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ABSTRACT: 
 
The paper focus on the experience carried out at the Laboratory of Optoelectronics of the University of Brescia in the frame of the 
optical range acquisition of free-form shapes. The Laboratory has been active since years in the development of innovative 
instrumentation for the contact-less gauging of complex shapes, both in combination with Coordinate Measuring Machines and by using 
purely optical sensors. 
In recent times, a very robust device named OPL-3D has been developed and fully characterized. Consequently, a number of in-situ 
experiments have been performed, to assess the capability of the system to perform the measurement in critical environments and in the 
presence of non-cooperative targets. Besides the pure acquisition of three-dimensional raw data, the Laboratory has investigated and 
fully developed complete elaboration chains aimed at obtaining the descriptive models of the original shapes, either in the form of triangle 
meshes, rectangle meshes, and CAD descriptions of the surfaces. This work opened up the door to a number of applications dealing with 
the inspection, the reverse engineering, the rapid prototyping and the virtual prototyping of the objects. 
In this paper, following an overview of the state-of-art of depth sensors, a number of significant experimental cases is presented. 
 
 

1. INTRODUCTION 

3D sensors have evolved considerably, starting from the first 
experimental devices in the first nineties, to the rugged, easy-to-
use, mostly portable instruments based on today’s technology 
(Blais, 2004). Parallel to this evolution of equipment we assist to a 
proliferation of applications, many of these were almost 
unexpected in the early stages of the technological development. 
These application areas cover many disciplines, starting from 
industry to science to civil engineering, to art and medicine. 
Common to all these applicative areas is the need to acquire 
three-dimensional matrices of points in space. This need is 
justified by the subsequent use of these point clouds for simple 
visual rendering in 3D visual spaces, for CAD elaboration and 
modelling, and for the creation of scaled replicas (Varady, 1997). 
The increasing use of 3D sensors opens an exciting era of 3D 
archives, which replace or simply complement 2-D archives in a 
number of applicative areas. One of the areas where 3D 
archiving is exploding is the area related to the conservation and 
restoration of cultural heritage (NINCH Guide, 2003). Another 
area is related to archiving and reconstruction of scenes, i.e., in 
forensic science, architecture or geology (Balzani, 2004; Borgo, 
2004; Ansary, 2004). 
The increase in the number of 3D instruments and sensors that 
are today available is motivated by a dramatic evolution of the 
cost-performance ratio of most optical components. This 
evolution, in turn, is a consequence of the innovation in the 
production technologies of optical and electro-optical devices and 
components. What results from miniaturization, component 
efficacy and cost reduction is a family of sensors and instruments 
with superior capabilities and increased ruggedness. 
One of the most impressive contributions in this direction is given 
by semiconductor lasers. In all 3D sensors based on the projection 
of coherent light onto the target, the use of these lasers in 

replacement of clumsy, delicate Helium-Neon lasers has boosted 
the development of the majority of the systems now in the 
market. 
Our Laboratory has been active for years in the development of 
innovative instrumentation and gauging devices for non-contact 
depth measurement. These are both stand-alone, and in 
combination with Coordinate Measuring Machines (CMM's) or 
other measurement instrumentation. Together with the 
development of measuring devices and strategies, the Laboratory 
has developed complete data handling architectures. 
In the last years, using commercial or self-developed 
instrumentation and sensors, the Laboratory has explored a 
remarkable number of applications, to demonstrate the potentials 
of the technique, and to collaborate with scientists of other 
disciplines with the aim of fostering the use of 3D acquisitions in 
their respective fields. 
What follows is considered to be an overview of the state of the 
art in the domain of 3D sensors and of the relevant applications 
carried out at the Laboratory of Optoelectronics. 
 
