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Abstract The considerable diffusion of technologies that use drones as the carriers that make it possible
to bring photogrammetric sensors to heights for the acquisition of territorial information is arousing interest

in a production sector, that of geotopographic information, which like other sectors, needs to find new

stimulus in order to renew itself.

The paper here proposed does not seek to analyse technical innovations of the sector, innovations allowed

by new and increasingly efficient aircraft, by new sensors, by increasingly high performance software and

more or less restrictive limitations imposed by the norms, all activities and regulations in rapid and, in some

respects, tumultuous innovation and subject to other and more specific detail.

The authors instead wish to propose a reflection on the actual possibilities, in the not too distant future, of

the transposition of these technologies within the sphere of cadastral activities, so as to allow the

economies and positive findings on photogrammetric measurement within the procedures of conservation

of the Italian Cadastre.

This work was drawn up within the framework of the activities of the CAT-APR Project, a scientific

collaboration between the Revenue Agency and the Dipartimento Interateneo di Scienze, Progetto e

Politiche del Territorio - Inter-university Department of Sciences, Project and Land Policies - (DIST) of the

Polytechnic and the University of Turin, which has as its object the testing of surveying methodologies

based on the use of remotely piloted aerial vehicles designed for possible use in the cadastral field.
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FOREWARD

Article 1 of the Constitutive Law of the Cadastre, Law n. 3682 of 1 March 1886 (3rd Series) also known
as the Law of property tax equalisation, submitted by Senator Angelo Messedaglia (Figure 1) this
year commemorating its 130th anniversary, defines the activities that must be provided as follows:
“The State shall undertake, throughout the kingdom, the formation of a cadastre that has uniform
geometric particulates, founded on measurement and estimation, in order: 

• to ascertain the real estate property and to keep their mutations into account
• to equalise property tax.”

The following art. 3 thus specifies: “The surveying will be performed by experts delegated by the
Administration of the Cadastre, with methods that science will indicate as the most suitable to reconcile
the greater accuracy, economy and solicitude of the work”.

It was necessary, in addition to developing a suitable technical instrument for the new demands of
the vast political and economic entity born with the unification of Italy, to seek to provide uniform
procedures for the application of the tax and the various units of measure, including monetary, used
by previous Cadastres.

Figure 1 Senator Angelo Messedaglia

In these regulatory provisions, one of the first important measures of the newborn kingdom of Italy,
it is very clear right from its outset that the Cadastre, in its innermost essence, must keep track of
the mutations which intervene on the territory, and that these activities should be carried out with
the instruments and the methods that technological advancement makes available at the time.

The notion of the Cadastre in fact considers, in addition to a constitutive part of the deeds and acts
that are defined as formation, that of updating, called conservation, which sets out the modalities for
verification as well as introducing, in the particulate map and in the census records, the mutations
that are involved in the particulate fabric and in the legal regime of the buildings. This condition
accompanies the entire life of the Italian Cadastre and it has to be emphasised that the formation of
the Cadastre took place from the outset in the perspective of its conservation.
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As a consequence, the technical bodies of the cadastral administration have always followed with
interest the technological and professional evolutions that have enabled first the formation (1886-
1956) and subsequently the conservation of the cadastral bases.
It should be remembered, in times that are relatively close, the circular memorandum 2/88 of the
then General Directorate of the Cadastre and Technical Revenue Services, having as its object the
simplification and standardisation of the detailed rules for the implementation of surveying and of
the procedures for updating the cartography and of the corresponding cadastral archive, which
expressed openness to the possibility of using electronic instruments within the Cadastre
conservation procedures, and the instruction regarding the use of the GPS (Global Positioning System)
methodology of 2003, that has permitted the use of modern satellite technology within the same.
It is therefore a natural consequence that modern applications of drones in the determination of the
cartographic information, as had already taken place since 1934 with the first photogrammetric
applications that will be mentioned as follows, should also arouse the interest of the administration
of the Cadastre, in view of possible uses within the various applications.
The acquisition of photographic images from above, both with the traditional nadiral angle and with
interesting and promising applications relating to the images made with oblique angles, is considered
not only as a source of information in the procedures for the acquisition of the geometric dimension
which make it possible to operate on the basis of the cartographic databases for the purposes of
updating and improving their own accuracy, but also for the creation of a database of images of the
built heritage, through which necessary procedures can be implemented for the future activities of
identifying further constructions that have not yet been declared in the Cadastre and those
associated with the revision of property valuation, currently not on the agenda but still an argument
that is always present in the list of activities to which attention should be paid.
The objective of the considerations that follow is therefore to provide an answer to the question as
to whether the procedures that use instruments carried by drones could be applied to the production
of the observations required in the cadastral applications in a positive way, i.e., if the technical
limitations and regulations are such as to allow, at least in the current state, a beneficial use.

