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ABSTRACT:

Construction surveying consist in overall surveyingrks performed at every stage of the construcdod use of a building
structure. The surveyor participates in the preeesd designing, direct implementation, maintenaaroe use, as well as demolition
of a building structure. Advanced surveying tecliefs; such as laser scanning and UAV photogrammeateybeing increasingly
used to perform the surveyor’s tasks. The aimisfréssearch paper was to analyze the Polish legalations for the possibilities of
applying the above-mentioned techniques to cartytloel surveying works which are subject to thegditry submission to public
administration authorities. The primary focus wdaced on the type of the works associated with ttooson surveying. The
conducted research studies confirmed the lack pfagpiate guidelines that would clearly define gowpe and method of using
laser scanning and UAV photogrammetry in constouctsurveying. At the same time, it was demonstrated both these
techniques of spatial data acquisition were sufitty accurate to perform plane and vertical lamveys pursuant to the legal acts
currently in force in Poland, and they can be usieselected stages of construction surveying. Findile authors proposed some
solutions that would make it easier for the surveyo use laser scanning and UAV photogrammetsgandard surveying works.

1. INTRODUCTION the as-built map should be drawn up. It is a docuntbat

1.1 Construction surveying

Construction surveying consist in overall surveyingrks

contains the information about the current spalistribution of
the elements of land development in the investraeed. The
as-built map is also one of the basic documentessaey for
applying for an occupancy permit for a buildingusture. The

performed during the implementation of all types ofgyreyor is also obliged to assess the confornfitpe erected
construction projects (Rozpaxzenie, 1995). The surveyor is pilding structure with the design. The surveyarsk does not

absolutely essential at every stage of the construprocess,
from the planning phase to the completion of theegtment.
There is a need to provide the investor with vagitypes of
surveying and cartographic studies (e.g. topogaphthematic
maps), already at the stage of the initial studies pre-project
planning analyzes. The preparation of the investsngimould be
preceded by the determination of the boundarieshefreal
property constituting the investment area (throwsginveying
and legal processes related to construction surgefor real
estate management). During the design phase, tiveysu is
obliged to prepare a map for design purposes. teseary,
additional surveys are also performed, aimed e.g:reating
terrain cross-sections and profiles or digital d&rr models
(DTM). The construction starts when preparatory ksoare
carried out on the construction site, which incluble setting
out of the structure in the field. At the constfantphase, it is
often necessary to render continuous surveyingcgenfor the
erection and assembly of a building structure, el &s to carry
out measurements of displacements and strainseaddtthicture
and its foundation. In order to complete the cartdion phase,

* Corresponding author.

finish at the end of the construction phase. Thskgaalso
include continuous monitoring of displacements apdrational
strains to prevent possible construction disastrs.final stage
in which the surveyor is involved is the demolitipnocess,
which requires the updating of the database of goggghic
objects, and of the base map as well.

All the works associated with construction survegyperformed
by the surveyor require field measurements. A wiglege of
surveying instruments is used for this purposeluting total
stations, levelers or GNSS receivers, the use athwtoes not
raise any doubts in the light of the Polish lawswdver, laser
scanners and unmanned aerial vehicles equipped math

metric cameras are used more and more frequentlyidtl

surveys. It has been proven numerous times thdt thase
methods are very well suited to document varioysedyof
objects (Pritchard et al., 2017, Han et al., ZGE'Mi,a,kaIa etal.,
2018). Unfortunately, the Polish law is not predisg¢erms of
their use in topographic surveys, the results ofctwhare
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submitted to the public administration bodies (geedetic and
cartographic documentation centers).

1.2 Laser scanning

Laser scanning is considered to be a relatively teelwnique of
geospatial data acquisition, despite the factitedtistory dates
back to the 1990s. It is an active remote sensistes known
as LIDAR (Light Detection and Ranging). The princip}é

operation of all laser scanners is similar and ist®ISin

measuring the distance between the field detaiisthe device
itself. Most frequently, the result of the scannimgcess is a
point cloud. The product can be both the point dliself as

the final product or its derivatives: visualizatiorplans, maps,
drawings, digital terrain models (DTM) or digitaluréace

models (DSM). The term laser scanning has a vepacr
meaning. In surveying, three variants are usuadlgdu aerial
(ALS), mobile (MLS) and terrestrial (TLS) laser moing,

which are essentially different.