 

2. 3D IMAGING SENSORS: STATE OF THE ART 

A first, broad classification of 3D shape acquisition techniques 
distinguishes between passive and active sensing. In principle, 
passive sensors do not interact with the object, whereas active 
sensors are in contact with the object or project some kind of 
energy onto it. Figure 1 shows a broad taxonomy for the 
classification of 3D sensors, outlining the different principles that 
are the basis for sensing. 
Among 3D sensing methods, the basic distinction is between 
contact and non contact sensors. The first are typically touch 
probes that consist of jointed arms or pulley-mounted tethers 
attached to a narrow pointer. Coordinate Measuring Machines 



(CMM's) are extremely precise (and costly), and are currently 
the standard tools for precision shape measurement in industrial 
manufacturing. Major drawbacks of touch probes are a low 
acquisition speed and the requirement of a human operator, 
together with the risk of damaging the object if it is fragile. 
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Figure 1.  Taxonomy of 3D measurement techniques 
 
Non-contact methods generally operate by projecting (in the 
active form) or acquiring (in the passive form) electromagnetic 
energy onto/from an object followed by recording the transmitted 
or reflected energy. The most important example of transmission 
gauging is given by industrial computer tomography (CT), which 
uses high-energy x-rays and measures the radiation transmitted 
through the object. 
Reflection sensors for shape acquisition can be further subdivided 
into non-optical and optical sensing. Non-optical sensing includes 
acoustic sensors (ultrasonic, seismic), electromagnetic (infrared, 
ultraviolet, microwave radar, etc...) and others. These techniques 
typically measure distances to objects by measuring the time 
required for a pulse of sound or microwave energy to bounce 
back from an object. 
In reflection optical sensing, light is used to carry the 
measurement information. In passive methods, the reflectance of 
the object and the illumination of the scene are used to derive the 
shape information: no active device is necessary. In the active 
form, suitable light sources are used as the internal vector of 
information. By measuring the parameters of light reflected from 
the target object, the shape is determined. 
 
2.1 Passive methods  

2.1.1 Stereo Vision Techniques:  Binocular vision for shape 
recovery has been applied to photogrammetry (Lee, 1993, 
Mikhail, 2001). Here, two cameras concurrently capture the same 
scene, or a single camera acquires multiple images at different 
times. No further equipment (e.g. specific light sources) and no 
special projections are required. In principle, the reconstruction by 
stereo approach uses the following sequence of processing steps: 
(i) image acquisition, (ii) camera modelling, (iii) feature 
extractions, (iv) correspondence analysis, and finally (v) 
triangulation. 
Despite the remarkable advantages of photogrammetry in terms 
of simplicity, the major problem remains the identification of 
common points within the image pairs, i.e., the solution of the 
well-known correspondence problem. Moreover, the quality of the 
shape extraction depends on the sharpness of the surface texture 
(variation in surface reflectance). 

2.1.2 Depth from defocusing:  Depth or range can be 
determined by exploiting the focal properties of a lens. A camera 
lens can be used as a range finder by exploiting the “depth of 
view” phenomena. In fact, the target image is blurred by an 
amount proportional to the distance between points on the object 
and the in-focus object plane (Geibler, 2000). 
 
2.1.3 Shape from shading:  Shape-from-shading is a method 
for determining the shape of a surface from its image. For a 
surface of constant albedo, the brightness at a point in the image 
is related to the partial derivatives of the surface in the x- and y-
directions. A number of algorithms have been developed to 
extract the shape information, starting from the reflectance map 
of the image. The evident simplicity of the acquisition hardware is 
balanced by the complexity of the measurement software, 
especially in the presence of external factors influencing the 
object reflectance (Horn, 1989). 
 
2.2 Active methods 

Active optical 3D sensors include autofocusing sensors, 
interferometric instruments, time-of-flight sensors and stereo 
vision sensors.  
 
2.2.1 Autofocusing sensors :  These devices have evolved 
from the passive depth from defocusing principle to an active 
sensing strategy. The method operates by projecting the light onto 
the object to avoid difficulties in discerning the surface texture. In 
these sensors, there is a direct trade-off between depth of view 
and field-of-view. A satisfactory depth resolution is achieved at 
the expense of a sub-sampling the scene, which in turn requires 
some form of mechanical scanning to acquire range measurement 
over the whole scene (Nayar, 1995, Heekenjann, 1994). 
 
