

tm}[a.b] that satisfy the below conditions (2.1) 
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1) a=t0<t1<….<tm-1<tm=b. 

2) tx(t) and ty(t) are continuously 

differentiable on (ti, ti+1) for every 

i∈{1,…,m-1} 

3) y(t)≠0 for all t[a,b]\ {t0, t1, …, tm}. 

Surface of revolution is split into a number of m 

zones by horizontal planes: y=y(t0), y= y(t1), …, 

y(tm). For each i{0,1,…,m-1}, the 

parameterization of the i horizontal zone (denoted 

Zi) is 

          x = x(t)cos()                              

          y =y(t),   t[ti, ti+1], [1, 2]       (2.2) 

          z = x(t)sin() 

 

and it is approximated with the developable 

surface denoted Di: 

     

     

     

i 1 i
i i 1

i 1 i i 1 i

i 1 i
i i 1

i 1 i i 1 i

i 1 i
i i 1

i 1 i i 1 i

t t t t
x x t x t cos

t t t t

t t t t
y y t y t 2.3

t t t t

t t t t
z x t x t sin

t t t t




 




 




 

   
    

   
  

 
 

   
    

   

  

t t[ti, ti+1], [1, 2] .  

Then the areas of Zi, respectively Di, are given by: 

area(Zi)=      
i 1

i

t 2 2

2 1
t

x t x t y t dt


     

area(Di)=
   i i 1

2 1 i

x t x t
g

2


  , where

         
2 2

i i 1 i i 1 ig x t x t y t y t      

for every i∈{1,…,m-1}. 

In [4] we roughly estimate the error associated 

with the approximate development computing the 

difference between the area of the original surface 

and the area of the approximate development, i.e. 

 
m 1

i

i 1

area D




  

The  Maple procedure (on the next page) 

 error_approximation_zones_areas   

returns the list  

[area(Z1)-area(D1), …, area(Zm-1)-area(Dm-1)] 

while the procedure 

 error_approximation_zones_areas_global prints: 

        
m 1

i i

i 1

area Z area D




  

and 

    

   

 

m 1

i i

i 1

m 1

i

i 1

area Z area D

area Z












 

The formal parameters of both procedures are the 

functions x and y that parametrize the curve (1.1) 

which generates the surface of revolution (1.3), 

the list of the parameters {t0, t1, …, tm}[a.b] such 

that  

a=t0<t1<….<tm-1<tm=b, 

and the angles 1, 2 (expressed in radians) which 

describe the rotation.   

We use for exemplification the following surface 

of revolution (see Figure 2.5) 

x = (cos(t) +2)cos() 

y =t,   t[0, 2], [0, 2]          (2.4) 

             z = (cos(t) +2)sin() 

 

Figure 2.5 

 
obtained by rotating the below curve around the 

y-axis: 

x=cos(t) +2                             (2.6)               

y=cos(2t)+3t,      t[0, 2] 

 
> xt:=proc(t)  
RETURN(2+cos(t)) end proc; 

> yt:=proc(t) RETURN(cos(2*t)+3*t) 
end proc; 
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Figure (2.7) represent the approximate 

development of the surface (2.4) for the 

subdivision (2.8): 

=
2 7 4 3 5 11

0 2
3 6 3 2 3 6

      
        

 
  

using the procedure zones_draw [4] 

Figure 2.7 

         

 

Figure (2.9) represent the 3D-object formed using 

the approximate development: 

 

 
         

Figure 2.9. 

 

error_approximation_zones_areas:=proc(x,y,parameters,theta1, 

theta2) 

local area_z,area_approx_z, abs_error,m,x1,y1,x2,y2,g,i,dig; 

dig:=Digits; 

Digits:=3+dig; 

m:=nops(parameters); 

area_z:=[]; 

area_approx_z:=[]; 

for i from 1 to m-1 do 

  area_z:=[op(area_z),abs(theta2-theta1)* 

Re(evalf(Int(abs(x(t))*(diff(x(t),t)^2+diff(y(t),t)^2)^(1/2), 

t=parameters[i]..parameters[i+1])))]; 

  x1:=x(parameters[i]);x2:=x(parameters[i+1]); 

  y1:=y(parameters[i]);y2:=y(parameters[i+1]); 

  g:=((x1-x2)^2+(y1-y2)^2)^(1/2); 

  area_approx_z:=[op(area_approx_z),abs(theta2-theta1)*g* 

abs(x1+x2)/2]; 

end do; 

abs_error:=[seq(evalf(area_z[i]-area_approx_z[i]),i=1..m-1)]; 

