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Abstract: The continuous and obvious development in the field of construction nowadays Egypt like high rise
buildings, sensitive structures, dams, towers and different plants as petrol plants makes us in a very need of
finding suitable and new surveying techniques to measure and monitor any horizontal and vertical
displacements or deformations expected in these sensitive and valuable structures and building as well as
spatial deformations. One of these modern techniques is laser scanner system. So, investigating the accuracy
of 3D surveying documentation architecture facades using laser scanner and total station are needed. Hence,
the main objective of the current research is to compare between the use of some new surveying techniques
which are laser scanners and total stations in measuring horizontal and vertical positioning and spatial
distances and the assessment of the transformations methods from a system to another from the accuracy point
of view. In this context, a practical experiment was made, where the observations of 9 points on a façade were
measured using total station technique and then by laser scanner and comparing the results between them to
compute the actual discrepancies results and assessing the accuracy of laser scanner data by analyzing the
discrepancies and the root mean square error. After that, comparison between the results of the raw data of laser
scanner and the data of the total station are made after transforming its coordinates by three types of
approaches which are similarity transformation, affine transformation and 2D polynomial transformation. Then
analyzing results and comparing their root mean square error with that of raw data. The results show that,
polynomial transformation is the best approach for transformation from laser data to total station data where
it increases the accuracy of results.
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INTRODUCTION monitoring deformations may be generally classified as

Many huge structures and buildings have been selection of the method of measurements depends upon
constructed in Egypt during the recent years and are the accuracy requirements. This, in turn, is determined by
considered very sensitive and valuable structures. Any the purpose of the measurements and by the magnitude
distortion, movement, or deformation in any element of and direction of the expected deformations or movements
the structure greater than the allowable values may cause [1-6]. A three dimensional scanner is a device that
a dangerous damage to the structure. Therefore these analyzes a real-world object or environment to collect data
structural deformations must be measured and monitored on its shape and possibly its appearance (i.e. color). The
during and after construction by using the most precise collected data can then be used to construct digital, three
available techniques for the sake of human safety as well dimensional models. Terrestrial laser scanners can be
as economic considerations. The methods used for considered  as highly automatic motorized total stations.

surveying methods and non-surveying methods. The



World Appl. Sci. J., 26 (2): 144-151, 2013

145

Unlike total stations however, where the operator directly horizontal or vertical  directions  as  well  as  in  space.
chooses the points to be surveyed, laser scanners Deformations may be treated as permanent or temporary
randomly acquire a dense set of points. The operator only deformations. Deformation measurements can be treated
selects the required portion to acquire and the density of as relative or absolute. Deformations both temporary and
the points in the angular step (usually the angular step of permanent may  happen  to  the  structure  during  loading
the scan in vertical and horizontal planes can be selected any  part   of  it  by  some  kind  of  loads.  If  the  structure
by the operator). Once these initial values have been is deformed  during  loading  and returns  to  its  original
chosen, the acquisition is completely automatic. The state after the affecting loads are removed, the resulting
result of the laser survey is a very dense points cloud deformation can be considered as temporary.
(also called DDSM-Dense Digital Surface Model). For In  case  of  relative  deformations  the  obtained
each point of the model the X, Y and Z coordinates and result informs us about the movement of one point in
the reflectivity value are known. As this set of points is relation to another point only. But the absolute
acquired in a completely arbitrary way, with the exception deformations represent the value and direction of the
of the parameters imposed by the operator, it is necessary movement   of   any   point   independently   of  other
to manage this data in a critical and reasonable way. points  related  to an arbitrary fixed local coordinate
Particular attention must be paid to the quality of the system near the structure and outside the area of
original data. So, if laser scanner is used for structure movement [3].
deformation recordings, 3D drawings can be produced
with higher degree of detail with less effort. Also, it is well Basic Items of Deformation Monitoring Process:
known that documentation and producing of elevation Deformation monitoring, whatever the structure involved
drawings of structures can be done using traditional is consists of four stages: Specifications, Design,
surveying techniques, as well as laser scanners. The Implementation and Analysis [7].The specifications of the
traditional surveying techniques include mainly requirements of the monitoring scheme might seem
intersection method and direct observation using total straight forward for example, when a given magnitude of
station with paper prism or prism-less and the movement is required to be detected. However, the
photogrammetric techniques. The advantage of laser problem is more involved than it might appear. In such a
scanner technique compared to traditional techniques is case the following four items must be carefully
the higher degree of details (3D Model) with less effort. considered.
So, the present study will be concentrated on the
accuracy and practicability of using laser scanner The confidence level of the movement to be detected.
technique in 3D survey, deformation measurement and The required accuracy of monitored points as a
documentation of architecture facades. whole or in part.

