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Abstract 
Deformation analysis, especially for constructions of 
particular importance, is an up to date theme. Improving the 
process of determining them and reducing the time needed 
to analyze the results are the main concerns of researchers in 
the field. 
The present paper aims to highlight the steps necessary to 
achieve the prediction of the behavior of a bridge located on 
the A2 Highway over the Danube-Black Sea Canal, based 
on the measurements made for the deformations  
determination. It also aims to demonstrate the usefulness of 
implementing deformation analysis results in risk 
management. 
Based on the measurements made in several phases, the 
deformation model is made using the finite element method. 
Information about the structure of the bridge and the forces 
acting on the structure, is later added to this deformation 
model. The model is tested and adjusted until it is stabilized, 
in other words the results provided by the model need to 
check out with measurements from the next phase.  
After stabilizing the model, it can be used for various 
purposes, such as: determining the deformation values we 
expect in the next phase, which can be used for 
consolidating when required, verifying the maximum forces 
the bridge can sustain without incurring major physical 
depreciations, verifying some hypotheses that relate to limit 
situations to determine how the structure will react. 
Therefore deformation analysis can be a starting point for 
risk management, especially when we consider large 
constructions or constructions of great importance. The data 
obtained for the deformation analysis can be used in 
simulation systems so that forecasts can be made regarding 
how the construction is going to behave in case of risk 
situations. 
We can set the ”alarming” parameters that can be overcome  

 
1 Assist. PhD. Stud. Eng. Alexandra Nadia DABIJA (married 
CÎRDEI) – PhD Student Technical University of Civil Engineering 
Bucharest, Faculty of Geodesy 
E-mail: c.alexandranadia@gmail.com  
Prof. PhD. Eng. Dumitru ONOSE – Coordinating Professor 
Technical University of Civil Engineering Bucharest, Faculty of 
Geodesy 
E-mail: balanta7@hotmail.com 
 

without producing irreversible effects immediately, but 
which can  draw the attention to potential problems of those 
responsible. Thus decision-makers have sufficient time to 
verify various assumptions, to take pre-decisions and apply 
them so that the negative effect is diminished or eliminated. 
The destruction of great constructions can lead to 
environmental damage, but more than that, they can affect 
the health and integrity of the people exploiting it, and the 
safety of people and the reduction of pollution are priority 
issues at both national and international level, which is why 
it is necessary to implement a risk management system. 
I believe that there is the necessary data to start such a 
process for many constructions of great importance and I 
also think it would bring many benefits to the big 
beneficiaries, giving them the chance to prevent unwanted 
events and to prepare properly the construction in order not 
to suffer major damage. 
 
Keywords 
Monitoring, deformations, finite element, prediction, 
deformation model, bridge, structure 
 
1. Introduction 

 
People have always been interested, for various reasons, to 
get from one place to another and their goods as well. So 
valleys, mountains or rivers have been considered an 
impediment or problem in achieving this goal. To meet this 
need, people have found various solutions, starting from 
swimming, then using a rope, to building a bridge from the 
simplest materials: stone, wood and other materials that were 
available at the time. 
The history of bridge development is very closely related to 
human evolution and civilization. The first bridges were 
made up of a single beam, a tree trunk, bamboo sticks or 
ropes that used to be fitted with large baskets in which the 
traveler stood. Subsequently, bridges began to develop in a 
form closer to the one we know today, with much simpler 
structures, but allowing the transport of people and goods. 
Bridges are art constructions of great importance from the 
past and were so far built to cross valleys, water courses or 
communication paths. They provide a link between two 
territorial elements that would otherwise not be possible. 
As a testimony to their importance, there are bridges built a 
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long time ago, some of which are still functional today, of 
course this is due to both good design and adequate 
maintenance work. These structures have had , from past to 
present, not only a everyday use importance, but even a 
strategic one. 
The design of the bridges and their structure is determined by 
the function the bridge will perform. 
The materials, design solutions and the technology for the 
realization of these type of works, as in the case of the other 
constructions in the field of civil engineering, have 
experienced a great development, so the final shape and the 
actual structure of the bridges has evolved from the 
traditional forms to the current, adapted to this technical and 
technological progress. 
The evolution of the models used in the execution of the 
works came also in support of the execution of some special 
works in this domain, the current ones assume the use of 
machines that make it possible to carry out the work in a 
much shorter time than the previous ones. 

 
Fig. 1 Classification of bridges 

 
Next in this paper we will refer to a road bridge, built over 
the Danube-Black Sea Canal, located on the A2 Highway, 
which connects Bucharest to Constanta. 
Roads and bridges are constructions of special importance 
for ensuring daily human activities, being even vital, and 
even more a combination of them supports the communities 
where they are located, but also the people who transit them, 
significantly reducing the time and costs to get to the desired 
location. 
In our country the road bridges have known a more 
pronounced development after 1953 when the Institute for 
Shipping, Naval and Air Transport Design (IPTANA) was 
established. 
The permanent evolution of the bridges has been imposed 
due to the progressive and rapid growth of road traffic, due 
to the development and modernization of the road network, 
due to the development of urban areas and the need for 
fluidization of traffic in the intensely circulated areas and 
the entry and exit areas of the city. 
The construction of such a structure is a complex mission 
involving several fields of activity, based on constructive 
solutions for technical and economic studies, which in turn 
are based on indices such as maximum flows, gauges and 
various local conditions. 

The studied bridge is located at the highway mentioned 
above, Km 93 + 645 and it is composed of two independent 
structures, practically one bridge being made on each 
direction, both having the same structure and being 
symmetrical with respect to the highway axis. 
Each bridge has a continuous beam structure made by 
console molding, having three openings. The total length of 
the bridge is 312 meters, being one of the longest road 
bridges in Romania. 
The superstructure of the bridge is supported by seismic 
supports on the two-pile and two-pane infrastructure. Due to 
the dissipation provided by the dissipating supports, the 
bridge structure develops only elastic behavior under a rare 
seismic load. To prevent the slide from sliding as a 
precautionary measure, antiseismic locks have been 
provided for the supports on the piles. 
The two piles of the bridge have identical shape, but 
different heights, respectively 17,40m and 16,15m, and at 
the base of the pile elevations were made identical 
abutments, drowned type, due to the relevant height of the 
back embankment of  8,80m, respectively 10.50m. 
 
2. Deformation analysis 
Deformation is the shape modification of an object and is 
manifested by changing the relative distance between the 
characteristic points of the examined objective. 
A construction subject of a request regime during its 
operation and its exploitation, may suffer linear, angular or 
specific displacements and/or deformations. 
For the studied bridge, linear displacements, arrows, are the 
object of the analysis. Their size is determined and verify 
that they fit within the allowed tolerance, as implied by the 
actual standards. The arrows appear on some linear 
construction elements, such as beams, pillars or plates 
submitted to horizontal and vertical displacements, which 
lead to their bending. 

For the deformations analysis were recessed in the bridge 
tracing marks in: 
- the central opening of the deck 
B1-B2-B3 – to the Medgidia pile 
A1-A2-A3 – bridge axis 
B’1-B’2-B’3 – to the Constanta pile 
- piles and abutments 
C1-C2-C3 – in support on Medgidia pile 
C’1-C’2-C’3 – in support on Constanta pile 
G1-G2-G3 – in support on Medgidia abutment 
G’1-G’2-G’3 – in support on Constanta abutment 
- joints 
F1-F2-F3 
E1-E2-E3                
D1-D2-D3 
D’1-D’2-D’3 
E’1-E’2-E’3 
F’1-F’2-F’3. 
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This is suggestively represented in Fig. 2. 
 

 

 

  
 

 
Fig. 2 Tracing marks – location on the bridge 

 
The results of the deformation measurements were obtained 
as a result of bridge tests, with static and dynamic actions, to 
analyze the behavior of the bridge structure under their 
action. It is therefore analyzed whether or not the bridge 
behaves as foreseen in the design from the following points 
of view:  
- the stability and strength of the structure; 
- the dimension of the deformations occurring on the 
characteristic points of the bridge; 
- operation under different static and dynamic loads; 
- compliance with the calculation provisions; 
- dynamic parameters of the structure. 
The purpose of tracking deformations and making any 
necessary technical revisions is to locate in time possible 
bridges failures or degradations to take remedial action 
before these failures or degradations worsen and lead to 
irreparable damage that reduces capacity bearing or to road 
constraints on that bridge. 
Track behavior of the bridge may be current or special. In 
current tracking, as in the case of constructions, observation 
and control operations are carried out over a period of time, 
in order to identify possible deficiencies or degradations, the 
dimension of their effect and informing decision-makers 
interested in timely remedial action. 
Special tracking of the bridge behavior is made in certain 
exceptional situations, consisting in the observation and 
control operations, with the same purpose as the current 
tracking. The special situations for which this type of tracing 
is required according to STAS 2920-83 are: 
- intense traffic or heavy traffic and / or gauge overtaken; 
- after earthquakes higher than 6 degrees; 
- after heavy floods or floods, or in the case of a change of 
bed in the bridge area; 
- after visible defects of the bridge elements; 
- visible change of the red (projected) line of the bridge. 
Regarding technical revision, it may be: current, periodic or 
special. 

According to the same STAS 2920-83, the current revision 
consists in following the verification of the state of operation 

and operation of the road bridge, as well as the control of the 
way in which the technical supervision and the maintenance 
of the bridge are performed. Periodic review consists of a 
thorough, systematic examination of bridge elements. The 
special revision is carried out in the case of exceptional 
situations, such as those mentioned above, in which the 
stages of the special pursuit are also carried out. 
STAS 12504-86 Regulates the conditions under which 
superstructure tests are performed. The static efficiency of 
the static efficiency of the test load (E fstat) is defined in this 
norm as follows: "The static efficiency of the sample load, E 
fstat, is the similarity criterion used to model the useful load 
by sample loading" and is determined with the relationship: 
E fstat= Sstat/Sn                                                                                                   (1) 
Sn is the amount of effort determined in the dimensioning of 
the section resulting from consideration of payloads with 
normalized values in the case of bridges that are checked by 
the limit state method or the payloads in the case of bridges 
that are verified by the tolerable resistance method, and 
Sstat is the dimension of the corresponding effort obtained 
from the sample loads considered to be statically applied. 
The magnitude of the static efficiency must be within the 
range of 0.8-1.0.  
The testing of new bridges shall be carried out if provided for 
in the project at the request of the receiving committee, the 
beneficiary or the management body and the testing of old 
bridges already in operation shall be attempted at the request 
of the managing body or the beneficiary in certain cases, 
such as: to increase traffic, to increase the speed of traffic, 
before and after the performance of bridge consolidation 
works or bridge repair works, after the expiry of the normal 
operating period, if the necessary revisions are deemed 
necessary. 
In the studied case, the static samples were made by 
conveyance of loaded trucks, 8,97m long, 2,50m wide and 
14,80t (34,00t total weight after loading). The detailed 
dimensions of the trucks are shown in Fig. 3. Before each 
test begins, each truck will be weighed to check the actual 
weight of each and the accepted deviations are up to 7% of 
the theoretical value. 