Digits:=dig; 

RETURN(map(evalf,abs_error)) 

end proc; 

error_approximation_zones_areas_global:=proc(x,y,parameters,theta1, 

theta2) 

local m, area, areas_error, abs_error; 

areas_error:=error_approximation_zones_areas(x,y,parameters,theta1, 

theta2); 

m:=nops(parameters); 

area:=sum(abs(theta2-theta1)* 

Re(evalf(Int(abs(x(t))*(diff(x(t),t)^2+diff(y(t),t)^2)^(1/2), 

t=parameters[i]..parameters[i+1]))),i=1..m-1);  

abs_error:=sum(abs(areas_error[i]),i=1..m-1); 

print(`Absolute Error`,evalf(abs_error)); 

print(`Relative Error (%)`,evalf(abs_error/area*100)) 

end proc; 
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The fractions (due to possible incomplete 

rotation) of the volumes of the solids of revolution 

whose surfaces are Zi (2.2), respectively Di (2.3), 

are given by: 

vol(Zi)=    
i 1

i

t
2 1 2

t
x t y t dt

2

 
   

vol(Di)=

       
2 2

i i i 1 i 1
2 1

i

x t x t x t x t
h

2 3

   

where    i i 1 ih y t y t   for every i∈{1,…,m-

1}. 

 

The  Maple procedure 

 error_approximation_zones_vol   

returns the list  

[vol(Z1)-vol(D1), …, vol(Zm-1)-vol(Dm-1)] 

and the procedure 

 error_approximation_zones_vol_global prints: 

     

   
m 1

i i

i 1

vol Z vol D




  

and 

    

   

 

m 1

i i

i 1

m 1

i

i 1

vol Z vol D

vol Z












 

 
The formal parameters of both procedures are the 

same as for error_approximation_zones_areas 

A better estimate of how close the 3D-object 

formed using the approximate development is 

from the original 3D-object, is sum of the 

volumes of the solids Si formed by rotating the 

area between the below curves (2.10) and (2.11) 

and the lines y =y(ti)  and y = y(ti+1) about the y-

axis. 

 

error_approximation_zones_vol:=proc(x,y,parameters,theta1,theta2) 

local vol_z,vol_approx_z, abs_error,m,x1,y1,x2,y2,i,dig; 

m:=nops(parameters); 

dig:=Digits; 

Digits:=3+dig; 

vol_z:=[]; 

vol_approx_z:=[]; 

for i from 1 to m-1 do 

  vol_z:=[op(vol_z),abs(theta2-theta1)/2* 

evalf(Int(x(t)^2*diff(y(t),t),t=parameters[i]..parameters[i+1]))]; 

  x1:=x(parameters[i]);x2:=x(parameters[i+1]); 

  y1:=y(parameters[i]);y2:=y(parameters[i+1]); 

   vol_approx_z:=[op(vol_approx_z),abs(theta2-theta1)/2*abs(y2-y1)* 

(x1^2+x2^2+abs(x2*x1))/3]; 

end do; 

abs_error:=[seq(evalf(vol_z[i]-vol_approx_z[i]),i=1..m-1)]; 

Digits:=dig; 

RETURN(map(evalf,abs_error)) 

end proc; 

error_approximation_zones_vol_global:=proc(x,y,parameters,theta1, 

theta2) 

local m, vol, vol_error, abs_error; 

vol_error:=error_approximation_zones_vol(x,y,parameters,theta1, 

theta2); 

m:=nops(parameters); 

vol:=abs(theta2-theta1)/2* 

sum(evalf(Int(x(t)^2*diff(y(t),t),t=parameters[i]..parameters[i+1])

