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FEELER DEVICE, MARKER FOR A FEELER DEVICE AND SYSTEM FOR TAKING
PHOTOGRAMMETRIC MEASUREMENTS OF OBJECTS

DESCRIPTION

The present invention relates to the field of coordinate measurements in the three-
dimensional (3D) space to be taken on large objects (ranging from one meter to a few tens
of meters in size) by using photogrammetric techniques.

In particular, the invention relates to a feeler device for photogrammetric measurements,
which can provide, with a high degree of accuracy, the three-dimensional coordinates of
points touched by the feeler on the surface of an object being measured, by using as a
reference a photogrammetric system consisting of high-resolution digital cameras with high
depth of field. The invention further concerns a marker for such a feeler device and a
measurement system for taking photogrammetric measurements, which allows obtaining
accurate measurements on the object to be analyzed.

Optical measurement systems for quality dimensional checks in industrial environments are
becoming increasingly widespread for in-line verifications of the dimensions and tolerances
of mass-produced items and for occasional or periodic inspections and tests on finished
products.

In recent years, digital photogrammetry has played a predominant role amongst the most
common technologies for measuring large objects (such as, for example, aircraft fuselages
and wings, ship hulls, bodies of railway and road vehicles, large tanks or industrial
structures, aerospace modules, etc.).

The physical principles on which this technology is based make use of the triangulation
concept, according to which by framing a point in the three-dimensional space through at
least two video cameras, the position coordinates thereof can be obtained from the acquired
images. This operation, which has been known since the beginning of the last century, has
now become much easier and faster because of the appearance of digital video cameras and
supercomputers.

In the metrologic field, the systems that were first used for taking precision measurements
on large objects employed markers that were integral with the object to be measured,
particularly flat markers (stickers applied to the object) or spherical markers fixed to the

object. In both cases, these were passive markers that needed to be illuminated by an external
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light source to become visible to the video cameras.

The video cameras acquired images of the object and of the markers positioned thereon, and
the position of such markers was reconstructed by using triangulation techniques.

It was thus possible to compute the dimensions and geometry of the object being measured
starting from the positions of the various markers.

The main drawbacks of such systems were related to the difficulty in handling and properly
positioning the markers on the object, in addition to the fact that they always required an
external light source.

Systems have recently been introduced which consist of:

- a “constellation” of high-resolution video cameras positioned in the measurement space
around the object to be measured;

- a feeler, with a set of markers positioned thereon: by applying photogrammetric principles
to the acquired images, and knowing the intrinsic geometry of the feeler itself, it 1s possible
to determine the spatial coordinates of the feeler tip as it moves on the surface of the object
being measured, thereby allowing the computation of the overall dimensions of the object;
- a processing unit, to which the data of the images acquired by the various video cameras
are sent, for synchronizing the system and processing the data.

A fundamental element of this type of system is the feeler.

Feelers of two types are currently available:

- the first type comprises feelers equipped with passive markers, i.e. flat optical references
(generally consisting of target-shaped stickers or reflective balls), which, in order to be
detected by the video cameras, need to be illuminated by suitable lights integral with the
system of video cameras;

- the second type includes feelers equipped with flat active feelers, which do not require
external illumination because they are per se luminous.

The most important problems suffered by the feelers currently available are related to the
fact that passive markers always require the use of an external illumination system, whereas
in the case of active markers the object to be measured cannot be framed in full round by the
video cameras because such markers are flat.

This makes it difficult to measure objects that, because of their shape, cannot be easily
illuminated or viewed thoroughly.

In addition, the solutions currently available do not allow for measurement corrections or
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refinements taking into account kinematic variations or environmental condition changes
occurring during the measurement.

It is therefore one object of the present invention to provide a feeler device for
photogrammetric measurements which allows taking effective measurements on objects of
any shape, which is independent of external light sources, and which allows taking accurate
measurements even when kinematic variations or environmental changes occur during the
measurement.

It 1s a further object of the present invention to provide a marker for a feeler device and a
measurement system for taking photogrammetric measurements on large objects.

Some embodiments of the present invention relate to a feeler device that overcomes the
drawbacks of the prior art.

In one embodiment of the invention, the feeler device for photogrammetric measurements
comprises a main body for holding it, a tip connected to the main body and adapted to come
in contact with the external surface of an object to be measured, and a plurality of spokes
adapted to support respective spherical markers internally lit by respective light sources.

In another embodiment of the invention, the main body houses a plurality of kinematic and
environmental sensors.

In another embodiment of the invention, the main body houses an antenna for wireless
communication with a remote processing unit.

In another embodiment of the invention, the spherical markers are made from translucent
polymeric material for omnidirectional diffusion of the light generated by the light sources.
In another embodiment of the invention, the tip 1s made from ultra-rigid stainless steel, with
the terminal part consisting of synthetic ruby.

