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Abstract

The topic of this thesis is to study the Low Power Wide Area (LPWA) networks.
It will be focused on the different LPWA technologies that will be explained later
in detail: SigFox, LoRaWAN and NB-IoT. In the practical part, the functionality
and coverage of BUT gateway (gateway of the University of Brno) will be evaluated
using custom made device. These results will be further compared with the public
The Things Network (formed by three gateways, the University gateway and other
two). The outcome of this thesis will be to evaluate the real-life implementation of

LoRaWAN technology in terms of coverage.

El tema de este proyecto es estudiar las redes de area extensa de baja potencia
(LPWAN). En primer lugar, se prestard atencion a las tecnologias LPWA que se
describiran en detalle: SigFox, LoRaWAN y NB-IoT. En la parte practica, con un
dispositivo personalizado se evaluard la funcionalidad y la cobertura de la puerta
de enlace BUT (puerta de enlace de la Universidad de Brno). Estos resultados
seran comparados con la red publica TTN (formada por tres puertas de enlace,
puerta de enlace de la Universidad y dos més). El resultado de este proyecto serd
la evaluacion de la implementacion en la vida real de la tecnologia LoRaWAN en

términos de cobertura.

Key words

IoT, LPWA | LPWAN, SigFox, LoRa, LoRaWAN, NB-IoT, Lora Module, RN2483,

Coverage.



1 Introduction

Nowadays, we live in a connected world in where the Internet of Things (IoT) is
becoming increasingly important. 10T is a concept that identifies the connection of
devices to the network and the subsequent compilation processing of data. In the
case of 10T, these devices are connected to the Internet, allowing them not only to
communicate with each other, also access to Internet services, or interact directly
with people.

In the area of [0oT, the Low Power Wide Area Networks (LPWAN) are emerg-
ing, centralizing the interest of industry and standardization bodies. LPWAN are
characterized by offering long-range wireless connectivity, low power consumption
and low cost between connected devices, such as sensors powered by batteries.

LPWAN technologies are designed for Machine to Machine (M2M) environments.
When a machine communicates with another machine to accumulate information
and exchange data, it is called machine to machine communication (M2M). When a
human communicates with human via signs and languages, this is called human to
human communication (H2H). M2M and IoT are the fastest growing technology for
the future, but without H2H, we will never be able to unlock its full potential. M2M
will always call for H2H. M2M implementations without H2H can not generate the
expected returns unless humans are able to defy distance instantly to address issues,

solve problems and handle cases (real-time).

Fig. 1.1: Human to Human communication|[I].



Making use of the Internet of Things (IoT) model to the industry, we obtain In-
dustry 4.0 or Industrial Internet of Things (IIoT). The manufacture processes are in
a digital transformation, produced by the advancement of information technologies
and, particularly, the software.

This thesis is divided in two parts, a first theoretical part and a second part of
implementation and measures.

In the first section of this chapter an introduction to the LPWA networks. In
the second chapter a detailed description of SigFox, LoRa (WAN) and NB-ToT will
be offered, where its definitions and most relevant characteristics will be defined.

In the practical part, third chapter, the main objective is to connect the custom
made device to the network of the Brno University of Technology, and the exchange
of information between them. The obtained results in the tests carried out (in real
conditions included) and the conclusions will be explained.

A fourth chapter will be dedicated to interpretate the conclusions of this thesis|I][3].

1.1 LPWA Networks: Description of differences be-
tween licensed and unlicensed M2M communica-

tion technologies

This section gives a detailed overview of LPWAN, covering the characteristics of
LPWAN as well as Licenced vs Unlicensed LPWAN.

The widely used short-range radio technologies (e.g. ZigBee, Bluetooth) are
not adapted for scenarios that require long range transmission. Solutions based on
cellular communications (e.g. 2G, 3G, and 4G) can provide larger coverage, but
they consume excessive device energy. Therefore, IoT applications requirements
have driven the emergence of a new wireless communication technology: low power
wide area network (LPWAN).

