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Abstract

The gradual deterioration of historical stone moanta due to weathering and other factors, includhey
development of tourism is a growing concern. Peeai®cumentation along with historical drawings and
photographs of these objects is very importanefaboration of sustainable monument remedy ancepratson
plan. The integration and correlation of this imfation is rather complicated. The method elaboratedhe
authors allows to create 3D model of the objechiirther possibility to supplement it and integratto this
model various visual and data information and syatécally update it. The method is based on theided
selection of the large size digital images andrtifither integration into digital spatial modeleated with
MicroStation V8i software. This method was develbper the studies of the Step Pyramid of DjoseEgypt,
but it also can be applied for the studies of offistorical monuments.
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Introduction

The elaboration of the reconstruction and consemvaitrategy plans includes wide
range of methods such as documentation of therucoaditions of the monument, technical
measures of restoration and actions for sustainpldservation of the monument. The
specialists of various scientific areas with di#fietr professional approach and experience
background are involved in each of these steps, taiging the level of responsibility while
choosing particular preservation and reconstructoategy.

The precise documentation of the monument formarthm basis for elaboration of
the conservation strategy. Historical photograjpinawings and sketches are also invaluable.
The conjunction and integration of this informatisrcomplicated and often also unrealisable
process. Traditionally, the preparation of the @ctg is based on the survey data that forms
the graphical background for the technical projestsereas the assumptions on the possible
original look of the particular historical monumeate based on experience and creative
perception of the artists and architects involvHtls the documentation on reconstruction of
the monument consists of accurate plans and catisinu projects elaborated by the
engineers, visions of the artists and historicabtpgraphs or their fragments of different
quality.

Detailed photographic documentation of the objexts widely used method already
from the 1880’s. Initially these are individual iges or their groups. Later diverse methods
of photo monitoring were used. Among them - seqakatquisition of the images from the

same view point with regular time interval, variaugthods of photo mosaic and panoramic



image development, including the layouts of theafs of the buildings (Groat, Wang 2002:
135-167).

However, aforementioned methods with respect #&r ttechnical accomplishment
have several substantial drawbacks, where the amerconcerns the perspective look and the
deformation of the scale of the image. These agenthin reasons why these documents are
rarely used in the technical projecting.

The aim of this study was to create a certainesydior data processing that on the
initial stage of the documentation of an object ldognable us to integrate numerous images
of particular object acquired in different time jpels providing further possibilities for
focused analysis and detailed elaboration of tlkegmwation strategy plans.

The Step Pyramid of Djoser at Saqgara (Egypt) ehasen as an object of our study.
This pyramid along with the other historical monumseof this area in the year 1979 was
included in the World Heritage List of UNESCO. QGamtly the Step Pyramid of Djoser is
under vast reconstruction and it is not availableainy particular studies except photographic

documentation.

Materials and methods
The study was carried out since the year 2005 paifig systematic photographic
documentation of the Step Pyramid of Djoser as$athe rules and regulations for visitors of

this site permitted. The study consists of sevarajes that are discussed further.

Focused photographic documentation of the pyramid.

The Step Pyramid of Djoser currently has limiteaikability for documentation and
the acquisition of images of both — lower and umieps of the pyramid could be done only
from the ground along the perimeter of the pyrariidfortunately, the photography using a
tripod is mostly forbidden as well as continuouwsdiobservations. Partial reconstruction of
the pyramid begun in the year 2009 and envisag#aaement of construction blocks of the
pyramid and weatherboarding of the facades. Thisnm&ruction process imposed additional
constraints to access northern and western facade, southern and eastern facades were
almost completely covered with scaffolding.

Taking into account general requirements of thelstuhe digital camera for the
systematic photo documentation had to meet cer&mjnirements such as: reliability for use
in the field (comparatively small weight and sizetlee camera, ability to function in the
temperature above +30°C, resistance against wirtdl wigh degree of dust as well as
inconsistent intensity of local electricity to cbar the camera). Several cameras have



complied with these requirements, however the S@NC-R1 10.3 Mp camera was chosen
as the most appropriate. As a quality control mesapart of the facades of the pyramid were
photo documented with other cameras (Fuji FineFBR2Zoom and Canon EOS Kiss X2

DSLR). Our experience showed that in such condstithe cameras chosen allowed to obtain

images of high quality (at least 2.5 Mb in siza)fiarther processing and interpretation.