LEGAL FRAMEWORK 
As defined in the current version of the normative reference, the recent revision of the ENAC
Regulation (Amendment 1 of 21 December 2015 to Edition 2 of 16 July 2015), with the term drone
or, more specifically, with the abbreviation RPA (Remotely Piloted Aircraft) we mean a “an aerial vehicle
without persons on board, not utilised for recreational purposes or for sports”.
The normative definition therefore focuses not only on the absence of a pilot aboard, also common
for non-professional and amusement applications, but also on the uses and the activities that are
intended to be carried out through the definition of the so-called “specialised operations”, defined
as the “activities that involve performing, with an RPA, a professional service with or without payment,
such as for example: cinematic, television and photographic services, surveillance of the territory or
of installations, environmental monitoring, agricultural uses, photogrammetry, advertising, training”,
and therefore for purposes that are to some extent professional.
In the previous statement the term RPA is used to define a remotely piloted aircraft, constituted of a
half-plane without people on board and of the relative components necessary for the control and
command (control station) by the remote pilot.
The inclusion of the term aircraft also stresses that, regardless of the position of the pilot and/or of
the flight crew, operations must comply with the rules and procedures in some way similar to those
ordinarily in force in aeronautics.
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The use of such systems is reserved for pilots in possession of the recognition of the jurisdiction in

the state of validity, consisting of a “Pilot’scertificate” or a “Pilot’s License” for RPA, issued by ENAC

directly or through authorised personnel.

The Regulation then goes on to define the activity subject to use of the RPA which distinguish them

in critical and non-critical activities according to the following criteria (articles 9 and 10):

• “non-critical” specialised operations are those operations conducted in VLOS (Visual Line of Sight,
i.e., operations carried out within a distance, both horizontal and vertical, such that the remote
pilot is able to maintain continuous eye contact with the aerial vehicle, without the aid of tools to
increase the view, such as to allow him direct control of the vehicle to manage the flight, to
maintain separations and to avoid collisions) that do not involve flying over, even in the case of
failures and malfunctions:
– congested areas, gatherings of people, conurbations;
– sensitive infrastructures.

• specialised critical operations are those operations that do not fall into, even only partially, what
has been previously defined.

For each type of activity and for each of the categories under which the vehicles are classified (with

operating weight at take-off greater than or less than 25 kg, the latter being further refined for

lightweight vehicles respectively with operating weight on take-off of less than 2 kg and less than

0.3 kg), the rules also define the modalities with which it is possible to perform shooting of photos

and videos and spenterest for the activities in question are the requirements relating to the overflying

of urban areas: clearly framed in the context of critical activities, the norm dictates a series of

precautionary requirements that, at this moment, in fact strongly limit the use of the RPAs in these

areas. The overflying of urban areas in VLOS conditions is allowed to the RPAs that demonstrate an

acceptable level of safety, which, according to art. 10, is deemed to be fulfilled when the RPA is

equipped with:

a) a primary system of command and control in which the software conforms to standards on aircraft
referred to the specific EUROCAE ED-12 at least at the level of project reliability D; alternative
standards may be accepted by ENAC wherever they meet the same objectives of reliability,

b) suitable systems to maintain control of operations in the event of loss of the data links or to
mitigate their effects, 

c) a system for the termination of the flight whose command is independent and dissimilar from the
command and control system and that, if enabled, allows a moderate exposure to potential
damage from impact.

DE-FACTO STATUS
The use of the drones is now consolidated for military use and it is increasing even for civil

applications: for example, in operations of prevention and intervention in fire emergencies, for non-

military security uses, for surveillance of energy and fluid transport lines, with the purpose of remote

sensing and research and, more in general, in all cases in which such systems would allow the

execution of missions that are “dull, dirty and dangerous”, often with lower costs compared to

conventional aircraft or ground inspections.