 
Fig. 3 The dimensions of the trucks used for the tests [12] 

 
The static test measures the maximum arrow at each bridge 
opening and the specific deformations in the most demanded 
areas established by the project. 
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In order for the test to be considered static, the trucks 
convoys must travel on the bridge at a maximum speed of 5 
km/h. They must stop in the position provided in the test 
scheme, and the exit on the bridge is also done at the 
maximum speed of 5km/h.  
The trucks were positioned in the normal movement 
direction (from the first abutment on the second abutment) 
and the back (from the second abutment to the first 
abutment). Six trucks in the normal traffic direction and six 
rear-loaded trucks were positioned symmetrically in relation 
to the table axis as shown in Fig. 4. 

 
Fig. 4 The position of trucks in transversal section [12] 

 
According to the project, the theoretical deformations 
expected from the static tests are those in Table 1, 
differentiated according to the location of the convoy. 
 
Table 1 Control points and theoretical deformations associated with 
them 

 
Control points 

Theoretical deformations [cm] 
Central 
opening 

Constanta 
opening 

Medgidia 
opening 

G1 – G2 – G3 0.0 0.0 0.0 
F1 – F2 – F3 2.3 -0.4 -2.2 
E1 – E2 – E3 2.6 -0.5 -2.0 
D1 – D2 – D3 1.5 -0.3 -1.1 
C1 – C2 – C3 -0.3 0.0 0.0 
B1 – B2 – B3 -4.2 0.8 2.0 
A1 – A2 – A3 -8.2 2.2 2.2 

B’1 – B’2 – B’3 4.2 2.0 0.8 
C’1 – C’2 – C’3 -0.3 0.0 0.0 
D’1 – D’2 – D’3 1.5 -1.1 -0.3 
E’1 – E’2 – E’3 2.6 -2.0 -0.5 
F’1 – F’2 – F’3 2.3 -2.2 -0.4 

G’1 – G’2 – G’3 0.0 0.0 0.0 
 
The dynamic test shall be carried out only if the bridge has 
behaved appropriately in the static test. 
The dynamic test measures the evolution of the maximum 
arrow at each bridge opening, the evolution of the specific 
deformations in the most overworked sections, and the 
evolution fissures craking in reinforced concrete bridges. 

Two trucks similar to those used in the static test were used. 
The trucks convoys travel on the bridge at constant speed. 
The trucks circulated with the following speed: 10km/h, 
30km/h, 50km/h, 70km/h, 90km/h and 110km/h. As it is 
recommended, in order to increase the impact of the road 
bridges test, were created artificial bumps, made of wooden 
rods of 4cm and width of 30cm, length of 3.00m. These 
bumps are located in the axis of symmetry of the structure in 
the central opening. 
For each test step, measurements were made at control points 
in which tracking tags were located, as described above. 
Assessment results are based on data from measurements of 
the bridge behavior during the test and after their processing 
the results are interpreted. If the tests reveal that the bridge 
behavior criteria are not met, case identification is used and 
then appropriate action is taken, such as the imposition of 
traffic restrictions and the reinforcement or replacement of 
the bridge. 
In our case, the deformations appear to differ partly from the 
theoretical ones in the six steps of the measurements, but 
nevertheless all the results fall within the maximum 
permissible tolerance, having an absolute lower value than 
expected under the project, and the bridge is considered to 
have a normal behavior, not being necessary to impose 
restrictions of any kind. 
Additionally, the temperatures were determined at the time 
of each measurement step to determine the thermal variations 
to take account of their influence on the measured 
parameters. 
 
3. Realization of the deformation model based 

on FEM 
The Finite Element Method (FEM) is currently used in the 
vast majority of engineering calculations required to design 
or analyze a product. 
For a certain geometry, well defined from a dimensional 
point of view, knowing the forces acting on it and the 
bearing conditions, its own vibrations frequencies etc., finite 
elements analysis (FEA) is used as a numerical verification 
calculation. 
If it is used to determine optimum parameters in the design 
phase, so that certain imposed conditions are met, FEM. Is 
being implemented through highly developed programs 
currently, which have implemented special optimization 
procedures. 
Such models allow the testing of a large number of 
hypotheses without the need for human, financial and 
human resources to build a test pattern after each test. 
FEM is being used due to its many advantages, but 
particular attention should be paid to disadvantages when 
choosing this method for calculations and simulations. 
Among the biggest disadvantages we mention: low precision 
it provides, the need to know the parameters and forces 
associated with the object studied, the need for advanced 
computer system and for the expensive programs, due to 
their complexity. 
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In the case of the studied bridge, we know exactly the 
dimensions and parameters of its elements, the materials 
from which it is built and the forces associated with the 
elements that make up the structure of the bridge, which is 
why the method for the deformation model was applied. 
Of the six measurement steps, the first steps were used to 
stabilize the model, and the last practically confirms the 
viability of the created model. 
On this deformation model, after its stabilization, numerous 
tests can be made that are associated with exceptional 
situations to highlight how the bridge will behave. 
The steps taken to make and update the deformation model 
are those in Fig. 5 and are detailed below. 
 
    
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 The creating and updating process of the deformation model 
 
3.1 Defining geometry 
The geometry associated with the actual structure is defined 
and studied directly in ANSYS (Workbench 14.5), the 
program used to create the deformation model using FEM. 
We chose to build a three-dimensional model based on data 
from the tracking project of the bridge to get the most 
complete results.  p

 
 

Fig. 6 Geometry associated with the real bridge structure 
 

3.2 Entering construction data 
Within the ANSYS program (Workbench 14.5) you can 
select from a catalog of materials the materials specific to 
each bridge construction element. 
3.3 Calculation model 
In order to be able to perform a finite element analysis of a 
structure, the decisive step to be taken is to develop the 
calculation model. To achieve the transition from the real 
structure to its modeling model, there are no algorithms and 
general methods to ensure the development of a unique 
model. Generally, for a structure, many models are created, 
all correct but with different performance. 
If the behavior of the raw material is linear and the 
displacements are "small", then the equations can be 
restricted to the linear case. 
3.4 Meshing 
Meshing is the fundamental approach in FEM and consists 
in turning a continuous surface (characterized by an infinite 
number of points) to a discrete model with a finite number 
of elements (called nodes). 
FEM typically defines displacements or efforts at model 
points and calculates their values at these points. Under 
these conditions, the meshing must be made so as to define a 
sufficiently large number of points in the areas where, from 
the bridge design, we expect greater deformations so that the 
approximation of the geometry of the structure, the bearing 
conditions and the conditions Loading is satisfactory for the 
purpose pursued in the EAA. p p p

 
 

 
 

Fig. 7 Meshing the bridge model 
 
3.5 Finite element analysis 
The program used has implemented algorithms for 
automatic FEA, depending only on how the meshing was 
previously done and the forces defined on the construction 
studied. 
3.6 Results and post-procesing 
The results obtained are both numerical and graphical. After 
running the analysis, it will be noticed that the results do not 
coincide with the first stage of the measurements, even if 
they started from the same data from the reference stage and 
considered the force of the bridge's own weight. Therefore, 
other additional parameters such as temperature, water 

Start 

Entering construction 
data 

Defining 
geometry CAD 

Calculation model 
(FEM) 

Meshing 

Finite element 
analysis  (FEA) 

Results and post-
processing 

Optimization Model 
adjustment 

Final 
result 
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force, vibrations, etc. will be considered. The model will be 
optimized with forces and values until the values in the first 
measurement step are obtained. Then, starting from this, the 
process resumes and the model will be adjusted again until 
the results of the next measurement step. 
3.7 Final result 
It is considered that we have obtained a stable model when 
running the model, it offers as results values that are similar 
to those in the various measurement steps. 
In the case of this model, the first five measurement steps 
were used to stabilize the model, and for the model 
validation, measurements were compared to the sixth step.  
Differences between the predictions obtained in the program 
and the results of the last measurement step are in the order 
of millimeters up to a maximum of 10mm, and for the 
simulation of exceptional situations such as: high magnitude 
earthquakes, floods, overloading, total or partial failure of an 
element, etc. this precision is considered sufficient and 
covering. 
 
4. Conclusions 

 Based on such a stabilized model, various assumptions can 
be made to simulate their effect on the bridge and determine 
how it behaves. Such a model is difficult to stabilize, but if 
there is enough data to do so, the model thus obtained can 
prove to be very valuable to the beneficiary and those who 
use the construction. 
Possible uses of the analyzed bridge deformation model, 
implemented in a risk management system: 
- biger forces acting on the construction can be set, the size 
of which can be increased progressively until the 
deformations obtained exceed tolerance to determine the 
limit of resistance of the various elements of the bridge or 
bridge in its entirety; 
- it is possible to amplify its own vibrations, or add some 
additional to help study the behavior of the bridge in the 
event of major seismic events. It is possible to analyze the 
bridge only with its own weight and forces or can analyze 
the bridge in a related situation under the conditions of 
normal traffic. Of course, the assumptions may vary, and 
the parameters considered in the analysis may also vary as 
far as we have sufficient data about them; 
- it is possible to modify the water force on the piles and 
abutments or even on the bridge structure to study at what 
level of water the bridge would require repairs or would 
suffer major damage that would affect the traffic on it; 
- it can also simulate the maximum admissible traffic on 
the bridge, the overloading it can undergo before 
consolidation interventions are needed; 
- "alarm" parameters can be determined, values that fall 
within the tolerances allowed, but draw attention to the 
possibility of overtaking them in time, so that construction 
consolidation measures can be taken before its normal 
operating capacity be affected. 
Applications of such a model to simulate undesirable events 
are numerous and very large. 
Making measurements that include as many parameters as 

possible, provides exponentially greater opportunities for 
getting a good model, compared to measurements that are 
limited to a small number of parameters. 
Simulation systems are multidisciplinary, specialists in 
various fields can work together to get a very complex 
model. 
Such systems implemented in risk management can prevent 
massive environmental damage, warn about major issues of 
patrimony construction and, most importantly, eliminate the 
risk of endangering the live of those exploiting the 
construction. 
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Abstract 
Implementing a spatial data geoportal at Local 
Administration level using EU non-refundable funds could 
be a smart solution for managing secure and valuable 
property based on IoT meant to reinforce Europe's cultural 
diversity by making our heritage and our cultural creations 
available to a wider number of citizens. 
One of the strategies developed by the European 
Commission refers to Digital Single Market and includes 
tasks such as investing on network and technologies by 
funding research that enables new technologies like 5G and 
Internet of Things (IoT). The aim is to benefit European 
citizens with fast and accessible Internet for the future and 
make cities more sustainable in view of Europe's 2020 
targets. Romania, as a member state, has aligned its 
priorities to the EU and is constantly trying to develop smart 
solutions in the interest areas that also permit funds 
attracting. Timișoara Municipality has set its goal to become 
one of Europe’s smart cities and communities, thus 
developing (among others) a cultural strategy for 2014 – 
2024. Competing and winning the title for “European capital 
of culture” initiative implied involving the entire community 
in embarking socio-economic and infrastructure projects 
supported by an information platform which ensures 
efficient data management for the municipality. This 
platform facilitated a good visibility of the candidate city in 
the context of enhancing the contribution of culture to its 
long-term development in accordance with its priorities and 
strategies. 
 
