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Abstract:

The paper introduces realized projects of histdriohject documentation in the Department of Special
Geodesy. It describes using of the Leica HDS308€r lacanning system, photogrammetric procedures and
measured data processing into final outputs. Sévegects that were realized in years 2009 to 2@té
introduced in the paper.

The first mentioned project was measurement ofil@yoavall of the Kost castle before reconstructidie
next realized project was measurement of the paias® of the DraZice castle. The third project was
measurement of royal palace courtyard of the Zvikastle, which is surrounded by two floors gothic
arcade. Next project was the measurement of basgraetof the Hruby Rohozec castle. The last maetio
project was the measurement of the Zlenice casithesr

The paper describes the measurement conditions satetted measuring procedures, for which their
advantages, disadvantages and resulting recommiemdaare stated. It closely explains solutionsinfjle
measurements registration and creation of spatiablets. Data volume and other demands on using or
creation of secondary results as ground plans ammdszsections are reflected in created models. g laee
described possibilities of combination of measudatla, which were obtained from laser scanning and
photogrammetric measurement. There is put the acoerproblematic parts and unusual procedure of
processing in all stated examples.

1. INTRODUCTION

The department of Special Geodesy, Faculty of Gwagineering, CTU in Prague had a possibility teate

a measurement documentation of several Czech sagttbe last years. Measurement works took place o
demand of the individual organizations taking cafr¢hese castles and were realized within traimfithe
branch of geodesy and cartography as final theskssértations. In the first four mentioned casesas
measurement and processing only of a certain selgurt of the castle. In the last case it wastioreaf
documentation masonry constructions and neighbgueirrain of the whole castle.

Laser scanning was the main method for data calecPhotogrammetry was an additional method. Polar
method and levelling were used for connection chsneement into the national coordinate system watad i

the datum system. Equipment available in our depant was used preferentially. The Leica HDS3086ra
scanner was used for scanning. It is full panorao@nner, working on spatial polar principle. Acayris 6

mm and range is 134 m for 18% albedo. Measurenpa@dsis up to 4000 points per second. The Topcon
GPT 7501 total station was used for measuremenbaafl networks. Angle accuracy is 0.3 mgon and
distance accuracy is 2 mm + 2 ppm*d. Several tygfedigital cameras were used for photogrammetric
measurement. The Leica C10 laser scanner was usedsi mentioned project of Zlenice castle
measurement. Accuracy and range of this scannehargame as for HDS3000, but the measurement speed



is up to 50000 points per second and work is morefartable. The owner of this scanner is the Géfios
Company that lent the scanner with operator fa& théasurement.

2 BAILEY WALL OF THE KOST CASTLE

The gothic Kost Castle founded in the 14th cenh&lpngs among the best-preserved medieval casttes i
CR. The castle is situated 80 km northeast of Rrampar a town called Sobotka. The goal of the ptajé
measurement on the Kost Castle was creation offdat&construction of the bailey wall. The reaseas
wrongly performed reconstruction and drainage efufall in the fifties of the 20th century.

The object of the measurement was especially thdlmpart of the peripheral bailey wall on the eside¢ of
the castle center (Figure 1). Wall length is appmaxely 50 m. Wall height is 16 m and it graduallyes
down in the direction to the entrance into theleatst 12 m. The wall is built of well-worked sanoise¢
blocks.

Measurement with the Leica HDS3000 System was pagd from three standpoints. Point density was
selected 20mm x 20mm on 10 m. The wall was phopdgra with the Canon EOS 400D digital camera with
the EFS objective 18-55 mm. 35 pictures with resmu3888 x 2592 pixels were taken.