With regard to photogrammetric survey-type applications, is certainly not the presence of a pilot on

board or on the ground to make the difference compared to the type of product that can be obtained
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from the documentation operations: the aircraft, be it manned or unmanned aircraft, has the function
of transporting the camera and putting it in the most appropriate position for the carrying out of the
aerial photography. Indeed, the significant availability of types of RPAs is only one of the elements
that make it possible to use these instruments in a wide variety of applications in the sector. The real,
and to a certain extent, still awaited explosion of the applications is based on its feasibility also in
other innovative situations:

• on the one hand, the availability of high-performance sensors, with elevated geometric and
radiometric resolutions, with limited weight and low cost, make it possible to embark the
instrumental load also on relatively inexpensive vehicles, therefore in fact opening the world of
photogrammetry to numbers that are much more significant than in the past.
The Italian photogrammetry market, prior to the situation of which we are speaking, was
characterised by a very small number of aircraft operators, equipped with advanced vehicles and
sensors, engaged in direct production serving a plurality of companies in the photogrammetric
sector that operated in the various phases of the process that, after the shooting, leads to the
final product (ground support, orientation of the shooting by aerial triangulation, restitution,
editing, arrangement of orthoimages, etc.).
The current situation instead reveals a glimpse of a situation in which, clearly for surveying of
modest extension, the operator can, within his own studio, have everything necessary available
to him, starting precisely from the instruments of aerial photography, therefore offering the
possibility to open usage scenarios of the entire photogrammetric chain within professional
studios or, however, with entrepreneurial entities that are certainly larger, able to operate on
limited extensions, but introducing all the potential that the photogrammetric technique allows;

• on the other hand, and in a fundamental way, the appearance and the improvement of software
systems capable of processing rapidly and efficiently the great amount of data that originate
from the shooting.

Photogrammetry has always been a highly specialised discipline, with high costs for training
valid operators who became operational after years of learning on instrumentation that is
expensive and for that reason, not very widespread. The modern instruments operate primarily
on “almost” ordinary machines (even if, obviously, having high-quality hardware is an important
condition for optimal professional use), allowing the training process to be considerably
reduced: the flow of operations is significantly guided, search operations of the tie points
between the frames are performed practically without any intervention by the operator and
with a number of points that are far higher than those traditionally used (as Professor Friedrich
Ackermann of Stuttgart cheerfully stated, “redundancy substitutes intelligence”) and also the
collimation of the support points, operation that meant the long and boring “arrow tracking” of
the frames, is today highly automated, leaving to the human operator the sole task of control
and improvement in the collimation.

The engineering of the RPAs, already very advanced even on relatively cheap and popular
instruments, with specific tools that go from the operations for the preparation of the flight plan
and affixing of the orientation data on individual frames, allowing one to move in an almost
automatic manner to directly usable products. It therefore becomes fundamental to have
specialised training which allows one to dominate the photogrammetry process that is carried
out by the machines, and especially to critically validate the results produced at the end of the
various phases (verification of the flight plan, of coverage and speed of shooting, evaluation of
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residues downstream of the orientation operations, quality controls on point clouds, models
and orthoimages), so as to validate the results obtained by the automatic methodologies,
avoiding the dangerous acceptance of what is automatically returned.

A final consideration: the use of drones in the context of the techniques of photogrammetry surveying
is to all purposes and effects configured as an innovation process and not as a product, and therefore
all definitions, content, accuracies and the acquisition thresholds and testing traditionally adopted
must in some way remain valid, since the new production techniques must be able to satisfy the
traditionally adopted requisites, with products that are largely comparable with traditional ones,
enhancing only the peculiarities of use.

PHOTOGRAMMETRIC APPLICATIONS IN THE HISTORY AND EVOLUTION OF THE ITALIAN CADASTRE
The Italian Cadastre, first in the world, in 1934 had already introduced the use of the aerial
photogrammetric method, then in use for topographic cartography, for the formation of the maps,
after a first phase of experimentation performed with the Nistri and Santoni methods, as described
in detail in the communication submitted by the General Directorate of the Cadastre and Technical
Services, at the first meeting of the Italian Optical Association (Florence, 21-24 May 1934,“Experiments
of aerial photogrammetry for the formation of the maps of the Italian Cadastre” and published in the
Rivista del Catasto e dei Servizi Erariali, n. 1 of 1934 - Figures 2a and 2b).

