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Abstract  

In more and more spheres of activity (industry, 

construction, aerospace, quarry, etc.) it is necessary to 

achieve three-dimensional models. Currently, using high-

resolution digital images for the 3D reconstruction of an 

object can be a precise and an inexpensive alternative, 

used more frequently in the research studies. The data 

acquisition process is performed without any direct 

contact with the studied object, in a very short time and 

the results of processing the acquired digital images are 

reliable and accurate. In most of the software, for the best 

results, it is recommended to take the images so that the 

angles between the skew rays to be as close to right 

angles as possible, while moving around the object to be 

reconstructed in 3D. In order to test the functionality of 

this new method of images acquisition, there was created 

the 3D model of a stone, using the images acquired with 

the Canon EOS 60D digital camera. The stone’s 3D 

model was represented as a point cloud which was 

automatically generated using the Structure from Motion 

(SfM) algorithm. Then, the point cloud was scaled based 

on a reference model obtained by TLS measurements, i.e. 

a reference distance. Finally, the point cloud obtained by 

close-range photogrammetry was compared, using the 

Hausdorff distance, with the point cloud obtained by TLS 

technology. The standard deviation of the distances 

between these two point clouds is a measure of the 

accuracy of the point cloud obtained by using the 

proposed configuration of digital camera positions. 
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1.  Introduction  
  
Currently there is an interest in measuring stone blocks 

derived directly from quarries or mines, because some 

applications require stone blocks with default sizes and 

shapes. It is also necessary that each block stone 

extracted from the quarry to be used to its full potential 

without any residual materials. 

At this time, in order to fulfil the requirements about the 

blocks stone, the performed measurements are kept 

simple. This involves additional workforce and the 

results are minimal and can't be used in most of the 

applications. 

The aim of this paper is the implementation of a new 

method for the 3D reconstruction of a block stone 

coming from a quarry, using close range 

photogrammetry, by combining two images 

configuration (viewing directions for object 

measurement) for the same object: parallel and 

convergent. Based on this method, the dimensions of the 

block stone will be obtained in a completely automatic 

way, being able to estimate its volume. 

With the development of computer visualization, the 

current interest is to get all the information in digital 

format, with a minimum human interaction and high 

precision, so that their processing in order to obtain 

additional information to be done in fully automatic 

mode. 

Traditionally, photogrammetry has been defined as the 

process of deriving metric information about an object 

through measurements made on photographs of the 

object [Mikhail M. et al.,2001]. Usually, it involves the 

analysis of one or more existing photos or video 

sequences, using specialized photogrammetric programs 

to establish spatial relationships. The measurement 

method is without any direct contact with the studied 
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object, the results are accurate and reliable, data 

collection is made in a short time and with low cost, the 

images are taken and stored, can be consulted and 

remeasured anytime in the future. This technology is in 

the pipeline and presents an alternative to the 

measurements made by the terrestrial laser scanner. 

The literature in the field includes many algorithms for 

the digital images analysis and processing, and the best 

known and used is the algorithm Structure from Motion 

(the process is fully automated), which is based on 

bundle adjustment and image matching algorithms. 

 

2. Image acquisition 

 
The image acquisition process may depend on the 

available equipment and the required results (high or low 

resolution and accuracy) by applying different 

photogrammetric techniques.  

In photogrammetry, imaging configuration is referred to 

as the arrangement of the camera stations and viewing 

directions for object measurement. Usually in 

photogrammetry, the following imaging configurations 

are distinguished: single image acquisition, stereo image 

acquisition and multi-image acquisition [Luhmann T. et 

al., 2006]. There are three cases for stereo image 

configuration: parallel (or normal case), convergent and 

shifted (different scale for both images). It is generally 

important to achieve approximately 60% overlap 

between images with a minimum of 4 control points in 

the overlap area.  

 

                        
(a) (b) 

 
(c) 

Fig. 1 Stereo image configurations (a) parallel, (b) convergent and 

(c) shifted [modified after Linder, 2006] 

 

The disadvantage of the convergent case is that 

additional perspective distortion is produced. Normally, 

the parallel case is suitable for stereo viewing and 

automatic surface reconstruction. The convergent case 

can often lead to a higher precision particularly in z 

direction. For height measurement, the photos are 

preferably taken with a short focal length (zoom off) 

camera in order to get a large B/h -ratio [Singh V. P.  et 

al., 2011]. 

