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THE SPACE TECHNOLOGY TO SOLVING SOCIETAL ISSUES IN BOLIVIA: AN OVERVIEW

Aerospace development for a country represents their technological level, development capacity, and their sovereignty. The development of the aerospace industry brings technology that the society use in the daily lives. The technology initially developed to explore the universe is the same that today we use in our daily lives.

Today we can see that the South American countries, including Bolivia, are showing strong economic growth, and this leads to a higher rate of development and increased investment in new technologies. For example in recent years, it has seen as many governments in South America, have decided to invest in space systems. These space systems have different applications, among them we can mention, remote sensing technology for disaster management, urban planning improvement, environmental assessment, telecommunications systems.

In the space technology field, Bolivia is developing its expertise with the creation of the Bolivian Space Agency (ABE), the launch of its first telecommunications satellite Túpac Katari (TKSat-1), the training of Bolivian professionals, and the creation of two ground stations. Other important thing is that the Bolivian Space Agency announced the country's willingness to purchase another satellite soon.

In that context, the present research wants to show how our communication satellite has opened a great opportunity for our rural communities through the integration into their life new technologies of information and communication. Because, thanks to our satellite, over 1000 telecentres were installed in remote rural communities that never had direct access to telecommunications services. In these telecentres, thousands of Bolivians have, for the first time, the possibility of connecting to the world and somehow reduce the difference gap between the rural area and the urban area.

The country knows that in this new era, we must move from being a country that dependent from others, to become a country applying the learned concepts. It is necessary to become a country with the capacity to do research activities and to be able to develop its technology because it has the human resource to meet this challenge and we need to offer a chance to inspire people and bring to their attention the potential and benefits of the space sector.

I. INTRODUCTION

Currently in the Latin American region there has been an increase in the rate of the acquisition of new aerospace technologies, especially remote sensing technology, which can have diverse applications, such as monitoring and response to natural disasters, urban growth planning, agriculture, border monitoring and many more applications. [START_REF] Roman-Gonzalez | Tecnología Aeroespacial en el Mundo[END_REF] [START_REF] Roman-Gonzalez | The UNSAAC Activities in Aerospace Development[END_REF] For its part, Bolivia has acquired a communications satellite that was launched in 2013. [START_REF] Vargas-Cuentas | Promotion of Aerospace Technology in Bolivia[END_REF] The country's satellite project not only seeks to improve telecommunications coverage throughout Bolivia, but also seeks to promote the development of rural areas, promote the inclusion of remote communities and reduce the gap of social differences in Bolivia, on the other hand seeks to encourage the growth of future professionals in satellite technologies and ensure this future the development of aerospace technologies in the country.

In order to understand the evolution of space technology and its impact on Bolivian society, it is necessary to describe the space and ground segment of the TKSat-1 satellite project, also we need to describe the promotion activities of the space technology that have been carried out in Bolivia, for the other hand we need to describe the presence of the Space Generation Advisory Council in Bolivia and its main functions.

On the other hand, we need to specify the emerging opportunities that have arisen directly from the impact of the beginning of the development of space technology in Bolivia, such as the installation of rural integral telecentres, the creation of educational channels in open signal, the emergence of training opportunities for Bolivian professionals in areas related to aerospace technology and the emergence of remote sensing technology and its future applications in Bolivia.

Finally, it is important to take into account the future projects that will be developed in the country, such as the participation of a team of students in the NASA Human Exploration Rover Challenge, on the other hand another group of students has raised the creation of CEBLI launch centre.

Bolivia has its eyes on the horizon, its plans seek to improve the future of the country and have a technological sovereignty, for this it understands that it must give tools to its students and professionals, beginning by diminishing the social differences, and integrating the remote communities and use the space technology to solve societal issues in Bolivia.

II. DEVELOPMENT OF AEROSPACE

TECHNOLOGY IN BOLIVIA As we said before aerospace technology brings development to the country that invests in this field; you can meet social inclusion objectives, military control, management of mining areas, pollution monitoring, deforestation monitoring, etc.

