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Abstract
The basic data source of 3D modeling of regular or irregular surfaced
objects are known (or calculated) point coordinates. Obtaining 3D model of the
irregular surfaced objects need plenty of points to represent the surface exactly.
These points can be easily obtained both traditionnal methods and from the
measurement of the photographs.
This study is achieved in three stages. The first stage the calibration of
camera.Two cameras have been used in this study; NIKON COOLPIX AW100,
and SANYO E1075. They were calibrated in two different focal lengths, five
times for each camera. The results obtained were varying in focal length ( c )
and (xp , yp) the coordinates of the center of projection of the image
(principal point), the difference was ranged ( 0.02 - 0.04 ) mm. It could be
considered as big compared to the proposed accuracy of photogrammetry. So,
to obtain a high accuracy from close range photogrammetry, the camera must
be calibrated in the field without shutting down the camera is an important
matter.
The second stage is the production of 3D object in cloud points
dependind on the sampling rate and taking many captures. In this case, an
object of face-shaped clay was used and a 3D object is performed with (5563)
3D points with sampling rate (1 mm). The smaller sampling rate results in
longer processing and more points. This case could be beneficial in
documentation of cultural and historical heritage in a digital library in
observing the variation with time.
Photomodeler Scanner (version 6) program software was used in the last
stage as a measuring tool for a sample of small house. There were two cases of
II

measuring the sides of such house, the first case used coded targets were
defined automatically to the program. These targets were fixed on the sides of
the sample. The accuracy of measurement was high, ranging from (10) to (30)
micrometer. The second case measures without coded targets, the points
defined manually using mouse to referencing points in images and production
of a 3D points to measure a distance between points, the accuracy from this
case was about (0.1) to (0.5) mm. A photomodeler needs to include any knwon
distance beteewn two points on the object to the photomodeler software, and
then the program will calculate the three dimensional coordinates to any point.
An image of building located in the University of Babylon was taken as a
final case of the study. The image was 25 m. distance from the camera. The
building was represented in 3D model with tremendous number of points about
(53715) points and the standard error in calibrating the coordinates was
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CHAPTER ONE
INTRODUCTION

1.1 INTRODUCTION
Today, three dimensional (3D) models were used in a wide away of
fields. The medical industry uses detailed models of organs. The movie
industry uses them as characters and objects for animated and real life
motion pictures. The architecture industry uses them to demonstrate
proposed buildings and landscapes. The engineering community uses them
as designs of new devices, vehicles and structures as well as a host of other
uses. The use of three dimensional computer graphics and visualization
techniques is becoming more and more popular, because these techniques
visualize more realistic object models than graphic based object models.
However, in most applications of 3D modeling and visualization, large and
complex 3D models data are required.
The term Photogrammetry means the process of measuring images
on a photograph. An integrated digital Photogrammetry system is defined
as hardware/software configuration that produces photogrammetric
products from digital imagery using manual and automatic techniques.
Nowadays, there is an increasing demand for full three dimensional data of
planning,

architecture,

engineering, tourism,

archaeology,
computer

environmental

animation,

analysis,

historical

civil

preservation,

mechanical inspection, and ship construction [1].
To depict the real condition of the object, and to measure 3D of all
the corners of the structure, particularly the inaccessible points, creation of
accurate 3D models are very much necessary. Recent years have seen a
number of developments in geometric modeling of historical monuments in
3D, especially their structural details and textures [2].
1
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Close Range Photogrammetry is a measurement technology that can
be used for the extraction of 3D points from the photographs; further, these
points are useful for the accurate 3D modeling and visualization. Digital
Photogrammetry derives all the appropriate measurements from the
photographs itself rather than measurements directly from the objects. Due
to the digital data flow, photogrammetry has now become an efficient
alternative to the classical building measurement and reconstruction
methods [3]. This thesis discusses the various 3D model generation
techniques and shows the advantages of photogrammetry techniques for
measurements. For the present project, an experiment has been conducted
to check the accuracy of the 3D model generated using the
photogrammetric technique.
The complete orientation and calibration is done automatically or
manually based on the photographs only. The objects selected are the
artificial object face-shaped, made of clay, a small model of building and
building located in the University of Babylon. In this research, there are
two cameras used: Nikon Coolpix AW100, and SANYO E1075. The
processing is done using photogrammetric software package Photomodeler
Scanner (version 6).
The tradition of any research in Photogrammetry, we need a known
control point to complete the project. In this thesis, there is another
approach to work with photogrammetry is Photomodeler software. In such
approach, it needs to include any known distance between two points in the
object to the Photomodeler software, and then the program will calculate
the three dimensional coordinates to any point on the object, as well as the
distance between any two points, area and size.

2
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1.2 Literature Review
Substantial work has been done during the past years to obtain a 3D
model from two or more photographs, documentation of the cultural
heritage, monitoring and measurements using close range photogrammetry
with photogrammetric software package Photomodeler.
To understand the performed work more clearly, some of the selected
previous works can be summarized as follows:
Heuvel (1998) [4] explained that the study deployed setups that require
at least two photographs to obtain dimensional information in threedimensions (3D).

This requires a large number of control points to

correlate the photographs. The data obtained are used to create computer
models from the photographs. Methodologies for the use of single
images have been used to obtain both two-dimensional (2D) and 3D
geometry from the images when applying constraints such as straight
lines and vanishing points.
Gomes (1999) [5] presented

the

results

of

an architectural

photogrammetric project using the PhotoModeler software. The results
showed that with comparison to the conventional photogrammetric
procedure, PhotoModeler allows even greater reduction of time and costs
for the production of models, since it does not require positioning and
measuring of targets and stereoscopy to produce suitable photographic
documents.
Guidi and Tucci (2001) [6] described the activity reported as a recent
experiment in 3D scanning of a highly complex sculpture: the wooden
statue "Maddalena" by Donatello, kept in the museum of the "Opera
3
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del Duomo", in Florence. The acquisitions, taken with a commercial
system based on fringe projection, give a local measurement uncertainty of
about 70µm, but when the complete model is generated by automatic
alignment of the raw 3D images in a common coordinate system, possible
scale variations might be involved, especially along the height of the statue.
With this preliminary work, the authors want to verify the metric reliability
of the three-dimensional model, obtained through iterative alignments of
single 3D acquisitions.
Lara and Tyler (2004) [7] presented a paper focusing on the role of
PhotoModeler close range Photogrammetry software package, an important
facet of traffic accident reconstruction-vehicle crash measurement. More
specifically, this study applied the PhotoModeler process to control
crash information generated by the National Highway Traffic Safety
Administration
bootstrapping

(NHTSA).
was

utilized

A

statistical
to

technique known

as

generate distributions from which the

variance was examined. The "within" subject analysis showed that 44.8%
of the variability is due to the technique itself and the “between”
subjects analysis demonstrated that 55.2% of the variability is attributable
to vehicle type-roughly half and half. Additionally, a 95% CI for the
"within" analysis revealed that the mean difference (between this study
and NHTSA) fell between -2.52 mph and +2.73 mph; the "between"
analysis

showed

a

mean

difference between -3.26 mph and +2.41

mph.
Low-cost digital cameras have shown the potential for use in closerange digital photogrammetric measurements after lens calibrations is
preformed. Chandler (2005) [8] presented an experimental test model out
medium density fiberboard and a reference digital elevation model (DEM)
4
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From the experimental test model was generated using a Leica TC1010
total station, a Kodak DCS460 camera, and IMAGINE OrthoBase Pro
imaging software. Three low-cost digital cameras were calibrated using an
external calibration method and the OrthoBase Calibration software.
Photographs taken from the low-cost digital cameras generated digital
elevation models that were compared to the reference DEM. The
results of the study show that the low-cost digital cameras generated DEMs
close to the true DEM. Proper lens calibration improved the accuracy of
the results.
Tommaselli (2005) [9] performed to demonstrate the capability of
taking 3 digital photographs and distance measurements from a
mounted position of a flat element and obtaining the dimensions.
This was done by finding the position of the camera relative to the
flat element.
Jauregui (2006) [10] explained the study of a multi-station setup of a
large grid of targets, scale bars, and camera stations were used to provide
control points in 3D. The models used Photomodeler and AutoCAD. Errors
between photogrammetric values and hand measurements had a maximum
of 1.43%.
Close-range photogrammetry techniques have been shown to provide
a simple and cost effective approach to historical building documentation
Arias (2007) [11] submitted a paper explaining a case study of traditional
agro-industrial building models taken from a multi-station setup of

2

plumb lines, 24 camera positions and 27 control points. The data were
input into Photomodeler Pro 4.0 and obtained a root-mean-square error of
9mm for the model.

5
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Shashi and Kamal (2007) [12] explained that the study 3D models of
architectural structures is very important for analyses and also to
reconstruct and document these structures. Visualization of these models
allows the user to get the photo realistic impression of the structures
than graphic based object models. 3D visualization has many
applications in the areas of architecture, civil engineering, tourism, etc.
Normally, field surveys are more accurate than photogrammetric
measurements; nevertheless, they involve more personnel and consume a
lot of time. Photogrammetry is a measurement technology that can be used
for the extraction of 3D points from photographs. Their paper highlights
the project using Photogrammetry for accurate 3D modeling and
visualization of structures.
Sakir and Murat (2008) [13] showed that to determine the body
measurements of a Holstein cow from its photographs with photo analysis,
an environment for taking the photograph, a platform and 18 points with
certain coordinates were prepared. Afterwards, the photos of a Holstein
cow were taken on the platform with a Nikon D100 CCD camera from
various

directions.

The photos were analyzed by PhotoModeler 5

software. The results of this image analysis were compared to real
results that were previously measured. They found out that the real
measurements and measurements obtained from photos are close to each
other which show that this method can be safely used.
Sotoodeh and Gruen (2008) [14] reviews the whole workflow
from data acquisition to the final geometrical surface and textural
information. The results of the processes are presented and discussed and
some conclusions regarding the exploitation of the two mentioned
techniques are given. An antique 300-year old wooden globe, preserved in
6
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the National Museum of Switzerland, had to be copied physically for
delivery to another party. For this purpose a 3D computer model had to be
generated. A structured light system and two digital frame cameras were
employed, and the generated data sets were integrated to obtain both the
geometry and the texture of the model.
Hullo and Fares (2009) [15] presented two kinds of models in this
paper. The first application is the modeling of epigraphs from a single
stereopair during prospection. Another application has been established
on the site of Kilwa, where a building has been photographed and
modeled. For this model, we got about 50 pictures. We inserted it on a
Digital Elevation Model of the site obtained by tachometry in order to meet
the needs of the architects and archaeologists and to make assumptions
about the original condition of the site. The main advantage of this
photogrammetric methodology is to get at the same time a point cloud
(resolution depends on the size of the pixel on the object), and
therefore a

mesh,

and

oriented

high

resolution

images. After

processing, we can use the data exactly as a laser scanning point cloud,
with really better raster information for textures.

1.3 Research Objective
The objectives of this research are to introduce photogrammetry as a
3D digitization technique which can be effective in documentation and
digitization of the cultural heritage.
The aim of this work is the establishment of an efficient and
accurate digital camera calibration method to be used in particular
working conditions.

7
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Two major aspects are studied in this research. Firstly, data
acquisition and 3D model generation and secondly, and the second is using
photogrammetric software package Photomodeler Scanner (version 6) as a
measurement device to obtain 3D points with high accuracy.

1.4 Thesis Structure
This thesis consists of five chapters, described as following:
1. Chapter one gives a general view about the research deals with
review of literature and
2. Chapter two represented fundamentals of analytical close
range photogrammetry
3. Chapter three deals with data processing in analytical close
range photogrammetry
4. Chapter four the photogrammetry consist with PhotoModeler
software.
5. Chapter five deals with the experimental work and results
analyses.
6. Chapter six Chapters five is devoted to gives several
conclusions and recommendations for future works about the
subject of thesis.

8
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CHAPTER TWO
FUNDAMENTALS OF ANALYTICAL CLOSE RANGE
PHOTOGRAMMETRY
2.1 Introduction
Analytical Photogrammetry can be considered as the mathematical
transformation between an image point in one rectangular coordinate
system (image space) and an object point in another rectangular
coordinate system (object space). This basic mathematical concept is valid
for all applications of analytical Photogrammetry (aerial, terrestrial and
close range) using any sensing device to record directional information to
object. Departures from the basic system take the form of mathematical
models which describe the internal geometry of the sensor (camera) and
the external geometry of object space. The two fundamental coordinate
systems employed are the image coordinate system and the object space
coordinate system [16].
The photogrammetrists have always tried to justify their efforts, the
basis that they should be able to obtain more accurate results in less time
than in the instrumental approaches, the basic material used in all these
are the photographs, negatives or dispositive of various types. The basic
inputs are the photo coordinates in a (x, y) (rectangular 2D) system. The
output may be of various types, like X, Y, Z ground coordinates,
orientation parameters, derived information on specific relations and
conditions, etc. [17].