Keywords 
Sustainability, valuable property, cultural heritage, 
geoportal, European capital of culture. 
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1. Urban planning strategies and sustainable 
development policies for smart cities 
Nowadays, the cities are faced with challenges such as 
growing population (Fig. 1), traffic congestion, space, 
resource management, climate changes, tighter city budgets, 
aging infrastructure and population that lead to the need for 
smarter cities [1]. 
 

 
Fig. 1. Migration of Romania’s population to urban areas 

based on age groups in 2015 
 
The European Commission stipulates into the Digital 
Agenda for Europe [2] the following definition: “A smart 
city (Fig. 2) is a place where the traditional networks and 
services are made more efficient with the use of digital and 
telecommunication technologies, for the benefit of its 
inhabitants and businesses.” 
 

 
Fig. 2. EU Smart Cities and Communities Initiative (Source: 
https://eu-smartcities.eu ) 
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Sustainable urban planning is the one that seeks to minimize 
the negative environmental impact of buildings by 
efficiency and moderation in the use of materials, energy, 
and development space. It uses a conscious approach to 
energy and ecological conservation in the design of the built 
environment with a view of stimulating investments, 
attracting tourists and increasing the inhabitants’ living 
standards. [3] 
A smart city based on the policies of sustainable 
development takes into consideration the following: 

o balance between urban modernization, controlled 
urban growth through development of rural areas and 
conserving spaces dedicated to agricultural activities; 

o social and urban functions’ diversity, both in the rural 
and urban environment; 

o balanced and economical use of natural, urban, 
conurbation and rural areas, controlling the 
movement and car traffic necessity, conserving air, 
water, soil, underground resources, green spaces, 
natural or urban landscapes’ quality, reducing noise 
pollution, protecting valuable urban developments 
and national heritage buildings, preventing 
foreseeable natural and technological hazards and 
general pollution. [4] 

Smart cities functioning based on the idea of sustainability 
take into account the following development directions: 

o environmental sustainability and efficiency; 
o sustainable homes and buildings; 
o efficient use of resources; 
o efficient and sustainable transportation systems; 
o better urban planning. 

 

 
Fig. 3. The Smart Cities Wheel developed by Cohen 

 
The Smart City concept (Fig. 3) is therefore based on a six 
pillars model [5], with the corresponding indicators: 
1. Smart Economy: innovative spirit, entrepreneurship, 

economic image & trademarks, productivity, flexibility 
of labour market, international embeddedness, ability to 
transform. 

2. Smart Mobility: local accessibility, (inter-)national 
accessibility, availability of infrastructure, sustainable, 
innovative and safe transport systems. 

3. Smart Environment: attractivity of natural condition, less 
pollution, environmental protection, sustainable 
resource management. 

4. Smart Governance: participation in decision-making, 
public and social services, transparent governance, 
political strategies & perspectives. 

5. Smart People: level of qualification, affinity to lifelong 
learning, social and ethnic plurality, flexibility, 
creativity, cosmopolitanism/open mindedness, 
participation in public life 

6. Smart Living: cultural facilities, health conditions, 
individual safety, housing quality, education facilities, 
touristic attractivity, social cohesion. 

 
2. The contribution of Internet of Things (IoT) 
and Cultural Heritage (CH) to secure and 
valuable properties of smart cities 
One of the strategies developed by the European 
Commission refers to Digital Single Market and includes 
tasks such as investing on network and technologies by 
funding research that enables new technologies like 5G and 
Internet of Things (IoT). The aim is to benefit European 
citizens with fast and accessible Internet for the future and 
make cities more sustainable in view of Europe's 2020 
targets. 
One of the priorities of the Commission of the European 
Parliament Council regarding “i2010 – A European 
Information Society for growth and employment” says, 
quote: “In launching the partnership for growth and jobs as a 
new start for the Lisbon strategy, the 2005 Spring European 
Council called knowledge and innovation as engines of 
sustainable growth and stated that it is essential to build a 
fully inclusive information society, based on the widespread 
use of information and communication technologies (ICT) 
in public services, SMEs and households”. More than that, 
the document shows that ICT can strongly contribute to 
improvements in the quality of life. ICT are capable of 
improving the health of our citizens via new ICT enabled 
medical and welfare services. In light of the demographic 
challenges facing Europe, ICT can help make public health 
and welfare systems more efficient and effective. ICT can 
be a strong force for reinforcing Europe's cultural diversity 
by making our heritage and our cultural creations available 
to a wider number of citizens. ICT are also a tool for 
environmental sustainability, i.e. through monitoring and 
disaster management and through clean, low energy and 
efficient production processes. ICT can help to make 
transport safer, cleaner and more energy efficient. [6] 
Timişoara has one of the widest architectural heritage area 
in the country, of important value to both Romania and 
Europe. The preservation of this Cultural Heritage (Fig. 4) is 
a duty of both the authorities and the owners. [7] 
Nowadays, referring to Cultural Heritage objects, one of the 
first aspects implies not only the object itself, but also 



Journal of Geodesy, Cartography and Cadastre 

14 

creating 3D models using different technologies starting 
with simple measurements upon the object, using facilities 
of total stations, close range photogrammetry and also laser 
scan technologies [8]. Therefore, data collection is varied 
from simple to very complex and depends on the type, time, 
manner and technology used for measuring the object. 

 

 
Fig. 4. Map of Timişoara highlighting areas with historical 

buildings 
 
3. Timişoara as a smart city 
Sustainable urban mobility plan covering the growth pole in 
Timișoara (Fig. 5) consisting of the city and 15 adjacent 
villages and concerns joint strategic objectives such as: 
accessibility, safety and security, the environment, economic 
efficiency and the quality of the urban environment. 
 

  
Fig. 5. a) Timişoara growing pole; b) Spatial development 
scenario for Timişoara urban agglomeration (2005-2050) 

Timisoara is already active as regards the European 
Innovation Partnership on Smart Cities and Communities 
initiative, by the partnership formed by Politehnica 
University of Timisoara, Timisoara City Hall and the Smart 
City Association submitted the Commitment 7711, related 
to the use of Open Data Sets for creating smart applications 
to the benefit of citizens. The result consisted in an 
increased number of data sets made available by Timisoara 
City Hall on the governmental portal which located it on the 
first place in Romania. 

 
Fig. 6. Timisoara Commitment for the EIP on Smart Cities 

 
Other studies conducted by specialists of Politehnica 
University Timişoara revealed that the owners of individual 
houses from Timişoara are interested for their property’s 
value not to drop in investments such as learning, sports and 
relaxation facilities, quietness, public transport, edilitary and 
road infrastructure. At the same time, the entrepreneurs from 
Timişoara, that operate in the investments domain, aim to 
work within a long-term strategy, to have as big a profit as 
possible and favourable execution conditions in order for the 
bureaucracy to be reduced. 
The scenario for the spatial development of the urban 
agglomeration of Timişoara, initiated in 2004 and approved 
by the Local Council Timişoara in 2005 started from the 
relation between the city of Timişoara with the larger whole 
– Europe, DKMT Euroregion, the Western Region of 
Development, the Metropolitan Area of Timişoara, and 
resulted in nine different strategies: the electronic city by 
applying the GIS, the city of infrastructure, the residential 
city, the commercial city, the city of services and industry, 
the green city, the social city, the multicultural city and the 
universitary city, with specific objectives, development 
directions and measures. 
The strategy of the electronic city by applying the GIS 
includes the objective of continuous updating of the 
cadastral and topographic surveys in Stereo 70 on a 
magnetic support, of the edilitary and road infrastructure, of 
the Building Permits (BP), of the dismemberments and 
property transactions, of the overlapping of the laws 
referring to constitution and reconstitution of the properties, 
as well as the objective of obtain satellite images and 
ortophotoplans every year. 
The City Hall of Timişoara is the first institution in Romania 
starting the GIS [9] for urban planning purposes [10], at 
present, being the most advanced city in this domain. 
The implementation of the GIS started in 1996 and covered 
a total area of 129,2km2; 34 Cadastral Sectors; 900 blocks 
and 27000 property sheets. Positioning of each entity is 
made on the reference given by the cadastral digital plan, 
1:500. Updating this plan is based on a photogrammetric 
plan by using existing records, parcelling projects, urbanism 
certificates, documentations from archives, documents on 
land retrocession, and modifications on the street scanning 
as a consequence of systematization etc. aiming to extend 
this system throughout the metropolitan area. An eloquent 
example of updating of the database for the Urban GIS (Fig. 
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7) implied acquisition of all information regarding the 
cemeteries, project carried out between 2007 and 2009 by 
Politehnica University Timişoara. [11] 
 

  
Fig. 7. a) Map of cadastral sectors; b) Overview of urban 
GIS 

Timișoara Municipality has set its goal to become one of 
Europe’s smart cities and communities, thus developing 
(among others) a cultural strategy for 2014 – 2024. The 
strategy includes, besides the context of strategy’s 
elaboration, methodology and analysis of the external 
environment, general objectives, measures and action plan, 
procedures and indicators for assessing the implementation 
of the necessary tools, mapping of cultural resources. 
Mapping has been centred on three types of resources: 
cultural spaces (current and potential), cultural workers 
(organizations and public institutions of culture) and cultural 
events (events and large-scale projects, relevant for the city). 
Joint documentation efforts have meant sending 12 requests 
for information to the authorities and public institutions, 
specific documentation, more than 40 interviews with 
resource persons from the city, interviews and sending 
questionnaires to the religious institutions in the city and 
Neighbourhood Advisory Councils. 
Thus, data from the sociological research carried out within 
the project Cultural Poles in 2013, also general data 
regarding social economy of the county, cultural statistics, 
including cultural vitality, and information provided by 
cultural operators on special meetings has been 
corroborated. Mapping of cultural resources (Fig. 8) 
provides a general image on both cultural life profile and 
cultural operators from Timisoara, compared to the region 
and the rest of the country and highlights most performant 
cultural domains (in terms of cultural vitality) and those 
which need support to develop. It includes visual arts; show 
arts; libraries, publishing houses and written culture; 
audience development and cultural expressions diversity; 
cultural education; audience development; amateur arts, 
multicultural diversity; cultural and creative industries; 
broadcasting and cinematography; training and support for 
business ideas incubation in the field the Cultural and 
Creative Industries (CCI); encouragement of the CCI market 
through competitive public acquisitions and creative 
interventions for aesthetic city; workspaces for business 
incubators, creative hubs; museums; music; architecture – 
cultural heritage – built environment; contemporaneous 
architecture; arts and culture spaces; natural heritage. 
 