The traditional image acquisition by rotating the camera 

around the object isn’t suitable for this case study, 

because an operator should be involved in taking the 

images all along and the acquisition time would be very 

long, while the main objective is the automation of the 

process. 

In this stage of the study, the working team thought about 

an efficient method for the digital images acquisition, 

which would be reliable under the conditions of quarry, 

but also to provide precise results. Thus, it was 

determined that the best way for data acquisition 

supposes that the stone blocks are transported on a digger 

platform which will pass between two benches that will 

have two cameras installed at the upper ends. These 

cameras will take images of the top of the block stone, 

side parts and front part (Fig. 2). 

 

Fig. 2 Digital image acquisition mode in the quarry 

For this study we used a block stone from a granite 

quarry, with the dimensions of 100 x 110 x 54 cm and 

the simulation of the process which will take place in the 

quarry, was made in the basement of the Faculty of 

Mathematics and Geoinformation, Technical University 

of Vienna, during a training stage through the Erasmus 

program. For this purpose, the stone was encased on a 

pedestal with wheels, to simulate the displacement. Two 

tripods were used to foster the reduction of the blurried 

images, on which there were installed two digital 

cameras, Canon EOS 60D. The position of this two 

tripods was chosen so that the distance, towards the axis 

on which the stone will be moved, to be almost equal. 

During the image acquisition process, the stone was 

moved on a distance of approximately 7 m, in straight  

line (Fig. 3).  

 

 

Fig. 3 The image acquisition process simulation in the basement 

of the Faculty of Mathematics and Geoinformation 
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The two Canon EOS 60D digital cameras parameters, are 

shown in Table 1:  

Table 1 The Canon EOS 60D parameters used for image acquisition 

 

Resolution 18 MP (5184x3456 pixels) 

Focal length 20 mm 

Program Manual 

Focus mode Manual 

Digital zoom None 

Aperture F 8,00 

ISO 1000 

 

The concept used to capture images is called multiple-

image-photogrammetry [Singh V. P. et al., 2011] and it 

combines the converged position case of the cameras (for 

matching point pairs in the front and top of block stone) 

and the parallel case (for point pairs in the sides of the 

block stone). There were taken images with each camera 

in such a way so that there should be an overlap between 

both images acquired with the same camera and also 

between images from different cameras. Through this 

process there will be made the connection between 

images and the relative orientation of the cameras in 

relation to the photographed object (Fig. 4). 
  

  

(a)  (b) 

Fig. 4 (a) Image configuration for the block stone 3D reconstruction, 

(b) example of two images taken with the two cameras used to 

calculate the coordinates of the upper right corner of the block stone 

 

3. Tridimensional reconstruction process of 

the block stone 

 
The traditional photogrammetric methods suppose 

knowing the spatial locations and orientation angles of 

the camera used for data acquisition and the existence of 

control points whose 3D coordinates are known, in order 

to reconstruct a scene in 3D space. In contrast, the 

methods based on SfM resolve automatically and 

simultaneously the problem of camera position and the 

geometry of the scene, by using some common 

characteristic points of the successive images which 

present a considerable overlap. 

A pair of images with a minimum of 60% overlap 

containing the same object, taken from two different 

viewpoints, can be used to create the stereoscopic model 

of the object. So, by using stereoscopic display 

techniques, we are able to view the model 

stereoscopically, to measure the three-dimensional object 

coordinates and to digitize objects like points, lines or 

areas, sometimes called feature collection, in order to 

reconstruct the object in 3D [Linder W., 2006]. 

Instead of a single pair of stereoscopic images, SfM 

involves the use of several images with sufficient 

overlap, from which there will be extracted the feature 

points that will be used for the 3D reconstruction of the 

scene. 

The block stone 3D reconstruction process includes the 

following steps [modified after Ruther H. et.al, 2012]: 

-  filtering the images by removing the background; 

- calculating the spatial locations and orientation angles 

of each camera (exterior orientation) using the bundle 

adjustment process; 

-  computing the image matching process; 

- calculating the coordinates of the point cloud (local 

projection) extracted from images by bundle adjustment 

process; 

- analyzing the accuracy of the point cloud obtained after 

image processing by comparing it with the TLS point 

cloud using the Hausdorff distance. 

 

3.1. Image filtering 

 
While taking the photos, the object that is intended to be 

reconstructed can't cover 100% of the image area, for 

which reason, the undesirable objects in the background 

will appear in the images, respectively in the point cloud. 