Figure 2a
The cadastral

cartography, planimetric
and elevation,

of the town
of Campagnano Romano

in the Rivista
del Catasto e dei Servizi

Erariali n. 1, 1934
(original frame)

Flavio Celestino Ferrante, Gabriele Garnero50



Figure 2b The cadastral cartography, planimetric and elevation, of the town of Campagnano Romano
in the Rivista del Catasto e dei Servizi Erariali n. 1, 1934 (cartography)

The aerial photogrammetric method has flanked traditional surveying methods and was used for the
formation of the cadastral maps of the entire province of Terni and Viterbo, as well as for portions of
other provinces.
In 1990 the production of cadastral maps began with the photogrammetric method in some areas of
the provinces of BG (Bergamo), VA (Varese), SS (Sassari), CZ (Catanzaro), LE (Lecce), FO (Forlì) and
AN (Ancona), with costs that would be unrealistic today.
Currently, for the updating and the refurbishment of substantial portions of the cadastral cartography,
the Agency looks to the projects of recovery and reuse of topographical DB projects, by now
sufficiently standardised in the application of the “Technical rules for the definition of the specifications
of the contents of the geotopographic databases” contained in Ministerial Decree n. 10/11/2011, which
can constitute the geometric support on the basis of which to enable the upgrade procedures.
In other words, with the integration of the information present on the cadastral maps and the
information contained in the modern Territorial Data Bases 1k, 2k and 5k, derived from
photogrammetric operations anchored to the reference network with tolerances of the centimetre
order, it is possible to give birth to integrated cartographic bases of a technical-cadastre nature (or,
as some authors like to define, a “single” cartographic basis), to be kept up to date by procedures
which ensure consistency among the various types of information. A fully operational exemplification
of such processes is relative to the municipality of Roé Volciano (BS - Brescia), in which the new
cadastral map was entirely derived from the Topographic DB of the Comunità Montana Valle Sabbia.

And again, but only for completeness of exposition, we mention the use of data deriving from
photogrammetry, through the generation of digital terrain models (DTM and DSM), which has enabled
the identification of more than 2 million unknown built structures for the Cadastre over the three-
year period 2007-2009.
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In the sphere of the territorial information available on the national territory, although outside the

domain of the Revenue Agency, it is appropriate to make reference to the orthoimages produced by

Agea (Agenzia per le Erogazioni in Agricoltura - Agency for Payments in Agriculture) in the context

of the controls envisioned by European Community regulations for the management of the assistance

granted in the framework of the CAP (Common Agricultural Policy). Agea in fact is responsible,

pursuant to Legislative Decree n. 99/2004, for coordinating and managing the SIAN - (Sistema

Informativo Agricolo Nazionale - National Agricultural Information System), in which the aerial

photogrammetric coverage of the entire national territory is envisioned with a three-year frequency

as well as the production of cultivation themes on a cadastral basis for the agricultural territory. 

Legislative Decree 82/2005 (Code of Digital Administration) enshrines the principle of “reuse” of the

data generated by each Public Administration and the usability of the same, by means of suitable

agreements with other concerned administrations.

Starting from the year 2010, in order to optimise its aspects linked to the reutilisation of orthoimages,

the planning of programmes of recovery was amended, which are now on a regional basis rather

than a provincial one, opening the possibility for administrations to capture frames with resolution of

pixels on the ground of 20 cm instead of the 50 cm institutionally provided: this increase in resolution,

already implemented in various regions in the course of the three-year period 2014-2016, will lead

to concrete improvement in the possibilities of use of the photo-cartographic bases produced within

SIAN in the cadastral sphere.

In the more general framework of data sharing between Public Administrations, the cartographic

sector of the Cadastre is considering the opportunity to reprocess the intermediate data of AGEA

production for the realisation of precision orthoimages and, after the phase of experimentation, using

them to update the cadastral cartography, limited to particular classes of objects, such as roads,

water and buildings.

One can then certainly configure a generalised use of such photogrammetric shooting, with work-

flows specially configured to take account of the Land Register needs, with reference to current

normative forecasts (D.L. 78/2010, art. 19, paragraph 12) which establish, starting from 1 January

2011, that, on the basis of new information relating to technical-administrative reviews, by remote

surveying and on-site inspections, to initiate the constant monitoring of the territory by identifying,

in collaboration with the Municipalities, further buildings which are not declared in the Cadastre.

USE OF DRONES IN CADASTRAL APPLICATIONS

The aspects that are the object of this paper and that involve the use of drones in the context of

cadastral activities are not oriented to the production or updating of substantial portions of territory,

for which, at the time when the necessary and appropriate conditions of an economic nature and

opportunities of a political nature will be implemented, the praxis will be to use photogrammetric

procedures performed with instrumentation for shooting, aircraft and procedures that have entered

into the consolidated operating practices of the industry, which traditionally make use of the best of

what the technique makes available in terms of precision and reliability.

