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Abstract 
 
Robotic Astronomical Observatories (RAO) are constantly evolving. Optical observations of astronomy advanced 
very rapidly during the twentieth century, to become data captures and images that cover almost the entire range 
of the electromagnetic spectrum. This evolution that has always been linked to astrophysical research continues 
to advance and can now cover other celestial objects of a very diverse nature, such as artificial satellites and space 
debris. In addition to Astrophysics, the RAO are called to carry out work of detection and tracking of extraterrestrial 
objects created by the human being. These new objectives of the ROA are carried out with exclusive models and 
specific designs such as those shown in this work. To achieve this purpose, RAOs need a well-organized and precise 
design, in which all the factors that make up the project are optimized: Objectives, Engineering, Technical 
Equipment, Facilities, Training, Operations and Maintenance. 
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1 Introduction 
 
During the twentieth century, the Robotic 
Astronomical Observatories (RAO) have evolved 
along with telescopes and sensors of different 
formats [2]. These advances have made it possible to 
capture images and obtain data in different ranges of 
the electromagnetic spectrum. The Earth's 
atmosphere has considerably limited these advances, 
but thanks to telescopes and sensors that have been 
sent into outer space, outside our atmosphere, 
atmospheric impermeability has been saved in 
different regions of the electromagnetic spectrum. 
In the telescopes and sensors that operate in space, 
important advances have been incorporated in the 
remote control and robotization of this equipment. 
Operating at great distances and without the 
possibility of accessing the instruments, for repair 
and maintenance, has allowed the development of 
the hardware and software necessary to optimize the 
performance of these space instruments [1, 13]. 
In the telescopes and sensors that operate in space, 
important advances have been incorporated in the 
remote control and robotization of this equipment 
[7]. Operating at great distances and without the 
possibility of accessing the instruments, for repair 
and maintenance, has allowed the development of 
the hardware and software necessary to optimize the 
performance of these space instruments [8], 
To optimize the performance of ground equipment, a 
new generation of ROA is being developed. The new 
ROA are models of specific Observatories that are 
designed and built for each project [17, 21]. They can 
be unique and very different from each other. 
Although the procedures are necessarily similar, they 
are broadly flexible and adaptable to the objective 

and purpose of the project. New ROA models can be 
configured following an intuitive and standard 
procedure. 
 
2 Analysis 
 
The author of this work proposes a design model of 
ROA, based on his experience in the construction, 
design and manufacture of astronomical 
observatories from 2010 to the present day. The 
procedure that is presented, tries to include all the 
factors that are relevant to optimize the operation of 
the ROA and the equipment it houses [10, 21]. In this 
model, three phases are established that must be 
followed in order (from top to bottom and from left 
to right). 
 
PHASE 1: It is intended to start the ROA project, from 
the definition of the project by its promoters. In this 
beginning of the project, three sections A, B and C.  
A are differentiated. The objectives pursued are 
defined (detection and tracking of artificial satellites, 
study of celestial bodies, space debris ...), then 
indicate the type of activity that is intended to be 
developed in these facilities (scientific research, 
security, training,) and, finally, indicate how the 
observatory is intended to operate. For example, 
manual, remotely or autonomously. 
These initial premises are intimately related, so that, 
by defining the first, it conditions its second and so 
on. In this way, the initial project is determined and 
defined, which, in turn, determines the next need. 
B. The initial project demands the scientific and 
technical instrumentation, necessary to develop its 
objectives. This section clearly exposes the required 
optical instrumentation, its mounts and motion 
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systems, video or photography cameras, 
spectrographs, filters and other auxiliary elements of 
measurement, optics or image capture. It is also very 
important to detail the control systems of these 
devices, such as PCs and the necessary hardware. 
As a technical complement to scientific 
instrumentation, the incorporation of devices that 
allow the correct use of scientific instruments should 
also be considered. This should include the type of 
roof necessary for the ROA, such as the dome (shell, 
with shuttle, polyhedral ...), roll-off roof (flat, vaulted, 
folding ...), gable roof, remote or robotic control 
systems and a possible weather station. 
In the following section C, the specific information of 
B is necessary, in addition to that extracted from the 
ROA project itself. The set of actions that must be 
developed are of special relevance for the proper 
functioning of the ROA and that is why they are 
considered as a Critical Zone (the problems not 
resolved during this phase are very difficult to solve). 
It will be essential to know the needs of the 
observatory regarding its location. According to the 
objectives of the ROA, the necessary height, absence 
of wind, relative humidity, orientation, location 
(geographical area) and quality of sky necessary 
must be taken into account, with respect to seeing 
and light or environmental pollution [12, 16]. . This 
previous information will serve as a first filter to 
decide the location of the observatory. In this way 
you can make a first pre-selection of the best places 
available. The second filter, which will be the final 
one, is provided by the meticulous study of 
meteorology and sky quality, or Site-Testing, in the 

pre-selected places [5,14, 15].. The outcome of these 
two studies will determine the best location of the 
ROA. 
In this first phase, the questions of What do you want 
to do?, What is needed? and Where would be the best 
place to do it? 
 
