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Abstract: The use of scanning technologies and digital photogrammetry with the help of drones in the
field of agritourism activities in Romania is a topic of novelty, because all the data necessary for the
implementation or development of such research can be collected very quickly and with maximum
efficiency. The classic methods are cumbersome and with a high consumption of inputs, and human
and financial resources. The case study presents a practical method of applying this technology in
the case of the agritourist farm REMMAR, from Valcea county, Romania, which wants to expand its
agricultural production capacity with ecological products. Graphic support was obtained by scanning
or digitizing existing maps in the physical/printed format and by acquiring data of interest in the
digital format by photogrammetric methods and aerial field scanning of the studied area. The original
elements of the topic are: how to obtain images by using photogrammetric methods; developing
the methodology of the research and the actual development, from setting the basic objectives to
obtaining and presenting the final results; elaboration of the methodology of the needs analysis and
designing the specific data model; designing and the practical implementation of the geographic
information system in terms of structure, methods, and means of software implementation. The
successful implementation of the system was achieved only under the conditions of the existence
of a data model specific to the field of action, and first realizing the conceptual foundation of the
applicable data model, which would allow the registration, storage, extraction, processing, and
effective analysis of the data of interest. From a theoretical and practical point of view, the research
has a unique character in Romania, because it presents for the first time the development of a standard
methodology for the design, expansion, and promotion of agritourism farms. The built geographic
information system (GIS) is an effective tool for the management and control of the quality and
efficiency of works specific to sustainable agricultural production.
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1. Introduction

The relevance of the topic in agritourism activities is determined by the decisive
im-portance given to the efficiency of any economic activity, but especially of tourism,
in the context of limited resources (quantitative and qualitative) [1]. Making the best
decisions and taking the best measures involve accessing a large amount of information,
analyzing, and synthesizing it [2]. To overcome these limitations, information processing
and information technology are used in the decision-making process, and in particular
information technology for decision support (SSD) [3]. A special category of existing
decision support systems is the geographic information systems (GIS): systems that allow
the definition and use of thematic maps that facilitate a multicriteria analysis, which is a very
important aspect in the management of tourist and agritourism reception structures [4-6].
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Starting from the main feature of geographical information systems (the ability to
lo-cate various points of interest or objects in space), we considered that GIS find their
applicability both globally or regionally, as well as in research that takes place on relatively
small areas, such as design, development, and tourism promotion [7,8]. In this sense,
in conjunction with the limited resources allocated to small-scale research, the current
study presents how to approach, go through, and complete the working steps necessary
to achieve the objectives, as well as the presentation of the main obtained results. The
results of the research may be used in the future for the development of significant lines
of photogrammetry in order to establish GIS databases for the design and expansion of
agritourist farm and other activities in the field of tourism, regardless of their geographical
location [9,10].

At the international level, due to the wide area of applicability of GIS and the acceler-
ated development of related technologies, the need has arisen for the standardization and
interconnection of working methods. Thus, given the existence of a communication stan-
dard, the information stored in the databases can be interconnected with other databases
(even those of other manufacturers), but also with other types of software that can use
geographic data (e.g., CAD type products) [11-14]. We are currently moving towards
a common standard, which is reflected in the OpenGIS concept. It should be noted at
the outset that OpenGIS is not a software product, nor a company name, a document,
or a commodity. OpenGIS is a project that began in 1993 with the support of several US
federal agencies and commercial organizations. OpenGlIS is defined as transparent access to
heterogeneous geographic (spatial) data resources and resource processing in a distributed
(network) environment [15-21].

Based on the preconditions of the current research study, it was noted that SSD systems
are a valuable resource for local authorities or for final beneficiaries of individuals who
intend to design, expand, and/or promote tourism in an area or punctual promotion of a
unit, regardless of its type: resort, hotel, tourist, or agritourist farm, etc.

GIS complement SSD systems and provide details on the spatial location of items of
interest, regardless of their type: locations, relief details, details of unevenness and spatial
accessibility, topographic and cadastral information, information on public transport and
utility networks, etc. [1,9,22-24]. Although there are different approaches to SSD and GIS at
the national /regional level, it has been found that there are no (or could not be identified)
approaches at the local and/or individual level related to the needs of tourism design,
extension, and promotion. Thus, the needs for the effective management and promotion of
agritourist farms in Romania, a particularly important segment in national tourism, were
identified. Their promotion must be carried out in accordance with the specific objectives
at the national and European level, with the main impediment being the lack of specific
methodologies or studies.

The lack of specific methodologies, studies, or research dedicated to agritourism
was the basis for addressing this research topic, namely, a case study on the use of aerial
scanning to develop a GIS database for the development and promotion of rural tourism
and agritourism. The importance of this research topic is supported by the specifics of
the final beneficiaries, who are usually natural persons or individual entrepreneurs who
want to enter the field of tourism by setting up a tourist or agritourist farm. Often, their
resources are limited (material, financial, time, knowledge), and the existence of specific
methodologies, studies, and research (stages of estimating and carrying out activities) can
contribute decisively to achieving the proposed objectives.

At the European level, strategies for the sustainable development of the rural regions
have been developed [25]. Therefore, a major line of action for rural development is agri-
tourism, which is also included in Romania’s National Strategy for Tourism Development
2019-2030. To support agritourism, funding lines for the establishment and the develop-
ment of non-agricultural activities in rural areas have been identified and proposed at the
national level.



Sustainability 2022, 14, 14219

30f32

However, specialists in the field claim that there is potential for the sustainable devel-
opment of agritourism in Romania [26-29]. In recent years, agritourism has registered a
significant increase, with addressability for both Romanian and foreign tourists. As a result
of the conducted studies, it was found that in rural areas, the main forms of accommodation
are agritourism boarding houses [30].

The COVID-19 pandemic and the restrictions imposed by the authorities have signifi-
cantly influenced the profile and preferences of tourists. Thus, more and more tourists of all
age groups prefer agritourism and areas where they can spend time in nature, away from
the urban environment. They choose destinations that offer them a wide range of activities
in nature, from walks to direct involvement in the activities of the host household [31].

In order to lay the foundations of a sustainable agritourism, it is essential to identify
the preferences of tourists regarding activities, food, accommodation, etc. [32].

However, there are no studies with a macroeconomic approach to agritourism. There
are various studies with a microeconomic approach, at the level of the agritourism unit,
but there are very few studies with a macroeconomic approach, which correlates the
development of agritourism with macroeconomic indicators, such as gross income per
capita [33].

Agritourism is growing rapidly and requires modern means to effectively manage
the land and available resources. Thus, this study aims to present, integrate, and use
modern techniques (UAV flights, photogrammetry, GIS) for the sustainable development
of agritourism and for the organization and monitoring of agritourism farms.

As a necessity of the lack of specific methodologies and studies in the field of tourism
and agritourism, the fundamental objective is to develop and design a working method-
ology and a geographic information system that integrates various information and data
types necessary for the design activities, extension, and tourist promotion of an agritourist
farm in the Malaia—Valcea area, from forecast to post-factum measures.

Specifically, the study aims to analyze the opportunities for elaboration and imple-
mentation of a working methodology designed to support the design, extension, and
tourism promotion of an agritourist farm. In order to fulfill the fundamental objective of
the research topic, with applicability to the REMMAR agritourist farm located in Malaia
commune, Valcea county, Romania, it is necessary to achieve partial objectives, namely:
the elaboration of the working model and testing its practical applicability through effec-
tive implementation; obtaining an orthophotoplan by using photogrammetric methods
(orthophotoplan which will be the image support of GIS), and in fact three orthophotoplans
will be obtained because this involves covering three distinct areas within the same research;
design, validation, and implementation of a data model (database); implementation of the
data model designed by using specialized software products.

The motivation of this research was the creation of a methodology for building a GIS,
using some of the most efficient data collection devices, drones. This was a system that
in the end proved very effective, because remarkable results were obtained by applying
it in the first phase at the local level, the REMMAR guesthouse, following that after an
appropriate improvement and calibration, it can be applied in any region of the country.
The GIS contributed substantially to the improvement of the quality of decision-making
management in terms of the design of the expansion and promotion of the agritourism
activity carried out at the respective guesthouse. Additionally, through the use of high-
performance work devices, a maximum yield and efficiency were obtained, in terms of the
design system, compared to the classical methodology, which is very cumbersome and
with a high consumption of material, monetary, and human resources. The methodology
created by us is a high-performance one that can lead to considerable savings of money
and working time (human resources), with the achievement of high precision in the design,
which falls within the legal norms and regulations in Romania, and which can contribute
decisively to pursuing the practice of sustainable agrotourism.
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2. Materials and Methods

The theoretical, scientific, and material resources required to carry out the research
activities can be classified as follows.