Terrestrial laser scanners allow capturing the dataelatively
small, single objects (e.g. buildings, structuresd their
complexes). For this purpose, a special opticalesyswith a
given frequency sends a measuring beam in a spéaiéction,
which is reflected from an obstacle and receivedvall as
recorded by the device. As a result, the coord@atéhe points
X, Y, Z are determined in the local layout of tleasner, which
can be transformed to any geodetic coordinate rsystaser
imaging can be performed irrespective of lightir@nditions,
because the device most often uses radiation fremnear-
infrared range. Laser scanners are usually equippéd an
optical sensor (built-in or external camera), whad$o allows to
record the RGB components of each point (Shan, P&thg).

In the case of ALS and MLS, the scanning devicmainted
on a mobile platform (aircraft or vehicle). Thenefpin addition
to the data recorded by the scanner, the informatmout the
spatial position of the measuring instrument isesavThis is
possible thanks to inertial (IMU) and satellite (&8)
navigation (Vosselman, Maas, 2010). The mobile esgst
enable to perform efficient surveys of large ar@asear or
surface), but in lower resolution and with loweca@acy than
terrestrial scanners.

Laser scanning is a much more efficient methodpatial data
acquisition than any other surveying techniques inrivalled
in measuring large spaces as well as complex smestwhile
ensuring high detail and accuracy of the measurerepoint
cloud of the surveyed object, which is the startingterial for
further documentation, is quickly obtained. Lasearsing has
brought a new standard of the data that is usedrelgndscape
monitoring (Hofierka et al., 2017), recording stures and
processes relating to geomorphology or geology (eaml.,
2017, Goodwin et al., 2017), in architecture (Megta et al.,
2012) or construction engineering (Yang et al., 2ZA16hmus
et al., 2018). The point clouds are used to criae8D models
of buildings (Balawejder et al., 2016) and even rentities
(Hron, Halounova, 2015). Laser scanning allows éwetbp
comprehensive documentation with high accuracydstdil, at
every stage of the building's life cycle. This teicfue also saves
time and minimizes costs. The above-mentioned faatesult
from the increasing popularity of laser scanninigoan the
field of creating and updating BIM models (Volk dt, 2014,
Frykowska, Stachelek, 2018).

1.3 Unmanned aerial vehicles

The history of unmanned aerial vehicles, commoafgmred to
as “drones”, is almost as long as of the mannedradir
Nevertheless, the civilian market noticed the ermarsnpotential
of UAVs on a large scale not until the beginningtioé 21st
century. In recent years, the popularity of unmaneerial
vehicles has increased significantly. Currentlyythee widely
used in many areas of the economy, ranging frontamyi| to
broad civil applications - in forestry, agriculturand
environmental protection (Torresan et al., 2017gheology
(Campana, 2017), construction (Eschmann et al., 2Rit®lfi,

2017) and geodesy (Nex, Remondino, 2014).

UAVs can have various designs, shapes and sizeseTare
many types of these devices, including: balloorisships,
gliders, kites, fixed wing gliders, propeller anet jengines,
rotor-kites, single rotors (helicopters), coaxialotars,
quadrotors, multi-copters. In surveying, multi-canst and
airships are most commonly used. Unmanned aeriaicles
can be equipped with a variety of sensors (camehesmal
imaging cameras, multispectral cameras, LIDAR, SAR).
Typical, and at the same time the cheapest, UAVians
are based on the images captured in the fieldsiflei light.

Compared to other methods of spatial data acquisitibAV
photogrammetry can be appealing due to the poitialof the
required UAV platforms, the possibility of self-digising and
modifying the integrated sensors, the availabildly user-
friendly software for data evaluation, the posgipito reach
areas inaccessible with ground-based surveys ancethtively
low cost. The market for photogrammetric imagingnesvitably
heading towards full automation. It is expected:tlim a few
years, UAVs will be transformed into full-size rdbp
autonomous machines, with basic training being ghoto
control them and to analyze the data obtained byettevices.
The UAV-based images are a rich material beingsthece of
the spatial data. Typical products obtained froras¢h data
include: point clouds, models in the form of a goidtriangles

or squares, or orthoimages. They are used to mepar
cartographic documentation, to calculate the volwhearth
masses, the analysis of displacements, modellittg, @ne of
the most popular applications of UAVs is creatingjtdl terrain
models and orthophotomaps that can be used e.g. in
construction surveying.