2.2.2 Interferometric sensors :  Interferometric methods 
operate by projecting a spatially or temporally varying periodic 
pattern onto a surface, followed by mixing the reflected light with 
a reference pattern. The reference pattern demodulates the signal 
to reveal the variation in surface geometry. Moiré interferometry 
involves the projection of coarse, spatially varying light patterns 
onto the object (Moore, 1979), whereas holographic 
interferometry typically relies on mixing coherent illumination with 
different wave vectors. Moiré methods can have phase 
discrimination problems when the surface does not exhibit smooth 
shape variations. Holographic methods typically yield range 
accuracy of a fraction of the light wavelength over microscopic 
fields of view (Berner, 1980). 
 
2.2.3 Time-of-flight sensors :  Surface range measurement 
can be made directly using the radar time-of-flight principle. For 
large measuring ranges, time-of flight sensors give excellent 
results. On the other side, for smaller objects, on the order of one 
meter in size, attaining 1 part per 1000 accuracy with time-of-
flight radar requires very high speed timing circuitry, because the 
time differences to be detected are in the femto-second (10-12 
second) range. A few amplitude and frequency modulated radars 
have shown promise for close range distance measurement 
(Nielsen, 1996, Beraldin, 1999). 
In many applications the technique is range-limited by allowable 
power levels of laser radiation, determined by laser safety 
considerations. Additionally, time-of-flight sensors face difficulties 
with shiny surfaces, which reflect little back-scattered light 
energy except when oriented perpendicularly to the line of sight. 
 



2.2.4 Single -point triangulation and laser scanners :  This 
systems share the active triangulation principle. Depending on the 
shape of the projected light, single-point, laser stripes and whole-
field structured light systems have been developed. 
Optical triangulation is one of the most popular optical range-
finding approaches. Figure 2 shows a typical system configuration 
in two dimensions. A narrow laser beam illuminates a surface, 
and the reflected light beam is detected from the sensor (a linear 
CCD sensor for example) along an angled direction with respect 
to that of projection. The location (p) of the centre of the point 
imaged at the sensor plane (P) corresponds to a line of sight that 
intersects the beam projected from the laser in exactly one point 
of coordinates (X,Z), yielding the depth value. The full shape of 
the object is acquired by translating or rotating the object through 
the beam or by scanning the beam across the object (Blais, 1998). 
Simple trigonometric relation gives the X and Z coordinates of the 
measured point. The standard deviation of depth measurement Z 
is inversely proportional to distances f (focal lens) and d (system 
baseline) and directly proportional to the square of the range. 
Consequently, it will be desirable to increase both f and d. 
However, physical constraints on camera size limit both these 
dimensions. Additionally, large values of f reduce the field of view 
Φx and the imaging volume. Further, it is necessary to keep d 
small to minimize the shadow effect (intrinsic characteristic of all 
the active triangulation techniques). Therefore in a conventional 
triangulation configuration, a compromise is necessary between 
field of view, uncertainty of the range measurement and shadow 
effects. 
An alternative family of range measuring camera based on active 
triangulation technique, the synchronized scanning, has been 
proposed. Using the approach illustrated in (Rioux, 1984; Rioux, 
1986), a large field of view can be achieved with a small optical 
baseline without sacrificing range measurement precision. 
Additionally, using smaller triangulation angles inherently reduces 
shadow effects. 
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Figure 2. Basic principle of single-point triangulation and laser 
scanning 

2.2.5 Laser stripes:  the principle is schematically shown in 
Figure 3. The laser source generates a plane of light (λS in the 
figure). The intersection of this plane with the unknown surface 
of the target results into a profile of light that, when acquired 
along a different direction by the video-camera, shows a 
deformation directly related to the surface itself. An example of 
this deformation is shown in Figure 4. Suitable elaboration of the 
acquired pattern allows the system to compute, for each pixel at 
the image plane, the corresponding line of sight. The depth 
information is acquired, for a given object point S, as the 
intersection between plane λS and line of sight SS’. The method 
adds to the triangulation principle previously presented the 
possibility of simultaneously retrieving the depth information for all 
the points belonging to the laser stripe. For dense reconstruction, 
the scene must be scanned by the plane of light (McIvor, 1999; 
Blais, 1991; Trucco, 1998). 
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Figure 3.  Principle of triangulation in laser stripes 
 