9
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2.2 Photogrammetric Devices
Of all the different types of imaging systems used in the recording of
data for photogrammetric measurements, the camera system is most
frequently employed. When carried in an aircraft, it is referred to as an
aerial camera; when fixed at a ground station, it can be called a terrestrial
camera.

The

photogrammetrist

divided

the

cameras

used

in

Photogrammetry into two categories: metric and non-metric cameras [18].

2.2.1 Metric cameras
A metric camera is commonly associated with aerial cameras having an
approximate focal length of 6 inches (152 mm). The photographic format size
from these cameras is 9 by 9 inches. Frame cameras have fiducial marks
positioned within the camera body. The fiducial marks are exposed onto the
film emulsion when the photography is captured. The fiducial marks are
subsequently measured to determine the interior orientation of the camera.
Frame cameras are considered metric cameras since they have been calibrated
in a laboratory [20].
2.2.2 Non-Metric Cameras
The photogrammetrist speaks of "non-metric camera", when the
internal geometry of the camera is not stable and unknown, as is the case
with any public used camera.
Although various types of metric cameras are available, there

is a

considerable use for non-metric cameras that are immediately available. The
use of non-metric cameras, as opposed to metric cameras, for
photogrammetric purposes has the following advantages and disadvantages:
01
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The advantages are:
1. General availability.
2. Flexibility in focusing range.
3. Some are motor drive, allowing for quick succession of photographs.
4. Can be hand-held and there by oriented in any direction.
5. The price is considerably less than for metric cameras.
The disadvantages are:
1. The lenses are designed for high resolution at the expense of high
distortion.
2. Instability of interior orientation.
3. Lack of fiducial marks.
4. Absence of level bubbles and orientation provisions precludes the
determination of exterior orientation before exposure [19].

Figure (2-1), terrestrial metric camera

00
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Figure (2-2) digital non-metric camera [34]

Figure (2-3) photogrammetric metric camera [34]

2.2.3 Camera Calibration
After a camera has been assembled by the manufacturer, it must be
calibrated to determine the metrical characteristics needed for subsequent
photogrammetric operations. These consist of:
1. The focal length of the camera lens.
2. The radial and tangential distortions of the lens.
3. The position of the principal point with respect to the fiducial marks.
4. The distances between the fiducial marks.
5. Flatness of the focal plane.

01
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Basically, the purpose of camera calibration is to be able to reconstruct
the precise geometry of the bundle of rays that entered the camera at the
instant of exposure from the-dimensional measurement of points on the
resulting photograph. This reconstruction is performed either graphically,
instrumentally, or mathematically [18].
In general, camera calibration methods may be classified into one of
three basic categories; (1) laboratory methods (2) field methods (3) self
calibration method.

2.2.3.1 Laboratory Calibration methods
Laboratory methods are most frequently utilized and are normally
performed by camera manufacturers [20].

2.2.3.2 Field Calibration methods
In the field procedures, the general approach consists of
photographing an array of targets whose relative positions are accurately
known. Elements of interior orientation are then determined by making
precise measurements of the target images and comparing their actual
imaged locations with positions they should have occupied had the camera
produced a perfect perspective view [20].

2.2.3.3 Self-Calibration method
In this procedure the mathematical model (collinearity equations) is
modified such that the observation equations include additional parameters
to correct for systematic model or image coordinate errors. The additional
parameters may be chosen according to the anticipated physical sources of
02
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systematic errors (e.g. lens distortion, film deformation, etc). Another
method may be to base the choice of additional parameters on geometrical
considerations (e.g. to correct certain patterns of deformations) disregarding
the actual sources of the error. Different types of polynomials have been
proposed to compensate for various patterns of deformations [21].

2.3 Coordinate Systems
Conceptually, photogrammetry involves establishing the relationship
between the camera or sensor used to capture the imagery, the imagery itself,
and the ground. In order to understand and define this relationship, each of
the three variables associated with the relationship must be defined with
respect to a coordinate space and coordinate system [23].

2.3.1 Pixel Coordinate System
The file coordinates of a digital image are defined in a pixel coordinate
system. A pixel coordinate system is usually a coordinate system with its
origin in the upper-left corner of the image, the x-axis pointing to the right,
the y-axis pointing downward, and the units in pixels, as shown by axes c and
r in Figure (2-4). These file coordinates (c, r) can also be thought of as the
pixel column and row number, respectively [23].
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Figure (2-4): Pixel Coordinates vs. Image Coordinates [23].

2.3.2 Image coordinates system
An image coordinate system or an image plane coordinate system is
usually defined as a two-dimensional (2D) coordinate system occurring on
the image plane with its origin at the image center. The origin of the image
coordinate system is also referred to as the principal point. On aerial
photographs, the principal point is defined as the intersection of opposite
fiducial marks as illustrated by axes x and y in Figure (2-4). Image
coordinates are used to describe positions on the film plane. Image
coordinate units are usually millimeters or microns [23].

2.3.3 Image Space Coordinate System
An image space coordinate system is identical to an image
coordinate system, except that it adds a third axis (z) to indicate elevation.
The origin of the image space coordinate system is defined at the
perspective center S as shown in Figure (2-5). The perspective center is
commonly the lens of the camera as it existed when the photograph was
captured. Its x-axis and y-axis are parallel to the x-axis and y-axis in the
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image plane coordinate system. The z-axis is the optical axis; therefore the
z value of an image point in the image space coordinates system is usually
equal to -f (the focal length of the camera). Image space coordinates are
used to describe positions inside the camera and usually use units in
millimeters or microns. This coordinate system referenced as image space
coordinates (x, y, z) in this chapter [23].

Figure (2-5) Image Space and Ground Space Coordinate System [23].

2.3.4 Ground coordinates system
A ground coordinate system is usually defined as a 3D coordinate
system that utilizes a known geographic map projection. Ground
coordinates (X, Y, Z) are usually expressed in feet or meters. The Z value
is elevation above mean sea level for a given vertical datum. This
coordinate system referenced as ground coordinates (X, Y, Z) in this
chapter [23]. The geometric relationship between image and object is
established by the exterior orientation. It defines the position and
orientation of the image in object space. The six elements of exterior
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orientation is the three object space coordinates XL, YL, ZL of the
perspective centre (exposure station) and the three orientation angles φ,ω,κ
of the image space coordinate axes with respect to the object space system.
These angular elements are also referred to as X-tilt, Y-tilt and swing
respectively to signify the axes around which the rotations occur, or as roll,
pitch and yaw in terms of the attitude changes of the sensor platform [19].

2.4 Geometric Relationship between an Object and an Image
2.4.1 The interior orientation parameters (I.O.P)
The three fundamental elements of interior orientation are the two
coordinates of the principal point x0, y0 in the fiducial system, and the
principal distance c (figure 2-6). There are other factors that have an effect
on interior orientation, which includes the radial and tangential lens
distortion [19].
The radial lens distortion is expressed as:
dr = k1r3 + k2r5 + k3r7

…….. (2.1)

or in x and y components:
drx = (k1r2 + k2r4 + k3r6) (x – xo)

.……. (2.2)

dry = (k1r2 + k2r4 + k3r6) (y – yo)

…….. (2.3)

Where
k1, k2, k3: are the coefficients of the polynomial.
r: is radial distance of the measured point from the principal point.
xo, yo: are the principal point coordinates.
x, y: are the measured image coordinates.
The decentring lens distortion model is given as:
dpx = p1(r2 + 2(x – xo)2) + 2p2(x – xo) (y – yo)

… (2.4)
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dpy = p2(r2 + 2(y – yo)2) + 2p1(y – yo) (y – yo)

… (2.5)

Where
dpx, dpy: are the decentring distortions in the x and y directions.
p1, p2: are the coefficients of the decentring model.
Accordingly the (I.O.P) = ( , ,c,k1,k2,k3,p1,p2)

Figure (2-6) Interior Orientation [19]

2.4.1.1 Principle Distance
The image space coordinate system has its origin at the principal
point, which is the foot of the perpendicular dropped from the perspective
center onto the image plane. The x and y axes lie in the image plane and the
positive z-axis is perpendicular to this plane. The three axes constitute a
right-handed Cartesian coordinate system. The distance between the
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perspective center and the principal point, or in other words, the length of
the perpendicular dropped from the perspective central to the image plane,
is called the principal distance or camera constant as shown in figure (2-7)
[19].

Figure (2-7) Principal Distance [19]

The principal distance is often referred to, erroneously, as focal
length, although; the two quantities are not identical. Focal length is an
optical quantity. It is the distance from the optical center of a lens measured
along the optical axis to the point where rays coming from infinity intersect
(focus or focal point). It is an inherent property of the lens assembly only
and not of the camera assembly. It is determined by optical test procedures.
The principal distance on the other hand is a geometric quantity pertaining
to the entire camera assembly and is determined by camera calibration. To
add to the confusion, in many literatures, both quantities are denoted as "f".
Therefore, it is preferred to use the term camera constant denoted as "c". In
fact the principal distance is more closely related to the optical quantity
image distance, which appears in the lens equation, than to the focal length.
As the camera is focused to various object distances, the image distance is
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changing and so does, by definition, the principal distance, while the focal
length remains constant. For cameras focused to infinity the three quantities
are very nearly the same since the image plane is in the first optical
condition requires that the lens equation to be satisfied in order to produce
a sharp image on the easel plane. The rectifier has to be set so that
...… (2.6)
Where (i) is the image distance (the distance from the negative plane
'to the lens plane), (p) the projection distance (the distance from the easel
plane to the lens plane) and (F) the focal length of the rectifier lens [19].

2.4.2 The Exterior Orientation parameters (E.O.P)
It defines the position and orientation of the image in object space.
The six elements of exterior orientation are the three object space
coordinates XL, YL, ZL of the perspective center (exposure station) and the
three orientation angles (ω,φ,κ) of the image space coordinate axes with
respect to the object space system (See Figure 2-8). These angular elements
are also referred to as X-tilt, Y-tilt and Z-swing respectively to signify the
axes around which the rotations occur, or as roll, pitch and yaw in terms of
the attitude changes of the sensor platform. Accordingly the (E.O.P) = (X L,
YL, ZL, ω, φ, κ) [19].
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Figure (2-8) Exterior Orientation [lps]

2.5 Mathematical Modeling in Analytical photogrammetry
The collinearity condition specifies that the exposure station, ground
point, and its corresponding image point location must all lie along a
straight line, thereby being collinear.
2.5.1 Analytical Projective Relations in Arial photogrammetry
Imaging by central projection is based on the fundamental theorems
that at the instant of projection, the perspective center L, the image point a,
and the object point A, lie on a straight line. In other words the image
vector, a and the object vectors A are collinear. See Figure (2-9). This socalled collinearity condition is valid for every ray in an imaging bundle and
forms the basis of imaging with all types of sensors and for the
reconstruction of objects from their images.
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Figure (2-9), collinearity condition equations [91]

Two vectors are collinear if one is a scalar multiple of the other [91]. Whereby

̅=k ̅
Where k is a scale factor.
The components of ̅ in the image space coordinate system are

(

)

…….. (2.7)

And the components of ̅ in the object space system are:
(

)

………. (2.8)

The two vectors are now referred to a common coordinate system by
transforming A from the object space system to the image space with the
help of the orientation matrix M. Thus
̅=kM ̅
Or
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(

)= ( )

……… (2.9)

By expanding M, performing the multiplication and dropping subscripts a
and a results in the equation
(

)

(

)

(

)

……. (2.10)

(

)

(

)

(

)

…… (2.11)

(

)

(

)

(

)

…….. (2.12)

The scalar k, which is different for each ray in a bundle, can be eliminated
by dividing the first two equations with the third one. The final form of the
equation is obtained as:
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

…….. (2.13)
………. (2.14)

The two equations above are nonlinear to linearized using Taylor's
theorem as described in appendix (A). After linearization and
simplification we can obtain the Esq. (A-7) and (A-8), which is rewritten
here as follows:

V x  b11d  b12 d  b13d  b14 dX L  b15 dYL  b16 dZ L  b14 dX
 b15 dY  b16 dZ  J
V y  b21d  b22 d  b23d  b24 dX L  b25 dYL  b26 dZ L  b24 dX
 b25 dY  b26 dZ  K

Where:
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: Residual errors in measured x and y image
coordinates.

d, d and d

: Corrections to initial approximations for the
orientation angles of the photo.

dXL,dYL,and

: Corrections to initial approximations for the

dZL

exposure station coordinates.

dX, dY, and

: Corrections to initial value of the object space

dZ

coordinates of the point.

b's , J and K

: Coefficients to be compute [appendix
A].

