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ABSTRACT  
 

Egypt owns highly architecturally and historically valued heritage buildings that were hand-drafted before 
the spread use of computer vector input software. Scanners are widely used as computer input devices for hand 
drafted drawings especially for old buildings. The scanned drawing image dimension deviates from the real 
vector dimension drawing in both X & Y directions due to the electrical–mechanical difference of scanning 
speed depending on the kind of scanner used. The research paper proposes a mathematical polynomial 
correction equation that can be printed on the scanned and printed drawing image by which the correct vector 
dimension can be manually determined.  
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Introduction  
 
The current paper research addresses briefly the importance of protecting the cultural heritage of 

communities -especially in countries with a rich history and past like Egypt.  
Interdisciplinary works and cooperation between archeologists, architectural historians and scientists in 

developing countries like Egypt are very scarce, yet this paper wishes to respond to the growing demand of 
pioneer cooperation works to bridge the existing gap between the different scientific fields: Arts, Architecture, 
History, Information Technology and Civil Engineering.  

Today, there is a worldwide growing interest in cultural preservation. Cultural preservation helps a better 
understanding of the past by future generations and helps sympathizing and appreciation within and between 
different cultures.  

Building preservation process requires converting manually drawn architectural and engineering drawings 
that were done before the innovation of the electronic input devices into computer vector drawing files that can 
be edited. Different kinds of electronic scanners are used for that process but the output files always show 
measurement deviations in both the X axis and the Y axis and the diagonal measurement from the scanned 
source. An inexpensive way to manually correct the measurement deviation is adding a polynomial equation to 
the scanned and plotted drawing by which the user can determine the real measurement of the original source 
drawing sheet. This, of course, makes the computing of the correct distances and angle to be available. 

The urgency of providing a common ground, where technology may meet humanities, comes from the 
forthcoming generation of imaging devices that will provide better performances with lower costs, allowing the 
wide application of techniques nowadays considered experimental.  

This paper is dealing with digital mapping as an imaging method possible for cultural heritage preservation. 
It offers a methodological review of the steps that have to be performed in order to obtain a more successful 
integration of information coming from archival sources to accurately document and preserve a historical 
building.     
 
Methodology of Investigation:  

 
The methodology process can be briefly described in the following points: 
1- Part of a manually drawn architectural drawing is converted to vector drawing using Auto-Cad 

software to represent the actual drawing dimension. 
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2- Measuring points were added to a source architectural drawing Cad file at even intervals (10 mm) both 
on the X axis and the Y axis. 

3- The source architectural drawing was scanned using electronic scanner. 
4- Electronic raster (BMP) file imported to a vector drafting software (Auto Cad). 
5- Using the scale command the raster file was scaled four times with guidance to the measuring reference 

points on the Cad drawing file – first referring to the X axis measurement, second to the Y axis measurement, 
the third time according to the diagonal measurement, the fourth time by scaling the raster scanned image with 
reference to X and Y distances from the source drawing . 

6- Using measuring command in Auto-cad software distances between the scanned reference points for 
each axis were determined and deviations were noted and represented by graphical charts. 

7- According to distances devotion results parametric equations are done to facilitate manual correction 
calculation between the scanned drawing and the source drawing.  
 
Meaning of Cultural Heritage: 

 
Once restricted to monuments, archeological sites, and movable heritage collections, the definition of 

cultural heritage now includes historic urban areas, vernacular heritage, cultural landscapes (tangible heritage, 
which include natural and cultural sites), and even living dimensions of heritage and all aspects of the physical 
and spiritual relationship between human societies and their environment - intangible heritage. (World Bank 
2010). 

The World Bank uses a broad definition of physical cultural resources: “Movable or immovable objects, 
sites, structures, groups of structures, and natural features and landscapes that have archeological, historical, 
architectural, religious, aesthetic, or other cultural significance.” The World Bank also recognizes that “physical 
cultural resources are important as sources of valuable scientific and historical information, as assets for 
economic and social development, and as integral parts of a people’s cultural identity and practices.”  

Ancient architectural buildings, paintings, sculptures and even old books and handwritten documents 
constitute the elements of an extremely valuable and immense historical patrimony of cultural heritage. 
 