 
 
Figure 4. Example of the deformation induced on the laser stripe 

by the shape of the object 
 

2.2.6 Stereo-vision: whole -field structured light sensors :  
In whole-field structured light sensors, a bi-dimensional pattern of 
light, often of non-coherent radiation, is projected on the scene 
(Chen, 2000). The structure of the pattern varies, even if in most 
cases, the fringe structure is used. Again, the pattern acquired by 
the video camera along an angled direction is deformed by the 
object shape, as shown in Figure 5. This pattern is then elaborated 
in order to define, on the whole field of view, a suitable number of 
geometrical planes, each one coded by a specific label. 
The principle is shown in Figure 6. The figure shows that light 
plane λS in Figure 3 has been replaced by a bundle of geometrical 
planes, indexed along the LP coordinate at the projector plane. 



The depth information at object point S is obtained as the 
intersection between line of sight SS’ and the plane indexed by 
LPS. In addition, the measurement is performed in parallel on the 
scene for all the points imaged by the video camera and the whole 
filed of view, of dimension FW by FH, can be simultaneously 
captured (Sansoni, 2003). The critical aspect is to guarantee that 
different object points are assigned to different indexes along the 
LP coordinate. To this aim, a large number of projection 
strategies have been developed. A comprehensive review of them 
is in (Battle, 1998). 
 
 

 
 
Figure 5. Deformation induced by the object shape on a bi-

dimensional pattern of light 
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Figure 6. Principle of triangulation in whole field structured light 

sensors 
 

In laser stripes and whole field systems, the relatively large optical 
baseline (d) typically used results in relevant shadow effects for 
concavities in illuminated objects. In addition, the use of non-
coherent light sources results in sensitivity to ambient light 
conditions. However, structured light techniques are largely 
investigated by the scientific community, especially in view of 
developing low-cost, rugged systems.  
 
2.3 Comparison of optical range imaging sensors  

In this section a comparison of the different techniques above 
presented is summarized. Strengths and weaknesses of the 
different optical range imaging techniques are outlined. 
The principal characteristics of the main optical range imaging 
techniques are summarized in Table 1. The comments of the table 
are quite general in nature and subject and a number of exception 
are known. 

Technology Strenghts Weakness 

Stereo Vision 

Simple and 
inexpensive 

High accuracy on 
well-defined 

targets  

Computation 
demanding 
Sparse data 

covering 
Limited to well 
defined scenes 

Low data 
acquisition rate  

Focal Distance  Simple and 
inexpensive  

Limited fields of 
view 

Non-uniform 
spatial resolution 

Performance 
affected by 

ambient light  

Time-of-Flight 

Moderate to large 
measurement 

volume 
Moderately good 

range  
Good data 

acquisition rate  

Cost 
Accuracy is 
inferior to 

triangulation at 
close ranges  

Interferometry  
Sub-micron 

accuracy in micro-
ranges  

Measurement 
capability limited 

to quasi-flat 
surfaces 

Cost 
Limited 

applicability in 
industrial 

environment  

Triangulation  

Relative simplicity 
Performance 

generally 
independent of 
ambient light 

High data 
acquisition rate  

Safety constraint 
associated with 
the use of laser 

source  
Limited range 

and measurement 
volume  

Structured Light  

High data 
acquisition rate 
Intermediate 
measurement 

volume  

Safety 
constraints, if 
laser based 

Computation-ally 
middle-complex  

 
Table 1.  Comparison of optical range imaging sensors.  