2.5.2 Analytical Projective Relations in Close Range and Terrestrial
Analytical photogrammetry
There is a simple difference between the terrestrial collinearity
equations and the aerial collinearity equations.
In case of aerial photograph the image axes x, y and z are parallel to
the X, Y and Z object space axes, respectively.
In case of terrestrial photograph image axis x is parallel to the object axis X,
but image axes y and z are parallel to the object axes Z and Y respectively
[20]. The terrestrial collinearity condition is illustrated in figure (2.10).
The form of collinearity equations in case of terrestrial photogrammetry is
as follows:
 m  X  X o   m12 Z  Z o   m13 Yo  Y  
x  xo  c  11

 m13  X  X o   m32 Z  Z o   m33 Yo  Y 
 m  X  X o   m22 Z  Z o   m23 Yo  Y 
y  yo  c  21

 m31 X  X o   m32 Z  Z o   m33 Yo  Y  

……………... (2.15)

………… (2.16)
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Where:
x, y: the image point coordinates.
X, Y, Z: the object point coordinate.
Xo, Yo, Zo: the coordinates of the exposure station in the object space
system.
c: the camera principle distance.
m's: the elements of rotation matrix.

Figure (2.10): Geometry of Terrestrial and Close Range Photogrammetry
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CHAPTER THREE
DATA PROCESSING IN ANALYTICAL CLOSE RANGE
PHOTOGRAMMETRY
3.1 General Aspect
In general there are two approaches for data processing in analytical
photogrammetry; first approach represent the sequential or simultaneous
(bundle) solution, in this approach we are dealing with each photographs
independently through the mathematical relation collinearity equation between
each photo points its ground (space) location, a summary of the mathematical
model for the sequential as well as simultaneous solution will be given in
discussion next section. On the other hand, the second approach represent
analytical relative orientation and absolute orientation, in this approach we are
dealing with stereomodel constructed by relative orientation of the photos to a
selected referenced photo and there after relate the constructed stereomodel to
the natural (actual) ground model which is so-called absolute orientation,
simply through the use of three dimensional conformal transformation. The
mathematical modeling of this approach (relative and absolute orientation) will
be discussion in details in section (3-3). In this research the second approach
was used for data processing through the application of the Photomodeler
Software.
3.2 Data processing by Sequential or simultaneous Solution
3.2.1 Sequential Solution
Sequential Solution consists of the following two computational
steps:
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3.2.1.1 Space Resection
Space resection by collinearity is a method of determining the six
elements of exterior orientation (ω, ɸ, κ, XL, YL, and ZL) of a photograph.
This method requires a minimum of three control points. It involves
formulating the so-called collinearity equations for a number of control
points whose X, Y, and Z ground coordinates are known and whose images
appear in the tilted photo. The equations are then solved for the six
unknown parameters of exterior orientation, which appear in them. The
linearized forms of the space resection collinearity equations are [22]:

v x  b11 d  b12 d  b13d  b14 dX L  b15 dYL  b16 dZ L  J …. (3.1)
v y  b21d  b22 d  b23d  b24 dX L  b25 dYL  b26 dZ L  K …. (3.2)
Where:

vx & v y
d , d ,&d

Residual errors in measured &y image coordinates
Corrections to initial approximations for the orientation
angles of the photo

dX L , dYL ,&dZ L

Corrections to initial approximations for the exposure
station coordinates

b' s

Coefficients, which are described in appendix (A)

Figure (3-1) Space Resection [22].
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With two equations possible for each control points, a total of six
equations are obtained from three control points. This system of equations
is solved simultaneously for the six unknown corrections, and these
corrections are then added to initial values to obtain revised values. The
solution is made again using the revised values as initial estimates, and new
correction are calculated. This procedure is iterated until the magnitudes of
the corrections become negligible. If more than three control points are
available, then more than six equations can be formulated and their solution
can be obtained by the method of least squares. The mathematical model
for the single photo space resection is:
… (3.3)

Where

[

]
[

[

[ ]

]

]

Where
n= number of points
i = 1: n

3.2.1.2 Space Intersection

The collinearity equations may also be used to determine X, Y, and
Z ground coordinates of new points whose images appear in the overlap
area of a stereo pair of tilted photos. The procedure is known as space
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Intersection. Space intersection requires that the six parameters of exterior
orientation for the two overlapping titled photos be known (which have
been computed in the previous step). The linearized forms of the space
intersection equations for point P are [22]:
vxp  b14dX p  b15dYp  b16dZ p  J

……. (3.4)

v yp  b24dX p  b25dYp  b26dZ p  K

……. (3.5)

Where:
Residual errors in measured x&y image coordinates of
point p

vx p & v yp

dX p , dYp , dZ p

Corrections to initial values of the object space coordinates
of the point P

b' s

Coefficients, which are described in appendix (A)

Figure (3-2), Space Intersection [23].
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Figure (3-2) shows the space intersection with stereo pair of the tilted
photographs. Two equations can be written for point P at each of the two
overlapping photos; hence four equations result, and the value of dX P , dYP , and
dZ P can

be computed in a least squares solution. The corrections are applied

to the initial approximations to obtain revised values for Xp, Yp, and Zp.
The solution is then repeated until the magnitudes of the corrections
become negligible [22]. The mathematical model for the two photos
intersection is:

The first photo

… (3.6)

The second photo

… (3.7)

ν
Where

… (3.8)
i= 1: n
n= number of points
[

[(
(

]

)

(

)

(

)

(

)

(

[

[

]

) ]
)
]

[

]

[ ]

3.2.2 Simultaneous (Bundle) Solution

The process is named bundle adjustment because of the many light
rays that pass through each lens position constituting a bundle of rays. The
bundles from all photos are adjusted simultaneously so that corresponding
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light rays intersect at positions of the target points [23]. The mathematical
model of Bundle Adjustment is the collinearity equations, e. g. a point in
object space, its corresponding point in the image plane and the projective
center of the camera lie on a straight line [24].
Since the terrestrial collinearity equations are not linear, they are
linearized by applying the first order terms of Taylor's series at a set of
initial approximations. After linearization the observation equations can be
expressed in the following matrix form [16]:
Vij  Bije ei  Bijs sj  f ij

… (3.9)

Where
b11ij
Bie  
b21ij

b12 ij

b13ij

 b14ij

 b15ij

b22ij

b23ij

 b24ij

 b25ij

b14ij
Bis  
b24ij

b15ij

 b16ij 
 b26ij 

b25ij

b16ij 
b26ij 

 d i 
di 


dX oi 


d

i
 J ij 
e


s
i  
 ;  i  dZ oi  , f ij   
 K ij 
dX oi 
dYoi 
dZ oi 


dYoi 

The subscripts (i) and (j) in the above terms are used for photo number and
point number, respectively. The matrix Bije contains the partial derivatives
of the collinearity equations with respect to the exterior orientation
parameters of photo i, evaluated at the initial approximations.The matrix
Bijs contains the partial derivatives of the collinearity equations with respect

to the object space coordinates of point j, evaluated at the initial
approximations.

Matrix

ei

contains

corrections

for

the

initial

approximation of the exterior orientation parameters for photo i, and matrix
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sj contains corrections for the initial approximation of the object space

coordinates for point j.

3.3 Mathematical model of digital camera calibration
This calibration is based on the method of space resection . It is based
on collinearity equation, take image point coordinates as observations, and
get to internal and external orientation elements of the camera, distortion
factor and other additional parameters. Take account of the correct item,
the collinearity equations are:
………… (3.10)
…… (3.11)

)+
Where

an additional parameter represent the lens distortion (radial and
tangential)
x  x' (ko  k1r 2  k2r 4  ...)  p1 (r 2  2x'2 )  2 p2 x' y'
y  y' (ko  k1r 2  k 2 r 4  ...)  2 p2 x' y' p2 (r 2  2 y'2 )

The mathematical model of collinearity equations with addition
parameters are:

AV  Be e  Bi i  B s s  E  0 …………… (3.12)
e
i
s
Where A, B , B , B are the coefficient matrices in which
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F ( x) / (e.o) 
B e 2 n*6 m  

F ( y ) / (e.o)

F ( x) / ( x, y) 
A2 n*2 n  

F ( y) / ( x, y)

F ( x) / ( AP ) 
B i 2 n*ap  

F ( y) / ( AP )

F ( x) / ( X , Y , Z ) 
B s 2 n*3n  

F ( y ) / ( X , Y , Z )

n=no. of points
m=no. of photo
aP=no. of additional parameters

Due to the form of the central projection equations, matrix A is equal to
the identity matrix.
The vectors of alteration  , of residuals V , and of discrepancies E
are expressed explicitly as [21]:

e 6 m*1

 dω 
 dφ 


 dκ 


dX
L


 dYL 


 dZ L 

 ap*1  d AP 
i

;

;



s
3 n*1

dX
  dY
 dZ






3.4 Data Processing by Relative and Absolute Orientation
In photogrammetry for most applications are taken so that adjacent
photos overlap by more than 60 percent. Two adjacent that overlap in this
manner form a stereopair, and object points that appear in the overlap area
constitute a stereomodel. The mathematical calculation of threedimensional ground coordinates of points in the stereomodel by analytical
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photogrammetric techniques forms an analytical stereomodel. The process
of forming an analytical stereomodel involves three primary steps: interior
orientation (described in previous chapter), relative orientation, and
absolute orientation. After these three steps are achieved, points in the
analytical stereomodel will have object coordinates in the ground
coordinates system [22].

3.4.1 Analytical Relative Orientation
Analytical relative orientation is the process of determining the
relative angular attitude and positional displacement between the
photographs that existed when the photos were taken. This involves
defining certain elements of exterior orientation and calculating the
remaining ones. The resulting exterior orientation parameters will not be
the actual values that existed when the photographs were exposed;
however, they will be adjusted in a "relative sense" between the photos. In
analytical relative orientation, it is common practice to fix the exterior
orientation elements ω, ɸ, κ, XL, and YL of the left photo of the stereopair
to zero values. Also for convenience, ZL of the left photo (ZL1) is set equal
to ƒ, and XL of the right photo (XL2) is set equal to the photo base ƅ.
This leaves five elements of the right photo that must be determined
[22]. Figure (3-3) illustrates a stereomodel formed by analytical relative
orientation.
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Figure (3-3) Analytical relative orientation of stereopair [22].

Although the coplanarity condition equation can be used for
analytical relative orientation, the collinearity condition is more commonly
applied. In applying collinearity equation, each object point in the
stereomodel contributes four equations: a pair of equations for x and y
photo coordinates of its image in the left photo, and a pair of equations for
x and y photo coordinates of its image in the right photo. In addition to five
unknown orientation elements, each object point adds three more
unknowns which are their X, Y, and Z coordinates in the stereomodel.
Thus, each point used in relative orientation results in a net gain of one
equation for the overall solution, and therefore at least 5 object points are
required for a solution. If 6 or more points are available, an improved
solution is possible through least squares method. In figure (3-3) six points
were used in analytical relative orientation. In matrix form, the system of
24 equations involving 23 unknown when n number of point, m number of
photo could be expressed as follows:
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3n+5
2nmA
3n+5

X1= 2nm L1 + 2nmV1

… (3.13)

Where

[

]

[

]
[

]

[

]

The terms of these matrices are from Esq. (A-7) and (A-8) and the
method of calculating each is explained in appendix (A). The subscripts a,
b, c, d, e, and f correspond to the point names in figure (3-3). Subscript 1
refers to the left photo; and subscript 2 refers to the right photo.
[

]

[
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)

(

)

(

)

(

)

(

)

)

(

)

(

)

(

)

(

)

)

(

)

(

)

)

(

)

(

)

(
[
(

Bs2ip

[

Δe2
[

]

]

]

[

]

[

]

]

Where
In the above submatrices, (p) is the point designation, and (i) is the photo
designation. The prefixed subscript and postfixed subscript designate the
number of rows and columns, the (b's) coefficients to be computed in
[appendix A].
When the observation equations are partitioned in the above manner,
the least squares solution
̅

̅

takes the following form.
̅

̅

̅

̅

̅
̅
̅
̅
̅
[̅

]

Where
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f

N   B2e p B2e p
e
2

t

(5 5 submatrixe)

pa

̅

(5 3 submatrixe)
(
f

)

(

)

… (3.15)
... (3.16)

k   B2e p 2 p
e
2

… (3.14)

t

… (3.17)

p a

(

)
[

(

)

... (3.18)

]

3.4.2 Analytical Absolute Orientation
For a small stereomodel such as that computed from one stereopair,
analytical absolute orientation can be performed using a three-dimensional
conformal coordinate transformation. This requires a minimum of two
horizontal and three vertical control points, but additional control points
provide redundancy, which enables a least squares solution. In the process
of performing absolute orientation, stereomodel coordinates of control
points are related to their three-dimensional coordinates in a ground based
system. It is important for the ground system to be a true cartesian
coordinate system, such as local vertical, since the three-dimensional
conformal coordinate transformation is based on straight, orthogonal axes
[22].
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3.4.2.1 Three-dimensional conformal coordinate transformation equation
A three-dimensional conformal coordinate transformation involves
converting from one three-dimensional system to another. In the
transformation, true shape is retained. This type of coordinate
transformation is essential in analytical or computational photogrammetry
for two basic problems:
(1) To transform arbitrary stereomodel coordinates to a ground or object
space system and (absolute orientation).
(2) To form continuous three-dimensional "strip model" from independent
stereomodels.
Three-dimensional conformal coordinate transformation equations are
developed here in general. In figure (3-4) it is required to transform
coordinates of points from an xyz system to an XYZ system [22].