With the recent growth of development in the area of aerospace technology and the new possibilities of starting a small-scale space mission; countries like Bolivia without access to space before, have leapt to the aerospace era and now have access to space in many ways. For example, by carrying out various individual projects or by establishing agreements with other nations, including public or private investment.

Since 2010, with the creation of the Bolivian Space Agency (ABE), Bolivia has started a "Space Era". In this new era our country launch of its first telecommunications satellite Túpac Katari (TKSat-1), which was launched on December 20 of 2013, with the training of Bolivian professionals on the Great Wall Industrial Corporation (CIGM), and the creation of ground stations in the cities of La Paz and Santa Cruz for management and monitoring of TKSat-1. [START_REF] Vargas-Cuentas | Promotion of Aerospace Technology in Bolivia[END_REF] A. Telecommunications satellite TKSat-1 The TKSat was built, launched and put into orbit for the Great Wall Industrial Corporation, was launched on December 20, 2013, from the Xichang Satellite Launch Center, using a Long March 3 B / E rocket and started its full operations on April 1, 2014.

It is located in a geostationary orbit, on the plane of terrestrial Ecuador, 87.2 ° W longitude and 36000 km high above the surface of the Earth. Some technical information of TKSat-1:

Table 1: Technical information TKSat-1. Source: Bolivian Space Agency (ABE)

The dimensions of TKSat-1 are: 2.36 m x 2.1 m x 3.6 m and its weight is 5100 kg. This satellite has a capacity for the bands C, Ku, and Ka, it consists of 30 channels [START_REF] Viles | Ku band satellite antenna position control and monitoring system[END_REF] on the C / Ku / Ka bands and will operate on three frequencies: This communication satellite increased mobile service coverage throughout the Bolivian territory to reach rural and remote locations where it was not possible to achieve with terrestrial telecommunications networks, such as optical fiber or microwave. In May 2016, The Bolivian Space Agency has obtained a license to provide telecommunications services directly to the public in rural areas of our country.

B. Amachuma and La Guardia Earth Stations

The terrestrial segment of the Bolivian satellite consists in two earth stations which are located in two different cities of Bolivia.

The earth station of Amachuma is the main station of the TKSat-1 and is located in the city of El Alto in the department of La Paz, at a height of four thousand meters above sea level. In this station, a teleport has also been implemented, which allows the provision of telecommunications services to various public and private clients. On the other hand the earth station of La Guardia is the second earth station of the TKSat-1 and is located in the department of Santa Cruz to a height of 500 meters above sea level.

C. Promotion of the Aerospace Technology in the Country

Bolivia is proud because it achieves the primary objective of the country which is being a country applying the academic theory, a country with the capacity to do research activities, to be able to develop its own technology.

Currently, it is necessary that students, professionals, and the general public, are aware of the importance of space technology in Bolivia, the impact that is taking the new projects of the Bolivian Space Agency and also know all the future plans for space technology in our country.

Taking this into account, it is necessary the promotion and development of aerospace technology in students, professionals and the general public of Bolivia, in this sense it has organized the First and Second Bolivian Congress in Aerospace Technology -ABC (Aerospace Bolivian Conference).

The first conference ABC 2014 was held from Wednesday, July 23th through Friday, July 25th, 2014 at the Military School of Engineering -EMI -Campus Irpavi in the beautiful city of La Paz -Bolivia.

The second conference ABC 2016 was held from Wednesday, July 27th through Friday, July 29th, 2016 at the same place of the first one. [START_REF] Sarli | South American Space Era[END_REF] This congress, at both years, had the support of various public institutions, private companies and various Bolivian and foreign universities.

Mainly had the support of the Military School of Engineering (Escuela Militar de Ingeniería -EMI) and of the Cultural Cooperation Section of the Embassy of France in Bolivia, who were co-organizers of the conference.

