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changes, as well as spatial or spectral filtering, the module allows you to display only
those changes that interest us.

Processing and analyzing data in IMAGINE DeltaCue are organized in the form
of projects that provide a certain sequence of actions: preprocessing; detect changes;
filtering detected changes; display and analysis of changes.

According to research data, the total surface area of flooding in Texas is 42% and
Florida 37%.
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ANALYSIS OF THE THREE-DIMENSIONAL VECTOR FACADE MODEL
CREATED FROM PHOTOGRAMMETRIC DATA

The results of the accuracy assessment analysis for creation of a three-
dimensional vector model of building facade are described. In the framework of the
analysis, analytical comparison of three-dimensional vector fagade models created by
photogrammetric and terrestrial laser scanning data has been done. The three-
dimensional model built from TLS point clouds was taken as the reference one. In the
course of the experiment, the three-dimensional model to be analyzed was
superimposed on the reference one, the coordinates were measured and deviations
between the same model points were determined. The accuracy estimation of the three-
dimensional model obtained by using non-metric digital camera images was carried
out. Identified facade surface areas with the maximum deviations were revealed.

Key words: terrestrial laser scanning, ground-based photogrammetry, accuracy
estimation, non-metric digital cameras, three-dimensional model.

Technology modernization of cameras has led to a significant increase in the
image resolution. The improvement of the digital image quality and the increase in
personal computer performance make possible to use images taken by non-metric
digital cameras for measuring purposes. It should be mentioned that the application of
these cameras increase the efficiency of field geodetic works while making
photography/surveying building facades without complex decorative elements. [3, 2]

The results of accuracy assessment analysis for creation of a three-dimensional
building facade vector model are described. In the framework of the analysis, an
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analytical comparison of three-dimensional vector facade models created by
photogrammetric and terrestrial laser scanning data was done.

To achieve this goal, we have made surveying of the main building of the
Novosibirsk State University of Architecture and Civil Engineering using terrestrial
laser scanning (TLS) and ground-based photogrammetry.

Terrestrial laser scanning technology is widely used in geospatial solutions for
construction, reconstruction of buildings and structures [4, 8-9]. It allows determining
the three-dimensional coordinates of the object under investigation with an accuracy of
1.5 mm and worse [4-5].

At the first stage, terrestrial laser scanning was applied for surveying of building
fagade from the only one scanner station. The measurements were performed by Riegl
VZ-400 laser scanner during the night, cloudy and calm weather. This has made it
possible to minimize the influence of refraction and vibrations of the scanner. The
maximum distance from the scanner to the building facade was 30 m.

At the second stage, ground-based photography of the facade was carried out by
Sony DSC-H50 - a digital non-metric camera. It was done according to a preliminary
designed work schedule, which included both route and block surveying. A special
attention was paid to the necessary number of overlaps between the digital images, as
well as to minimize the “dead zones”. To improve the quality result of surveying, all the
works were carried out during day-time and in cloudy weather at a maximum distance
of 33 m from the camera to the facade. Totally 84 digital images were taken covering an
area of 809 m?,

Digital camera specification is given in Tab. 1.

Table 1
Specification: Sony DSC-H50 digital non-metric camera
Parameter Value

Resolution 3459x2592 pixels

Focus distance 5.2 mm

Aperture range /2,7 mm

ISO* sensitivity 80

Exposure 1/400 sec

*1SO - International Standardization Organization

Camera calibration was made for the further determination of camera’s elements
of internal orientation elements in digital image processing.

For analysis purposes the conventional Cartesian coordinate system was adopted
for a fagade. In a given system, the X-axis is directed to the zenith (towards the roof),
and the Y-axis to the east (along the building). Thus, the Z-axis is turned perpendicular
to the facade, which was considered as a height. Therefore, the building facade seems to
be laid on the earth surface. A digital facade model graduated in height and in a given
coordinate system is shown in Fig. 1.
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Figure 1: A digital facade model graduated in height

To define a conditional coordinate system, 21 control points are fixed on the
facade. Their coordinates are measured by a point cloud of laser reflections (scans) and
assigned to the corresponding points on digital images. Position errors of control points
on images are given in Tab. 2.