Hence, the main objective of the current research is The importance of the direction of the movement.
to study the laser scanner technique in measuring and Type of required movement either absolute or
monitoring horizontal, vertical and spatial distances and relative.
deformations compared to total station technique and the
best approach for transformation model between the After  defining  the  above  items,  the  design  stage
coordinates of the two systems from the accuracy point of the monitoring procedure can be commenced. For
of view. instance, a deformation monitoring network must be

Types of Structural Deformations: The deformation of are  actually  made.  After  the  design  stage  of  such
any object can be defined as the variation of its position, network,  the  instruments  to  be  used  can  be  selected
size and shape with respect to its original state or its and  calibrated  to  observe  the  network  with  the
designed shape. The purpose of measuring deformations required   accuracy.  Finally,  the  obtained  results  must
is not the calculation of the exact positions of the be  analyzed  and  checked  for   its   statistical  validity.
observed object but the variation  of these  positions For  example,  this  has  to  be  done  for  detecting
with time. This is done to avoid failure of large outliers, the variance factor as well as for the important
engineering structures. Deformations can be classified information extracted from the obtained variance
from different points of view. Deformations may occur in covariance matrix [2].

designed to meet specific criteria, before any observations
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Methodology: Survey of architecture facades to obtain X2 = a * X1 + b * Y1 + c
three dimensional model drawings is essential especially
in case of deformation measuring or monitoring,
maintenance, restoration, etc. On the other hand, the rapid
progress of obtaining three dimensional coordinates of a
mesh of points using laser scanner is open new areas for
3D structure documentation. So, the main objective of the
current experiment is to study the practical feasibility,
applicability and accuracy of using laser scanner in 3D
surveying and documentation of architecture facades. To
achieve the above mentioned goal, a practical field
experiment is made to survey and document of
architecture façade to assess the accuracy of the
supposed technique in survey, deformation measuring
and documenting of the architecture facades.

So, the coordinates resulted from laser scanner were
compared as raw data once to coordinates of total station
and were transformed to the total station system by using
three approaches which are:

2D Similarity transformation.
2D Affine transformation.
2D Polynomial transformation.

Transformation Models
Similarity Transformation: The similarity transformation
equations [8] are: 

X2 = a * X1 + b * Y1 + c
Y2 =-b * X1 + a * Y1 + d
Where:
a, b, c and d are the transformation parameters
X1 and Y1 are the coordinate of points measured using
laser scanner
X2 and Y2 are the coordinate of points measured using
Total Station.

2D-Affine Transformation: The most general
transformation model is the affine transformation, where
changes in position, size and shape of a network are
allowed. The scale factor of such a transformation
depends on the orientation but not on the position within
the net. Hence the lengths of all lines in a certain direction
are multiplied by the same scalar. 2d and 3D affine
transformations have been widely used in computer
vision and particularly, in the area of model-based object
recognition and they can have involved different number
of parameters involved. Here we have 2 equations which
have 6 parameters for 2d affine transformation [8]:

Y2 = d * X1 + e * Y1 + f

Where:
a, b, c, d, e and f are the transformation parameters
X1 and Y1 are the coordinate of points measured using
laser scanner
X2 and Y2 are the coordinate of points measured using
Total Station.