A.  Equipment and software resources: existing equipment in the profile laboratories at
the University of Craiova and INCESA—Research Hub in Applied Sciences; existing
equipment within S.C. Info World S.R.L. (software developer with over 15 years of
experience in the field); resources (documents, resources in digital format) available
at the local authorities (City Hall); own equipment.

B.  Facilities: access to the book fund of the University of Craiova and the University
of Petrosani; access to public libraries, including in digital format (local and cen-
tral libraries); access to the specialized library of S.C. Info World S.R.L.; access to
Internet resources.

C.  Financial resources: were not budgeted and are being assumed by the members of
the research team.

The development of this research began with the detailing of the scientific importance
of the addressed topic, and it continued with the establishment of the fundamental/general
and specific/partial objectives, as well as the development of the planned activities. Various
technical procedures and material resources (equipment, software, identified resources, etc.)
were used in the research stages, as well as various methods of data collection: the interview
method (individual and group), questionnaire method, group discussions (brainstorming),
etc. [15,17,34].

In order to ensure the fulfillment of the research objectives, the stages of carrying out
the activities were established as follows: [2,16,35-39].

Activity planning and establishing the necessary resources (equipment, software, data,
etc.). In this stage, the following were achieved: activity planning; identifying the resources
needed to carry out the activities.

Field stage: obtaining raw data by aerial photography. In this stage, the following were
achieved: field marking of known coordinate points that would be used for georeferencing
the obtained orthophotoplan; planning and performing the flight to obtain the photograms
based on which the orthophotoplan would be generated.

Carrying out the analysis process to identify the data of interest. At this stage, the needs
analysis process was carried out by: studying of similar situations/systems; application of
questionnaires or by the interview method; inventory of information of interest.

Office stage: processing raw data and obtaining an orthophotoplan. In this stage,
the data processing process took place through: use of raw data acquired (photograms);
use of a software product for frame processing and obtaining an orthophotoplan; use of a
software product for georeferencing the orthophotoplan.

Design and implementation of the data model (database). At this stage, the following
took place: data model design process (database); the process of structuring input data;
the process of structuring the output data (valid data, results); implementation of the
established data model, by using a specialized software product; obtaining a functional
information system.

Development of technical documentation and instructions for use. At this stage, the
following were developed: technical documentation for the design of the geographical in-
formation system; manual /working procedures for the use of the geographical information
system (case study).

The proposed objective was to create a GIS database to facilitate the design and expan-
sion of an agritourist farm in the Malaia—Valcea area. Thus, photogrammetric processing
and GIS procedures were used to achieve the proposed objective.

In order to achieve the research objectives, certain specific needs were identified, as
well as the main means of fulfillment, as follows: (Tables 1-3).
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Table 1. Identified needs and means of fulfillment.

Need

Means of Fulfillment

Evaluation of the territory

Inventory and marking of existing/required resources (e.g.,

Realization of photogrammetric research with UAV type

utility networks)

equipment and subsequent processing of raw data in order to

Estimation of required resources

obtain: aerial photograms; orthophotoplan.

Estimation of landscaping efforts: excavation areas; filling areas;
arranging access areas; landscaping; etc.

DEM: level curves; other data that can be extracted from the
photogrammetric processing research.

Design and arrangement of buildings and marking depending
on the destination

Integration of products obtained in a GIS to be exploited in
order to obtain the necessary information.
Note: all data (both raw and processed) will be handed over to

Technical data requested by designers

the beneficiary for further processing (except for this research).

Other details that can be obtained by exploiting the results

Ensuring a constant flow of tourists

Tourism promotion: direct promotion; promote photos/videos;
promotion of specialized sites; promotion through online GIS
component (with the possibility of integration in the site of the
agritourist farm).

Specifically, the objectives pursued by this work are presented in Table 2.

Table 2. Objectives pursued.

Objective Ways of Fulfillment
Use of photogrammetric equipment (UAV—drone type equipment) for the acquisition of field data
Orthophotoplan and their processing in order to obtain raster images that will be used as graphics.
P P In order to fulfill the main objectives of this research, the photogrammetric works will be carried out
in 3 distinct locations.
Data model Carrying out the analysis process for identifying the data of interest and designing the data model

necessary for the design and extension of an agritourist farm in the Malaia—Valcea area.

Implementation of data

Implementing the data model by using a specialized software product, vectorizing the details of
interest, populating the database, and validating the data model.

model and obtaining GIS ~ For the implementation of the projected data model, both resources obtained within the research and
pre-existing resources, obtained from public institutions (ANCPI) will be used.
Use of GIS Demonstrating the usefulness of the geographic information system by presenting the analytical

capabilities of the system.

GIS component
publication for tourism

Within the research, a GIS component accessible via the Internet will be developed and published.
This component will contain information on tourism promotion of the Malaia—Valcea area.

promotion purposes
In order to ensure the fulfillment of the research objectives, the stages of carrying out the activities (field and
office) were established as follows (Table 3).
Table 3. Planning activities.
Activity Activity Description Details
Type
Activity planning and establishing the necessary resources (equipment, software, data, etc.).
Activity planning: analysis of detailed requirements; primary GIS design; stages of works;
' raw data processing steps; GIS detail demgp; elaboration of final documentation; presentation Throughout the
Office of final results. rosearch

Identification of the resources needed to carry out the activities: material resources (drone,

graphics processing station, software products, etc.); specific resources (cadastral technical
documentation, shapefile resources, etc.); financial and human resources (time).
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Table 3. Cont.

Activity
Type

Activity Description

Details

Obtaining raw data by aerial photography: activities carried out in each work location; field
marking of known coordinate points that will be used for georeferencing images (design,
construction and location of ground control points, GPS measurements to determine the
coordinates of control points); planning and performing the flights in order to obtain the

Estimated time:
60-90 min/location

Field photograms on the basis of which the orthophotoplans will be generated (flight planning, (does not include
preparation and verification of used equipment, effective realization of the given acquisition travel times)
flights); planning and carrying out activities to obtain the necessary data for the GIS
component of tourism promotion.
Carrying out the process of analyzing the needs for identifying the data of interest: the study
of similar situations/systems; application of needs assessment questionnaires or by the
Office/ interview method; inventory of information of interest; obtaining pre-existing resources. Throughout the
Field Presentation of partial/final results to the beneficiary: presentation of partial (intermediate) research
results; application of corrective measures depending on the beneficiary’s response;
presentation of final results.
Processing of raw data and obtaining an orthophotoplan (for each targeted location): use of Estimated time:
the acquired raw data (photograms); use of a software product for photograms processing 10-14 days
Office and obtaining an orthophotoplan; use of a software product for georeferencing the (depending on the
orthophotoplan; use of a software to generate and export secondary results (DEM, calibrated available hardware
and optimized photograms, etc.). resources)
Design and implementation of the data model (database): Successive application
in this stage, there will be carried out the process of designing the data model (database); the P i PP
Office process of structuring input data; the process of structuring the output data (useful data, Of corrective measures
. : . . 1 to meet research
results); the implementation of the established data model, by using a specialized software obiectives
product; obtaining a functional information system. )
Development of technical documentation and instructions for use. dlejlrif/seernt?)?(t)}ileagr?al
Offi In this stage will be elaborated: the technical documentation for the design of the 1t }f] th h
ice results of the research;

geographical information system; manual /working procedures for using the geographical
information system (case study).

preparation of
acceptance documents

Note: given that some planned activities have a long duration, in practice there is the possibility of overlapping intervals.

3. Results

The direct beneficiary of this case study is the REMMAR tourist boarding house, a
boarding house operating in a single location (point called A—Village, with sublease A1—
Headquarters) located in Malaia commune, Valcea county. The owner wants both the
extension of the activity in three other locations (points called B—Rudirasu, C—Fati, respec-
tively, D—Zipodie), and the modification of the specific activity, so that the tourist boarding
house can be transformed into an agritouristic farm. The owner wants, in a later stage (which
is not the object of the activity of this research), to extend the activity in another five loca-
tions (called E—Padina, F—Caprirete, G—Fantdnele, H—Comandi, respectively, [—Viitdsel)
which are to be integrated with the first three locations. The extension of the activity in
the five mentioned locations will be achieved by applying the procedures and methods
designed in this research.