It is considered instead necessary to investigate the use of instruments with decidedly more modest

characteristics, which are in fact generally used today by equipment that is manageable and relatively

inexpensive, precisely like those fitted on the drones, to verify whether and under what conditions

their use may or may not be implemented, also through necessary revisions of the regulatory aspects,

so as to obtain employable results that are adapted to needs, such as for example, the remapping of

individual maps.
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The technical problems connected with the use of drones in cadastral applications are not very

different from the usual problems of use in applications of a technical nature, in which not only the

documentary or emotional appeal is significant, as in applications, even professional ones, but that

however do not require metric content.

The question which we believe deserves an explanation is the following: is it possible, with shooting

aircraft that can lift themselves from the ground for a few dozen metres, which have a limited payload

and therefore use cameras with modest characteristics, almost at an amateur level, to obtain

accuracies comparable with those required in the applications of traditional aerial photogrammetry

applications and cadastral ones in particular?

Figure 3 An esacopter in flight 

The characteristics of the aircraft, the limitations of the flight altitudes, the problems connected with

the application of the regulations requiring direct vision in VLOS or, at most, EVLOS (Extended Visual

Line Of Sight, i.e., operations conducted in areas whose dimensions exceed the limits of the VLOS

conditions and for which the requirements of VLOS are satisfied with the use of alternative methods,

such as a series of operators in direct contact with the pilot) and, especially, the characteristics of

the accumulators on board, determine conditions for which the areas of recovery are generally rather

limited, i.e., to cover consistent areas there is the operational need for scheduling multiple missions.

The limits on flight altitude, currently fixed for operations in VLOS, at a maximum height of 150 m

AGL (Above Ground Level), together with the limited dimensions of the sensors of the cameras and

especially to the need for a large amount of coverage, in fact determine a high number of frames to

which traditional operators are not accustomed: also for rather limited extensions it is quite possible

to reach hundreds of frames, which however are processed with procedures with a very high degree

of automation in an acceptable amount of time.
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It is not only the organisation of the shooting to constitute the critical phase, but rather the
characteristics of the transportable cameras and, consequently, the characteristics of the frames.
The photogrammetric cameras used in conventional operations are designed to ensure the most
evolved technology available from the point of view of metric precision and radiometric sensitivity,
clearly including the elements for the determination of the positions and structures, the execution
of the flight, etc.; all of this determines weights that are quite substantial, around 50-80 kg, in addition
to the costs that are generically defined to be about one million euro. 
It is therefore evident that cameras of this kind cannot be used on the aircraft in question, which can
at most carry, as characteristics of both of weight and price, models similar to amateur ones.
A series of experimental work, carried out by the manufacturers, software developers, universities
and research centres, now makes it possible to consider that even these cameras, as long as they
are properly calibrated and used according to strict procedures, can ensure accuracy compatible
with the technical needs of cartographic productions.

Shown below are the most significant considerations:

• calibration procedures allow to model the distortions of the Dioptric lens system, and then take
them into account in the photogrammetric processes: for professional applications it is important
to make use of a camera that has been calibrated in a laboratory, determining, through specific
procedures, lens distortion parameters according to appropriate models; generally the Brown
distortion model is adopted, which corrects the radial and tangential distortion. Clearly the
calibration procedures are related to a given position of the camera that, unlike photogrammetric
cameras, is not a fixed focal point, but a variable one, and thus presents clearances between the
machine body and the lens. Some manufacturers provide, precisely for improving the
correspondence of the conditions of use with those stated on the certificate of calibration, the
locking of the hyperfocal focal distance with heat shrinkable film;

• the resolutions of the sensors, even if not comparable with professional ones, are in any case
significant and however such a parameter is not critical because it is precisely according to the
resolution of the sensor and of the expected size of the pixels on the ground, that the altitude of
the flight is set, which then is determined so as to satisfy the characteristics required for the
shoot;

