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Abstract. Large Deployable Reflector (LDR) systems are commonly used as mesh reflectors for 
large aperture space antennas in aerospace applications since they provide affordability while 
guaranteeing at the same time a high gain and a high directivity. To improve the surface accuracy 
several methods have been studied, most of which measure the distance between the cable-net 
system that forms the reflector surface and the desired paraboloid. In this paper we want to improve 
the reflector’s ability to convey a greater concentration of reflected rays in the direction of the 
feed. To deal with this issue, a numerical optimization algorithm has been proposed.  
Introduction 
Applications that make use of satellite communications are now widely spread, both in civil and 
military fields. Bear in mind, for example, about the analysis of images for the study of terrestrial 
morphology, or in the meteorological field for weather forecasts, or even about studies on climate 
change. In the civil field, then, almost all mobile devices, thus far, are equipped with a GPS module 
for tracking the position. Large Deployable Reflectors (LDR) are the main types of reflectors used 
for most of the above mentioned fields. LDR systems are commonly used as mesh reflectors for 
large aperture space antennas in aerospace applications since they provide affordability while 
guaranteeing at the same time a high gain and a high directivity.  

The key features that characterize the geometry of LDR systems are closely connected with 
volume constraints of launch vehicles, mainly because of budget problems [1]. Deployable mesh 
reflectors are composed of rigid bodies, deformable components, mechanical joints, and control 
actuators [2-4] which allows for achieving a complete transition between the initial stowed 
configuration to the final deployed configuration. 

The fundamental problems for the correct functioning of an LDR system are, therefore, the 
proper deployment of the folding mechanism and the form-finding of the cable-net which serves 
as support for the metal mesh. To maintain excellent reflective qualities and meet the prescribed 
bandwidth requirements, the reflector surface must be as close as possible to the shape of a 
paraboloid. Most of the methods used in the literature define the best surface of the reflector as the 
one passing through the nodes of the cable system of the front net or through the centroid of each 
triangular facet [5-10]. In this case, the RMS error depends on the distance between the nodes of 
the front net with respect to the desired working surface. Agrawal et al. [11] examined the RMS 
error between the best-fit paraboloid with flat facets and a sphere. Deng et al. [12] defined the 
RMS error as the distance between the desired working surface and the nodes of the front net. A 
similar interpretation is given by Morterolle et al. [13], where the z-direction distance between the 
desired working surface and a facet of each triangular facet is used to calculate the surface 
accuracy. In this work, however, we want to focus on the amount of energy that hits the feed, thus 
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investigating the best topology of the net that guarantees a greater concentration of the incident 
rays directed towards the focus of the paraboloid. This paper is organized as follows. At first, the 
receiver deviation error is introduced, both in the two-dimensional and in the three-dimensional 
model. Hence the optimization model is presented, along with the results. Finally, the conclusions 
are reported. 
Receiver deviation error 
Figure 1 shows a polygonal chain in blue, whose vertices pass through the parabola drawn in red 
and having the following equation: 

 
𝑦𝑦 =  𝑥𝑥

2

4𝐹𝐹
                    (1) 

 
where F is the focus of the parabola. 
According to what is described in the literature, the polygonal chain would represent the ideal 

condition for the reflector surface as its vertices are located exactly on the parabola. In fact, if we 
consider the RMS error as 
 

𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅 = �1
𝑛𝑛

(𝑑𝑑12 + 𝑑𝑑22 +  … + 𝑑𝑑𝑛𝑛2)                 (2) 

 
where 𝑑𝑑𝑛𝑛 represents the distance between each vertex of the polygonal and the parabola, we 

obtain a value equal to zero. Despite this result, the most representative value that guarantees the 
reflector a good frequency band is given by the contribution of each reflected ray that intercepts 
the feed located at the point F. As shown in Fig. 2 (left), taking into consideration a prime-focus 
antenna, where the focus is positioned in the center of the reflector, the incident rays parallel to 
the y-axis are reflected on the surface of the reflector and then directed towards the feed. 

 

 

 

Fig. 1: Polygonal chain and parabola (left); Incident and reflected rays (right). 