2D-Polynomial Transformation: A polynomial function
of a single variable p(x) is defined as Anderson and
Michael [8]:

P(x) = C0+C1X+C2X^2+…. + CnX^n+= 

and a polynomial function of two variables is defined by
an equation of the form:

p(x, y) = 

The used polynomial here is second degree polynomial.
Where:
C0, C1, C2, C3, … are the transformation parameters
X1 and Y1 are the coordinate of points measured using
laser scanner
X2 and Y2 are the coordinate of points measured using
Total Station.

Site Description and Fixation of the Target Points and
Control Points.

This experiment performed on one of facades of the
faculty of Engineering, Ain Shams University, Cairo,
Egypt (Fig. 1). Thus, the surveying of these architecture
facades will be based on the following operations:

Fixing of paper prism points at the façade.
Surveying the paper prisms using total station to
obtain the 3D coordinates of the fixed points in a pre-
specified ground coordinate system, to obtain 3D
coordinates of the paper prism points.
Surveying the facade using laser scanner technique
with scan density of 1 cm * 1 cm and densifying it to
1 mm * 1 mm at the paper prism position, to obtain 3D
model of the façade as well as accurate 3D
coordinates of the paper prism points. 
Accuracy assessment of the developed 3D model,
using the coordinates of the fixed paper prism.
Deformation measurement, architecture
documentation and recording of the 3D surveyed
architecture facade.
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Fig. 1: Shows the used architecture façade as well as the position of the fixed paper prism

Fig. 2: Leica Scan Station 2 Fig. 3: Topcon Total Station GTS-702

Such operations will be briefly commented upon in Scan Station 2 has scanned a structure or site, Cyclone
the subsequent sections, as far as our experiment of software lets you use the 3D point clouds for a wide
testing the supposed technique as applied to detailed variety of applications, including those that require export
surveying of architecture facades. to CAD and rendering software, specifications of the Scan

Used Instruments
3D  Laser  Scanning  System:  3D  Laser  Scanning Total Station: Total station (Topcon GTS702) with a
System consists of a Scan Station 2 scanner (Fig. 2), a measuring accuracy of 2” in angles and 2 mm in distances
laptop  and  Cyclone  Software.  The  Scan  Station 2 and paper prisms (Fig. 3).
captures  3D  surface  geometry  of  complex  structures
and sites with an unprecedented combination of Observation Procedure: To test the accuracy, reliability
completeness,  speed,  accuracy and safety. Simply set and applicability of using laser scanner in 3D surveying
the scanner on a tripod, select the desired measurement and recording of artificial facades, one facade was tested.
area and scanning density and then scan. Complete Firstly, a coordinate system was established. In this
surface geometry of exposed surfaces is remotely coordinate system the façade face are in the X and Z
captured in minutes in the form of dense, accurate 3D direction and Y direction is perpendicular to the façade
point  clouds,   ready   for   immediate   use.  As  soon  as face.  Then 9 paper prisms were fixed at the façade (Fig. 1).

Station 2.



World Appl. Sci. J., 26 (2): 144-151, 2013

148

Fig. 4: Shows the 3D model of the survey façade after transforming the model from the software of capturing data to the
AUTOCAD software environment.

The coordinate of the paper prism points were measured
using total station (Topcon GTS702) with a measuring
accuracy of 2” in angles and 2 mm in distances. The
obtained coordinates of the 9 points are listed in Table 1.

After this, the façade was scanned. The used data
captured device is Leica Scan Station 2 (Fig. 2). The
façade was scanned with scanning density of 1 cm * 1 cm.
Densifying of the scan density was made at the paper
prism areas to 1 mm * 1 mm. The coordinates of the paper
prism points was measured at the  processed  program.
Fig. 4 shows the 3D model of the survey façade after
transforming the model from the software of capturing
data to the AUTOCAD software environment. Table 2
shows the coordinates of the fixed paper prism points at
the façade using laser scanner. 

