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ABSTRACT:

The use of Unmanned Aerial Vehicle (UAV) is becognivery common for photogrammetric survey especidllg to numerous
advantages compared to “traditional” aerial phaognetry. The work carried out describes the festitts obtained using different
UAV systems for Cultural Heritage surveys. The studg performed acquiring two different datasetaorarchaeological site and
a “land art” site respectively. These datasets hiiffierent characteristics in relation to the exien of the surveyed areas, the used
platform, the flight parameters. A Computer Visiggpeoach has been used to produce 3D models and-iondges with a very
high level of detail. Some tests were also caroigtto evaluate the metric accuracy of the imagestations and 3D models.

1. INTRODUCTION

The Cultural Heritage survey, like archaeologicaessior
historic centers, that have an area of some sdilaraeter, has
always been quite problematic for the absence pfapiate
tools that allow to bridge the gap between theditranal’
aerial photogrammetry and terrestrial surveyingpdtgraphic,
photogrammetric or laser scanner). Recently this tgegpbeen
bridged by the development and the spread of simatianned
aerial platforms (micro and mini UAVs or Unmanneeérial
Vehicles, also known as "drones”); the UAVs fly anrange
between 20 and 200 meters and allow both the dtiquiof
metric and qualitative data with high level of die(Bisenbeiss
& Sauerbier, 2011). The UAVs, principally developéar
military applications, are becoming very useful amdry
common in many civil applications; their diffusias mainly
due to the possibility to obtain images of the ries¢ area with
many advantages such as rapidity of the aerialesutow cost
of the acquisition phases, ability to map inact#esareas and
to obtain image ground resolution greater than didainable
from “traditional” aerial photogrammetry.

The UAVs can fly autonomously or via remote conantl they
are able to upload a wide range of sensors sucHigisl
cameras, thermocameras or, in some cases, alsoskzener
systems. The existing platforms are classified @ting to the
weight, the engine characteristics, the payload, rttaximum
distance of flight, the flight altitude, the typéwing (fixed or
rotating). The UVS-International classifies the Ua\Wito three
major classes: tactical, strategic and for spegatposes
(Remondino et al., 2011). The UAVs used for photogretric
scope usually belong to the tactical UAVSs; in pmautar, they
belong to the mini and micro UAVs sub categories.
Recently the UAVs have become popular especialthénfield
of architectural and archaeological survey (Pudséte al,
2008; Chiabrando et al., 2011; Seitz & Altenbach]l20Lo
Brutto et al. 2012). In this area the main applaadi consist in
the production of 3D point clouds or digital terranodels
(DTM or DSM) and ortho-images with great accurany &igh
spatial resolution.

* Corresponding author.

The processing workflow generally is subdividedinifferent
steps: flight planning, images acquisition, imagegntation
and 3D point cloud and ortho-images production. hEatep
shows problems that could depend on various factelight
planning is influenced by characteristics of thatform like the
payload, that determines the choice of the semsosé¢, and the
flight autonomy, that defines the extent of sunarga. The
acquisition phase is influenced by the site morpgg| by the
presence of risks for the flight (obstacles, pragmof
congested or urban areas) and by weather condifeil
during the flight). The images processing is sttpradfected by
the irregularities of photogrammetric blocks and thg high
number of images (often more of 100) necessarptoptetely
cover the study areas.

Several experiments were carried out for the latispect,
comparing software arising from photogrammetry dram
Computer Vision (CV)(Irschara et al.,, 2010; Neitzel &
Klonowski 2011; Verhoeven et al., 2011; Haala & Rwothel,
2012; Lo Brutto et al., 2012; Rosnell & Honkavaar@12,
Mancini et al., 2013; Sona et al., 2013), but fesmeples were
reported concerning the quality of metric accuriacselation to
the use of CV techniques and, in particular, to tise of
Structure from Motion (SfM) approach against difietr image
network configurations (Nocerino et al., 2013). pkesent it is
unclear if the use of more stable block configamticould
improve the accuracy and the reliability of resufts UAV
images processed by CV approach.

The activities carried out in the present work aitmanake a
first assessment on the UAV platforms potentialGaltural
Heritage survey through the analysis of severahstds that
differ for the type of UAV, the flight charactelis$ and the
extension of the area. The paper reports also seste for the
evaluation of the accuracy of images orientatiams$ 3D point
cloud production. The image orientation accuracys wa
evaluated taking into account different photogramniméslock
geometries. The 3D point clouds were analyzed usimme
check points measured by a GNSS RTK survey.

