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Abstract. The development of applied geodetic techniques for mapping and documentation of historical structures, build-
ings and sites is an important and vital purpose for contribution of any recording of cultural heritage for any country
such as Egypt. This is done to preserve and restore any valuable architectural or other cultural monument, as a support
to architectural, archaeological and other art-historical research throughout the ages. The purpose of this paper is to use
close range photogrammetry technique (CRP) to reconstruct 3D model of architectural and historical mosque facade and
comparing the accuracy of using digital commercial non-metric cameras with different resolutions and metric camera
with flatbed scanner and photogrammetric scanner for architectural building documentation. El-Nasr Mosque fagade in
Mansoura city, Egypt was chosen as a case study in this paper. At first, twenty five points were selected at mosque fagade
at different elevations and distributed at different facade surfaces and observed using total station. Some of these points
were selected as control points and the others were selected as check points to validate the results. Effect of control point’s
number on image processing and analysis is also studied. Three cameras positions were selected for imaging to get the
full details of mosque fagade. Close range Digital Workstation (CDW) program was used for processing and analysis of
multiple images. The results are indicated that close range photogrammetry using metric camera with photogrammetry
scanner instead of flatbed scanner in technique is accurate enough to be beneficial in 3D architectural building documen-
tation. Digital cameras with CRP technique give up different accuracy that depends mainly on the resolution of cameras

and camera specifications.

Keywords: 2D facade, CRP, metric camera, digital camera, Close range Digital Workstation (CDW) program.

Introduction

Egypt is the richest country all over the world in terms
of archeological sites where there are nearly third of the
world’s historical sites and buildings in Egypt. Preserving
these historical places in good conditions is a national goal
since they attract millions of tourists which make a signifi-
cant contribution to the Egyptian economy (Elsharkawy,
2017).

Digital close range photogrammetry can be consid-
ered one of the optimum techniques used for archeologi-
cal documentation of historical artifacts for ages. Along
time, high cost, skills and big effort were required to docu-
menting archaeological sites by traditional studies (Khalaf
et al., 2018). So, it’s necessary to find an accurate precise
technique, at the same time, high resolution Architectural
documentation, acquired by digital cameras (Markie-
wicz et al,, 2018). Recently, as a result of improvements

of digital photogrammetry, high resolution digital cam-
eras and computer software, reconstruction of buildings
as three-dimensional took part amongst current research
topics (Suveg & Vosselman, 2000). The advantage of us-
ing digital photogrammetry is its capability of deriving all
appropriate measurements from the images itself instead
of measurements directly on the objects (Luhmann, 2010).
This technology provides substantial reductions in the cost
of archaeological surveys and in enhancing survey results.
Recent advances in photogrammetric software have led to
highly automated workflow (Abed et al., 2017). Also the
use of low cost digital photogrammetric systems has con-
tributed to the use of these “off the shelf” cameras among
photogrammetrist and non photogrammetrist (Cardenal
et al., 2004).

Therefore, it is necessary to study the use of digital
cameras in surveying measurements and the reliability of
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accuracy in the documentation and monitoring of build-
ings.in order to reach the goal of the study, the research
explicates fagade of one known archaeological mosque, the
definition of its history, Types of digital cameras and com-
parison between the metric camera in terms of accuracy
and cost. The data acquisition is concerned with obtain-
ing what may be termed the raw data or raw information
(Suveg & Vosselman, 2000). The raw data is realized in the
form of photographs. These photographs can be collected
using normal, digital, metric as well as non-metric cameras.

1. Research objectives

The main aim of this paper is to study and compare the
availability of using different digital commercial non-met-
ric cameras and metric camera observations for architec-
tural building documentation and find the least expensive
and available technique with high accuracy for forming
three dimensions accurate drawing of historical building
in Mansoura city, Egypt. The paper aims also to find the
optimum number of observed control points coordinates
required on photo for processing and analysis of multiple
images. MATLAB programming will be applied for solv-
ing least square equations and matrices. Close range Digi-
tal Workstation (CDW) program will be applied in this
research for processing and analysis of multiple images.