Figure (3-4) XYZ and xyz right-handed three-dimensional coordinate systems [22].

As illustrated in the figure, the two coordinate systems are at different
scales, they are not parallel, and their origins do not coincide. The
necessary transformation equations can be expressed in terms of seven
parameters; the three rotation angles omega (ω), phi (ɸ), and (κ); a scale
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factor (s); and three translation parameters TX, TY, and TZ. Before
proceeding with the development of the transformation equations, it is
important to define sign conventions. All coordinates shell defined as in
right-handed. Rotation angles (ω, ɸ, κ) are positive if they are
counterclockwise, for example, positive ω rotation about

axis is shown

in figure (3-4).
The mathematical derivation of the three dimensional conformal
transformation is the exactly similar to that of the collinearity equation
gives in the appendix (A). Which can by surmised in the following two
basic steps:
(1) Rotation
As apparent in figure (3-4) with three steps to convert from xyz
system to apply to x'y'z' system: The mathematical derivative of these
three steps is discussed in appendix (B). After rotation angles (ω, ɸ, κ)
about axes. Substituting m's for coefficients of x', y', and z' gives

(3-19)
Equation (3-19) may be expressed matrix form as
X

(3-20)

Where

33

Chapter Three

[ ]

Data Processing in Analytical Close Range photogrammetry

[

]

[ ]

The rotation matrix is orthogonal matrix, which has the property that
its inverse is equal to its transpose, or
(3-21)
Eq. (3-20) may be rewritten, expressing x' y' z' coordinate in terms of
x y z coordinates as follows:
X

(3-22)

In expanded form this equation is:

(3-23)
(2) Scaling and Translation
To arrive at the final three-dimensional coordinate transformation
equations, equations that yield coordinates in the XYZ system of figure
(3-4), it is necessary to multiply each of Eqs. (3-23) by a scale factor (s)
and to add the translation factors TX, TY, and TZ. to convert (x', y', z')
system coordinate to (X, Y, Z) system coordinate as shown in figure (34). This step makes the lengths of any lines equal in both coordinate
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systems, and it translates from the origin of x'y'z' to the origin of the
XYZ system. Performing this step yields

(3-24)
In matrix form, Eqs. (3-24) are
̅

(3-25)

In Eq. (3-25), matrices M and X are as previously defined, s is the scale
factor, and

̅

⌈ ⌉

[

]

In eqs. (3-24) they are seven unknowns parameters, three rotation angles
ω, ɸ, and κ its represented in rotation matrix m's, three unknown
translations TX, TY, and TZ, and s scale factor for each points (P). These non
linear equations (3-24) are linearized in appendix (B). Once the
transformation parameters have been computed, they can be applied to the
remaining stereomodel points, including the XL, YL, and ZL coordinates of
the left and right photographs. This gives the coordinate of all stereomodel
points in the ground system. Figure (3-5) illustrates analytical absolute
orientation [22].
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Figure (3-5) Analytical absolute orientation
The mathematical model of three-dimensional conformal transformation in analytical
absolute processing.

⌊ ⌋

[ ]

Where: X, Y, Z

x, y, z

[

]

….. (3.26)

Ground coordinates system
Model coordinates system
Rotation matrix

TX, TY, TZ

Translation distance

s

Scale factor
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CHAPTER FOUR
PHOTOGRAMMETRY CONSISTENT WITH PHOTOMODEL
SOFTWARE
4.1 General
The images can be saved in a format to be used with PhotoModeler,
including JPEG, TIFF, BMP and PNG. To make a 3D model, photographs
generated from traditional 35 mm film prints, digital cameras, as well
as video images are used also. The EOS system that recommends

at

least two photos are taken to capture all the important aspects of the
object, and that the areas of the images cover overlap each other. The
points are then correlated from one ‘references’ photo with corresponding
points on the other photos. Close-ups and wide shots can be combined in a
project, and new details can be added at any time.
4.2 CLOSE-RANGE PHOTOGRAMMETRY METHOD
The term ‘close-range photogrammetry’ is used to describe the
technique when the extent of the object to be measured is less than about
100 meters and cameras are positioned close to it [29]. In the past, closerange

applications

have

been

Distinguishable

from

topographic

applications by size, appearance and shape of the objects and by the size of
the images. The differences of the objects will remain for the future, but the
size of the image data will get closer [30].
The result of close range photogrammetry must generally be made
available very quickly after acquisition of, the images so that they can be
used for further processing related to the measured object and its function.
Derived coordinates might be used for comparing the measured object with
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its designed size and shape in a test of conformance. They are sometimes
processed further using computer graphics, for example to produce a three
dimensional CAD (computer aided design) model of the object and in a
few cases drawn and dimensional plans, elevations or sections may be
required. The development of analytical photogrammetric techniques has
enabled rapid growth in the applications of close-range photogrammetry.
The ability to model the camera geometry mathematically, instead of
relying on analog restitution allows the use of a wide variety of nonmetric cameras. Through the use of analytical self-calibration techniques,
accuracy has increased to the point where Close-range photogrammetry has
become a standard technique for precision (Manufacture and service)
industrial inspection.
Its primary applications are industrial, manufacturing, and facilities
management; it therefore supports the import and export of data in standard
CAD formats, so that the photogrammetrically produced measurements and
models can be easily used for design or analysis. An example of such
system is PhotoModeler, a product of EOS system [31]. PhotoModeler
accepts photos from both un-calibrated and calibrated cameras. The system
defines object in the scene by combinations of geometric primitives, such
as cylinders or planes, and operator specifies points or edges to be used in
the solution. The models produced can be exported in standard CAD or
graphics formats.
4.3 PhotoModeler Scanner Software
PhotoModeler is a Windows software package for measuring and
modeling real world objects and scenes through the use of photographs.
PhotoModeler is a world leader in its class and it is based on the science of
photogrammetry,

which

means

measuring

from

photographs.

PhotoModeler brings the powerful capabilities of photogrammetry in a
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simple, easy-to-use Windows environment. It includes the exciting
capability of scanning textured surfaces to create a dense cloud of points.
PhotoModeler extracts measurements and 3D models from photographs by
using a camera as an input device, and enables capturing accurate details in
a short time. PhotoModeler is used in a number of application areas where
measurement and modeling of the real-world is required. These are
accident reconstruction, forensics, film and game production, architectural
modeling, engineering and scientific applications and archaeology. The
specific version of PhotoModeler used in this study was version 6 [25].

4.4 Establishing of 3D Modeling
The first step towards the establishment of a photo-based 3D modeling
approach in support of construction simulating visualization. Our field
trials lead to generalization of the basic workflow of the modeling
method, which consists of two phases, namely: on-site photographing
and in-lab post processing of photos (Figure 4.1).

Figure (4.1): Basic workflow of photo-based modeling.

The phase of on-site photo taking is mainly concerned with acquiring
adequate site photos, and these photos will provide input to later in-lab
modeling. The on-site photographing phase is composed of three steps:
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(1) identifying the object, (2) selecting perspective locations, and (3) taking
photos.

In the phase of in-lab modeling, as shown in Figure (4.1), the

site photos are exported from the digital camera into the personal
workstation with PhotoModeler software in order to sketch out the
model skeleton in 3D. The model skeleton depicts the basic geometry
outline of the desired object but may not be as complete as desired, since
data as of some edges or vertices of a complex object could be
missing in those site pictures.

The resulting skeleton model can then

be rendered into realistic 3D object scenes to use in site situation
visualization or operations of simulation animation. Note rendering can be
interpreted as the automatic process of converting 3D skeleton models
(wireframes, dots, texture surfaces) into 3D object images with
photorealistic effects on a computer.
4.4.1 Take Photographs of the Object or Scene
When positioning camera stations, one rule for implementing
photogrammetry is that the closer the angle between the light rays (up to
right angle), the smaller possible error will occur. In Figure (4.2) and (4.3),
Station (1) has the same position and the same angle error, however, that
placing Station (2) at an acute angle to Station (1) magnifies the small
error, and thus the resulting position of the 3D point turns out much farther
(Figure 4.3): in comparison with the result as shown in Figure (4.2)[25].
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Figure (4.2): Point location error with good camera positions.

Figure (4.3): Point location error with bad camera positions.

Theoretically, one point being covered in two photos is sufficient for
fixing the point in 3D coordinates. But in practice, imprecision in point
marking may cause another form of error. Point marking is the interaction
process for identifying points explicitly on the photos to inform the
modeling algorithm where the points’ positions are. To alleviate this error,
the desired point should be preferably covered in three or more
photographs at the expense of redundancy. As such, if the point was
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positioned incorrectly on one of the photos, the other two could still
compensate for the marking error.
To photograph a convex face of an object, normally three camera
station positions would suffice. Figure (4.4) depicts the camera positioning
layout.

The camera stations are not at right angles to one another.

Nonetheless, they are in proper positions to provide triple coverage of
target points instead of double coverage. To photograph an alcove in an
object usually requires more camera stations in comparison with
photographing a convex face. Figure (4.5) shows the camera position
layout for photographing an alcove object. In order to cover points A and B
on three photographs respectively, extra station positions of C and D are
recommended. The station C is inserted to ensure coverage for point B,
while the station D targets at point A.

Figure (4.4): Camera station positions for a convex face.
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Figure (4.5): Camera station positions for an alcove.

4.4.2 PROCESS OF ESTABLISHING 3D MODEL FROM IMAGES
Following sub-sections discuss the process for developing the
3D Model from digital images by using PhotoModeler software on the
case study project.
1. Select Data Analysis Software and Import the Images
With rapidly increasing capabilities of digital cameras and personal
computers in recent years, some photogrammetry software's are made
available. These products can analyze images from any source.
Photomodeler, one of the consumer software products has been used
successfully throughout this research. First, the images are transferred from
the cameras to the computer by using USB flash drive. Before pictures can
be transferred (copied) to computer, the supplied software must be
installed. Then the Photomodeler software is started, and the images are
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selected and imported into the program for analysis. Next, the user
associates each image with its specific, previously calibrated camera.
2. Object preparation and scene arrangement
Before taking photos, the first step preparation of an object it is
accomplished by deploying special markers on object in purposeful
manner. Finding proper strategy of marker deployment is an important
matter, it helps to find an optimum workflow between amount of work in
item preparation, time of calculation and detailed result in point cloud.

Figure (4.6): Coded targets, a) 8 bit, b) 10 bit, c) 12 bit.

The second stage of the analysis is scene arrangement – placing
object between special coded targets. Using these symbols provides the
possibility of automatic mutual photograph oriented during the later
computing. Every coded target has unique shape, its unique digital
representation, recognized by software tool, see figure (4.6). Sample
model, placed on an arranged scene, ready for photographing is shown on
figure (4.7).

Figure (4. 7): Artificial object with coded targets.
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3. Mark the Target Locations in Each Image
Data analysis begins by marking the locations of the targets in the
images. The xy coordinates of the centroid of each elliptical target
projected while dots in this case, must be marked as accurately as possible
in each image.
Targets are high contrast circles placed in a scene or on an object to
provide an accurate sub-pixel point marking. Coded targets are circular
targets with some additional bits that can be automatically recognized by
PhotoModeler during the marking process see fig (4.8).

Figure (4.8): One of the coded targets.

Coded targets have different size depending on coverage of each
photo in real world space and the camera parameters. Minimum target
radius computed by using two formulas.
The first formula is the coverage formula and is appropriate when
most of the targets are at similar distance from the camera. This formula
does not require as much knowledge of the camera.
Minimum target radius = 5 * w / pw

……………… (4.1)

Where 'w' is the width of coverage of each image in real world space
and 'pw' is the number of pixels in the width of the image.
The second formula is the "distance formula" and is appropriate
when you know the approximate distance from the farthest coded target to
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a camera position. This formula does require more knowledge of the
camera parameters.
Minimum target radius = (5 * fw * D) / (f * pw)

……………… (4.2)

Where 'fw' is the format width of the camera, 'D' is the distance
between the farthest target and a camera position, 'f' is the camera focal
length, and 'pw' is the number of pixels in the width of the photo [25].
4. Identify Points in the Photos Referring to the Same Physical Point
The second step of the data analysis is to match the marked points in
one photo with their corresponding points in the other photos. This process
is called referencing the points. When a point is initially marked on an
photo, it is assigned a unique identification number. When a marked point
on one image is referenced to a marked point on another image, the
software reassigns the same identification number

to

both

points

indicating they are the same physical location on the structure. In the
beginning of the data analysis, the user must perform this referencing
operation automatically or manually until a certain minimum number of
points (at least six) are referenced on all photos, at time the user processes
the data. When these calculations are completed, the user returns to
the referencing phase. At this point, automatic helper tools are available to
speed up the process. These tools appear as a result of the initial processing
of the data, which yields the spatial location and orientation angles of the
cameras. In figure (4.9) the viewer shows small camera icons at their
locations

and

orientations

relative to targets with

calculated

3D

coordinates, displayed as small dots. Now the images are said to be
oriented.
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5. Scaling and Orientation
After imported photos are taken with coded target to the
Photomodeler, code target can be used to (Translate/Scale/Rotate) project.
This type of coordinate system transformation is defined based on coded
targets. There are three components that define the conformal
transformation were defined by coded targets. For example code target
number (1) in the grid of coded target is used to define the translation that
has arbitrary value for the x, y, and z equal (0, 0, 0). Often the translation
point is the origin (0, 0, 0) but it could be any coordinate value. The known
distance between two coded targets used to define the scale in the model so
that they can be determining absolute measurements in study model.
Finally use the coded targets to define the axes of the coordinate system of
the model as in the example, figure (4.9).