),i=1..m-1);  

abs_error:=sum(abs(vol_error[i]),i=1..m-1); 

print(`Absolute Error`,evalf(abs_error)); 

print(`Relative Error (%)`,evalf(abs_error/vol*100)) 

end proc; 
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          x=x(y
-1

(u))                          (2.10) 

         y=u,  uUi 


 

x= i is u p                        (2.11) 

y=u, uUi 

 

where  

      tx(t) and ty(t) are the functions that 

define the curve (1.1) and satisfy conditions (1.2) 

and (2.1) with respect to the set the parameters 

{t0, t1, …, tm}[a.b]   (consequently, y|[ti.ti+1] is 

strictly increasing or decreasing) 

     Ui=[y(ti), y(ti+1)] if y|[ti.ti+1] is increasing, and 

Ui =[y(ti+1), y(ti)] otherwise. 

     
   

   
i 1 i

i

i 1 i

x t x t
s

y t y t









 

     
       

   
i i 1 i i 1

i

i 1 i

x t y t y t x t
p

y t y t

 







 

 

for every i∈{1,…,m-1}.  

 

Then 

vol(Si)=
iS
1  

=     
 

 i 1

i

y t

22 1

i i

y t

x y u s u p du


    

error_approximation_zones_bvol:=proc(x,y,parameters, the-

ta1,theta2) 

local bvol_z, m,x1,y1,x2,y2,i,s,p,dig; 

m:=nops(parameters); 

dig:=Digits; 

Digits:=3+dig; 

bvol_z:=[]; 

for i from 1 to m-1 do 

 x1:=x(parameters[i]);x2:=x(parameters[i+1]); 

 y1:=y(parameters[i]);y2:=y(parameters[i+1]); 

 if y1<>y2 then  

     s:=(x2-x1)/(y2-y1);p:=(x1*y2-x2*y1)/(y2-y1); 

 else  

     s:=0;p:=0  

 end if; 

 bvol_z:=[op(bvol_z),abs(theta2-theta1)/2*evalf(Int(abs(x(t)^2-

(s*y(t)+p)^2)*diff(y(t),t),t=parameters[i]..parameters[i+1]))]; 

end do; 

Digits:=dig; 

RETURN(map(evalf,bvol_z)) 

end proc; 

error_approximation_zones_vol_global:=proc(x,y,parameters,theta1, 

theta2) 

local m, vol, vol_error, abs_error; 

vol_error:=error_approximation_zones_vol(x,y,parameters,theta1, 

theta2); 

m:=nops(parameters); 

vol:=abs(theta2-theta1)/2* 

sum(evalf(Int(x(t)^2*diff(y(t),t),t=parameters[i]..parameters[i+1]

)),i=1..m-1);  

abs_error:=sum(abs(vol_error[i]),i=1..m-1); 

print(`Absolute Error`,evalf(abs_error)); 

print(`Relative Error (%)`,evalf(abs_error/vol*100)) 

end proc; 
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=     
i 1

i

t
22

i i

t

x t s y t p dt


   . 

  

The  Maple procedure (on the previous page) 

 error_approximation_zones_bvol  has the same 

formal parameters as 

error_approximation_zones_areas and 

returns the list  

   2 1 2 1

1 m 1vol S ,..., vol S
2 2



     
 
 

  

and the procedure 

 error_approximation_zones_bvol_global prints: 

      
m 1

2 1

i

i 1

vol S
2





 
  

and 

    

 

 

m 1

i

i 1

m 1

i

i 1

vol S

vol Z












 

In all procedures provided in this paper the 

integrals are computed using numerical 

integration (see, for instance [2] for an 

introduction in numerical integration). More 

precisely, we use evalf(Int(..)) where the 

integration command is expressed in inert form to 

avoid first invoking the symbolic integration 

routines and consequently to avoid the case when 

the symbolic int fails (i.e. returns an 

unevaluated integral). 
Also we presented above a comparison among the 

results returns by the global versions of the three 

procedures for the surface (2.4) and the set of 

parameters (2.8).  
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>error_approximation_zones_areas_global(xt,yt,[0,2*Pi/3, 

seq(Pi+Pi*i/6,i=1..6)],theta1,theta2); 