In another embodiment of the invention, the marker for a feeler device for taking
photogrammetric measurements comprises a sphere of translucent polymeric material for
omnidirectional diffusion of the light generated by a light source contained therein.

In another embodiment of the invention, the system for taking photogrammetric
measurements on a large object comprises a feeler device having a main body for holding it,
a tip connected to the main body and adapted to come in contact with the external surface of
an object to be measured, and a plurality of spokes adapted to support respective spherical
markers internally lit by respective light sources. The system further comprises a plurality

of video cameras adapted to acquire images of the feeler device and a remote processing unit
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adapted to receive the images from the video cameras and to process them in order to
determine the position of the tip as it moves on the external surface of the object to be
measured, so as to compute the overall dimensions of the object.

In another embodiment of the invention, the video cameras are oriented in respective
Cartesian systems (Xn, ¥y, Zn) relative to a general reference system (X, Y, Z).

Further features and advantages of the invention will become apparent in the light of the
following detailed description, provided by way of non-limiting example with reference to
the annexed drawings, wherein:

- Figure 1 is a perspective view of a feeler device according to the present
invention and an associated object to be measured;

- Figure 2 is a perspective view of the feeler device of Fig. 1.

In brief, the feeler device according to the present invention is equipped with specific three-
dimensional “active” markers having a spherical shape, which do not need any specific
external light sources and which can be framed by the video cameras of the measurement
system from every angle.

The feeler device is also equipped with a set of kinematic and/or environmental sensors (e.g.
accelerometers, temperature sensors, brightness sensors, etc.) which allow improving,
enriching and/or refining the obtained measurements by correcting and compensating the
measurement results according to external influential parameters.

Figure 1 shows a perspective view of a measurement system for taking photogrammetric
measurements according to the present invention.

The measurement system comprises a feeler device 1, an associated object 2 to be measured,
a plurality of video cameras 4, and a remote processing unit 6, e.g. a laptop computer.

The video cameras 4 are oriented in respective Cartesian systems Xy, yn Zn relative to a
general reference system X, Y, Z. The video cameras 4 are adapted to acquire images of the
feeler device 1.

The processing unit 6 1s adapted to receive the acquired images from the video cameras 4
and to process them in order to determine the position of the feeler device 1 relative to the
object 2.

The feeler device 1 comprises a main body 8 for holding it, a tip 10 connected to the main
body 8 and adapted to come in contact with the external surface of the object 2 to be

measured, a plurality of spokes 12 adapted to support respective spherical markers 14
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internally lit by light sources, preferably infrared (or visible-spectrum) LEDs.
Advantageously, the main body 8 is adapted to accommodate batteries for supplying power
to the spherical active markers 14,

In a preferred variant of the invention, the main body 8 houses a plurality of kinematic and
environmental sensors (e.g. accelerometer, temperature sensor, humidity sensor, etc.), an
antenna for wireless communication with the processing unit 6, and a button for
measurement acquisition. All these devices are powered by batteries housed in the main
body 8.

Through the antenna, the feeler device 1 communicates to the processing unit 6 operation
data that will allow the processing unit 6 to diagnose possible faults in the feeler device 1.
On the basis of the images coming from the video cameras 4, the processing unit 6 is also
adapted to determine, by using triangulation techniques known to those skilled in the art, the
position of the tip 10 as it moves along the external surface of the object 2 to be measured,
and then to compute, by using per se known techniques, the overall dimensions of the object
2.

Every component of the feeler 1 is provided with internal wires with quick-coupling
connectors at their ends for the power connection. Such connectors (designated as 50 in
Figure 2) will allow the components to be easily interchanged for the purpose of customizing
the configuration of the feeler 1 in order to adapt it to specific measurement requirements.
The markers 14 are made from translucent polymeric material for omnidirectional diffusion
of the light generated by the internal LEDs.

The tip 10 1s made from ultra-rigid stainless steel, with the terminal part consisting of
synthetic ruby.

The main body 8, the spokes 12 and the connectors 50 are made from composite material,
preferably carbon fiber or the like.

The feeler device 1 of the present invention overcomes the problems highlighted in the
analysis of the prior art, thus speeding up and improving the effectiveness of the entire
measurement system.