The following needs were identified during the planning of activities and the estab-
lishment of the resources necessary to carry out this work (Table 4).
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Table 4. Necessary resources (material, human).

Resource Resource Utility
Type
Fll:ﬁgg:aafk}; I/C Marking on the ground some points for which the coordinates would be determined;
. these points/coordinates would be used in the office stage for georeferencing the
Marking on the . . . : . ; .
eround obtained images; the marking would be made in each location of interest.
Used for flight and raw data acquisition (photograms); preferably
hexacopter/octacopter type equipment will be used.
The results obtained are directly influenced by the technical capabilities of the
UAV type . . . o S
. equipment used (especially the accuracy in positioning). Thus, to ensure the elimination
equipment—Drone o L . . e
of positioning errors, it is recommended to use equipment with RTK capabilities.
This is also used to obtain resources for tourism promotion (aerial filming, panoramic
photography, etc.).
Used (along with drone) for raw data acquisition; this equipment must meet the
Technical Camera minimum requirements for obtaining photograms; depending on the available UAV
equipment equipment, the integrated camera/camera may be used.
Laptop,/Tablet Used for flight plannmg and performancg; immediate anal}l‘51s of gross results;
preparation and presentation of documentation.
Used for: raw data processing (photograms) and orthophotoplan generation;
Graphic station orthophotoplan georeferencing; obtaining and running geographic information system;
development of technical documentation and procedures to use.
Used for: flight planning and conducting; raw data processing (photograms); obtaining
graphic support; georeferencing images (orthophotoplan); design, implementation and
Software products operation of a geographic information system; generation and publication of GIS
tourism promotion component; development of technical documentation and
procedures to use.
GNSS receiver Used to determine the coordinates of }?oints marked on the ground (control points,
marking panels).
Total station /level Used to determine on the ground any additional details required (directions, angles,
distances, etc.).
Surveys of buildings,
cadastral Used by integration in GIS (overlapping on orthophotoplans).
documentation
Operational
resources Administrative Used to obtain input data for the geographic information system (authorizations,
documents property titles, tourist promotion materials, etc.).
Other fiocuments of Used to obtain input data for the geographic information system.
interest
Resources Human resources
(time), financial, car, General resources that will be used for the research.
generous

space, etc.

3.1. Obtaining Raw Data by Aerial Photography

During this stage, the following were performed: marking (materialization) on the
field of some control points that would be used for the georeferencing of the obtained
orthophotoplan; determining the coordinates of the points marked on the ground; flights
were planned and carried out to obtain the photograms on the basis of which the orthopho-
toplans will be generated; having three areas/locations of interest, three photogrammetric
flights were performed [40-43].

Marking points on the ground: based on the recognition of the details of the land
to be subject to aerial photography, it was decided to materialize the ground points by
using FENO type terminals, metal bolts, as well as the use of existing elements that do
not require additional markings (existing terminals, gutters, etc.). Even if the research did
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not require permanent marking of control points (temporary markings could be used), it
was decided to materialize them for later use, in the design and execution of the works
to extend the agritourist farm. For the easy recognition on photograms of the points
marked on the ground, reference panels with a size of 50 x 50 cm, painted in two colors
(white/red) [44—47] were made and used (by positioning centered on the ground markings).
At the same time, for the areas that allowed, the marking was made directly on the ground,
by applying a layer of paint (white, red). Disc-shaped ground markings with a radius of
15 cm and concentric red /black circles were occasionally used.

Determining the coordinates of the points marked on the ground.

The coordinates of the points were determined in the Stereogeographic 1970 coordinate
system, by using the South 582 V type GNSS equipment by the RTK method using the
recordings of the permanent stations Petrosani (PET2) and Horezu (HORE) (Figure 1).

L4 FISA DE DESCRIERE STATIE PERMANENTA GNSS

174 PET2 vy FISA DE DESCRIERE STATIE PERMANENTA GNSS
r” 74 HORE
NG
Identificare Statie GNSS Permanentd Vedere Detaliu Identificare Statie GNSS Permanentd
Site ID PET2 Site ID [ome
Num3r DOMES 11458M001 Numér DOMES L1ez5M001
Mod v p—— | Mod materializare _|piastry metake i
| B A — e . ‘Amplassment Acoperis clbdis Case de Culurd
Acoper Petrosani o
+ 1
| clasa |a
Clasa A e =
Projecte RN-SGP
Anul constituirii |2012
Anul i 2008 | Anul ultimei instalari | 2012
Anul ultime instaldri | 2019 | Echipamente
Receptor GNSS | 175 NETGIA Coordonate aproximative
Antend GNSS TPSCR.G3 TPSH Coordonate elipsoidale ETRSSH(GRSS0)
Receptor GNSS | LF1CA GRX120066°R0 Coordonate aproximative | Eeamet T T T T
Antend GNSS LEIATSOAGG LEIS C lipscidal G ;
Senzor Meteo BaAs"24'59 1:23°22'12" \u:m Mmp a1 T,I'ml’j;mm I‘[";J Pty
2 I E — Coordonate stereografice 1970 Cotd M 1975
Xim}:4117254 | ¥Im]:1779154 | Z[m}:as20034 [Faer T el Xim:acs506 | Vim):420681 __ [Wim]:a73
Produse Coordonate stereografice 1970 Cotd MN 1975 1ord 1secundd |x 30 secunde | — loc:uan
= X[m): 435486 Yim]: 372584 |H[m]:628 24 0re 1secundd |x| 30 secunde ! e
Figier . lmlﬂ::' Im} L‘!.""" ‘ [} DGPS/RTK I Judet Vikea
lord lsecundd |x|  30secunde | — : e Tiowiesi | Conesiuna | Adresa ey ——TY
I ocalitate etrosani . Mesaj
24ore | 1secundd | | 30secunde |x : —— 23,00 [LLIGD, bended | imternet
DGPS/RTK —
v. RTCM l Tip Mesaj { Conexiune | Adresa str, Nicolse Balcescu
23,3x  |1,2,18 19, Bxtended [

Figure 1. Permanent stations description chart PET2 and HORE (source: www.rompos.ro) [48].

Given that the target/target size of the pixel on the ground was about 3 cm and
the accuracy of the GPS, it was decided to use the RTK method at the expense of the
static method. The coordinates were determined for 23 points marked or identified on
the ground and which provided visibility on the purchased photograms. The control
points were arranged at the corners of the areas of interest, which will allow for the high
precision georeferencing of the obtained orthophotoplans. The accuracy of determining the
coordinates of the ground points was 1-2 cm and no compensation or accuracy calculations
have been performed, as the aim was to obtain a ground resolution of 3 cm/pixel, so no
such determination was warranted (Table 5).

Table 5. Coordinates inventory GPS.

Field Card Presentation

Location/ Stereo70 (m) WGS84 (Decimal Stereo70 (m) WGS84 (Decimal
Area Point Degree) Point Degree)
oin
X Y B L X Y B L
Coordinate Coordinate Coordinate Coordinate
A 1 417,550.820 432,395.132  45.386421  23.945427 5 417,504.782 432,631.670  45.388544  23.944799
Village, 2 417,800.587 432,346.978 45.386017 23.948624 6 417,998.496 432,500.966 45.387426 23.951126
7 points 3 417,904.304  432,411.536  45.386610  23.949938 7 417,655.595 432,688.820  45.389076  23.946715
4 417,759.841 432,573.991 45.388055 23.948066

B 8 417,915.417  432,556.528  45.387916  23.950056 12 418,075.225 432,630.082  45.388597  23.952084
Rudarasu, 9 417,719.095 432,712.103 45.389293 23.947522 13 418,284.246 432,642.253 45.388731 23.954751
3 pointls 10 417,858.266 432,797.829 45.390081 23.949285 14 417,997.438 432,501.495 45.387431 23951112
11 417,981.033 432,756.554  45.389724  23.950860 15 417,870.437  432,488.266 ~ 45.387297  23.949493
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Table 5. Cont.

Field Card Presentation

Location/ Stereo70 (m) WGS84 (Decimal Stereo70 (m) WGS84 (Decimal
Area Point Degree) Point Degree)
oin
X Y B L X Y B L
Coordinate  Coordinate Coordinate  Coordinate
C 16 418,976.984 432,002.406  45.383054  23.963704 20 419,262.395 431,767.218 45380971  23.967387
Zépodie, 17 418,962.531 431,872.099  45.381880  23.963541 21 419,227.337 431,850.110  45.381713  23.966926
8 points 18 418,966.275 431,784.019  45.381088  23.963603 22 419,071.860 431,985.000  45.382909  23.964918
19 419,162.243 431,697.130  45.380329  23.966120 23 419,170.317 431,921.998  45.382353  23.966186

At the time of the field measurements, landmarks were drawn up for the materialized
points or natural points determined and used in the work.