  

  
Fig. 8. Mapping of Timisoara’s cultural resources 

 
“The award title of European capital of culture will 
continue to rely on a cultural program created specifically 
for European capital of culture, which should have a 
strong European dimension. The program should also be 
part of a long-term strategy with sustainable impact on 
economic, cultural and social development”. 
By recognizing the role of culture for development and 
quality of life, contemporary cultural policies call 
attention to the need to inherently integrate the cultural 
sector in other areas of public life. Concern for the cultural 
life of the city of Timişoara implies a strong relationship 
between culture and urbanism, architecture, environment, 
education and contributes to local and regional 
development. 
The city is prepared to invest in its heritage and to foster 
cultural phenomena. The potential offered by the 
Euroregion of historical Banat represents the foundation 
for the projects and initiatives meant to support the 
development of a common identity based on a natural 
collaboration between people and organizations. 
Moreover, culture represents an investment for the local 
economy, which, through the development of tourism 
based on cultural heritage and on major events, aims to 
draw visitors and transform the city and the region in a 
cultural pole with wide international opening. 
Competing and winning the title for “European capital of 
culture” initiative implied involving the entire community 
in embarking socio-economic and infrastructure projects 
supported by an information platform which ensures 
efficient data management for the municipality. This 
platform facilitated a good visibility of the candidate city 
in the context of enhancing the contribution of culture to 
its long-term development in accordance with its priorities 
and strategies. 
 
4.  Spatial data geoportal for Local 

Administration – smart solution for a 
secure and valuable cultural heritage 

Implementing a spatial data geoportal at Local 
Administration (Timişoara City Hall) level using EU non-
refundable funds could be a smart solution for managing 
secure and valuable property based on IoT meant to 
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reinforce Europe's cultural diversity by making our heritage 
and our cultural creations available to a wider number of 
citizens. 
The authors propose a workflow diagram (Fig. 9) with the 
actual working process for creating the 3D cultural heritage 
model, step by step, to be used in the geoportal. [12] 

 
Fig. 9. Workflow diagram – logical scheme 

 
As regards the creation of the 3D models of cultural heritage 
objects, there are several technologies available for data 
collection: close-range photogrammetry, laser scanning, 
UAVs (Unmanned Aerial Vehicles). 
For processing and creating 3D models, the alternatives are: 
model in specialized software (e.g. Cyclone, Solid Scan, 
GeoVerse, JRC 3D Reconstructor), model directly in 3D 
CAD (Civil 3D), model only surface (for pure restauration 
purposes – created from photographs – Corel Draw). 
For the present objective the data was collected using the 
Zoller + Fröhlich scanner from Politehnica University 
Timisoara. The scanning survey may be divided into three 
phases: planning, scanning and registration and QA/QC 
(Quality Assurance/Quality Control). In the processing 
phase, the scans from different stations are brought in a 
common reference system and then merged to create a 
complete model. During this process, registrations are 
created, namely target to target or cloud to cloud registration 
in order to obtain the unified point clouds (Fig. 10) and clear 
the noise. 
 

 
Fig. 10. Point cloud obtained by scanning a historical 

building from Timisoara 

After the 3D models of the cultural heritage objects are 
created (Fig. 11, 12), they should be uploaded on the 
geoportal (Fig. 13) in order to appear when it is interrogated. 
 

 
Fig. 11. Selecting a cultural heritage object from the 

geoportal 
 

 
Fig. 12. 3D model of the cultural heritage object 

 

 
Fig. 13. Link to the geoportal on the City Hall’s webpage 

[13] 
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Also, as attributive data of the cultural heritage objects, the 
authors suggest adding a brief description of the object’s 
history as in the example illustrated below (Fig. 14). 
 

 
Fig. 14. Information regarding the cultural heritage object 

 
From the applicative point of view such a webGIS solution 
brings added value for all the institutions that manage and 
operate with Cultural Heritage objects. 
The fact that information is available at a glance as a 
webGIS resource for different users in an attractive and 
intuitive manner, it provides a powerful tool for cultural 
heritage conservation as an efficient strategy of urban 
planning. 
 
5. Conclusions 
In this paper the authors proposed implementing a spatial 
data geoportal at Local Administration level (Timişoara City 
Hall) to streamline the data workflow and provide easy 
access to it in order to increase the visibility of cultural and 
historical heritage of the municipality. The need of this 
geoportal arises from the fact that Timişoara has the widest 
architectural heritage area in the country, of important value 
to both Romania and Europe. The dedicated geoportal for 
the management of heritage objects represents a smart 
solution which completes the existing urban GIS primarily 
aiming to contribute to fostering the urban planning and the 
sustainability of the “European capital of culture” project. 
This geoportal should include the 3D models of the cultural 
heritage objects for better preservation over time or 
restauration purposes and offer virtual tourism tours if they 
are made available by means of webGIS. The technical basis 
for this project should be represented by geodetic 
measurements, laser scanning, IoT and architectural support 
ensured by an unceasing teamwork of different specialists. 
The actuality of the paper arises from using webGIS 
solution in the “Internet of Things” (IoT) context to merge 
physical and virtual worlds, creating smart environments 
that represent the next natural step towards the digitisation 
of our society and economy. 
The authors insist on the idea of creating a geoportal for 
cultural heritage objects as the future brings changings in 

terms of replacing desktop solutions by WEB solutions in 
order to allow the dissemination of the results and to 
increase the possibility of international collaboration 
between specialists. WebGIS solutions have several 
advantages among which we mention the access to spatial 
data characteristic to cultural heritage documentation either 
for specialists or ordinary users and different purposes. 
An efficient urban planning strategy implies creating 
WebGIS for cultural heritage as the next natural step 
forward for both conservation and preservation of these 
objects, and also for understanding and promoting them. 
Also, together with the unlimited possibilities offered by the 
World Wide Web, creating physical virtual replicas of 
Cultural Heritage objects has become more and more 
attracting and interesting. 
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Abstract
Brownfield redevelopment is gaining ground in Europe, and 
more and more Member States are searching for sustainable 
measures to deal with those sites in order to reduce their 
negative impact.
Brownfields in Romania are mainly connected with the 
decline of industry from the communist era. Timisoara is 
one of the biggest cities in Romania, where the increasingly 
demand for land for housing and industrial use encourage 
the urban sprawl. In this paper, we approach the problem of 
brownfield sites and we are trying to highlight the 
importance of interdisciplinary team of experts in making 
cities more resilient to local challenges. Initial site 
assessment is mandatory for further redevelopment of a 
brownfield site, and the surveyors have an important role. 
Many issues have to be taken into account, such as the site 
location, ownership, costs (as purchase of land, costs with 
demolition of existing facilities or soil decontamination) or 
risk and vulnerabilities. But the advantages of brownfields 
redevelopment are considerable and can represent gains on 
many fronts: on the environmental, social and economic 
development side.

Keywords
brownfield sites, sustainable redevelopment, mapping, 
environmental conflicts, land administration.

1. Introduction

Brownfield redevelopment is a topic of increasing 
importance for sustainable urban development in Europe [1]. 
It is predicted that by 2020 approximately 80 per cent of 
Europeans will be living in urban areas, which means that 
more land in and around urban areas will need to be 
developed for housing and other purposes [2].
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Interest in brownfield redevelopment has increased especially 
in countries and cities that experienced the decline of 
industrial, agricultural, military or other activities. So, the 
Member States have to identify sustainable measures to deal 
with those sites in order to reduce their negative impact, 
highlighting the need for a more complex analysis of the 
characteristics of brownfield sites, the causes of occurrence 
and also their impact. The current enthusiasm on brownfields 
redevelopment is a consequences of the fact that the cities are 
evolving and brownfields are considered a valuable resource 
for the further development of cities. 
Many aspects can be the causes of the appearance of 
brownfield sites, as for example deindustrialization, bad 
management of companies, increasing/decreasing land value, 
speculative real estate investment, different/opposing 
perceptions of the stakeholders about the environment and 
allocation of resources etc. An appropriate understanding of 
those causes is essential to formulate effective strategic 
planning. A range of sectoral agencies are also involved and 
have to approve plans that fall within the scope of their remit. 
For example, any construction within 50 metres of a main 
road or 30 metres of a minor road is an issue that has to be 
handled by the Road Administration [3]. Accessibility to 
main roads and public transportation facilities is another 
important characteristic of site suitability. Having proper 
accessibility is a positive factor for most of new 
developments [4]. 
Understanding urban systems in terms of their 
environmental, social, economic and governance 
performance is an essential part of sustainable urban land 
administration.
Timisoara has a traditional spatial structure, based on a radial 
development model, reinforced by a series of concentric 
rings and has extensive areas of land that have the potential 
for significant regeneration and development projects. The 
most common are large industrial areas, now completely or 
partially abandoned or underused, located near the center of 
the city[5].
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2. Problem

In order to have a sustainable city, there is a need for 
continuous improvement of development plans, policies and 
strategies. If different stakeholders consider the brownfield 
sites a problem, another category of stakeholders see the 
brownfields as an opportunity for gaining money. 
Brownfields should not only be seen as a source of conflict, 
they should be approached from the point of view of 
progress and sustainable development. 
The city cannot meet the needs of all stakeholders but has to 
find an appropriate long-term sustainable development 
strategy. Where decision-makers do not have the capacity to 
make decisions regarding the brownfield redevelopment, 
conflicts may appear. But using the necessary knowledge 
and examples of good practice, and involving 
interdisciplinary teams of specialists, the brownfields can 
turn into effective solutions for the sustainable development 
of the city. An interdisciplinary approach encourages 
everyone to participate in making cities more sustainable by 
gathering knowledge from each other. The community 
involvement is also important and the citizens should be 
encouraged to get involved in the decision-making process. 
Experts like urban planners, surveyors, architects, 
economists etc. are just a small part of the team that have to 
work together to find appropriate solutions for the 
redevelopment of brownfields. As for example, the 
surveyor is responsible for the identification of brownfield 
sites, the architect is responsible for designing projects of 
redevelopment of brownfields, the economist is responsible 
for financial aspects etc. 
Regarding the identification of brownfields, mapping will 
help the stakeholders to identify and to visualise the 
affected areas and also to provide useful information if are 
correlated with a detailed database that includes the location 
of the brownfield site, ownership, legal status (Fig 1.), size
(Fig.2), previous development (Fig.3), if the site is 
contaminated or not and type of contamination. [6]

Fig. 1 Land Registry of a brownfield

Fig. 2 Topographic measurements

Fig. 3 Project designed by an architect in the metropolitan area

Data on immediate surroundings, neighbourhood and 
infrastructure is also relevant. The database should contain 
up to date information and, if possible, make it public. If the 
private sector or the authorities are interested in developing a 
project, this database should be first consulted, instead of 
develop a new project on a greenfield site [7]. The 
environmental issues should be more seriously taken into 
account because land is a finite resource and an intelligent 
land use planning can play an important role for a sustainable 
city. 
Land use changes provide very beneficial information for 
local planners and decision makers. The future land use type 
of each existing brownfield could be identified by making as 
many scenarios needed using GIS and 3D simulation 
softwares. Simulations or projection of the future urban 
growth are made by urban planners and architects.
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3.  Resolving the Problem  
 
 Interdisciplinary teams have to make decisions 
that consist of economic, social and environmental aspects 
where the surveyors have an important role in the 
identification of brownfields.  
 We have identified different brownfield sites, 
but also brownfield redevelopment success stories. These 
examples are not intended to be a full inventory of all 
brownfield sites in Timisoara. It is easy to create a database 
that contains size, ownership, information on previous 
development, data on neighbourhood, but it is difficult to 
find out if the site is contaminated or not. We can assume 
that the site is contaminated or not depending on the 
previous use, but detailed soil and groundwater analysis are 
necessary. A challenge in creating a database for each 
redeveloped brownfield is to find out the steps ahead of the 
implementation of the project, the implementation phases, 
the challenges faced by the parties involved and the 
community needs as well. 
 
