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ABSTRACT

There are different techniques, that can be used for monitoring building
deformations, each is designed for a certain purpose and also depending on
many parameters, such as the shape of the construction, the quantity of the
deformation , the needed time to collect the necessary measurement and the
required accuracy .These techniques can be generally classified into
surveying and non surveying techniques .The surveying techniques include
conventional geodetic techniques and close range photogrammetry. This
paper proposes and discuses a more simple alternative approach for the
problem of the space intersection in close range photogrammetry, as applied
to structure deformation measuring.

In this research, atest field was used, for experimental determination of
the accuracy of the results obtained from the proposed approach, and of the
conventional techniques frequently used in close range photogrammetry .
The accuracy obtained in this study, was determined by comparing the
coordinates in each technique with the original check points coordinate of
the test field.

The aim of the research reported in this paper, is the study of durability
of a more simple alternative approach for solving the space intersection
problem in close range photogrammetry as applied to monitoring structure
deformation, through its comparison with the corresponding conventional =

techniques .
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1. Introduction

Construction surveying plays an important role in the process of erecting
a structure. Surveying operation are.necessary before copstruction, for
planning and - désigriing purposes, thien during'construction the surveying is
necessary to ensure the layput of the structure and guide the construction
process and after the structure is finished, surveying is used to monitor the
structural deformations. he use- of photogrammetric techniques, specially
- close-range ‘photogrammetry, in construction. surveys have been reported
earlier by Abdel Aziz 1979, Clarke,T.,1990 and others. The close range
photogrammetry provides information at a very large number of points at
the same time.~ This advantage is very essential, in case of structures,
having rapid movements or-deformations, This is the case, since the
traditional other surveying techniques ,take more time to collect the
necessary measurements at -a certain time, during which the different
monitoring defined targets could have gained a quite movement, not
coincide with the measurement instance. The conventional geodetic
methods provide information on movement at only a little number of targets
on the object . By using the close range photogrammetry, a permanent
record can be taken of a very large number of monitoring targets points.

In close range photogrammetry there are three different techniques in
locating control. :

The first -technique is mostly convenient in photogrammetric
applications,-by-fixing all the control in the object space. In this method, the
camera position and orientation is determined by analytical
photogrammetry.

The second technique is done. by fixing the camera position and
orientation with respect to the object space coordinate system . In close
range photogrammetry, the stereo metric camera is convenient on account of
its fixed base and relative orientation. It is quite appropriate to use the stereo
metric camera base and the local vertical to define the object space
coordinate system, _

This paper, however, is introducing the use of a more simple aiternative
approach for the second technique in establishing control. (

The third technique combine between the first and the second technique,
where part of the control is forced on the camera and part is located in the
object space .The second technique in establishing control is realized most
conveniently by using stereo metric camera, which consists of two identical
cameras mounted rigidly at the ends of a fixed base, where two horizontal
overlapping photographs are taken.

This technique is not used in this study for the following reasons:

-The stereo metric cameras which are required for photography are
very expensive, and generally not available, specially in the
development countries.

-The stereo metric cameras have fixed base lengths. This means that,
the photogrammietrist -have to. chance to choose the base high ratios.
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Because their bases are relatively short, stereo metric cameras can
attain strong base height ratios, only when objects being photographed
are rather close range. For better heights ranges, stereo pairs must be
obtained by exposing single photographs at the ends of a measured
base line, using single camera.

-One needs a minimum of one vertical controi point on the
photographed object, to determine the elevation of the exposure
station. For all of the above reasons, a more simple alternative
approach has been suggested in this research.

The advantages of this approach are as follows:
-Using single camera instead of stereo metric camera, to obtain
stereo pairs, by exposing single photos at the ends of a measured base
line.
-Choosing the suitable base-depth ratio, which gives geometric
strength;
-There is no geometric problem, when the photographed object lies in
one plane, _
-The expected accuracy of the object space coordinates is better than
that obtained by using the collinearity conditions, as we will see in the
discussions;
-Saving the required time for linear measurements and for control

points establishments.

2. THEORETICAL ASPECT

Three typical configuration system can be considered, (1) the normal
case where the left and right camera axes are perpendicular to the base line
(Bx).(2) Convergent case where the camera axes are arbitrary convergent
and (3) Normal-convergent case where normal photography is performed at
one station and convergent photography at the other station (see Rahil 97 )

As illustrated in Figure ( 1), the angle @, and ®r, the angles subtended
by the camera axes with the directions of the perpendiculars 1o the camera
base on the horizontal planes, define the convergence of the left and right
cameras, respectively. These two angles of convergence are assumed known
as are Py, and O,

Tf @, = - Oy one obtains a case of symmetrical convergence. In these case
the computations become some what less complex and recommended . In
this study, we will be dealing with the symmetric convergent case (9. = Qg
= @ ). For the simplicity and convenience work, photos would be arranged
so that the horizontal fiducial line in each photo stays horizontal while the
vertical fiducial line in each photo remains vertical .
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Fig.(2.a) Elevation of points from two horizontal photos.
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Fig.(2.c) Elevation of points at the right exposure station.