This event was organized for students and professionals to promote interdisciplinary understanding of aerospace systems, their underlying science and technology, and their applications to government and commercial endeavours. The Aerospace Bolivian Conference had the participation of national and international keynotespeakers from countries like France, Germany, Russia, United States, Netherlands, Brazil, Uruguay, Ecuador, Paraguay, Peru, and Bolivia.

The topics of the conference were: Ground station design, test radiation on EEE components, space monitoring applications, propulsion systems for satellites, nano-satellites, analog astronaut missions and the use of remote sensing for the study of water resources. 

D. Space Generation Advisory Council in Bolivia

The Space Generation Advisory Council is a global non-governmental, non-profit organization in support of the United Nations Programme on Space Applications. This network aims to represent university students and young space professionals to the United Nations, space agencies, industry, and academia in fields like international space policy issues.

SGAC is responsible for injecting the new generation point of view into international space policy creation introducing youth opinion in the United Nations through its observer status in the United Nations Committee on the Peaceful Uses of Outer Space (COPUOS) SGAC -Bolivia is proud because is helping with the main objective of the country and is taking giant steps in their mission to promote knowledge of space science in the young students and professionals with the organization of different space activities in Bolivia. Thanks to the presence of the SGAC in Bolivia volunteers and young students and professionals have been able to benefit from participation in events organized in the country with reference to aerospace technologies and their applications, which has been able to give them a wider vision and better opportunities for their academic and professional life.

III. EMERGING OPPORTUNITIES

The space activities and the technology involved in its development is, for our country, a tool that generates new and emerging opportunities to find a way to solve different social problems that afflict us.

A. Rural satellite telecentres Thanks to TKSAT-1 over 1000 telecentres were installed in remote rural communities that never had direct access to telecommunications services, in these telecentres, thousands of Bolivians have for the first time a window to the world and integrate into their life new technologies of information and communication.

Telecentres are public places of free access, where computers with Internet and other technologies can be used to help the development of digital skills in the population. [START_REF] Hallberg | Telecentros en Bolivia: la atención en las mujeres[END_REF] For the correct operation, each telecentres is equipped with different subsystems, the most important are: subsystem of energy (AC or DC), network and Internet access subsystem, satellite TV subsystem and computer equipment subsystem.

Each telecentre is equipped with five computer equipment, a television, a printer, a VSAT antenna, a Wi-Fi router, chairs and desks among others. We can see in the following figure a map of the distribution of all these equipment in the environment of the telecentre. The installation of this telecentres in remote areas of the country has increased notably, in 2006 Bolivia just had 17 telecentres, but this number increased and reached 1673 telecentres in the year 2015. In addition in the following years until nowadays, 1500 new telecentres have been added in order to include more rural populations in the project. [START_REF] Crespo | Políticas en tecnologías de la información y la comunicación en el nuevo contexto social y educativo en Bolivia[END_REF] In addition, distant populations in the country have benefited from telephone, Internet and satellite television, before this 1.2 million people never had access to these services. The authorities of rural communities and neighbourhood councils have been very involved in the implementation of the telecentres in their community and in a joint work with the Municipal Government have defined the rules of use and operating hours of each telecentre.

It has been defined that in school hours the use must be a priority for students in the community, so schools can request the telecentre room to provide a class in that environment.

Any user under the age of 12 who uses the telecentre outside of class hours must be accompanied by their parents or guardians.

The use of telecentre equipment should be requested half an hour before and can be used for one hour maximum unless there is availability of equipment and space in the telecentre. On the other hand, training has been implemented to prepare the people in charge of the management, care and maintenance of the telecentre.

Evaluation materials and small practices have also been developed that can be developed by the users during their visits to the telecentre. These practices are aimed at providing them with the necessary tools to use the telecentre equipment and to measure the evolution of their digital abilities over time. It is important to mention that this project is in direct coordination with the Ministry of Education and essentially seeks to improve the access and quality of education in Bolivia.

The project includes the creation of two television channels, the first one will be oriented to offer contents of ongoing training and the second channel will be oriented to complement the content of our educational system.