Geospatial model of the pyramid.

At the initial stage of elaboration of the geosplatnodel of the pyramid possible
solutions were analyzed in detail setting cert@madnds regarding the choice of the software.
Comparatively wide use and availability of compmediee tools to ensure that future results
are used by possibly large number of users wa®btie first demands. Another requirement
was the capability to integrate direct and indireasurement data compatible also with
AutoCad software. Additionally, the software wasjueed to have traditional Geographic
Information System (GIS) formats. Analysis of theaidable software revealed numerous
options and advantages of several programs; howalvabove mentioned features could be
realized almost solely by MicroStation software.

For the technical development of the geospatialehotithe Step Pyramid of Djoser
3D laser scanner data was used. The 3D laser scpm@s performed in the framework of
the Latvian Scientific Mission working in Egypt frothe year 2005 till the year 2007 that
obtained the data on the 1st and 2nd steps ofyttaampd (ca. 5 million points). The 3D laser
scanner data was further processed by Leica Gemsggenerating a model of the surface of
the pyramid with 3 cm precision. To design the otfoar steps of the pyramid Google
SketChup model was used (3d-model for GoogleEaathsting it by Djoser’s pyramid plan
section data. The final stage of elaboration of 3Bemodel of the pyramid was performed
using SmartSurface algorithm of the MicroStationi \&ftware that requires minimal
computer resources for visualization of the surféégure 1). This algorithm allows the
ortho-images of high resolution to be projectedion planes of the pyramid’s surface. Thus
this 3D model can be integrated into GIS applic&i@nsuring the possibility for further

long-term analysis of the data spatial crossingsthematic maps of different resolution.

The development and application of the specifiarmétion layers.
The assessment of the detailed photographic dodatiemncontributes not only to the
creation of a high quality geospatial model, boateflects particular information on the

object as such.
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Figure 1. Simplified visualization of the geospbltredel of the Step Pyramid of Djoser.
A: South — westltlustration” display style view of the pyramid; B: South — ga#4/ireframé
display style view of the pyramid.

The Step Pyramid of Djoser is built of the stonestauction blocks and one of the
major threats is the deterioration of the stoneemmt that threatens the stability of the
structure of the pyramid. The assessment of theheaag types and their intensities of the
exposed surfaces of the pyramid’s constructionksdaeere performed manually by applying
the method elaborated by the authors (Kukela, B&gh print). This analysis was carried out
with different degree of detailed elaboration irder to determine the best approach for
application of such analysis for the whole pyramithe future.



The study and the results
The study covered completion of several separatestthat further will be discussed

in details as methodological solutions.

1. Creation of the pyramid’s digital model.
Creation of the image data base.

All the images (acquired during the time periodhirthe year 2005 till the year 2010,
ca. 2100 images in total) included into the imagtablase are classified according to the time
of acquisition (the year and the month). Afterwataching the images to the corresponding
facades and edges of the pyramid’s model, additidata is noted on the size of the image,
specifics of the camera and supplementary infoonatn the conditions during acquisition of
the image. The classification according to the mermnd the year of acquisition of an image
is set as main criteria since it significantly faates the search of particular images. In this
case it is very important due to vast reconstractieorks of the pyramid’s interior and
exterior, which have been carried out since the 28689. During this reconstruction the look
of the pyramid’s facades changes considerably &teffoldings are being moved, the

fragments of the facades are being re-built, etc.).

Verification of the quality of the images and thealection for the particular needs of the
study.

Originally all the images have been checked andyesavith impeccable acuity only
were included into the data base. Blurry imageseactuded from the data base and are kept
in the archives. Further verification of the qualdf the images is performed taking into
account particular purpose of the selection ofith@ges. Since there are several aims in this

study, each of them initiated different requirenseiivards the selection of the images.

The creation of the 3D model of the pyramid.