This results in a high workload for point cloud modeling, 

because the filtering process can't be fully automated. For 

this reason we resorted to the stage of removing the 

background from the images and this stage implies both 

automatic and manual methods. 

For this case study, removing the background from the 

images was achieved in fully automatic mode. As 

reference images there were used two images taken by 

two cameras, which show only the background from the 

environment in which the images were taken and used 

for the 3D reconstruction of the stone (Fig. 5). These 

images show the static objects that will not change 

during the takeover of the entire series of photos. 

 

  
(a)  (b) 

Fig. 5 The reference images for the background removal 
 

In order to obtain the results, a script in the MATLAB 

programming language was written. Firstly, a directory 
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was created, containing the images from which the 

background needs to be removed. 

The order of operations performed is as follows: 

a) Importing the images containing only the background; 

b) Importing the images containing the background and 

the object that is intended to be reconstructed, in this case 

the block stone (Fig. 6a); 

c) Conversion of the images that contain information 

about the RGB code into images with gray values. At this 

stage the hue and saturation information are eliminated, 

while retaining the luminance; 

d) Calculation of differences between the images 

including only the background and those that contain the 

block stone as well (Fig. 6b). Because the stone is 

moving, there were some errors in this stage, 

representing pixels or groups of pixels belonging to the 

background and for which the difference values are not 

zero or close to zero;  

e) Creating a mask for transforming the images which 

contain the absolute differences in binary images. To 

determine more precisely the area that is intended to be 

preserved from the images which contain the block stone, 

it was used a threshold of 50 for the absolute difference 

values. The resulting images will contain white pixels 

corresponding to the absolute difference of more than 50 

(these will be retained), and the black pixels 

corresponding to the absolute differences of less than 50, 

representing the areas to be removed (Fig. 6c); 

f) Removing small groups of pixels from binary images. 

In this way, the accuracy of selecting the pixels that will 

be kept in the final images is improved. After several 

tests, it was established that all the objects connected 

with more than 1000 pixels will be removed (Fig. 6d); 

g) Selecting the regions that contain only pixels that will 

be retained. Thus, cutting the images keeping only the 

regions that contain the wanted pixels (Fig. 6e); 

h) Transforming the binary images into some images that 

contain information about the RGB code. At this stage, it 

returns to the color images, only for the regions that have 

been selected in the earlier stages (Fig. 6f); 

It is noted that there can't be achieved a complete 

elimination of the background from the images, because 

there are elements that are not part of the background, 

but they change their position while moving the block 

stone. However, it was removed a high workload and the 

filtering of the point cloud after removing the 

background can be achieved in a much shorter time. 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 6  The steps used for the background removal 

 

In the future, for the full automation of the process for 

removing unnecessary points, it is proposed an algorithm 

based on the automatic identification of unwanted pixels 

following the RGB color codes. Since the stone texture 

provides close color pixels, the background will be easily  

distinguished from the block stone. It is observed that in 

the cropped images there can be found the calibration 

grid (checkerboard). If it is desired to do the calibration 

process on the job, this will be stored and used to 

determine the parameters used for the interior and 

exterior orientation of the cameras. If the calibration will 

be done separately, the checkerboard will be at its turn, 

detected and removed from the image. Also, based on the 

checkerboard of known size, the scaling of the block 

stone can be achieved, as on digital images from non-

metric cameras, the reconstruction of objects at real size 

can't be done. 

 

3.2. Structure from motion algorithm 
 

For the 3D reconstruction of the block stone there were 

used the open source Visual SfM software and 23 images 

from which the background was removed. 

The development of this technique began in 1990 

[Spetsakis ME., Aloimonos Y., 1991] in the field of 

computer vision, while the study of algorithms for 

automatically finding the characteristic points began a 

decade before. 

Using the structure from motion algorithm, the 3D point 

cloud is generated in a local coordinate system "image-

space", which must be aligned with a real coordinate 

system "object-space". In most cases, this transformation 

can be achieved using a small number of ground control 

points having known spatial coordinates. These points 

can be identified both in the point cloud and on terrain, 

and their coordinates can be determined by terrestrial 

measurements. However, in practice, it is often easier to 

install on the ground, before the image acquisition, 

targets with high contrast and the center well defined.  

This approach simplifies the correlation of image space 
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with object space and also provides a high degree of 

confidence. A good distribution of network targets on the 

study surface offers an accurate assessment of errors 

produced by reconstruction based on SfM. Visual SfM is 

an GUI (Graphical User Interface) application for 3D 

reconstruction which is based on structure from motion. 