3-1 Need for Cultural Heritage Preservation in Egypt: 

 
Cultural heritage conservation helps a community not only protect economically valuable physical assets, 

but also preserve its practices, history, and environment, and a sense of continuity and identity. Built heritage 
offers a record of a society’s continuous adaptation to social and environmental challenges, including extreme 
events, such as past disasters. This record can often be drawn on to design mitigation strategies for new 
construction or retrofitting.  
 
3-2 Threats to Heritage Conservation in Egypt 

 
Major threats to heritage preservation are classified according to each country's conditions. the major 

earthquake that hit Cairo twenty years ago in 1992, natural disasters are due to the Egyptian arid environment 
and the dry climate, most cultural properties of the Egyptian heritage are sometimes capable of withstanding 
local climate conditions. Most of the heritage threats unfortunately are the surrounding communities' high levels 
of urbanization, high levels of poverty and illiteracy, added to that the political instability and authorities' 
corruption.  

 
Importance of New Techniques for Heritage Preservation: 

 
In the last fifty years, the growing use of computer applications has become a main feature of the 

architectural preservation and archeological research. (E. B. W. Zubrow 2006). 
Digital information about cultural heritage has the advantages of being permanently stored, and more 

accurately and conveniently copied and shared. Hence, it can provide new methods for conservation, research, 
interactive exhibitions in the community utilization of cultural heritage. 

Since the 1990's, when computer was oriented to the creation of work tools and solutions for the archiving 
and management of quantitative data, to the development of virtual models and to the dissemination of 
knowledge, it quickly changed into a true theoretical approach to the problems of archeology. It is now indeed 
able to influence the interpretation procedures and to revolutionize the language and contents of the study of the 
past and cultural preservation. The digitalization of cultural treasures opens up the possibility of using image 
processing and analysis and computer graphics techniques to preserve this heritage for future generations and to 
augment it with accessory information or with new possibilities for its enjoyment and use.  
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The solutions of digital imaging can be used to generate virtually restored versions of the original heritage 
works to be presented in online museums and/or for further development of historical studies. Applications of 
various features extraction and images data analysis techniques are useful in addressing problems of authorship 
and cultural style categorization in the history of arts and architecture. Three dimensional reconstruction of 
ancient architectural buildings and pieces of arts or entire archeological sites, allows the creation of 
multidimensional models that incorporate information coming from excavations, archeological know-how and 
heterogeneous historical sources, letting historical information more interesting and accessible among 
communities.   
 
Importance of Digital Heritage Preservation: 

 
Today, many of historic urban areas in the world are endangered by long term influences like traffic, air 

pollution or destructive events causing heavy damage like earthquakes, fire, war etc. For preserving cultural 
riches, we have to determine and register them. It is necessary to produce an initial technical documentation to 
be able to establish the plans that allow for developing suitable approaches for protecting.  

Access to all information related to historical areas is the key for the protection and presentation. For this 
enormous amount of information, the existence of a heritage information system is essential. So the possibility 
of implementing of an information system in maintenance of cultural heritage opens the opportunity to control 
the preservation and interventions. (Stanco, Filippo, Battiato, Sebastiano & Gallo, Giovanni, 2011) 

The newer technologies like Geographic Information System (GIS) greatly facilitate the inventory, 
evaluation, and preservation of historic sites. A GIS is an organized collection of computer hardware, software, 
geographic data, and personnel designed to efficiently capture, store, update, manipulate, analyze, and display 
all forms of geographically referenced information. Through a variety of data manipulations and queries within 
a GIS, we can answer all questions that are necessary for protecting management. 

The spatial information is being shared over the Internet. Through distributed geographic information, users 
have easy access to large databases. Internet technology and GIS provides a group of advantages to simplify the 
management and to access to the information. Use of internet technologies to provide access to spatial 
information and GIS on the internet provides the comprehensive documentation and management of cultural 
heritage. 
 
New Techniques for Heritage Preservation: 
 
Approaches to Digital Heritage Buildings Restoration: Preservation Issues and Solutions: 

 
In recent years, digital restoration of historical heritage has attracted more and more attention, because it 

can be used for preservation in a more accurate and more economical way.  
 
