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ABSTRACT

The historical structures and their heritages have been measured for documentation, touristic information
and three-dimesional (3D) visualization on virtual museum. Many of the historical structures have complex
details and difficult conditions to measureing of their all details. The proper measurement method should be
selected for fast, lowcost and high accuracy 3D modelling of a great number of historical heritages. The
image based methods of photogrammetry and dense point cloud are extensively used for three-dimensional
modelling thanks to its low cost and easy implementation. In this study, historical masonry arch
Dokuzunhan Bridge was measured for 3D modelling by using photogrammetry and dense point cloud
methods, and the results of the methods were compared. The results show that these methods are accessible
and affordable methods for 3D modelling of masonry arch bridges.
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1. INTRODUCTION

The historical heritages are cultural treasure to
getting help understand the our history. Moreover,
today, historical buildings are accepted as a touristic
places, and the countries endeavours their restora-
tion and publicity. Therefore 3D modelling and doc-
umentation of historical buildings are very im-
portant for their restoration and publicities. In addi-
tion, their 3D model must be created for operational
analysis on it (Costa et al., 2015; Perez-Gracisa et al.,
2011). A lot of historical masonry arch bridges which
have different architectures and on ages have been
found in Turkey. Even some of them have still been
served to public usage, they are break down due to
the natural or human effects. The structures and de-
teriorations of masonry arch bridges in Turkey had
been investigated by Ural et al. (2008). It has been
evaluated that the main reasons of these deteriora-
tions are natural disasters and overload transporta-
tion.

The 3D data acquisition and object modelling
have been carried out using different methods such
as tacheometry, laser scanning, unmanned aerial
vehicle, photogrammetry, dense point cloud etc.
(Scaioni et al., 2014). But a keypoint is the selection
of the most appropriate method and algorithm able
to achieve the desire accuracy and completeness.
Tacheometry is practical for topographic spatial data
acquisition, it is not suitable to modelling for bridg-
es. On the other hand, the unmanned aerial vehicles
and laser scanning methods can be used to measur-
ing the bridges according to its structural character-
istics and scale, but they have high cost instruments.
Moreover all of the details can not be visualized by
laser scanner and UAV. Whereas all of the surfaces
of the bridges can be imaged by the camera and 3D
model can be created from the images using photo-
grammetric technics. In addition, dense point clouds
(dense image matching) based on image processing
techniques enable new possibilities in spatial data
measurement from the images to visualization the
objects.

The photogrammetry which has been used for
many years is traditional method at image based 3D
measurement with proven accuracy. Jiang et al.
(2008) introduced deformation measurement and 3D
modelling of steel and masonry bridges that have
different architectures. Also many studies carried
out that these tasks can be performed at fifty percent
low cost (Jiang et al., 2008; Albert et al., 2002). The
photogrammetry is the low cost 3D modelling meth-
od relation to the other measurement methods (Va-
lenca et al., 2008).

Thanks to the great improvements in hardware
and image processing algorithms, different automat-
ed procedures are nowadays available and photo-
grammetry-based surveying and 3D modelling can
deliver comparable geometrical 3D results for many
terrestrial and aerial applications. In particular pho-
togrammetric methods for dense point clouds gener-
ation are increasingly available for professional and
amateur applications with performances that cover a
wide variety of applications (Remondino et al.,
2013). The dense point cloud is created from stereo-
scopic images with applying the photogrammetric
conditions (Hartley and Zissermann, 2013). The
dense point cloud depicts the object geometry even
so small thanks to small space between the meas-
ured points. The dense image matching and point
cloud creation have been successfully used to model-
ling of many architectural objects (Barazzetti et al.,
2010). The object at the high fifteen meters had been
modelled by using the images at scale of 1/800 and
then the point clouds had been computed with rela-
tive error of 1/3000. Similarly, the completion rate of
the building under construction had been observed
from the created dense point cloud (Brilakis et al.,
2011). The images can be recorded from airborne
(Gerke, 2009) and terrestrial platforms (Cavegn et al.,
2015).

In this study, historical masonry arch Dokuzun-
han Bridge had been measured for 3D modelling
and documentation using photogrammetry and
dense point cloud methods. In addition, the results
of the both methods were analysed.

2. STUDY AREA: DOKUZUNHAN BRIDGE

The Dokuzunhan Bridge which is near the Cara-
vansary called the same name is on the way from
Konya to Afyonkarahisar at 24 kilometres. The peo-
ple say that their name came from the stream be-
cause it was not possible to pass the other side dur-
ing nine days when the weather was rainy. It does
not known when it was constructed. Probably it had
been build the same date with the Caravansary at
1210. It has 800 years old in this case. Today, its
middle was collapsed without the remains at two
sides of the stream (Figure 1).

