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ABSTRACT
Along the last years, we have witnessed the growing demand for ser-
vices, applications, and systems that depend on the specific location
of both people and a variety of things and gadgets. Currently, the
Global Positioning System (GPS) offers good accuracy on-location
services around the world. Nevertheless, it does not work efficiently
on applications that require several small, cheap, and low power
devices. Under such conditions, researchers prefer to workwith low-
cost wireless alternatives such asWiFi, Zigbee, LoRa, Sigfox, among
others. The purpose of this work is twofold. Firstly we evaluate
the time-measurement and radio frequency capabilities of Pycom
LoRa hardware implementation, in order to develop a low-cost and
GPS-independent positioning system. Then, with these results, we
propose and evaluate a positioning system with LoRa technology
and based on the received signal strength indicator. Extensive field
test measurements in outdoor rural environments show that we
can obtain position estimation errors lesser than around 7% of the
maximum distance between anchor nodes.
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1 INTRODUCTION
Today, it is very important to localize people or objects for almost
every life activity. Just to quote an example, in the commercial
field, the location knowledge of the products of a company is fun-
damental to reduce the search and operation times, and as a result
productivity is improved [1].

The most utilized location method around the world is the global
positioning system (GPS). However, one the of main disadvantage
of GPS is its high power consumption and cost, which prohibits its
large-scale deployment [2]. Nowadays, new low cost and low power
consumption wireless technologies are emerging, which allow the
deployment of densely distributed networks for a wide range of
applications. Among them, stands out environmental monitoring,
humans, animals, or vehicles monitoring [3, 4], athletes tracking [5],
etc. In such applications, it is very important to optimize the power
consumption and the total network deployment costs. In general,
data rate requirements of such applications are less demanding.
In this context, it is important to consider solutions based on the
emerging low-power wide-area networks (LPWANs) which can
efficiently operate over large areas and with battery-powered de-
vices [6, 7].

At present, the more relevant LPWANs are: LoRa [8], Sigfox [9],
and NarrowBand IoT (NB-IoT) [10]. Many research works have
shown the advantages of the new physical layer LoRa technolgy
and its upper layer LoRaWAN complement regarding scalability,
coverage, and energy efficiency [11, 12]. From [13] it is apparent
that LoRa technology has greater potential to develop a positioning
system alternative to GPS in comparison with the other LPWANs.
Of course, other wireless technologies such as WiFi or Zigbee are
useful for the development of low cost positioning systems.

On the other hand, the most common positioning algorithms are
time of arrival (ToA), time difference of arrival (TDoA), angle of
arrival (AoA), and received signal strength indicator (RSSI). Each
of these algorithms requires that wireless devices present different
features and hardware capabilities. Additionally, these last algo-
rithms are complemented with the localization algorithms such as
multilateration, triangulation, and trilateration.

On this basis, this work presents a deeper evaluation of a hard-
ware implementation of LoRa technology, specifically the LoPy and
FiPy devices of Pycom manufacturer. The evaluation focuses on the
study of the timemeasurement capabilities of the devices in order to
implement a time-based positioning system for real environments.
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We also evaluate the quality of the radio frequency components in
order to implement a positioning system based on RSSI variable.
Finally, with these results, we implement and evaluate a low-cost
RSSI-based positioning system. We evaluate the performance of the
system through extensive field test measurements on outdoor rural
environments of Cuenca-Ecuador.

2 BACKGROUND
Positioning systems can be broadly classified in one of the following
categories: global positioning systems, which allows the localiza-
tion of targets around the globe, or local positioning systems, which
allow the localization of targets in a local environment of estab-
lished size [14]. This work focuses on local positioning systems
and this section presents a brief background on position estimation
algorithms.

The time of arrival (ToA) position estimation algorithm gets the
distance between the target node (TN) and each anchor node (AN)
through the travel time measurements of the respective reference
signals. Then, with a minimum of three anchor nodes with known
positions and strict time synchronization, it is possible to localize
the target node using a trilateration approach (Figure 1). Mean-
while, the time difference of arrival (TDoA) estimation relaxes the
synchronization requirements between the target node and the
anchors, just anchor nodes must be synchronized. And in general,
it overcomes the drawbacks of ToA.

In the angle of arrival (AoA) estimation, the anchor nodes esti-
mate the target location based on the angle of the respective arriving
signal. In a coplanar scenario, AoA requires just two anchor nodes,
but they must equipped with smart antenna arrays.

