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ABSTRACT
Emad Ibrahim Many historical buildings and palaces in Cairo,
Faculty of Archaeology, Egypt are exposed to several damaging factors.
Ain Shams University-Egypt Therefore, this research deals with the
emad.ibrahimy@arch.asu.edu.eg comprehensive documentation of archaeological

buildings including documentation, research,
examination, recording, analysis of materials,

Shehata Ahmed Abdel Rahim structural analysis, and physical and mechanical tests
Faculty of Archaeology, for alternative mortars. The ground floor of the
Fayoum University-Egypt Historical Cairo palace was documented, using

AutoCAD and a manual meter to draw walls and
openings. The spaces were then numbered in a fixed
system for all the building's spaces, walls, and
openings. After that, the wall to be documented is
determined on the horizontal plane, then the wall is

photographed using professional cameras. Filming is
Article history done in a fixed system, from right to left, where the
Received 14 March 2023 first picture includes the entire wall from the top
Received in revised form 14 June 2023 down the images are sequenced from a fixed
Accepted 2 February 2024 distance, and finally, Photoshop is used to assemble
Available Online 10 June 2024 the images and display the wall as a whole. All wall

elements are photographed and placed in matching
panels; the details are drawn using the images on the

KEYWORDS AutoCAD program to a specific drawing scale.

Documentation of antiquitics: Afterwards, a map is made of where the damage
Architectural do cumenctlati on: appears and color detectors are created to determine
Photogrammetry; ’ and analyze the original color layers. This then
Examinations: displays some selected modern devices that depend
Analyses. ’ on the laser scanning technology used in the field for
documenting heritage and archaeological buildings.

INTRODUCTION:

Many historical buildings and palaces in Cairo, Egypt are exposed to numerous
damaging factors, so restoration projects are being implemented for these historical palaces
and buildings, such as the Baron Palace, Al Zafaran Palace, Aisha Fahmy Palace, Amr
Ibrahim Palace...etc in Cairo — Egypt. Therefore, this research aims to document, the steps
of examination and analysis as an application to one of the spaces of the historical palaces
in Cairo, Egypt. Three-dimensional modeling from images when carried out entirely by a
human, is time-consuming and impractical for large-scale projects, Three-dimensional (3D)
image acquisition systems are rapidly becoming more affordable, especially systems based
on the availability of electronic cameras. (Bernardini, F. & Rushmeier, H 149: 172)

Efforts to model the appearance and dynamics of the real world have produced some of the
most compelling imagery in computer graphics. In particular, are those that model
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architectural scenes, from the Amiens Cathedral to the Giza Pyramids to Berkeley’s Soda
Hall, which have produced impressive walk-throughs and inspiring fly-byes. It is an
attractive application to be able to explore the world’s architecture unencumbered by fences,
gravity, customs, or jetlag. (Debevec, P. E., Taylor, C. J. & Malik, J 11:20)

Occlusions, lack of texture, and light variations between images are persistent problems for
stereo matching, especially with widely separated views. (Terms, R. T. NRC Publications
Archive)

In Photographic documentation with digital cameras, images are processed electronically by
a computer. Documentation work was almost exclusively carried out at night, to avoid the
effects of non-controlled, unwanted ambient light. Raking light (i.e., direct light projected
onto the subject at a very oblique angle) was used for all photographs. This has the advantage
of producing a strong contrast that often helps to bring out the eroded contours of figures
and glyphs. The disadvantage of this technique is that, on very battered surfaces, it also
brings out all the imperfections and scrapings on the rock, making it hard to distinguish
between true carving and the random scratches produced by weathering and erosion. (Lara,
J. P. De & Justeson,J)

Digital cameras are considered one of the most important devices used on archaeological
sites, as they are distinguished by their high-quality images, and by their connection to a
computer, hundreds of images are obtained daily with the ability to filter out and delete
invalid ones. Knowing the result of the shooting immediately and printing it on plain paper
or photographic cards, including models that can depict moving images (digital video), is
invaluable. A picture can be stored digitally by representing the brightness at each of the
points shown by a binary number.

For a color picture, each point becomes a vector, that describes the brightness, hue, and
saturation of that part of the picture. (John Watkinson)

After completing the photographic documentation work, the images are classified, stored,
saved, and archived in a specific system on the computer memory, so that a fixed and
organized system is created to encode roles, number the spaces in the building, and number
the walls and openings (doors and windows). Then items are made to place the pictures
according to the specific data which is agreed upon between the owner and consultant of the
project. Then the architectural and spatial lifting is done using the Total Station device.