For this particular part of the research imagesatieg the panoramic view of the
pyramid’s facades were selected. The images wherepyramid’'s facade was partially
covered with scaffolding or other extraneous olgj@atre also considered as valid since these
images as well are providing information on the @sions and proportions or the particular
facade of the pyramid. The main criteria for théeston of the images necessary for the
creation of the 3D model of the pyramid is possitllf depiction of the whole pyramid’s

facade on the image, including the top, the basednd both sides of the facade.



2. Provision of the pyramid’s model with the photogaphical data.
The creation of the photo mosaic of particular fdedor its further integration in to the 3D
model.

For this purpose images containing detailed infdionaon particular fragment of the
facades were selected. Most suitable are images tfast 2 Mb in size covering several
square meters of the facade’s fragment, thus allgudentify exact location of this area. In
order to create the photo mosaic of the partictdgade of the pyramid it is necessary to
select as many images, so their totality would detefy cover the whole area of the facade
(including the inter-step areas) ensuring thatith@ges overlap each other for at least 30%.

Fulfilment of this requirement allows further pregicombination of the images.

The creation of the photo mosaic of the pyramidéatie.

Each of the images selected from the data basg &dihens 8.7.8 software have been
adjusted to correct lens pincushion/barrel distortivignetting, chromatic aberration, and
perspective. Such an adjustment is necessary tareem®mparability of each image with
other images taken in different conditions or tiperiods. Furthermore, all selected and
adjusted images using MicroStation V8i software @eeed on the previously elaborated 3D
model of pyramid forming a mosaic. The image of Wiwle facade of the pyramid along
with detailed images of the facades fragments Heelaed to the working 2D file design as
raster images. Afterwards raster imagedrg’ function is used to adjust the size and shape of
raster image with a combination of move, scalegteoand skew options to match raster image
to design file elements using several points tochm#te source and destination points. When
all facades of the pyramid’s 3D model are compjetalvered with the photo mosaic, the

images are merged to form a homogeneous highlyleditzovering.

Detailed steps of creation of the photo mosaic.

Before starting the work process, all selected @sagecessary to create a photo
mosaic of the particular facade are moved into fofger thus facilitating their search. Each
of the selected images after their adjustment @ésrgéerenced by creating the coordinate file
with identical file name.

To ensure the object is suitable for its furtheygassing in 3D environment, it has to
be defined in the coordinate system with coordirzatie parallel to the planes of the object.
This allows to create geo-referenced images wittiquéar coordinates appropriate for their

further use in GIS.



Subsequent development of the photo mosaic is imeei by the MicroStation V8i
software Descartes module that is specially desigiee facilitate image transformation,
editing, enhancement, mosaicking, and georefergnmarping). For each step of the
pyramid separate file is created. Initially the gamic view image of the pyramid is attached
to the working file as a raster image and thes georeferenced to the corresponding step of
the 2D facade withWarp rastet tool using “Affin€’ method. This method combines move,
scale, rotate and skew actions to adjust and nih&ekize and shape of a raster image to the
design file elements.

Furthermore, individual images of the fragmentshef facade are one by one attached
to the design file elements starting from one sitihe fagade’s step. This action is performed
with the ‘Register dialotool using the Projectivé model that projects one plane to another
placing at least 4 control point of the image. Hegre to ensure one pixel match and high
compatibility of the projected images with the desfile element, the average number of
control points should be at least 20 to 30 and 8t®uld be placed not only in the corners of
the raster image, but also in the other areas ptiopally covering whole raster image area.
All control points are indicated in thé&&gister dialofybox along with their residual values.
The residual of a control point is the differencelocation between the position where a
control point is pinned on the system as compacedhé position where it should be
according to the actual model. Residuals are dis@nThe column X, Y, and XY indicates
the X component, the Y component and the magni{d®§ of this distance. To ensure the
high quality of mach, the value of XY should noteg&d 0.2000 (ideally it should be 0.000).

