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Abstract. In the Framework of the Community Program stations and internet
access for indigenous people; this study introduces an overview of the feasibility
studio and definition of technical conditions for the installation of a link between
the broadcasting station of the municipality of Santander de Quilichao with a
radial production center of Toribio’s municipality. The relevant aspects of the
links design, as well as defining technical conditions to visit these areas, deter‐
mining the location of the links, repeaters and some calculations made for this
purpose and thus, how they can possibly access to e-learning Web 2.0 tools based
on LMS basically in the area of indigenous communities of Toribio, Cauca’s
County in Colombia.
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1 Introduction

This paper was made in the frame of the community program between the Technologies
of Information and The Communication Ministry. The Culture Ministry and the Finan‐
cial Background of Development Projects Team, that supports the strengths, the recu‐
peration and the conservation of the culture, its traditions, customs, languages and
autochthonous life plans of Colombian Ethnic Minorities (indigenous people) [1], all of
these through the provision of sound broadcasting infrastructure of public interest,
whose operation is sustainable and guarantees the participation of the majority of sectors
inside the ethnics groups. In this way, the link design and implementation for one of the
stations between Santander de Quilichao y Toribio municipalities seeks to consolidate
the above described project from Cauca providing an infrastructure that allows the
foundation of the Radio Paýumat station that will have around 24.475 indigenous and
benefits its population with a coverage of 16 reservations denominated “association of
north zone of Cauca indigenous council” [2].
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The purpose was performed by an inspection and visits of the involved zones in the
project and to analyze the land conditions (surrounded areas, accessibility, transport,
isolation, media access and development resources, for instance: electric energy and
other services) after the parameter identification and the definition of the technical
conditions of the link also, to make a comparison between the project techniques defi‐
nitions and requests which can determine the feasibility of this link and after that, the
results shown and the conclusion of this project.

1.1 Definition of the Technical Conditions and Studies of the Zone

To make a definition of the technical conditions it is necessary to evaluate some factors
such as: location, height, antennas elevation, potency and frequency of the station oper‐
ation for the zones involved which are divided in 3 links:

– Link 1: Toribio (Transmitting End) y San Julian’s Hill (Repeater System)
– Link 2: San Julian Hill (Repeater System)–Pýumat Transmitting (Munchique’s Hill)
– Link 3: Pýumat Transmitting (Munchique Pequeño Hill) (Repeater system) –

Pýumat’s studio (Santander de Quilichao) (Receiving End).

These conditions are summarized in the following tables (Fig. 1):

Fig. 1. The relationship between Links 1 and 2.

The considerable distances and the limited land access shapes a critical factor that
can be important obstacles at the moment of making a red planning [3]. Therefore, in
the first step of the project was made a studio of the zone to obtain information about
the access and characteristics related to the infrastructure. The visited places were in the
municipalities of Toribio, San Julián’s hill, small Munchique’s hill, and in Pýumat
(Santander de Quilichao), where the dates are coined in the following Fig. 2 as follows:
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Fig. 2. Summary data survey in rural sites in Cauca.

1.2 Research Location Conditions Links

The location and determination of radio link point is between the site of the survey in
Santander de Quilichao and Toribio zone; this condition is made by taking into account,
among others established considerations and following the invitation to make the quote
of the studio technique:

• Any individual who wants to visit or to work, he or she must take into account that
has to know the steps in the indigenous communities where the station and the link
system are developed and also he or she has to have a respectively consent of the
representative of traditional authorities and it must be coordinated between the
contractor and the respective indigenous community authority to carry out any kind
of activities.

• With respect to the previous consideration, the same indigenous community repre‐
sented by Mr. Leonardo Jurado who suggests the places, the location of the repeaters
systems, even it was signed a record in which the community was compromised to
ensure the availability, in the same way, the technical visit to the zone was made with
the support and accompaniment of Mr. Jurado.

• The selected place for the establishing of the radio link constituent points must count
with electrical energy provision.

• In all the radio link constituent points this condition is accomplished.
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• It must exist an access facility in the selected place for the installation of the repeaters
systems.

• The San Julian’s hill is the unique place chosen for the radio link that doesn’t have
highway access. A person should walk around 90 min to get there, however taking
into consideration that the reliability of the link system is high, this condition is not
an impediment for installing there a repeater system.

• The selection of the landmarks for studies and transmission systems must seek zones
with the best possible security conditions, in such a way that decreases the damage
or robbery risk of the equipment that will be used.

• The place called Munchique’s hill has already communications equipment installed
for the community program and its construction in where they were installed is quite
safe.

• Currently, the place San Julian’s hill is guarded by the National Army. However, it
is necessary to analyse if its presence will be permanent. Anyway, at present are
installed communications systems of Telecom and safe booths.

2 Scheme Radio Link Physical Configuration

The establishing of a certain number repeaters, it was used a free software tool in which
starting of the studio location of both stations. Then, it was determined the visual
coverage zones that were achieved since those points, as a first conclusion it was found
that it did not exist a looking line between both points as the one shown in the Fig. 3a.

Fig. 3. Visual (a) and coverage area (b) between Santander of Quilichao and Toribio.