The tests have been conducted on a small areaitigdvalley
of the Temples in Agrigento (Sicily, southern Ijagnd in a
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large area relative to the “Cretto of Gibellina” nérapani
(Sicily, southern Italy).

The Valley of the Temples dataset was acquired veth
microdrone  md4-200 quadricopter, while the
Gibellina” dataset was carried out with a Sens@&lyinglet
CAM fixed-wing platform. The two platforms are difést in
flight duration, flight altitude and acquisition w©h®. The
microdrone md4-200, like all multi-rotor, has lesgnd
resistance and can fly at very low altitudes (1B0-meters);
moreover, it has a greater flexibility during theqaisition
phase and allows to perform both nadiral and obligmages.
The Sensefly Swinglet CAM,
resistance and flies at altitudes above 100 méigpically 140-
160 meters); it allows to take only nadiral imagesording to
the classical scheme of aerial photogrammetry. §hdahe two
platforms belong to the same UAV category and hsimelar
field of application, the systems produce differgmbducts:
very large scale surveys (pixel 1 or 2 cm) of leditareas for
the quadricopter, large scale surveys (pixel abotrmn) of areas
of some square kilometer for fixed-wing platformorFthis
reason, the two platforms may be regarded as ategjtools in
the low altitude survey; both platforms could bedisn a same
area to obtain a general large scale survey (wiadfwing
platform) and a very high level of detail survey fanited
sectors (with quadricopter platform).

2. DATA ACQUISITION
2.1 Theaerial platforms

The aerial photogrammetric survey of the two aveas realized

with two UAV systems with different performance and

characteristics (Table 1).

md4-200 Swinglet CAM
Weight (gr.) 900 500
Diameter (cm) 70 80
Payload (gr.) 200 150
Operation range (m) 500 2000
Maximum relative height (m) 20 - 150 120 - 200

Flight time (min.) 20 30

Engine 4 electric brushless | 1 electric brushless
Camera Pentax Optio RZ18 [Canon IXUS 125 HS
GPS YES YES
Auto-pilot YES YES

Wind resistance (m/s) 4 7

Table 1. UAVs characteristics

The first vehicle is a microdrone md4-200 remotplipted
quadricopter with carbon fiber body, total weigfit990 grams
and a diameter of less than 1 meter (Figure 1)s Thbne
belongs to the class VTOL-aircraft (Vertical Tak&-@nd
Landing) and is equipped with different sensorgétrometer,
gyroscope, magnetometer, barometer, GPS) that aliow
execute automated flights and to provide more HKt@abiThe
vehicle is equipped with four independent brushlektric
motors and can carry up to 200 gr instruments \light
duration capability of 20 minutes and wind resistanf 4 m/s.
The platform is managed by the software mdCockpdt th
provides information about the aircraft status, tlagtery level,
position, altitude, number of satellites availabte GNSS
positioning, speed and flight time. The sensorsl se aerial

“Crettd o

acquisitions are mounted on a carbon fiber strectioat allows
rotation of 100° relative to the horizontal andréfere offers
the opportunity to acquire both nadiral and obligquages.

The second vehicle is the fixed-wing drone SwindB&M
developed by Sensefly with a very light body, 0880 grams,
made of expanded polystyrene with rear-mounted gllepand
a wingspan of 80 cm (Figure 2). This carrier ugudlles at a
height of around 100-120 meters and is able touflyto 30
minutes allowing to cover areas up to 4 squareniéi@rs in a
single flight in standard conditions. The standegdiipment is
composed of several types of sensors such as GR&cgpe,

instead, has greater windaccelerometer, etc.. that make the platform extiestable and

easy to use. The take-off is carried out by handileathe
landing is performed autonomously in an area ofamdter of
about 40 m and free of prominent obstacles. It dasind
stability higher than the quadricopter as it canuip to a wind
speed of 7 m/s. The vehicle is radio controlledrfra PC
through the software eMotion that lets you plammudate,
monitor and control the trajectory of the carriettbbefore and
during the flight. The system allows to acquire yonkdiral
images.

8

‘, _——
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Figure 1. The microdrone md4-200

Figure 2. The Sensefly Swinglet CAM

2.2 Study area

The two systems were tested in two different sitks: area of
the Temple of Isis in the Archaeological Park of ¥alley of
the Temples in Agrigento was surveyed with the odcone
md4-200, the area of the “Cretto of Gibellina” nds town of
Trapani with the Swinglet CAM.