On the other hand, in the estimation based on the received signal
strength indicator (RSSI), the anchor nodes estimate the target
location mapping the RSSI with the distance traveled by the signal.
It requires a path loss model to estimate such distance. Then, in
the same way that ToA with a minimum of three anchor nodes the
target node position is estimated by trilateration (Figure 1) [14].

Figure 1: ToA and RSSI position estimation approach.

We can get the RSSI logarithmic model equation through a mini-
mum squares fitting of the RSSI field measurements (Eq.1). Here, c
and b, are constants.

y = c × lnx + b (1)

For ToA and RSSI, in a 3D scenario, the target node location is
determined by the intersection of all spheres, whose centers are

the coordinates of the anchor nodes and the radii are the distances
between the anchor nodes and the target node (Eq. 2).

(x − xi )
2 + (y − yi )

2 + (z − zi )
2 =m2

i , (i = 1, 2, ...,n) (2)

Where (xi ,yi , zi ) are the known coordinates of anchor nodes,mi are
the estimations of the distance between the anchors and the target
node, and n is the number of anchor nodes. In this way, solving
this equation, we get the target node coordinates (x,y, z). Then, the
trilateration localization algorithm derives from this fundamental
Eq. 2, which is the math basis for the ToA or RSSI based positioning
systems. In the case of a 2D scenario with three anchor nodes, we
get the system of second-order equations shown in Eq. 3.

(x − x1)2 + (y − y1)2 =m2
1

(x − x2)2 + (y − y2)2 =m2
2

(x − x3)2 + (y − y3)2 =m2
3

(3)

In this work, we use an analytical model to solve this system of
equations and to implement them in the proposed positioning sys-
tem.

3 RELATEDWORK
Several recent works focus on the implementation of low-cost and
energy efficient positioning systems based on LoRa Technology.
For example, authors in [15] propose an hybrid LoRa-GPS tracker
for dementia patients. The main objective of this work is to im-
prove the energy efficiency of the GPS system by integrating LoRa
communications and using a GPS duty cycling strategy. In [16]
authors propose a TDoA LoRa positioning system which uses a
multilateration location algorithm. Although authors entitle their
proposal as GPS-free geolocation, the end-nodes and the gateways
incorporate GPS for synchronization purposes. This work presents
an accuracy of around 100m in a 2 km × 2 km urban area. The LoRa
Alliance in [17] presents a compilation of technical capabilities of
LoRaWAN-based geolocation. The work focuses on new generation
of LoRaWAN gateways which incorporate TDoA positioning algo-
rithm capabilities. Paper also include real deployment case studies,
with this specialized high cost gateways, such as in Barcelona port,
the urban environment of Issy-les-Moulineaux, Bolougne next to
Paris, and among others.

This work focuses on a deeper evaluation of the capabilities of
low cost Pycom LoRa hardware implementation, in order to develop
a totally GPS-independent positioning system. We also include the
performance evaluation of a RSSI-based positioning system through
field test on rural environments.

4 PERFORMANCE EVALUATION OF LORA
DEVICE CAPABILITIES

The purpose of this section is to evaluate the performance of LoPy
and FiPy LoRa devices regarding their time measurement capabili-
ties, RSSI sensitivity, and dynamic range.

4.1 LoPy and FiPy devices description
LoPy and FiPy are low-cost development boards produced by Py-
com manufacturer, which include LoRa technology [18]. Table 1
summarizes the more relevant technical features of these boards.
Besides, these devices have incorporated a 150 kHz real-time clock
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(RTC) and a RSSI sensitivity sensor. In this section, we evaluate
the real performance of these two last characteristics through field
measurements. The goal is to determine if they are suitable for
either time or RSSI based positioning system.

Table 1: Technical features of LoPy and FiPy devices [19, 20].

Feature LoPy 1.0 and FiPy

RTC (kHz) 150
ISM bands (MHz) 868, and 915
Semtech [21] chip SX1272
Range (MHz) 860 − 1020
SF 6 − 12
BW (kHz) 125 − 500
Data Rate (kbps) 0.24 − 37.5
RSSI sensitivity (dBm) −117 to −137

It is important to note that the RSSI sensitivity of the LoRa
devices vary in function of the operation bandwidth (BW ) and
spreading factor (SF ).