In Fig. 3, it is shown the visual coverage from the studio of the station of Santander
de Quilichao (Radio Pýumat) this is shown in red and the Toribio’s station. Additionally,
there is a little area in that was transplanted into both visual coverage areas of each studio
and therefore, it was used just one repeater, this area is located far from the wanted link
points (23.8 km of the Radio Pýumat studio and 12.5 km from the Toribio studio).
Besides, of having a very difficult access to the highway since the nearly road cross is
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about 5 km far from the point and it does not exist energy supply because of this, it is
not practical to install a repeater there. Taking into account this situation, there were
installed 2 repeaters to achieve the link. Then, it is taken like installation place of a
repeater the location in which is found the irradiant system of the station Radio Pýumat
(Munchique Pequeño) place that counts with electrical energy, access facilities and it is
safe.

To set up the second repeater, it was taken the place in that it was going to be located
a microwaves system of TELECOM located at 2.7 km from the Toribio studios (San
Julian’s hill), to reach that place, it must be by walking or riding a horse, it takes around
1 h and 30 min time, the place also counts with electric energy and enough security
because it is guarded by the National Army soldiers, so it is also necessary to ask for
permission to that institution to reach that place. Both choices to locate the repeater
systems has a visual line between itself and at the same time the San Julian hill has a
visual line with the place where there will be located in Toribio, Small Munchique studio
and the Radio Pýumat Station. The scheme is the radio link physical configuration as
shown in Fig. 3

2.1 Establishing the Radio Link Location Sites

The location coordinates of the constituent radio link sites are determined by (Fig. 4):

Fig. 4. Coordinate Munchique Small hill area and transmitter Pýumat, Repeater System and final
system.

3 Propagation Budget

The propagation calculations are made based on the recommendations of the ITU-R PN:
525-2. Calculation of attenuation in free space and P.530-9 Propagation data and predic‐
tion methods required of a design of terrestrial sight systems [4]. The operating
frequency band will be prepared by the Technologies of Information and
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Communication Ministry, it is from point-to-point links with a channel width of
200 kHz, 390–400 MHz. It was also chosen a specific frequency of 395 MHz. and 390–
400 MHz, as specific frequency of 395 MHz was chosen, however the calculation is
performed in a band of 335.4–343 MHz, the frequency changing does not involve
changes on the characteristics of the equipment.

The antenna heights were given to have an eye contact line in each link and it must
have a clearing of the first Fresnel zone at least of 60% to be determined. (Rec. P.530-9).
A software was used to determine the condition and it should take into account the field’s
profile and radius k factor of the Earth; where k in this case, is taken as 4/3 and frequency
[5]. The clearing condition was especially due to considering the link between studio of
Toribio and San Julian Hill in both parts, thus, the condition of both is largely due to
geographical conditions.

Once determined the antenna height and secured the line of sight condition, it can
apply the equations for calculating a free space loss according to PN Rec. 525-2 and it
is related to point-to-point:

Lbf = 32, 4 20 log 20 log d(dB) (1)

f = frequency (MHz)
d = distance (Km)
The FSPL expression (1) above often leads to the erroneous belief that free space

attenuates an electromagnetic wave according to its frequency.
Based on the propagation in free space, we can use the following conversion equation [6]:

E = Pt − 20 log d 74, 8 (2)

The Isotropic received power for a given field strength; where:

Pt: Isotropically transmitted power (dB(w))
Pr: Isotropically received power (dB(w))
E: Electric field intensity (dB (μV/m)
f: Frequency (GHz)
d: Radio electric path length (km)
Lbf: Basic Transmission loss in free space (dB)

The Eq. (3) relating the field strength necessary to the sensitivity of the equipment
is:

E = K + Vr (3)

The sensitivity, is the minimum magnitude of input signal required to produce a
specified output signal having a specified signal-to-noise ratio.

where:
Vr: Sensitivity (dB μV)
K: Antenna Factor (dB/m)
For an input of 50 Ω receiver has a factor of antenna:

K = 20 log f − Gant − 29, 78
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where:
Gant: Antenna gain (dBi)
K: Antenna Factor (dB/m)
The budget about radio link between Toribio and Cerro San Julian was determined

by an antenna height of 5 m studies in the Cerro San Julian of 10 m and it has to be the
clearing of the first zone Fresnel which is 150% so that, the condition for free space
propagation is satisfied.