 
Strengths and weaknesses of the techniques are strongly 
application-dependent. The vision techniques summarized share 
the common attribute to be non-contact. This can be an important 
consideration in many applications, especially those associates 
with fragile objects. On the other hand, active vision systems 
using a laser beam to illuminate the object inherently involve 
safety considerations and possible surface interaction effects. 
Almost all techniques have difficulty with specific surface texture. 
Measuring shiny planar objects or black surfaces may be hard for 
their low reflectance. Spurious corner reflections can deteriorate 
the measurement of multi-faceted planar objects. In most 
applications, active range imagers have the significant advantage 
of being independent of ambient light conditions. 



2.4 Common problems of optical sensors  

In optical sensors for the acquisition of both range- and intensity 
images, the measurement techniques may cause missing or bad 
quality data. Reasons are related to the optical geometry of the 
system, the type of projector and/or acquisition optical device, to 
the measurement technique and more. These include: 

• Interference from intense direct or reflected ambient 
lighting such as found in space applications causing 
detector saturation and spurious range measurements; 

• Signal absorption and dispersion on rough surfaces or on 
non-cooperative materials resulting in increased 
measurement noise; 

• Poor depth accuracy on highly oblique surfaces; 
• Specular reflection from shiny surfaces resulting in 

spurious corner reflections from other nearby surface 
facets and backscattered energy below the detector 
threshold from the desired measurement location; 

• Shadow effects in which portions of concavities in an 
object surface are occluded from either the light (white 
or laser) source or the detector, due to the finite optical 
baseline; 

• Sensor vibrations, resulting into artefacts commonly 
visible as a background ripple or roughness modulation 
to planar surfaces imaged with high precision 3D 
sensors. 

 
 

3. 3D IMAGE SENSORS: OVERVIEW OF 
APPLICATIONS 

The applications of 3D sensors are wide-ranging. This section 
gives a brief insight of the most important applications, and shows 
significant examples related with the research work carried out at 
the Laboratory of Optoelectronics. 
 
3.1 Dimensional measurement and quality control 

A variety of machine vision technologies is currently being used in 
manufacturing for the precision measurement of 3D objects and 
their quality control (Stevenson, 1992). Industrial applications have 
historically exerted a strong pull on the development and 
refinement of 3D imaging technology. Optical range sensor play a 
key role in production quality control, due to the intrinsic non-
contact nature of the measurement, and to the possibility of 
reducing the time needed to perform the measurements with 
respect to the contact probes. An example is precision milling of 
objects such as large ship propellers having complex 3D 
geometry. The use of a 3D optical camera reduces the 
measurement time in propeller machining applications from about 
one day to less than one hour, while increasing the density of 
measurement points by a factor of 1000-5000. Another important 
application is the use of differential measurements of an object in 
relation to a standard (master). Examples are the determination of 
the wear of a manufacturing mould and the automatic inspection 
to establish if a manufactured object is within tolerances. 
Roughness and waviness analysis are examples of applications in 
the micro range (Tomassini, 2001). 
In this frame, the Laboratory has developed a novel optical sensor 
designed to measure surface texture, i.e., the roughness and the 
waviness. The system integrates a surface profiler and a light 
scattering unit in a compact set-up suitable for industrial 
applications. The optical profiler is a commercial single-point 
triangulation sensor (LTS 15/3, Dynavision, now LMI Inc.), 

suitable for measuring waviness. The scattering sensor has been 
integrated on the triangulator for the detection of the scattered 
light. The system is shown in Figure 7. A measurement example 
is shown in Figure 8. 
 