In this context, Table 2 presents the RSSI sensitivity of LoPy and
FiPy devices under different BW and SF configurations.

Table 2: RSSI Sensitivity of LoPy and FiPy devices [19, 20].

and SF
BW (kHz)

(dBm)
LoPy 1.0

(dBm)
FiPy

125 and 6 −121 −122
250 and 12 −134 −135
500 and 12 −129 −131

4.2 Evaluation of LoPy and FiPy time
measurement capabilities

Time-based positioning algorithms such as ToA or TDoA have strict
requirements regarding the time measurement capabilities of the
devices. For LoPy and FiPy boards we identify and evaluate three
different ways to measure and estimate the round trip time (RTT):
(1) through the built-in chronometer function, (2) using the internal
RTC, and (3) through the CPU instruction or cycle time.

In order to evaluate and compare the real time measurement
capabilities of LoPy and FiPy devices, we develop a set of field
tests in which we establish a communication link between the
target node and one anchor node. We measure the RTT for three
different distances (15 m, 2.6 km, 10 km) between the target and
anchor nodes. For each evaluation point, the target node sends
a message, then the anchor replies with an echo. After that, the
target measures and estimates the RTT using one of the previously
mentioned evaluation methods. In order to present reliable results,
the target node repeats the experiment around 200 times for each
point and we report the average RTT with 95% confidence interval.

Figure 2 compares the resulting RTT estimation using the chronome-
ter function, the internal RTC, and the CPU cycle method respec-
tively. From this figure, we can conclude that, with these low-cost

devices, no one of the RTT estimation methods present suitable
results for a time-based positioning system development. We can
observe an overlapping of confidence intervals of the measured
RTT for all the cases with the chronometer function estimation. We
can also see that the built-in chronometer function presents more
variable results in comparison with the other two methods. Finally,
for RTC and CPU cycle we can observe also an overlapping of the
confidence intervals of the RTT between the measurements at 15 m
and the measurements at 2.6 km, and a slight time difference for
the 10 km distance.
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(a) Built-in chronometer function.
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(c) Ticks, instruction time or CPU cycle.

Figure 2: Performance results of three different methods of
RTT measurements, with BW= 500kHz, SF = 12 and PTX =
20dBm.

4.3 Evaluation of RSSI sensitivity and dynamic
range

LoPy and FiPy devices allow the configuration of their LoRa modu-
lation RF features such as: transmission power (PTX ), bandwidth,
and spreading factor. As expected, these different configuration
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possibilities have a direct impact on the device RSSI sensitivity,
as reported by the manufacturer in Table 2. Accordingly, in this
section we evaluate the real dynamic range and sensitivity of LoPy
and FiPy devices through controlled field tests.

The controlled field test consists of establishing a communication
link between a LoPy 1.0 transmitter and other LoPy 1.0 receiver.
In order to control the attenuation of the transmission power, the
LoPy transmitter is connected to a Hewlett Packard (HP) 8496B
variable attenuator (Figure 3). This HP attenuator has a resolution
of 1 dB, and its attenuation ranges from 1 to 121 dB.

(a) TX device with variable attenuator. (b) RX device.

Figure 3: Dynamic range tests of RSSI sensitivity.

We evaluate the LoPy RSSI behavior under two different con-
figurations of PTX , BW , and SF . The first set of tests was done
with BW = 500 kHz, and SF = 12. In turn, the second set used
a BW = 125 kHz, and a SF = 7. In both cases we evaluate the
system configured with the minimum and the maximum allowed
transmission power corresponding to 5 dBm and 20 dBm respec-
tively. Furthermore, we establish and evaluate three different sepa-
ration distances between the transmitter and the receiver (d = 10 m,
d = 30 m, and d = 50 m). In turn, for each separation distance, we
vary the attenuation from 0 dB to 50 dB with 5 dB steps.