PHASE 2: In the next phase, the Construction and 
Facilities of the Observatory are addressed in 
sections D and E. 
In section D, you must proceed with the drafting of 
the technical engineering project of the ROA, which 
will depend on its objective and final claims. Once all 
the necessary actions to build the ROA have been 
contemplated, the corresponding works for its 
construction must begin. 
Then, in section E, a situation of extreme importance 
appears (many "common" problems in observatories 
occur at this stage), which has been called Critical 
Zone II [18, 20]. . In this phase it is necessary to have 
the intervention of the scientific managers of the 
project, as well as the collaboration and willingness 
of the technical managers of the construction. It is 
essential to coordinate the actions carried out to 
place, guide and properly level the scientific and 
technical instrumentation. Good coordination will 
ensure its good commissioning. If these actions are 
optimized in this phase, future problems, damages 
and repairs will be avoided. 
In this second phase, you can answer how will it be 
done? and How will it be proceeded / installed, so 
that it works correctly? 

 
Figure 1 Scheme of procedures for the design, construction and installation of the new Robotic Astronomical 

Observatories (ROA). 
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PHASE 3: In this last phase, aspects that are usually 
forgotten or simply not raised are highlighted. Two 
fundamental concepts are included for the operation 
of the ROA: A detailed maintenance plan, so that the 
observatory can operate normally and not suffer 
breakdowns or major stops, and on the other hand, a 
training and commissioning plan, which guarantees 
and trains the necessary personnel for its operation. 
The first light of an optical sensor, is from the 
astronomical point of view, the most faithful 
indication that an observatory is operational and 
functioning correctly. 
Finally, the commissioning and operation of these 
facilities is incorporated as the final objective of the 
whole process, but in astronomical observatories, 
this step has been considered very important, since, 
from the first moment, relevant information can be 
obtained on how the objectives proposed at the 
beginning of the project are being met [6]. By 
analyzing these results, new lessons will be learned 
and a very important feebback will be obtained. This 

will contribute to implement improvements and new 
projects for the future. 
 
3 Results 
 
By applying these procedures in the design and 
construction of the new ROAs, solutions to different 
problems have been sought. New projects seek 
alternatives and meet new demands [11, 19].Having 
a network of robotic observatories has been possible 
with the new ProAm models. Obtaining an 
observatory in which up to 10 telescopes can be 
housed has also been possible with the development 
of a hosting for telescopes. Below are the results       
 
3.1 Hosting 
 
Having a large space to house telescopes means 
considerable savings in facilities and automation. In 
this case, a separate room has been included, where 
the control systems and PCs are located. This makes 
it possible to control more than ten telescopes from 
one place. 

 

 
Figure 2. Image of AstroCamp hosting with an open roll-off roof (right). The roof on the left is closed. 

 
The models shown in the images were built for the 
company AstroCamp in its facilities in Nerpio (Spain) 
at more than 1,600 m above sea level. This ROA has 
two independent automated Roll-Off roofs. They can 

be controlled remotely. In the right area of the image, 
there is a room (entrance) to house the control 
systems. This room is independent of the whole 
observatory. 

 

 
Figure 3 Image of the southern slope of AstroCamp hosting in Nerpio (Spain). 
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The Observatory is 40m long (East - West) and 5m 
wide (North - South). It has two independent ceilings, 
which are joined half of the wall facing south. This 
arrangement offers the possibility that when the roof 
is opened, it has attached to it a part of the South wall. 
In this way it offers a wide view of the South to all the 

telescopes it houses and the region of the ecliptic is 
totally free every night. 
 
3.2 ProAm Observatory. 
 
ROA's ProAm models have been developed with the 
aim of achieving a small, inexpensive observatory 
that can accommodate small telescopes [9].The 
purpose of the ProAm models has been to offer a 
solution for small-scale research projects and to offer 
a solution for projects that need to have an ROA 
network. 