The former is one of the least known zones of thére
archaeological park and then uncrowded by tourigdis.temple
is situated in an area only partially excavated isntbnstituted
by apodium and atriportico that defines a square (Figure 3).
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The interior of the temple contained a cell precedy a
pronaos and followed by a protruding portion opodium
accessible through lateral ramps. Theiportico was
characterized by sixty-two columns and two half ucohs
terminals.

The latter is a work of the artist Alberto Burri lizad between
1984 and 1989 in the site where was once locatedativn of
Gibellina, which was destroyed in 1968 due to thgheuake
of the Belice Valley. This structure is one of thajon example
of the so-called "land art". The artist decideccéwer the ruins
of the town with concrete to form "islands" thapmduce the
old streets of the town. The idea of the artist Wwagreate a
place of memory. The islands are separated by oreied
concrete walls about 1.6 m high. The “Cretto of Giba”
covers an area of about 300 m x 270 m and hadaadtite in
height of about 100 m (Figure 4). The “Cretto of 8lima” is
continuously exposed to weather conditions andefbez has
several degradations and cracks due to the sloepooé the
substratum.

Figure 4. The "Cretto of Gibellina"

2.3 UAV survey

The two study areas were surveyed through the pigrof two
flights with strips oriented along perpendicularedtions; in
this way it was possible to perform different testselation to
the geometric configurations of the flights. As ogpd in
Nocerino et al. (2013) “network design has beemathpic in
photogrammetry when accurate and reliable measuntsrhave
to be performed” but the use of fully automatic qasses
arising from CV has overshadowed this aspect.

According to the development of the areas the fljhections
were approximately coincident with the North-Soatid East-
West direction. All flights were planned imposingckassical
photogrammetric aerial scheme (nadiral images) Vativard

overlap of 80% for both areas and a side overlap086 and
80% for the area of the Temple of Isis and for tGeetto of
Gibellina” respectively.

The two platforms were equipped with two compaditéll
cameras. In particular the quadricopter md4-200 prasided
with a 16 Megapixel Pentax Optio RZ18 with a zoomsle
variable from 4.5 mm to 81 mm, while the Swinglet\Avas
equipped with a 16 Megapixel Canon IXUS 125 HS witbm
lens variable from 4.3 mm to 21.5 mm. Both cameraseveet
to wide mode (minimum focus distance) and focugfiaity.

All flights were performed in automatic mode acdogito the
flight plan.

The flights of the area of the Temple of Isis cedean area of
about 0.57 ha; the flight North-South had a retatieight of
about 71 m, while East-West of about 65 m. Accaydimthese
parameters the Ground Sample Distance (GSD) wast db®
cm/pix and about 1.6 cm/pix respectively. For eagypoint
two images were acquired to obtain a minimum data
redundancy.

For the survey of the “Cretto of Gibellina” two flits were also
performed (North-South and East-West) with a retatieight
of about 160 m allowing to get a GSD of about 5gira/The
flights were performed setting one shot every 3osds and
according to the major size of the area a largelrauraf images
was obtained. Table 2 summarizes the main fligtatufes.

) ) Relative | Number
Area | Flight |Forward| Side . GSD
Dataset [ha] | direction | overlap | overla height of [em/pix]

P P [m] images P

T P N-S 80% 70% 71 24 1.9
emp'e of 0.57

Isis Ew | 80% | 70% 65 27 16

"Cretto of N-S 80% | 80% | 160 85 5.0
Gibellina" 30

foeflina E-w 80% | 80% 160 76 5.0

Table 2. Flight parameters

Before starting the data acquisition square target® placed
on the two sites; some of them were used as Gr@ordrol
Points (GCPs) and others as Check Points (CPs). Thetsa
were appropriately sized according to the relatieght of the
flight for the two areas (20 cm x 20 cm for theaaia the
Archeological Park of Agrigento and 40 cm x 40 aon the
“Cretto of Gibellina”) (Figure 5).

| N
Figure 5. Targets used for the area in the Aragiohl Park
of Agrigento(a) and for the “Cretto of Gibellina(b)

In UAV applications it is necessary to measure taerahigh
number of GCPs due to the high number of images ahat
normally acquired during the survey and due toitregularity

of the photogrammetric blocks. Generally techniques
sufficiently rapid were used to carry out GCP measuants
such as GNSS RTK (Real Time Kinematic) or GNSS NRTK
(Network Real Time Kinematic).

The theoretical accuracy of these techniques itherorder of a
few centimeters, but this accuracy could be eversavbecause
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of errors that may occur during the survey phageer@or
errors, bad satellite configurations, etc...).