The geometrical theory of structure from motion allows 

projection matrices and 3D points to be computed 

simultaneously using only corresponding points in each 

view [Robertson D.P. and Cipolla R, 2009]. Structure 

from motion techniques are used in a wide range of 

applications including photogrammetric survey [Kraus 

K., 1997], the automatic reconstruction of virtual reality 

models from video sequences [Zisserman A., et al., 

1999], and for the determination of camera motion (e.g. 

so that computer-generated objects can be inserted into 

video footage of real-world scenes) [Kutulakos K. N. 

et.al.,1998]. 

3.2.1. Image matching 

The first step is to find common characteristic points and 

the second is to correlate the images based on them. 

Using the images where the background was removed, 

the software found 37.405 feature points, based on which 

it made the correlation between 253 pairs from images 

within 16 seconds. The software shows the number of 

characteristic points for each image and the time needed 

to determine them. 

During the process of image matching it was observed 

that the highest number of points is identified in the 

second image, respectively 3197 feature points, because 

in this image the stone is very close to the camera and 

occupies a considerable area of the image (Fig. 7a). For 

the last image, we see that the stone occupies only a 

small part of the photo (Fig. 7b). 

  
(a) (b) 

Fig. 7  (a) Second image from the 23 set of images and (b) the last 

image  
 

This operation was also done for all the images that 

contain the background, and the program has recognized 

53 725 feature points in 29 seconds. Although the 

difference in time isn't so large, this changes considerably 

with concomitant use of multiple images or higher 

resolution. 

For each pair of images it can be viewed how the program 

makes the correlation between them, looking if errors 

occur during this process. In Fig. 8, we can see the pairs 

of correlated points between two images representing the 

front of the stone, the correspondence between images 

defining the image matching process. 

In other words, digital image correlation determines the 

conformity between image parts of two or more images 

that capture the same object at least in part, on the basis of 

statistical analyses. Image correlation is a substitute for 

natural stereoscopic vision. It is based on the calculation 

of correlation function in window with searched image 

and pattern image [Krajňák M. et.al., 2011]. 

 

 

Fig. 8 Correlation of pair points  
 

3.2.2. Bundle adjustment  

In many cases, using a single pair of stereoscopic images 

is not enough for the reconstruction of complex scenes. 

Therefore, a large number of images must be used in 

order to capture the object or scene from every angle. 

Given a set of images for which the characteristic points 

were determined, the role of the bundle adjustment 

process is to find their 3D position and camera 

parameters that minimize errors redesign points. 

Almost everything that we will say can be applied to 

many similar estimation problems in vision, 

photogrammetry, industrial metrology, surveying and 

geodesy [Triggs B. et al., 2000]. 

This method is widely used because it offers many 

advantages such as: flexibility (it processes a very wide 

variety of different 3D features and camera types), 

accuracy  (it gives precise and easily interpreted results) 

and efficiency (it uses economical and rapidly 

convergent numerical methods and  make near-optimal 

use of problem sparseness) [Triggs B. et al., 2000]. 

 

 

Fig. 9  The principle of bundle adjustment [Luhmann T. et al., 2006] 
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The name of this method relates to the packages of  rays 

of light that come from each 3D characteristic point and 

converge in the optical center of each camera, which are 

optimally adjusted respecting the structure and also the 

view parameters. This name originated from the 1950’s 

and has been increasingly used in computer vision 

research in recent years. 

The mathematical formulation of bundle adjustment 

(Fig. 9) is based on the co-linearity condition 

[McGlone, 1989]: 

     
     

     
     

11 12 13

31 32 33

21 22 23

31 32 33

j ci j ci j cir r r

ji pk i

j ci j ci j cir r r

j ci j ci j cir r r

ji pk i

j ci j ci j cir r r

X X Y Y Z Zr r r
x x x f

X X Y Y Z Zr r r

X X Y Y Z Zr r r
y y y f

X X Y Y Z Zr r r

   
   

   

   
   

   

where: 

 xji, yji - image coordinated of point Pj on image i; 

fi - principal distance of camera k at station i;  

xji, yji - principal point coordinates of camera k;  

Δx, Δy - correction terms allowing for systematic 

errors; 

r11i,.., r33i - elements of rotation matrix of image i;  

Xj, Yj, Zj - object point coordinates;  

Xci, Yci, Zci - perspective centre coordinates. 