 

 
Figure 4. Image of the robotic observatory ProAm 2.5.www.esparterocs.com 

 
The network of BOOTES Observatories and the 
network GLORIA [3, 4]. , has served as a reference to 
find an alternative of small robotic observatories that 
can accommodate telescopes up to 0.8 m in diameter. 
 
4. Conclusions 
 
A standard system for the design and construction of 
ROA has been established.  Site testing, suitable 
placement, technical construction considerations 
and the use of new materials adapted to the new 
projects and their needs are all essential tools to 
achieve a quality astronomical observatory. 
Three models of ROA have been presented. They are 
all based on very similar construction materials, with 
designs adapted to new projects and a new robotic  
control system which has been tested and proved to 
be reliable and versatile.  The new designs of roll-off 
roofs with vaults and retractable gable systems 

provide a very wide field of view, with significantly 
optimize these facilities. 
The results show that it possible to construct new 
observatories which have better materials and can 
be specifically adapted for any research project.  The 
models presented in this work not only  show notable 
improvements in methods and materials, but also 
present a new concept of more versatile, economical 
and efficient observatories.  The three observatories 
are currently operative and Performing the functions 
which they were designed for at 100%. 
 
References 
1. Arditti, D. (2007). Setting-up a small observatory: 

from concept to construction. Springer Science & 
Business Media. 

2. Castro-Tirado, A. J. (2010). Robotic autonomous 
observatories: a historical perspective. Advances 
in Astronomy, 2010. 

3. Castro-Tirado, A. J., Jelínek, M., Gorosabel, J., 
Kubánek, P., Cunniffe, R., Guziy, S., ... & Tello, J. C. 



Journal of Harbin Engineering University  Vol 44 No. 7  
 
ISSN: 1006-7043  July 2023 
  

5 

(2012). Building the BOOTES world-wide 
Network of Robotic telescopes. Astronomical 
Society of India Conference Series, Vol. 7, pp. 313-
320. 

4. Castro-Tirado, A. J., Moreno, F. S., del Pulgar, C. P., 
Azócar, D., Beskin, G., Cabello, J., ... & González-
Rodríguez, A. (2014). The GLObal robotic 
telescopes intelligent array for e-science 
(GLORIA). RevMexAA, vol. 45, pp.104-109. 

5. Echevarría, J. et al. (1998). Site testing at 
Observatorio Astronómico Nacional in San Pedro 
Martir. RevMexAA, vol. 34, pp. 47. 

6. Espartero, F., El Observatorio Astronómico de “La 
Pedriza”. TFM Facultad de Ciencias. Universidad 
de Granada (2013). 

7. Espartero, F., Martínez G., Frías M., Montes F.S., 
Castro-Tirado A., (2018). Autonomous 
spectrographic system to analyze the main 
elements of fireball and meteors. Earth, Planets & 
Space, 70:02. 

8. Espartero, F., (2018). Sistemas espectrográficos 
de gran campo y su aplicación al estudio de 
meteoroides en la atmósfera terrestre. Ph.D. 
thesis. Complutense University of Madrid. Spain 

9. Espartero, F., Frías M., Martínez G., Pérez A. 
(2019).The PRO-AM Observatory. RevMexAA, Ser. 
Conf. 51, 62-65. 

10. Fernández, L. (2010). Etapas constructivas. 
Ediciones AMV.Madrid 

 
11. Goode, P. R., Shoumko, S., Pallé, E., & Montañés-

Rodríguez, P. (2010). Automated Observations of 
the Earthshine. Advances in Astronomy, 2010. 

12. Gonzalez‐Hidalgo, J. C., Peña‐Angulo, D., Brunetti, 
M., & Cortesi, N. (2016). Recent trend in 
temperature evolution in Spanish mainland 
(1951–2010): from warming to hiatus. 
International Journal of Climatology, 36(6), 2405-
2416. 

13. Hicks, J. S. (2016). Building a roll-off roof or dome 
observatory. Building a Roll-Off Roof or Dome 
Observatory: A Complete Guide for Design and 
Construction, The Patrick Moore Practical 
Astronomy Series, ISBN 978-1-4939-3010-4. 
Springer-Verlag New York. 

14. Mahoney, T., Muñoz-Tuñón, C. y Varela, AM 
(1998). Campaña de prueba de sitio de GTC: 
meteorología. New Astronomy Reviews , 42 (6-
8), 417-424. 