Flight planning and execution (3 flights—one flight for each area of interest).

The purpose of each graphical data acquisition flight was to obtain data that met
certain minimum technical and functional (content) requirements, such as: ensuring a
resolution of the orthophotoplan of at least 3 cm/pixel; observance of the degree of lateral
and longitudinal overlap (minimum 60° /70°); ensuring visibility on the ground.

Flight planning was completed with the licensed software product UgCS PRO. Within
it, a flight plan was made for each area of interest, going through the following configuration
steps: [19,49-51].

- aircraft/UAV/drone model configuration and selection: DJI Mavic 2 PRO predefined profile;
the profile includes the technical specifications provided by the manufacturer (battery
details, GPS/GNSS, telemetry, speeds, limitations, etc.), specifications on the basis of
which the flight plan will be generated (including limitations, restrictions, warnings).

- flight type selection: photogrammetric/photogrammetry tool.

- marking the area of interest: the area that is the subject of the flight: Google Imagery was
used as a background map.

- technical details configuration: flight speed: 7.00 m/s; return mode: adaptive; camera
used: standard Mavic 2 PRO (no other attached camera used); ground resolution:
2.00 cm; longitudinal overlay: 70.00%; side overlay: 60.00%; avoid obstacles: YES;
actions performed: at each point; altitude type: AGL (Above Ground Level); action at
last point: Return to Home; camera actions:

1.  angle: 90 degrees (vertical positioning).
2. self-timer photography: automatic mode (calculation based on speed and degree
of longitudinal and lateral overlap).

Based on the configured flight parameters, UgCS will perform the necessary calcula-
tions to generate the flight plan (Figures 2—4) and display the limitations and warnings in
accordance with the profile of the aircraft. You can also view information about the distance
to be traveled; the estimated flight time (a very important aspect especially regarding the
flight autonomy of the drone, in case of such limitations/restrictions there is the possibility
of dividing the flight into several flights); number of waypoints; minimum/maximum
altitude; area covered; footprint of a photogram; number of passes/flights; number of
photos to be taken; distance between 2 photos; etc. (Figures 5-7) [52,53].

Figure 2. The route flown by drone-type equipment (zona A—Village).
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Figure 5. Photogrammetric flight planning area A—Village.

It is recommended to optimize the flight plan by positioning the flight routes parallel
to the large side of the drawn surface [54,55]. Thus, the decrease of the planned flight time
can be observed.

Following the introduction of these data and the calculations performed in the UgCS,
the flight details were obtained as follows (Table 6).
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Route name: Rudarasu
Potential problems were encountered during processing (see wamings below).
The flight path crosses the planned boundary. To avoid this change the direction angle or the boundary

213 shots, performir ing until the next

Distance K Duration est.: 00:10:4 Waypoint count:
min. alt. (AMSL / AGL): 687 78m  max. alt. (AMSL / AGL): 78

\
\
\

B ) B o
\ N\ \ \ \\ \
h \7\ * 1

AN

alt. (AMSL / AGL)

Figure 7. Photogrammetric flight planning area C—Zapodie.



Sustainability 2022, 14, 14219

12 of 32

Table 6. Flight mission planning.

Value
Characteristics
Area A (Village) Area B (Rudarasu) Area C (Zapodie)
Flight speed 7.00m/s 7.00m/s 7.00m/s
Return mode Adaptive Adaptive Adaptive
Ground resolution 2.00 cm 2.00 cm 2.00 cm
Longitudinal overlay 70.00% 70.00% 70.00%
Side overlay 60.00% 60.00% 60.00%
103.66 degrees
Flight direction angle Even if the direction of the flight path is
(for optimizing) 103.66 degrees 125.59 degrees not optimal, this flight direction was
chosen due to the large level differences
on the area of interest
Actions performed At each point At each point At each point

Action taken at the last point

Return to the point of
departure/take-off

Return to the point of
departure/take-off

Altitude type Above ground level Above ground level
Camera tilt 90.00 degrees 90.00 degrees
Camera trigger type Auto Auto
Area 13.23 hectares 13.20 hectares
Ground print (m) 97.28 x 72.96 97.28 x 72.96
Numbers of crossings/routes 9 8
Number of photos 249 221
Distance between 2 photos 21.89 m 21.89 m
Estimated distance to 51 km 45 km
be covered
Estimated flight time 12min9s 10 min 55 s
Maximum altitude 680 m 686 m
(above ground)
Minimum altitude 78 m 76 m
(above ground)
Number of obtained
photograms (resolution 230 207

20 Mpx)

Return to the point of departure/take-off

Above ground level
90.00 degrees
Auto
13.35 hectares
97.28 x 72.96
11
217
21.89 m

4.3 km
10 min 28 s
654 m

76 m

208

3.2. Carrying Out the Analysis Process

The main purpose of the analysis process was to identify primarily the types of

information of interest (because it was intended to design a flexible data model, which can
be populated with various types of data) [56-58]. The needs analysis process took place in
three major directions, as follows.

study of similar situations/systems: an attempt was made to analyze the geographical
information systems with a similar purpose, but none were identified.

application of evaluation questionnaires or by the method of the interview: discussions
(interviews) were held with the beneficiary and their other representatives to identify
the needs that the future information system might meet; trips were made to places
of interest to understand the concepts to be implemented; the collection of various
existing documentation was carried out, including cadastral documentation, tourist
promotion materials, sketches prepared by the beneficiary in order to present the
concepts to be developed, etc.; discussions were held with people indirectly involved
in the research (neighbors).

inventory of information of interest (brainstorming method): in order to identify
the information of interest (real or presumed), group discussions were held with
the owners of the agritourist farm in the area and with the representatives of the
mayor’s office.
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Obtained Results

Following the analysis stage, certain types of information of interest were identified.

Depending on the purpose of the information, internal: information that can be ex-
tracted and used strictly in the interest of the beneficiary (especially information referring
to areas of interest); external: information that can be extracted and used by other benefi-
ciaries (especially information on the component intended for tourism promotion of the
Malaia—Valcea area).

Depending on the goal, technical: information directly related to the activities carried
out in the 3 areas of interest, as well as to the arrangements to be made in these areas;
administrative: involving the registration, processing, management, and extraction of ad-
ministrative data (data on buildings, their destination, data on how to organize spaces, etc.);
financial: involving the registration, processing, management, and extraction of financial
data (distribution of budgets by investment centers, records of taxes and authorizations,
etc.); tourism promotion: involving the registration, processing, and management of data
on the possibilities of tourism promotion of the area Malaia—Valcea; other objectives not
specified above.

3.3. Raw Data Processing and Image Obtaining (Orthophotoplan)

During this stage, the following activities were carried out for each of the three areas of
interest: processing of raw data obtained in the field stage (sets of photograms); obtaining
the main result sought: orthophotoplan (2D digital surface model); obtaining by-products:
digital elevation model (DEM); digital model of the 3D surface; point cloud; KMZ map
(Google Earth).

The main steps for processing raw data in Agisoft Metashape Professional are [43,54]:

(a) Loading photograms (in raw form) in the program—involves loading into the soft-
ware the photograms obtained in the aerial photography stage. At this stage of processing,
the actual loading of the photograms is not completed, but only references to them are
created (Figure 8);
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*
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3 3 .
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B D)L 0181, NA ° Ce ®e,
ev @ L[]
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B DII_0190, NA

Dimensions: 5472 x 3643
Date/Time: 2020:11:01 14:45:31

viorkspace | Reference

Figure 8. Uploading the photograms due to be processed.

(b) Verifying the uploaded photograms and remove photograms that are of no interest
in the processing—the list of uploaded photograms has been displayed in the workspace.
At this moment, the photograms that are not of interest are removed (to optimize the
consumption of resources necessary for processing);

(c) Photograms alignment and sorting—when loading photograms, they need to
be sorted. At this point, the software determines the position and orientation of each
photogram (based on the common points determined in the adjacent photograms) and
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generates a stray/scattered dot cloud pattern. This operation depends very much on
the quality of the photograms and compliance with the requirements for transverse and
longitudinal overlap, so that it is possible to remove or reposition photograms that do not
meet the minimum quality requirements (Figure 9);

Ele Edit YView Workflow Model Photo Ortho Tools Help

‘& 8 k- H BN 4 Q Q | o2 G-PrH
Workspace 5 X Model | Crtho
BRELE 0 X
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M piorer
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Perspective 30° Snap: A, 3D

DJ1_0187.3PG
Dimensions: 5472 3648
Date/Tme: 2020:13:01 14:45:31

Workspace  Reference 30,352 paints

Figure 9. The result of the frame alignment operation.

