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Abstract— Our team designed a wireless local area network
to connect Sabana Grande, in Totogalpa, Nicaragua. Sabana
Grande is a rural community, where grid power is sparse and
internet access is currently non-existent. We identified the need
for internet access in Sabana Grande by working with local
leaders to organize community-wide meetings where we
interviewed resident families. Sabana Grande had not been
previously connected because the surrounding rough terrain and
sparse infrastructure presented several unique challenges. Our
team overcame each of these challenges in our design. We began
our design work by working with local contacts to determine
power and performance requirements. Using MATLAB to
model Fresnel zone interference, we found that surrounding
mountains block the line-of-sight from existing access points. So
in our design, we included a repeating station overlooking the
community. There is no grid power at the repeating site or the
receiving sites. So, we have also included solar power solutions.
To ensure maintainability, we favored locally available
components.  After designing the network, performing a
feasibility analysis, and conducting follow up interviews with
local leaders, we have determined that connecting Sabana
Grande will be a practical and impactful project. We are excited
to return to install our system in the Summer of 2015.
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[. INTRODUCTION

A. Identifying an Opportunity for Communications
Improvement in Rural Nicaragua

Communications and other electrical infrastructures are
currently sparse in rural Nicaragua, and even non-existent in
some areas. Many rural communities have no cell phone
service, internet service, or reliable grid power. After visiting
Nicaragua in March of 2014, our team identified a need for
impactful student level engineering projects. Specifically, we
saw a need to bridge the last mile gap between Nicaragua’s
communications infrastructure and unconnected rural
communities.

In the rural communities that we visited, we saw a strong
desire for improvements in local communications technology.
We interviewed several rural community members who
resourcefully implemented their own solutions:  radios
powered by solar charged car batteries for short range
communication. The resourceful local spirit in the rural
communities, and the commercial availability of
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communications equipment in Nicaragua’s larger cities,
presented an opportunity for our team to work toward
improving the quality of communications for a rural
community.

B. Choosing Sabana Grande as a Project Location

Before choosing a project site, we visited rural areas in the
Totogalpa and Via El Carmen municipalities to find a
community where a communications project would be most
impactful and sustainable. We coordinated with local leaders
to set up interviews with families, and to organize community
meetings where we asked questions to learn about each
community’s situation. We found out where the closest
internet access points were, and what type of terrain
surrounded the community. Our goal was to find a community
where communication improvements were (1) needed, (2)
desired, and (3) feasible. The community of Sabana Grande, in
Totogalpa, met these criteria.

1) Strong need for improved communications:

Sabana Grande has no internet access, and sparse cell
phone service. During interviews with families living in
Sabana Grande, we learned that internet access could help
alleviate weather threats. During Nicaragua’s rainy season,
floods are common. Early warnings from online weather
services would help keep the community safe. School teachers
told us that overcrowded classrooms make it difficult for
students to prepare for college and standardized tests without
supplementing their learning online.

2) Strong desire for improved communications:

When asked what technologies they would like to see
implemented in their community, the residents of Sabana
Grande unanimously voted for internet access. Community
leaders ranked internet access as a top priority, second only to
food and water.

3) Feasible to connect the community:

Community leaders informed us that there are
communications towers close to Sabana Grande; however, the
community has not yet been connected because surrounding
mountains block the signal. Our team knew we could design a
repeating station to solve this problem. Additionally, the
residents of Sabana Grande are enthusiastic users of solar
power technology. A solar power research center called Grupo
Fenix is located just a few kilometers from Sabana Grande.
Grupo Fenix is dedicated to helping the community and would



have the means to maintain a solar power system for the
repeating station.

C. Establishing Local Contacts

By partnering with student team members from Nicaragua,
we were able to make the contacts we needed to establish a
close working relationship with Sabana Grande’s leaders, and
with local business and engineering contacts. Through our
close relationship with the community we were able to design a
system well suited to their specific needs; and through our
close relationship with local businesses and engineers, we were
able to keep the design cost-effective and practical.

D. Challenges to Connecting Sabana Grande

Even though there are several communication towers close
to Sabana Grande, the community does not have internet
access because connecting the community presents several
unique challenges. Our team addressed and overcame each of
these challenges to develop a maintainable and cost-effective
design tailored to the needs of the community.

1) Mountains and foliage:

Sabana Grande is surrounded by mountains and there is no
clean line-of-sight to any nearby communication towers. To
address this challenge we included a mountaintop repeating
station in our design requirements. Additionally, thick foliage
demands that antennas in Sabana Grande be placed on towers
above the tree tops.

2) Lack of reliable grid power:

Although some residents have access to grid power, it is
unreliable, and access points are not located near the mountains
where a repeating station must be placed. To address this
challenge we included solar power solutions in our design.

3) Economic challenges:

To make sure that the project is sustainable, recurring
service costs could not exceed what the community can
support. To address this challenge we worked with Sabana
Grande’s leaders to find out how much recurring cost can be
supported. We designed the network to keep recurring costs
under these limits.