2.1 RELATIVE OCRIENTATIOPN

By investigating the relative orientation parameters which are required to
orient the right photo with respect to the left photo one find that:
-Two orientation parameters of the two photos are known, having zero
values; because:
a) The Z- axes of the two photos , which is paraltel to the plumb line
are parallel (k=12 =0.0).
b) Both of the two photo lies on a vertical plane (w3 = 02 =0.0)
The translation element along the Y-direction By has a zero value;
because the two exposure stations lie on the X- axis.
The elevation of the two exposure stations ( left and right) can be

calculated by using the following technique :

The philosphy of this technique is based upon photographing of one or
more precise levelling staff or special constructed marker poles, ( sce:
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Collins and Madge 1981) which are fixed at the appropriate places relative
to the two exposure stations.

Care is taken in fixing a leveling staff, such that the base plate is at
ground, and the staff should be ensure verticality. The effect of
photographing leveling is illustrated in Fig.( 2.a-2c ) . The photo
coordinates (x,z) from the center of the photography to the bottom of the
staff image are recorded. Consider B. and Pr being the vertical angles of
inclination between the horizontal plane and the ray from the camera to the
object point P,on the left and right photos respectively.

Then;: Br-tan ' [z/(x*+c* )™ ()
: And
Br-tan ! [/ x2% + )™ )

where:
x is the measured x-dimension {coordinate ) from the center of the photo
to the image of the stafT at the left station
z is the measured x-dimension {coordinate ) from the center of the photo
to the image of the staff at the left station
x“is the measured x-dimension (coordinate } from the center of the photo
to the image of the staff at the left station
z"is the measured x-dimension (coordinate ) from the center of the photo
to the image of the staff at the left station
According to Figure .(2b ) and Figure (2.¢c ),  one candetermine the
difference in elevation between the camera axis at the left and right camera
stations (Vy and Vg)respectively. From the photo coordinate of the lower
part of the staff (x,z), together with the calculated horizontal distance
between the exposure stations and the vertical staff, the difference in
elevation (VL and VR) between the camera axis ( left and right respectively )
, and the lower edge of the staff graduation, can be calculated using the
following equation:
VL =Dy tan (BL) (3}
Vr = Dg tan (Br) {4)
Where:
Vy : is the difference in elevation between the exposure station and the
lower edge of the staff graduation
Vg : is the difference in elevation between the exposure station and the
lower edge of the staff graduation
Dy, is the horizontal distance from the left camera st to the levelling staff.
Dy is the horizontal distance from the right camera st. to the levelling
staff.

The exposure stations elevation can be obtained using the following
equations ;
E} : \.. - h (S)
. Exr - Vg +h (6)
Where E; is the elevation of the exposure station at the fefi station
Ey s the etevaton of the exposure station at the right
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h is the elevation of the lower edge of the staff graduation
If more than one vertical staff'is available, the average value of exposure

stations elevation ( left and right respectively ) can be obtained .
2.3 THE OBJECT SPACE COORDINATE

A point (P) on object is defined in terms of 3-D coordinates,X,Y,Z while
the corresponding points in the photos are in terms of their photo-
coordinates, x, z for point p on the left photos and X,  for point p” on the
right photos. Referred to Fig.(l ), consider the horizontal distance of a
ground point P from the left exposure station, LP= D;, The horizontal
distance of the ground point P from the right exposure station, RP= Dg.

Consider o, and «, being the horizontal angle between the optical axis
(CAL & CAg)and the ray from the camera to object point P on the left and

right photo respectively.
Furthermore, o, = arctan (x/c) and o, = arctan (x7c)
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Fig.(3) Horizontal position of points from two horizontal photos,

51,:90—(1)1,6]{:90—(1){{
0. =01, - au, Or =0x — OR
61, = 90 - (I)l,- (11,9}{ = 90 — CDRH R
GM= 180 - (91 -'rSR)
Consider 0, and Og being the horizontal angles between the target (P) and
the base line at the left and right exposure station respectively,
O.= -1, Or= Dr-o0r
Then - 91\1 = 180 - (6[ +GR)