2. Study area and instruments used

The site chosen for testing was EL-Nasr Mosque facades in
Mansoura city, Egypt. Mansoura city is located on the east
bank of the Nile-Damietta branch. It is 120 km northeast
of Cairo. Mansoura is The capital of Dakahlia Governo-
rate which was established by King Kamil Muhammad in
1219 in the era of the Ayyubid state. The studied histori-
cal building in this study was EL-Nasr Mosque which was
built in 1954 on an area of more than 4.000 square me-
ters. It is located in the center of Al-Jish Street, the main
street of Mansoura city, Dakahlia Governorate, Egypt. The
mosque is considered the title of Mansoura to receive be-
fore heading to the General Office of Dakahlia Governo-
rate and Umm Kulthum Square (Figure 1 and Figure 2).

3. Instruments used for data collection

1. Reflector-less total station

The cx-103 Total station reflector-less from SOKKIA
with accessories was used for measuring the coordinates
of specified points in mosque fagade containing GCPs
(ground control points) and CHPs (check points). The to-
tal station has the accuracy of measuring angles equals to
3/ and the accuracy of measuring distance was 2 mm +
2 ppm for reflector measuring and 3 mm + 3 ppm for
reflector-less measuring; two tripods; sheet prisms; two
prisms of diameter 5 cm and two foot plates. The used
total station was calibrated before completing field obser-
vations for the studied research to confirm the specified
accuracy for measuring distances and angles.

2. Metric camera

There are different types of cameras used in terrestrial
photography. All of them may be classified as metric or
non-metric. Metric cameras include those cameras which
were manufactured for photogrammetric applications.
Metric cameras are properly constructed and calibrated
before use. Their calibration values for focal length, prin-
cipal point coordinates and lens distortions can be applied
with confidence over long periods of time. Geometric
camera calibration is a fundamental pre-requisite for any
photographic system that is used to obtain quantitative
measurements of the observed scene (Gayde et al., 1997).

The Rollei 6008i film camera was used in this paper. It
has the following characteristic: 80 mm £/2.8 Hft, 6x6/120
color film for 12 frames (each frame 6x6 cm), SLR (sin-
gle length Reflex), shutter speed 30 to 1000 sec and Agfa-
due scanner were used for documenting the monumental
building by CRP technique (Rollei, 1993).

Figure 1. El-Nasr Mosque fagade, Mansoura city, Egypt
(the studied historical building)
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Figure 2. El-Nasr Mosque site from Google Earth image and
the occupied positions of photos capture

3. Digital commercial cameras

Four types (three digital cameras and one mobile cam-
era) were used as shown in Figure 3 with different resolu-
tions:
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1. Nikon D5200 digital camera with resolution 24 MP,
sensor size (23.5%¥15.6 mm), resolutions 6000*4000 pixels.

2. Canon SLR digital camera with resolution 18 MP,
sensor size 22.3*14.9 mm.

3. Sony W830 digital camera with resolution 20 MP,
sensor size (1/2.3”) inch.

4. Samsung Galaxy S7 edge mobile camera with reso-
lution 12 MP.

a) Non metric cameras b) Metric camera (Rollei 6008i)

Figure 3. Types of cameras used in the research

3.1. Field work and data collection

For drawing and mapping a fagade of El-Nasr Mosque
with accurate dimensions and details, the technique of
close range photogrammetry (CRP) was applied. This
technique requires three basic rules which should be fol-
lowed:

a) Approximately 10-12 clearly identifiable points
should be measured in every image. Twenty five
control point were used in this research.

b) The image points should be distributed over the
whole image (The image points must not be lo-
cated on a straight line).

¢) Every point observed in at least 3 images tak-
en from different exposure stations of the used
camera which are fixed in the best possible con-
ditions.

Observations of a number of points on the studied
object (mosque fagade) using an accurate instrument
such as total station instrument were carried out. Some of
these points were used as control points and the rest were
used as check points to validate the model and processing
technique. The steps and procedure of research work are
shown in Figure 4.