Digital Restoration of Historical Heritage by Reconstruction from Uncalibrated Images: 

 
This approach is based on photo-realistic 3D reconstruction from un-calibrated image sequences. Acquiring 

accurate 3D models of heritage buildings, is one of the main topics in computer vision and graphics. (Hou, Dan 
et al 2006). 

This approach can preserve the texture information of target images while maintaining perfect geometric 
alignment, which can provide a more vivid visual effect. Original images of the target buildings are captured 
with a hand-held camera and processed in three steps, which consist of preprocessing sparse and dense 
reconstruction. The first step consists of extracting feature tracks and selecting key frames. The second step 
consists of projective reconstruction and Euclidean reconstruction, resulting in a sparse point cloud. The last 
step consists of image rectification, stereo matching, multi-view linking, and depth-map recovering, which aims 
at obtaining comprehensive surface models of the targets. The reconstructed surface models can be preserved or 
exhibited as digital copies of the heritage.  
 
Digital Maps of Heritage Buildings: 

 
Built heritage preservation has been dominated for a long time by classical workflows using paper 

documents and especially hand drawn maps. Today, digital workflows are adopted in which domain experts 
record the damages of buildings and the preservation measures with special-purpose documentation software. 
The resulting maps are rather complex digital documents: they combine geometric data produced with CAD 
software and thematic data stored in an ontology. In this paper, we discuss some of the problems of long term 
preservation of such digital maps. One problem in the domain of built heritage preservation is the existence of 
multiple, inconsistent metadata schemas. We argue, that the problem is essentially an ontology alignment 
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problem and that methods developed there are usable to solve the format mapping problem. We also illustrate 
with an example, why fully automated alignment is not possible in general and human interaction is typically 
required. 
 
4-2 The Paper's Approach: 
 
4-2-1 Source drawing preparation:  

 
Reference points were added to a hand drawn architectural drawing on at equal distances on both horizontal 

and vertical directions, three main axis were drawn for alignment and measuring for the horizontal direction one 
at the horizontal bottom side of the drawing, one in the horizontal middle of the drawing and the last at the 
horizontal top side of the drawing. Another three main axis were drawn at the vertical direction one at the left 
side, one at the middle and the last at the right side. The four corner point was prepared for the purpose of 
alignment and scaling.  

Architectural drawing was scanned and converted to raster file of BMP extension, using AUTO-CAD 
software the raster file was inserted in a CAD vector file of DWG extension. Using the corner reference points 
the raster image was scaled three times. 
 
Horizontal reference distance (Scaling through horizontal x axis): 

 
The scanned raster drawing image file is first scaled with reference to the horizontal direction distance from 

the source drawing corner points. Horizontal deviations between distances of the scanned reference points and 
the source drawing reference points were measured and graphically represented (Fig 1, 2) 

 

 
 

 
Fig. 1: Raster file image scaled with horizontal reference points 

 

 
 
 

Fig. 2: Raster file image with reference points 
 
The top line horizontal and vertical deviation in mm are computed and presented in Table (1) and (Fig 3). 
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Table 1: The Top Line horizontal and vertical deviations (mm) 
 TOP HORIZNTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 -15.64 34.48 
1000 -15.49 35.04 
6000 10.49 35.05 
11000 12.79 35 
16000 0 38 
21000 -14.77 40.05 
26000 -15.6 42.63 
31000 -28.31 40.27 
32000 35.07 44.73 

 

 
Fig. 3: The top line horizontal deviation (mm) 

 
The middle  line  horizontal  and  vertical deviation in mm are computed and presented in Table (2) and 

(Fig 4). 
 