E. Project Objectives

e Work closely with Sabana Grande’s leaders to design a
practical and cost effective local area network well
suited for the community’s needs.

e Include an off grid, solar powered mountaintop
repeating station in our design.

e Use components commercially available in Nicaragua
to ensure maintainability.

e Perform a feasibility analysis to verify that our design
will be practical.

e Introduce student team members to the practical and
business  aspects of network design and
communications engineering.

II. DESIGN PROCESS

A. Deciding How Users Will Access the Network

In choosing an appropriate model for Sabana Grande’s
users to access the network, we evaluated three options: (1)
providing wireless access to large community areas, (2) to
individual families, and (3) providing internet café style
wireless access at a few key community locations. Community
leaders recommended the third option. Providing internet café
style access is the most cost effective option because it requires
buying the least hardware and therefore incurs the least
maintenance overhead. Also, internet café style access is a
model that the community members are familiar with —internet
cafés are common in Nicaragua’s cities. Because community
leaders recommended a café style model, our team choose to
use Wi-Fi over LTE technology. Local engineers also advised
that Wi-Fi equipment is more cost effective in their experience.

B. Specifying Bandwidth Requirements

Community leaders estimated that a maximum of 20 users
would need to simultaneously access the network though the
café, but also agreed that the system should be scalable. Desire
for internet access in Sabana Grande is already strong, and they
expect it to continue to grow after the system is implemented.

Given the number of users that would initially be accessing
the network simultaneously, we specified a 3 Mbps connection
to be purchased at the closest internet access point. A standard
Skype video call uses about 128 kbps of data [1]. So, on a 3
Mbps connection, up to 23 users can make Skype calls
simultaneously.  Since Skype is a relatively bandwidth
intensive service, compared to e-mail and web browsing, we
can be sure that a 3 Mbps connection will support 20
simultaneous users, even in the worst case where everyone is
using bandwidth intensive services.

Given the low price of high speed hardware, and that the
number of users is expected to grow, we decided to use
hardware that supported a much higher bandwidth —at least 250
Mbps. So, when the system needs to be scaled, hardware will
not need to be replaced.

C. Choosing Sites for Network Nodes

The next step in our design process was to identify sites for
the nodes in our local area network. We had to identify:

e Potential base station sites where we could purchase
internet services to meet our bandwidth requirements

e Potential repeating station sites with sufficient sunlight
for solar power, line-of-sight to a base station, and line-
of-sight to key community locations

e Key community locations where internet café style
access would have maximum positive impact

1) Selecting Quisuca Mountain as a Base Station Site

We considered three base station sites: (1) an internet café
with a radio tower in the nearby town of Somoto, (2) a tower
on Quisuca Mountain, and (3) a tower in an area called Las
Cruces. The cyber café in Somoto offered flexible financing
options, however, it did not have line-of-sight to Sabana



Grande, or potential repeating stations. The tower at Las
Cruces had a clear line-of-sight to the community, however, it
did not offer appropriate financing options for a small project.
We chose the tower at Quisuca mountain because it had a line-
of-sight connection with a potential repeating station on Solar
Mountain, and offered appropriate financing: 3 Mbps service
including rental for antenna space, grid power, and security for
$290 per month.

2) Selecting Solar Mountain as a Repeating Station

Choosing Quisuca Mountain as a base station necessitated
the selection of a repeating station with line-of-sight to both
Quisuca mountain and Sabana Grande. The only site that
satisfied these requirements was Solar Mountain.  Solar
Mountain is also an advantageous repeating station because it
is located near one of Sabana Grande’s community centers. A
solar powered repeating station on Solar Mountain can both
relay signal to another receiving site, and provide internet
access to the community center.

3) Selecting Access Points

Both Centro Solar and Sabana Grande’s community center
near Solar Mountain are practical and impactful access point
choices because they both have a line-of-sight connection to
Solar Mountain, and are both centers of community activity
that are public, yet still secure. We considered connecting a
school as well; however, community leaders advised against
this, because the school does not have strong security. Since
the community center is near the school, students can still use
the internet for education.

D. Selecting Hardware Components

Our project objectives specified that we use components
commercially available in Nicaragua, to ensure that hardware
can be easily replaced and maintained.

1) Ubiquiti Antennas

For our project’s antennas, we chose 4 Ubiquiti RocketDish
5G30 antennas -each paired with a Rocket M5 radio. One
antenna will be placed on Quisuca mountain, and connected to
grid power. Two solar powered antennas will be placed on
Solar Mountain to create a repeating station, and one antenna
will be placed at Centro Solar.

The Ubiquiti RocketDish and Rocket M5 are well suited to
serve Sabana Grande because they operate in the free
international 5 Gigahertz band, and have a narrow, 5 degree
beam angle [2][3]. A focused beam angle is advantageous for

Fig. 1. Sites we considered for network nodes. Note that a mountain range
blocks the line-of-sight between Quisuca Mountain and Centro Solar.

this project because it will have more concentrated power to
penetrate foliage.