Both channels will have technological and scientific content, designed as much for students, as for teachers and parents. [9] The signal from these television channels can be accessed at the TKSat-1 telecentres or from any home by acquiring a satellite antenna and by visiting the ABE website for detailed installation instructions.

The initiative of these education channels arises due to a great problem in the country, which shows that there is a large population of students living in rural areas that cannot attend school because of the long distance they must travel to access to an educational centre close to their communities.

The open signal educational channels will serve to specialize teachers from all over the country, to provide training tools to parents who must educate their children at home and finally to awaken in young students a vocation for technology and science, giving children and youth throughout Bolivia the same opportunities for access to education.

C. Training of professionals in Aerospace

Applications In 2016 the Bolivian Space Agency, in conjunction with the Universidad Mayor de San Andres (UMSA), developed a postgraduate course in Satellite Communication Systems, this program would have Bolivian lecturers specialized on the Great Wall Industrial Corporation (CIGM) in China, thus being a technology transfer for future generations of professionals. This project is the first specialized study program in Space Applications in the country.

For the other hand, the Bolivian government has understood that we must be a country with the capacity to do research activities and to develop our technology.

That is why Bolivia with help of the Bolivian Space Agency is starting with the training of young professionals, with programs that aim to provide scholarships for master and doctorate in various fields, such as aeronautics and aerospace engineering and others that are of importance to scientific and technological sovereignty.

Two of the main programs who provide scholarships in the aerospace field are:

1) Project "100 Study Scholarships for Scientific and Technological Sovereignty," this program of the Bolivian government through the Ministry of Education awards outstanding Bolivian students with 100 annual scholarships to study postgraduate programs in universities of all the world, this project aims to support the training of scientists for the development of strategic areas of the country. In the area of aeronautics and space, masters programs are offered in aeronautical engineering and aerospace engineering. [START_REF]El gobierno promulga decreto supremo que otorga becas de postgrado a profesionales con excelencia académica[END_REF] 2) Scholarships of the China Scholarship Council (CSC) and the Regional Centre for Space Science and Technology Education in Asia and the Pacific (RCSSTEAP), through the Bolivian Space Agency grants scholarships to Bolivian professionals for Master programs in Space Technology Applications (MASTA) and a Doctoral Program on Space Technology Applications (DOCSTA), to be held at Beijing University of Aeronautics and Astronautics Beihang University (BUAA) in China. [START_REF]MASTA and DOCSTA programs[END_REF] Some of the specialization programs are Remote Sensing and Geo-Information Systems (RS & GIS), Global Navigation Satellite Systems (GNSS), Space Law and Policy and Micro-Satellite Technology. The first step that must be taken to carry out this project is to train Bolivian professionals in the processing of satellite images, which will allow the Bolivian State to have the capacity to use space technology in order to contribute to national development through satellite information.

Recently in 2015 the Bolivian Space Agency and the French company THALES signed an agreement for the inauguration of an experimental laboratory to train operators in the processing of satellite images that help training and image detection of natural disasters and agricultural fields. [START_REF] Boliviana | Observación de la Tierra[END_REF] Currently, the Image Processing Laboratory of the Bolivian Space Agency (LPAIS), has presented satellite images with a basic processing, for the analysis and interpretation of certain phenomena, such as: The urban growth of the most important cities of the country such as La Paz , El Alto, Cochabamba and Santa Cruz; forest fires in the eastern regions of the country; the monitoring of climate change and its effect in the Bolivian Andes, and finally the image processing for the monitoring of droughts and landslides in some areas of Bolivia.

The Bolivian state has considered a list of interests of the applications of Remote Sensing, including the following: monitoring biodiversity and environment, mining and geology, epidemiology, agriculture, drought monitoring, flood monitoring, water resources, forest fires, landslides and city planning. This course will be a technology transfer for the formation of future generations of professionals and it will be a way of transmit all the theory learned in foreign universities to students and young professionals of the country.