2. CONSTRUCTION SURVEYING INTHE LIGHT OF
POLISH LEGAL REGULATIONS

The basic normative act regulating the work of |andveyors
in Poland is the Geodetic and Cartographic Law (uata
1989). Pursuant to Article 11 (Ustawa, 1989), camsion
surveying works may be performed only by the esgiti
conducting the economic activity, after the nosfion of such
work to the relevant Geodetic and Cartographic Dantation
Center. In Poland, immediately after the Second Wavhr, it
was decided that special centers would be estaligihere the
results of surveying works would be collected. Astaday,
there is a rich collection of these data called tiaional
geodetic and cartographic resource. The nationadigfe and
cartographic resource is owned by the State aisctillected in
geodetic and cartographic documentation centetrse-district
centers, the provincial centers and in the Main €ent
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(Rozporadzenie, 2013), functioning as part of the public1) the polar method,

administration apparatus.

Construction surveys carried out in Poland are medhdny the
district geodetic and cartographic documentationters. The
cooperation between the surveyor and the cent¢éheatvery
beginning involves the surveyor notifying the cerabout the
surveying works to be carried out, together withe th
determination of the scope of these works, andatirpiisition
of the data necessary to carry out the works froengeodetic
and cartographic database (e.g. the coordinatéiseofieodetic
control points, the base map or the cadastral midpying
finished the work, the surveyor is obliged to subritie
complete documentation to the center to verify ¢berectness
of its preparation. The results of correctly peried surveying
or cartographic work are included in the resouraed the
materials intended for the investor/principal —alubeing the
map - are marked with an appropriate clause they there
included in the resource.

Pursuant to 82 section 1 of (Rozpmizenie, 1995), surveys
and construction surveying can only be performed thg

entities who hold the necessary professional doatibns in

the field of geodesy and cartography. There arenamy as

seven levels of qualifications specified in art.of3he Geodetic
and Cartographic Law (Ustawa, 1989):

1) plane and vertical land surveys, setting-ouveys and as-
built surveys;

2) delimitation and subdivision of real estate @pnand
preparation of the documentation for legal purppses

3) planimetric surveys;

4) construction surveying;

5) surveying of farmlands and forests;

6) mapping;

7) photogrammetry and remote sensing.

In order to be granted such qualifications, theveymr must
prove to have received proper education, long aaded
professional practice, and in the case of the ficatiions of
levels 1, 2, 4 and 5, the surveyor must also gesstate exam
(Ustawa, 1989, Rozpagdzenie, 2014a). Two levels of the
qualifications are directly related to constructisarveying.
Depending on the size and complexity of the investmthe
surveyor is required to hold the level 1 qualifioas - plane
and vertical land surveys, setting-out surveys asdbuilt
surveys, or the level 4 qualifications - constroictisurveying.
In the case of using the UAV technology, a questidres of
the necessity to hold the level 7 qualificatioqhetogrammetry
and remote sensing.

Under the Regulation of the Minister of Interior
Administration of November 9, 2011 on technicahsi@ds of
performance of plane and vertical land surveys al as
developing and submitting the results of these eygvto the
national geodetic and cartographic resource (Razafeenie,
2011b), in all geodetic works related to constttsurveying,
the geodetic measurements should be performed nvaraner
ensuring the appropriate accuracy of the locatibthe field
detail in relation to the nearest points of thedggim control,
measurement control or setting-out control (851

Rozporadzenie, 2011b). Pursuant to 832 of (Rozpdeenie

2) the orthogonal method,
3) the intersections:
a) angular,
b) linear,
¢) angular-linear,
4) precise positioning using GNSS.

The Regulation (Rozpogdzenie, 2011b) distinguishes three
groups of field details, different in terms of ttaecuracy
requirements:

1) | group - field details unambiguously identifiatin the field,
preserving the long-term invariability of shape dodation, in
particular:

a) boundary markers and boundary points,

b) survey markers,

¢) building structures and facilities, includingnet
elements of public utilities network, directly aledile for
measurement,

2) Il group:

a) field details unambiguously identifiable in tfield,
whose shape and location does not preserve thetéomg
invariability, in particular: buildings structureand earthen
structures, such as embankments, excavations, ,ddass,
flood dikes, ditches, canals and artificial wagsarvoirs,

b) covered building structures and facilities, liring
covered elements of public utilities network,

c) land development elements, in particular: parks
lawns, playgrounds and recreation areas, greerresjusingle
trees and sports grounds;

3) lll group - field details whose unambiguous itifécation in
the field is difficult and depends on the assessnwénthe
person performing the survey, including:

a) land use contours and soil pits for the neddsoib
classification,

b) watercourses and water reservoirs with natural
shorelines,

c) forest divisions in forest areas and natiorzakg.

The horizontal surveys should be performed in thenmer
ensuring the determination of the location of tbpographic
point relative to the nearest points of the horiabnontrol and
the measurement control with an accuracy of nat tean 0.10
m — for the field details of the first-order acatyaand 0.30 m
as well as 0.50 m - for the field details of thea®- and third-
order accuracy, respectively.