Table 2: The middle line horizontal and vertical deviation (mm) 
 MIDDLE HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 18.07 
1000 0 18.6 
6000 14.17 20.31 
11000 17.92 21.85 
16000 16.26 21.18 
21000 0 21.74 
26000 0 24.02 
31000 -17.02 24.33 
32000 -23.58 22.08 

 

 
Fig. 4: The middle line horizontal deviation (mm) 

 
The  bottom  line  horizontal  and vertical deviation in mm are computed and presented in Table (3) and 

(Fig 5). 
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Table 3: The bottom line horizontal deviation (mm) 
 BOTTOM  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 5.71 0 
6000 18.9 0 
11000 24.27 0 
16000 32.5 0 
21000 18.77 0 
26000 16.28 0 
31000 4.57 0 
32000 0 0 

 

 
Fig. 5: The bottom line horizontal deviation (mm) 

 
4-2-3 Vertical reference distance (Scaling through Vertical y axis): 

 
The scanned raster drawing image file is second scaled with reference to the vertical direction distance from 

the source drawing corner points. Vertical deviations between distances of the scanned reference points and the 
source drawing reference points were measured and graphically represented (Fig 6, 7) 

 

 
 

Fig. 6: Raster file image scaled with vertical reference points 
 

 
 

Fig. 7: Raster file image with reference points 
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The top line horizontal and vertical deviation in mm are computed and presented in Table (4) and (Fig 8). 
 

Table 4:The Top Line horizontal and vertical deviation (mm) 
 TOP  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 0 0 
6000 13.14 0 
11000 0 0 
16000 -27.43 0 
21000 -51.31 0 
26000 -59.78 0 
31000 -80.63 0 
32000 -91.1 0 

 

 
 

Fig. 8: The top line horizontal deviation (mm) 
 
The middle line horizontal and vertical deviation in mm are computed and presented in Table (5) and (Fig 

9). 
 

Table 5: The middle line horizontal and vertical deviation (mm) 
 MIDDLE  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 0 0 
6000 15.82 0 
11000 0 0 
16000 -14.06 0 
21000 -40.7 0 
26000 -55.55 0 
31000 -77.18 0 
32000 -88.54 0 

 

 
 
Fig. 9: The middle line horizontal deviation (mm) 
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The  bottom  line  horizontal  and vertical deviation in mm are computed and presented in Table (6) and 
(Fig 10). 
 
Table 6: The bottom line horizontal and vertical deviation (mm) 

 BOTTOM  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 0 0 
6000 0 0 
11000 -10.94 0 
16000 -9.55 0 
21000 -35.7 0 
26000 47.23 0 
31000 -74.74 0 
32000 -78.56 0 

 

 
Fig. 10: The bottom line horizontal deviation (mm) 
 
Diagonal reference distance (Scaling through Diagonal axis): 

 
The scanned raster drawing image file is scaled for the third time with reference to the diagonal direction 

distance from the source drawing corner points. diagonal deviations between distances of the scanned reference 
points and the source drawing reference points were measured and graphically represented ( Fig 11 , 12 ) 

 

 
 

Fig. 11: Raster file image scaled with diagonal reference points 
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Fig. 12: Raster file image with reference points 
 
The top line horizontal and vertical deviation in mm are computed and presented in Table (7) and (Fig 13). 
 

Table 7: The top line horizontal and vertical deviation (mm) 
 TOP  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 11.75 49.23 
1000 14.33 35.43 
6000 35.33 31.43 
11000 34.29 22.59 
16000 22.46 22.65 
21000 12.24 16.33 
26000 17.26 11.62 
31000 10.28 5.24 
32000 0 0 

 

 
 

Fig. 13: The top line horizontal deviation (mm) 
 
The middle line horizontal and vertical deviation in mm are computed and presented in Table (8) and (Fig 

14). 
 

Table 8: The middle line horizontal and vertical deviation (mm) 
MIDDLE  HORIZONTAL LINE HORIZONTAL & VERTICAL DEVIATION  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 6.04 13.37 
1000 11.93 15.47 
6000 26.51 0 
11000 31.1 0 
16000 27.28 0 
21000 20.56 0 
26000 21.22 -13.5 
31000 11.6 -22 
32000 0 -30.34 
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Fig. 14: The middle line horizontal deviation (mm) 
 
The bottom line horizontal and vertical deviation in mm are computed and presented in Table (9) and (Fig 

15). 
 