Figure (4.9): Using code targets to define Translate/Scale/Rotate.

Code target ID1 defines the Translate, and the distance between two
ID'S (1, 15) defines the scale, the two ID'S in x-direction used to define Xaxis and the two ID'S in the y-direction used to define Y-axis. The first axis
that was defined becomes the 'dominant' axis. The two active axes should
44

Chapter Four

Photogrammetry Consistent With Photomodeler

be close to right angles. When the coordinate system is computed,
PhotoModeler calculates the exact secondary axis at 90 degrees to the
dominant axis based on the plane defined by the two axes.
Note: A Cartesian

coordinate system in which the location of the

third axis may be inferred from the location of the two other axes by using
the right hand rule. This rule states that, if you form the first three fingers
of your right hand into three perpendicular vectors, and point your thumb in
the direction of the X axis, and your index finger in the direction of the Y
axis, your middle finger will point in the direction of the Z axis.

Figure (4.10): According to Right Hand rule.

4.4.3 Identify Points in the Images Refers to the Same Physical Point
The second step of the data analysis is to match the marked points in
one image with their corresponding points in the other images.

This

process is called referencing the points. When a point is initially marked on
an image, it is assigned a unique identification number. When a marked
point on one image is referenced to a marked point on another image, the
software reassigns the same identification number

to

both

points

indicating they are the same physical location on the structure. In the
beginning of the data analysis, the user must perform this referencing
operation manually until a certain minimum number of points (at least six)
are referenced on all photos, at time the user processes the data. When
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these calculations are completed, the user returns to the referencing
phase. At this point, automatic helper tools are available to speed up the
process. These tools appear as a result of the initial processing of the data,
which yields the spatial location and orientation angles of the cameras.
Now the images are said to be oriented. In a typical Photomodeler project
without control points especially points with a known coordinates, the
camera locations and orientations calculated above are relative quantities
with respect to the camera. At this point, it is a good idea to verify that the
software positioned the cameras properly, which can be checked easily in
the graphical 3D viewer available in Photomodeler. The viewer shows
small camera icons at their locations and orientations relative to
targets with calculated 3D coordinates, displayed as small dots.
Controls are available to rotate or resize the 3D graphic for better viewing
as shown in Figure (4.11).

Figure (4.11): Marking on reference points and 3D viewer.
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4.4.4 Idealize Module
The Idealized module will take an existing project and use the
calibrated camera parameters to produce an idealized camera and images.
That will re-map (pixel by pixel) any specified images and removing any
lens distortion, non-centered principal point and any non-square pixels. It
will then adjust the existing marks to match the undistorted image and then
assign an idealized camera to the project. The resulting images and camera
positions should then be suitable to be used in rendering packages that do
not handle 'real world' cameras. An example of before and after Idealize:

Figure (4.12): Camera distortions removed by idealization.

This module provides the capability to convert the camera in the
project from real form to ideal form.

An ideal camera has no lens

distortion, square pixels, and a centered principal point. The images in the
project are resampled and the photographic marks are shifted to match the
new idealized images.
After geometric correction, the photographs need to be related
with the reference points to show the same objects on two or more
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photographs on the software. When a sufficient number of points have
been added, the software alerts the user that orientation may be
possible.
A successful orientation produces a table of all images with
base/height ratios and angulations for each image pair, information that
allows the 3D viewer to show the interrelationship of scenes and reference
points.
In the beginning of the laboratory works, iron objects and gypsum
carvings coated in various colors was chosen to create a three dimensional
model for them, and after finishing the requirements for the result, a three
dimensional model was not exactly completed as there was a missing parts
of the form caused by reflectional in such bodies. After that, an unpainted
clay objects were used to conduct requirements mentioned above to
produce three-dimensional model of clay objects and they were
successfully obtained without any missing parts, because clay substance
has the ability to absorb rays, it helps to represent all parts of the body in
the digital image in good way.
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CHAPTER FIVE
3D MODEL ESTABLISHMENT AND RESULTS ANALYSIS
5.1 Introduction
In this chapter, discussion of three cases of study before each of these
cases calibration of the camera will be done after that photo will be taken to
the object; first case takes five photos of the artificial object face-shape
made of clay. These photos were imported to Photomodeler and referenced
and oriented automatically after orientation of these photos. Photomodeler
created stereomodel of the object, second case takes three photos to the
small solid model in this case selected minimum five or more points with
code target and without code target to reference manually to orient the
photos. After orientation each point has three coordinate values (x, y, z)
and the distance between points in this case were compared between
PhotoModeler and Vernier device as a measurement tool. Finally takes two
photos (out door) for building and processing them manually by
Photomodeler to extract the accuracy of represented 3D points from the
façade of this building.
5.2 Data processing with Photomodeler Software
The data processing with Photomodeler can be summarized as follow
as:
1. Camera calibration
2. Relative orientation
3. Absolute orientation
The relative and absolute orientations are discussed in section (3-3) in
chapter three because of the fact that Photomodeler represents an update
development in close range photogrammetry. The calibration process by
Photomodeler software will be discussed in details in section (4-4).
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5.3 Description of Digital Camera
The two primary types of digital cameras were used in this research are
Nikon (COOLPIX AW100 with resolution16 megapixels), its zoom (5-25)
mm, and SANYO (E1075, resolution 10 megapixels), with zoom (5.7-17.1)
mm. The shapes of these cameras are shown in figure (4.1) and (4.2)
respectively, and the main characteristics of these cameras are illustrated as
follows in two tables, (5.1) and (5.2) respectively.

Figure (5.1): Nikon Coolpix AW100 [32]

Figure (5.2): Sanyo (E1075) [33]
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Table (5.1): Camera's Main Characteristics (Nikon) [32]

Type

Compact digital camera

Effective Pixels

Approx. 16 mega pixels

Image Sensor Size

1/2.3-in.type CMOS :Approx. 16.79 million pixels,
(6.4286x4.8214) mm.

Pixel Size

0.00139 mm; In appendix (C) you find a table with technical data of
several CCD chips [26].

Lens Mount

5x optical zoom. Nikkor lens

Focal Length

(5-25)mm (angle of view equivalent to that of 28-140 mm)

Recording pixels

(1) Large:

Approx. 16 mega pixels (4608 x 3456)

(2) Medium:

Approx. 8.00 mega pixels (3264 x 2448)

(3) Small:

Approx. 3 mega pixels (2048 x 1536)

(4) RAW:

Approx. 16 mega pixels (4608 x 3456)

Focusing Modes

Focus range (from view) ,focus-area selection

Focusing range

Approx. 50cm. (1ft-8in.) to ∞ (W); approx. 1m. to∞ (T)

Shutter Speeds

1/1500sec. to 1secs.

Depth-of-field

Enabled with depth-of-field preview button

preview
Image type

JPEG
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Table (5.2): Camera's Main Characteristics (SANYO) [33]
Type

Digital Camera

Effective Pixels

Approx. 10 mega pixels

Image Sensor Size

(6.4125x4.8094) mm

Pixel Size

0.00175mm; In appendix (C) you find a table with technical data of
several CCD chips.

Lens Mount

Recording pixels

3x optical zoom lens
(1) Large:

Approx. 10.00 mega pixels (3664 x 2748)

(2) Medium:

Approx. 5.00 mega pixels (2048 x 1536)

(3) Small:

Approx. 2.00 mega pixels (1600 x 1200)

(4) RAW:

Approx. 10.00 mega pixels (3664x 2748)

Focusing Modes

Multi zone –center- selected area

Shutter Speeds

1/2000sec. to 2secs.

Depth-of-field

99% by LCD

preview
Image type

JPEG
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5.5 Camera Calibration
5.5.1 General
The first step in all projects with Photomodeler is calibrating the camera.
Camera

parameters

commonly

discovered

through

calibration

procedures include the computed principal distance or focal length (c)
of the lens, parameters (x p , y p), which denote the coordinates of the
center of projection of the image (principal point), and lens distortion
coefficients (k1, k2, k3, p1, p2) where the terms ki represent coefficients of
radial lens distortion and pi terms represent coefficients of decentring
distortion caused by a lack of centering of lens elements [28]. For
calibrating the camera, an accurate determination of the interior orientation
parameters is needed. For more accurate results, the calibration images
should be taken under conditions that are similar to the field samples.
A lab calibration based on a flat pattern to carry out the calibration
Photomodeler Scanner software was conducted. The lab calibration process
was completely automatic using a calibration grid. The focal length was
fixed at narrowest and widest angle and the network includes a total of
twelve images with ± 90º roll angles.
After the software processing, the camera calibration parameter
values were obtained. The results and the accuracy of this calibration
method, as well as the overall RMSs obtained from the calibration for both
cameras are in micron.
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5.5.3 Digital Camera Calibration
5.5.3.1 Overview
For the most accurate results, the camera must be field calibrated. To
field calibrate, simply photograph a special grid (see Figure 5.3)

Figure(5.3): Calibration Grid Positions.

The grid can be found in the PhotoModeler Pro 6 folder (typically
under program file in the c drive) and should be printed close to the size of
the project. PhotoModeler has a special calibration project built-in. A
calibration project requires that about 6 and 12 photos of the grid should be
taken. For best results, a minimum of two photos should be taken per side,
one in a landscape position and the other in a portrait position (See Figure
5.4 and Figure 5.5) respectively.
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Figure (5.4): Landscape position.

Figure (5.5): Portrait Position.
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GOOD vs. BAD

Figure (5.6): Bad Exposure.

Figure (5.7): Good Exposure.

For the best results in both calibration and measurement photographs,
take a step closer to the object. For example, the good photograph in
Figure (5.7) with the calibration grid and the bad photograph in Figure
(5.6) [25]. PhotoModeler software to establish the mathematical model
of the digital camera, and locating points also calibrating the mathematic
model. The image with standard calibration points printed on a piece
of paper of a size (21 × 29.7) cm, then place the paper on the flat floor, the
camera is fixed on a tripod, taking three photos from each of the four
directions.
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5.5.3.2 Calibration and results
Twelve images from different locations and different angles for each
time are taken. In this study, each zoom is calibrated for five times. The
results are illustrated in the following four tables in (5.3), (5.4), (5.5), and
(5.6) respectively.
To ensure the calibration accuracy of the results, the obtained images
should at least be full of 80% of the frame [27].
The calibration images should be taken under similar conditions to
the lap samples for most accurate results. When using the PhotoModeler
software for calculation, 12 images arranged at regular orientation.