     Absolute Error, 7.028145847 

     Relative Error (%), 2.866338393 

 

>error_approximation_zones_vol_global(xt,yt,[0,2*Pi/3, 

seq(Pi+Pi*i/6,i=1..6)],theta1,theta2); 

     Absolute Error, 9.380370469 

     Relative Error (%), 3.520111996 

 

>error_approximation_zones_bvol_global(xt,yt,[0,2*Pi/3, 

seq(Pi+Pi*i/6,i=1..6)],theta1,theta2); 

     Absolute Error, 16.87154528 

     Relative Error (%), 6.331277545 
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ABSTRACT: This paper presents a way to control the movement of a robot participating 

in a SUMO competition. There are presented also some elements from the structure of 

these types of robots. 

 

KEYWORDS: robot, SUMO, control, wrestling ring. 

 

 

1. INTRODUCTION 
 

The SUMO robots are used in wrestling 

competitions. This wrestling competitions are 

popular robot-sports and after-school 

activities that involving two robots what 

trying to push themselves, one on another, out 

of the ring.   The building of the sumo robots 

are an excellent way to show that science, 

math, and engineering can be fun and exciting 

[1]. 

There are very more national and 

international competitions. These are 

organized in different weight and sizes 

classes, for example [2], [3]: 

 Heavy-weight (61 x 61 cm, 56,8 kg) 

 Light-weight (61 x 61 cm, 22,7 kg) 

 Mega Sumo (20 x 20 cm, 3 kg) 

 Mini Sumo (10 x 10 cm, 500 g) 

 Micro Sumo (5 x 5 cm, 100 g) 

 Nano Sumo (2.5 x 2.5 cm, 25 g) 

 Femto Sumo (1 x 1 cm) 

 Humanoid Sumo (50 x 20cm, 3 kg) 

 Lego Sumo (15 x 15 cm, 1 kg) 

Sumo is a competitive wrestling from Japan 

where the two wrestlers use their force against 

each other to push themselves out of a 

circular ring. 

The wrestlers use in their favor the reaction 

speed and contact force, so the two athletes 

come strong one to other. 

 

2. PROBLEM FORMULATION 
 

It is presented below how to make a robot for 

use in specific SUMO wrestling competitions. 

Before unfolding each competition, the 

organizers present a regulation that may 

include [4]: 

 rules for scoring a robot (eg when the 

opponent is pushed out of the playing 

area); 

 approval requirements for different 

weight classes (also it is checked the 

robot's adherence); 

 rules on the number of team members 

and groups breakdowns; 

 requirements for starting or stopping the 

robot from a remote control by the 

referee; 

 requirements for positioning the robots 

before starting; 

 the number of rounds and the duration of 

a match; 

 permissiveness or rules regarding the 

interaction with the robot or robot control 

during the match. 

Usually, the organizers encourage 

participation with their own robots, made by 

the team. 
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The dimensions of the playing area (or 

wrestling ring) depend on the class to which 

the robot participates. 

The form of the playing area may be: 

 a white circle to which it attaches a 

black stripe (as in figure 1); 

 a black circle to which it attaches a 

white stripe (as in figure 2); 
 

Figure 1. 

Figure 2. 

 

Generally, the parts of a robot are followed 

[5]: 

 mechanical structure; 

 electronic system; 

 software system. 

The mechanical structure contain: 

 motors (even if it is an 

electromechanical element); 

 gears; 

 wheels; 

 chassis (robot’s body or robot’s 

mount). 

The motors are usually bought with a 

gearbox. For SUMO Robots are needed at 

least two motors.The high speed and torque 

motors are suggested. 

For wheels, a diameter of about 40 mm is 

suggested. The wheels must be made of 

slightly soft rubber or polyurethane, and the 

aluminum support. 

The chassis is designed to be of a hard, shock-

resistant and impact-resistant material. A 

sloping plate is mounted in the front. This 

protects the robot and deviates the impact 

energy with the opponent's robot. 

All robot elements are designed, assembled / 

mounted so that they can change relatively 

easily. 

The electronic system may contain: 

 electronic control circuit with 

microcontroller; 

 sensors; 

 motor drivers 

 power management. 