 

 
 
Figure 7. View of the mechanical frame that holds the sensor 

during industrial testing 
 

 
 

(a) 

 
(b) 

 
(c) 

 
Figure 8. Example of 3D in the micro-range. (a): the inspected 

surface; (b): two dimensional profile of the surface 
waviness; (c): two dimensional profile of the surface 
roughness 



3.2 Reverse engineering 

Reverse engineering is the process of creating a set of 
engineering specifications and drawings directly from the 
inspection of an object, a geometric model of which is obtained 
from sensor data. This process is complementary to the normal 
process of (forward) engineering which develops a set of design 
and construction specifications and drawings from which an 
object is manufactured. 
The creation of geometric CAD (Computer Aided Design) 
databases is usually one of the most complex aspects of 
computer-based design and analysis systems. For objects with 
geometric regularity, it is practical to generate them analytically, 
using one of several geometric model schemes. However, there 
are many areas in which there is the need of creating a database 
by extracting object features, directly from a 3D dimensional 
imaging of the real object, typically a free-form surface object, 
without regular geometric properties. 
The current industrial technology for precise measurement of 3D 
objects involves contact scanning by the Coordinate Measuring 
Machines (CMMs). This technique is precise and widely used for 
the creation of model and reverse engineering. As already 
mentioned, however, the primary disadvantage of this approach is 
the laborious and time-intensive nature of the work (Yau, 1997). 
The use of 3D vision techniques allows the collection of large 
amount of dimensional data in reasonably short time (Roth, 1998). 
The metrological performance of contact-less measuring 
machines is usually lower of those of the CMM, but suitable for a 
wide range of applications. Combined techniques are under 
development (Chan, 2001). 
In this frame, the Laboratory, in collaboration with other partners, 
developed a novel methodology for the reverse engineering of 
free-form surfaces based on the integration of the measurement 
information from a 3D vision sensor and a CMM (Carbone, 
2001). Figure 9 shows the basic steps of the method.  
 

 
(a)     (b) 

 
(c)     (d) 

 
 

Figure 9. Reconstruction of the handle. (a): the measurement 
target; (b): the optically acquired point cloud; (c): the 
surfaces of the accurate CAD model; (d): the 
rendered view of the CAD model 

The aim was to reconstruct the CAD model of a door handle 
(Figure 9.a) with high accuracy and low acquisition time, by 
combining the advantages that derived from the use of the optical 
and of the contact approach. The optical system used for this 
experiment was a whole -field structured light sensor, projecting a 
suitable sequence of fringes, and following the well-known Gray-
Code Phase shifting Technique (Sansoni, 2000). It was used to 
rapidly acquire the point cloud of the handle (Figure 9.b) to be 
used as the starting information for the reconstruction of a ‘rough’ 
CAD model of the object. 
This model was then used to efficiently program the CMM 
inspection path, and allowed us to obtain the accurate CAD model 
of the handle (Figure 9.c and 9.d) in a single digitisation session, 
thus dramatically reducing the measurement time. 
 
3.3 Collaborative design 

While CAD tools can be helpful in designing parts, in some cases 
the most intuitive design method is the physical interaction with 
the model. This is especially true when the model must have 
aesthetic appeal, such as the exterior of consumer products 
ranging from perfume bottles to automobiles. Frequently, sculptors 
design these models in a medium such as clay or wood. Once the 
sculpture is ready, it may be digitised and reconstructed on a 
computer. The computer model is then suitable for dissemination 
to local engineers or remote clients for careful review, or may 
serve as a starting point for constructing a CAD model suitable 
for manufacture.  
One example of the work performed by the Laboratory in this 
area is shown in Figure 10.a. The measurement target is a scaled 
model of the Ferrari F333. The object was measured by using 
OPL-3D, a system based on the projection of structure light, 
completely developed by the Laboratory, and now market 
available under the name of 3DShape, (Open Technologies s.r.l., 
Italy) (Pepi, 2001). Following the acquisition, the whole point 
cloud was elaborated in the Geomagic software environment 
(Raindrop Geomagic Inc, US). Here, the triangle mesh was 
created and edited, and then transformed into the NURBS-based 
CAD model, shown in Figure 10.b. The CAD model shows 
optimal quality with respect to the original mesh. Figure 10.c is the 
error map that plots, in coloured scale , the deviation between the 
two models: 85% of the NURBS surfaces is within ±20 µm with 
respect to the triangle mesh (Sansoni, 2004). 
 