(d) Point cloud generation—during this stage, the point cloud is generated and vi-
sualized. Based on the estimated positions of the camera (at the time of recording the
photograms), the photograms are combined to obtain a dense cloud of dots (which can be
further processed or exported);

(e) Generation of the 3D polygonal model—is completed based on the data generated
in the previous steps and based on the specified parameters (Figure 10). Surface type: height
field—is the setting specific to wide planes (especially in the case of aerial photography);
source data: dense cloud—the dense point cloud is used as a source because it aims to
obtain an orthophotoplan with a high resolution; face count: high—specifies the maximum
number of facets of the generated model; interpolation: enabled—so that any areas not
covered by photograms will be generated by interpolation (depending on the information
in the surrounding areas); however, areas may remain uncovered.

¥
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Figure 10. Generation of 3D polygonal model—parameters.
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(f) Structure generation—a proper generation of the structure determines the way and
quality of subsequent visualization of the generated model. Thus, the generation of the
structure is conducted with the appropriate setting of the generation parameters (Figure 11).
Mapping mode: adaptive orthophoto—objects are divided into flat/smooth sections and
vertical segments, and this maintains the quality of processing for both smooth sections
and vertical surfaces (buildings, walls, etc.); blending mode: mosaic—specifies how pixels
of different values (from different photograms) will be combined in the final structure;
enable color correction: true—useful option in case of major variations in brightness (also
time consuming and hardware resources).
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Figure 11. Generation of the data structure—parameters.

Note: we can notice that the processing resulted in a ground resolution of 2.2 cm/pixel
(Figure 12).

A Rudarasu.psx — Agisoft Metashape Professional (demo
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Figure 12. Ground resolution presentation (cm/pixel).
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Digital elevation model generation (DEM)—involves the generation of the digital
elevation model based on the entered processing parameters (Figure 13). Coordinate system:
WGS84; data source for generation: dense cloud of points; interpolation mode: active.

ef Rudarasu.psx — Agisoft Metashape Professional (demo,
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Depth Maps (207, Ultra high quality, Ad
5% Dense Cloud (644,451,994 points, Ultra
b 3D Model (128,288,422 faces, Ultra higH
& Tiled Model (7 levels, 2.31 cm/pix)
B DEM (37166x30222, 2.31 cm/pi
B Orthomosaic (2034725667, 2.31 cm/pp.
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WGS 84 (EPSG::4326)

Source data: Dense cloud

Resolution (m): 0.0221135

683m
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Total size (pix)

T— s

37.7m

Figure 13. Digital elevation model generation (DEM)—parameters. Note 1: We can notice that
following the processing, a resolution of the digital elevation model of 3.552 cm/pixel was obtained.
Note 2: It should be noted that the results obtained from photogrammetric processing do not show
real accuracy, because the frames were obtained using equipment without RTK capabilities, which
means that positioning errors (both horizontally and vertically) are relatively large (but acceptable
for this research).

A DEM is a raster with elevation values that represents a land surface. The eleva-
tion model is used in various applications, such as: mapping, orthorectification, land
classification, spatial planning, etc.

(g) Export results—allows the export of the entities obtained in the previous steps
(Figure 14). Thus, it is possible to export both the main result followed (orthophotoplan),
and the export of other products obtained such as point cloud, digital elevation model
(DEM), map in KMZ format, etc.

At the same time, the software product used (Agisoft Metashape Professional) allows
the export of an activity report that contains various information of interest of the processing
research performed.

The following are some selective processing parameters and the results obtained for
each of the 3 areas of interest (Table 7).

Table 7. Processing parameters and results obtained from photogrammetric processing.

Parameter Area A (Village) Area B (Rudarasu) Area C (Zapodie)

Orthophotoplan
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Table 7. Cont.

Parameter Area A (Village) Area B (Rudarasu) Area C (Zapodie)
No. of images 230 207 164
No. of camera stations 230 207 164
Flight altitude 105 m 105 m 92.6 m
Ground resolution 2.24 cm/pixel 2.31 cm/pixel 1.9 em/ pixel
Covered area 0.266 km? 0.201 km? 0.135 km?
Connection points 2,043,084 1,719,891 1,560,115
No. of projections 5,242,929 4,131,114 3,749,550

Camera positioning

Digital Elevation Model
(DEM)

DEM resolution
Maximum altitude
Minimum altitude

Point density
Coordinate system
Processing times
Matching photograms
Aligning photograms
Scattered cloud point
generation

Dense cloud point generation

Structure generation
DEM generation
Orthomosaic generation

2.24 cm/pixel 2.31 cm/pixel 1.9 em/pixel
661 m 730 m 674 m
595 m 600 m 581 m
0.198 points/cm? 0.187 points/cm? 0.278 points /cm?

WGS 84 (EPSG::4326) WGS 84 (EPSG::4326) WGS 84 (EPSG::4326)

2h 0 min 1 h 42 min OhOmini12s
0Oh12min29s 0Oh12min 55 s 0h20min8s
14 h 54 min 10 h 25 min 6 h 11 min
2 h 6 min 1 h 56 min 1 h 30 min
1h 7 min 54 min 27 s 37 min 58 s
8min43s 7min3s 5min 58 s
1h 41 min 21 min 57 s 1h4 min

3.4. The Design of the Data Model (Database)

The design of the data model (database) was mainly based on the results of the analysis
stage (applied questionnaires, group discussions, etc.). Based on these results, a structuring
and filtering of the data of interest were performed, including the elimination of data that
were not suitable for the design of a GIS (financial data, budgets, records of taxes and duties,
etc.). The implementation of these data was not blocked, but it was left to the discretion of
the system administrator because all this information could be recorded as attributes of the
drawn vectors. At the same time, the research (and the final results to be submitted to the
beneficiary) included data or processing that had not been directly requested, but which
might serve the final purpose of the research.

The transposition of the data model within GIS was completed by defining and
completing the attributes associated with each type of vector (of course, after vectorizing
the elements of interest). The defined structures contained relational elements, so that the
easy and efficient operation of the system was ensured (Figure 15).
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Figure 14. Export results—options.

DatabaseDiagram x

L 100% ~ T o | = & = < A
>
Landscaping

. > LocationID: CHARACTER(S)  Pro—— Locations Trails

N/ UsedFor: CHARACTER(250) ID: CHARACTER(S) B o— Code: CHARACTER(S)
Fxisting’ CHARAGTER(S) Name: CHARACTER(50) Difficulty: CHARACTER(25)
Height: CHARACTER(50) Stage: CHARACTER(S) + Hiking: CHARACTER(15)

5 StagelD: CHARACTER(S) + Details: CHARACTER(250) Moto: CHARACTER(15)

- Details: CHARACTER(250) ATV. GHARAGTER(15)

= Materials: CHARACTER(250) Hipo: CHARACTER(15)

T Velo: CHARAGTER(15)

= Access_routes +| 0 Start: CHARACTER(5)
Existing: CHARACTER(10) q > StagelD: CHARACTER(S) PC H © Finish: CHARACTER(S)

Arranged: CHARAG | ER(50)
Access_type: CHARACTER(50)
Width: NUMERIC(5.3)

Lenght: NUMERIC(10,3)

» From: CHARACTER(S)

* To: CHARACTER(S)

o—]
NOSu—

Enclosure

 LocationID: CHARACTER(S)
Usable: CHARACTER(2)
Area: NUMERIC(10,3)
UsedFor: CHARACTER(250)
Category: CHARACTER(250)
Details: CHARACTER(250)

Code: CHARAC | ER(50)

Constructions

* Locationl: CHARAC | ER(5) 3t
UsedFor: CHARACTER(250)
Existing: CHARACTER(50)
Height: CHARACTER(20)
PIF: CHARACTER(10)
Catcegory: CHARACTER(50)
Stage: CHARACTER(5)
Details: CHARACTER(250)

Figure 15. Relational database model (data structures).