a) Developed projects:  

o Shopping malls - developed on the site on which the 
antennas of the National Radio Communications 
Society - Direction of Radio Television Timisoara 
were placed (this projects also attracted investors to 
develop offices buildings as well) and on the site of 
the former Rubber and Plastics Enterprise 
"Dermatina", Timisoara 

o Offices and apartments complex - developed on the 
site of the former Canning factory Fructus 

b) Ongoing projects:  
o Offices and apartments complex –(ISHO) developed 

on the site of the former ILSA (Wool Industry SA) 
(Fig. 4) 

 
Fig.4 Implementation of the project ISHO on the former ILSA 
 
c) Brownfield sites 

o the former Abattoir - this site had a redevelopment 
project, but the works stopped and the sites is in 
preservation / degradation (fig. 6) 

o former Guban leather factory (fig. 6) 
o former Polygraphic Enterprise Banatul 
o former Solventul Petrochemical Plant in Timisoara 

The problem of industrial heritage is one of the 
disadvantages of trying to reuse brownfields areas. The legal 
framework is to protect the valuable elements of this historic 
environment, industrial halls, facilities, administrative 
buildings that were representative elements of the built 
cultural  heritage . We agree with their importance, but at the 
same time we consider that the space to be protected and 
considered a historical monument is too large and perhaps 
only something representative should be preserved, and the 
rest of the land should be reintroduced into the civil circuit.  

 
 Fig .5 Maps with the industiral heritage [8] 
 

 
 Fig.6 Example of the industrial heritage 
 
In the figure 5 the industrial areas that have been declared 
historically valuable industrial sites [8] are presented, some 
of them being subject to the historical monuments law of 
2010 and others introduced by the PUG in 2012. For 
example, the former City Abattoir and the Guban leather 
factory are large areas situated close to the city center, have 
an approximate area of 5 ha and 3 hav(Fig.6), and which, 
through appropriate land management projects, could be both 
reintroduced into the civil circuit and important historically 
elements could be preserved. 
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4. Conclusions  
 
We consider that it is necessary to realize that land is a 
finite resource and it should be used in a sustainable way. A 
priority is to protect the unblended habitats, the good land 
for agriculture, and for this we must ensure that the land is 
used in the most efficient way. 
The city can benefit from the redevelopment of brownfield 
sites through well designed projects and interdisciplinary 
expert teams. There are also multiple challenges that have 
to be solved, and that is why all the stakeholders have to be 
involved. 
There is no institutional structure for brownfield 
regeneration in Romania, but it is absolutely necessary to be 
established. 
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Abstract  

In 2011 Laser Scanning of flood risk areas was done by 
Land Relation and Cadastre Agency in the frame of the 
project financed by Norwegian Government. The future 
plans are to cover all territory of the country with LiDAR 
data. However, as the precision and availability of LiDAR 
elevation data has improved the need to tie the LiDAR 
elevations to a National Levelling Network has increased. 
When combined with GNSS and inertial navigation data the 
ranges stored by the onboard computer may be converted to 
a 3-dimensional spot position – in this case expressed in 
European Terrestrial Reference System (ETRS89) 
coordinates based on GRS80 ellipsoid. To utilize this data at 
local or national level it is necessary to convert the 
ellipsoidal heights to a vertical datum such as the Baltic Sea 
1977. This conversion requires the use of a high accuracy 
Height Reference Surface (HRS) that may be developed by 
conducting GNSS measurements on the national levelling 
network benchmarks and using Earth Gravitational Model 
EGM2008. This paper presents the results of comparative 
study of Height Reference Surface modelling methods using 
control GNSS/Levelling measurements and EGM2008 
model. The GNSS measurements were carried out on 40 
first and second order levelling benchmarks of National 
Levelling Network. For HRS determination three, four, five 
and seven parameters equations and multi-quadratic surface 
methods were used. Comparative analyses of examined 
methods showed the increasing accuracy from 5.6 cm using 
parameters equations to 4.6 cm with multi-quadratic surface 
model that correspond to fourth order levelling and could be 
used for high resolution Digital Elevation Modelling for all 
territory of the country. The analyses of residuals showed 
the best results in the middle part country territory and the 
worse on the eastern and western borders were is a lack of 
high quality data.  
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1. Introduction 
 
Acceleration of LiDAR technologies increases the accuracy 
of heights determination.   Obtained from GNSS and inertial 
navigation data measurements heights are geodetic 
(ellipsoidal) and for practical use needs to be converted into 
normal heights, as a distance between point on the physical 
surface and quasigeoid surface at gravity vector direction. 
Determination of normal heights from ellipsoidal height 
depends on the accuracy of GNSS measurements, inertial 
navigation data and height anomalies calculated from global, 
regional or local quasigeoid model as a distance between 
ellipsoid and quasigeoid surface along the gravity vector. 
First quasigeoid model GM2005 for Republic of Moldova 
territory was calculated in 2005 by Ukrainian Research 
Institute of Geodesy and Cartography, using 803 
GNSS/levelling sites and European Geoid Model EGG97, 
transformed to Baltic Sea 1977 normal height system [1]. 

In order to develop high accuracy local gravimetric geoid in 
2006 Institute of Geodesy, Engineering Research and 
Cadastre INGEOCAD subordinated to The Land Relations 
and Cadastre Agency of Republic of Moldova in cooperation 
with the National Geospatial-Intelligence Agency (NGA) of 
United States of America performed gravity campaign to 
establish first order National Gravity Network with accuracy 
10 Gal using three LaCoste & Romberg G meters (Fig.1). In 
order to constrain the relative gravity measurements 3 
absolute gravity stations were determined with accuracy 5 

Gal, using FG5 absolute gravimeter [2].  
The second and third order National Gravity Network (Fig.1) 
with density of 1 gravity point per 15-20 square km was 
performed in 2007-2008 by Institute of Geodesy, Engineering 
Research and Cadastre (INGEOCAD) with accuracy 20 Gal 
and 40 Gal respectively [3].  
In 2012 a new gravimetric quasigeoid model GM2012 was 
determined by applying the Least Squares Modification of 
Stokes’ formula with Additive corrections (LSMSA), also 
called the KTH method [4]. 
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To generate and distribute height anomalies for real time 
normal height determination from GNSS measurements 
using MOLDPOS service, height reference surface based on 
precise GNSS/levelling was calculated by Technical 
University of Moldova in cooperation with Karlsruhe 
University of Applied  
Science. The quasigeoid model GM2010 was calculated 
using HSKA method for digital finite element Height 
Reference Surface representation as polynomial solution [5]. 

 
Fig. 1 Developed National Gravity Network 

In 2014 the Land Relations and Cadastre Agency performed 
GNSS measurements on 1-st and 2-nd order levelling 
network benchmarks in order to estimate the accuracy of 
existing quasigeoid models for the Republic of Moldova 
territory [6]. 
Thanking in account that part of gravity data of Republic of 
Moldova territory were involved in calculation of EGM2008 
model, Land Relation and Cadastre Agency decided to adopt 
it at the national level.  
This study presents the results of comparative analyzes of 
Height Reference Surface modelling methods using control 
GNSS/Levelling measurements and EGM2008 model.   

2. Height Reference Surface modelling methods 
 
For HRS modelling a well know geometrical equations were 
used: 
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height hi , normal height Hi  and height anomalies i 
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calculated from quasigeoid models, where i =1, 2,..,n  and n is 
the number of observations. 
In practice these equations are never satisfied due to a number 
of factors like random errors of measurements and 
approximations, datum and deformations which can affect the 
height systems, datum and benchmarks.  
The parametric observations model could be written as 
following: 
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where  x  are unknown parameters, vi are residuals  and  ai  
are observation coefficients corresponding to the number of 
parameters [7]:  
for the 3 parameter model 
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while the multi-quadratic surface model is [8] 
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were xi are surface coefficients and  aij are distances 
calculated from point i to each point j  [8]. 
The matrix form for the system of observation equations 
follows: ,vAxΔζ                                    (9) 

 
where x is a vector of unknown parameters, v is vector of 
residuals  and  A is the design matrix that contains for each 
observation coefficients.  
The parameters were estimated by least squares method: 

.)( 1 ΔζAAAx TT
                        (10) 

 
Introducing the vector of estimated parameters x into the 
system of observation equations, is obtained the vector of 
estimated residuals 

.AxΔζv                                 (11) 
 

The estimated residuals v are used to calculate the standard 
deviation: 

,0 mn
vvT

                                   (12) 

 
where n is the number of GNSS/levelling observations and 
m is the number of  estimated parameters. 
 
3. Accuracy evaluation of HRS models 
 
For accuracy evaluation of HRS models were selected 40 
first and second order levelling benchmarks of National 
Levelling Network (Fig 2). 
The height anomalies from GNSS measurements on 
levelling benchmarks i

GNSS/lev were determined in 2014 by 
INGEOCAD specialists, using two frequency GNSS 
receivers, in static mode, with duration 90 min and 
postprocessed with a connection to MoldPos GNSS 
Network.  
The heights anomalies i

EGM2008 were calculated for each 
levelling benchmark using EGM2008 harmonic coefficients 
to degree and order 2159.  
The height anomalies differences calculated between height 
anomalies i were determined as following:  
 

,2008
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were i is number of GNSS/Levelling measurements. 
 

 
 

Fig. 2 GNSS/Levelling measurements 
 

The preliminary estimation of quasigeoid models accuracy 
was done by INGEOCAD [7]. The results of calculations 
without correction surface (0P) are included in Table 1. The 
results of HRS accuracy estimation using the 3, 4, 5,7 
parameters equations (3P, 4P, 5P, 7P) and multi-quadratic 
surface model (MQ) are shown in Table 1.  

 
Table 1 The results of estimation of HRS models accuracy  
 
Statistics Min. (m) Max.(m) Mean (m) 0 (m) 
0P -0.124 0.195 -0.007 0.058 
3P -0.101 0.204  0.000 0.055 
4P -0.102 0.202  0.000 0.056 
5P -0.102 0.203  0.000 0.057 
7P -0.087 0.199  0.000 0.055 
MQ -0.101 0.064  0.005 0.046 
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Fig. 3 Diagram of HRS models accuracy comparison 

 
The HRS models standard deviations using different 
methods are shown in Figure 3. Comparative analyses of 
examined methods showed the increasing accuracy from 5.5 
cm using 7 parameters equations to 4.6 cm with multi-
quadratic surface model. 
 