3.2. Total station measurements

Twenty five observed points were selected on the
mosque facades at different elevations and different fa-
cade surfaces. These points are distributed to provide
complete coverage of the mosque fagade. These points
are located by using sheet prisms of diameter (1 cm),
which are arranged to be visible from the location of
the used total station. The coordinates (Xg, Yrg, and
Zrs) of these points and its accuracy using propagation
law were determined and calculated. Figure 5 shows the
location and distribution of the observed points on the
mosque facade.
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El-Nasr Mosque
facade
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Figure 4. Steps and procedure of research work
(field work and data analysis)
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Figure 5. The distribution of observed points on El-Nasr
Mosque fagade

3.3. Images capturing

a) By using metric camera:

Three camera exposure stations were set out in front of
the facade as shown in Figure 2. These stations were dis-
tributed (left, middle, right) with variable distances from
the fagade. A hand-held Rollei Metric 6008 normal cam-
era was set up on the planned camera exposure station.
The camera was oriented to the line of symmetry of the
frontal with the help of the central reseau line. The reseau
crosses was directly placed in front of the film plane to
allow the numerical corrections of the film deformation.
This correction is a decisive criterion for photogrammetric
precision evaluation. The camera output was a hard copy
format (negative of 60x60 mm) as shown in Figure 6.

Figure 6. Captured images from three metric camera exposure
stations (Rollei 6008 camera)
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b) Transformation from Hard to Soft Copy (Metric
camera):

In this research, digital images data were derived from
the frame images of photographic film by using two meth-
ods. In the first method, the captured images were scanned
by using high-precision photogrammetric scanner (AGFA
DUE SCAN scanner with resolution 4000 dpi, pixel size
6 um). In the second method, the captured images were
scanned by using normal-precision flatbed scanner (HP
Scanjet scanner with resolution 600 dpi, pixel size 43 um).

¢) By using non-metric camera:

Three camera exposure stations were set out in the
front of mosque fagade. These stations were distributed
(left, middle, right) with variable distances from the fagade
(Figure 2). A hand-held Nikon D5200, Sony W830, Canon
SLR 1300D, Samsung Galaxy S7 edge mobile digital cam-
eras with 24, 20, 18, 16 megapixel resolutions respectively
were set up on the planned camera exposure stations. The
cameras output were a soft copy format image.

3.4. Software processing

Close range Digital Workstation (CDW) has two opti-
mized methods for computing multi-photo orientation
and bundle adjustment. Multi-photo orientation is a meth-
od of recovering the photographic configuration of photo
assembly. This method designed for determining camera
stations and object points sequentially by intersection and
resection model. Rigorous computation is here foregone
in favor of high speed. Self-calibration is performed with-
in the process of solving the main problem, for example
construction of two or three-dimensional model of the
structure. This approach saves time because the required
parameters are determined by the same working images
(Sementsov et al., 2015).

The calibration of the image recording system relies
on how accurate the camera geometry is known. The
main parameters of the camera geometry are the princi-
pal point and the principal distance. These parameters are
estimated simultaneously with the orientation parameters
of the network and the object coordinates by the bundle
adjustment. Systematic image errors like radial symmet-
ric/asymmetric and tangential lens distortion as well as
the affine parameters of the sensor are also estimated in
the same process.

Bundle adjustment is a rigorous method of comput-
ing and adjusting photo assembly for optimum matching,
making allowance for all observations in the object and
image space. This method relates each measurement to
the desired magnitudes by an observation equation. The
system of equations thus obtained contains redundancies
and cannot be resolved unequivocally. The result is ob-
tained during adjustment with the purpose of minimizing
existing deviations (minimizing the square of error by the
least square method).

The program was used for data processing with the
operator performing all measurements of control and
check points on each image separately and the software

calculating a space resection. The control points and check
points must be identified in every loaded image to com-
pute the camera exposure station for these images using
multi image orientation technique.

Trials in CDW program: Four cases were processed
through seven trials in CDW program as shown in Fig-
ure 7. Control points had chosen random, covered all the
fagade and not in straight line are nine. The remaining ob-
served points was used for validation and checking. This
processing was applied with all types of cameras either
metric or non-metric cameras.