In this work the target coordinates were obtaingdabGNSS
RTK survey using a master station located within dheas of
survey, without exceeding the distance of one kitam
between the master and rover. The coordinates reéeeenced
to WGS84 UTM-ETRF2000 reference system. The pracisi
the topographic survey was calculated through thet Rtean
Square Error (RMSE) obtained during the survey phtss
value was about +1+2 cm, as it was expected.

Furthermore, in order to estimate more preciseatyatcuracy of
the control points coordinates, the target cootdmeof the
Temple of Isis were measured twice in two differdays. The
comparison between the coordinates of the two garabowed
to calculate a RMSE of about +1.2 cm both for thenjhetric
and the altimetric accuracies with maximum errcspeeially
for the elevation also on the order of 4 cm. Tl talthough
not statistically rigorous, gives a more realisiiiea of the
accuracy of the control points and of the accuthey could be
expected from the photogrammetric survey.

3. DATA PROCESSING
3.1 Imageorientation

Image orientation was also conducted to carry omtes first
evaluations on the metric accuracy of UAV photograetric

surveys. The flights for both study areas (Temgldss and
“Cretto of Gibellina”) were processed and evaluaegarately
in relation to the different UAV. Before image oration a
selection of images for each waypoint was conduéedhe
Temple of Isis dataset choosing the best in refato the
radiometric and geometry characteristics.

Different analysis were performed considering tb#ofving

block geometry (Figures 6 and 7):

e East-West block (EW Block)

« North-South block (NS Block)
e East-West block including two flight strips cross
block (EW Block + cross strip)

¢ North- South block including two flight stripsass
block (NS Block + cross strip)

e Both East-West and North-South blocks (EW Block +
NS Block)

The images were processed using the low-cost packag

PhotoScan Professional Edition. The software iglpced by
Agisoft and provides a sequence of automatic stepgmage
orientation and image matching; moreover, PhotoSdlaws to
extract 3D models with a very high level of det@ild ortho-
images using SfM and dense stereo-matching algasith
However, it is possible to intervene in the procatsany stage
to improve the result. During image orientation flscTan
estimates both internal camera parameters (prihdiséance,
principal point location, skew, radial and tangehtistortion
coefficients) and external camera orientation fwwheimage; the
results of image orientation (called photo aligntmen
PhotoScan) is a sparse point cloud. The alignmant lze
performed setting some parameters; particularig, [fossible to
set the “accuracy” of the process (low, medium,hhighe
image pair preselection (to speed up the selecfiamage pairs
to be matched) and the maximum number of featumetpon
every image (by default is 40000 points). For ouacpssing an
“accuracy” high was set, the UAVs telemetries wesed for
image pair preselection and the default number adfitp per
image was chosen.

In PhotoScan package it is possible to set theemée system
using GCPs (called marker in PhotoScan) coordinates;
coordinates can be loaded from an external file eand be
referenced to a local or to a cartographic referesgstem.
Markers could be used also to “optimize” internamera
parameters and image orientation to compensatadhdinear
model deformation that could be produce high gevesicing
errors.

Figure 6. Different blocks configurations used floe analysis of the Temple of Isis: East-West Bl@k North-South Blockb); East-
West Block including two flight strips cross blo@@); North- South block including two flight stripsass block(d); Both East-West and
North-South Blockge); in blue the GCPs and in cyan the CPs.