The electronic control circuits are a 

combination of hardware and software 

designed to perform a particular function. 

They have a computing system embedded 

into electronic devices.  

The most used microcontrollers are PIC and 

AVR series. There are many company that 

produce microcontrollers. 

In present, ARDUINO series microcontroller 

development systems are preferred. In 

particular, ARDUINO NANO can be used for 

miniSUMO robots. 

Also, the Baby Orangutan is a very compact 

and complete miniSUMO robot controller. It 

is compatible with 24-pin DIP package. It 

contains dual H-bridge for direct control of 

two DC motors [6]. 

The sensors used to a SUMO robot are 

divided into two main categories: 

 senzors used for detection dohyo's edge  

 sensors used for detecting the opponent 

robot. 

The infrared sensors can be used for detection 

dohyo's edge and opponent robot.  

For detection dohyo's edge it is advisable to 

mount at least four sensors, two in front and 

two in the back (or in the four corners of the 

robot). From the miniSumo category down 

can be used two sensors: one in the front and 
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the other in the back or only one sensor in the 

front. There are some popular models [5]: 

 QRD1114 

 TCRT5000 

 QTR1A 

For detection opponent robot can be used 

ultrasonic sensors or infrared sensors. The 

ultrasonic sensors are slower and are more 

sensitive to kicks. It is advisable to use at 

least four opponent sensors from the 

miniSUMO category upper, one for each side: 

face, back and two sideways.  

If the opponent sensors can be grouped by 

sensing range, then it results the following 

order [5]: 

 MZ80 – MR45 + 

 Pepperl+Fuchs MLT1000 Series ++ 

 Omron E3Z D62 – D82 Series +++ 

The motor driver provide the power and speed 

needed for the motor. Thus the motor driver 

provides the current and supply voltage for 

the robot motors. The motors must provide 

the robot a devastating impact power (a big 

force and a big speed). 

The power management can have circuits 

with the following functions: 

 can have circuits with the following 

functions; 

 controls the battery charge. 

It is recommended to use the lithium-polymer 

battery because it has low weight and higher 

overload capacity. 

To work, the robot needs a software. 

 

3. PROBLEM SOLUTION 
 

To exemplify the software execution, a 

miniSUMO robot is proposed, as in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 

 

In the previous figure there are two infrared 

opponent sensors, which is observed. One is 

mounted in a front plate (blade) opening and 

the other is mounted above the robot. There 

are three additional sensors mounted on the 

sides and back. 

The three infrared edge sensors are mounted 

under the robot, two in front and one back, as 

in figure 4. 

 

 
Figure 4. 

 

The robot is not too fast. It has two motors 

type HP with 1000 rpm. 

A sumo robot so as not to be pushed out of 

the ring needs power (strong motors) and 

increased grip. 

It also makes a big advantage if the front 

blade is inclined in two level and the level 

down it must to "slip". 

Some teams, to increase the torque, choose 

the solution to mount an extra gear. In this 

case the torque increases but the speed 

decreases. It can be an advantage because the 
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opponent's push is at a relatively low speed, 

when a big torque is needed. 

For software, it is taken into account the 

following: 

- if ring (dohyo) is black or white 

- the number and position of the edge 

sensors 

- the number and position of the 

opponent sensors 

- the strategy adopted by the robot. 

The strategy adopted depends on the 

following situations: 

- the situation of detecting the opponent 

robot 

- the situation of attacking on the 

opponent robot 

- the situation of  avoiding of the 

opponent robot. 

The detecting of the opponent robot is made 

with the four opponent robot on the robot’s 

side. After detecting of the opponent robot, 

the robot can to attack or to do a avoiding. 

The situation of attack appear when in front 

of the robot is opponent or after a avoiding. 

Thus, when opponent robot comes with speed 

to face or toward elsewhere, the robot can 

fight or avoid (as in figure 5).  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. 

 

In figure 5 is presented how to avoid 

opponent robot. If the opponent sensor from 

face (OF) is active (it is 1 logic), the robot 

move delayed to back and right (BR), the left 

motor receives double voltage compared to 

right motor. If the opponent sensor from left 

(OL) or right (OR) is active, the robot move 

delayed to back (B), then it can to attack. If 

the opponent sensor from back (OB) is active, 

the robot move delayed in front and right 

(FR). The delay depends of the dimensions of 

the robot. The robot must to move 180˚, to 

reach in back of opponent and attack its. 