Trials in CDW program

No. of photos

No. of control points

3 control points
4 control points
5 control points
6 control points
7 control points
8 control points
9 control points

Case 1 (3 photos)
Every case was
processed through
these trials

Case 2 (4 photos)

Case 3 (5 photos)
Case 4 (6 photos)

Figure 7. Flow chart of studied trials using CDW program

3.5. Seven parameter transformation

When computing the image assembly, the images were
oriented to each other via the measured orientation points
(assembly points). The camera stations and the object co-
ordinates of the orientation points were obtained in a user
defined coordinate system as a result of the fixing system.
The functional relation of the bundle adjustment is the
central projection which include the parameters of the
camera data, the camera stations and the three coordinates
X;, Y, Z; of the object points (Gayde et al., 1997).
Multi-parameter transformation can be applied for re-
lating the perspective center and object coordinates of the
perspective center point using the following form:

[ x0
X
0 -
Y; =
79
L= Perspective.center
B k
Tx Xj
Ty [+(1+A)-R(oy,0y,0,)-| Y , 1)
T, 7k
Lz J Object
o
Xj
where: | Y7 = Perspective center coordi-
o
J perspectivecenter
nates of reference point J at the first epoch of observations;

Tx
Ty |= translation components vector; R(my,®0y,0,) =
T,
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x?

1

Rotation matrix; Yl-p

zt |
object

= The point coordinates in

other observations cycle (object coordinates); (1 + \) =
The scale factor.

Since the values of rotation components will be too
small, the rotation matrix can be simplified and the Equa-
tion (1) can be written as:

_X?
YP =
A
L= Perspective.center
r p
Ty 1 o, -0y X;
Ty |[+1+A)|-0, 1 oy Y]p )
_TZ oy -0y 1 Z}’
Object

Equation (2) has seven unknowns (seven parameters
of transformation), so for solving this equation you need
as minimum 7 equations or coordinates of three points.
If the identical points in the two system coordinates are
more than three, the least square theory must be applied
to find the parameters. The mathematical model for this
case (observational least square) will have the form:

A.8+V =1, 3)
(m7) (7,1) (m1) (m])
where: m - the number of equations; n — the number of
identical points.

The elements of matrix A can be determined by dif-
ferentiate of Equation (3) with respect to the parameters
of transformation.

The weight matrix in this case has dimensions (m, m)
and has the form:

1 1 1
.(@
(GX1 )2 (Gyl )2 (Gzl )2

W =diag o, 7
Zm

(12,12)

Then the steps of solving using parametric least squares
method were applied to find the seven transformation pa-
rameters automatic by CDW software after several trials
for different number of control points.

3.6. Discrepancies of point coordinates

Finally, the coordinates (X, Y, Z) of the check points were
obtained for different cases of control points number from
analysis and processing of metric images with flatbed scan-
ner and photogrammetric scanner and from non-metric
(digital) images resulted from four used digital cameras
using CDW software. These coordinates were compared
with the corresponding coordinates obtained by using
total station. Then the residual error was calculated, and
then the RMSE of the residuals and max residual error of
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the coordinates were computed.
ene =Xrs — Xy &en, = yrs— Yy &Key, =2 g~ 2y (5)

enx =Xr.s XNy Kepy = Vrs —YNm Kepr = Zrs —Znu s

(6)

er = Jeas” ten tep s (7)
2B

RMSE = , (8)

n

where: x,,, ¥,/ 2, — are the coordinates of CHPs (check

points) from CRP technique when using metric camera;
XN o> YNM o2y — are the coordinates of CHPs (check

points) from CRP technique when using non-metric cam-
era; Xrg,Yrs»2rg — are the coordinates of CHPs from

total station; e, , €py> €pp — ATE residual errors of the co-

ordinates; ey - is the resultant residual error; RMSE - is
root mean square of residual error; E - residual error of
the coordinates in x, y and z; n — is the number of CHPs.

2. Results and analysis

The resulted object coordinates of control points were com-
pared with the corresponding points coordinates obtained
from total station observations. Then the residual errors
were calculated for all the coordinates. Effect of ground
control point’s numbers on root mean square of residual er-
ror, maximum and minimum point coordinates differences
from total station and metric camera with photogrammetry
scanner are shown in the Figures 8, 9 and 10.