Also, from sine rules in triangle L P R,

.f')t - _li T (8)
Sin6, Siné,,
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_ B Sin6,

ie. = = ! A9
k Sind,, ©
and also QR __B (10)
Sin@,  Sinb,,
. B SinQL -
Cie Dy = ——X (1)
Sin@,,
These give the object space coordinates:
Xp =D 1. *Cos GL R _(12)
Yp = DL * Sin 9[, (13) '
ZP = EL (average) + DL *tanB;, (14)

2.4 THE DETERMINTION OF THE BSE LINE ( B)

The length of the base line can be obtained as follows:
-Determine the ground coordinate of the two ends of the known line
(L) by using any assumption value for (B) such as B
" Compute the ratio (R) between the true length of the known line (L)
and the calculated length of the same known line (L ), which was
calculated from the ground coordinates.
-Compute the correct value of the base line (B) a follows:

True length of the known line (L)
Ratio(R) = _ (15)
Computed length of the known line (L)

The correct value (B} = B *(R) (16)
CHECK COMPUTATION OF THE OBJECT SPACE
COORDINATES

' According to figure (3), the object space coordinates can be determined
as a check computation using the following equations:

Xp " B-{Dg*Cos 6yp) (7
Ypf-DR*SineR “8)
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.ZP. =Eg {average) T Dr *taIlBR R (1 9)
3. THE EXPERIMENTAL WORK -

In this research, a test field has been successfully used for experimental
work. The test field was photographed with the metric UMK 10/1318 from

Zeis Jena. The elevation view @f the, t,est.ﬁeld is-shown in ﬁguzl 44 )

Two stereo pairs were so arranged that they were on the Same base and
also one base-to object distance ratio is used. The ﬁrst stereo pair IS
performed horizontal in a symmemoal convergent imaging with 29’
convergent angle, and the second ste;eo pair is establlshed als§ horlzontal in
a symmetrical convergent imaging with 43" convergent angle In the
photography two precise leveling staff in a vertical position.and a subtence
bar were used . The leveling staff and the subtence bar dre 2iiieters long and
they were lying in front of the'test field. All the photographs wer¢ measured
with the stereo comparator Techochart-D from Carl Zeis Jena "The photo

coordinate were measured with + 5um accuracy.

3.1 THE LOCAL COORDINATE SYSTEM

The local coordinate s;istem is established by defining thé X.Y,Z- axis.
The directions of the X ¥,Z- axes are as follows: The X and Y axis are
faying on a horizontal plane and the Z axis is parailel to the plumb line (see
Fig.2) . As inFig.(-), the local coordinate system is adopted with origin at
the left station (st; ) and with the X- axis coincident with the base line(Bx).

Y
+ !
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/"‘ :
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NS S
H f
FIG.(4) The local coordinate-system.
3.2 TEST FIELD

At the Faculty of Engineering Shebin El-Kom, there is one reference
point network, this reference point is a vertical planc formed test wall. The
reference point network ‘consists of 24 fixed black and white circular shaped
Figure (6 )} The tdordinates of the check and control points were cmputed
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using the intersection method. The three dimensional vertical test field ( 15
m by 11m by 6m) has been characterized by the following :

RMS error:0.2 mm for X-axis, 0.2 mm for the Y-axis and 0.1mm for the Z-
axis.

Fig.(5) The test field and the reference points network
by using the metric camera UMK10/118
|

I
FiG.( 6 ) The Target.
4, DATA REDUCTION
In this work, the data reduction have been done with two different

analytical approaches to determine the ground coordinates of points of
interest : the conventional method and the suggested approach

4.1 THE CONVENTIONAL APPROACH
In this approach, the mathematical model for the terrestrial

photogrammetry is based on the collinearity equations The analytical
restitution was performed using bundle adjustment. For this purpose, 6




control points have been used, to determine the space resection parameters
With the knowledge of the space resection parameters of the two photos,
the space — intersection can be performed to obtain the ground coordinates

of object points .
4.2 THE PROPOSED APPROACH

In this approach, no control point have been used . The data reduction
procedure consists of :

a) The determination of the horizontal angles (ar and or) between the
optical axis and the ray from the camera to object point P, on the left
and right photo respectively;
b) determination of the vertical angles (Br, and Bz ) between the
horizontal plane and the ray from the camera to object point P, on the
left and right photo respectively,
¢ ) Computation of the horizontal angles (8; andBg) between the object
point P, and the base line at the left and right exposure stations
respectively;
d) Calculation of the horizontal distances (D, and Dy } between
the object point P, and the left and right exposure station respectively

,and
e) Computation of the coordinates (X,Y and Z) of points of

interest.
5, THE COMPARISON OF RESULTS

In this study, one base-to- object distance ratio is used (0.7),with a
convergence of the two camera axes of 29 grades for the first mode! and 43

grades for the second model.