4. Conclusions  
 
Comparative study of different methods of HRS modelling 
shows the best accuracy 4.6 cm of multi-quadratic surface 
model that correspond to fourth order levelling and could be 
used for high resolution Digital Elevation Modelling for all 
territory of the country. The parameter equations are 
recommended to use for calculation of HRS trend value.  
The analyses of residuals showed the best results in the 
middle part country territory and the worse on the eastern 
and western borders were is a lack of high quality data.  
For future improvement of HRS model a fitting 
GNSS/Leveling points related to 1st, 2nd order leveling 
networks, and carefully selected 3rd and 4th order leveling 
benchmarks have to be used taking in account weights 
corresponding to the accuracy of leveling benchmarks 
determination. 
Improvement of HRS accuracy could be done by 
development of regional gravity geoid in cooperation with 
Romanian and Ukrainian national mapping and cadastre 
agencies signing gravity data exchange agreements.    
The results of this study could be used by Land Relation and 
Cadastre Agency for improvement of existing Digital 
Elevation Models and processing of future LiDAR data 
using a new HRS model.   
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Abstract  

Currently in the member countries or candidate of the 
European Union is recommended to use a single geodetic 
reference system and a single map projection for pan-
European applications. In perspective of the integration of 
the Republic of Moldova into the European Union, besides 
the adoption of geodetic reference systems must be taken 
into consideration map projections compatible with those 
used for pan-European representations. 
This paper represents a study on the main features of maps 
projections used in European countries and some 
possibilities on their application on the territory of Republic 
of Moldova, in terms of geographic position and the level of 
deformations produced by these projections. Following the 
study of the European Lambert Azimuthal Equal Area 
projection (ETRS89-LAEA) for statistical analysis and 
visualization, it was found that the smallest deformations are 
when the projection pole is taken in the center of the 
Republic of Moldova and the relative linear deformations 
vary up to ± 12 cm/km. In the Lambert Conformal Conic 
projection (ETRS89-LCC) designed to draw pan-European 
maps at scales smaller or equal than 1: 500 000, when the 
projection pole is taken in the center of the Republic of 
Moldova, and the secant parallels on the territory of our 
country φkS = 46°; φkN = 48°, the linear deformations range 
from -15.18 cm/km to 19.17 cm/km. And in the European 
Transversal Mercator Projection (ETRS89-TMzn) 
recommended for pan-European compliant maps at scales 
higher than 1: 500 000, the linear deformations range from   
-40 cm/km on the axial meridian to +32 cm/km in the 
eastern part of the country. The results of this study could be 
used by Land Relation and Cadastre Agency for spatial data 
infrastructure development.  
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1. Introduction 
 
With the development of the European integration programs 
for the spatial information infrastructure INSPIRE 
(Infrastructure for Spatial Information in Europe) used in 
various fields, it has become necessary to use a unique and 
homogeneous reference system for the whole Europe. The 
International Association of Geodesy (IAG) constituted the 
EUREF Subcommittee which since 1987 has carried out a 
series of activities to develop the European Terrestrial 
Reference System 1989 (ETRS89) based on the International 
Terrestrial Reference System (ITRS) [13] and the European 
Vertical Reference System 2000 (EVRS2000). These systems 
have been recommended for their adoption by the European 
Commission for spatial planning of the integration and 
evaluation policy of the candidate and integrated countries of 
the European Union [1, 9]. 
For this purpose, the directions of the Directive 2007/2 / EC 
of the European Parliament and of the Council on the 
interoperability of spatial data sets and services for 
implementation will be followed on the territory of Republic 
of Moldova [2, 6]. 
For representation of data in plane coordinates for general 
applications were proposed the following systems [1]: 
- for statistical analysis and visualization – Pan-European 
Reference and Coordinate System with ETRS89 Datum in 
Lambert Azimuthal Equal Area (ETRS89-LAEA); 
- for conformal pan-European mapping at scales smaller or 
equal to 1:500 000 – Pan-European Reference and 
Coordinate System with ETRS89 Datum in Lambert 
Conformal Conic (ETRS89-LCC); 
- for conformal pan-European mapping at scales larger than 
1:500 000– Pan-European Reference and Coordinate System 
with ETRS89 Datum in the Transversal Mercator coordinate 
reference systems (ETRS89-TMzn). 
These projections are available in the area of INSPIRE 
transformation services in accordance with the standard EN 
ISO 19111 [3].  
Therefore, a study will be made on the main features of map 
projections used in European countries as well some 
possibilities of representing the territory of the Republic of 
Moldova using recommended projections. 
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2. Lambert Azimuthal Equal-Area projection 
 
Azimuthal equal-area projections are usually used to 
represent regions with round surfaces where the condition of 
representation is to maintain undeformed areas. Following 
the position of the projection pole, the straight azimuthal 
equal-area projections are used for the representation of the 
polar zones, transversal ones for the equatorial zones, and 
the oblique ones for the regions at medium latitudes [8]. 
For the preparation of pan-European maps for statistical 
analysis and visualization it was proposed to use the 
Lambert oblique azimuthal equal-area (LAEA). The 
parameters established for Europe are [4]: 
- ellipsoid: GRS80; 
- latitude of natural origin: φ0 = 52°00´00″N; 
- longitude of natural origin: λ0 = 10°00´00″E; 
- false northing of natural origin: X0 = 4 321 000 m; 
- false easting of natural origin: Y0 = 3 210 000 m. 
The formulas of the above mentioned map projections are 
published in the proceedings of the “Map Projections for 
Europe” [4] and for other map projections in working 
manual [5]. 
In the oblique LAEA projection we have distortions of 
distances and angles. 
The values of the relative linear deformations (in the 
direction of the meridians and the parallels) and the angular 
deformations for the Republic of Moldova area are 
presented in Table 1. 
 
Table 1 Relative linear and angular deformations in the Lambert 
azimuthal equal-area projection for the Republic of Moldova zone   
(φ0 = 52° λ0 = 10°) 

 
 

 

The graphical distribution of linear deformations relative at 
the longitude of the natural origin of the projection 28°30' is 
shown in the Figures 1-2. 
 

 
Fig. 1 Relative linear deformations Dk (m/km) in the direction of the 

parallels (λ = 28°30') in the LAEA projection with the pole in the center 
of the Europe 

 

 
Fig. 2 Relative linear deformations Dh (cm/km) in the direction of the 

meridians (λ = 28°30') in the LAEA projection with the pole in the center 
of the Europe 

 
The graphical distribution of maximum angular 

deformations at the longitude of the natural origin of the 
projection 28°30' is shown in the Figure 3. 

 
Fig. 3 The maximum angular deformations ω (') (λ = 28°30') in the 

LAEA projection with the pole in the center of the Europe 
 
If we want to represent the territory of the Republic of 
Moldova in the Lambert azimuthal equal-area projection, as a 
pole of projection, the geometric center of our country of 
latitude 47°15' and longitude 28°30' has been taken. 
In this case the values of the relative linear deformations (in 
the direction of the meridians and the parallels) and the 
angular deformations for the Republic of Moldova area will 
vary according to the data presented in Table 2. 
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Table 2 The relative linear and angular deformations in the Lambert 
azimuthal equal-area projection for the Republic of Moldova           
(φ0= 47°15' λ0= 28°30') 

 

The graphical distribution of relative linear deformations 
and angular deformations at the longitude of the natural 
origin of the projection 28°30' are shown in the Figures 4-6. 

 
 

Fig. 4 Relative linear deformations Dk (cm/km) in the parallel direction 
(λ = 28°30') in the LAEA projection with the pole in the center of the 

Republic of Moldova 
 

 
Fig. 5 Relative linear deformations Dh (cm/km) in the meridian 

direction (λ = 28°30') in the LAEA projection with the pole in the 
center of the Republic of Moldova 

 

 

 
 

Fig. 6 The maximum angular deformations ω (") (λ = 28°30') in the 
LAEA projection with the pole in the center of the Republic of Moldova 
 
This projection is advantageous in terms of deformations for 
the central area of the Republic of Moldova, since relative 
linear deformations are approximately ± 2 cm/km [15]. 

 
3. Lambert Conformal Conic projection 

 
The object of study refers to the representation of the ellipsoid 
on a secant cone after the secant parallel with known latitudes 
on the south  and the north

p
. 

The LCC projection parameters for Europe are [4]: 
- ellipsoid: GRS80; 
- latitude of natural origin: φ0 = 52°00´00″N; 
- longitude of natural origin: λ0 = 10°00´00″E; 
- latitude of the 1st standard parallel: φkS = φ1 = 35°; 
- latitude of the 2nd standard parallel: φkN = φ2 = 65°; 
- false northing of natural origin: N0= 2 800 000 m; 
- false easting of natural origin: E0 = 4 000 000 m. 
In the LCC projection, the angular deformations are zero, as 
well as the deformations on the two secant parallels, and the 
linear and areolar ones are negative on the area located 
between the secant parallels and positive outside this zone [7]. 
The values of these deformations for the geographic 
boundaries of Europe in the LCC projection will have the 
following variations shown in Table 3. 
 
Table 3 Relative linear deformations D and relative areolar 
deformations P for Europe in the LCC projection (φkS = 35°; φkN = 65°) 
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On the territory of the Republic of Moldova with the same 
parameters of European territory, the following values of the 
deformations presented in Table 4 and Figures 7-8 will be 
produced. 
 
Table 4 Relative linear deformations D and relative areolar 
deformations P for the Republic of Moldova in LCC projection        
(φkS = 35°; φkN = 65°) 

 
 

 
 

Fig. 7 Relative linear deformations D (m/km) for the Republic of 
Moldova in the LCC projection (φkS = 35°; φkN = 65°) 

 

 
 

Fig. 8 Relative areolar deformations P (m2/km2) for the Republic of 
Moldova in the LCC projection (φkS = 35°; φkN = 65°) 

 
The representation of the territory of the Republic of 
Moldova in the LCC projection can be performed by using 
as a pole of projection, the geometric center of our country 
of latitude 47°15' and 28°30' longitude, and secant parallels 
with the latitudes φkS = 46° and respectively φkN = 48° has 
been taken. Deformations according to these parameters 
established for the territory of our country we will produce 

the situation presented in Table 5 and Figures 9-10. 
 
Table 5 Relative linear deformations D and relative areolar 
deformations P for the Republic of Moldova in LCC projection        
(φkS = 46°; φkN = 48°) 

 
 

 
 

Fig. 9 Relative linear deformations D (m/km) for the Republic of 
Moldova in the LCC projection (φkS = 46°; φkN = 48°) 

 
 

Fig.10 Relative areolar deformations P (m2/ km2) for the Republic of 
Moldova in the LCC projection (φkS = 46°; φkN = 48°) 

 
4. Transversal Mercator projection 
 
The European Transversal Mercator Projection (ETRS89-
TMzn) is identical to the Universal Transversal Mercator 
(UTM) projection for the northern hemisphere, using the 
ESTRS89 geodetic data recommended by the European 
Commission for pan-European mapping at scales larger than 
1:500 000. For the plane representation in the TMzn 
projection, the ellipsoid is divided into 60 zones of 6° 
longitude, numbered with Arabic numerals from 1 to 60, 
starting with the zone 1, limited by 180° and -174° Western 
longitude, and in strips of 8° latitude from -80° S and up to  
+84° N, written in letters of the Latin alphabet, except for 
the X band, that has a stretch of more than 4° (figure 11), 
situated between the parallels of North 72° -84° [6, 11]. 
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Fig. 11 European zones in the ETRS89-TMzn (UTM) projection 
 
Most of the territory of the Republic of Moldova is located 
in the 35T and 35U zones with the axial longitudinal 
meridian 27°E. 
From the point of view of the deformations, the TMzn 
(UTM) projection is a conformal one, so the angles are 
represented without deformations. In the projection plane 
there are two lines of symmetrical zero deformations 
relative to the axial meridian in each zone where negative 
linear deformations occur and on the outside they are 
positive. 
In Table 5 and Figures 12-13 are presented the variation of 
deformations in the zone 35 for the territory of the 
Republic of Moldova in the TMzn projection. 
 
