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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.
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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).
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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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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

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:

x Facades and roof – 46 scans;

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
Fig. 4.1 – Facades image – ReCap

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. 4.2 – Roof image– ReCap

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

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

Fig. 5.3 – Spheres and targets positioning – ReCap
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.

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 byy Faro company.
p y

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. 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

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].

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.

Fig. 7.4.1 – Pre-processing – SCENE

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. 7.4.2 – Pre-processing with spheres and targets – SCENE

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

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. 7.4.3 – 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. 7.4.7 – Precisions – SCENE

By clicking the Correspondance View we can visualize a
grafic image with the scans placement.

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. 7.4.8 – 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.

Fig. 7.4.5 – Spheres settings – SCENE
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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. 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.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. 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. 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.

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

Fig.8.3 – Real View – SCENE

x Sections – there are two types: longitudinal and cross
sections, realized by sectioning the point cloud with
vertical plans.

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:
x 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. 9.4 Longitudinal section of the point cloud–AutoCAD

Fig. 9.5 Longitudinal section – AutoCAD
Fig. 9.1 Plan section of the point cloud – AutoCAD

Fig. 9.6 – Cross section – AutoCAD

Fig. 9.2 First floor plan – AutoCAD
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x 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. 9.11 – Roof plan – AutoCAD

Fig. 9.7 – South facade – AutoCAD

Fig. 9.8 – East facade – AutoCAD

The layers used for realization of the 2D derivatives are:
x 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;
x Hatch – only the section element are hatched using a solid
hatch;
x 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;
x Degradation– walls kraks, concrete degradation and other
visible marks are modelated on this layer with thin
graphic primitives, just like details;
x 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. 9.9 – North facade – AutoCAD
Fig. 9.12 – Drawing on top of point cloud – AutoCAD

Fig. 9.10 – West facade – AutoCAD

x Terrain line – a thick polyline that represents the soil, and
on which the building is represented;
x 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;
x 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;
x 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.

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. 9.13 – Elevation marker – AutoCAD

Fig.10.3 – Basement,ground and first floors

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.10.4–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. 10.1 – 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.

Fig. 10.5 – Roof crop – AutoCAD
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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. 10.9 – 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. 10.7 – Roof and second floor – AutoCAD

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

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. 10.8 – Complete 3D model 1 – AutoCAD

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.

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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Fig. 10.12 – 3D model with textures – AutoCAD
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