The resulting accuracy achieved by both approaches is determined by
comparing the obtained coordinates from each approach with the reference
coordinates of 20 check points, as determined by geodetic techniques, as
mentioned before . The comparison of results between the suggested
technique and the conventional method is shown in table (1) for the first
stereo model and in table (2) for the second stereo model, and in terms of
X,Y,Z coordinates differences as will as, their essentially statistical
parameters (RMS, RMS; )

From these two tables, it can be seen that, the proposed approach gives
more accurate results than the conventional approach, since the former

yields a smaller RMS than the later.
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TABLE(1):STATISTICS OF OBTAINED COORDINATE DIFFERENCES FOR
THE FIRST MODEL BETWEEN THE CONVENTIONAL AND
THE PROPOSED TECHNIQUES AT THE USE CHECK POINTS

(IN mm) _
Pt. THE PROPOSED THE CONVENTIONAL
No TECHNIQUE TECHNIQUE
AX AY AZ, AX AY AZ
1 133 | 131 1.28 1.58 2.83 2,11
2 1.31 124 1.32 1.51 1.63 141
3 151 | L12 1.33 1.42 .69 1.43
4 .08 | 1.17 0.98 1.33 1.75 .57
5 1.21 137 128 | 144 2.64 1.69
6 1.41 1.52 1.341 1.85 1.65 1.89
7 0.98 1.14 1.42 1.92 1.38 2.10
3 2.01 121 1.23 2.05 1.87 1.53
9 162 | 117 1.13 1.83 1.84 1.72
10 123 1.09 112 178 | 18] 1.63
11 128 | 111 1.26 1.45 2.19 2.10
12 109 | 13 1 138 172 | 1.83 1.61
13 1.5] 162 ° 114 1.82 165 | 1.74
14 058 | 139 | 106 1.43 1.87 1.83
15 1.1 134 | 122 1. 42 2.34 1.79
16 1.81 161 ! 167 231 1.85 209
17 10987 123 | j.22 1.49 1.7 232 |
18 141 143 7 13 235 1.67 1.53
19 1.32 1.37 | 121 1.59 1.44 1.64
20 1.53 153 Lt 1.68 183 1.63
RMSI | 136 | 137 | 1.3 1.73 190 | 179

TABLE(2):STATISTICS OF OBTAINED COORDINATE DIFFERENCES FOR
THE SECOND MODEL BETWEEN THE
CONVENTIONAL AND THE PROPOSED TECHNIQUES
AT THE USE CHECK POINTS (IN mm}

Pt THE PROPOSED THE CONVENTIONAL
No TECHNIQUE TECHNIQUE
AX AY  AZ AX AY A7
1 130 1 154 | 126 1.62 267 201
2 138 ¢ 122 140 1.59 181 148
3 148 | 114 129 1.46 171 1.82
4 18 | 117 1 108 1.62 1.83 1.74
5 124 @ 121 136 153 | 271 - 1.80
|6 127 1 1.2 : 139 1.98 184 | 192
_do_prlan 14 bS] 204 0 167 1
8 198 . 16 - L.i6 208 | 1.96 174 ]
9 157, 116 118 1.89 191, 1.84
A0 (128 L9 L1 1182 .88 | 1.76 |
b (1320 127 1.30 162 1 209 ] 212 |
12 114 121 136 | 178 190 174
13 1.5 158 L7 L.83 176 182 )
4104 14 o 112 148 192 1 194
(05 o8 vaz | T23 0 T2 228 181
16 |18 174 158 | 230 . 194 208 |
7 Tess | T | d26 | 138 1 184 231
18 138 0 142 © 13§ 229 . 174 1.64
19 139 L4 132 164 136 1.72
20 148 144 I.18 180 192 1.2
RMS2[ 137 135 - 129 (79 197 193
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6. CONCLUSION

The previous illustration for the proposed techmque shows that, this
technique need no control points, provides information at a very large
number of points at a minimum time, saving the required time for linear
measurements and thus minimum effort, time and cost of field surveying
works. The results obtained from the proposed technique are more accurate
than those obtained from the conventional photogrammetric technique.
Also, the computations in the proposed technique is simple and requxres
only a small amount of computer memory .

According ‘to the multitude of advantages of the proposed alternative
technique, for close rangr photogrammetric operations, besides the obtained
high accuracy, make it to be superior for structure deformation monitoring,
as compared to other conventional techniques, and hence, it is recommended

for such purposes.
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