3. DATA ACQUISITION

The photogrammetry and dense point cloud
methods use images to get 3D measurement data.
Thus the stereoscopic images of all details of the
bridge were collected. The images were taken by the
FujiFilm FinePix 54200 digital camera (4288x3216
pixel arrays). The control points were measured on
the parts of the bridge to make measurements based
on georeferenced coordinate frame. A theodolite
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Topcon GPT-3007N was employed to this purpose,
which allowed measuring control points 3-D coordi-
nates thanks to the integrated reflectorless range-
finder. Total 38 control points were measured on
surfaces of the bridge.

Dokuzunhan
Caravansary

Dokuzunhan Bridge
(small part)

Dokuzunhan Bridge
(big part)

Figure 1. Dokuzunhan Bridge (Map is from Google Earth)
4. RESULTS
4.1. Photogrammetric evaluation

The basic process steps of the photogrammetry
are camera calibration, image recording and 3D data
acquisition. The camera should be calibrated to
achieving high accuracy measurement data by the
photogrammetry. The camera calibration is involve
computation of inner orientation parameters that
include the principal point coordinates (x,,1,), focal
length (c) and distortion parameters (ki,k2,p1,p2). The
calibration is made out with the images captured
from different point of view of the special test grid
(Figure 2).

Figure 2. Photomodeler calibration grid

The twelve overlapped images of the test grid
were used on the camera calibration. After the corre-
sponding grid points from the images were matched,
the calibration parameters were computed by bundle
adjustment. The relationship between the image
point and grid object point are expressed the colline-
arity conditions as similar to solving many problems
in the photogrammetry.

(X —Xo) + 1 (Y = Yo) +13.(Z — Z,)
rs(X — Xo) + 13(Y = Y,) +133(Z — Z,,)
Y=y, Cr12(X = Xo) + 1Y = Y,) +13,(Z — Z,)
? rs(X — Xo) + 13 (Y = Y,) + 133(Z — Z,)

X=x,—¢C

Where; x,y are image coordinates, x,,y, are principal
point coordinates, ¢ is focal length, XYZ are object
coordinates of the points and X, Y, Z, are object co-
ordinates of the projection center (Figure 3).

Geodetic Z
coordinate L XYz
frame X

Left Image Right Image

Figure 3. The collinearity condition and epipolar geometry
between the stereoscopic images

The images are captured as stereoscopic from the
measurement object. The three-dimensional meas-
urement has been made from the images at 3D data
acquisition step of the photogrammetry. The epipo-
lar geometry must be realized to get three-
dimensional measurement data from the stereoscop-
ic images. After the relative orientation of the images
are performed at least five corresponding points,
epipolar geometry is realized for these images. The
model coordinates were registered to the geodetic
frame with the control points.

The Photomodeler software has been used for the
photogrammetric evaluation (Eos Systems Inc, 2016).
After the images were uploaded to the software,
characteristic details of the bridge were resembled
with line from the stereoscopic images. The each part
of the bridge was separately evaluated, but it was
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registered to uniform geodetic frame thanks to con-
trol points measured based on the same geodetic
frame. 12 and 18 images along with 21 and 17 control
points had been used for the photogrammetric
measurement of the big and small parts respectively.
The bundle adjustment of the image blocks had been
made root mean square error of 0,=0.889 and
0,=0.886 pixels (Figure 4). Then virtual model was
constituted by matching texture data onto the 3D
wireframe photogrammetric model (Figure 5). The
most suitable image for texturing the data onto the
model can be selected by filtering (Alsadik et al.,
2014) or non-linear optimization (Alsadik et al., 2013).
Here, the proper image was selected interactively.

4.2. Dense point cloud

The dense image matching creates point cloud
from stereoscopic images automatically. This meth-
od is known as the name with structure from motion,
dense image matching and image based point cloud.
The main steps in creating point cloud from the im-
ages are 1) keypoint detection, 2) structure from mo-
tion and 3) point cloud creation.

At the first step, the SIFT, ASIFT, SURF and simi-
lar other operators are used to detecting the key-
points from images. These operators performed this
task independently from scale, rotation and bright-
ness of the images. Each detected keypoints are rep-
resented in 128 dimensional space vectors. The se-
cond step is detection the structure of the images
with matching the similar keypoints from all the im-
ages. The image matching is referred the establish-
ment of correspondences between keypoints extract-
ed from two or more images and estimates the 3D

coordinate via collinearity equations. Considering a
simple image pair, the disparity (or parallax, i.e. the
horizontal motion) is inversely proportional to the
distance camera-object. The automated measurement
of such disparity by establishing dense and accurate
image correspondences is challenging task (Remon-
dino et al., 2013). The matching results are in general
sparse point clouds which are then used as seeds to
grow additional matches. Nowadays all the algo-
rithms focus on dense reconstructions using stereo
or multi view approaches.