Table 5 Relative linear deformations D and relative areolar 
deformations P for the Republic of Moldova in TMzn projection, 
zone 35 (λ0=27°)    

 
 

 
 
Fig. 12 Relative linear deformations D (cm / km) at country average 

latitude 47° in the ETRS89-TMzn projection 
 

 
 

Fig. 13 Relative areolar deformations P (m2/km2) at country average 
latitude 47° in the ETRS89-TMzn projection 

 
5. Conclusions 
 

According to the International Association of Geodesy (IAG) 
recommendations on the use of European projections in view 
of the accession of the Republic of Moldova to the European 
Community in this article was studied the real possibilities of 
their application in our country. 
Following the study of the European Lambert Azimuthal 
Equal Area projection (ETRS89-LAEA) for statistical 
analysis and visualization, results that: 
- when the projection pole is taken in the center of Europe, 
deformations increase with the distance from the pole, and for 
our country the relative linear deformations to the direction of 
the parallels range from +4.78 m / km to +8.53 m / km, and in 
the direction of the meridians from -8.46 m / km to -4.76 m / 
km. Maximum angular deformations vary between [0°32' ÷ 
0°44']; 
- when the projection pole is taken in the center of the 
Republic of Moldova, the deformations increase with the 
deviation from the pole where the deformations are null and 
the relative linear deformations vary up to ± 12 cm / km 
(lower compared to the Transversal Mercator projection for 
Moldova [14]). Maximum angular deformations are in the 
range [0°00'00 "÷ 0°00'50"]. 
Following the study of Lambert Conformal Conic projection 
(ETRS89-LCC) designed to draw pan-European maps at 
scales smaller or equal than 1: 500,000, results that: 
- when the projection pole is taken in the center of Europe, 
and the standard parallels φkS = 35°; φkN = 65°, on the 
territory of our country there are negative linear distortions 
from -33.59 m/km in the north, to -30.20 m/km in the 
southern part of the territory. Relative areolar deformations 
vary from -66046 m2/km2 to -59488 m2/km2; 
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- when the projection pole is taken in the center of the 
Republic of Moldova, and the secant parallels on the 
territory of our country φkS = 46°; φkN = 48°, the 
deformations decrease greatly (approximately 20 times), so 
the linear deformations range from -15.18 cm/km to 19.17 
cm/km and the areolar from -303.64 m2/km2 to +383.40 
m2/km2. 
Following the study of the European Transversal Mercator 
Projection (ETRS89-TMzn) which is identical to the 
Universal Transversal Mercator (UTM) projection 
recommended by the European Commission for pan-
European compliant maps at scales higher than 1: 500,000, it 
was found that: 
- the zero deformation lines cross the country's territory 
approximately at 180 km symmetrically to the axial 
meridian; 
- the relative linear deformations have negative and positive 
values ranging between -40 cm/km on the axial meridian 
and +32 cm/km in the eastern part of the country; 
- the relative areolar deformations have negative and 
positive values ranging from -800 m²/km² on the axial 
meridian and +650 m²/km² in the eastern part of the country. 
The results of this study are proposed to be taken into 
consideration for spatial data infrastructure development in 
Republic of Moldova by Land Relation and Cadastre 
Agency. 
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Abstract 
In this article, we present the characteristics of 3D laser 
scanning and one of its applications in the architectural 
field. Three-dimensional terrestrial scanning is the latest  
technology in the process of acquiring data of an object’s 
space without any contact with the measured objects. Being 
an efficient, fast and high-precision method, it is therefore 
used in the preservation, rehabilitation and modernisation of 
buildings. 3D laser scanning is also used for creating 
building informational models in order to verify their 
compliance with renovation and rehabilitation projects. So 
as to illustrate all of the above, we have used 3D laser 
scanning technology in the rehabilitation of a degraded and 
uninhabitable house from Bucharest. The final project, 
consisting of both 2D and 3D derivatives, will be used by 
architects and civil engineers towards reaching the best 
rehabilitation decisions, in order to transform the building  
into a safe and pleasant place to live. 

 
Keywords: 3D laser scanning, 3D model, architecture, 
buildings. 
 
1. Introduction 

The 3D terrestrial laser scanning technology is the latest 
novelty in the process of data acquisition in the space object, 
the process being carried without having contact with the 
measured objects, in an efficient manner, fast and with high 
precision [7]. The 3D laser scanning technology measures 
and stores information about the form, dimensions and 
colors of objects and physical phenomena, that are present in 
the space object. This operation is known as 3D Digitization 
[4]. 
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The most important feature of the 3D laser scanning 
technology and the one that separates it from classical 
measuring technologies is the volume of data acquired in the 
same time interval. Realistic representations of the scanned 
objects can be obtained with the help of 3D laser scanning 
technology, at the 1:1 scale, in a very short period of time. 
This technology proved it’s usefulness in prezervation and 
reabilitation projects, being required by architects and civil 
engineers. 
The result of the measurements consist of a multitude of 
points, called in the specialized field, point cloud[8]. 
The point cloud is represented in a 3D space, usually defined 
by a rectangular coordinate sistem (X,Y,Z). 

 

Fig. 1.1 – Point cloud 
 

The static laser scanning method is represented by the 
scanner, instaled in a fixed position during the measuring 
processes.It is a high precision method, utilised in the 
architectural and construction fields. 
The 3D laser scanning it is used for risk studies and to serve 
as a decision factor in many fields such as: 
 -Architecture; 
 -Archeology, because it is a non-contact method; 
 -The structural state of a degraded building; 
 -Studies of possible deformations of the buildings caused 
by internal or external forces; 
 -Roads and bridges safety analyzes and expertise; 
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 -Analyzes and identification of the project and execution 
errors; 
 -Cartography (GIS); 
 -Cost analysis with BIM projects; 
 -Auto, aviation and naval industry; 
 The 3D laser scanning technology consists in the 
deviation of the laser radiation, emitted by the instrument, 
the reflection of this radiation on the measured objects 
surface and the reception of the reflected radiation [1]. 
  
 
2. Phase difference method 

 

 
 

Fig. 2.1 – Phase difference method 
 
The time in which the signalcrosses the distance, it is 
determined by measuring the phase difference between the 
emitted and the received signals [2]. 
 
3. The equipment utilized  
 
Faro Focus 3D is a high speed 3D terrestrial laser scanner, 
used for detailed object measurements. 
The x, y, z coordinates of each point are calculated using 
angle encoders to measure the mirror rotation and the 
horizontal rotation of the Focus 3D[10]. 
These angles are encoded simultaneously with the distance 
measurement. 
Distance, vertical angle and horizontal angle make up polar 
coordinates (δ, α, β), which are then transformed to 
Cartesian coordinates (x, y, z). The scanner covers a 360° x 
305° field of view. 

 
Fig. 3.1 –Vertical and horizontal rotation 

(FARO® Laser Scanner Focus3D Manual October 2011) 
 
Additionally, the Focus3D determines the reflectivity of the 
captured surfaces by measuring the intensity of the received 
laser beam. Generally, bright surfaces reflect a greater 
portion of the emitted light than do dark surfaces. This 
reflectivity value is used to assign a corresponding grey 
value to each single point[10]. 
  

The purpose of 3D laser scanning and the end result of this 
project is to serve as a decision factor in the rehabilitation 
project to make the building a nice and safe place to live in. 
 Using 2D derivatives and 3D model that result by 
modelling the point cloud as basic information, the 
rehabilitation operations begin. 
 
 4. Field operations 
 
 Because of the architectural complexity of the building 
scanned, wich has many windows, plane changes, complex 
wood elements, balcons, different roofs, 303 scans were 
neded to measure the entire building: 

 Facades and roof – 46 scans; 

 
 

Fig. 4.1 – Facades image – ReCap 

 
 

Fig. 4.2  – Roof image– ReCap 
 

 Interior (basement, first floor, second floor) – 226 scans; 

 
 

Fig. 4.3 – Interior (first floor) –ReCap 
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 Roof framing - 31 scans. 

 
 

Fig. 4.4 – Roof framing image – ReCap 

5. Connection markers positioning 

They are composed of connection spheres and contrasted 
targets, with the pourpose of bringing the scans in the same 
coordinate sistem [6]. There are a total of 8 spheres, with 
precise radius information, so their center can be clear and 
correct estimated.The measuring principle is that 4 spheres 
located in the back are measured in the last and curent scan, 
and 4 are located in the front, and will be scanned in the 
current and next scan. The process continues, and after each 
scan the 4 spheres in front must be maintained on their 
position. 

 
 

Fig. 5.1 – Scanning methodFig. 5.2  – Sphere and target 

Contrasted targets are utilised as common points for 
scans made in different days, because they can be glued on 
walls and fences, and left in the field. 

 
 

Fig. 5.3  – Spheres and targets positioning – ReCap 
 

6. Measuring in the field 
  
The laser scanner calculates a set of coordinates in it’s own 
refference sistem, so we do not need topographic traverse and 
markers with known coordinates, the scans registry being 
made based on the connection spheres and targets, reported to 
the first scan location. Using this principle, the point cloud 
will be registred in the coordinate sistem of the first station. 
The scanning has been made in the same way as topographic 
traverse, using nodal traverse and free traverse. It is extremely 
important to have visibility to at least 3 spheres in every 
group.Because the conditions did not allowed location of the 
laser scanner at a grater distance from the building, we 
instaled the scanner at a grater height and controled it 
wireless, with a mobile phone. 
Another problem that apeared at the scanning of the roof 
framing was the limited space in which we had to install the 
scanner and the spheres. 
 
 7. Raw scan processing 
 
In this phase, data measured in the field, are dawnloaded at 
the office and the processing operations begins. The ultimate 
goal of this phase is the registration of all scans, so that we 
will have a common coordinate sistem for the entire point 
cloud, that will represent, at the 1:1 scale, the interested 
building.  
The entire process is done with the help of the processing 
software SCENE Version 5.1, realized by Faro company. y p y

 
Fig. 7.1 – SCENE software 
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SCENE processes and manages scanned data both highly 
efficiently and easily offering a wide range of functions and 
tools, such as filtering, automatic object recognition, scan 
registration and positioning as well as automatic scan 
colorization[9]. 
WebShare data may be also created from scan projects using 
SCENE.Scan projects can then be published on the  
Internet and viewed with a standard Internet browser with 
SCENE WebShare. 
 
7.1 The creation of a new project 
The processing begins with the download of the 
measurments from the SD card, placed in the scanner, in the 
computer. The software SCENE automatic detects the SD 
card or the processing can be started manually by beginning 
a new scan project. 
 