The point 𝑃𝑃𝑐𝑐𝑐𝑐 represents the centre of the i-th line segment of the polygonal. Figure 2 shows an 
enlargement around the feed, which highlights how the incident rays coming from the points  are 
not directed exactly on the focus F, but are distant from it by a quantity 𝑑𝑑𝑐𝑐. To determine this 
quantity, we need to calculate the minimum distance between the focus and each reflected ray 
coming from all line segments of the polygonal chain. 
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    By keeping the aperture width of the parabola fixed, it is easy to understand how by increasing 
the number of line segments of the polygonal, the RMS error decreases exponentially, as the 
approximation of the parabola improves. Theoretically, the ideal configuration occurs when the 
number of line segments tends to infinity, but this information collides with the manufacturing 
limits, as it is not possible to make a cable-net with an infinitesimally small cable length. 
    What described for the two-dimensional model can be even extended in the three-dimensional 
model. Unlike the 2D model, the polygonal chain is replaced by the surface reflector consisting of 
the cable-net system, whose nodes are located on the paraboloid surface. Here, for the RMS error 
evaluation, the vertices of the triangular facets and their centroid are considered. 
    Using the equation to determine the minimum distance of the reflected rays from the focus of 
the paraboloid and considering a prime-focus antenna, we obtain what is depicted in Fig. 3. This 
figure shows in blue the points of minimum distance calculated by the reflected rays coming from 
the vertices of each triangle, while in red those coming from the centroids. As for the 2D model, 
also in this case it is necessary to associate a weight according to the different contributions of the 
rays. At the centroid a weight of 1/2 is assigned, while at the three vertices of the triangle a weight 
of 1/6 is assigned, since their contribution needs to be split equally between them. In the 3D model, 
by adding the weights, , the Eq. (2) changes as follows: 
 

𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅 = �(𝑤𝑤1𝑑𝑑1)2+(𝑤𝑤2𝑑𝑑2)2+⋯+(𝑤𝑤𝑛𝑛𝑑𝑑𝑛𝑛)2

3𝑛𝑛
                        (3) 

 
Correction algorithm 
To improve the performance of the reflector, the best geometric figure formed by contiguous and 
flat triangular facets needs to be found.  

 
Fig. 2: Reflected rays around the receiver. 
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Fig. 3: Top view of the triangular facets of the cable-net and the points of minimum distance of 

each reflected ray for a prime-focus reflector. 
The geometry of the above said paraboloid can be achieved thanks to the formulation of an 

optimization algorithm which, by varying the position of the nodes of the cable-net, minimizes the 
distance of each reflected ray with respect to the focus of the paraboloid.  
The optimization problem can be defined as follows: 
 
 Find x, y, z 
 min 𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅                   (4) 
 

where x,y,z represent the coordinate of the internal nodes of the cable-net, since the nodes 
located on the perimeter remain fixed in their initial position, while 𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅 is the RMS error defined 
by Eq. (3). By applying this algorithm to an offset reflector with a parent paraboloid diameter of 6 
meters, it is possible to appreciate how the cable-net topology changes according to the minimum 
distance between each reflected ray and the receiver. 

Figure 4, on the left, shows the initial topology of the cable-net of the offset reflector. On the 
left side the location of the points of minimum distance of the reflected rays with respect to the 
focus is shown. In particular, the blue points are closer to the focus as they represent those coming 
from the centroids of each triangle of the cable-net, while those in red from the three vertices. By 
applying the optimization problem described above, the result shown in the right side of Fig. 4 is 
obtained. The greater concentration of points around the focus demonstrates the effectiveness of 
the algorithm, and this confirms how the optimized net topology concentrates the rays reflected by 
the reflector in a smaller area of the illuminator. 

In Fig. 5 it is possible to better evaluate a comparison between the two obtained results. 
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Fig. 4: The initial (left side) and final (right side) topology of the cable-net of an offset reflector 
and the points of minimum distance with respect to the focus. 