After all necessary control points are placed,dbtwetrol point model should be saved
as a separate file assigned with a freely givenenartirgr. data format. ThenResampling
dialog’ tool is used to apply a geometric model to angmarhe input data is transformed
into an output data set that belongs to the basmlomte system, directly compatible with the
base vector data that was used to create the mbdéelnput imagé field displays the name
of the input image file (the one that is being rhatt to the 2D fagade’s particular step). The
“Model field displays the name of the transformation mlofile (the model of the control
point set). The Output imagéfield displays the name of the output image that should be
created assigning a freely given namétifi data format. At the file save options a 6vid
file” should be chosen. It is necessary to attachitiégie to precise coordinates of the plane.
The “Bilinear interpolatiori algorithms and “&me pixel siZechoice ensures the best results
of matching of the image. The resampling processaiged by clicking “Rn all’ button. The
newly created image that was adjusted and transfdismautomatically opened and placed in
the particular place on the design plane accorttirige saved control point model.



Furthermore, each of the facade’s fragment imageattached to the design file
elements in aforementioned way until all the imaf@siing a mosaic are placed on the
corresponding design file elements, i.e., fully@othe steps of the particular facade.

However, the joint lines between the images afevigible. To make these joint lines
smooth and invisible, theDefine searhtool in a “Smart’ seam mode is used. It defines the
position of the seam between two overlapping im@agéons of a mosaic.

When all the images are matched and their joirgslinorrected, theMergée’ tool is
used to merge several images contained within metbfarea. Through theéMerge optior
dialog a new image file depicting all the selectedrged images is created. It should be
assigned with a freely given name*tif. data format and at the file save optionsvWofld

file” should be chosen.

The transfer of the elaborated photo mosaic or3tbenodel of the pyramid.

This actionis also performed by the MicroStation V8i softw@rescartes module. All
necessary photo mosaic fails are sequentiallytathto the working 3D file as raster images.
Since the 3D model of the pyramid is formed of ttagezium form rectangles consisting of
merged triangles, before integrating the photo fieasés necessary to split these figures. It is
done by the Drop elemerittool that is used to break up elements into sengbmponents.
Further matching of the photo mosaic with a 3D niafi¢he pyramid is done by th& éxture
tools'. First, the photo mosaic image is assigned taadiqular area (fragment) of the 3D
model of the pyramid. Then usingVarp to ared option it is matched with the corresponding
fragment of the 3D model by at least 4 points. A## points are pinned, the new photo
mosaic texture image should be savettiin data format. To ensure that newly formed photo
mosaic texture images are attached to precise ic@bed at the working plane, these images
should be also saved foot. data format.

When all the photo mosaic images are matched Wweéltorresponding areas of the 3D
model a Mergé€ tool is used to merge all the attached rasterggsanto one homogenous
texture image (Figure 2). The new file also is gissd with a freely given name ttif. data

format and at the file save options\&drld file’ is chosen.

3. Approbation of the model and data integrated.

The approbation of the study results was preformeskveral stage§.he assessment
of the quality of the photographic documentatiorswarried out manually by comparing on
the pixel level the compatibility of individual irgas taken with various cameras in the

different time periods.



Figure 2. Southern facade of the Step Pyramid ok&j photo mosaic integrated onto the

geospatial model.

The 3D model elaborated was tested by applying arite historical photographs to
verify the consistency of the size and shape ohtbeel as well as amending the corrections
according to the plans and sections elaboratedmhiauer (Lauer 1962: pl.10).

To approbate the functionality of the model a sjecinformation layer was
developed to cover the surface of the pyramid cetepl. As such specific information layer
the degree of deterioration of the pyramid’s storaerial surface was selected. In order to
create this specific information layer each of gtene construction blocks of the pyramid
exposed to the surface was analysed in detailspatteular weathering type and weathering
intensity was determined for each construction lblaed drawn manually before integrating
into the 3D model of the pyramid.

Stone material weathering assessment.

The stone material weathering assessment wasedaout applying the method
elaborated by the authors (Kukela, Seglimsprint) that was approbated on the historical
monuments of the proximal sites. In accordance Wiehmethodology systematic processing
of the photo documents should be performed: asssgsvhthe quality, georeferencing of the
images, diagnostic of the stone material weathdypgs and development of the weathering
intensity estimation scale and its further simpéfion to ensure correct interpretation of the
surface weathering features. Identified stone radteurface weathering forms are manually

drawn for each individual construction block (Figt®).
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Figure 3. Depiction of the manually drawn stoneariat surface weathering forms and their

intensities. The fragment of the southern facadd®fStep Pyramid of Djoser.