Computation, Results and Analysis of Results
Raw Data: First, to test the accuracy of surveying the
three dimensional model of the façade, discrepancies of
coordinates and spatial distance are computed. This has
been done by subtracting the coordinateness of paper
prisms points obtained by laser scanner from the
coordinates obtained by total station. So, these
discrepancies are calculated in X, Y and Z directions as
well as in Position. These discrepancies as well as their
statistics  calculations  (Maximum,  Minimum,  Mean  and

Table 1: The coordinates of paper prism points fixed at the façade using

total station

Point X(m) Y(m) Z(m)

1 2010.911 4013.993 106.334

2 2010.907 4013.988 101.216

3 2003.99 4013.613 102.8905

4 1999.781 4014.688 106.561

5 1998.044 4018.629 102.2435

6 1997.79 4014.613 102.964

7 1996.907 4014.147 102.8405

8 1993.334 4015.113 106.394

9 1988.896 4015.081 111.838

Table 2: The coordinates of the fixed paper prism points at the façade using

laser scanner

Point x(m) y(m) z(m)

1 2010.910 4013.993 106.334

2 2010.911 4014.000 101.216

3 2003.974 4013.627 102.902

4 1999.775 4014.660 106.558

5 1998.058 4018.631 102.247

6 1997.778 4014.581 102.952

7 1996.895 4014.136 102.834

8 1993.351 4015.084 106.384

9 1988.896 4015.081 111.838
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Table 3: The discrepancy of points between total station technique and Table 5: The discrepancy between total station technique and laser scanner

laser scanner technique in X, Y, Z and P

Point X (mm) Y(mm) Z (mm) P (mm)

1.0 -1.0 -8.0 -2.0 8.3

2.0 -5.5 -19.9 -2.0 20.8

3.0 15.4 -22.1 -13.5 30.2

4.0 4.7 20.3 1.0 20.9

5.0 -14.9 -9.9 -5.5 18.7

6.0 10.6 24.5 10.0 28.5

7.0 11.1 2.7 4.5 12.3

8.0 -18.2 20.6 8.0 28.7

9.0 -1.0 -8.0 -2.0 8.3

Max 15.4 32.5 12.0 13.0

Min -18.2 -22.1 -13.5 8.3

Mean 0.1 0.0 -0.2 19.6

RMS 11.0 16.9 6.7 18.4

Table 4: Distance discrepancy between total station technique and laser

scanner technique

Total Station Laser Scanner

Line Technique Technique Discrepancy

From To L (m) L (m) L (mm)

1 2 5.118 5.118 0.0

2 3 7.127 7.150 -22.9

3 4 5.687 5.662 25.2

4 5 6.098 6.108 -9.4

5 6 4.088 4.121 -32.7

6 7 1.006 0.996 10.1

7 8 5.131 5.105 26.2

8 9 7.024 7.042 -18.6

9 1 22.718 22.718 0.0

Max 26.2

Min -32.7

Mean -2.5

RMS 19.6

Route Mean Square Error) are shown in Table 3. Also, the
discrepancies in distances between paper prism points are
computed in Table 4.

Knowing that, the accuracy of point position using
total station with fixed paper prism is in the range of sub-
millimeter [1, 4]. So, the examination of Tables 3 and 4
reveals that:

The accuracy of point position (3D) surveyed by
laser scanner are 11 mm in X-direction (horizontal
direction of the façade) and 7 mm in Z-direction
(vertical direction of the façade and 17 mm in Y-
direction (perpendicular direction of the façade) as
well as 18 mm in space position.

technique in horizontal distance

Point x (mm) y (mm) Lh(mm)

Max 33.0 37.3 55.6
Min -46.2 -44.8 19.7
Mean -5.0 3.6 2.0
RMS 26.3 25.2 31.8

Table 6: The discrepancy between total station technique and laser scanner
technique in horizontal distance

Point x(mm) y(mm) Lh(mm)