Table 9: The bottom line horizontal and vertical deviation (mm) 
 BOTTOM  HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 0 -9.2 
6000 12.65 -14.89 
11000 24.28 -22.24 
16000 26.02 -30.06 
21000 33.76 -34.26 
26000 17.03 -38.9 
31000 10.51 -49.57 
32000 0 -50.07 

 

 
 

Fig. 15: The bottom line horizontal deviation (mm) 
 
Scaling reference distance (Scaling through X & Y Axis): 

 
The scanned raster drawing image file is inserted as a raster image in the CAD file then converted to a 

block reference then re-inserted with scaling in both X & Y axis directions as percentages of enlargement with 
reference to the vertical and horizontal direction distances from the source drawing corner points. Horizontal 
and Vertical deviations between distances of the scanned reference points and the source drawing reference 
points were measured and graphically represented (Fig 16, 17) 
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Fig. 16: Raster file image scaled with horizontal and vertical reference points 
 

 
Fig. 17: Raster file image with reference points 

The top line horizontal and vertical deviation in mm are computed and presented in Table (10) and (Fig 18). 
 

Table 10: The top line horizontal and vertical deviation (mm) 
 TOP HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 15.91 0 
1000 20.46 0 
6000 43.02 -10 
11000 40.03 -17.89 
16000 28 -23.42 
21000 17.86 -32.95 
26000 17.59 -35.15 
31000 9.29 -46.96 
32000 0 -48.98 

 

 
Fig.  18: The top line horizontal (mm) 

 
The  middle  line horizontal and vertical deviation in mm are computed and presented in Table (11) and 

(Fig 19). 
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Table 11: The Middle line horizontal and vertical deviation (mm) 
 TOP HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 9.87 0 
1000 12.99 0 
6000 31.17 -11.44 
11000 33.81 -18.12 
16000 27.56 -28.28 
21000 14.35 -33.38 
26000 18.41 -43.86 
31000 7.21 -53.57 
32000 0 -51.81 

 

 
Fig. 19: The Middle line horizontal (mm) 

 
The  Bottom line horizontal and vertical deviation in mm are computed and presented in Table (12) and 

(Fig 20). 
 
Table 12: The Bottom line horizontal and vertical deviation (mm) 

 BOTTOM HORIZONTAL LINE  
HORIZONTAL DISTANCE HORIZONTAL DEVIATION VERTICAL DEVIATION 
0 0 0 
1000 0 0 
6000 20.06 12.22 
11000 23.37 -20.9 
16000 33.5 -31.53 
21000 17.98 -36.37 
26000 16.19 -43.75 
31000 0 -51.68 
32000 0 -56.43 

 

 
Fig. 20: The Bottom line horizontal 
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Analysis of Obtained Results: 
 
Experimental results from Table (1) to Table (12) and their plotted figures show that the Scaling reference 

distance (Scaling through X & Y Axes) is the most accurate scaling of the four tested scaling models. Also, the 
effectiveness of this proposed approach and its potentials to be applied in the field of historical heritage 
restoration. This approach requires only a low-cost hardware and can be applied to heritages of any size. Digital 
restoration by image-based reconstruction is convenient and can be performed with only a few images and low 
cost digital maps. 
 
Conclusions: 

 
Cultural heritage is unique and non renewable, never replaceable and needs to be well preserved for future 

more technically advanced computerized generations. The different worlds of information technology, arts and 
history have to build a more robust common language based on common interest for cultural preservation for the 
future generations especially in countries like Egypt with abundance of cultural heritage and limited resources 
for preservation. 

Today, there is a collection of contributions which cover the most prominent topics and applications of 
digital image processing, analysis, and computer graphics in the field of cultural heritage preservation. Wide 
range of studies and related applications had been made recently by prominent professors such as digitalization, 
indexation of visual databases, automatic reassembly of fragments, restoration and analysis of the digital images 
of original artworks, digital archeology using laser scanning, photogrammetry and 3D from 2D photo 
approaches, computer graphics by means of simulation for ancient statues reproduction and even copyright 
protection of artwork images using digital watermarking.  

The Scaling reference distance (Scaling through X & Y Axis) is better than the horizontal scaling, the 
vertical scaling, and the diagonal scaling. The success of the mathematical polynomial correction equation, 
which presented at the current research paper, can be printed on the scanned and printed drawing image by 
which the correct vector dimension can be manually determined. In other words, the correct distances and 
angles can be computed from the scanned maps using this mathematical polynomial correction equation.  
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