Table 2
Position errors of control points on images

Point number X(m) | Y(m) | Z(m) | S(m) |Projections
1 0.003 0.013 | -0.005 | 0.014 26
2 0.013 0.014 | -0.0001 | 0.030 19
3 0.009 0.007 | -0.0002 | 0.019 27
4 -0.003 | 0.012 0.005 | 0.011 26
5 -0.008 | -0.003 | 0.005 | 0.014 14
6 -0.004 | -0.011 | 0.0002 | 0.010 20
7 0.013 | -0.003 | -0.001 | 0.012 32
8 0.007 | -0.030 | -0.006 | 0.013 26
9 -0.0004 | -0.006 | 0.002 | 0.034 19

10 0.019 0.004 0.002 | 0.007 22
11 0.013 | -0.001 | 0.002 | 0.019 19
12 0.008 0.010 | -0.003 | 0.013 22
13 0.009 0.007 0.003 | 0.008 20
14 -0.022 | -0.005 | 0.006 | 0.013 19
15 -0.018 | 0.024 | -0.002 | 0.012 17
16 -0.005 | 0.006 0.001 | 0.023 24
17 0.001 | -0.018 | -0.003 | 0.018 19
18 -0.011 | -0.007 | 0.007 | 0.015 23
19 -0.014 | -0.0002 | -0.004 | 0.014 17
20 -0.006 | -0.004 | -0.002 | 0.008 21
21 0.0003 | -0.007 | -0.006 | 0.009 20
RMS error (m) | 0.011 0.012 0.004 0.016
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According to Tab. 2, it can be seen that the root-mean-square error (RMS error)
of the position of control points on Z-axis is less than half a millimeter. The projection
parameter characterizes the number of images on which a particular point is displayed.
The error ‘S’ in Tab. 2 means the RMS error of determining the spatial position of the
corresponding control point.

Processing of non-metric digital camera images was carried out in the office by
Agisoft PhotoScan software. As a result, a three-dimensional facade models (point and
vector models) were created from point clouds and images (Fig. 2, 3).

a2 20 L

Fig. 2. The three-dimensional fagcade model from point clouds

Fig. 3. The three-dimensional fagcade model from images
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As can be seen from Fig. 3, while creating a vector model from a point cloud, its
edges and oblique angles are smoothed out (blurred), for example, the corners of
window embrasures and the edges of columns.

The vector model was also created using TLS data (Fig. 4) and Leica Cyclone
software (Fig. 5).

s
>}
4]

Fig. 5. The three-dimensional fagcade model from images

Three-dimensional facade models from TLS point clouds shown in Fig. 2 and 4
are represented in accordance with the intensity of reflected signal.
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At the next stage of data processing, the vector model from images was
projected onto the TIN model created by a point cloud of laser reflections (scans)
(Fig. 6), after which analytical comparison of data obtained was carried out.

Fig. 6. Fusing three-dimensional vector fagade models

The three-dimensional vector model created by TLS data is shown in Fig. 6 by
red colour, whereas that of created from images taken using a non-metric digital camera
by yellow.

It can be seen from Fig. 6 that the greatest discrepancies between the two
surfaces are in the lower model corners This could be happened due to a lack of forward
overlap between images on the object edges (in this case it was 58%), and because of a
sharp turn of the wall (building edge). Significant discrepancies are also located near
capitals and other relief faces, as well as in places of bending between columns, window
embrasures and walls. In the upper part of the fagade, deviations were appeared because
of the large angle of surface inclination relative to the objective.

Comparative analysis of the two models was performed manually and
automatically.

The manual method consisted in uniform distribution of 101 control points
across the entire building facade surface, the coordinates of which were specified
theoretically (Fig. 7).
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Fig. 7. Point distribution across the fagade

The Z-coordinates for all the control points on each model were determined, and

the discrepancies between them were recorded. The data obtained are presented in

Tab. 3.

Discrepancies of digital models
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A —

clouds accepted as

a true value;

B — the value at a control point on the three-dimensional facade vector model created from
images;
xi— the difference between the true value and the measured value

It can be seen from Tab. 3 that out of 101 measured discrepancies, only three
exceed 3 cm. The all three points are located on the relief areas of facade surface,
painted with white. The maximum discrepancy between two vector models was 3.6 cm.

Standard formulas used for mathematical processing of geodetic
measurements [7] were applied to determine the accuracy of three-dimensional model
creation from images taken by a non-metric digital camera.

The average value is calculated by the following formula:

B gxi
X = o 1)

where X is the average value; X, is the difference between the true value and the

measured value; n is the number of measurements.
The mean absolute deviation is calculated by the formula:

2% =]
MAD="“ | (2)
n
where MAD is the mean absolute deviation;
The standard error is calculated by the Gauss formula:
©)

where o is the standard error (RMS error).
The results of mathematical calculations are presented in Tab. 4.
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Table 4

Accuracy estimation
Type of Average value Mean absolute Standard error
surface (m) deviation (m) (m)
Smooth -0.003 0.004 0.006
Relief -0.008 0.009 0.013

Based on the calculations performed, it can be concluded that the measurements
include a systematic error, since the modulus of the average value is close to the mean
absolute deviation. That is why we have carried out an automated analysis.