Processing of data from the laser scanning wasmeeld in the Cyclone software. The measured clouds
were connected using overlaps and transformedtirdocal system of coordinates and placed into the
national height system BpV (Baltic Vertical Datunafter adjustment). The registered clouds wereneléa
Cleaning of the clouds was the most demanding gtagethe time point of view. Grass usually in foem

of several blades grew from many joints on the dyailvall. These blades could not be removed
automatically. They had to be removed manually withsequent check of the performed cleaning. Té® ar
was divided into two parts for purposes of the sgbent processing. TIN triangular networks (tridagu
irregular network) were created from both partsedéhnetworks were reduced on 50%, 25 % a 10 %eof th
original volume of data and saved in “stl” form&ections were generated from the TIN networks (feigu
1). Horizontal sections have interval 0.2 m. Vetisections have interval 0.2 m in the middle @érthe

wall where deformation was supposed and 0.5 menr¢imaining areas. Resulting sections were exported
into “dxf” format and handed over to the castle adstrator as data for the reconstruction.

4 photomaps in different scales were created frbe delected photos. Check of the selected lengths
measured on the photomaps and on the TIN netwoalsspegrformed. The photomaps were handed over to
the castle administrator as the documentation reduiby the National Institute for the Protectiondan
Conservation of Monuments and Sites of the Czeg@uR& (NIPCMS).

Figure 1: Bailey wall of the Kost Castle (left) and its lmntal and vertical cross-section (right)

Measurement of the bailey wall of the Kost Castbes\a typical small order of surveying data for @jqut
and for a photogrammetric documentation. Tabledwshtime demandingness of the individual operations
The same time demandingness for scanning and fotogtammetry results from it. If there were no
vegetation present on the measured wall, thenddening for such an order would be less demandiny f
time point of view. Time can be also spared by gisifaster scanning system.



Table 1 Time consuming of operations

Operation Time consuming [hour]
Scanning 4
Registration 0.5
Cleaning 10
Processing of point cloud 4
Levelling 1
Processing of levelling 1
Calibration of camera 1
Taking pictures 0.5
Creating photomaps 20

3 PALACE TORSO OF THE DRAZICE CASTLE

The DraZice Castle is a ruin of a medieval castertmanging on a rocky point on the right bank &f Jizera
river in the middle of the village called also Jaeear Benatky nad Jizerou in the central-Boheniae
castle was founded in the first half of the 13thtaey. The goal of the project was to record asithat as
possible state of the DraZice castle ruin, conlyr@teasurement and creation of a space model aesteof
the main castle palace (Figure 2). The reasomasgterosion of the castle walling caused by aaidsrand
aggregate of poor quality. Erosion of aggregatetrea up to several centimeters per year (Figure 2).

Figure 2: Erosion of aggregate (on the left) and air phdtthe DraZice Castle with outlining of the main
palace (on the right)

The castle palace was measured from ten standp8rasning density was 10mm x 10 mm on 10 m and for
important architectonic details it was 5mm x 5mmléhm. The measurement was performed in the local
coordinates system and control points were useldthal scanned surfaces were photographed from each
standpoint with the Canon EOS 500D calibrated camer

Processing started with registration in the Leigel@e software with using control points and alS®
method on the standpoints, where insufficient nunddecontrol points was measured. Basic cleaning of
cloud from points outside the main palace was &urttarried in the Cyclone software and export ia th
sequence according to the individual standpoints performed. The next processing was done in the
Geomagic Studio 11 software. The following operagiavere performed here: Noise reduction, sampling
unification (basic 1x1 cm, selected areas 5x5mnngulation, cleaning from vegetation and filling
smaller holes. Work with the triangulated model wagse in sequence of the individual parts, bec#use
whole model contained approximately 15 milliontigées and it was almost impossible to work witimi82

bit version of the Geomagic Studio software.

The last processing stage was creation of textypproximately 170 pictures covering the modeledaare
were taken. All the pictures had to be orientatediter orientation had to be determined.



Calculation by means of the Alltran library [1] wased for this purpose, on the basis of selectiat east
four identical points in the picture and in the Biddel. Orientated and undistorted pictures werdiegpy
the Precise Texture Mapping program [2] on the rhode

Figure 3: Final model (left), important architectonical distgartly with texture (right)

The result of the project was a 3D model of theZide castle palace in the form of a triangular mekwv
(Figure 3). This model was handed over to proDiitdik from Archaeological Institute.