Table (5.3): Calibration results of main parameters for camera Nikon (CoolpixAW100),
with fixed focal length (5mm).
c(mm)
xP(mm)
yp(mm)
K1
K2
K3
P1
P2
Image
coverage
)%(
Overall
RMS
)pixels(
Δc(mm)

Calibration(1)

Calibration(2)

Calibration(3)

Calibration(4)

Calibration(5)

5.2667±6.5E-4

5.2368±2 E-3

5.2637±8.8E-4

5.2652±5.2E-4

5.2646±5.9E-4

3.2665±5E-4

3.2655±1E-3

3.2726±7.7E-4

3.2697±4.5E-4

3.2693±5.5E-4

2.4295±6.4E-4

2.4137±2E-3

2.4278±8.5E-4

2.4262±5.1E-4

2.4282±6.5E-4

-2.78E-4±1.9E-5

-7.29E-4±3.6E-5

-1.75E-4±2.9E-5

-1.88E-4±1.9E-5

-2.6E-4±2.3E-5

-2.34E-6±1.2E-6

2.45E-5±2.6E-6

-5.824E-6±1.9E-6

-7.oo7E-6±1.2E-6

-2.929E-6±1.8E-6

0

0

0

0

0

-6.61E-4±6.7E-6

-6.549E-4±1.6E-5

-7.422E-5±1E-5

-6.967E-4±6.2E-6

-7.034E-4±7.3E-6

1.869E-4±8.1E-6

-7.039E-5±2.2E-5

1.35E-4±1.1E-5

8.775E-5±6.7E-6

1.553E-4±8.4E-6

90

88

82

84

88

0.3562

0.5497

0.4756

0.2869

0.3387

0.2667

0.2368

0.2637

0.2652

0.2646
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Table (5.4): Calibration results of main parameters for camera, Nikon (CoolpixAW100)
with fixed focal length (25mm).
Calibration
(1)

c(mm)
xP(mm)
yp(mm)
K1
K2
K3
P1
P2
Image
coverage
)%(
Overall
RMS
)pixels(
Δc(mm)

Calibration
(2)

25.4847±6E-3

25.4028±1 E-3

Calibration
(3)

Calibration
(4)

Calibration
(5)

25.4161±1.4E-2

25.4775±9E-3

25.4492±1E-2

3.1725±5E-3

3.1374±1E-3

3.1099±8E-3

3.1354±5E-3

3.1067±5E-3

2.4295±6.4E-4

2.4137±2E-3

2.4278±8.5E-4

2.4262±5.1E-4

3.5E-4±1.9E-5

2. 92E-4±3.6E-5

5.55E-5±0

2.9E-4±1.3E-5

2.4282±6.5E-4
2.99E-4±1.5E5

-2.95E-5±1.6E-6

-2.75E-5±1.6E-6

0

0

0

0

-2.26E-5±9.3E7
0

0

0

0

0

0

0

0

0

0

0

83

80

80

83

83

0.368

0.333

0.3965

0.3606

0.3663

0.4847

0.4028

0.4161

0.4775

0.4492

-1.66E-5±1E-6
0

Table (5.5): Calibration results of main parameters for camera SANYO (E1075), with
fixed focal length (5.7mm).

c(mm)
xP(mm)
yp(mm)
K1
K2
K3
P1
P2
Image
coverage
)%(
Overall
RMS
)pixels(
Δc(mm)

Calibration
(1)

Calibration
(2)

Calibration
(3)

Calibration
(4)

Calibration
(5)

6.2017±5E-4

6.1929±1 E-3

6.1891±2E-3

6.2060±1E-3

6.2046±1E-3

2.9666±5E-4

2.9600±1E-3

2.9762±1E-3

2.9639±1E-3

2.9632±1 E-3

2.6588±6.1E-4

2.6768±2E-3

2.6665±2E-3

2.6722±2E-3

2.6484±1E-3

4.22E-3±1.1E-5

4.23E-3±2.5E-5

4.27E-3±2.8E-5

4.26E-3±3.2E-5

4.31E-3±1.6E-5

-3.98E-5±7.5E-7

-4.28E-5±2.3E-6

-5.38E-5±2.1E-6

-4.8E-5±2.6E-6

-5.14E-5±1.2E-6

-5.23E-7±0

0

0

0

0

-2.82E-4±4E-6

-1.69E-4±1.1E-5

-2.64E-4±9.8E-6

-2.09E-4±7.9E-6

-2.47E-4±8.2E-6

4.97E-6±4.3E-6

8.91E-5±1.1E-5

2.2E-5±1.1E-5

6.59E-5±1.3E-5

-4.4E-5±9.6E-6

90

80

87

83

92

0.2041

0.2407

0.2496

0.2375

0.2938

0.5017

0.4929

0.4891

0.5060

0.5046
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Table (5.6): Calibration results of main parameters for camera SANYO (E1075),
with fixed focal length (17.1mm).

c(mm)
xP(mm)
yp(mm)
K1
K2
K3
P1
P2
Image
coverage
)%(
Overall
RMS
)pixels(
Δc(mm)

Calibration
(1)

Calibration
(2)

Calibration
(3)

Calibration
(4)

Calibration
(5)

17.1272±2E-3

17.1270±4E-3

17.2058±2E-3

17.1178±3E-3

17.1285±3E-3

3.0101±3E-3

2.9955±8E-3

3.0091±2E-3

2.9822±4E-3

3.0921±5E-3

2.7049±4E-3

2.8044±6E-3

2.7024±3E-3

2.7149±6E-3

2.7244±6E-3

2.22E-4±8.1E-6

2.29E-4±1.8E-5

2.46E-4±5.2E-6

2.17E-4±1.9E-6

2.28E-4±1.1E-5

5.68E-6±6.3E-7

5.18E-6±1.2E-6

4.11E-6±3.1E-7

5.66E-6±5.5E-7

3.13E-6±7.3E-7

-5.23E-7±0

0

0

0

0

-1.7E-4±3.6E-6

-1.25E-4±8.8E-6

-1.42E-4±2.8E-6

-1.13E-4±4.6E-6

-1.52E-4±5.1E-6

-9.79E-5±4.1E-6

0

-1.11E-4±2.9E-6

-9.11E-5±5.3E-6

-6.79E-5±5.8E-6

88

86

80

89

89

0.1920

0.4491

0.1280

0.2206

0.2406

0.0272

0.0270

0.1058

0.0178

0.0285

In above tables, c is the focal length; (xp, yp) is the image center
coordinates ;( k1, k2, k3), (p1, p2) are the radial distortion and tangential
distortion coefficients of the camera lens. According to PhotoModeler
tutorial a value of RMS less than 1.0 pixel indicates a good
calibration and very good calibrations can have a final total error smaller
than 0.4 pixels [25]. In our cases, the most lab calibrations have a final
total error less than 0.4 pixels.
In representing xp, yp and c from the previous data obtained by
calibrating the readings recorded from cameras with various focal lengths
in charts, as illustrated in figures below.
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Nikon with c 5mm.

5.27

c mm.

5.26
Calibration 1

5.25

Calibration 2

5.24

Calibration3

5.23

Calibration 4

5.22
Nikon
5mm

Calibration 5

Nikon with c 25mm.
25.5
Calibration1

c mm.

25.45

Calibration 2

25.4

Calibration 3
Calibration 4

25.35
Nikon
25mm

Calibration 5

Figure (5.8): Comparison data of various focal lengths to the Nikon camera.

c mm.

Sanyo with c 5.7mm.
6.21
6.205
6.2
6.195
6.19
6.185
6.18

Calibration 1
Calibration 2
Calibration 3
Calibration 4
Sanyo
5.7mm

Calibration 5

c mm.

Sanyo with c 17.1mm.
17.25
17.2
17.15
17.1
17.05

Calibration 1
Calibration 2
Calibration 3
Sanyo
17.1mm

Series 4

Figure (5.9): Comparison data of various focal lengths to the Sanyo camera.
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3.3

Xp(mm)

3.2

Calibration 1

3.1

Calibration 2

3

Calibration 3

2.9

Calibration 4

2.8

Calibration 5
Nikon
5mm

Nikon
25mm

Sanyo
5.7mm

Sanyo
17.1mm

yp(mm)

Figure (5.10): Comparison data of various xp to cameras.

2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2

Calibration 1
Calibration 2
Calibration 3
Calibration 4
Calibration 5
Nikon 5mm

Nikon
25mm

Sanyo
5.7mm

Sanyo
17.1mm

Figure (5.11): Comparison data of various yp to cameras.

It is obtained that, undoubtedly, there is an error in xp, yp and c about
(0.04) mm. observed during each reading with focal length (25 mm.). This
error is great compared with the proposed accuracy from photogrammetry.
For example, assume an object with distance (25 m.) far away from a
camera station, its focal length (25 mm.), we get:
Using empirical formula

Scale ═

So, we obtain that an error with 0. 04 mm.

4 cm.
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And there is an error in xp, yp and c about (0.02)mm. observed during
each reading with focal length (5 mm), assume the distance (5m.) far away
from camera station, its focal length (5mm.) given:
Scale ═
Therefore, we obtain that an error with 0.02 mm. = 2cm.
Therefore, without any doubt, calibration cannot be considered as
constant or fixed for non-metric cameras, because such cameras have
different (IOP) for each capture. Then the (IOP) must be evaluated in site
for calibration matters. Any changes in the zoom of focus setting require
new camera calibration.

5.5.4 Creating Dense Surface Model (DSM) Project
Dense Surface Modeling is a search algorithm that uses an existing
pre-oriented project and pairs of photos from that project to search for
image patches that look alike. This search is done in a regular grid-like
manner, so a grid of 3D points is computed. When a good match is found
between two photos, the orientation and camera data allow the program to
compute the correct 3D location of the surface point corresponding to the
image patch. With proper orientation and stereo overlap, a DSM or point
cloud of 3D values can be created, edited, and converted to a triangulated
mesh for export and advanced modeling and design. The basic steps of the
DSM process are:
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1. Start with an oriented, idealized, high-quality project with low
residuals and at least two or more camera stations with suitable baseto-height ratios.
2. Define the extents of the search using Trim Tool to mark the area of
interest on the images. It is possible to choose the area outside or
inside the trim to create the 3D model.
3. The DSM algorithm first collects the pairs of photographs to be
processed. Each pair of photographs overlaps is checked.
4. The algorithm searches along a row of the destination image using an
NxN patch of imagery from the source image. Wherever it finds a
good match it records it. The search range is controlled by the depth
range parameters. The step size in the source image is defined by the
sampling rate parameter. The sampling rate controls the distance
between each point of the point mesh. The smaller value is set the
longer time DSM processing takes, but the further point mesh can be
generated and the quality increases by the increasing number of
points. In this case, the sampling rate is set equal(1mm), by this
value the number of the points mesh will be generated equals to
(5563) points, these points are saved as a TXT file.
5. If more than one pair of photographs is being run, the results of each
point cloud are then registered and merged into one cohesive point
cloud.
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6. The meshing steps and converting the point cloud into a triangulated
mesh surface as in figure (5.12) below.

Figure (5.12): the 3D-points mesh.

7- A TXT file can be exported to many programs like AutoCAD or Surfer.
It's exported to a surfer program to produce a contour model for the object,
as in figure (5.13).
160
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Figure (5.13): Derived contour map. The contour interval is 1.0mm.

The image pairs will be used to create the dense surface. It is
necessary to choose a pair with a low angle between both images, suitable
base-to-height ratio, low root mean square error (RMS), and small distance
of the sampling rate, In this object the maximum residual equals to (o.70
pixel). By clicking Execute the point, mesh begins. The resulting 3D point
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mesh can be viewed under the task View by clicking Open 3D View. Now
a new window, which includes the generated point meshes showed up. In
the 3D View Options dialogue box, Point Mesh has to be enabled as
surface type to make the point cloud visible.

Figure (5.14): the 3D-point (stereomodel) with textures displayed in 3D-view.

Further, it is possible to change the display style into quality
textures which visualizes the object with a more detailed surface by
taking values from the source image (Figure 5.14). In the last step, the
point cloud got meshed with triangulations between the points. Therefore,
the point cloud got marked by clicking on it with the right click. Here it is
possible to activate the triangulation. Now a certain surface has been
generated which finally makes a proper 3D model out of the 3D point
cloud. The coordinate points of the 3D point mesh are saved as a TXT file.
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5.6 Using PhotoModeler as a Measurement Tool
One of the important current developments in digital close range
photogrammetric systems are the full automation of the measuring process.
The very first step when starting an experimental model analysis
project is the definition of the geometry used for visualization of the
resulting mode shape. This geometry includes measurement points with a
labeled and corresponding coordinates, and usually connections and
surfaces allow a good visualization of the measured mode. When doing an
experimental model analysis, one of the first tasks is the definition of the
point to be measured, and to identify these points on the structures, then
create a 3D model representing these measurement points. Two different
scenarios are possible:
1. Comparison between the measurement of the points with targets
and without targets (using small solid model).
2. Extract the accuracy of the represented 3D points from the façade
of the building (using leas-square methods).
5.6.1 Measurement of the Points
The targets (points that are going to be measured) need to be marked.
Mark is the process of creating and positioning an object on a photograph.
This can either be done manually, by mouse-click on the appropriate
location on the photograph or in an automated mode. For automated mode,
circular targets with a high contrast background should be used. Therefore
the points need to be referenced (at least six points each photo was
selected). Referencing points is the process of telling the software that two
points, marked on two different photographs, represent the same physical
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point in space. The software will first calculate the relative camera
positions, and then recalculate all the 3D coordinates of the points; by
Photomodeler we can measure 3D coordinates of the points or the distance
between any two points directly. Vernier used to check real distances
between the points, see figure (5.15) below, the left photograph is without
targets and the right photograph is with targets.

Figure (5.15): The photographs with targets and without targets.

The distance between points are presented in Table (5.7) measured
by Vernier, Table (5.9) with targets and Table (5.10) without targets,
respectively.
Table (5.7): Actual Distance (mm) by Vernier.

No

Measurement

Actual Distance (mm)

From

To

1

1

2

107.78

2

3

4

140.67

3

5

6

41.00

4

7

8

77.01
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Table (5.8): The three coordinates of points by Photomodeler.