2) Solar Power Specifications

According to the NASA Surface Meteorology Database,
Sabana Grande can expect a maximum of 6 consecutive days
without sunlight each year [4]. Given that there are 2
RocketDish antennas, requiring 8 watts each, and that the
station will be active for 10 hours each day, we calculated that
the station would consume 0.160 kilowatt-hours per day, and
0.960 kilowatt-hours over 6 days. Assuming 90% efficiency,
1.066 kilowatt-hours of energy would be needed. So, at 24
volts dc the station needs a 46 amp-hour battery to continue
running through the community’s longest periods of cloudy
weather.

The repeating station’s battery could be charged by 20 watt
panel at 24 volts. According to the NASA database, a 3053
square centimeter panel, facing South and tilted at 13 degrees
could provide the required 0.160 kilowatt-hours per day [4].

3) Solar Power Contract with Suni Solar

To ensure maintainability, we contracted Suni Solar to
implement the solar power system for our repeating station.
Suni Solar is a Nicaraguan organization experienced with solar
powered wireless networks, and would be available to perform
any required service on the station’s power system. Suni Solar
also agreed to include the construction of a 10 meter radio
tower on solar mountain in the contract.

E. Modeling Fresnel Zone Interference with MATLAB

To evaluate antenna height options, we created a simple
MATLAB model of the Fresnel zone interference experienced
by a point to point link between a mountaintop and a valley.
Our model’s input parameters included antennas positions,
channel frequency, mountain position, height, and slope.

Given these parameters, our model plots the landscape,
antennas, line-of-sight, and Fresnel zones. An example output
plot for a 2 meter tall valley tower and a 10 meter tall mountain
tower is shown in Fig. 2.

III. FEASIBILITY ANALYSIS

During Nicaragua’s rainy season, high winds could cause
antennas to move, so it was important to determine how much
misalignment they could endure. We set up two RocketDish
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Fig. 2. Example output plot, showing the first four Fresnel zones. Note that none of
the first four Fresnel zones are obstructed by more than 20%.



antennas 1 kilometer apart, and simulated worst case
conditions by misaligning the antennas and obstructing the first
Fresnel zone.

A. Antenna Misalignment

In our first test, we misaligned the antennas. We increased
the misalignment from 0 to 20 degrees and noted gain, and
connection speed with respect to the misalignment angle.

B. Fresnel Zone Interference

In our second test, we aligned the antennas so the first
Fresnel zone was obstructed by a brick wall. We varied the
obstruction from 0 to 50%, and noted the reduction in
connection speed.

IV. RESULTS

A. Summary of Design Specifications

1) Network Topology:
e  3Mbps connection at Quisuca mountain
e Quisuca Base Station, 30 meter tower
e Solar Mountain Repeater, 10 meter tower
e Internet café style access site at Centro Solar
2) Power Specifications:
e 24V, 8W antennas
e  Grid power on Quisuca Mountain
e  Solar power at Solar Mountain
e 6 days guaranteed uptime: 46 amp-hour battery
e 13 degree optimal tilt angle for solar panels
3) Antenna Specifications:
e RocketDish 5G30 antennas with Rocket M5 radios
e 5 gigahertz channel frequency
e 5 degree beam angle

B. Proposed Budget

TABLE L NON-RECURRING COSTS
Item Quantity Cost Per Unit (USD)
Antennas 4 250
Solar Power Installation 1 500
Ubiquiti Tough Cable (300 meters) 1 137
Cement for tower 1 200
Tower and fencing installation 1 310
Total: - 2147
TABLE II. RECURRING COSTS
Item Cost Per Year (USD)
All inclusive internet service (3 Mbps) 3480
Estimated solar power maintenance 100
Estimated antenna maintenance 100
Total: 3680

C. Fresnel Zone Model Outputs

For a 10 meter tall valley tower, 10 meter tall mountain
tower, and 50 meter tall mountain, our simulation showed that
none of the first four Fresnel zones are significantly obstructed.

D. Feasibility Analysis Results

1) Antenna Misalignment

Within 2.5 degree misalignment, gain was unaffected. This
is expected, since the beam width of the RocketDish is 5
degrees. Alignments greater than 2.5 degrees caused gain to
drop. A 20 degree misalignment caused a 30 decibel reduction
in gain. Even with this severe gain reduction, the Rocket M5
still maintained a 300 Mbps connection.

2) Fresnel Zone Interference

When Fresnel zone interference was less than 20%, the
connection speed was unaffected and remained constant at 300
Mbps. This validates our previous assumption that only
interferences greater than 20% are significant. For Fresnel
zone interferences between 20% and 50%, connection speed
dropped to 250 Mbps.

V. CONCLUSIONS

After identifying a need for communications technology
improvements in the community of Sabana Grande, our team
worked with local leaders to design a local area network to
connect the community. Sabana Grande has no reliable grid
power, and is surrounded by mountains that block
communication signals, so our design includes a solar powered
repeating station. To ensure maintainability, our design uses
only components that are available in Nicaragua. After using
MATLAB models to verify our design, and performing a
feasibility analysis, we have concluded that connecting Sabana
Grande will be a practical and impactful project. We are
continuing to work closely with the community, and are
excited to return to install our system in the Summer of 2015.
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