Max. 119.9 18.5 160.8
Min. 0.0 -107.1 0.0
Mean 19.5 -9.8 29.5
RMS 41.0 38.4 56.2

Table 7: Discrepancies between the total station system and laser scanner
after transformation in millimeters

point x(mm) y(mm) Lh(mm)

Max. 22.7 0.0 28.2
Min. -27.9 -13.1 0.0
Mean 1.8 -1.9 8.4
RMS 14.0 4.5 14.7

The accuracy of spatial distances is 20 mm. 
Similarity Transformation: The similarity
transformation models (section 5) were applied to
convert from laser scanner system coordinates to
total station system coordinates. Points 3 and 8 are
the fixed points during the transformation process.
As the above calculations for the raw data, the
discrepancies were computed between the two
systems. The discrepancies statistics calculations
(Maximum, Minimum, Mean and Route Mean Square
Error) are shown in Table 5. So, the examination of
Table 6 reveals that the accuracy of point position
(3D) surveyed by laser scanner are 26 mm in X-
direction (horizontal direction of the façade) and 25
mm in Y-direction (perpendicular direction of the
façade) as well as 31 mm in space position.

2D-Affine Transformation: The affine transformation
model (section 5) was applied to convert from laser
scanner system coordinates to total station system
coordinates. Points 2, 3 and 8 are the fixed points during
the transformation process. As the above calculations for
the raw data, the discrepancies were computed between
the two systems. The discrepancies statistics calculations
(Maximum, Minimum, Mean and Route Mean Square
Error) are shown in Table 6. So, the examination of table
(6)  reveals   that   the   accuracy   of   point   position  (3D)
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Table 8: Is for the R.M.S of the three approaches of transformation with the raw data

Items Raw(mm) Similarity(mm) 2D affine (mm) 2DPolynomial (mm)

X direction ( x) 11.0 26.3 41.0 14.0

Y direction ( y) 18.6 25.2 38.4 4.5

Spatial distance horizontal ( l) 20.0 31.8 56.2 14.7

Fig. 5: Is for the comparison of R.M.S of the three transformation.
approaches of transformation with the raw data in
the x,y and horizontal space direction. CONCLUSIONS AND RECOMMENDATIONS

surveyed by laser scanner are 41 mm in X-direction The obtained results of 2d polynomial transformation
(horizontal direction of the façade) and 38 mm in Y- gives the best accuracy compared to that of the raw data
direction (perpendicular direction of the façade) as well as of the laser scanners, similarity and the 2d affine
56 mm in space position. transformation from laser scanner coordinates to total

2D-Polynomial Transformation: The polynomial direction, 4.5 mm at Y direction and 14 mm in horizontal
transformation model (section 5) was applied to convert spatial distance. That is because it deals here with non-
from laser scanner system coordinates to total station homogeneous surface transformation where there are
system coordinates. The used polynomial here is second many variables and not conformal transformation as
degree polynomial. So, it needs to fix 6 points to get 6 similarity and affine transformations. Working with raw
variables and then recalculate the transformed data of laser scanners and decreasing the noise in its data
coordinates. Points 1, 2, 3, 7, 8 and 9 are the fixed points then comparing it to the coordinates of total station is
during the transformation process. As the above better than transforming it by the means of similarity
calculations for the raw data, the discrepancies were transformation and 2d affine transformation. Comparing
computed between the two systems. The discrepancies laser scanner data with total station by 3D affine
statistics calculations (Maximum, Minimum, Mean and transformation and 3D polynomial transformations and 3D
Route Mean Square Error) are shown in Table 7. So, the similarity transformations may give another results also,
examination of Table 7 reveals that the accuracy of point it can be compared the terrestrial photogrammetry
position (3D) surveyed by laser scanner are 14 mm in X- technique with the laser scanner in accuracy of measuring
direction (horizontal direction of the façade) and 4 mm in deformations.
Y-direction (perpendicular direction of the façade) as well
as 15 mm in space position. REFERENCES
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