 

For this case study, following the bundle adjustment 

process, the "VisualSfM" software, calculated the three-

dimensional coordinates of the characteristic points 

identified by image matching algorithm, in a local 

coordinate system, the interior orientation parameters 

and the exterior orientation for each camera position. 

So, in Fig. 10a we can see the point cloud representing 

the block stone obtained by processing the original 

images, containing 53725 points and in Fig. 10b, we can 

see the point cloud representing the block stone 

obtained by processing the filtered images (without 

many parts of background), containing 37405 points.  

 

 
(a) Point cloud representing the block stone obtained by processing 

the original images 

 

 
(b) Point cloud representing the block stone obtained by processing 

the filtered images 
 

Fig. 10 Comparison between the point clouds representing the 

block stone obtained before and after the background subtraction  

 

The high difference between the number of points is due 

to the fact that when using original images, many points 

that don't belong to the block stone were calculated in the 

bundle adjustment process. Thus, in the case of using the 

images without background, the process of point cloud 

filtering requires a shorter time in comparison with the 

case of using the original images.  

In Fig. 11 we can see the relative orientation of the 

images acquired using both cameras in relation with the 

automatically generated point cloud. This process was 

realized using VisualSfM software.  

 
Fig. 11  Relative orientation of the 23 digital images in relation with 

the point cloud 

 

3.3. Scaling the point cloud representing the 

block stone 

 
Because on the block stone there were not any control 

points with known coordinates (targets), which could 

help to achieve the scale of the stone, we used the point 

cloud obtained by TLS measurements in order to achieve 

this stage. So, the point cloud was scaled based on the 

TLS point cloud, i.e. a reference distance (Fig. 12), using 

the “Geomagic” software. The scale factor was 

calculated as a ratio between the distance measured 

between two TLS points and the distance measured 

between the same points in the image point cloud. 
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Fig. 12  Scale factor calculation based on the two point clouds (TLS 

point cloud and automatically generated point cloud based on digital 

images) 

 

Then, the two point clouds were brought in coincidence 

based on three common characteristic points, using the 

„Geomagic” software, in order to compare them. 

 

4. Precision evaluation of the point cloud 

generated using the SfM algorithm 

  
To determine the accuracy of the point cloud 

automatically generated by SfM algorithm, this must be 

compared with a reference model considered for this case 

study, the TLS point cloud. 

Based on the TLS point cloud, a mesh surface was 

created, using the Poisson Screened surface 

reconstruction method, the comparison being made 

between the point cloud automatically generated by SfM 

algorithm and the mesh surface, using as comparison 

metric the Hausdorff distance implemented into the 

“CloudCompare” software. 

The Poisson Screened surface reconstruction method was 

chosen to create the mesh surface, because it fits best the 

point cloud, a standard deviation of +0.076 cm being 

obtained after comparing it with the TLS point cloud. 

Hausdorff Distance - named after Felix Hausdorff, is the 

most famous metric for comparing two mesh surfaces, 

providing a global comparison [Oniga V. E., Chirilă C., 

2013]. 

Considering two surfaces S and S’, the distance between 

S and S’ is dS(S,S’), defined as: 

S
p S

d ( S,S') maxd( p,S'),


         (1)
 

where: 

p' S'
d( p,S') mind( p, p')


  and d(p,p’) is the Euclidean 

distance between two points in R3. 

This distance is not symmetric, for example d(S,S’)≠ 

d(S’,S). The d(S,S’) distance will be called the forward 

distance, and the d(S’,S) the backward distance. The 

term Hausdorff symmetric distance ds(S,S’), will be 

introduced, defined as follow [Aspert N. et al., 2002]: 

ds(S,S’)=max[d(S,S’),d(S’,S)]                                        (2)                                                                                   

 

The symmetrical distance offers a more accurate 

measurement of the differences between two surfaces, 

because the one-side distance can lead to an 

underestimation of the distance values between the two 

surfaces [Aspert N. et al., 2002]. 

When the orthogonal projection p’ of the point p on the 

triangle surface T’, is inside the triangle, the distance 

from the point to the triangle is nothing but a point to 

plan distance. When the point projection is outside the 

triangle T’, the point to triangle distance, is the distance 

from the point p to the closest point p” that belongs to a 

triangle side, as you can see in Fig. 13. 