Pursuant to 8§36 of (Rozpadzenie, 2011b), the vertical land
surveys can be performed using the following meshod

and 1) geometric levelling;

2) trigonometric levelling;
3) satellite levelling;
4) laser scanning.

However, there are slightly different accuracy iegments for
the vertical land surveys. Pursuant to §37 of (Rozpzenie,
2011b), they should be performed in a manner emgutte
determination of the elevations of the topograppigints

ofrelative to the nearest points of the vertical ggimdcontrol and

the vertical measurement control with an accurdcpat less

2011b), plane land surveys can be performed ushe t than:

following methods:
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1) 0.05 m - for building structures and facilities, well as for
the points marked in the field,

2) * 0.02 m - for sewers and sewage devices,

3) 0.10 m - for earthen structures, elastic ortedbacagnetically
measured underground utilities as well as poinessinmarked
in the field.

The basic cartographic documentation in the investrprocess
comprises: the base map, the map for design pwspmse the
as-built map. Pursuant to art. 2 clause 7 of thedetc and
Cartographic Law (Ustawa, 1989) — the base map lerge-
scale cartographic study containing the informatimm the
spatial location of: geodetic control points, retgparcels,
buildings, land use contours, classification corgouwtilities
networks, building structures and facilities, aslivas other
topographic objects and selected descriptive inddion about
these objects. The map for design purposes covees
investment area together with a 30 meter buffeezamound it.
It is developed on the copy of the base map, whitist be
updated by the surveyor and completed with the eftm
required for the preparation of the constructiorsigie as
specified in (Rozpogdzenie, 1995, Rozpagdzenie, 2011b).
The geodetic as-built survey is performed to deiteenthe
spatial data defining the location and shape of ehected
building structures. It forms the basis for thepamation of the
as-built map illustrating the location and shapehef building
structures as well as the manner of land developiier the
construction process is completed. The base mapdated on
this basis.

The base map is developed in accordance with thel&em
of the Minister of Administration and Digitizatiasf November
2, 2015 on the database of topographic objectsthadase

those specified in the Regulation, provided thas¢hmethods,
technologies and techniques ensure the acquisitibrthe
observational data with the required accuracy, anthe same
time, the contractor presents a description of ehegthods,
technologies and techniques in the technical refgogether
with a mathematical analysis of the accuracy of the
observational data. Such a formulated provisionawf offers
the possibility for the surveyor to apply modermchieiques.
However, in practice, due to the lack of detaileguiations, we
encounter the problems of completing the documiemtand
specifying the qualifications of the surveyor wisotd perform
such work.

3. LASER SCANNING IN THE LIGHT OF
APPLICABLE POLISH REGULATIONS

In the Polish law, laser scanning is defined asrttethod of
imaging of the land surface, which consists in meag the
distance between an object covered by the measnteand a
device (scanner) installed on an aircraft, a caracstation,
emitting and receiving laser pulses reflected fritnis object,
with simultaneous determination of the spatial dawates (X,
Y, Z), defining the position of this device in spaand the
direction of the laser beam at the moment of santtie pulse
(Rozporadzenie, 2011b). Referring to both the principle of
operation and the legal definition, a terrestréeder scanner can
be compared to a total station, however, the efiicy of
capturing information by this instrument is unacihigle for a
total station, or even the most modern instrumestgh as
scanning total stations. On the other hand, tatioss are
ahead of laser scanners in terms of accuracy. Nmless, the
accuracy of modern terrestrial laser scannersrishigh (Table

map (Rozporgdzenie, 2015), based on the relevant data set$) and allows to generate the final products withaecuracy of

contained in:

1) the database of the national register of thechgesodetic,
gravimetric and magnetic controls — the PRPOG dagba

2) the database of the register of land and bigklineal estate
cadastre) — the EGIB database,

3) the database of the surveying records of thevorét of
public utilities — the GESUT database,

4) the database of the state register of the baigsdand areas
of territorial division of the country — the PRG dbase,

5) the database of the detailed geodetic contrte BDSOG
database,

6) the database of the topographic objects with deéail
ensuring the development of standard
documentation at the scales of 1:500 - 1:5000 -Bh&T500
database.