3.5. Implementation of the Data Model (Database)
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At this stage, the following activities were performed:

Georeferencing of orthophotoplans obtained previously (based on marked control
points on the ground);

Tracing/vectorizing the elements of interest (polygon type, line, point);

Entering the related value sets (descriptive information, attributes).

Most of the vectorizations and processing in the study were based on resources that
allocated a geographic reference space system (WGS84), but the results were handed
over to the final beneficiary with both a geographic reference spatial system (WGS84)
and a geographic reference system national projection (Stereo70). All operations and
vectorizations were performed in the WGS84 system. All the elements were later projected
into the Stereo70 system (using ArcToolbox) to be handed over to the beneficiary.

Georeferencing the map/orthophotoplan based on the points marked on the ground.
ArcGIS for Desktop software version 10.3.1 was used to implement the case study (short pre-
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sentation at: http://www.esri.com/library/brochures/pdfs/arcgis-desktop.pdf, accessed
on 19 September 2022) [59].

The georeferencing of the maps/orthophotoplans was conducted based on the points
marked on the ground (Figure 16), for which the coordinates were determined in the
Stereo?0 coordinate system and then transformed into the WGS84 system using ArtTool-
box. The coordinates of the points of interest were determined by GPS measurements
using the RTK method, with connection to the Petrosani (PET2) and Horezu (HORE)
permanent stations.

LA I NS @ Georeferencing = | DEM_A_Sat P (REA- 1§

§ B. Rudarasu
- Je 1

A.Village 16 C. Zapodie
g 3 N2
& % e
\ - 23
-~ x
g" -2
18 QN
20
x & %
s Doty
19
x

Figure 16. Ground control points.

In the GIS operation, resources were used (at different times) in both the geographic
coordinate system and Stereo70 projection system\within ArcGIS (ArcToolbox).

Tracing/vectorizing elements of interest (polygon type, line, dot).

The vector data representation model is close to the model used to represent the map.
GIS objects in the vector model are represented by a well-defined boundary in space. The
position and shape of objects are represented using an X, Y coordinate system. There are
three primary models of vectorization of elements of interest: point vector; line type vector;
polygon type vector (Figure 17).

Q

@ remmar - ArcMap
File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows [F703
Dsd& +a
@ e

= O Racord
°

= & Amenajari
E1

= © Constructii
[ <all other values>.

2 B Viroads

= B E\Agisoft\Pj005_Remm
® [ DEM.A Sat v
< >

Figure 17. Presentation of vectorized elements (points, line, polygon).

Basically, in the case study, the users or administrators of the system had the possibility
to vectorize new elements of interest as follows: in the ArcCatalog application, a new shape
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element was added (or in a new database/personal geodatabase), when it was specified
with its name, the type of vectors, the coordinate system, etc. At this point, the user had the
possibility of vectorizing the elements.

At the same time, considering the tourist specificity of the research, which is char-
acterized by large areas (outside the generated orthophotoplans), the research also used
background maps (Basemap) accessible in ArcGIS (especially World Imagery).

Updating the data model (database) and content.

Users and/or the system administrator had the possibility to update at any time
the implemented data model (database structure). Being an open system, it supported
CRUD (Create/Read/Update/Delete) operations on data structures. These operations
were performed by accessing the properties of an existing shapefile in ArcCatalog, at which
point you could specify the names of the required fields, their data type, etc.

Following the updating of the structure of the data model (database), users had
the opportunity to register new information of interest. Depending on the type of infor-
mation, it could be entered both manually and by applying calculation formulas (e.g.,
lengths/distances, surfaces, determining coordinates, etc.) (Figure 18).
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Figure 18. Visualization of the attribute table.

In case of using resources/vectors with a planimetric reference system, attributes such
as surface, length, and perimeter can be calculated automatically by applying geometric
calculation formulas. If the available resources are in geographic system, they can first be
designed in planimetric system (using ArcGIS tools), and then the necessary calculations
can be performed [20,60].

Resources used in the research

A.  Orthophotoplan—orthophotoplans generated for the 3 areas of interest (A—Village,
B—Rudarasu, D—Zapodie); WGS84 system (and georeferenced in Stereo70);
Thematic layers—configured and marked according to research requirements. Exam-
ples: locations, constructions, arrangements, connection, access roads, routes, etc.;
Basemap—World Imagery;

Digital Elevation Model (DEM)—generated from photogrammetric processing;
Shapefile public resources—administrative boundaries (county, ATU), rivers, roads;
Shapefile own resources—an integral part of cadastral documentation;

Various other available resources (tourist attractions, points of interest, etc.).

=

OEEDN
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3.6. Analytical Operation of the System

Given that a GIS needs to address a variety of issues, it needs to be particularly
flexible in recording, storing, searching, retrieving, processing, and presenting information
of interest.

3.6.1. Integration of External Resources (Public Resources)

The research used public resources: the road theme layer, water theme (except lakes)
layer, and administrative boundaries” theme layer (counties, territorial administrative
units—ATU). Given that these public resources were vectorized for the entire territory of
Romania, and in the research were useful only in those areas of interest (Valcea County,
Malaia commune), in ArcGIS they were used as procedures and tools for the selection,
cutting, and storage only of elements of interest (Figure 19).

£ {;"’j - . — L a C
l_(rﬁ‘»g;—tiv /’{L‘,,AT_ ':f‘:\‘"} \ . . \
AT ey TN

Figure 19. Working area—uploading the elements of interest.

3.6.2. Preparing the Workspace for Operation

To start the functional operation of the research, in the work screen we loaded the
following data (thematic layers): background map (basemap) World Imagery—for vec-
torizing and analyzing the elements of interest that were found outside the surface of the
orthophotoplans used (degree of transparency 70%); orthophotoplans—for vectorization
and analysis of the main elements of the research (A—Village, B—Rudarasu, C—Zapodie)—
degree of transparency 40%; locations—contained the list of locations of interest for the
research/beneficiary (both for the first stage of expansion and the locations that will be
subject to the next stages of expansion of the agritourist farm); waters—the river network in
the county; roads—the county road network; ATU administrative boundaries in the county;
premises—the boundaries of the delimitation of places of interest; constructions—contained
the elements of interest for the research (both existing constructions and those to be de-
signed and built in the stages of expansion and development); arrangements—contained
the elements of interest for the research (both the existing arrangements and those to be
designed and realized in the stages of expansion and development); connection—thematic
layer that contained elements specific to utilities (electricity, water); access roads—contained
elements regarding the access roads to the research locations (detail of the public road
network); routes—thematic layer that included tourist routes; POI—thematic layer that
included points of interest (from a tourist point of view).

3.6.3. Research Locations and Vectorized Elements

The activities of designing and extending the agritourist farm, which constituted
the basic requirements of the beneficiary and which were reflected in the main elements
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vectorized in the research locations (Figure 20): maintaining and developing the current
location A—YVillage; changing of destination and development of the secondary location
Al—YVillage; designing and development of location B—Rudarasu; designing and develop-
ment of location C—Face; designing and development of location D—Zapodie.

-

Figure 20. ArcMap—general presentation of the working space.

Even though the current research included several locations, they were organized and
integrated into a unique concept, which ensured the diversity of activities as follows.

Location A—Village: keeps the specifics of the current activity; accommodation unit,
preparation and dining, gaming spaces; minor changes in the physical location, abolition
of customer parking, redevelopment of outdoor space; vectorized elements including
enclosure, constructions, arrangements (existing and future), and utility connections.

Secondary location A1—Village: change of destination of existing buildings; arranging
personal accommodation spaces; customer parking arrangement; maintenance and repair
workshop arrangement; arrangement of service dedicated to the means of transport held
(motorbikes, AT Vs, bicycles, etc.); food block arrangement and food storage; vectorized
elements including enclosure, constructions, arrangements (existing and future), and
utility connections.

Location B—Rudarasu: newly designed location; arranging wooden houses; camping
tent design; arranging customer service spaces; arrangement of administrative space;
vectorized elements including premises, constructions, arrangements (existing and future),
utility connections, and tourist routes.

Location C—Zdpodie: newly designed location; planned agritourism activities includ-
ing visiting orchards, fruit maintenance works, fruit harvesting, etc.; arranging wooden
houses; caravan camping arrangement; arranging customer service spaces; arrangement of
administrative space; arranging spaces for fruit activities; intermediate point for tourist
routes; vectorized elements including premises, constructions, arrangements (existing and
future), utility connections, tourist routes, and orchards.