 

  

(a) (b) 

 

(c) 

 

Fig. 13 (a) The distances between S and S’ surfaces, (b) The 

distance between p and T’ with p’ situated outside the triangle 

[Aspert N. et al., 2002], (c) The distance between  p and T’  with 

p’ situated inside the triangle [Roy M. et al., 2004] 

Even if the distance d(p,S’) can be calculated analytically 

for any point p, a sampling of the triangle surface is 

necessary, in order to obtain the maximum for p   S. 

Thus, each triangle which belongs to S surface is 

sampled, computing the distances between each nod of 

each sample and S’ surface. 

The distance accompanied by its sign was introduced in 

the “CloudCompare” software for an independent 

evaluation of the areas that belong to the first surface and 

are situated inside or outside the space, relative to the 

second surface [Cignoni P. et.al., 1998].  

After comparing the point cloud automatically generated 

by SfM algoritm, with the mesh surface created based on 

the reference point cloud (TLS point cloud), the 

following differences were obtained (Table 2). 

 
Table 2 The numerical differences between the point cloud 

automatically generated based on digital images and the reference 

model, namely the mesh surface created based on TLS point cloud  

 
Maximum positive: +5.16 cm 

Maximum negative: -2.51 cm 

Mean: +0.43 mm 

Standard deviation +0.74 mm 

  

 

 



 

Journal of Geodesy, Cartography and Cadastre 

35 
 

The differences are also highlighted using a color palette, 

as you can see in Fig. 14. 

 
 

(a) 

 

 

(b) 

 

Fig. 14  (a) The differences between the point cloud automatically 

generated based on digital images and the reference model, namely 

the mesh surface created based on the TLS point cloud, (b) the 

differences distribution histogram 

 

Analyzing the color palette we can easily obtain the 

value for the Hausdorff distance. So, the points situated 

on the top and front parts of the block stone 3D model 

are colored in green tone (Fig. 15a), the differences being 

between -0.5 cm and +1.3 cm and in blue tone, the 

differences being between -2.5 cm and -0.5 cm. On the 

other hand, the points situated on the sides of the block 

stone 3D model are colored in green, yellow and orange, 

the differences being between -0.5 cm and +2.5 cm (Fig. 

15b). 

Analyzing the histogram, we can say that for most of the 

points the differences are in range of -0.1 cm and 1.8 cm, 

namely for 24122 points, and for a small number of 

points the differences are situated outside the range, 

namely for 1178 points, representing 4.6% of the total 

number of points. 

 

(a) 

 
(b) 

Fig. 15  The Hausdorff distances calculated for two points which 

belong to the image point cloud, the points being situated (a) on the 

block stone top part, (b) on the side of the block stone  

 

5. Conclusions  

  
The accuracy of object 3D reconstruction process is 

directly proportional to the accuracy of determining the 

scale factor and the accuracy of the precision evaluation 

process also depends on bringing in coincidence the 

model to be evaluated with the reference 3D model. 

When creating a 3D model as a point cloud by using the 

Structure from Motion algorithm, the result is obtained 

with high accuracy, in a completely automated way and 

in a very short time. By comparing it with the reference 

3D model, using the Hausdorff distance, the differences 

are measured and highlighted using a color palette. For a 

correct estimation of the differences size, we have to take 

into account the RMS of the 3D model. 

Removing the background from the images leads to the 

obtaining of a point cloud with less noise and it doesn't 

affect the process of their correlation. For further 

improvement in the noise removal and for reducing post-

processing workload, it is proposed the solution of 

eliminating improper pixels based on the color code, 

because the texture of the stone is somewhat uniform and 

differs from the background. 

Although the point cloud density decreases significantly 

at the same time with decreasing the resolution or 

eliminating the background, the final result enables the 

determination of the block stone size (length, width, 

height). 
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After comparing the point cloud automatically generated 

based on digital images with the reference model, namely 

the mesh surface created based on the TLS point cloud, 

the differences are in range of -0.1 cm and 1.8 cm for 

most of the points, and for a small number of points 

representing 4.6% of the total number of points, the 

differences are situated outside the range, concluding that 

these points contain noise.  

In the case of the points situated on the block stone sides, 

calculated using the images for which the rays are 

parallel, the differences are bigger than in the case of the 

points situated on the block stone top and front parts, 

calculated using the images for which the rays are 

convergent.  

The block stone 3D reconstruction process based on 

digital images, satisfies the accuracy required by the 

project, of a few centimeters, so it can be concluded that 

this technology can be successfully used for this intended 

purpose. 
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