Color detectors are made after the architectural and photographic recording and
documentation of the damage have been examined, and analyzed, color detectors are made
on the walls, ceilings, and doors to identify the color sequence of the paints to enable
reproduction of the original type of paints that are approved by the responsible authorities.
This will assist us in understanding the correct components for restoring paints with the
same original color. After carefully restoring the preparation layer and the layer of putty
under the final color, the multiplicity of paints and colors reveals the palace’s use of
administrative work, which resulted in painting several times in spaced periods

1-Comprehensive documentation of historical buildings:
1-1 Documentation:

Photographic documentation of the current status of the architecture of this Historical
Building is recorded during work and after the completion of the restoration work. (Emad
Eldin Ibrahim)
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The digital documentation and 3D modeling of Cultural Heritage monuments and sites have
received great attention in the last years. (a Rizzi and others)

After restoration Before restoration

1-2 Search:

Here, research and studies are carried out on the history of antiquity, its ancient techniques
of implementation, the age of construction, its building styles, the archaeological, historical,
and descriptive study of antiquity, the stages of its creation, the additions made to it, and a
description of its structural and architectural elements (Emad Eldin Ibrahim)

1-3 Examination :

The entire architectural and structural elements of the building are examined using different
types of microscopes such as the scanning electron microscope <optical microscope ¢
polarizing microscope «and digital microscope (Emad Eldin Ibrahim)

1-4 Recording:

At this stage, all data is monitored and recorded in both printed and digital files on computers
with a tight system for ease of handling and ease of recall of the data.

1-5 Material analysis:

This is done using both chemical analysis and X-ray diffraction methods to know the
compounds of materials, X-ray fluorescence, analysis using infrared and Raman rays, and
analysis using the scanning electron microscope (EDAX) unit for analysis of material
elements and analysis of microbiological injuries (Emad Eldin Ibrahim)

1-6 Structural analysis:

This is done by using computer programs to analyze pressures and loads and distribute them
on the archaeological structure to monitor places of high pressure, treat them, and strengthen
them, especially columns, beams, and foundations (Emad Eldin Ibrahim)

1-7 Testing of building materials:

Here physical mechanical tests are done on materials such as measuring density, weight, and
porosity, and mechanical tests such as stress tolerance, tensile strength, flexibility, and
others.

2-How to document photographic, photogrammetric, and architectural for one of the
interior facades of the lobby of the ground floor of the Zafaran Palace - Ain Shams
University:

2-1 The horizontal projection of the ground floor of the palace is worked out using the meter
and drawing the walls and openings with AutoCAD.
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2-2 Spaces are numbered in a fixed system for all spaces, walls, and elements.

Project numbering method
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2-3 The wall to be documented is determined on the horizontal plane of the space.

2-4 The wall is photographed using professional cameras, and shooting is done in a fixed
system, from right to left, the first image includes the entire wall from top to bottom, then

the images are sequenced from a fixed distance and the Photoshop program is used to
assemble the images and form the wall as a whole.

Z-G-10-1
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2-5 All elements of the wall are photographed and placed in coordinated panels.

2-6 Then the details are drawn using these images on AutoCAD, with fixed dimensions
and drawing dimensions relative to the dimensions of the palace at a specific scale.
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2-7 Next, the entire interface is drawn according to the combined image.

b

(7.6 W-1 Elev. 1
10 Scale 1:10

2-8 Then a map of the appearance of damage to the wall is made according to the site.

2-9 Finally, the detectors are made to show the stratigraphic sequence of the colors used in
the palace in the past.

2-10 Original color layer analysis:
2-10-1 sampling location.

2-10-2 during sampling

The comprehensive practical documentation of one of the spaces of the historical
palace in Cairo for starting Conservation work - case study

- 388 -



Emad Ibrahim, Shehata Ahmed Abdel Rahim SHEDET (13)

2-10-3 Examination of the sample using a digital microscope.

The sample consists of peels from the color layer and a thin layer of the preparation layer,
the color tends to be olive, and the preparation layer tends to be white.

2-10-4 Analysis using X-ray diffraction:
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Ref. Code Mineral Chemical Semi quant (%)
Name Formula
01-079-0208 Zincite, syn Zn 0O 85 %
01-072-1390 Baryte BaS O4 15%

(Zn O) Zincite: This is zinc oxide, and it is the main component of the analysis using X-
ray diffraction. It is used in the manufacture of paste, preparation, paints, and colors with
which the interior facades of buildings are painted. The quality of the sample explains that
these paints are modern paints.

Baryte (Ba So4): It is a compound mineral of barium sulfate, and it is often white or
colorless and has color added. It is an industrial component used in the manufacture of
modern paints and colors, and it is the component of the outer color layer.

2-10-5 Examination and analysis using a scanning electron microscope:

0

HV mag‘ WD  det 100 pm a HV  mag WD | det % 300 pm

20.00 kV 1 000 x 23.6 mm LFD GEM-CC 20.00 KV, 500 x 23.6 mm LED GEM.CC

5 Intensity Net Counts Weight % Atom %
cK 10.21 3062 3211 53.36
oK 729 2188 2645 3299
AK 1.13 340 129 095
SK 0.78 235 0.59 0.36
sSL (D) 0.00 0
CIK 1.18 353 1.02 057
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Per % -3 Per % - 2 Per % -1 Element
32.11 23.29 25.65 C Carbon
26.45 22.79 22.44 ®) oxygen
1.29 0.73 0.71 All aluminum
0.59 0.49 0.37 sulfur
38.55 52.71 50.84 Zn zinc
100 100 100

Three samples were taken from different places for analysis using a scanning electron
microscope.