3.4 Rapid prototyping 

A “rapid prototype” (RP) of a real object means the reproduction 
of the object from the image range data without translation into 
CAM/CAD processes. This can be achieved by marrying 3D 
imaging technology with 3D cutting devices using a technique 
such as stereo-lithography. RP is done by taking the geometric 
data of the part of the object and creating, from that partial 
surface information, a triangular facet solid model (known as an 
STL file) that can be the input to various rapid prototyping 
systems. The challenge is to transform the partial surface 
information obtained from the 3D optical digitiser into a closed 
faceted solid model. 
Surface inference needs to be performed to compensate for the 
shadow and occlusion effects, and to complete the volume, in 
particular when using a reduced number of view images. In this 
frame, the Laboratory staff worked on the Ferrari 250 MM 
shown in Figure 11.a. The car body of this beautiful historical car 
was completely optically acquired, by using OPL-3D. Figure 11.b 
shows, along different views, the CAD surfaces modelled on the 



point clouds. This model was then input to a Prototyping Machine, 
and the 1:10 scaled model in Figure 11.c has been obtained 
(Sansoni, 2004). 
 

 
 

(a) 

 
(b) 

 

 
 

(c) 
 

Figure 10. Example of the work performed in the automotive 
domain for the fast obtainment of a CAD mdel 
representation from fully optical acquisition 

 
3.5 Cultural heritage applications  

A number of institutions such as museums have requirements for 
dimensional measurements of fragile and valuable objects. Vision 
technology offers a non-contact, non-intrusive measurement 
technique. 
Recently developed 3D digital imaging, modelling and display 
technologies are increasingly being applied to a variety of heritage 
applications. Examples include the imaging of important 
architectural structures, archaeological sites, sculptures and 
museum collections. The 3D image data is used for public virtual 
museum and VR display presentations as well as for professional 

documentation for conservation, replication and repatriation 
applications. 
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(b) 
 

 
 

(c) 
 

Figure 11. Example of the work performed on the Ferrari 250 
MM. (a): the car; (b): the CAD model; (c): the 1:10 
scaled copy of the car body, obtained by using a rapid 
prototyping machine 

 
The virtual, electronic museums, for example, are a collection of 
3D images that can be remotely accessed via Internet or other 
communications medium (Boulanger, 1998). This offers the 
possibility of an increased access to museum collections by the 
public and researcher worldwide, in a way that does not endanger 
fragile and valuable objects. 
One of the most important works carried out by the Laboratory in 
the frame of cultural heritage deals with the fully optical 
acquisition of the ‘Winged Victory’, a 2-meters high bronze 
statue, located at the Civici Musei of Santa Giulia, in Brescia 
(Sansoni, 2005). Figure 12.a shows the statue during a 



measurement session (OPL-3D was used to acquire the whole 
shape). The work on this statue, originally motivated by the 
museum archaeologists, was aimed at obtaining an accurate data-
base of measurements, to study the statue proportions. This goal 
was achieved by acquiring and carefully aligning about 500 views. 
These have then been modelled, and a very accurate triangle 
mesh was obtained. The Polyworks suite of programs 
(InnovMetric Inc, Ca) was used to perform this task. This model 
was used to create a number of copies of the statue. One 
example is the 1:1 scale copy shown in Figure 12.b.  
 

 
(a) 

 

 
(b) 

 
Figure 12. The work performed on the ‘Winged Victory’. (a): the 

original statue, located at the Civici Musei of Brescia; 
(b): the 1:1 scale copy of the statue, located at the 
entry hall of EOS Gmbh, Robert-Striling-Roing 1, 
82152 Krailling Munchen, DE. 