The space launch centre INTI was born in 2015 by a group of approximately 20 university students and volunteer engineers who began to enter the research and implementation of aerospace technology in Bolivia, as they know the need of our country to enter in the space race. [START_REF] Cebli | Centro Espacial Base de Lanzamientos -INTI[END_REF] This research group plans in the near future to present some prototypes of its investigations, among them we can mention the development of a nanosatellite in real-scale named "killa" and several rocket prototypes built to scale by the researchers of the centre, the main rocket prototype is called "chaska chinkay". Source: CEBLI Another future project is the formation of a 100% Bolivian team to compete in the NASA Human Exploration Rover Challenge to be held in the city of Huntsville, Alabama, United States on March 30 -April 1, 2017, at the U.S. Space & Rocket Centre. [START_REF] Razón | Equipo de la UMSA participa en competencia de la NASA con prototipo de explorador lunar[END_REF] The main objective of this challenge is encouraging in young students the research and development of new technology for future mission planning and crewed space missions to other worlds. For achieving the main objective of the challenge the groups need to design, construct and test technologies for mobility devices to perform space exploration in different environments.

VI. CONCLUSIONS AND RECOMMENDATIONS

 Bolivia must develop more space technology dissemination activities to awaken the motivation in young students to specialize in the space technology and its applications.  It is necessary to begin to support the development of a nano-satellite project to form abilities in students and professionals and thus to have a sovereign access to the space.  More scholarships should be encouraged and created for the specialization of Bolivian professionals in areas related to space technology abroad, which this we can ensure a technological transfer of everything learned during the training.  Research and use of Remote Sensing technology should be further exploited and encouraged, as its applications can be very useful for different areas of the country.
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 1 Fig. 1: Area of coverage of the different bands of TKSat -1. Source: Bolivian Space Agency (ABE)
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 2 Fig. 2: Amachuma Earth Station Source: Bolivian Space Agency (ABE)
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 3 Fig. 3: Main organizers of the Aerospace Bolivian Conference. Source: ABC 2016
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 4 Fig. 4: Aerospace Bolivian Conference Source: ABC 2016 Finally the conference had the presence of representatives of major companies specializing in aerospace technology as TIMA Laboratory, The National Center for Scientific Research of France (CNRS), THALES Alenia Space, Airbus Space and Defense (ASTRIUM) and Arianespace, they developed a technology fair, where the event sponsoring companies shown their work, services and/or products offered to the general public.
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 5 Fig. 5: Regional Coordinator and National Point of Contacts Bolivia. Source: SGAC
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 6 Fig. 6: Map of a telecentre. Source: Bolivian Space Agency (ABE)

Fig. 7 :

 7 Fig. 7: Satellite communication scheme of the telecentres. Source: Bolivian Space Agency (ABE)
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 8 Fig. 8: Operation of telecentres in the country.Source: Bolivian Space Agency (ABE)
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 9 Fig. 9: Integral satellite telecentres. Source: Bolivian Space Agency (ABE) Each telecentre, or also called community technology centre, has the main objective to promote social and community development through the use of technologies to provide the opportunity for development to groups and communities in situations of rural technological backwardness. At the same time, it seeks to create economic opportunities for the population and promotes the creation of contacts between communities. [8] B. Development of educational television channels The Bolivian Space Agency, in its role of management of the satellite project, wants to use the information, communication and development technologies provided by our communications satellite, is for this reason that has proposed to create television channels with educational content in open signal.It is important to mention that this project is in direct coordination with the Ministry of Education and essentially seeks to improve the access and quality of education in Bolivia.

  D. Arising of the remote sensing technology Bolivia has outlined a binational cooperation agreement with Peru to exchange knowledge and experiences in the implementation of telecommunications and earth observation satellites.
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 10 Fig. 10: Land classification map of Santa Cruz. Source: LPAIS-ABE These research areas have been selected taking into account the priorities of the Bolivian State to achieve the country's primary objective of promoting sustainable development, reducing socio-economic gaps and ensuring the well-being of the population.
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 11 Fig. 11: CEBLI (Space launch centre INTI).Source: CEBLI