 

 
Fig. 5: An enlargement of the points of minimum distance with respect to the focus before and 

after optimization. 
Conclusions 
The surface accuracy of mesh reflectors is the main objective to be achieved in order to guarantee 
the prescribed band-width requirements. In this work, a numerical optimization algorithm able to 
ensure a greater concentration of reflected rays around the focus has been developed. The novelty 
introduced in this paper concerns the ability to optimize the reflecting surface according to the 
quantity of reflected rays directed towards the illuminator, unlike the most used method which 
measures the distance of the nodes of the net with respect to the ideal paraboloid. This approach 
provides a direct measure of the error of all incoming electromagnetic rays missing the receiver. 
One operating condition has been addressed: the case of the offset reflector. In this case, an 
unconstrained numerical optimization problem was adopted as the nodes were fixed on the external 
circumference and the only variables were represented by the internal nodes, which are free to 
move over the entire surface of the reflector. The numerical results confirm the goodness of the 
proposed method, modifying the topology of the cable-net in order to reduce the mean square error 
around the feed of the reflector. 
References 
[1] L. Puig, A. Barton, N. Rando. A review on large deployable structures for astrophysics 
missions. Acta Astronautica 67.1-2 (2010): 12-26. https://doi.org/10.1016/j.actaastro.2010.02.021 



Theoretical and Applied Mechanics - AIMETA 2022  Materials Research Forum LLC 
Materials Research Proceedings 26 (2023) 665-670  https://doi.org/10.21741/9781644902431-107 

 

 
670 

[2] A. Cammarata, M. Lacagnina, R. Sinatra. Closed-form solutions for the inverse kinematics of 
the Agile Eye with constraint errors on the revolute joint axes. 2016 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS). IEEE, 2016. 
https://doi.org/10.1109/IROS.2016.7759073 
[3] A. Cammarata, R. Sinatra, A. Rigano, M. Lombardo, P.D. Maddio. Design of a large 
deployable reflector opening system. Machines, 8(1), (2020). 7. 
https://doi.org/10.3390/machines8010007 
[4] A. Cammarata, R. Sinatra, P.D. Maddio. A two-step algorithm for the dynamic reduction of 
flexible mechanisms. In IFToMM Symposium on Mechanism Design for Robotics (pp. 25-32). 
(2018). Springer, Cham. https://doi.org/10.1007/978-3-030-00365-4_4 
[5] Z. Huang, F. Xi, T. Huang, J. S. Dai, R. Sinatra. Lower-mobility parallel robots: theory and 
applications. Advances in Mechanical Engineering 2 (2010): 927930. 
https://doi.org/10.1155/2010/927930 
[6] S. Yuan, B. Yang, H. Fang. The Projecting Surface Method for improvement of surface 
accuracy of large deployable mesh reflectors. Acta Astronautica 151 (2018): 678-690. 
https://doi.org/10.1016/j.actaastro.2018.07.005 
[7] S. Yuan, B. Yang, H. Fang. Direct root-mean-square error for surface accuracy evaluation of 
large deployable mesh reflectors. AIAA SciTech 2020 Forum. 2020. 
https://doi.org/10.2514/6.2020-0935 
[8] S. Yuan, B. Yang, H. Fang. Improvement of surface accuracy for large deployable mesh 
reflectors. AIAA/AAS Astrodynamics Specialist Conference. 2016. 
https://doi.org/10.2514/6.2016-5571 
[9] Y. Tang, T. Li, Z. Wang, H. Deng. Surface accuracy analysis of large deployable antennas. 
Acta Astronautica 104.1 (2014): 125-133. https://doi.org/10.1016/j.actaastro.2014.07.029 
[10] A. Cammarata, R. Sinatra, R. Rigato, P.D. Maddio. Tie-system calibration for the 
experimental setup of large deployable reflectors. Machines 7.2 (2019): 23. 
https://doi.org/10.3390/machines7020023 
[11] P. Agrawal, M. Anderson, M. Card. Preliminary design of large reflectors with flat facets. 
IEEE transactions on antennas and propagation 29.4 (1981): 688-694. 
https://doi.org/10.3390/machines7020023 
[12] H. Deng, T. Li, Z. Wang, X. Ma. Pretension design of space mesh reflector antennas based 
on projection principle. Journal of Aerospace Engineering 28.6 (2015): 04014142. 
https://doi.org/10.1061/(ASCE)AS.1943-5525.0000483 
[13] S. Morterolle, B. Maurin, J. Quirant, C. Dupuy. Numerical form-finding of geotensoid tension 
truss for mesh reflector. Acta Astronautica 76 (2012): 154-163. 
https://doi.org/10.1016/j.actaastro.2012.02.025 
 
 
 
 


	Surface error correction of a mesh deployable reflector
	Introduction
	Receiver deviation error
	Correction algorithm
	Conclusions
	References