Automated model analysis was performed by Rapidform software. For this
purpose, maps of the mean square deviations as well as absolute ones (Fig. 8-9)
between the models distributed across the entire facade surface were drawn.
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Fig. 9. Map of the absolute deviations between three-dimensional vector models
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The diagram of the Gauss-Laplace distribution is shown in Fig. 10 and the map
color graduation of absolute deviations between three-dimensional vector models is
shown in Fig. 8.

averane

Fig. 10. A diagram of the Gauss-Laplace distribution

Fig. 11 shows the diagram of absolute deviations between vector models and the
map color graduation of absolute deviations displayed in Fig. 9.

average
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Fig. 11. A diagram of the absolute deviations
The values on both diagrams are in meter.
It is evident from Fig. 9 that the deviations between vector models created have
a maximum at places of surface bends because of corner smoothing.
The following data obtained from the automated analysis are presented in
Tab. 5.

Table 5
Accuracy estimation
Average Mean absolute Standard error
value (m) deviation (m) (m)
-0.0002 0.027 0.040

It is necessary to take into account the fact that the accuracy of three-
dimensional vector model creation from images taken by a non-metric camera was
calculated regarding to its comparison with that of from TLS data. In this case, the
actual accuracy of photogrammetric data according to our expert analysis is as high as
10 - 15% because the scanning error is not equal to 0.
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Conclusions. The results of analysis allows for the following conclusions.

The accuracy of the three-dimensional facade model from images taken by a
non-metric camera as a whole is comparable with respect to that of the model created
from TLS data. However, there are discrepancies caused by smoothing and “blurring”
the object edges and sharp corners. The discrepancies also appear in case of ground-
based oblique photography of objects. To eliminate these discrepancies, it is preferable
to use an unmanned aerial vehicle (UAV) with a fixed camera for right angle
photography. It should be mentioned that the use of non-metric digital cameras are
preferable for surveying/photography of building facades which have not complex
decorative elements.

The following recommendations were developed for surveying/photography of
building fagades and post-processing of images:

- Photography should be carried out with a minimum angle (forward-
backward);

- The frame should be with the minimum turn;

- Forward and lateral overlap should be provided according to the
requirements stated in the

technological documentation of Agisoft PhotoScan software;

- Photography is preferable in cloudy weather;

- It is recommended to use a tripod providing stability for the camera.

The advantages of using non-metric digital cameras in comparison with TLS are
as follows:

- Low-cost equipment;

- Light-weight camera for photography without a tripod.

The disadvantages of photography using a digital camera are:

- Longer processing time;

- The lower precision of three-dimensional models.
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B. CepenoBuu, U. Kamuen
AHAJIN3 TPEXMEPHOM BEKTOPHOM MOJEJIN ®ACAJIA,
CO3JJAHHOM IO ®OTOIr'PAMMETPUYECKHUM JIAHHBIM

B npeocmaenennoii pabome npusedenvi pe3yibmamvl AHAIU3A MOYHOCU
MPEXMEPHOU BEKMOPHOU MoOenu @acada 30aHus, HNOAYYEHHOU N0 MAMepualiam
Gpomocpammempuueckoi  cvémku.  Ilposedennvii  ananuz  06azupoeancs  Ha
AHANUMUYECKOM CPABHEHUU MPEXMEPHbIX 6EeKMOPHbIX Moldenel gacaoa 30aHusl,
CO30aHHLIX MO Mamepuanam  HomospamMmempuieckou  CbeMKU  Yugposoll
HeMempu4ecKou Kamepoti u HA3eMHO20 J1a3epHo2o CKAHUPOBAHUA.
Domozpammempureckas mooensb ghacada 6viia cO30aHa 8 ABMOMAMUYECKOM pedicuMe.
Hna evinonnenus ananuza mpexmephas Mooelb, Komopas Ovlia co30aHd no OAHHLIM
HA3eMHO20 J1A3ePHO20 CKAHUPOBAHUS, OblNa NPUHAMA 3a UCXOOHYIO, MO echb MAakyio,
OJis1 KOMOPOU NOCPEeUIHOCAMU KOOPOUHAM MOYEK MOJCHO npenedpeuv. Bo epems
uccnedo8anus homospammempuyeckas Mooeib Oblid HAN0HCeHA HA UCXOOHYIO MOOeb,
nocine ye2o OblIU UsMEPEeHbl OMKIOHEHUS MeXCOy XapaKmepHbiMu mouKamu Ha gacaoe
30anus. buiiu  evinonnenvl oyenku mouyHocmu omozpammempuiecKol Mooenu,
C030aHHOU Yugposou Hemempuyeckou kamepou. IIpogedeHnblli ananuz noO3601UN
makdce YCmMaHo8UmMb Mecma U XapakmepHwle yuacmku —gacaoa, Komopwle
MOOenupyIomes.  Xysce Ha Domozspammempuideckoi. Mooeiu npu UCNONb308aHUU
A8MOMamMu4ecko20 Memooa co30aHus mpexmepHol mooenu. BviasienHvle Hedocmamku
Gomocpammempuyeckoii MoOenU 8bl36AHbl NPEUMYUJECMBEHHO SHAYUMENbHbIMU Y 2NaAMU
HAKIOHA (POMOCHUMKOG U BO3HUKHOBEHUEM GCIeOCMBUE IMO20 «MEPMEbIX 30H». /s
npeoooneHuss moi npoobremvl peKoMeHOyemcs OONOJHAMb MAmepuanbl HA3eMHOU
Gomozpammempuyeckol CvéMKU Mamepuanamu  GomocveMKu ¢ OecnuroOmHbIX
JlemamenbHulX annapamoe.