even a few centimeters. This accuracy is affectedlllstages of
the measurement work. First of all, the errorsteelao field

measurements should be taken into account (indusiéanner
accuracy, laser spot diameter, instrumental errasjre of the
tested object and its environment, distributionrefasurement
stations). The next step involves taking accourthefaccuracy
of the merging and orientation of the point cloatishe various
positions of the scanner. The accuracy of the demnecing

process of the resulting point cloud (point cloatkrence to the
national coordinate system) and the accuracy ofitpdioud

processing to generate the final product are afspoitant

issues (Soudarissanane et al., 2011; Lichti, L20®6; Cosarca
et al., 2009).

cartographic

Table 1. Accuracy of selected terrestrial lasensegs
(parameters specified by equipment manufacturers)

These databases have been established in Polarel 2013 Leica Rieg| Z+F  Topcon  Faro
(Balawejder, Adamczyk, Cygan, 2016) based on archival Model  ScanSation  VZ-  Imager GLS-  Focus
materials and they have been supplied and updattd the - P40 400i 5010€ 2000 S70
current results of the performed surveys. The taageuracy of m'i';;i’:g;e 1,2 mm + 5mm 02mm 35mm 1mm
the horizontal and vertical location of the fieldtails is to be ntaccuracy 10 PPM /100m  /10m  /150m  /25m
consistent with the requirements set out abovesaedified in Angle
(Rozporadzenie, 2011b). Such accuracy requirements also geterminati g nodata 25,2 6 19”
apply to all types of work related to constructgumveying. on accuracy

. . . . . 3D position 8 mm/ 2 mm
Surveying technique is of secondary importance, i@s determinati 50m S5mm - ota nodata /10 m
accordance with 815 of (Rozpadzenie, 2011b), when 4y accuracy /ion(q)n; /100 m 3'/,2535“:“'“

performing plane and vertical land surveys, itlisveed to use
the surveying methods, technologies and techniqtiesr than

* own study based on the technical specifications of laser scanners
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The principle of operation of aerial and mobile rsdag
systems is more complex and the achieved accusatywier.
This is mainly associated with the lower
determining the spatial position of the scannerirdurthe
measurement performed in motion. Therefore, thiseaech
paper focuses primarily on terrestrial laser saagni

Under the provisions of (Rozpadzenie, 2011b),
scanning is a method that can be used for vetaca surveys
(measuring the elevations of the points in theic@rsystem of
the national reference frame, performed in thedfieln the

present case, TLS, MLS and ALS can be all used. ddta

captured by this method make it possible to upttealatabase
of topographic objects with the detail which allowke

development of standard cartographic documentationthe

topographic relief at the scales of 1:10,000 - @;000.

However, it should be noted that the topographi@a dehich

has been acquired should relate to the surface adtaits

cover. Therefore, it is important to perform thereot filtration

of the measurement data. In Poland, DTM was deeeldpr

the entire country based on the data from ALS. Sdata,

characterized by the point density from 4 to 12rptsand the
mean elevation error of up to 0.2 m, is made abkldy the

Main Geodetic and Cartographic Documentation Center
Poland. These data, however, are not regularly teddand

have accuracy which is too low to be used in coctn

surveying. They can be useful for preliminary séisdand pre-
design analyzes, though.

Laser scanning is not mentioned in (Rozpdeenie, 2011b) as
the method used for the performance of the plané farveys,
i.e. the measurements enabling the identificatimhlacation of
geometric centers of point objects, the turn poafitthe axes of
linear objects and the turn points of the contoofrsurface
objects, in a manner that allows determining therdimates of
these points in the binding system of rectangutardinates,
and determining the shape and type of these objReferring
to the accuracy and detail of the product of las@nning, i.e.
the point cloud (Fig. 1), omitting laser scannirgyamethod
allowing to perform direct plane land surveys,
groundless, especially with regard to terrest@akel scanning.
This method is commonly used for mapping purpoSése
research paper (Klapa, Mitka, 2017) proves thaesérnal laser
scanning can be successfully used to develop addteithe
base map, and consequently, the map for desigropesp The
authors have found that the cartographic matebated on the
TLS point cloud are a reliable source of the infation about
land and the accuracy of determining the locatibthe various
map contents has been estimated at 0.02-0.03 hasltalso
been proven that TLS is accurate enough to uptatddtabase
of the register of land and buildings (Kwartnik-Bri2015).
Terrestrial laser scanners are also commonly useasibuilt
surveys of the existing buildings, documentationinafividual
construction stages, as well as surveys of displanés of
building structures and land (Mukupa et al., 201dng et al.,
2017, Medjkane et al., 2018). They are tools fretjyeused to
create BIM models (Building Information Modeling), ieh are
becoming increasingly popular, also in Poland (Vetlal 2014,
Frykowska, Stachelek, 2018). The data collectedheylaser
scanning method are submitted to the investor. Kewehe
same data are sporadically submitted to the gendmtid
cartographic documentation centers as a resulhefas-built
surveys of the structure.

laser

sgem

It should be noted that the legislator providedtfa possibility
of performing plane and vertical photogrammetrio/eys using
accurac/ othe laser scanning method. The photogrammetric eguis
understood as a measurement of land or elevat@fgrmed on
a terrain model created from processed aerialtetlisaimages
(Rozporadzenie, 2011b).