The feeler device 1 is “modular” because its physical structure can be changed by adding or
removing elements (markers, sensors, contact tip, etc.) as necessary in accordance with the
purposes of the measurement. The modularity of the feeler proposed herein allows

structuring the most appropriate geometry depending on the characteristics of the object 2
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that needs to be measured, so that even deep undercuts can be reached or shadow areas can
be avoided where the video cameras 4 would otherwise not be able to frame the feeler 1.
The feeler 1 is “self-powered” by a suitable set of batteries, and is connected in wireless
mode to the measurement system (video cameras 4 and control unit 6 for data processing).
The spherical markers 14 are self-lit by the LEDs included therein, which allow full round
diffusion of the light due to the material they are made of and to the specific finishing thereof
(glazing). Moreover, the spherical markers 14 are visible in full round to the different video
cameras 4 of the system because of their three-dimensionality, which considerably reduces
the complexity of use of the feeler 1, since it does not need to take a specific orientation
towards the video cameras 4 during the measurement operations. In addition, the shadow
areas where the feeler 1 is not visible to the video cameras are significantly reduced.

The measurement system is modular because it is made up of a number of components that
can be assembled in different configurations according to the measurement needs (number
of video cameras 4, coverage of the measurement space, shape of the object to be measured,
presence of undercuts, etc.).

The feeler device 1 is equipped with kinematic, orientation and environmental sensors for
correcting the measurement values according to the measurement conditions, leading to
higher quality of the readings obtained; furthermore, it is constantly in communication, via
the wireless connection, with the processing unit 6, which can diagnose in real time its
operating condition and efficiency.

The most important advantages of the device of the present invention are the following:

- due to full round visibility of the markers 14, the markers 14 can be seen by the video
cameras 4 from all angles;

- due to the modularity and full round visibility of the markers 14, the feeler 1 can be adapted
to different geometries of the measurement space, of the object 2 to be measured, and of the
layout of the video cameras 4;

- the presence of additional sensors allows constant monitoring of the operating condition
and effectiveness/efficacy of the unit. It also allows correcting the measurement results
according to the environmental and operating conditions in which the measurement is being
carried out;

- the wireless connection to the central processing unit 6 allows continuous exchange of

information between the two elements for the purpose of optimizing the measurement;
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- no external lighting system is required, thus considerably reducing the overall dimensions
and complexity (also as concerns the power supply) of the whole system, as well as the costs
thereof;

- since no extemnal illumination is required (which, for energetic reasons, would necessarily
require a fixed wiring), it 1s possible to use independent video cameras 4 with wireless power
supply and wireless connection to the central processing unit 6 for data exchange and
synchronization;

- the modularity and the wireless connection of the feeler 1 and video cameras 4 ensure better
flexibility of use of the measurement system as a whole.

Given its specific metrologic and operational characteristics, the feeler 1 proposed herein is
particularly suited to all those contexts in which dimension and tolerance verifications have
to be carried out on large objects.

The main fields of application are:

- Aircraft industry (measurements on fuselages, wing sections or surfaces, etc.);

- Aerospace industry (geometric characterization of aerospace modules);

- Shipbuilding industry (measurement on ship hulls);

- Railway industry (measurements on bodies of means of rail transport);

- Automotive and road transport industry (body dimension check);

- Construction of large technological structures (turbines, wind turbines, tanks, telescope
reflectors, etc.).

Of course, without prejudice to the principle of the invention, the forms of embodiment and
the implementation details may be extensively varied from those described and illustrated
herein by way of non-limiting example, without however departing from the protection

scope of the present invention as set out in the appended claims.
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CLAIMS

1. Feeler device (1) for photogrammetric measurements, comprising:

- a main body (8) for holding it;

- a tip (10) connected to the main body (8) and adapted to come in contact with the external
surface of an object to be measured (2);

- a plurality of spokes (12) adapted to support respective spherical markers (14) internally
lit by respective light sources.

2. Device according to claim 1, wherein the main body (8) houses a plurality of kinematic
and environmental sensors.

3. Device according to claim 1 or 2, wherein the main body (8) houses an antenna for
wireless communication with a remote processing unit (6).

4. Device according to any one of the preceding claims, wherein the spherical markers (14)
are made from translucent polymeric material for omnidirectional diffusion of the light
generated by the light sources.

5. Device according to any one of the preceding claims, wherein the tip (10) is made from
ultra-rigid stainless steel, with the terminal part consisting of synthetic ruby.

6. Marker (14) for a feeler device for photogrammetric measurements, comprising a sphere
of translucent polymeric matenial for omnidirectional diffusion of the light generated by a
light source contained therein.

7. System for taking photogrammetric measurements on a large object (2), comprising:

- a feeler device (1) according to any one of claims 1 to 5;

- a plurality of video cameras (4) adapted to acquire images of the feeler device (1);

- a remote processing unit (6) adapted to receive the images from the video cameras (4) and
to process them for the purpose of determining the position of the tip (10) as the latter moves
on the external surface of the object to be measured (2), so as to compute the overall
dimensions of the object (2).

8. System according to claim 7, wherein the video cameras (4) are oriented in respective

Cartesian systems (Xn, Yn, Zn) relative to a general reference system (X, Y, Z).
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