(@) (0) © @ (©)
Figure 7. Different blocks configurations used tioe analysis of the “Cretto of Gibellina”: East-W8sock (a); North-South BlocKb);
East-West Block including two flight strips crosedk (c); North- South block including two flight stripsass block(d); Both East-West
and North-South Blockg); in blue the GCPs and in cyan the CPs.
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GCPs CPs
Temple of Num. of Num. Num.
Isis Images CGPs CPs RMSX | RMSY | RMSZ |[RMSEXYZ| RMSX | RMSY | RMSZ |RMSE XYZ
[m] [m] [m] [m] [m] [m] [m] [m]
E
BI:Zk 27 10 8 0.008 | 0.008 | 0.022 0.025 0.010 0.010 0.027 0.031
EW Block +
) 39 10 8 0.020 | 0.014 | 0.026 0.036 0.022 0.011 0.029 0.038
Cross Strip
B:\;Sck 24 10 8 0.012 | 0.008 | 0.014 0.020 0.015 0.007 0.020 0.026
NS Block +
; 32 10 8 0.005 | 0.007 | 0.016 0.018 0.010 0.008 0.020 0.024
Cross Strip
EW B +
w Bllc::ckk NS 51 10 8 0.004 | 0.008 | 0.025 0.026 0.010 0.007 0.034 0.036
Table 3. The statistical parameters resulting ftbenimages orientation for dataset of the Templsis
GCPs CPs
"Cretto of Num. of Num. Num.
Gibellina" Images CGPs CPs RMSX | RMSY | RMSZ |RMSEXYZ| RMSX | RMSY | RMSZ |RMSE XYZ
[m] [m] [m] [m] [m] [m] [m] [m]
EW
Block 76 16 8 0.029 | 0.020 | 0.032 0.047 0.036 0.017 0.051 0.065
EW Block +
) 93 16 8 0.023 | 0022 | 0.031 0.044 0.021 0.024 0.056 0.065
Cross Strip
N
Blosck 85 16 8 0.016 | 0.013 | 0.020 0.028 0.021 0.017 0.029 0.039
NS Block +
; 103 16 8 0.020 | 0.015 | 0.012 0.028 0.021 0.016 0.040 0.048
Cross Strip
EW Block + NS
Block 161 16 8 0.018 | 0.014 | 0.025 0.034 0.023 0.025 0.022 0.041
Table 4. The statistical parameters resulting ftbenimages orientation for dataset of the “CreftGibellina”

The coordinates of the target, obtained from thEodoaphic

3.2 Dense surface reconstruction and ortho-images

survey, were used as GCP and CP. Ten GCPs and eiglatr€Ps generation

used for the Temple of Isis dataset, sixteen GCHsaght CPs
for the “Cretto of Gibellina”. On the basis of thesults of the
topographic survey, the accuracy of the GCP has seeequal
to one centimetre.

The results of the different image orientations, &Ps and
CPs, are shown in tables 3 and 4. All the resulige Hzeen
obtained after the “optimization” process. For fhemple of
Isis dataset the planimetric accuracy was in tidemof +1.5 cm
while the altimetric accuracy was about +3.0 cm;tfe “Cretto
of Gibellina” dataset we have obtained a planiroetdcuracy in
the order of +£3.0 cm and an altimetric accuracyhim order of
5.0 cm. As expected the residuals obtained for GERISCPs
have more or less the same overall accuracy a®plographic
survey; moreover the residuals in Z are alwaysdrigh

It is possible to note (Tables 3 and 4) that tlesenot evident
improvements on residuals of CPs using more statdekb
configurations. In both datasets, the addition rofss strips in
the East-West and North-South blocks does not imithe
results. The RMS in X, Y and Z are almost the sameot

slightly worse (e.g., in the “Cretto of Gibellinaathset the Z
RMS in the NS Block + Cross Strip is greater than Irespect
to the same value in the NS Block). This might seem
contradict the classical aerial photogrammetry apgh that
considers useful cross strips to restrict and tatrod the

deformation of the photogrammetric block. Furtherenaalso
the use of very redundant block (EO Block + NS Blodkgs
not produce better results.

The stereo matching procedures implemented in Fuaio
were used to carry out very dense point cloud nsdéhe
package allows to extract the dense point cloudh different
predefined 3D reconstruction level of details (LstyeLow,

Medium, High, Ultra High); furthermore, it is pobk to set the
filtering algorithms to remove noisy points (Mil#joderate,
Aggressive).

In our work for both datasets dense surface reoaet&ins were
calculated using only three block configurationasEWest
Block, North-South Block and East-West + North-SoBlkbcks

together. The processes were executed using thgh™knd

“ultra-high” resolution options that permit to obstaa more
detailed mesh; the filtering algorithms were setNModerate”

mode.

The 3D reconstructions were very detailed with anfso
resolutions ranging from 2.5 to 3.5 cm for the Temgpf Isis
(Figure 8) and from 7 cm to 8 cm for the “CrettoQibellina”

(Figure 9).

Figure 8. 3D model of the Templ of Isis
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Figure 9. 3D model of the “Cretto of Gibellina”

Furthermore the ortho-images of the two areas waleulated
with a geometric resolution of 2 cm for the Templdsis and 5
cm for the “Cretto of Gibellina”. By considering tlaecuracy
obtained, it is possible to accept a nominal scatging from
1:200 up to 1:100 for the ortho-images produced.