15. McInnes, B., & Walker, M. F. (1974). Astronomical 
site testing in the Canary Islands. Publications of 
the Astronomical Society of the Pacific, 86(512), 
529. 

16. Moles, M. et al. (2010). Site testing of the Sierra de 
Javalambre: First Results. Astron. Soc, Pacific, Vol. 
122, No. 889. 

17. Moore, P. (1996) Small Observatories Desings 
and Construction. Springer (London) ISBN: 3-
540-19913-6. 

18. Murdin, P. (1985). Nighttime skies above the 
Canary Islands. Vistas in Astronomy, 28, 449-465. 

19. Reed, M. D., Thompson, M. A., Hicks, L. L., & Baran, 
A. S. (2011). The Baker Observatory Robotic 
Autonomous Telescope. In Telescopes from Afar. 

20. Sanchéz, F. (1985) Astronomy in the Canary 
Islands.vol.28, part.2, pag.417-430. 

21. Walton, D. (1995). Building Construction: 
Principles and Practices. Macmillan. 


	1 Introduction
	During the twentieth century, the Robotic Astronomical Observatories (RAO) have evolved along with telescopes and sensors of different formats [2]. These advances have made it possible to capture images and obtain data in different ranges of the elect...
	In the telescopes and sensors that operate in space, important advances have been incorporated in the remote control and robotization of this equipment. Operating at great distances and without the possibility of accessing the instruments, for repair ...
	In the telescopes and sensors that operate in space, important advances have been incorporated in the remote control and robotization of this equipment [7]. Operating at great distances and without the possibility of accessing the instruments, for rep...
	To optimize the performance of ground equipment, a new generation of ROA is being developed. The new ROA are models of specific Observatories that are designed and built for each project [17, 21]. They can be unique and very different from each other....
	2 Analysis
	The author of this work proposes a design model of ROA, based on his experience in the construction, design and manufacture of astronomical observatories from 2010 to the present day. The procedure that is presented, tries to include all the factors t...
	PHASE 3: In this last phase, aspects that are usually forgotten or simply not raised are highlighted. Two fundamental concepts are included for the operation of the ROA: A detailed maintenance plan, so that the observatory can operate normally and not...
	Finally, the commissioning and operation of these facilities is incorporated as the final objective of the whole process, but in astronomical observatories, this step has been considered very important, since, from the first moment, relevant informati...
	3 Results
	By applying these procedures in the design and construction of the new ROAs, solutions to different problems have been sought. New projects seek alternatives and meet new demands [11, 19].Having a network of robotic observatories has been possible wit...
	3.1 Hosting
	Having a large space to house telescopes means considerable savings in facilities and automation. In this case, a separate room has been included, where the control systems and PCs are located. This makes it possible to control more than ten telescope...
	Figure 2. Image of AstroCamp hosting with an open roll-off roof (right). The roof on the left is closed.
	The models shown in the images were built for the company AstroCamp in its facilities in Nerpio (Spain) at more than 1,600 m above sea level. This ROA has two independent automated Roll-Off roofs. They can be controlled remotely. In the right area of ...
	Figure 3 Image of the southern slope of AstroCamp hosting in Nerpio (Spain).
	The Observatory is 40m long (East - West) and 5m wide (North - South). It has two independent ceilings, which are joined half of the wall facing south. This arrangement offers the possibility that when the roof is opened, it has attached to it a part ...
	3.2 ProAm Observatory.
	ROA's ProAm models have been developed with the aim of achieving a small, inexpensive observatory that can accommodate small telescopes [9].The purpose of the ProAm models has been to offer a solution for small-scale research projects and to offer a s...
	Figure 4. Image of the robotic observatory ProAm 2.5.www.esparterocs.com
	The network of BOOTES Observatories and the network GLORIA [3, 4]. , has served as a reference to find an alternative of small robotic observatories that can accommodate telescopes up to 0.8 m in diameter.
	4. Conclusions
	A standard system for the design and construction of ROA has been established.  Site testing, suitable placement, technical construction considerations and the use of new materials adapted to the new projects and their needs are all essential tools to...
	Three models of ROA have been presented. They are all based on very similar construction materials, with designs adapted to new projects and a new robotic  control system which has been tested and proved to be reliable and versatile.  The new designs ...
	The results show that it possible to construct new observatories which have better materials and can be specifically adapted for any research project.  The models presented in this work not only  show notable improvements in methods and materials, but...
	References