The number of images taken in the processing was four
cases (three, four, five and six images) and the number of
control points for fixing system was seven trials (three,
four, five, six, seven, and eight, nine control points). It
is noted that the resultant residual error changed from
4.87 mm to 2.39 mm.

The differences of coordinates were decreased if the
number of control points and images increase but when
eight and nine control points are used, the error was very
small.

In this study, according to the result of maximum and
minimum differences, the variants eight and nine of con-
trol points were the same almost.in term of time, a vari-
able of eight control point with six images was chosen.

The results of RMSE, maximum and minimum dif-
ferences between the coordinates of check points resulted
from total station observations and the corresponding co-
ordinates resulted from imaging processing from metric
camera with flatbed scanner and non-metric cameras for
the optimum case when using six images and eight control
points were shown in Figure 11.

Figure 12 represents the differences in X, Y and Z be-
tween the coordinates of check points resulted from total
station observations and from all studied camera types
for optimum control points number (eight control points)
and six images.
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Figure 9. Effect of ground control point’s numbers on maximum point coordinates differences
between total station observations and metric camera with photogrammetry scanner
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Figure 10. Effect of ground control point’s numbers on minimum point coordinates differences
between total station observations and metric camera with photogrammetry scanner
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Figure 11. The results of RMSE, maximum and minimum differences between the coordinates of check points resulted from total
station and imaging processing from metric camera with flatbed scanner and non-metric cameras
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From the comparison between the accuracy of non
metric digital cameras and metric camera with photo-
grammetry scanner or flatbed scanner in Figure 12, it
was noted that the best accuracy result obtained from non
metric cameras is digital camera Nikon 5200D with reso-
lution 24 MP where the distortions changed from 41.36
mm to 59.22 mm but the differences values for other digi-
tal cameras types are higher as shown in Figure 13.

Finally, the reconstructions and mapping of histori-
cal site (mosque fagade) require high accuracy measuring
device like metric camera with photogrammetry scanner.
Form the data available (coordinates of points) and im-
age processing after multi-photo and bundle adjustment
using Close range Digital Workstation (CDW) program
the facade of El-Nasr Mosque can be accurately drawn as
shown in Figure 14.
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Figure 13. RMS residual errors in CRP technique for all types
of cameras using six images and eight control points
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Figure 12. Differences of check points in X, Y, Z axis between total station observations
and coordinates from metric and non-metric cameras
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Figure 14. 2D drawing of El-Nasr Mosque fagade depending on
resulted image processing
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Figure 15. 3D model of the facade with surface rendering

Surface rendering, which involves the generation of a 3D
facade model with real world surface texture, is constructed
in Figure 15. 3D model surfaces were added by surface tex-
ture to give a real world appearance to the display model.

Conclusions

The objective of the current paper is to study, compare and
asses the use of close range photogrammetry (CRP) tech-
nique and commercial digital cameras to reconstruct views
for historical building. Close range photogrammetry tech-
nique was applied using metric and non-metric (digital)
cameras. The metric camera was used with photogrammet-
ric scanner and flatbed scanner. The facade of Nasr mosque
in Mansoura city, Egypt was selected for application in this
study. The following conclusions can be drawn:

1. Commercial inexpensive digital or mobile cameras
can be readily applied to photogrammetric measurement
and civil engineering applications. Non metric (digital)
cameras with CRP technique product different accuracy
that depended on the resolutions of cameras and camera
specifications. If the camera resolution is high, the per-
centage of error decreases and consequently the accuracy
increases. Such results showed large errors which discard
the possibility of using low resolution non metric camera
for 3D restoration applications.

2. Using photogrammetry scanner with metric camera
instead of flatbed scanner in close range photogrammetry
technique is accurate enough to be beneficial in 3D archi-
tectural building documentation. The results are indicated
that flatbed scanner with metric camera was acceptable in
limited cases that RMSE was 46.7 mm.
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3. According to the studied cases of control points
number and images number and its effect on the discrep-
ancies of check points coordinates, it is found that us-
ing six images for facade with eight control points is the
optimum conditions for getting the accurate mapping of
mosque facade.

4. Close range Digital Workstation (CDW) software
is dealing with digital image processing and has the abil-
ity of determining the coordinates of points from photo
precisely.
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