While the robot moving through the ring (to 

search or avoid opponent) the edge sensors 

are checked (the checking of the edge sensors 

is a priority over the checking of the opponent 

sensors).  

The checking of the edge sensors is presented 

in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 

 

In figure 6 is presented how the robot avoid 

going out of the ring through checking of the 

edge sensors. It is considered a robot with 4 

edge sensors. If the edge sensor from face-left 

(FL) is active (it is 1 logic), the robot move 

delayed to back and right (BR), the left motor 

receives double voltage compared to right 

motor. If the sensor from face-right (FR) is 

active, the robot move delayed to back and 

left (BL). If the sensor from back-right (BR) 

is active, the robot move delayed in front and 

left (FL). If the sensor from back-left (BL) is 

active, the robot move delayed in front and 

right (FR). 

If there is one alone edge sensor in back (as 

the robot from figure 4), when this is active, 

the robot move delayed in front and right 

(FR).  

 

4. CONCLUSIONS 
 

The algorithms which are presented have the 

advantage of enabling “moving sure” through 

ring. 
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The algorithms can be used, in principle, to 

all types/category of SUMO robots. 

The number of edge sensors can be increased 

so as so the robot to can “see very well” 

around its.  

To be a powerful robot it is recommended to 

use of powerful motors. Also, the chassis it 

must to be made from good quality materials 

to withstand the shocks and bumps. 
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ABSTRACT: In this paper is presented a way of controlling the movements of a prosthesis for the 

upper limb (the terminal element of the arm). The movements of the fingers of the prosthesis are 

controlled so that they are identical to those of an operator's hand. Lately, with the desire to help 

people with special physical needs without a member, the modernization of prostheses has been 

made so that they can best simulate the lost member. 

 

KEYWORDS: prosthetic system, control, Arduino, movements, fingers. 

 

 

1. INTRODUCTION 

 
In a constantly moving world (motion 

determined by the large number of means of 

transport) accidents can occur. The accidents 

can also occur in routine, daily or regular 

activities that take place at home, at work or 

on vacation. Sometimes these accidents are 

also caused by certain natural phenomena 

(meteorological, seismic, etc.). These 

accidents can produce victims in the 

community. Victims can suffer partial or total 

loss of limbs (upper and lower). 

 

2. PROBLEM FORMULATION 
 

Major amounts of money are spent to prevent 

accidents at work, traffic, and disasters. 

Today, many people face the demands of the 

modern age. These requirements are related to 

increasing competition at work and prolonged 

work schedule. They contribute to making 

work in an environment which favors stress. 

A culture based on health and safety at work, 

involving actors at all levels (ministers / 

specialists, employers and employees), has 

been begun and continues to be pursued by 

the development of preventive norms and 

rules [1]. 

But the prevention, adaptation and protection 

of people cannot be total. There are still 

fatidic events that take the people by surprise. 

Besides the amounts spent with their 

prevention, even bigger amounts are spent 

with the maintenance of the affected persons, 

with the treatment that ensures their return. In 

addition, there is also a social, community and 

family pressure. 

Therefore, after an accident or after the loss of 

a member (superior or inferior), both the 

society and the community and the victim 

want to return as soon as possible to their 

former lifestyle. Thus, it is desired that the 

person in question has an active and 

autonomous life. 

In order to meet these needs, it is primarily 

necessary rendering the freedom of 

movement. This freedom of movement can be 

maintained with a prosthetic system. 

It is eloquent and timely to carry out research 

on the realization, improvement and 

modernization of prosthetic systems as well 

as command and control circuits. The 

prosthetic word indicates that it refers to a 

prosthesis or an organ or part of the body that 

is replaced by a prosthesis. 