3.3 Data comparison and results evaluation

In order to evaluate the metric accuracy of thepdint clouds
some check points, considered as the ground trwére

Minimum | Maximum
Num. of RMS . o
R Deviation | Deviation
Points [m]
[m] [m]
2 EW Block 376 0.079 -0.820 0.120
o NS Block 376 0.086 | -0.825 0.106
[=%
£
8 |EWBlock#NS| o 0.084 | -0.838 0.079
Block
- . EW Block 274 0.075 -0.473 0.237
o @
g% NS Block 274 0.050 | -0.357 0.217
- 0
S5 =2
= O |EWBlock+NS| 0.097 | -1.080 0.288
Block
Table 5. Statistical parameters for the 3D poiftud
evaluation

pronounced in the central part and in some ardastsd in

north where there are some height differences.

This homogeneity of the results for the Templesid Hataset is
not found in the “Cretto of Gibellina” dataset. Eicf all the

best result was obtained from the comparison with NS

measured within the two study areas using GNSS RTHBlock. Indeed the RMS values range from +0.050 m (NS

techniques. Overall 376 points in the area of tamfle of Isis
and 274 points in the area of the “Cretto of Gibelli were
measured. The points were distributed evenly indteas of
interest on stable and flat surfaces; in particilahe “Cretto of
Gibellina” all the points were measured in the carpart of the
paths.

Surfer software, a grid-based mapping programittiatpolates
irregularly spaced XYZ data into a regularly spacgeid, was
used to estimate the surface deviation between3iheoint
clouds produced by PhotoScan and the GNSS RTK dag.
Nearest Neighbor gridding method was used; thishatktis
useful when data are already evenly spaced, bul teee
converted to a regular grid file.

First of all, in order to perform the check, the BBints clouds
were interpolated to a regular grid with a stepiseelation to
their points resolution: 5 cm for the models of fhemple of
Isis and 20 cm for the models of the “Cretto of Giba”.
Afterward a quantitative analysis on vertical diffleces
between GNSS RTK check points and the regular grids
obtained using the “Residuals” command implemented
Surfer. “Residuals” computes the vertical differermstween
the Z value in a data file and the interpolated &ug on a
regular grid. The formula used to compute a redidalae is:

Zres = Zdata - Zgrd (1)

where Z. = the residual value

Zaata = the Z value of GNSS RTK data

Zyq = the Z value of the interpolated grid surfacerfro
3D point cloud

The statistical parameters of the comparison aseshn Table
5. In order to better evaluate the distributiortla# residuals a
graphic representation of the differences have ldese on the
ortho-images for both datasets (Figures 10 and 11).

As we can be noted from the table 5 the resultaiobd for the
Temple of Isis dataset from the different block fogurations
are very similar. The RMS values range from +0.074BW
Block) to £0.086 m (NS Block).

Furthermore the figure 10 shows similar distribngo of
deviations in all considered blocks with differescenore

Block) to £0.097 m (EW + NS Block). Moreover the dgnap
representations show some problems (Figure 11):thia
comparisons resulting from the EW Block and EW+NScRo
there is a concentration of negative differenceminaituated
in central areas, while in the comparison resulfiogn the NS
Block the distribution of the deviations is more faganous.
All the vertical residuals are anyway higher thamose
calculated on the CP used for the orientation phase.

It is possible to suppose that these values coelthftuenced
by bilinear interpolation method that Surfer usesalculate Z
values at points that do not coincide with grid emdeven fif,
considering that all the points were measuredandteas or in
areas with a constant slope, the uncertainty ofrttexpolation
process should not be so determinant.

4. CONCLUSION

This paper shows the potentiality of the UAVs synia
Cultural Heritage field. Some first results can athg be
deduced although many aspects require further aode m
detailed research. Particularly, first tests relato the
orientation phases do not highlight any reductiérthe CPs
residuals using more stable block configurationke Thigh
redundancy of the measurements (on average eaohtms at
least 8-10 projections), due to the high percentaigéenage
overlap, and the high number of tie points for gvenage, in
the order of 2000-4000 points per image, could make
unnecessary the use of photogrammetric blocks withre
stable configurations.

Final products (3D models and ortho-images) shory wégh
level of detail allowing to perform very accurateidies and
analysis. Procedures followed were very quick tlsatk the
high level of automation achieved by the softwasedu

In the evaluation of 3D point clouds the verticalsiduals
obtained both for all the datasets of the Templésisfand for
two of the three datasets of “Cretto of Gibellin&em to be
quite high. Besides the distribution of residualsveh some
slight deformation in the 3D models. Further andreno
extensive tests are surely required to better wtaled the
reasons for these last results.
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