
2015Publication Year

2020-07-02T09:39:49ZAcceptance in OA@INAF

The Sardinia Radio Telescope: A comparison between close-range 
photogrammetry and finite element models

Title

BUFFA, Franco; Causin, Andrea; Cazzani, Antonio; POPPI, Sergio; Sanna, 
Giannina; et al.

Authors

10.1177/1081286515616227DOI

http://hdl.handle.net/20.500.12386/26287Handle

MATHEMATICS AND MECHANICS OF SOLIDSJournal

22Number



Article

The Sardinia Radio Telescope: A
comparison between close-range
photogrammetry and finite element
models

Mathematics and Mechanics of Solids
1�22
' The Author(s) 2015
Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1081286515616227
mms.sagepub.com

Franco Buffa
Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Cagliari, Selargius (CA), Italy

Andrea Causin
Dipartimento di Architettura Design e Urbanistica, Università degli Studi di Sassari, Alghero (SS), Italy

Antonio Cazzani
Dipartimento di Ingegneria Civile, Ambientale e Architettura, Università degli Studi di Cagliari, Cagliari (CA),
Italy

Sergio Poppi
Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Cagliari, Selargius (CA), Italy

Giannina Sanna
Dipartimento di Ingegneria Civile, Ambientale e Architettura, Università degli Studi di Cagliari, Cagliari (CA),
Italy

Margherita Solci
Dipartimento di Architettura Design e Urbanistica, Università degli Studi di Sassari, Alghero (SS), Italy

Flavio Stochino
Dipartimento di Architettura Design e Urbanistica, Università degli Studi di Sassari, Alghero (SS), Italy

Emilio Turco
Dipartimento di Architettura Design e Urbanistica, Università degli Studi di Sassari, Alghero (SS), Italy

Received 20 January 2015; accepted 1 March 2015.

Dedicated to Dr RA Toupin in recognition of his outstanding contribution to Mechanics.

Corresponding author:
Emilio Turco, Dipartimento di Architettura Design e Urbanistica, Università degli Studi di Sassari, Asilo Sella, via Garibaldi 35, 07041 Alghero (SS), Italy.
Email: emilio.turco@uniss.it

 by guest on December 23, 2015mms.sagepub.comDownloaded from 



2 Mathematics and Mechanics of Solids

Abstract
The Sardinia Radio Telescope (SRT), located near Cagliari (Italy), is the world�s second largest fully steerable radio
telescope endowed with an active-surface system. Its primary mirror has a quasi-parabolic shape with a diameter of
64 m. The con�guration of the primary mirror surface can be modi�ed by means of electro-mechanical actuators. This
capability ensures, within a �xed range, the balancing of the deformation caused, for example, by loads such as self-weight,
thermal effects and wind pressure. In this way, the difference between the ideal shape of the mirror (which maximizes its
performances) and the actual surface can be reduced. In this paper the authors describe the characteristics of the SRT,
the close-range photogrammetry (CRP) survey developed in order to set up the actuator displacements, and a �nite
element model capable of accurately estimating the structural deformations. Numerical results are compared with CRP
measurements in order to test the accuracy of the model.

Keywords
Sardinia Radio Telescope, �nite element models, structural modeling, huge structures, active structures, high precision
measurements

1. Introduction
Radio telescopes are antennas devoted to the analysis and study of celestial objects, collecting the radiation
emitted in the radio region of the electromagnetic spectrum (see Figure 1). The received signals are extremely
weak, thus large collecting areas are required. Moreover, the larger the size of a radio telescope, the better its
angular resolution is. Nevertheless, large instruments are more sensible to deformations in their structure due
to gravity, temperature and wind.

In order to contrast gravitational effects, radio telescopes may be equipped with a so-called active-surface
(AS) system, a complex device designed to modify in real time the antenna shape.

Radio telescope deformations can be divided into spatially large-scale deformations, affecting the pointing
and the focus, and small-scale deformations, which can decrease the efficiency of the telescope.

The efficiency of a radio telescope is described by the aperture efficiency �A, see Baars [1], defined by:

�A =
A
Ag

, (1)

where Ag is the geometric area and A denotes the effective area, that is the area effectively contributing to collect-
ing the incoming radiation. The aperture efficiency �A takes into account many different effects; in particular,
the effective area A depends on the surface-loss efficiency �s, which measures the losses due to the small-scale
randomly distributed deviations of the reflector from the ideal shape. It is expressed by Ruze’s law [2]:

�s = exp

�
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, (2)

where � is the radiation wavelength and �RMS is the global root mean square (RMS) deviation from the ideal
reflector shape, defined by:

�RMS =
�

1
|�|

�

�
(�g � g)2 d�

�1/2

, (3)

where g is the theoretical shape of the reflector and �g the actual one, while |�| is a measure of the surface
(reflector) area.

Note that �s increases as the wavelength decreases, so that surface loss efficiency becomes critical for higher
frequencies. The dependence of �s on �RMS implies that to maximize the efficiency (in the ideal case, to have
�s � 1) a control on �RMS/� is required. In particular, for a good efficiency value (�s = 53%), �RMS should be
lower than �/16, or at least lower than �/10 for the minimum-acceptable efficiency value (�s = 20%).

In order to correct the deformations in real time by means of the AS system, during telescope operation, a
measuring technique is needed for evaluating them. Alternatively, a sensor network gathering information for
their modeling and providing data to the telescope control system has to be installed.
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Figure 1. SRT parts: (1) Reinforced concrete base and foundation. (2) Alidade. (3) Backup structure. (4) Principal mirror (M1). (5)
Thermal shield (this is not part of the real structure although it was expected to be present in the designed one). (6) Quadrupod
structure. (7) Secondary mirror (M2).

Close-range photogrammetry (CRP) is a non-contact measuring technique widely used in the radio astro-
nomical field for the representation of the shape of large antennae. The first applications of this method to
radio telescopes were the measurements of the 300 ft (91.44 m) and 85 ft (25.91 m) antennae at the National
Radio Astronomy Observatory in Green Bank, West Virginia, in 1962 [3], with a camera hosted on a helicopter,
achieving an accuracy of 1 mm over the 100 m size of the telescope. Afterwards, it was used in the setting of one
of the 12 m diameter Atacama Large Millimeter/Submillimeter Array antennae [1], with a fully digital system
achieving an accuracy of 0.030 mm.

Recently, photogrammetry methods have also been applied to the Sardinia Radio Telescope (SRT) antenna.
In this paper, we aim to compare photogrammetric data, obtained during the alignment of its primary mirror
[4], see Figure 2, to the finite element (FE) models of the whole structure [5].

In Section 2, a description of the SRT is presented; photogrammetric measurements are described in Sec-
tion 3, while the FE numerical model and its results are presented respectively in Sections 4 and 5. Finally
conclusions and new research perspectives are drawn in Section 6.
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