Figure 4 shows the resulting RSSI value evolution measured by
the receiver node, for each described test. From Figure 4b, in first
place, we can observe that when the system is configured with
BW = 125 kHz, and a SF = 7 the behavior of the RSSI is more
unpredictable and so the dynamic range in this case is not clear.
Thus, this configuration does not allow to have a good characteri-
zation of the communication link between the transmitter and the
receiver. Then, this configuration is not suitable for a RSSI-based
positioning system. On the other hand, for the system configured
with BW = 500 kHz, and SF = 12, on Figure 4a, we observe a stable
behavior of the RSSI variable for all the cases until an attenuation
of around 30 dB, which corresponds to a RSSI value greater than
around -110 dBm. This implies that the dynamic range of LoPy de-
vices is suitable for a RSSI-based positioning system development
for values of RSSI greater than -110 dBm and when the LoRa modu-
lation is configured with BW = 500 kHz, SF = 12 and PTX = 5 dBm.
Another observation from the field tests is the fact that different
LoPy and FiPy devices, in spite of using the same chip Semtech
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(a) Test 1 with BW = 500kHz and SF = 12.
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(b) Test 2 with BW = 125kHz and SF = 7.

Figure 4: Field controlled tests of links between a LoPy 1.0
as TX with variable attenuator and other LoPy 1.0 as RX .

SX1272 [21], exhibits different behaviors regarding RSSI sensitiv-
ity and dynamic range. Additionally we expect a greater impact
of the selected transmission power over the resulting RSSI values.
These two facts motivated us to make a deeper analysis of the real
transmission power of the LoPy and FiPy devices and its variability.

4.4 Evaluation of the transmission power
In order to make a deeper and reliable evaluation of the LoPy and
FiPy devices transmission power, we use as a receiver a National In-
struments PXI system. For this test set, the LoPy or FiPy transmitter
is connected to the attenuator configured with an attenuation value
of 30 dB to guarantee that the power keeps in the range accepted by
the PXI receiver module. Each device is evaluated for its minimum
(PTX = 5 dBm) and its maximum (PTX = 20 dBm) transmission
power.

The first test was done with a FiPy device configured with the
following LoRa modulation parameters: PTX = 5 dBm and BW =
500 kHz. Since we use an attenuation of 30 dB we expect that the
received power in the PXI system to be around −25 dBm. However,
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as it can be observed in the Figure 5a, the real received power is
−29.74 dBm. Thus for this FiPy device we obtain a power error
of −4.74 dBm. We also observe a real transmission bandwidth of
BW = 608.97 kHz. Then, it is around of 108.97 kHz out of band
emission.

In the second case, the FiPy device was configured with PTX =
20 dBm and BW = 500 kHz. Figure 5b presents the resulting power
and BW reported by the PXI for this configuration. We observe
a received power of -23.75 dBm, so an error of -13.75 dBm is ob-
tained. Thus, when the device is configured with the maximum
transmission power, the error of the power amplifier is significantly
increased. Regarding the BW error it remains the same as the pre-
vious case (108.97 kHz).

In turn, for the LoPy device configured with PTX = 5 dBm and
BW = 500 kHz, the resulting power error is around −0.94 dBm as
it is depicted in the Figure 5c. The measured BW is 528.84 kHz so
the obtained error is 28.84 kHz. Finally, when the LoPy device is
configured with the maximum transmission power PTX = 20 dBm
and BW= 500 kHz, the power error is −1.97 dBm as it can be see
in the Figure 5d. For this last case the measured transmission BW
is 520.83 kHz and therefore we obtain a 20.83 kHz out of band
emission.

Therefore, we can conclude that the radio frequency components
of LoPy 1.0 devices and its RF accessories are of better quality than
the FiPy devices. Also, in order to have a better behavior of the
positioning system, the preferred configuration of LoRa modulation
parameters for this kind of devices is BW = 500 kHz, SF = 12 and
PTX = 5 dBm.

5 RSSI-BASED POSITIONING SYSTEM
Based on the LoPy and FiPy devices detailed evaluation presented
in the Section 4, in this section we start defining the proposed
RSSI-based positioning system architecture and then we present
the performance evaluation of the system.

5.1 System Architecture
For the proposed positioning system, we choose an architecture
centralized on the target node. We do not use any specialized gate-
way, with dedicated localization features, with the purpose of keep
at the minimum the system costs. Then, in such architecture, the
target node establishes a communication link with each anchor
node at a time, following a round-robin type procedure (Figure 6).
The aim of each link is to measure and store the value of the RSSI
variable resulting of the communication between the target node
and the respective anchor node. After that, using the RSSI-based
positioning and the trilateration localization algorithm, we estimate
the location of the target node.