An example of a prosthetic system for the arm 

(superior member) is the Michelangelo Hand 

"that helps to regain freedom" [2]. 
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THREAD 

Most of the time, the prosthesis don't allow 

the user from catching and squeezing the 

objects, and this cannot control the movement 

of the prosthetic system (the prosthesis is 

fixed and does not allow any movement, only 

to remedy the physical appearance) and its 

integration into the normal movement and 

naturally of all the elements of the human 

body (does not offer him an active lifestyle). 

Therefore, it is necessary to introduce / add an 

autonomous control circuit for the prosthetic 

systems, which allows them to fulfill certain 

functions and movements, so that these 

systems contribute both to the physical aspect 

and the participation in the active life. 

In the following is presented the control / 

automation of a prosthetic system that 

functions as a terminal part of the upper limb.  

 

3. PROBLEM SOLUTION 

 

This idea came as a result of the appeared 

notions about making a fun project [3] and of 

controlling a prosthesis [4]. Thus, this idea 

succeeded with the help of the students. A 

study model (Figure 1) has resulted from the 

following elements: 

 

 

 

Figure 1. 

- the hand (actually representing the 

prosthesis); 

- the fingers’ action elements (consisting of 

servomotors and motion transmitting wires); 

- the command circuit with Arduino; 

- the sensors that "read" the position of the 

user's hand fingers. 

It is considered that the user has a hand and 

on the other arm has a prosthesis. The fingers 

of the prosthesis (which are stretched, not 

bent, in the repose position) move identically 

the fingers of the hand. In fact, prosthesis 

fingers are folded when the hand fingers are 

folded. Bending a finger of the prosthesis is 

done by tensioning the thread attached to the 

finger, with a servomotor (figure 2). By 

weakening the thread, the finger returns 

because it is elastic. 

 

 
Figure 2. 

 

When building a functional prosthesis, the 

kinematic chain must be designed for each 

finger and the drive system. In an analogy 

with the human body (where movement is 

made by muscles through action on the bone 

system and joints), the role of muscles is 

taken over by servomotors, and the role of the 

joints and the bone system is taken over by 

the moving parts of the prosthesis. 

To determine the position of the fingers of the 

hand, special resistive sensors (which alter 

their resistance in proportion to the degree of 

bending) are used [5]. Also used is a 

development board with Arduino 

SERVOMOTORS 

ARDUINO 
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microcontroller [6]. In order for the miracle to 

be a reality it is also necessary to have a 

software with well-established algorithms 

thus the prosthesis to work satisfactorily for 

man. 

The control algorithms for the moving of the 

prosthesis fingers are not complicated. The 

analog information from the sensors (5 

sensors) attached to the fingers of your hand 

without infirmity with the help of a glove 

(figure 3), are read always. Arduino takes the 

information from the sensors, then processes 

and transmits commands to the actuators 

acting on the fingers of the prosthesis so that 

the movements of the hand are reproduced 

exactly by the prosthesis (figure 4). Each 

sensor changes its resistance into range of 

variation: between a minimum value and a 

maximum value. Thus, for a minimum 

resistance value, the servomotor will be in the 

maximum flexion position of the finger, and 

for a maximum resistance value, the 

servomotor will be in the maximum finger 

extension position. 

 

 
Figure 3. 

 

 
Figure 4. 

 

For the people suffering from disability to 

both hands it is possible to create a vocal 

control circuit or maybe, in a not too distant 
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future, one can realize and mount a sensory 

system that can receive the brain waves and 

thus the patient to control his prosthesis with 

the help of of your own brain. 

For prosthesis mounted to the lower limbs 

(legs) instead of flexible resistances, a remote 

control can be used to move the denture (or 

prostheses if the infirmity is at both feet). 

 

4. CONCLUSIONS 
 

By modernizing the prostheses, the as exact 

replacement of the affected member was 

achieved, simulating its functions. It has been 

possible to achieve a high level in the 

physical construction of prostheses, and now 

it has begun to concentrate on getting 

prostheses with its own motion functions. 

Dentures have been made with some of their 

own moves, but these movements of the 

prosthesis should be well coordinated by the 

user. "Integration and connection" between 

the prosthesis and the user through the control 

circuit is attempted, so that gripping large and 

small, light and heavy, fragile and robust 

objects may be possible for people with upper 

limbs amputated by installing prostheses with 

a special character. 
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