Kniouesvie  cnoeéa.  HazemHmoe — Na3epHoe  CKAHUPOBAHUE,  HA3EMHAS
Gomocpammempus, OyeHKa MOYHOCMU, HeMempuyecKue yugposvie Kamepol,
mpexmepHas Mooeib.
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AHAJII3 TPUBUMIPHOI BEKTOPHOI MOJEJII ®ACALY,
CTBOPEHOI 3A ®OTOI'PAMMETPUYHUMHU JAHHUMUA

Y npeocmasneniti pobomi Hasedeno pe3yrbmamu  AHANi3y  MOYHOCMI
MmpueuUMipHoi 8ekmopHoi Mmooeni ¢hacady 06yoieni, ompumanoi 3a mamepiaramu
gomoepammempuynozo sHimauHs. Ilposedenuti ananiz 6a3y6ascs Ha AHALIMUYHOMY
NOPIGHAHHI MPUBUMIDHUX BeKMOPHUX MoOdeneld ¢acady 6y0ieni, cmeopeHux 3a
mMamepianamu omospamMmempuyHo20 3HIMAHHA YUDPOBOIO HeMEeMmpPUUHOI KAMEPOIO
Ma Ha3eMHO20 1a3ePHO20 CKaHY8anHs. Pomocpammempudny mooeib pacady cmeopeHo
8 ABMOMAMUYHOMY pedcuMi. /[l BUKOHAHHA AHANIZY MPUBUMIDHA MOOENb, CIMEOPeHd
3a OGHUMU HA3EMHO20 JIA3€PHO20 CKAHYBAHHA, OVIA NPUNiHAMA 34 GUXIOHY, MOOMO
maky, O0ns SKOI NOXUbKamu KoOpoOuHam mMoYoK ModxcHa 3Hexmyeamu. 110 uac
00CNI0HCEHHA (POmMOoSpaMMempuyHy Mooeib HAKIA0eHO HA BUXIOHY MOOelb, NiCisi Y020
0y10 BUMIpsIHE 8IOXUNIEHHS MIJC XapaKmepHumu moukamu Ha ¢gacadi 6yodieni. Bukonano
OYIHIOBAHHSL  MOYHOCMI  (pomocpammempuunoi  Mooeni, CmeopeHoi  Yugpposoio
HemempuyHow Kamepoio. Ilposedenuti ananiz 0ag 3mMo2y 6CMAHOBUMU MAKONC MiCYs i
xapaxkmephi OilsHKU ¢hacady, sKi MOOenomsvcs Hauzipuie Ha GomocpammempudHi
MoOeni ni0 yac BUKOPUCMAHHS ABMOMAMUYHO20 MEMOO0y CMBOPEHHS MPUBUMIDHOT
mooeni. Buseneni Hedoniku ¢homozspammempuyHoi Mooeni BUKIUKAHI NepesadtCHO
BHAYHUMU KYMAMU HAXUTLY HOMO3HIMKIE | BUHUKHEHHAM 6HACNIOOK UbO20 «Mepmeux
30uy». [na nooonamHs uyiei npobremu pekoMeHOYEmbCs O0ONO8HIGAMU MAamepiaiu
HA3eMHO20  (homozpaMmempuiuHo20 3HIMAHHA —Mmamepianamu  QOMO3HIMAHHA 3
0e3ninomHUx 1imaibHux anapamis.

Knrouoei cnosa: naszemmue nazepHe CKawy8aHus, HA3eMHA homocpammempis,
OYIHKA MOYHOCMI, HeMempUuuHi Yyughposi kamepu, MpUSUMIPHA MOOEb.
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APPLICATION OF 3D TECHNOLOGY FOR MODELLING
OF ARCHITECTURAL MONUMENTS IN THE CZECH REPUBLIC

The paper is devoted to consideration the questions of 3D technology
application for modelling of architectural monuments in the Czech Republic. 3D in case
of conservation of historical and cultural monuments means the processing of measured
data with the required contents in the local system of coordinates and in a chosen scale.
According the results obtained it is necessary to determine the requirements for
measuring accuracy. The main goal of our research is early detection of errors in 3D
images of actual building behavior and their exception, as well as introduction of new
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