3.6.4. Create a 3D Themed Map

The 3D visualization facilities were used for the graphical/visual representation of
content elements, starting from the list of attributes associated with vectorized elements.
For example, we generated a 3D thematic map that graphically presented the vectorized
buildings according to their height regime (RegimH attribute). In this sense, in the ArcScene
module, we accessed the list of properties of the layer of interest (buildings): a list in which
we specified the field/attribute, according to which the 3D representation of the vectorized
elements was made (Figure 21).
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Figure 21. 3D visualization—presentation in “data view” format.

3.6.5. Queries: “By Attributes” and “By Location”

In a spatial database, searches for items that meet certain requirements in accordance
with the user’s interest can be performed depending on the location of items of interest
(absolute, relative) and attributes (characteristics of the items searched; they are stored in
the database map—table attributes). Multicriteria searches (according to several criteria) in
spatial databases have wide applications in all fields of activity: real estate, administration,
police, medicine, transport, etc.

Attribute-based query. For example, a selection was made based on attributes. Thus,
we intended to select the buildings that were already built (existing at the time of research
planning), which will be renovated in the first stage of expansion (stage 2 in the context of
the research) and are intended for technical spaces (Figure 22).
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Figure 22. Attribute-based query—successive filtering results, step 2.

Location-based query. For example, we aimed to identify buildings that were less than
15 m from the sites designed for “Campfire” (to eliminate the risk of fire).
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Given that the thematic layers includes the locations for the campfire and other
arrangements to be made, it is necessary to first select the specific elements (campfire), and
then apply the filtering of buildings based on their location related to campfire location.

Following the application of all these filtering criteria, it can be seen that three construc-
tions were selected that were too close to the locations designed for campfire (two construc-
tions were located in location D—Zapodie, and one was located in location B—Rudarasuy).
Thus, it can be concluded that the campfire locations need to be repositioned (Figure 23).
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Figure 23. Location based query—results presentation.

3.6.6. DEM Operation

Before briefly presenting how to operate DEM, we will present some basic theoretical
notions. Thus, we have [61,62]:

The digital elevation model (DEM) is a digital model based on an ordered network
of points (usually a raster data structure) for which both the X and Y coordinates and the
elevation are known. DEM generation is based on the principle of interpolation.

The digital terrain model (DTM) is a DEM-like digital model, but it is differentiated
by the fact that the arrangement of the points is irregular or accidental. Thus, it has
the advantage that the density of the points can be modified so that the surface of the
land is rendered as accurately as possible, and at the same time points of interest can
be incorporated.

The irregular triangular network (TIN) is a way of representing the position and shape
of the terrain. By the TIN, the surface of the land is represented by all the adjacent triangular
surfaces, without any degree of overlap between them.

Starting from the digital terrain elevation model obtained in the photogrammetric
processing process, we had the possibility to extract and exploit, in the 3D environment,
certain by-products. These were obtained using specific tools from Arctoolbox (for 3D
processing of images). When using these processing tools, the data necessary for processing
are filled in, such as the starting raster (from which the primary information is read, the
raster or the destination object, other parameters necessary for the processing, etc.

Thus, the following by-products were generated (starting from DEM) [43]:

Appearance—represents the way of horizontal orientation of the surface; each facet is
assigned a numeric code that expresses the cardinal orientation of that slope;

Contour—generates the level curves associated with the selected raster; the result is
2D, but based on the attributes, exploitations can also be made in 3D mode;

Hillshade—generates a raster that represents a shading relief; the light source is
considered to be infinite;
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Slope—generates polygonal structures that represent ranges of slope values starting
from triangulated surfaces.

These products can be exploited in a 3D context using the ArcScene module. It
provides various representation and management facilities specific to the 3D environment
(navigation, animation, specific calculations, etc.) (Figure 24).

)

Figure 24. ArcScene—secondary products presentation. Note: the working methodology was pre-
sented to demonstrate the analytical capacity of a GIS, but it should be noted that the results obtained
(values) show significant errors due to the poor accuracy of the primary data (horizontal and verti-
cal deviation).

3.6.7. Presentation of Data in MAP LAYOUT Form

ArcMap offers two different ways to view a map: data view is a view used to explore,
display, or query data; is the default mode when opening any application; layout view is a
collection of elements of a map (map title, legend, scale, projection, etc.) positioned and
organized on a virtual page before plotting /printing.

Presenting data in layout view mode allows you to configure the required items before
plotting / printing. Thus, users have the opportunity to configure [46,63] grid illustration,
northbound insertion, insert legend, insert representation scale, etc. By adding various
mandatory or optional elements and configuring the associated parameters, various the-
matic maps can be configured, previewed, and printed, depending on the requests and
interests of the beneficiaries. They can be saved/exported in digital format, or they can be
printed on physical media (Figure 25).

Legend

Figure 25. Map with mandatory elements inserted (grid, legend, north direction, scale).
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4. Discussion

Studies show that in recent years tourists prefer destinations where they can spend
as much time as possible in nature and get involved in various activities: outdoor walks,
hiking, adventure activities [31], and even the day-to-day activities of a rural household
(care and feeding of domestic animals). The choice of agritourism destinations is primarily
determined by the diversity of activities that can be carried out, and by the safety and
security conditions. Thus, agritourism farms support the sustainable development of
agritourism through the wide range of activities offered.

A few years ago, tourists preferred mountain, seaside, and external destinations,
and the addressability of rural tourism was low. The COVID-19 pandemic has generated
changes in tourists’ preferences, so that nowadays more and more people are choosing
rural tourist destinations. An important segment for the development of agritourism is
generated by young families, with small children and with financial possibilities, who want
to spend more time in rural areas.

There are many rural areas that, through the practice of rural tourism, have generated
sustainable economic development [64—66]. Even if agritourism is based on individual units
(agritourism boarding house), for sustainable development it is necessary to elaborate and
implement strategies at the local, regional, and national level. Modern agritourism depends
on the innovative management and leadership qualities of decision-making personnel [67].
The basic principle of agritourism is to combine sustainable economic development based
on the responsible use of natural resources.

For the sustainable development of agritourism, it is necessary to develop and imple-
ment unitary strategies. At the same time, these strategies must regulate and ensure the
responsible use of land and natural resources, support biodiversity, and generate protective
measures against climate change.

In the presented context, this research paper supports the organization and imple-
mentation of activities for the expansion of an agritourism farm in compliance with the
requirements regarding environmental protection, the efficient use of land and existing
natural resources, and the support of biodiversity. The research work is developed at the
local level (agritourism farm REMMAR, Malaia, Valcea) and can be applied to agritourism
farms in any area of Romania. At the same time, it can be developed, scaled, and applied at
the regional level.

Currently, the owners of agritourism farms tend to allocate available resources to
household activities and to underestimate the importance of the tourism component. In
order for agritourism to become a factor for the development and economic support of
rural areas, it is necessary to adopt some macroeconomic measures and strategies, but
also some measures at the local level, such as aligning the tourist offer with the demands
of tourists, creating unique products to be known as the local brand of the area, and the
association of entrepreneurs and collaboration with public institutions [68].

The approach of the research topic is based on the following hypotheses: the perfor-
mance of any entity (organization, institution, individual, etc.) is conditioned and depends
on the quality of decisions taken at the management level. Identifying and adopting the
best decision at a given time and under certain conditions involves accessing and process-
ing a large volume of data and a complex process of analysis and synthesis (regardless of
the field in which it operates), which the human factor cannot achieve. The continuous
and accelerated development of science and technology has made possible in recent years
the accelerated development of advanced decision support systems (including GIS/GIS)
with high storage, processing, and analysis capabilities (including location data); therefore,
systems that can be applied in various fields of activity [69,70].

Such a system can be successfully implemented only under the conditions of the
existence of a data model specific to the field of action, a model that can be obtained
by a detailed analysis of that field. In this sense, for the implementation of a decision
support system at the REMMAR agritourist farm located in Malaia-Valcea Romania, in this
research paper a specific data model was founded and designed. The model designed in



Sustainability 2022, 14, 14219

27 of 32

this way allows efficient recording, storage, extraction, processing, and analysis of the data
of interest.

The designed data model can only be implemented under the conditions of a dedicated
graphical support. Graphic support can be obtained by scanning or digitizing existing
maps in a physical/printed format, or by acquiring data of interest in a digital format.
Due to technological developments, photogrammetric methods are now increasingly used
to acquire field data. By applying a data model to a raster-type graphical medium (and
populating the database with information of interest), a geographic information system
(GIS/GIS) is obtained which is an efficient management tool. In agritourism, geographic
information systems can be scaled according to the proposed objectives. Thus, GIS can be
applied for the efficient management of an agritourism unit, but it can also be scaled at the
regional or national level.