4 ROYAL PALACE COURTYARD OF THE ZViKOV CASTLE

The royal gothic Zvikov Castle was founded in ti8thlcentury. In belongs among the most significant
castles in the CR from the historical and constongboint of view. The castle is located in soutthBmia at
the junction of the Vitava and Otava rivers, 15 korth of the Pisek town. The goal of the projecswa
measurement of the royal palace courtyard for ptagen and documentation purposes. Courtyard is
surrounded by two floors of a gothic arcade, whighie measured as well.

Courtyards and arcades were measured in total #énstandpoints. 3 standpoints were placed on the
courtyard and 21 standpoints were situated in itgrnal parts of the arcade galleries. Point dgngas
20mm x 20mm on 5 m. The measurement took 2 daysaotdplace partly in the working condition, i.e.
while tourists were visiting the castle (measuremme on the standpoint including moving was 40
minutes). From the most standpoints there was ilifgiton the marked part of the opposite side of th
courtyard. Therefore it was decided that contrahzowill not be used for time reasons. More thd@n 2
million points were measured.
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Figure 4: Horizontal cross-section after registration in @agic Studio

The measured data from the individual standpoirgeeveleaned in the Cyclone program and exported int
the Geomagic program. Connection of the individstahdpoints by means of overlaps with the “manual



registration” and “global registration” instrumemss performed in the Geomagic program. Resulhisf t
registration was not satisfactory in spite of &b and several repetitions. Several-centimelgfitssamong
the individual point clouds were found during ch€Elgure 4).

Therefore it was come up to another procedure gistering the point clouds. The first step was @enied

in the Cyclone software. Planes used as contraitpavere modeled in the individual point cloudseTh
result of this registration was much better thangtevious one, but there still remained appareawlacks.
The individual registered point clouds in the Cywcsoftware were exported in the form of organidath

in “ptx” format into the Geomagic software. Globabistration was performed here, this registrati@nt
already correctly and residual differences amorgpibint clouds were eliminated (Figure 5). Advaetaf
“ptx” format was in significantly faster global ristration process, which did not exceed 30 minuiBes.
part of points was lost when using “ptx” format.i§ lwas solved by saving the transformation matrifes
the individual point clouds after global registoatiand by using these matrices on point clouds in
disorganized “txt” format.

Figure 5: Before global registration (above) and after (aglo

A registered point cloud acquired in this way wag of the required measurement results. Creatidgheof
triangular network in the Geomagic software wasfthther processing. The point cloud was dividet in
two parts, ground floor and the first floor for seas of the calculation data demandingness. 3tiagul
models of the courtyard with 4.5 million of triaegl 2 million of triangles and 1 million of triaegl (Figure
6) were created.

Figure 6: Model of the courtyard (4.5 millions triangles)



Results of project were handed over to the NIPCM3ch is the administrator of the object. This abjis
interesting owing to demandingness of the transftion procedure and registration of the individual
standpoints into one unit. Control points were usgd on the basis of reconnaissance that the dlijape
and segmentation and size of overlaps are suitableonnection of the individual standpoints by meaf
overlaps. Time conditions of the measurement playgdole here as well. But in spite of the stated
difficulties, the project was led to its happy clusion and the customer was satisfied with theltgsu

5 BASEMENT PART OF THE HRUBY ROHOZEC CASTLE

The Hruby Rohozec Castle founded in the 13the cgninderwent in the past several reconstructiomsitan
is a significant national cultural monument of BR. The castle is situated 90 km northwest of Rramu
the edge of the Turnov town. The goal of the pitojes measurement and creation of documentatiomeof
real state of the part of the castle dungeon fpresentation purposes and extension of “The Archital
and Historical Survey” (AHS) of the Hruby Rohozeastle.

Measurement object were six cellar rooms and thassage ways under the east wing of the castleding
nine stone portals, the most valuable componentshen basement. Details — traces of engineering
constructions (crib), stonemason marks, built-ileb@nd rests of metal components were further uneds
and recorded.