7.2 The insertion of raw scans 
We can use the Import button or we can drag the raw scans 
into the software. 

    
 

Fig. 7.2.1 – Attaching raw scansFig.  7.2.2 – Forming Clusters 
 

For better use of the Cloud Manager menu in AutoCAD and 
for ease of work, it is better to group the scans in separate 
folders, depending on a specified criteria, named Clusters. 

 
 7.3The initial saving of the project 
This is important for the creation of the auxiliary scan 
folders that include the backup folder named Revisions, and 
it is done by the simple push of the Save button. 
 

  
 

     
 

Fig. 7.3.1  – The initial saving of the project – SCENE 

 

 
 
 
 

7.4 The pre-processing 
 
This operation is utilised for the automatic search of the 
connection spheres between scans, and also for other purposes 
like filtration, colouring and positioning[9]. 
 

 
 

Fig. 7.4.1 – Pre-processing – SCENE 
 

  
 

Fig. 7.4.2 – Pre-processing with spheres and targets – SCENE 
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The software permits the automatic detection of the 
connection spheres and targets, but it is not the most reliable 
method because SCENE sometimes recognises spheres and 
targets where they do not exist. 

 
 

Fig. 7.4.3 – Automatic detection – SCENE 
 

To eliminate this problem we must detect manually and 
delete this errors in every scan, and we must rename the 
spheres so that the same sphere has the same name in both 
scans. 

 
 

Fig. 7.4.4 – Inexistent spheres – SCENE 
 
After renaming the correct spheres and eliminating the 
wrong ones, we must uncheck, for each sphere the 
Automatic Name option, and check the Use for Place Scans 
and Correspondence option. 
 

 
 

Fig. 7.4.5 – Spheres settings – SCENE 

In the Scan Manager menu we can view the results of the 
processing, like precisions and visual alignment of the scans. 
 

 
 

Fig. 7.4.6 – Scan Manager – SCENE 
 

 
 

Fig. 7.4.7 – Precisions  – SCENE 
 
By clicking the Correspondance View we can visualize a 
grafic image with the scans placement. 
 

 
 

Fig. 7.4.8 – Correspondence View – SCENE 
 
 7.5 Coloring scans 
 
This operation can be realised utilising photos took with the 
scanner’s incorporated camera, or with another camera. For 
this project were used photos took with the incorporated 
camera. 
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Fig. 7.5.1 –Incorporated camera photos 
 
By following  the steps presented in the next picture, we can 
apply colours to the scans to make them more realistic and 
easy to interpret in the modeling processes. 
 

 
 

 
 

Fig. 7.5.2 – Colouring scans – SCENE 
 

7.6 Export scans 

The final step of the processing is the export of the data in a 
XYZ format, and the indexing of the scans in a single point 
cloud, using Autodesk ReCap. 

 

Fig.  7.6.1 – Export menu – SCENE 

8. The modeling procedure 
 

After processing the scans, the modeling process can be 
started using AutoCAD 2017 modelling software. Beside this 
software another program must be used for visualising the 
point cloud, namely Autodesk ReCap. 
 

 
 

Fig.8.1  – Modelling procedure – SCENE 
 
Parts of the point cloud can be shown or hidden using the 
Limit Box, so smaller details can be seen. 

 
 

Fig. 8.2 – Limit Box – SCENE 
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In this program we can alternate between 3D View like the 
above picture, or we can choose Real View to visualize the 
building from the station points in which the scanner was 
installed. 
 

 
 

Fig.8.3  – Real View – SCENE 
 

9. The2D derivatives 
 

The realization of the 2D derivatives consists in projecting 
the architectural details of the building, modelated based on 
the point cloud, on a horizontal or vertical plane.  
There are 3 types of 2D derivatives:  
 Plans – they are being realized at a given height, based 

on a horizontal section of the point cloud. Usually the 
point cloud is being sectioned so that the section pass 
through windows, doors and empty spaces. This 
category contains the roof framing. 

 
 

Fig. 9.1 Plan section of the point cloud  – AutoCAD 
 

 
Fig. 9.2 First floor plan  – AutoCAD 

The order in which the plans are being listed is: total distance, 
change of planes and empty spaces. 

 

  
Fig. 9.3 – Roof framming plan  – AutoCAD 

 
 Sections – there are two types: longitudinal and cross 

sections, realized by sectioning the point cloud with 
vertical plans. 

 

 
Fig. 9.4 Longitudinal section of the point cloud–AutoCAD 

 

 
 

   Fig. 9.5 Longitudinal section – AutoCAD 
 

 
 

Fig. 9.6 – Cross section  – AutoCAD 
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 Facades – they are realised by projecting the details on 
vertical planes, with the exception of the roof plan, that 
is considered by many architects „the fifth facade”, 
which is being projected to a horizontal plane. 
Interested details that are listed are: floors, windows and 
doors, change of planes. 

 
 

Fig. 9.7 – South facade – AutoCAD 

 
Fig. 9.8 – East  facade – AutoCAD 

 

 
Fig. 9.9 – North  facade – AutoCAD 

 
Fig. 9.10 – West  facade – AutoCAD 

 
 

Fig. 9.11 – Roof plan  – AutoCAD 
 

The layers used for realization of the 2D derivatives are: 
 Section – this layer contains elements of the point cloud 

that are sectioned with a horizontal or vertical plane. It is 
represented by thick lines and polylines; 

 Hatch – only the section element are hatched using a solid 
hatch; 

 Details – in this layer are elements like antenas, pipes, and 
other objects that are not very important. The graphic 
primitives (line, polyline, arc) are much more thin than 
the section graphic primitives;  

 Degradation– walls kraks, concrete degradation and other 
visible marks are modelated on this layer with thin 
graphic primitives, just like details; 

 Wood – all the elements of windows and doors are 
modeled in this layer, even if they are not made of wood. 
The graphic primitives thickness is between the section 
and the details thickness; 

 
Fig. 9.12 – Drawing on top of point cloud  – AutoCAD 

 
 Terrain line – a thick polyline that represents the soil, and 

on which the building is represented; 
 View 1 – This layer is used for facade modeling. The 

graphic primitives are thick like the section ones, and 
with them we are modeling all the important elements 
that we see, and also the building contour; 

 View 2 – On this layer are modeled elements that are in 
the back, with thinner primitives than View 1, so it can 
create a 3D sensation when looking at the plan; 

 View 3 – works on the same principle, modeling further 
away elements with thinner graphic primitives; 

The reason why we use different graphic primitives thickness 
is to obtain a 3D impression for the facades, to show the most 
important elements and to keep a clear and organised 
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drawing, given that derivatives are ploted at the 1:100 scale. 
If all the graphic primitives have the same thickness, there is 
no distinction between them. 
Another important step for plans and sections is to indicate 
the elevation and position in which they are made. 

 
Fig. 9.13 – Elevation marker  – AutoCAD 

 
 

Fig. 9.14 – Section marker  – AutoCAD 
 

10. The 3D model 
The 3D model is a precise representation of the construction, 
at the 1:1 scale and serves as a decisional factor in the 
reabilitation project.It is modelated by precisely following  
the point cloud geometry [5]. 
It’s recomended to start the modeling process from bottom 
to top, the basement being the first part of the construction 
that is modelated. 

 
Fig. 10.1 – Basement modeling  – AutoCAD 

 
Each structural element is drawn using polylines, lines, arcs 
and other graphic primitives, to follow the point cloud 
geometry[3]. 
For the walls modeling we started by drawing from the Top 
view, similar with the plans drawing, the graphic primitives 
being projected to a horizontal plane. 
After drawing the shape of the elements, we change the view 
mode, convenient to the operator, and using the Move 
command, along with the Ortho mode cheked, we moved 
drawn elements on the correct position in the point cloud. 

Further, using the Extrude command we made a solid object 
with a correct height, from the graphic privitive. 
Different colours were used to help visualize the plane 
changes of the 3D model. 

 
Fig. 10.2 – Basement and ground floor  – AutoCAD 

 

 
Fig.10.3  – Basement,ground and first floors 

 
 

Fig.10.4–Basement, ground, first and second floors 
 
The roof was made using the Loft command, after drawing all 
the plane changes in the geometry of the roof carefully 
following the point cloud. 
In order to achieve this it was used the Crop command to 
separate the roof from the rest of the building. 

  
Fig. 10.5 – Roof crop  – AutoCAD 

 



Journal of Geodesy, Cartography and Cadastre 

43 

A good verifying method is to put the solid on top of the 
point cloud, and follow it to discover if there are gaps. 

 
 

Fig. 10.6 – Roof modelling  – AutoCAD 
 
The result of the roof modelling is shown in the next image, 
along with the second floor. 

 
 
Fig. 10.7 – Roof and second floor  – AutoCAD 
 

The entire 3D model of the building is presented in the next 
two images. 

 

  
 

Fig. 10.8 – Complete 3D model 1 – AutoCAD 

 

 
Fig. 10.9 – Complete 3D model 2  – AutoCAD 

 
The 3D model does not show any gaps, and the point cloud 
fits very well on top of it. There are 2mm errors between 
some points and the solid. 

 
 

Fig. 10.10 – 3D model on top of point cloud  – AutoCAD 
 
To make the 3D model more realistic we can attach some 
textures and materials, presented in the next images. 
 

 
Fig. 10.11 – Attaching textures  – AutoCAD 
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This is the whole 3D model, including textures and materials 
on which the reabilitation project will be based. 
With the help of the 3D model the project can be done more 
eficiently, with lower costs, better control over the 
reabilitated areas, and better control over the construction 
errors. 

 
  

   
Fig. 10.12 – 3D model with textures  – AutoCAD 
 
11. Conclusions 
 
The 3D laser scanning technology revolutioned the spatial 
data acquisition process in the geodezic and topographic 
fields; 
The laser scanner technology represents the most efficient 
method to collect informations about interested objects, due 
to the high capacity to measure and store points, millions of 
points, in a verry short period of time, a feed that can’t be 
acomplished with classic instruments; 
This kind of reabilitation projects for constructions that have 
a verry high architectural complexity and demands 
measuring verry small details, can’t be executed with other 
instruments, and obtein simillar results; 
Based on the results obtained after the scan processing we 
can see that the laser scanning technology represents a 
precise measuring method, the resulting errors being 2-3 
mm; 
It is a noninvazive method of data acquisition, eliminating 
the risk of deterioring the interested objects; 
The spatial data is automatically recorded, eliminating the 
random errors caused by the operator; 
The 3D laser scanning techonology  has the capacity to 
process a verry high volume of data, by utilising the 
software SCENE; 
Short period of time afferent to data processing, although the 
high volume of information; 

The export of the projects in different formats compatible 
with different modelling software; 
The laser scanner Faro Focus 3D represents a great advantage 
in the process of data acquisition because of his capacity of 
self-leveling and his incorporated photographic camera that 
reduces the time of measuring; 
Because of the high volume of data collected, it is also needed 
a high storage space; 
We also need high speciffication computers that can permit us 
to operate with point cloud data; 
In some cases, the object interpretation based on the point 
cloud is difficult, and can be done only by experimented 
operators. 
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