• particular attention must be paid to the issues concerning dragging: in any photographic
camera the shutter opening should be instantaneous, but the need to allow the entry of a
sufficient amount of light, no matter how small the interval of time of opening of the shutter,
combined with the motion of the aircraft, produces on the frame a “blurred” effect that is
defined as dragging. In the cameras that use film, the FMC device (Forward Motion
Compensation) consisted in translating the flattening device in the direction of the movement
of the plane with a speed which is suitably calculated so as to potentially offset this effect: for
example, in the Wild RC10 the maximum translation that the device could undergo was 640
�m, therefore of the order of half a millimetre. Digital aerial photogrammetric cameras (e.g. Z/I
Imaging Digital Mapping Chamber (DMC) and the VexcelUltraCamD) resolve the problem not with
a physical translation of the sensors, but with a particular electronic artifice called Time Delay
and Integration (TDI). This method consists in sliding out loads from one row of the matrix sensor
to the next according to the duration of the integration time required by the sensor, with a
sliding speed which is a function of the integration time of the sensor and of other geometric
factors.
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The cameras that are usually assembled on drones obviously do not have FMC/TDI devices: it is

true that they fly at lower speed, but they operate at much lower heights, which acts towards

increasing the phenomenon. For example the FlyGeo by FlyTop and the Bee by SenseFly have a

cruising speed equal to 36 km/h (10 m/s); with an integration time of 1/500”, the path followed

by the open shutter is about 2 cm, not particularly critical, but still in the order of magnitude of

the expected resolution for many realisations. To reduce these problems, besides using stabilised

cameras, there is an attempt to, at a constructional level, reduce the speed by changing the

avionic parameters in such a way as to reduce the stall speed (currently at 8 m/s) and in any case

in favour of the ENAC safety parameters, also using cameras with a more elevated shooting speed

(today until of 1/2000” but with some deterioration as regards the noise) and adopting the

expedient, especially for aircraft with limited wingspan, to switch off the engine at the time of

shooting, in order to reduce vibration.

EXPERIMENTAL RESULTS 
The widespread use of the apparatuses for photographic recording has opened the way for a variety

of applications of an experimental nature aimed at determining the optimal shooting characteristics,

the necessary resolutions on the various scales, the techniques to adopt for the preparation of the

flight plan and, clearly, the use modes of the post processing software.

Going beyond the scope of this paper is an analytical discussion on attainable precision, but some

general indications are provided, fruit of the experiments conducted:

• generally very positive for the achievement of good precision is the use of coverage at 75-80%,

both in the longitudinal and transversal direction: while the first may not be as detrimental

because the shots occur on the trajectory that the aircraft carries out and therefore there are no

operational consequences, if not the number of frames to be processed, the second instead has

considerable weight as regards the flight time, since it determines the number of the strips to

carry out in order to cover the area and is therefore directly connected with the cost of surveying,

with the number of sessions needed, with batteries available and therefore with the operating

parameters which allow the execution of the survey;

• even the number of guidance control points (GCP) used for the correct definition of the

parameters of each frame significantly affects the work operations, as the measurement

operations must often be conducted simultaneously with the shoot, since very often, to improve

the collimation thereof, signalling is carried out through signs fixed temporarily to the ground

whose position is detected, with GNSS techniques, simultaneously with the execution of the

photos taken. This fact can therefore represent an operative complication, and also in this case

criteria of economy are pushing for the reduction of the number of the GCPs which however have

a significant effect on the reduction of errors in general, and especially on the reduction in the

form of maximum deviation; in other words, the increase in the number of control points on the

ground leads to reduction of the maximum error;

• even if the experiments carried out on one’s own lead to a greater significance of the results, it

is considered opportune to indicate how much is generally shared in terms of obtainable precision

in this kind of activity, which can therefore be considered as entirely precautionary:

σ Horizontal ≅ 1.5-2 pixels

σ Vertical ≅ 4-5 pixels, at about 1/1000 of the relative flight altitude



Restricting the discussion only to planimetry, it is noticeable how even resolutions of 4-5 cm may
conservatively and usefully be adopted in cadastral applications;