For values of 339 MHz and a distance of 3.03 km losses in free space are in:

Lbf = 96, 63 dB

The transmit power should consider the cable losses and antenna gain:
For the frequency of 339 MHz ½ inch cable LDF12-50 reference in the catalog

presents an attenuation of:

Acablef = 1.114 dB

For a transmitter located in Toribio studios, one wire length of 12 m so, it has an
estimated attenuation (4):

Lcable =
Longcable ∗ Acablef

100
= 0.134 (4)

It should also be considered the loss connectors which are made of 0.2 dB. Then, the
losses transmission line are:

Llineatx = Lcable + Lconnectors = 0.334

Thus, the power transmitted by taking into account the losses of the transmission
line including an antenna gain of 6 dBi:

Pt = 10 ∗ log
(10 watt

1 watt

)
− Llineatx + Gant = 15, 666 dB (5)

The equivalent value in watts Pt is known as EIRP (Effective isotropically radiated
power) and it is:

EIRP = 10
Pt

10 watt = 36, 886 watt

Then, the field strength obtained in the Cerro San Julian to an antenna gain of 6 dBi,
a distance of 3.03 km and it is the power calculated above:

E = Pt − 20 log (d) + 74, 8 + Gant

On the other hand, it must be determined that the field strength should be in the Cerro
San Julian to the receiver operates in proper condition, according to catalogs link
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receiving equipment have values between 50 μV up to 1000 μV. It works so that the
worst case is that, of the highest signal that is required 1000 μV.

Again, taking into account losses transmission line on the receiving side, here the
antenna has a height of 10 m, so that the transmission line is estimated at 13 m, then for
cable LDF12-50 connector losses of 0.2 dB:

Acablef = 1, 114 dB

Longcable = 13

Lcable =
Longcable ∗ Acablef

100
= 0, 145

Lconnectors = 0, 2

Llineatx = Lcable + Lconnectors = 0, 345

The sensitivity in dBμV from 1000 μV sensitivity value is:

Sensitivity dBμV = 20log

(
1000 ∗ 10−6

10−6

)
= 60

The field strength required for the receiving equipment is working properly:

Erequested =
(
20 log f − Gant − 29, 78

)
+ Sensitivity dBμV + Llineatx = 75, 169

dBμV
m

Because of this, the field obtained at the point of reception is greater than required
conditions, it shows that the radio link for operation are met.

4 Plot Links Result

Then profiles between different points system involving the link values with the calcu‐
lations are shown below:

Figure 5 shows the result of the 3 km link, this radio link is adequate and allows you
to see that it has no problems with the Fresnell zone.

Figure 6 below shows the link from the hill Pýumat to the city of Toribio, it is also
observed that the conditions are adequate and therefore the link can work properly
without problems.

22 R. Ferro et al.



Fig. 6. Link profile and calculations Cerro San Julián – Transmisor Pýumat.

Figure 7 below presents the profile of the terrain. It is possible to see the distance
between the hills and the height at which the radio link is going to work. Here we show
the utility of the computer tools that allow us to model the behavior of the links and how
you can use the technical part with the distance teaching part.

The views of the radio links obtained are as follows land performance:

Fig. 5. Link profile and calculations Toribio Studies - Cerro San Julian

Fig. 7. View full Radio Link.
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5 Web 2.0 LMS Tools Proposed to Cauca Indigenous Council

The inclusion and access to Web 2.0 platforms [8] is one of the key aspects in the
information age and access to knowledge, the indigenous community of Toribio is
located in a rural area of difficult access and does not have adequate access to the Internet
connection. After performing the calculations presented above, teaching is done to use
the Web 2.0 type tools. To achieve this, the research is performed on various platforms
of web sites in the easy-to-use, cheap, widely supported, English and Spanish languages
with multiple applications that can be installed quickly and intuitively [9].

The fundamental objective of the radio link is to have a communication with a
network layer level since there is currently no connection of this type, once designed
outdone by experts from the Universidad Distrital it is possible to teach the Web 2.0
tools, starting with courses of 120 h by using platforms such as: Moodle, Jommla, Jcow,
and Commerce.

The best applied Cloud Computing solution for this, has about 14 websites were
reviewed in English and Spanish, from which 2 of them were selected in Spanish and
with applications in the cloud [10], Nixiweb and Hostinger, Nixiweb are adequate but
it has some continuity faults of the site, for instance, Hostinger allows the installation
in a few seconds of applications to create sites quickly and safely [11] (Fig. 8).

Fig. 8. View of Web 2.0 Hosting in the Cloud and free use tools. (Source: Hostinger (2016)).

The educational portal e-learning is made with Moodle with all its tool set, in the
cloud hosting, it can be clicked and installed in less than a one minute, without using
the classic structure with physical servers (Fig. 9).
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Fig. 9. Examples of learning applications of Web 2.0 Moodle and Drupal tools.

6 Conclusion

The developed radio link work was implemented and it is currently in operation benefit
in 16 indigenous reserves, ensuring communication between their native languages and
helping to preserve their culture, customs and relations as indigenous communities, a
project like this materializes social inclusion of minorities and helps to reduce this digital
gap in the nation. In the last two years, thanks to the progress of the peace agreements,
there has been a significant advance in the incorporation of Web 2.0 and the use of ICT
by the indigenous communities of Colombia and the case of the Region of Cauca.
According to this, with the installation of a radio link that has allowed with the connec‐
tivity wirelessly and ubiquitously, it is possible to raise indicators related to the use and
e-learning of ICT (computer use, Internet access, e-mail and learning Web 2.0 tools). It
is also necessary to move towards a new holistic vision of the initiatives, where the
policies of technological diffusion by the government of Colombia, all of this can
become more relevant and can form part of a broader strategy in which they are linked
with policies of innovation, industrial policies, human resource training, IT training and
promoting business applications.
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