As we observe in the Figure 6, there are three main components
in the positioning system, the target node, the anchor nodes, and the
main processor. We also identify two communication links: (1) The
link between the target node and each of the anchor nodes using
a LoRa interface to send request messages and to obtain relevant
values such as RSSI and SNR. (2) The communication link between
the target node and the processor through a WiFi interface. We
use the FTP protocol to get the variable registers from the internal
memory of the target node to the processor system.

The LoRa communication link between the target node and each
anchor node follows the messages sequence shown in Figure 7.
The target node sends a request to one anchor node, identified
with 1 Byte of unique identity field included in the payload of the
LoRa frame. Then, the anchor node with such identity sends a reply
message. For the positioning system, the reply message corresponds
to the return link and we also measure the RSSI value of this link.

5.2 Performance Evaluation
The positioning system uses two relevant RSSI measurements on
each link between the target node and the anchor nodes. Specifically,
the RSSI value of the forward link measured by the anchor node,
and the RSSI of the return link measured by the target node. In
this way, we analyze the performance of the system under three
different approaches. (1) The location of the target using only the
RSSI of the forward link. (2) The location of the target using only
the RSSI of the backward link. (3) The location of the target using
the average RSSI value of the forward and return links.

The evaluation is based on field test measurements, carried out
in the rural area of Pachamama in Cuenca-Ecuador (2°49′58.72′′S ;
78°55′43.75′′O). This is a flat land of around 500m × 500m and
all the communication links are with line of sight (LoS). Among
others, we consider and report here the evaluation for two square
area scenarios. One of 90m × 90m, and the other of 150m × 150m.
In both cases we consider a symmetric distribution of four anchor
nodes, one on each corner of the square.

Firstly, it is necessary to characterize each communication link
between the target node and each of the anchor nodes. The aim is
to obtain the path loss model of each link through a least squares
adjustment of the RSSI values. For illustration purposes, Figure 8
shows such resulting characterization for the return link of the 90m
× 90m scenario. We follow a similar procedure for the forward link,
the round trip link, and for the 150m × 150m scenario.

5.2.1 Results analysis. One of the field measurement study was
done in the 90m × 90m previously described scenario. We use four
anchor nodes with identifiers A, B, C y D and fixed positions at the
corners (0, 0), (0, 90), (90, 90), (90, 0) respectively. Table 3 summa-
rizes the real position of the target node for five different test points.
As previously said, we evaluate the performance of the positioning
system for three different approaches: using only the RSSI value of
the forward link, denoted by (e1), the RSSI of the return link (e2),
and the average RSSI of the forward and return links (e3). Since we
use four anchor nodes, therefore, there are one useful estimation
through the trilateration localization algorithm. On the other hand,
it is important to note that if we use the RSSI information of just
three of the anchor nodes for the trilateration algorithm, by com-
binatorics, there are C3

4 = 4 possible useful position estimations.
Then, we have a total of five valid possible position estimation for
this reported test. We compute and select the centroid point of the
whole set of estimations as the better approximation of the target
position. In this context, we evaluate the accuracy of the system
by means of the position estimation error, which in turn, is the
distance between the real position and the estimated position of
the target.

Table 4 summarizes the position estimation error of the system
for each of the above described approaches. From these results,
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(a) FiPy with PTX = 5dBm (b) FiPy with PTX = 20dBm

(c) LoPy 1.0 with PTX = 5dBm (d) LoPy 1.0 with PTX = 20dBm

Figure 5: Power transmission evaluation of LoPy and FiPy devices with BW= 500kHz, SF= 12 and 30dB of attenuation

we can conclude that the use of the RSSI value of the return link
presents a better approximation than the other two methods. In
fact, the percentage of the average estimation error of this method
is around the half of the error resulting with the other two methods.

Additionally, we evaluate the positioning system in a bigger area
of 150m × 150m. We also use four anchor nodes located at the cor-
ners of this square area. Table 5 shows the real position of the target
node for the five different test points. While Table 6 summarizes the

Table 3: Real position of the test points for the 90m×90m
scenario.

Point P7 P8 P9 P10 P11

x (m) 35.35 56.56 54.64 45 33.43
y (m) 35.35 56.56 35.35 45 56.56
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Figure 6: General Architecture.

Figure 7: Sequence diagram of the link between the target
node and one anchor node.
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Figure 8: The characteristic curve of the return link for the
90m×90m scenario with BW = 500kHz, SF = 12 y PTX =
5dBm.