Figure 1. Point cloud as product of laser scanning

Another problematic issue relates to the profesdion
iqualifications that should be held by the surveybo uses the
laser scanning method to carry out surveying amtbgeaphic
work, including construction surveying. Pursuant tbe
requirements set out in (Rozpedzenie, 2014a) regarding the
type and number of works as well as the surveyimg o
cartographic studies necessary to acknowledge ribfegsional
practice, it should be stated that it is necessatold the level
7 qualifications - photogrammetry and remote sepsiin order
to perform aerial laser scanning (Rozpgizenie, 2014a).
Terrestrial laser scanning is not included in aogpe of the
professional practice of any of the qualificatiottsshould be
added, that the broad term “laser scanning” idisis one of
the types of land surveys submitted to the geodatid
cartographic documentation centers (next to theksvsuch as
plane or vertical land surveys) (Rozpgizenie, 2014b).

Laser scanning has been the method used in landysug for
over 20 years. Nevertheless, Poland does not hace Isgal
regulations that would define the manner and sadpts use.
This is a particularly big problem when using laseanning to
carry out geodetic and cartographic works subjecttte
obligatory submission to the geodetic and -cartdgap
documentation centers, including the works relattal
construction surveying. In Poland, there is a ebitegal chaos
in this respect, which results in the marginaliatiof laser
scanning in plane and vertical land surveys. Altffouthe
method is frequently used to prepare the documenté&r the
investor, the results of such measurements areraeejy used
to develop the documentation submitted to the geoded
cartographic documentation centers.

4. UAV-BASED PRODUCTSIN THE LIGHT OF
APPLICABLE POLISH REGULATIONS

The idea of using the UAVs in geodetic practice eyaé in
Poland already 10 years ago. Although the unmaraezal
vehicles are currently perceived as authorized uoress
instruments, the Polish surveyors do not use themegular
basis. A survey conducted by the “Geodeta” monthbiyealed
that in 2016, only 6% of the Polish surveying conipa used
unmanned aerial vehicles. It is worth noting thatthe USA
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this index reached 38% (Kroélikowski, 2017). Onehwf reasons
for the relatively low interest in this technology Poland are
legal barriers, which limit the possibility of wigleread use of
this technology in surveying practice. The Aviatidraw
(Ustawa, 2002) quite clearly defines the rules emntlitions for
UAV flights in the Polish airspace. However, thelgem is the
Geodetic and Cartographic Law (Ustawa, 1989), whagkes no
notice of this technology at all.

The cheapest, and also the most popular solutisecban the
UAV technology are devices equipped with non-metiigital
cameras. That is the reason why this research fapeses on
the UAV photogrammetry. It should be noted that,
accordance with the policy of the government, thdish
economy is to specialize in unmanned aerial vehicded the
Polish market offers numerous devices dedicated
photogrammetric purposes. Their competitive prived a wide
range of software for the processing of the UAVdshanages
shall result in their increasing popularity in #@veying sector.

practice, however, it is very difficult. It shouklso be noted
that the orthophotomaps and digital terrain modets studies
whose implementation should be submitted to thetdete of
the Main Geodetic and Cartographic Documentation €ent
(Ustawa, 1989). When the imaging is commissionec loypn-
public entity, these works are not subject to thxigatory
notification, and the data does not have to be dtduinto the
Main Geodetic and Cartographic Documentation Center.
However, the provisions do not regulate the isstfiethe
development of the photogrammetric products forgheposes
other than supplying the databases of the orthaphap and of
the digital terrain model (e.g. the works subjecnbtification

into the County Geodetic and Cartographic Documentation

Centers). Theoretically, this is not prohibited byl Pursuant
to (Rozporadzenie, 2011b), the photogrammetric surveys (the

fomeasurements conducted on the terrain model créatedthe

processed aerial images) can be used for the pafare of the
plane and vertical surveys, while the cartomettioveys (the
measurements conducted on the orthophotomap) théqulane