The dungeon was scanned from 15 standpoints. Bengity was set 50mm x 50mm on 5 m and for portals
50mm x 50 mm on 15 m. Control points were not ugdek dungeon was pthotographed with the Canon
EOS 400D digital camera. 350 pictures with resolut3888 x 2592 pixels were acquired. Part of the
pictures was used for creation of photomaps; pag used only for documentation purposes.

Data from the laser scanning were cleaned in tfeto@g software and exported into the Geomagic soéw
Next cleaning and connection of the individual di@mints by means of overlaps was performed here. A
triangular network was created from the resultiompcloud (Figure 7). Number of triangles in thetwork
was lowered so that size of the resulting modelsevi®0 MB, 50 MB a 10 MB. 8 portal models were
created afterwards and they were textured (Figure 7

Figure 7: General view on the basement model (left) andapanbdel (right)

The result of the photogrammetric measurement wiie af 17 photomaps of the individual portalsrfro
both sides on a scale 1:20. Design documentatiom stale 1:50 was done afterwards for each pdrte.
designs contain view from the front, view from brhia section and a ground plan. A register of @inaps
and designs was created as well see Figure 8.



Figure 8: Photomap and plan of the portal

The methods of laser scanning and photogrammetrg sg@tably combined in this project. The resulswa
creation of the spatial models of the dungeon foesentation of the object, increase in quality of
promotional materials and completion of AHS of tastle with results in the digital form (the origilAHS
was in the paper form). The results of the projgete handed over to the NIPCMS and to the castle
administrator.

6 ZLENICE CASTLE RUINS

The ruin of the Zlenice Castle, which was foundetha end of the 13th century, is situated 30 kottseast

of Prague neafercany. The goal of the project was measurement ot#stle with the scanning system.
These data were used for extension of the casthsunement documentation. Measurement objects Were a
the visible walled constructions of the castleapal gate, main tower and several parts of castlks and
neighboring terrain.

In the first stage of the project the existing cohtpoint network, which was used for the previous
measurement of the castle, was renewed. The TdpBEdnR7501 total station was used for the measurement
Coordinate standard deviation of points was sm#ti@n 2 mm. Measurement of the castle with the HIDS3
scanning system followed afterwards. Measuremesk face in two days in total from 11 standpoints.
Point density was set 10mm x 10mm on 5m. Measurewmigm the C10 scanning system, which was lent by
the Gefos Company together with operator, tookeliacthe second day. The main tower was measured
from 6 standpoints, together with part of castldlsvaf the palace with the C10 scanning systemntPoi
density was at least 10mm x 10mm on the measuredtst{Figure 9). The data size from C10 scanner wa
three times bigger than data size from HDS3000 reeraand time for scanning for C10 was three times
smaller than time which HDS3000 needed.

Figure 9: High detailed model of wall, points (left), triaugr network (right)



The measured data were processed at first in t®@y program. Transformation of all measuremantts i
the S-JTSK coordinates system and into the BpVhteigstem was performed. The connected point cloud
was cleaned from vegetation and other objects aritsilr interest. The cleaned cloud was exportexdtive
Geomagic Studio software in the sequence of thigithehl standpoints. The cloud was here divided thie
individual objects, which were processed separdtgtyure 10). The reason was data size. The resiltss
processing were very detailed 3D models of theviddal walls of the castle and their neighbouriagdin

in the form of triangular networks.

Figure 10: Main tower, side, front and inside

Results of this project were handed over to “Asastmmn for protection of cultural heritage — Zlerficehich
is taking care of the ruin.

7 CONCLUSIONS

The realized projects of castle documentation atdépartment of Special Geodesy were introducedden
paper. The main practical problems we dealt withewadimination of vegetation, especially of grassing
point clouds overlaps for registration and workimigh large data volumes. Data size grew up steejly
demands on high detailed 3D model. Data size andehdetails are important for possibilities of fitsure
using. This problem was mostly significant at Zwikeastle and Zlenice castle projects. It is neagsta
mentioned here, that scanning time demandingnessstly solved with using of new scanning instrutaen

It is documented on Zlenice project. The possibsitof laser scanning and photogrammetry mutual
complementation were also mentioned in the paper.
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