This is the most laborious part of the study andstilehave not succeeded in easing it
without affecting the quality of the research. Sary all attempts to carry out this work by
application of the software of automatic and seutematic weathering diagnostics, e.g.,
Bentley Descartes or GIS software with spatial ystalhave turned out to be unsuccessful.
However, the attempts to depict identified stonaema surface weathering forms and their
intensities on the individual areas of the pyramigéospatial model proved to be successful
(Figure 4 A). Similarly, the same conclusion camfieede regarding the georeferencing of the
historical photographs to the 3D model of the pydar(Figure 4 B). This allows the
comparison of the changes accrued during the long period as well as evaluation of the
intensity of these changes. Nevertheless, the psotg of such historical data is a separate
study to be carried out in the future since thigds spread in numerous archives and still has

not been aggregated.



Figure 4. The model of the Step Pyramid of Djosih the integrated area of analysed stone
material surface weathering (A) depicted in detaits the Figure 3 and georeferenced
historical photograph (B) taken in the 1930’s (fiQuibell 1935: PI.3).

Discussion

The results of the research reveal the possikiditgpbtain high quality data for the
needs of the scientific studies with comparativ@iyple methods, thus increasing the quality
of the documentation of an object. By organizingtesnatic photographic documentation of
the object and recording particular details, thed®r documentation was developed into the
concept of the 3D model of an object, thus accoshpig certain logical cycle — “from the

photography to the digital spatial model”.



As a result of the study the 3D model of the Sgpamid of Djoser was developed
relying on the measurements takersitu and LIDAR aerial photographs. This model serves
as a reliable geometrical frame for georeferencwayious observations, including
photographic documentation. The 3D model elabor&éegubssibly the best solution taking
into account limited data available with no opttonacquire this data once again due to the
extensive reconstruction works currently carrietl@muthe site of the Step Pyramid.

The main advantage of the elaborated 3D modekisduttability for full integration
into CAD system ensuring accessibility of the datathe wide-range of users and possibility
to integrate it into the WEB GIS applications a8Camodel. In the future even better results
could be gained by developing the existing spatiatiel and applying technologies provided
by the photogrammetry or the 3D laser scanner progres for elaboration of 3D models.

The specific information layer containing the data the pyramid’'s facade stone
material surface weathering is a particular subjecthe discussion. A certain methodology
is developed to diagnose, classify and map the heeag features of the exposed stone
surfaces. This methodology differs from the onesgdiently discussed in the literature
(Aboushook, et al. 2009:22, Dorn, Cerveny 2005zrtéat, Heinrichs 2002: 11-56). The main
difference concerns the simplification of the wesaiihg intensity features reducing the
number of weathering types and their intensitieshey could be identified and mapped not
only for the limited area of an object, but for #ile facades. In such case an option to
integrate the 3D model into the WEB GIS applicatisralso a great advantage providing
unlimited possibilities to supplement the reseatata base in the future even if this addition

data will concern just the limited area of the jgatar fagade.

Conclusions

The method developed by the authors allows toterdee 3D model of the historical
monument with the further possibility to integrated reflect the investigations carried out in
the different time periods (observations, photogr@plocumentation, etc.). Such system
enables focused supplementation of the spatial hvattethe new data and further possibility
to its diverse visualization.

Current technical solution envisages targetedcsete of the high quality digital
images, their adjustment and integration into thgital spatial model developed using
MicroStation V8i software. The results obtained &yplying this solution prove to be
successful.

The method is elaborated during the studies ofStep Pyramid of Djoser in Egypt,
but the experience reveals that this method caapbked for the study and documentation of



the other cultural heritage monuments as well. Hawreit should be noted that the system
discussed still envisages time-consuming manualkvward further development of this
system is to be aimed to facilitate it by introdwgriappropriate technical solutions without

reducing the quality of the study results.
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