The photogrammetric surveys performed using unndnneland surveys. Moreover, 8§15 of the Regulation orhnéal

platforms require the photogrammetric mission tglaaned in
the first place. The photogrammetric mission planbeing
prepared taking into account the specificationhef surveying
equipment used, the characteristics of the sitd, the target
GSD (ground sampling distance). It is also necgsdar
establish and measure ground control points (GCétspdo-
referencing purposes. After data acquisition, thages must be
photogrammetrically processed. This stage inclualgsmatic
aerial triangulation with camera calibration. As@sequence,
it is possible to generate a digital surface mo@$M) or
digital terrain model (DTM), which will eventuallgllow the
creation of orthoimages (Fig. 2), 3D models, ol b used for
other studies. Figure 3 illustrates a general moce for the
development of the typical UAV-based photogramroetri
products.

s

Figure 2. Orthoimages

In Poland, there are some regulations in force wiimvern the
development of the UAV-based photogrammetric présluc

standards of performance of plane and vertical Eundeys as
well as developing and submitting the results ekthsurveys to
the national geodetic and cartographic  resource
(Rozporadzenie, 2011b) allows for the contractor to use any
surveying technique for the performance of the wasklong as
they prove that it complies with the accuracy regmients set
out in the regulations. This is confirmed by nunmero
publications (Aguera-Vega, 2017, Benassi et al., 7201
Cwigkata et al., 2018, Puniach et al., 2018).
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Figure 3. Scheme for development of typical UAVdxhs
photogrammetric products (Nex, Remondino, 2014)

Ortho-image

3D modelling

Today, UAV-based images are commonly used for nmappi
purposes. Their suitability for the developmentaftographic
studies for design purposes (Reinoso et al., 20§5%i,A2018),
as well as for the construction site 3D mappingo@feas et al.,
2016, Alvares et al., 2018) has been confirmed. the
publication (Liu et al., 2014), it is claimed thatimanned aerial
vehicles are an effective approach to obtain in&diom from an
additional view and bring significant benefits toivilc
engineering. UAVs are also used for the updatingthaf
cadastral data (Puniach et al., 2018), for theeyisrof building

(Rozporadzenie, 2011a), but they relate to the data set§tructures (Ridolfi et al., 2017) and the documéniaof their

acquired from the aircraft or helicopters (presumabanned
ones). These provisions had become binding befadJAVs
started to be commonly used in surveying pracfléerefore,

damage (Eschmann et al., 2013). It seems natuedl ttie
orthophotomap developed on the UAV-based data @an the
basis for the development of the map for desigmpases with

they are not adapted to the UAV-based photogranmetr 'eference to the land management. UAVs can alsoskd for

products. Theoretically, based on the UAV-basedgesa the
orthophotomap or DTM can be developed in accordavite
the requirements specified in (Rozpgmizenie 2011a). In

the as-built surveys of building structures. Sutthligs, as well
as the documentation of individual constructiongsta are
currently being carried out and developed at thguest of
investors. The surveyors treat the UAV-based phatogetric
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products as support materials. It is rarely thes ¢hat the same
data is used to prepare the documents submittétetdatabase
of the geodetic and cartographic documentation ezerthe
reason is the lack of the guidelines on the udgfdfs to create
orthophotomaps and DTMs, and to submit the reaflthese
studies to the national geodetic and cartograptsource. On
the other hand, it should be noted that the pdigibf creating
the UAV-based photogrammetric products is alsotédhias a
result of the professional qualifications requiréd land
surveying and cartography. It is usually necesdhat the
surveyor submitting the results of the surveysgrenéd based
on the UAV-based imaging to the geodetic and caajugc
documentation center, had the level
qualifications (photogrammetry and remote sensing).

5. RESULTSAND DISCUSSION

The use of modern techniques in surveying is altbpersuant
to 815 of the Regulation on technical standardseofopmance
of plane and vertical land surveys as well as dgirh and

submitting the results of these surveys to theonati geodetic
and cartographic resource (Rozpmlzenie, 2011b). This
Regulation sets forth that when performing plane eadical

land surveys, it is allowed to use the methoddrtelogies and
surveying techniques other than those specified the

Regulation, provided that these methods, techndogied

techniques ensure that the observational datasgired with

the required accuracy and, at the same time, tmgramior

provides a description of these methods, technetogind
techniques, along with the mathematical analysis tlodé

accuracy of the observational data, contained éntéthnical
report.