• the photogrammetric processing closes generally with the predisposition of orthophotos to the
appropriate scale, to be used as a basis for the subsequent processing. Pointed out here is also
the weak link, i.e., the point on which the greatest care must be taken, significant as regards the
accuracy achieved by all the work, which is dependent on the correct processing of the DTM,
obtained in general for photogrammetric autocorrelation.
If, in the ordinary operations for the realisation of the orthoimages, the work required within the
framework of the working group of IntesaGIS, now merged in the activities of the CISIS (Inter-
regional Centre for Computer, Geographical and Statistical Systems) have defined the
characteristics in terms of resolution and accuracy that must be possessed by the DTMs in order
to be correctly used for the preparation of orthophotos at a given scale, in activities typically
performed through the prepared chains with aerial photogrammetric images from drones there
are not such detailed specifics and therefore, if anything, the final product is verified, but it is not
likely that the operators are going to check the intermediate product of the DTM.
It is considered that this practice should not only be recommended but also should be required
and made compulsory in the event that the processing has to be employed in shooting with some
kind of official character; in other words, there should be quality control operations established
on the digital model obtained through visual examinations which allow, in primis, the identification
of areas in which the photogrammetric correlation may not have functioned properly, and
therefore enable a control system based on a sufficient number of control points determined on
the ground or, at least, with the stereoscopic observation of a certain number of points
determined by an expert operator who verifies the outcome of automatic correlation with the
use of stereo apparatuses.
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CADASTRAL APPLICATIONS

As is known, the cadastral cartography is updated daily with automatic procedures and in real time
with regard to the classes of objects “Parcels” and “Buildings”, on the basis of acts of updating
presented, at the request of the holders of rights in rem on the buildings, by the enabled
professionals; by contrast, in many cases it is not updated, for some classes of objects related to
viability “Roads” and hydrography “Waters”, because the public bodies that have made the
infrastructures in question, although required to present the relevant acts of updating, often do not
comply with these obligations (Figure 4).

It is quite obvious, especially in the areas of expansion of the cities where the urban transformations
that occurred after the Second World War are consistent, that there is a need for the Cadastre to
entirely remap some specific maps or portions of them.

In such cases the precision orthoimages, obtainable through illustrated technology, can constitute a
valid instrument for the formation/updating of the cadastral cartography, limited to restricted areas
of the territory; consequently, the cartographic sector of the Cadastre is considering the opportunity
to use them, after the phase of experimentation, for these activities.

Figure 4 Cadastral cartography integrated with precision orthophotography - the Roman district of Primaporta
(frames kindly granted by SIGEO S.r.l. - Rome)

Moreover, it is important to point out, that the current mapping system of the Cadastre is already
equipped to accommodate this new cartographic basis (precision orthophotography) and already
has the features that are useful for updating, on line, cadastral cartography and the corresponding
cadastral archive.
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SOME CONSIDERATIONS AND CONCLUSIONS
The following considerations can be taken into account:

• in the applications of a professional nature, it is considered appropriate to emphasise the
possibility of 3D vision, today also made available in an economical manner with devices derived
from gaming. If photogrammetry was practically born with the use of instruments involving three-
dimensional vision, obviously with analog devices, the high productivity of automated
autocorrelation tools can often lead to neglect this aid which, instead, can be of great help in
controlling, as has already been mentioned previously, the outcomes of the autocorrelation
function;

• the provisions contained in the ENAC legislation at section II, art. 10 paragraph 6, which require,
for use in inhabited areas, the obligatory use of a vehicle with a control system and software that
complies with EUROCAE ED-12 at least at the level of project reliability D or alternative standards
possibly accepted by ENAC, are rightly restrictive to ensure the safety of the people on the
ground, avoiding any kind of accident, even random ones and those that are not due to the
inexperience of the pilot. This is because the current standard of Flight Control is not at the
aeronautical level and does not guarantee minimum safety standards;

• it can be considered that in the future there will be the possibility of a development of
technological tools necessary for the fulfilment of these requirements, since this provision is not
directed to individual producers of drones, today generally represented by companies with an
almost handcrafted nature that are of limited size, but rather to manufacturers of Flight Control,
with the intent of elevating the production standard to ensure flight safety. It is therefore
conceivable that, in the near future, there is the possibility of development of technological tools
necessary for the fulfilment of the requirements laid down;

• currently, there is a growing use of devices capable of processing the GNSS observations in a
differential manner in order to improve the positioning of the filming centres. For the purposes
of cartographic applications, there is not so much the need of an RTK system that, connected
with the autopilot on board, allows the determination of the position of the filming centre during
the phase of filming itself, but it is enough to have a system that, storing satellite observations,
allows differential processing in post-processing, thereby improving the general precision and
thus reducing the necessity of ground support points.

As shown, the Cadastre is interested in the use of the techniques of photogrammetric derivation,
especially in the areas of urban expansion.

The technologies available today and the results of experimental tests conducted can be considered
appropriate for applications to update/remap cadastral cartography for restricted portions of
territory.
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