Table 4: Position estimation error for the first scenario.

el ink P7 P8 P9 P10 P11 ē (m) (%)

e1 (m) 7.44 11.05 22.30 26.07 23.22 18.01 14.15
e2 (m) 8.19 8.54 12.60 1.36 12.06 8.55 6.72
e3 (m) 7.49 10.84 21.61 18.27 19.89 15.62 12.27

position estimation error for this case. According to these results,
and for this second scenario, we obtain a better accuracy using the
RSSI information of the forward link. It is important to note that in
no case the use of the average RSSI value of the forward and the
return link present a better approximation. This is due to the great

variability of each link and as a whole. It is also required to make a
previous analysis of the behavior of the system for each operation
scenario. This in order to define the more suitable approach which
will result in the lesser localization error than the other approaches.

Table 5: Real position of the test points for the 150m×150m
scenario.

Point P17 P18 P19 P20 P21

x (m) 63.63 84.85 86.36 75 65.14
y (m) 63.63 84.85 63.63 75 84.85

Table 6: Position estimation error for the second scenario.

el ink P17 P18 P19 P20 P21 ē (m) (%)

e1 (m) 9.57 10.74 10.96 13.59 15.66 12.11 5.70
e2 (m) 19.03 18.04 12.96 22.91 29.85 20.56 9.69
e3 (m) 12.69 14.18 11.73 22.91 22.19 16.74 7.89

5.2.2 Simulation analysis. We complement themeasurement-based
evaluation of the systemwith a simulation-based analysis. Themain
objective is to predict the uncertainty resulting from the path loss
model characterization of each link between the target and the
anchor nodes, and the RSSI values of such links. In order to be more
reliable, we use the standard deviation of the RSSI variable obtained
from the measurement-based characterization procedure (Figure 8).
We also utilize probabilistic distributions to establish a simulation
set that allows to predict the behavior of the system for different
locations of the target node. For the previously described 90m ×

90m and 150m × 150m scenarios, Figure 9 shows the comparison
of the position estimation error for the simulation results versus the
evaluation based on real measurements. We observe an agreement
between the simulation and the real measurements which validates
our field test results.

We made additional field test evaluations including asymmetric
scenarios and other rural zones around Cuenca city and the results
are similar to the presented in this section.

6 CONCLUSIONS AND FUTUREWORK
In this work, firstly, we have evaluated the Semtech LoRa devices
regarding their time measurement capabilities, and the quality of
their RF components. This evaluation focuses on the development
of a low cost LoRa-based positioning system. Although with these
devices we dispose of three options for the time measurement, the
field test evaluation shows that no one of the RTT estimation meth-
ods are suitable for the development of a time-based positioning
system such as ToA or TDoA. On the other hand, the evaluation of
the quality of the RF components focuses on the RSSI sensitivity
and dynamic range. We include the analysis of two versions of
Semtech devices, i.e. LoPy 1.0 and FiPy. We observe that, although
both kind of devices are based on the same SX1272 chip, they ex-
hibit different RSSI behaviors. We also determine that the useful
dynamic range for a RSSI-based positioning system is values of
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Figure 9: Simulation errors versus real measurement errors.

RSSI > −110 dBm. Since we are using a LPWAN technology, we
really expect a wider dynamic range which would allow the po-
sitioning system to work in more extensive areas. Additionally, a
deeper analysis of the real transmission power of the devices shows
that LoPy 1.0 power amplifier and accessories present better quality
than the FiPy one.

On this basis, we develop a RSSI-based positioning system with
the trilateration algorithm and we evaluate it by means of extensive
field test on different rural scenarios and environment consider-
ations. For this low cost system, we found on average a position
estimation error of around 8.55m corresponding to a error of 6.72%
for the 90m × 90m square scenario. Meanwhile, for the 150m ×

150m scenario the average error is around 12.11m corresponding
to a 5.70%.

Future research will include the evaluation and use of external
RTC modules in order to be able to implement a time-based posi-
tioning system. We should also consider the use of different LoRa
hardware implementations which present, at similar costs, better
RSSI sensitivity and dynamic range. Temperature and humidity
sensors should be included in the system, in order to determine
the impact of the weather conditions over the RSSI values and its
variability. Although our first objective is the evaluation of LoRa for
outdoor positioning systems, we will include also the evaluation for
indoor environments. Finally, we will evaluate alternative methods
for solving the system of equations of the trilatearion algorithm
such as minimum squares or Taylor series.
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