The Axia ChemiSEM is unlike traditional SEMs in that it always collects EDS data in the
background. It uses unique algorithms to process the SEM and EDS signals simultaneously,
allowing it to display the morphology and quantitative elemental makeup of a sample
together in real-time. It constantly processes EDS data in the background, giving you live
updates on elemental data as it is acquired. Elements found in your sample can be toggled
on and off, allowing you to isolate areas of interest. The Axia ChemiSEM features a superior
user experience enhanced by automation, such as Smart Align technology for alignment-
free operation, newly developed automatic functions, and live quantitative EDS mapping.
This always-on processing makes analysis twice as fast compared to traditional methods.
The Axia ChemiSEM Scanning Electron Microscope puts SEM/EDS analysis within reach
of a wider scientific audience, speeds up your workflow, and saves time on training.

The result of the analysis using a scanning electron microscope is consistent with the
analysis by X-ray diffraction, where the predominant proportion is zinc oxide.

Summary of the examinations and analyses of the sample:

Zinc oxide is the main component of the preparation layer and the putty under the paint.
Barium sulfate is the main component of modern paints with a color layer, and sulfur and
aluminum are added to the barium, which is the component of the modern color layer in the
sample.
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3- Some of the selected modern devices that depend on the laser scanning technology
used in the field of documenting heritage and archaeological buildings:

3-1 Topcon -GLS-2000. Laser Scanner Device:

This laser scanner is fast and accurate and can be used anywhere. It is characterized by its
small size and lightweight. It scans the place at an angle of 360 degrees in a few minutes
and is characterized by ease of operation and dual internal cameras, therefore it is one of the
modern devices suitable for use in archaeological sites of all shapes and sizes.
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3-2 Matterport standard cameras and their applications in the field of archaeological
documentation:

These cameras monitor several consecutive shots of the building with a uniform and
sequential traffic system. These snapshots, using certain applications, result in an imaginary
visit to the building. Through this application, the image is enlarged or reduced, the distances
between points are measured, and thus the dimensions of the site or inscriptions are known.
The manifestations of damage are depicted, and its details and dimensions are monitored.

3-3 Leica PLK360. Standard 3D Laser Imager Scanner:

This is a 3D laser scanner equipped with cameras observing 360° x 300° with a spherical
imaging system and a 360° x 70° panoramic thermal imaging system. It is used to
photograph and survey archaeological sites, heritage buildings, and excavations by
monitoring several consecutive snapshots to create an imaginary path for an imaginary visit
to the site while monitoring dimensions and distances using specific applications.
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3-4 AinScan Precision Laser Scanner:

The work of this device is based on optical surveying using laser beams and its return and
recording using an application program that complements the documentation process and
converts data to a point cloud. It can be done using the same program to convert a point
cloud into a surface by connecting these points to give a flat, homogeneous, and continuous
shape.

It has a range of 100 meters and is used to lift buildings, sites, and archaeological
excavations. It is light in weight, easy to carry and use, and can be held in the hand while
moving with it, or by attaching it to a car or a drone to survey large sites at high speed and
with high accuracy.
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Results:

Determine a specific implementation method for documenting historical buildings according
to the following:

1- Encoding all palace spaces with codes organized in a fixed system.

2- Documenting these spaces in a fixed system.

3- Complete photographic documentation of the palace spaces in a fixed system.

4- Complete architectural documentation of the palace spaces with a fixed system.

5- Documenting the manifestations of damage to the spaces of the palace in a fixed system.
6- Examining and analyzing all minor elements in a fixed system.

7- ldentify the modern devices used in documenting buildings, facilities« and heritage sites.
Conclusions:

An organized foundation is laid for the process of documenting historical buildings.

The foundations were laid for the quality of photographic and architectural documentation
and the manifestations of damage in projects for the restoration of archaeological buildings.

The foundations of the examinations and analyses to be carried out for the colors and layers
of color greening in historical buildings have been laid.

How color detectors work for interior wall color layers in historical buildings.
Using modern techniques for 3D modeling and laser architectural lifting.
Recommendations:

We recommend the use of all these modern devices in documenting and raising heritage,
historical, and archaeological buildings, or using the appropriate ones in architectural and
three-dimensional lifting and scanning using laser beams.

These modern technologies have many benefits in terms of extreme accuracy and speed, and
therefore the speed of completion of the documentation and restoration process for heritage
buildings, as well as preserving this architectural heritage from extinction or damage and
forming a digital archive of three-dimensional models of heritage buildings that help us with
virtual visits to those sites in the future.

Due to the exposure of many heritage buildings to various damaging factors and their
survival for hundreds and sometimes thousands of years, we stress the need to make digital
models through modern devices to make a digital cloud and models that simulate the original
three-dimensionality to preserve this heritage.
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