No. of
point
1
2
3
4
5
6
7
8

X (mm.)

Y (mm.)

Z(mm.)

-294.005
-401.005
-273.151
-413.139
-304.630
-318.115
-319.980
-356.622

108.353
109.140
50.313
49.976
50.009
49.509
46.606
46.942

69.155
61.472
33.175
17.937
24.021
13.899
6.702
1.166

Table (5.9): The distance between points with targets.

No

Measurement

Distance (mm)

From

To

1

1

2

107.767

2

3

4

140.648

3

5

6

40.988

4

7

8

77.043

Table (5.10): The distance between points without targets.

No

Measurement

Distance (mm)

From

To

1

1

2

107.988

2

3

4

140.816

3

5

6

40.417

4

7

8

77.154

After measuring the distance between the points by Photomodeler
with targets and without targets and compare with the actual distance by
Vernier, the accuracy obtained from this results are ranges between (0.01 –
0.03) mm with target and ranges between (0.1 – 0.5) mm without targets, as
in Table (5.11).
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Table (5.11): The accuracy obtained from the Photomodeler

Measurement
No

Measurement with

Measurement without

targets

targets

From

To

Absolute error (mm)

Absolute error (mm)

1

1

2

0.013

0.199

2

3

4

0.022

0.146

3

5

6

0.012

0.583

4

7

8

0.033

0.144

It is obtained that, from the above tables, and for the purpose of
getting the proposed accuracy from photogrammetry by evaluating the
three dimensions for the located points, such points should be well defined
features by using targets.
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5.6.2 Extract the Accuracy from the Presented Façade.

We can get a 3D points for any building by taking two or more
photos and processing them by PhotoModeler to obtain a points cloud
depending on the sampling rate located in the program as show in figure
below:

Left photo

Right photo

Figure (5.16): the 3D point's (stereomodel) of the building façade.

This building is represented by (53715) points and the sampling rate is (25 mm)
computed automatically by the PhotoModeler and saved as txt file, with standard error
for

δx

.The

accuracy

values are evaluated by (Least square method ) presented in Appendix (B).
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5.7 Illumination and object material
The main problems in this thesis can be described in the sub-section
as follow:
1. Lighting
The lighting of the object and scene should also be considered. Usually it
is not desirable to use a flash mounted on the camera because the shadows
would move on the object between photos. Other similar light sources
(including a bright sun) should not move between photographs. In the case
of sunshine and outdoor scenes do not take photos hours or days apart, so
that these types of lighting issues are minimized.
Avoid using lighting in the scene that causes glare, reflections or
shadows on the surface. The glare/shadows on the surface can cause
problems for the matching algorithm since the effects will appear in a
different location in each photo and can be mistaken as part of the surface
texture. This is especially true of shiny surfaces. Matt surfaces that do not
show highlights from directed light sources are less prone to this problem
and some side lighting and shadows are acceptable. Generally try to use
flat light source such as the light outside on a cloudy day.
2. Surface Requirements
The surfaces to be modeled by dense point clouds need to have a
visible random texture/pattern. Examples of random textures are rock,
skin, wood grain, bricks, trees, etc. Examples of surfaces that are not
textured are plaster-board walls, metal surfaces and glass windows. Some
items may appear to be textured but the texture is consistently repeated and
not random (certain cloth patterns, man-made objects like a window screen
or a faux-leather pattern).
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
Nowadays, both visual and scientific applications of 3D modeling
are increasing day by day. 3D modeling products are used in many variety
of disciplines. With the improving hardware and software 3D modeling
studies can be done much more easily and faster. In this study, the role of
digital close range photogrammetry in the obtaining of 3D model was
investigated. It can be seen that, in the completed study from model,
obtaining of the data with photogrammetry is quite accurate and fast.
From the obtained experimental results, the following conclusions
have been made:
1. In order to get accurate and reliable results, must get a large number
of multi-directional images.
2. There is no calibration for non-metric camera, simply because
calibration means we have fixed values for (IOP) and they are
unchangeable

parameters.

3. To produce 3D models, needed object coordinates on the surface of
the object can be obtain of in a short time and much more faster.
Close range photogrammetry software and a consumer digital
camera are sufficient for this works. All studies can be completed
only using photographs. That is, this is a non-contact technology. For
this reason,a photogrammetric method can be considered in risky
places.
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4. It also can be considered to survey directly immeasurable objects.
This is the safest method from this point of view. One of the main
features of photogrammetric methods is the short length of time
required on site to carry out measurements. Office work during the
evaluation stage is actually longer.
5. The surfaces to be modeled by dense point clouds need to have a
visible random texture/pattern.
6. The lighting of the object and scene should also be considered.
Usually it is not desirable to use a flash mounted on the camera
because the shadows would move on the object between photos.
Generally, try to use a flat light source such as the light outside on a
cloudy day.
7. High accuracy obtained from this study (using a normal close range
photogrammetry and PhotoModeler), this accuracy ranging from (10
- 30) microns, the measuring using coded targets.

6.2 Recommendations
1. It is recommended to monitor the historic buildings and the important
antiques and observing the variations during time that happen upon
them.
2. It is recommended to use Photomodeler with camera (DSLR) in close
range photogrammetry
3. In this thesis used phtomodeler version 6, it is recommended to use
close range photogrammetry with Photomodeler software version 7
there is new option known (automatic smart matching) this option
was used without targets to create 3D models.
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Appendix (A)

Development and linearization of the collinearity condition
equations
The collinearity condition equations are developed from similar triangles of fig. (2-9)
as follows:y
x
 z


X  XL Y  YL Z  ZL

Reducing,
 X  XL 
x  
 z
 Z  ZL 

(a)

 Y  YL  
y  
z
 Z  ZL 

(b)

Also, by identifying
 Z  ZL  
z  
z
 Z  ZL 

(c)

Any imaged point having coordinates x, y, and z in a tilted photo, which is determined
as follows:-

x  m11 x  m12 y  m13 z 
y  m 21 x  m 22 y  m 23 z 

…. (A-1)

z  m 31 x  m 32 y  m 33 z 
This equation described expressly in appendix (B)
Substituting (a), (b), and (c) into Eqs. (A-1)
 X  XL  
 Y  YL  
 Z  ZL  
x  m11 
 z  m12 
 z  m12 
z
 Z  ZL 
 Z  ZL 
 Z  ZL 
 X  XL  
 Y  YL  
 Z  ZL  
y  m21 
 z  m22 
 z  m23 
z
 Z  ZL 
 Z  ZL 
 Z  ZL 
 X  XL 
 Y  YL 
 Z  ZL 
z  m31 
 z   m32 
 z   m33 
z
 Z  ZL 
 Z  ZL 
 Z  ZL 

…. (A-2)
…. (A-3)
…. (A-4)

Factoring the term (z'/Z-ZL) from Eqs. (A-2) through (A-4), dividing (A-2) and (A3) by (A-4), and substituting (- f ) for (z), and adding corrections for offset of the
principal point (x0, y0) the following collinearity equations results:
 m X  X L   m12 Y  YL   m13 Z  Z L 
x  x0  f  11

 m31 X  X L   m32 Y  YL   m33 Z  Z L  
 m  X  X L   m22 Y  YL   m23 Z  Z L 
y  y0  f  21

 m31 X  X L   m32 Y  YL   m33 Z  Z L 

A-1

…. (A-5)

Where:(xo, yo)

: Represent the principal point coordinates.

(x, y)

: Represent the photo coordinates system.

(X, Y, Z)

: Represent the ground coordinates system.

(XL , YL, ZL)

: Represent the exposure station, coordinates in the ground
coordinates system.

f

: Is the calibrated camera focal length.

m's

: Are functions of rotation angles omega (), phi (), and kappa
() and these are described expressly in appendix (B).

The Eqs. (A-5) are nonlinear with nine unknowns; three rotations angles (,,);
three exposure station coordinates (XL, YL, ZL); and three object space coordinates
(X,Y and Z), for each point. These non linear equations are linearized using Taylor's
theorem. In linearizing the collinearity equations, Eqs. (A-5) are rewritten as follows:

F1  0  q  x  r  f

…. (A-6)

F2  0  q  y  s  f
Where:-

q  m31  X  X L   m32 Y  YL   m33 Z  Z L 
r  m11  X  X L   m12 Y  YL   m13 Z  Z L 

s  m21  X  X L   m22 Y  YL   m23 Z  Z L 

After applying Taylor's theorem for linearization, Eqs. (A-6) can be expressed as: F
 F 
 F 
 F 
 F 
0  F1 0   1  dx   1  d   1  d   1  d   1
 x  0
   0
   0
   0
 X L
 F 
 F 
 F 
  1  dX   1  dY   1  dZ
 X  0
 Y  0
 Z  0
 F
0  F2 0   2
 y


 F
 F 
 dy   2  d   2
   0
 
0


 F
 dX L   1
0
 YL

 F

 F 
 d   2  d   2
   0
0
 X L


 F
 dYL   1
0
 Z L


 F
 dX L   2
0
 YL


 dZ L
0


 F
 dYL   2
0
 Z L


 dZ L
0

 F 
 F 
 F 
  2  dX   2  dY   2  dZ
 X  0
 Y  0
 Z  0

Where:(F1)0 and (F2)0

: Represent the Eqs. (A-6) evaluated using the approximate
values of the unknowns.

 F1   F2 

&

     

: Represent the partial derivatives of the function (F1) and (F2)
respectively.
A-2

dx, dy, d, …, dZ

: Represent small corrections to the unknowns to be computed.

Since (dx and dy) represent the corrections to the measured photo coordinates (x, y),
they may be interpreted as residual errors in the measurements, so we can assume that
(Vx=dx) and (Vy=dy). After substitution and simplification we obtained the following:-

Vx  b11d  b12d  b13d  b14dXL  b15dYL  b16dZL  b14dX  b15dY
…. (A-7)

 b16dZ  J
V y  b21d  b22d  b23d  b24dXL  b25dYL  b26dZL  b24dX  b25dY

…. (A-8)

 b26dZ  K
Where:
f
[r  m33Y  m32 Z   q m13Y  m12 Z 
q2
f
b12  2 X cos   Y sin   sin    Z  sin   cos   
q
f
X  sin   cos    Y sin   cos   cos    Z  cos   cos   cos  
q
f
m21  X  m22  Y  m23  Z 
b13 
q
rf
rf
b14  m31   m11 
q
q
b11 

rf
m32  
q2
rf
b16  2 m33  
q
rf
J  xa  x0 
q
b15 

f
m12 
q
f
m13 
q

X   X  X L , Y  Y  YL , Z  Z  Z L 

A-3

f
[ s m33Y  m32 Z   q m23Y  m22 Z ]
q2
f
b22  2 X . cos   Y sin . sin    Z  cos . sin   
q
f
X sin .sin    Y  sin . cos . sin    Z cos . cos . sin  
q
f
b32  m11.X  m12 .Y  m13 .Z 
q
f
b24  2 ( sm31  qm21 )
q
f
b25  2 ( sm32  qm22 )
q
f
b26  2 ( sm33  qm23 )
q
sf
K  y a  y0 
q
b21 

Appendix (B)
Development and linearization of the Three-dimensional conformal coordinate
transformation equation
In figure (3-4) to convert a xyz to an XYZ, it requires the definition of seven
parameters. These parameters are: its rotation angles omega (ω), phi (ɸ), and (κ); a
scale factor (s); and three translation parameters TX, TY, and TZ. The transformation
equations will be developed in the following two basic steps: (1) rotation and (2) scaling
and translation.
As apparent in figure (3-4) with three steps to convert from xyz system to apply
to x'y'z' system:
(1) Rotation through the angle ω about the x' axis is illustrated in figure (B-1). The
coordinates of any point A in the once-rotated x1y1z1 system, as shown
graphically in figure (B-1), are

Figure (B-1) omega rotation about the x' axis.

(B-1)

Since this rotation was about x', the x' and
coordinate of A is unchanged.
B-1

axes are coincident and therefore the x

(2) Rotation through ɸ about the

axis is illustrated in figure (B-2). The

coordinates of A in the twice-rotated

coordinate system, as shown

graphically in figure (B-2), are

Figure (B-2) phi rotation about the axis.
ɸ

ɸ
(B-2)

ɸ

ɸ

In this rotation about , the

and

axes are coincident, and therefore the y

coordinate of A is unchanged. Substituting Eqs. (B-1) into Eqs. (B-2) gives
ω

ω

ω

ω

(3)Rotation through k about

ɸ

ɸ

ɸ

ɸ

, axis is illustrated in figure (B-3). The coordinate of

A in three-times-rotated coordinate system, which has now become the xyz system
as shown graphically in figure (B-3), are

(B-4)

B-2

Figure (B-3) kappa rotation about
In this rotation about

, the

and

axis.

axes are coincident, and therefore the z

coordinate of A is unchanged. Substituting Eqs. (B-3) into Eqs. (B-4) gives
[(

)

]

(

)

)
(

)

(
Factoring Eqs. (B-5) gives

Substituting m's for the coefficients of x', y', and z' in Eqs. (B-6) gives

B-3

(B-7)

Where

(B-8)

The rotation matrix is orthogonal matrix, which has the property that its inverse is
equal to its transpose, eq. (B-7) may be rewritten, expressing x' y' z' coordinate in terms
of x y z coordinates In expanded form this equations is:

(B-10)

2-Scaling and Translation
Multiply each of Eqs. (B-10) by a scale factor (s) and to add the translation factors
TX, TY, and TZ.