The actual photogrammetric softwares are capable
to creating dense point cloud from stereoscopic im-
ages. In this study, dense point cloud had been gen-
erated using Agisoft Photoscan software (Agisoft,
2016). The software that has been used in many 3D
modelling project so far is user friendly and high
accuracy. The measurement object should be visual-
ized near point of view angle to prevent shading
effect. Therefore more images than the photogram-
metry have been used on this method. All the imag-
es are simultaneously processed to get point cloud.
The point clouds of the big and small parts have
been achieved from 120 and 98 images respectively
(Figure 6). Initially, sparse point cloud is created
from the keypoints then attained the dense point
cloud with computing 3D coordinates for every pixel
or sub pixel spaces. The high accuracy object dimen-
sions and cross-sections can be derived from the
point cloud model (Figure 7). Furthermore the

georeferencing has been carried out for dense point
cloud model. Thereby, the photogrammetric meas-
urement and dense point cloud have been formed in
the same coordinate frame.
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Figure 5. The combined visualization of the bridge. Wire frame visualization (above), camera stations and texture
mapped 3D model (below)
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Dokuzunhan Bridge (Small part)

Dokuzunhan Bridge (Big part)

Figure 7. Documentation of Dokuzunhan Bridge. a) Dimensions, b) Cross-section, c¢) Radius of the circle structures (The
units are meter)

5. DISCUSSION

The 3D models of the both methods were regis-
tered to georeferenced system using the same con-
trol points. The measurement error of the Total Sta-
tion used to measuring control points is very low.

Considering the intrinsic measurement precision of
such instruments, the error related to the determina-
tion of network’s stations, and the use of reflectorless
mode, the precision of control points has been eval-
uated to be better than 5 mm in all directions
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(Schofield and Breach, 2007). This precision is supe-
rior to creating high accuracy 3D object model. On
the other hand the control points have uniform dis-
tribution and 38 control points which have very high
number than required three were used for the
georeferencing.

Both of the measurement methods exploded in
this study includes image acquisition, control point
measurement and 3D data derive from the images.
The dense point cloud method uses more images to
creating occlusion free 3D model. But more and
small details can be easily measured by this method,
and its measurement data resembles the object ge-
ometry close to real. The dense point cloud was cre-
ated in 3 days against the 3D wireframe photo-
grammetric model was got in 20 days (Table 1). Fur-
thermore, the photogrammetry needs special tech-
nical education for the evaluation. However, the
dense point cloud can be achieved without any tech-
nical knowledge. After uploading the stereoscopic
images and selecting the control points, all the pro-
cesses proceed automatically. The task was per-
formed with laptop computer (1.76 MHz processor
and, 4GB RAM). It does not need more labour ac-
cording to the photogrammetry.

The base/height ration has high effect on the ac-
curacy of photogrammetric measurement. It should
be about 1 for high accuracy result. The orientation
and translation of all the stereoscopic images have
computed by bundle block adjustment in photo-
grammetric method. By this means, all the image
parameters had been computed by the same con-
straints. The standard deviations of the bundle block
adjustment are small than one pixel (one pixel di-
mension is 1.43micron) for both block of the bridge.
The measurement points have the root mean square
error of 1.25cm and 2.37cm for the big and small
parts respectively.

The camera rotation and translation parameters
have been computed root mean square errors of
drwy=1lcm, dwgy=0.0120 degree on dense image match-
ing. The divergences on the 38 control points had
been obtained as d.,,=2cm on computation of these
image parameters. The both methods need computa-
tion the camera calibration parameters so as to high
accuracy results. The dense image matching (dense
point cloud) as distinct from the photogrammetry
estimates the camera calibration parameters during
the process automatically.

Table 1. The measurement results of the methods used in 3D modelling of Dokuzunhan Bridge

Data acquisition Data processes Measurement Results
Methods ~ .
Time Image# Co-n trol Time High Points#/ Line
points# labour
Photogrammetry | 5hours 30 38 20 days Yes 4824/ 3441
very low
Bﬁﬂf point 6hours | 218 38 3 days No | 8597000/ high density | -

6. CONCLUSION

The image based modelling enables fast and low-
cost creation of 3-D model for complex historical
structures. The results of this study have shown that
these methods can be used on 3-D measurement and
documentation for historical masonry arc bridges.
The photogrammetry and dense matching methods
have high accuracy. The working time on the side is
roughly equal for these methods, but 3D model crea-
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