At the level of the agritourism unit (including at the level of the REMMAR agritourist
farm located in Malaia commune, Valcea county-Romania), GIS products can be used for
activities such as the planning and efficient management of existing resources’ sustainable
agricultural production, spatial location of available resources, simulation of landscape and
territorial arrangements, technical-financial substantiation of expansion, and development
sustainable agricultural production, etc. At the same time, GIS research projects can be
used for the documented choice of the location of future agritourism units based on the
available information in the existing database (location of competing or partner agritourism
units, usable natural resources, protected areas, environmental quality, points of interest,
proximity to the urban area, accessibility, segmentation and structuring of the categories of
inhabitants, etc.).

Atabroad level, GIS products and research projects find their applicability according to
the pursued purpose: the promotion and development of agritourism at a local or national
level, agritourism promotion by publishing dedicated webgis components, development
of tourism promotion platforms in accordance with the promotion strategies at the local
or national level, etc. Both from agritourism, and an extended point of view, GIS tools
provide useful information for risk management, planning of marketing and business
development strategies, and other strategies based on the principles of geolocation of
different entities [71,72].

Starting from the addressability of GIS-type research projects specific to agritourism
units, and with direct applicability to the REMMAR agritourist farm located in Malaia
commune, Valcea-Romania county, a third perspective was identified, namely the utility
for the consumption segment (services of agritourism). By publishing webgis components
dedicated to agritourism, tourists (potential customers) have access to a wide range of
information (services offered, facilities, location, access roads, land accessibility, etc.), which
allows them to select the destination and plan the stay.

Following the solution of the proposed objectives, the following main results were
obtained: design and validation of a data model dedicated to the case study (REMMAR
agritourist farm located in Malaia commune, Valcea county); application of photogrammet-
ric methods for the acquisition of data of interest on the studied objective (three distinct
locations); processing of raw data (photograms) and obtaining image support (one orthopho-
toplan for each research location); population of the database with information of interest
(geographical and descriptive); implementation of a geographical information system.

Secondary results which can be used in other research: points materialized on the
ground by FENO-type topographic terminals; raw photograms; orthophoto planes, resolu-
tion ~2 cm/pixel, raster format; non-relational data model; model analysis form [72].

In terms of the contributions and originality of the research topic from a theoretical
and practical point of view, this paper is a step forward in the development of a standard
methodology (methods, means, resources, and tools) for the design, extension of sustain-
able agricultural production, and tourism promotion of the agritourist farm, by using
photogrammetry techniques and the integration of geographical information.

The original elements of the paper are based on the approach of four main research directions.
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a. Obtaining image support by using photogrammetric methods for data acquisition:
developing models for planning field and office activities, as well as models for estab-
lishing the necessary resources; the applicability of the generated models was verified
by using them in the 3 locations of the research; development of the methodology
for marking and materialization of ground points both to ensure the possibility of
georeferencing the graphic support (orthophotoplan) and for subsequent use during
the implementation stages of the research; development of the model sketch, in order
to ensure the easy identification of the points for later use; establishing the optimal
processing parameters of the raw photograms for meeting the minimum quality
requirements of the graphic support.

b.  Development of the research implementation methodology and actual implemen-
tation, from the establishment of the fundamental objectives to the obtaining and
presentation of the final results: research planning and development in accordance
with the principles of project management; monitoring and permanent management of
the main components (human resource management, financial resource management,
time management, quality management, risk management, etc.); maintaining constant
contact with the beneficiary in order to ensure the requirement-result correspondence.

c. Development of the needs analysis methodology and design of the specific data
model: establishing the methodology for carrying out the analysis activities; selection
and application of analysis methods suitable for this type of research; designing the
data model specific to the case study; the application of cross-cutting methods to
validate needs and the data model.

d.  Design and practical implementation of the geographical information system in
terms of structure, methods, and means of software implementation: validation of
the data model through the effective implementation within a specialized software
product (ArcGis); establishing the specific elements and vectorizing them for the
case study; presentation of the ways of efficient exploitation of the geographical
information system; publishing a specific webgis component.

With the development and expansion of the REMMAR agritourism farm, the method-
ologies and techniques used for its management can also be expanded, such as photogram-
metric methods, UAVs, sensors specific to agriculture, LIDAR techniques, etc. Through
procedures similar to those presented, the owners of agritourism farms can apply drone
photogrammetry (UAV photogrammetry) combined with the use of sensors (RGB, NIR,
multispectral, thermal, LIDAR) for land management and monitoring, monitoring the
crops’ health, intervention in the case of calamity, etc. It should be noted that the use
of certain categories of sensors is expensive, so it may exceed the financial capacity of
agritourism farms.

The novelty of the paper comes firstly from its research direction. We express the fact
that the lack of specific methodologies, studies, or research dedicated to agritourism was
the basis for addressing this research topic; thus, first of all, from this point of view, the
research can be considered a novelty. For this category, the research carried out resulted
in the finalization of a working methodology and a geographic information system that
integrates various types of information and data necessary for the design activities of all
the works to expand the sustainable agricultural activities in the agritourism guesthouse
REMMAR, with the possibility of application, after calibration, at the national level.

5. Conclusions

In the current competitive context of the global economy, performance at the level of
an enterprise or at the level of a business project depends on making the best decisions
and taking the best measures by accessing a large volume of information and a complex
process of analyses and syntheses. In this sense, in conjunction with the limited resources
allocated to small-scale research projects, the current study demonstrates and exemplifies
how to approach, go through, and complete the work necessary to achieve the objectives
for the development of such a GIS. The results obtained can be used in the future for the
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development of major lines of photogrammetric research in order to establish GIS databases
for the design and expansion of agritourist farms, regardless of their geographical location.

It should be noted that the basic entity of a geographical information system is the
location (geospatial data), and the graphical representation is made by raster data (as a
graphic medium) and vector type (to delimit the elements of interest). Having these aspects
as a starting point, the geographical information system developed is a tool dedicated to
both management and executives and has a high degree of flexibility, so that at the time
of implementation it can be configured as needed. From the beginning, it was considered
that the design and implementation of this geographical information system involves the
existence of a team of specialists in various fields (cartography, photogrammetry, computer
science, etc.), and the development of a data model (database structure), based on activities
needs an analysis, especially for expanding sustainable agricultural production.

The implementation of the geographical information system presupposes the existence
of a graphic support (raster type), which is ensured by carrying out its own activities of
acquisition and processing of raw data, by aerial photography and graphic processing, even
if they are large consumers of resources (financial, time, technical). Procurement through
this method ensures that the quality requirements are met, which cannot be ensured by the
use of external data.

The designed geographic information system provides flexibility in the analysis of
data of interest, its success depends on the team’s ability to collect the necessary data,
its structure and content can be updated at any time (with greater or lesser effort and,
of course, with awareness of all subsequent implications), and it allows the display and
extraction of results in various forms such as images, graphs, tables, and maps, for the
necessity of expanding sustainable agricultural production.

The results (main and secondary) obtained as a result of the research can be used as
follows. The implemented geographical information system can be used as a model for the
design and extension of any agritourist farm. The system is based on an open relational
model, which allows its adaptation to needs as they arise. The designed data model
has applicability on the structure of any farm with specific agritourism, so that it can be
implemented on other locations (with the provision of the corresponding graphic support);
at the same time, being an open model, it can be easily adapted to the needs/requirements
of other beneficiaries. The orthophotoplans obtained can be used as graphic support for
any future research that requires geographical information; being generated at a resolution
of ~2 cm/pixel, they allow the easy identification of details of interest (for georeferencing,
vectorization, etc.). The implemented research is an effective tool for the continuous
management of the specific activities of an agritourist farm, from the substantiation of the
establishment decision to the organization of the current activity. The published webgis
component is a means of tourism promotion with a wide addressability, which facilitates
the access of tourists to information, and also the increase of the occupancy rate and the
incomes of the agritourist farm. The webgis component can be scaled up and extended to be
applied at a regional or national level, as a direct support for the sustainable development of
agritourism. The raw photograms can be input data for other graphic processing research.

The designed geographic information system can be considered basic research for
the development of other GIS necessary for the expansion of sustainable agricultural
production, from agritourist farms, to ensure the avoidance of possible mistakes; the correct
estimation of needs; and the adaptation, optimization, and reuse of new, applied techniques
and work methods in this specific research.
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