Laser scanning has been mentioned in the above &igul
only as one of the surveying methods used for gréopmance
of the vertical land surveys. This method has regrbtaken
into account for the plane land surveys. It is tili@t the term
“laser scanning” appears on the form used for stilmgi
surveying works to the geodetic and
documentation center (next to the types of worlchsas plane
or vertical land surveys) (Rozpadzenie 2014b), but it is
possible to distinguish between the terrestrialbilecand aerial
laser scanning, which differ greatly with the oh&ad accuracy
of the position of field details and the size of study. Failure
to distinguish between various types of laser scann
techniques results in the discrepancies in thepregation of
the scope of competence of the geodetic and caribgr
documentation centers, and makes it practicallyossjble to
report this type of work or submit the data in fbien of a point
cloud to the center. Terrestrial laser scanning tsnebe
accuracy requirements set out in (Rozpdeenie 2011)
regarding the acquisition of the plane and vertidata in
construction surveying. Therefore, this particutethod should
be included in the catalogue of methods specifiedthe

cartographicresource.

surveys and as-built surveys. More and more coregain
Poland are in possession of terrestrial scannedsuse this
technology in geodetic surveys. This measuremeihadehas
its limitations, just like any other. Thereforejstimportant that
the surveyor who uses it for construction surveyingd
experience in planning and performing surveys witerrestrial
laser scanner, as well as the development of thdtsein the
form of a point cloud.

The photogrammetric surveys performed using unngnne

platforms are not included in the catalogue of eying

methods listed in (Rozpaydzenie, 2011b). In Poland, there are

7 professionatome regulations in force which govern the develapnof the

photogrammetric products (Rozpedzenie, 2011a), but they
relate to the data sets acquired from the airamtielicopters

(presumably manned ones). These provisions had nieeco

binding before the UAVs started to be commonly used
surveying practice and therefore they are not a&dbpd the
UAV-based photogrammetric products. The use ofreldgy
is becoming increasingly popular in the field ofvaying. The
companies constructing drones and the softwar@rocessing
the data acquired from UAVs are developing dynaltyica
Therefore, it is essential to prepare secondarysliE@®mn
concerning this specific method in terms of its laggion in
those surveying works, the performance of which tmadbe
notified to the geodetic and cartographic docuntentecenter.
The final product must comply with the accuracyuiegments
for determining the location of the terrain detsdt forth in
(Rozporadzenie, 2011b). Thus, it should be provided for
these legal regulations that in construction sungythis
particular method may constitute only a partial reguof the
data required to develop the map for design pugposehe as-
built map. The second issue regarding the use ef UAV
technology for construction surveying concernspfafessional
qualifications of the surveyor who renders servifes the
investment. All these works must be submitted te district
geodetic and cartographic documentation centehégtirveyor
who holds appropriate qualifications, and then thsulting
materials are to be submitted to the geodetic amtbgraphic
In order to gain the level 7 qualificasio-
photogrammetry and remote sensing,
demonstrate the full spectrum of photogrammetricrkao
performed from the board of the plane. The quegtianhshould
be asked at this point is whether the surveyor ldgimg an
orthophotomap from the UAV-based data for a sirmléding
needs to have such an extensive experience? Ttveasefused
to process the data acquired from the camera liedtain the
drone is largely doing it automatically. Of courtige surveyor
must be able to correctly plan and properly perfohe pass,
plan and measure the photogrammetric control (gtazomtrol
points), and to process the acquired data soltkeatessults meet
the accuracy requirements set out in (Rozgdrenie, 2011b).
Therefore, it is worth considering dividing the éév7
qualifications into the works performed on largeaa based on
the data acquired from the board of the plane,thoge carried

Regulation (Rozpogdzenie, 2011b) with respect to the plane out on small areas from the board of the drone.

land surveys. This Regulation should also speciyrttethod of
submitting the spatial data acquired with this rodtho the
geodetic and cartographic resource, because aerrdbe
geodetic and cartographic documentation centeraseefto
accept the data in the form of a point cloud. Aeotissue that
should be taken into account is including this tedbgy in the
catalogue of geodetic works required for the levkl
qualifications - plane and vertical land surveysitisg-out

6. CONCLUSIONS

The use of modern technologies in land surveyingars
undeniable fact. Sooner or later, terrestrial lasmmners and
UAVs will become as common as GNSS. Therefore ether
need to adapt the existing legal regulations inaR@lto the
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progress in the field of surveying techniques. tFifsall, these
technologies should be included in the catalogugeofissible
methods, and then the manner of submitting theegurgsults
to the national geodetic and cartographic resostoauld be
specified. The preparation of a new regulation dre t
implementation of photogrammetric surveys,
supplementation of the existing one with the UA¢hieology,
together with the adjustment of the scope of thafgssional
qualifications in this field of geodesy, shoulddmnsidered.
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