 

This copy was produced by using a rapid prototyping machine, (by 
EOS Gmbh, Munich, Germany). In addition, the original mesh 
represented the basis to perform the measurement on the statue. 
An example of this study, besides those carried out by the 
specialists (Morandini, 2002; Sansoni, 2002) is shown in Figure 13. 
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Figure 13. The study carried out on the staue head. (a): original, 

high resolution mesh of the head; (b): sections 
extracted from the mesh 

 
Another interesting application is presented in Figure 14. In this 
case, the measurement target was the ancient coin (Figure 14.a). 
The goal in this experiment was to asses the flexibility of our 
acquisition system, and to evaluate the accuracy of the 
measurement when very small dimension and very complex 
surfaces are involved. Figure 14.b shows the CAD model 
obtained after the acquisition by using OPL-3D and the 



elaboration in the Geomagic environment. The accuracy of the 
measurement was estimated to be equal to 60 µm. 
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Figure 14. Example of acquisition and modelling of an ancient 

roman coin; (a): the measurement target; (b): front 
side, back side and section of the CAD model of the 
coin 

 
3.6 Anthropometry and medical applications  

Range imaging system designed specifically for the living human 
body are becoming increasingly available, providing high-
resolution surface data with capability to build numerically and 
perceptually accurate digital body models (Jones, 1997). Such 
models have a wide range of applications. Body size and shape, in 
all its variations, are of importance in ergonomic design and to 
improve comfort and fit in clothing. Monitoring the military and 
civilians population may be useful for a number of engineering 
applications. In medicine, these data can be used in prosthetics 
design, to determine correct doses of medication, and in 
monitoring posture and growth. At the other extreme there is an 

intense research activity whose goal is the construction of 
dynamic 3D digital models that exhibit physiological and 
behavioural realism. 
A research activity dealing with the acquisition of living humans 
has recently started at the Laboratory. The availability of systems 
and techniques for the non contact, eye safe gauging of the 
human face pushed towards the creation of 3D human portraits. 
Figure 15 shows an example. The face in Figure 15.a has been 
measured by using OPL-3D. The resulting point cloud is in Figure 
15.b. 
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Figure 15. Acquisition of a face for the creation of 3D portraits. 
(a): the original; (b): the acquired point cloud 

 
3.7 Virtual Reality 

Virtual Reality (VR) is one of the hot buzz words of the second 
half of the decade. While the technology has been in use in high-
end aerospace and defensive simulators for some time, its high 
cost kept it within a limited number of primarily government 
institutions. Recently, however, the rising capability and falling 
cost of PCs and related technology has broadened the potential 
applications base. A great entertainment and consumer interest is 
boosting affordable technology development. Crude 3D virtual 
reality applications are already available for home PCs. Standards 
for VR image communications have been developed, the Virtual 
Reality Mark-up Language (VRML). Novel scientific and 



commercial applications are continually springing up (Paquet, 
1999). 
All of these applications require 3D models that may be taken 
from real life or from sculptures created by artists. Digitising the 
shapes of physical models will be essential to populating these 
synthetic environments. It is difficult to predict where the current 
wide spread interest in VR will lead. However, it is certain to fuel 
demands for 3D images, camera and processing software. Rising 
demands and economies of scale should drive down the cost of 
3D imaging technology, broaden the industrial base and stimulate 
innovative research and development. 
An example of the work performed in this field at the Laboratory 
deals with the virtual removal of the wings of the ‘Winged 
Victory’. Figure 16 shows the appearance of the statue before 
and after the cutting of the wings. The availability of a very 
accurate triangle mesh and of a very powerful software tool for 
the editing allowed us to figure out the statue appearance as an 
‘Aphrodite’, instead of a roman ‘Victory’. 
 
 

4. CONCLUSIONS 

In this paper, both a brief review of state-of-art technology in 3D 
sensors, and the experience carried out at the Laboratory of 
Optoelectronics of the University of Brescia, in the frame of the 
optical range acquisition have been presented. The study cases 
deal with the use of OPL-3D, a robust, flexible and easy-to-use 
optical digitiser, designed and developed at the Laboratory. The 
digitiser, in conjunction with suitable editing and modelling 
procedures, allowed us to develop full-optical reverse engineering, 
rapid prototyping, and virtual museums applications. An example 
of the research work performed in the micro-range has also been 
presented.  
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