B-4

(B-11)

These non linear equations are linearized using Taylor's theorem. In linearizing
the three-dimensional conformal coordinate translation equations, Eqs. (B-11) are
rewritten as follows:

(

)

(

)

(

)

(

)

(

)

(B-12)

In Eqs.(B-12),
10),(

) ,

unknown

are right-hand sides of Eqs. (B, etc., are the partial derivatives with respect to the indicated

evaluated

at

the

initial

approximations,

and

,

are corrections to the initial approximations which will
be computed during the solution.
Substituting letters for partial derivative coefficients, adding residuals to make
the equations suitable for a least squares solution, and rearranging terms, the
following equations result.

B-5

(B-14)
Where:

)

)

)

B-6

Appendix (C):
Technical data of digital camera chips
Chip size
(nominal)
1/3.6"
1/3.2"
1/3"
1/2.7"
1/2.5"
1/2.4"
1/2"

Diagonal
(mm)
5.0
5.7
6.0
6.6
7.1
7.4
8.0

Width
(mm)
4.0
4.0
4.8
5.3
5.7
5.9
6.4

Height
(mm)
3.0
3.4
3.6
4.0
4.2
4.4
4.8

1/1.8"

8.93

7.2

5.3

1/1.7"
2/3"

9.5
11
11
16
22/5
21.8

7.6
8.8
8.8
12.8
18.0
17.4
20.7
22.7
35.8
36
28.7

5.6
6.6
6.6
9.6
13.5
13.1
13.8
15.1
23.1
24
19.1

1"
4/3"

27.3
42.6
34.5

1280×960
1620×1220

Pixel size
(µm)
3.2
2.8

2048×1536
2288×1712
2592×1944
1280×1024
1280×1024
2048×1536
2080×1542
2592×1944
2272×1704
2048×1536
2560×1920
3264×2448

2.6
2.5
2.3
6.0
5.0
3.45
3.45
2.8
3.1
3.7
3.4
2.6

2614×1966
2560×1920
2268×1512
3072×2048
4064×2704
4536×3024
2464×1648

6.8
6.8
9.13
7.4
8.8
7.9
11.6

No. of pixel

See the camera's manual for the nominal chip size (say 1/2.7") and
the resolution, then use the table to find the pixel size. If the manual instead
of the nominal chip size the border lengths ( width and heght in mm) of the
chip are given you can directly calculate the pixel size:

C-1

Appendix (D)
Excetract the Accuracy of Points from Presented Façade.
Computing the standard error (δx, δy, and δz) for the points (1 ,2, 3)
in figure below, the coordinates of these points measured by photomodeler.
Applying least square method to compute the standard error of the points.
In figure below, three points were measured by photomodeler, four
times each one. Applying the least square method to determine the residual
ν (error in measurement) and standard error δ for the x,y,z to each point.

Point no. (1)
1
2
3
4

X (m)
10.918652
10.918641
10.918648
10.918660

By least square method:

D-1

Y(m)
0.0767367
0.0767402
0.077392
0.077359

Z(M)
0.885369
0.884052
0.887465
0.887465

[ ][ ]

[ ]

[ ]

Normal equation NX= D

[

][ ]

[

X=

][ ]
⌈ ⌉[ ]

NX= D

[ ]

[

]

[

]

D

X

[ ]

[ ]⌈

⌉

[

]

[

√

√

√
D-2

]

In the same way, compute

to the same point

To compute δx, δy, and δz for two points (2,3) in figure above, the
coordinates of these points illustrated in tables below.
Point no. (2)
X (m)
1
14.396505
2
14.396780
3
14.396523
4
14.396932
By the same way, we compute:

Y(m)
0.018325
0.018574
0.018443
0.018178

Z(M)
1.154881
1.154901
1.154703
1.154218

Y(m)
0.006454
0.006676
0.006296
0.006407

Z(M)
1.505534
1.505662
1.505586
1.505461

δx

Point no. (3)
X (m)
1
19.297108
2
19.297179
3
19.297401
4
19.297130
By the same way, computed:
δx

D-3

الخالصة
اْ ِصذس اٌث١أاخ االساسٌٍّٕ ٟارض شالش١ح االتؼاد ٌٚألظساَ راخ اٌسطٛغ إٌظاِ١ح  ٚاٌغ١ش ٔظاِ١ح
٠ؼشف ب (أ٠ ٚؽسة ػٍ ٝاساس أٗ) اؼذاش١اخ ٔمطح .اْ اٌؽصٛي ػٍّٛٔ ٝرض شالش ٟاالتؼاد
ٌألظساَ راخ اٌسطٛغ اٌغ١ش ٔظاِ١ح ٠ؽراض ٔماط وص١شج ٌرّص ً١رٌه اٌعسُ ا ٚاٌسطػ تذلح ػاٌ١ح٘ .زٖ
إٌماط ّ٠ىٓ اْ ٔؽصً ػٍٙ١ا تسٌٛٙح تاٌطشق اٌرمٍ١ذ٠ح ٚطشق اٌّسػ اٌرص٠ٛش .ٞف ٟدساسرٕا ٘زٖ,
اٌؽاٌح ٚاٌماتٍ١ح ٌٍّسػ اٌرص٠ٛش ٞلش٠ة اٌّذ ٜلذ ذُ اٌرؽش ٞػٕٙا ِٓ اظً اٌؽصٛي ػٍّٛٔ ٝرض
شالش ٟاالتؼاد)ٌ .(3Dزٌه االظساَ راخ اٌسطٛغ اٌغ١ش ٔظاِ١ح لذ أسرخذِد ٌرم ُ١١لذسج طشق
اٌّسػ اٌرص٠ٛش ,ٞؼ١س ذُ اخز صٛس ٌألظساَ طثمآ ٌّرطٍثاخ اٌّسػ اٌرص٠ٛش.ٞ
٘زٖ اٌذساسح ,ذّد ػٍ ٝشالشح ِشاؼً ,اٌّشؼٍح االِ ٛ٘ ٌٝٚؼا٠شج اٌىاِ١شاخ اٌّسرخذِح ؼ١س ذُ
اسرخذاَ واِشذّ٘ ٓ١ا ٟ٘ٚ ( SANYO E1075)ٚ ,(NIKOON COOLPIX AW100),
راخ لذسج ذّ١ز٠ح ٚتؼذ تؤس٠ ٞخرٍف ف ٟوال اٌىاِ١شذ ٓ١ؼ١س ذّد ِؼا٠شج اٌىاِشذ ٓ١تثؼذ ٓ٠تؤسٓ١٠
ِخرٍفِ ٓ١خرثش٠آ ٚتٛالغ خّسح ِشاخ ٌىً تؼذ تؤس ٞف ٟوً واِ١شج ٚ.ذُ اٌؽصٛي ػٍٔ ٝرائط
ِرغ١شج ٚغ١ش شاترح ٌؼٛاًِ اٌرٛظ ٗ١اٌذاخٍ ٟا ٞأٗ وا ْ ٕ٘ان فشق ف ٟاُ٘ اٌؼٛاًِ اٌثؼذ اٌثؤسٞ
)ٚ (cاؼذاش١اخ ِشوز اٌصٛسج )ِ (xp , ypمذاسٖ ٠رشاٚغ ِٓ  0.02 mmاٌ٘ٚ ...0 mm.ٝزا
اٌفشق وث١ش ل١اسآ تاٌذلح اٌّرٛخاج ِٓ اٌّسػ اٌرص٠ٛشٌ .ٞزٌهٌٍ ,ؽصٛي ػٍ ٝدلح ػاٌ١ح ِٓ اٌّسػ
اٌرص٠ٛش ٞر ٚاٌّذ ٜاٌمش٠ة ٠عة ِشاػاج ػًّ اٌّؼا٠شج ٌٍىاِ١شج ؼمٍ١آ اشٕاء اٌؼًّ ٚد ْٚاطفاء
اٌىاِ١شج .اٌّشؼٍح اٌصأ١ح ٘ ٛأراض ظسُ شالش ٟاالتؼاد ٚتٕماط وص١فح ظذآ اػرّادآ ػٍ ٝاٌّسافح
) (Sampling rateتٔ ٓ١مطح ٚاخش ِٓ ٜخالي ػذج ٌمطاخ أشٕاْ ا ٚاوصش ٠رُ أراض ظسُ شالشٟ
االتؼاد ٚتذلح ػاٌ١ح ,ف٘ ٟزٖ اٌؽاٌح ذُ اسرخذاَ ظسُ ػٍ ٝشىً ٚظٗ ِصٕٛع ِٓ اٌط ٓ١ؼ١د ذُ
ذشى ً١ظسُ شالش ٟاالتؼاد ٚتؽٛأٌ )3655( ٟمطح شالش١ح االتؼاد ٚتّسافح( ّ١ٍِ )1رش تٔ ٓ١مطح
ٚاخش,ٜؼ١س أٗ وٍّا وأد ٔسثح االػر١اْ لٍٍ١ح وأد ػٍّ١ح اٌّؼاٌعح اطٛي ٚإٌماط اوصش٘ ِٓ .زٖ
اٌؼٍّ١ح ّ٠ىٓ االسرفادج ِٓ ذٛش١ك اٌرشاز اٌصمافٚ ٟاٌراس٠خٌٍ ٟثٍذ فِ ٟىرثح سلّ١ح ذؽفظ اٌرؽف
إٌادسج ّ٠ٚىٓ ِشالثح ٘زٖ االظساَ ِٓ خالي ٘زٖ اٌّىرثح ِٚا ٠ؽذز ػٍ٘ ٝزٖ اٌرؽف ِٓ ذغ١ش
تّشٚس اٌزِٓ .اٌّشؼٍح اٌصاٌصح ٚاالخ١شج ذُ اسرؼّاي تشٔاِط (Photomodeler Scanner
)  version 6وؤداج ٌٍم١اس ؼ١س اسرخذَ ف٘ ٟزٖ اٌّشؼٍح ّٔٛرض صغ١ش ػٍ ٝشىً ت١د ٚذُ اٌم١اس
ػٍ ٝاسواْ اٌث١د ؼ١س ذُ اٌم١اس تؤسٍٛت,ٓ١أالسٍٛب اال ٌٝٚاسرخذِد اال٘ذاف اٌّشفشج اٌرٟ
٠رؼشف ػٍٙ١ا اٌثشٔاِط اذِٛاذ١ى١آ ٚذُ ذصث١د ٘زٖ اال٘ذاف ػٍ ٝاسواْ إٌّٛرض ٚوأد دلح اٌم١اس
ػاٌ١ح ظذآ ذرشاٚغ ِٓ  1.اٌِ 3. ٝا٠ىش١ِٚرش .أالسٍٛب اٌصأ ِٓ ٟخالي اٌم١اس تذ ْٚا٘ذاف
ِشفشج ٚأّا االػرّاد ػٍ ٝذطاتك اسواْ إٌّٛرض ف ٟاٌصٛس ٚذىٔ ٓ٠ٛماط شالش١ح االتؼاد ِٕٙا ٠رُ
ل١اس اٌّسافح ت ٓ١سوٓ ٚاخش ٚوأد اٌذلح ظ١ذج ذشاٚؼد ت ..1 ٓ١اٌّ١ٍِ ..5 ٝرش  .تشٔاِط
) ٠ (Photomodeler Scanner version 6ؽراض أْ ُُ٠ذخٍح ٌٗ اِ ٞسافح ِؼٍِّٛح تٔ ٓ١مطرٓ١
ػٍ ٝاٌعسُٚ ,تؼذ رٌه اٌثشٔاِط ٠م َٛتؽساب االؼذاش١اخ شالش١ح االتؼاد ألٔ ٞمطح ػٍ ٝاٌعسُ.
شُ تؼذ رٌه اخزخ صٛس ٌثٕا٠ح ذمغ ف ٟظاِؼح تاتً ػٍ ٝتؼذ ِ 55رش(ِسافح االٌرماط) ِٓٚ
اٌصٛسذ ٓ١ذُ ذّص ً١اٌثٕا٠ح وّٕٛرض شالش ٟاالتؼاد تؼذد ٘ائً ِٓ إٌماط تٍغ (ٔ )53715مطح ٚواْ
=δy
=. , δx
اٌخطا اٌّؼ١اسٌٙ ٞزٖ إٌماط ف ٟوً ِٓ
=.δz
,
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