LPWAN is increasingly gaining popularity in industrial and research communi-
ties because of its low power, long range, and low-cost communication characteris-
tics. It provides long-range communication up to 10-40 km in rural zones and 1-5
km in urban zones. In addition, it is highly energy efficient(i.e. more than 10 years
of battery lifetime ) and inexpensive. In summary, LPWAN is highly suitable for
[oT applications that only need to transmit tiny amounts of data in long range.
Many of the LPWA technologies depicted in Fig. have arisen as well as unli-
censed frequency bandwidth. Among them, LoRa and NB-IoT are today’s leading

emergent technologies which involve many technical differences|2][3].
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Finally in Fig. [I.3] it can be seen how each technology is located compared to
other existing technologies in key points such as coverage, range, power consump-

tion...

Range
Geographical 8

coverage,penetration

Power
consumption

I
Short-range
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Transmission

latency Bitrate

Radio chipset
costs
Number of

Base Stations/collectors  Service subscription costs

Fig. 1.3: Comparative networks[3].
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2 LPWA Technologies

This chapter will be focused on the aforementioned emerging patented technologies
and its technical aspects: Sigfox, LoRa and NB-IoT. They will be summarised in a

comparative table 2.1.

2.1 SigFox

Sigfox is a communication technology standard of LPWAN which gives an end to
end connectivity solution. Sigfox allows end devices to connect with patented base
stations which are equipped with software defined cognitive radios using an IP based

network|[2].

2.1.1 Frequency spectrum utilization and access to the RAN

Sigfox uses the unlicensed ISM bands, 868 MHz in Europe, 915 MHz in North Amer-
ica, and 433 MHz in Asia.

The spectrum is divided into 400 channels of 100 Hz each one. 40 Channels are
reserved and not used.

The transmissions do not choose a specific channel to send the messages, the
frequencies will be randomly chosen from the allocated spectrum according to the
channel bandwidth and the allocated spectrum mentioned before. Each message is
transmitted by three times by default, this has two objectives:

At first, Sigfox supported uplink communications only. Later on, it was progress-
ing into a bidirectional technology. Downlink transmissions are not very frequent,
retransmissions are the existing way to check that the message will reach the base
station. The number of messages over the uplink is limited to 140 messages per day.
However, the number of messages over the downlink is limited to 4 messages per day,
which means that the acknowledgement of every uplink message is not supported.

On the other hand, each transmission is broadcasted in a different frequency. So,
the effects of fading are diminished. The reliability is ensured by the use of time

and frequency diversity[5][2][6].

2.1.2 Physical layer (modulation, frame, subframe, ...)

Sigfox uses ultra-narrowband technology (UNB). It utilises a digital modulation pro-
cess named as binary phase-shift keying (BPSK) in an ultra-narrow band (100 Hz)
sub-GHz ISM band carrier (Fig. [2.1]).

12
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Fig. 2.1: Sigfox technology based on Ultra-Narrow Band[9].

Due to ultra-narrow spectral occupation, the noise contribution is very low; it
has a very low power consumption, high receiver sensitivity and low-cost antenna
design. The system is able to demodulate a low power signal up to 142 dBm.

The frame structure is formed by a physical header, a MAC header, the user
data packet, a hash of variable length and the CRC (Cyclic Redundancy Check).
The CRC is an error-detecting code commonly used in digital networks and storage
devices to detect accidental changes to raw data.

The physical header is formed by a preamble of 4 bytes for synchronization with
the receiver and frame synchronization of 2 bytes that express a unique device ID
which it is issued as a sender address.

The user data packet is up to 12 bytes. The hash is generated from a secret key
that every end point has stored and it is used to authenticate the payload at the
receiver. The CRC of the error control is 2 bytes [5][2][6][7].

2.1.3 Higher layers in ISO/OSI or TCP/IP models

SigFox protocol stack is formed by three main layers: Frame, MAC and Physical
layers. Figure below shows a comparison between SigFox and the OSI reference
model.

The physical layer handles the modulation, the bit rate and transmission power
control, and the radio resource occupation. Ultra-narrowband technology is identi-
fied by using a technique named as Random Frequency and Time Division Multiple
Access (RFTDMA) (section [2.1)).

The Medium Access Control layer header adds a field for identification device
and detecting code errors. The MAC layer can identify and order the generation of

the radio frames with an included sequence number.
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The purpose of the frame layer is to receive the payload that comes from the
application layer, to do the segmentation and delivery of the fragments to the MAC
layer[8].

SigFox SigFox oSl
. layersFeatures Stack Stack
Transport
. . \‘-.,
RanIO Frame Creation FRAME R
equence Number

Network

J J

Authentication (HMAC)
Error Detecting Code (CRC)
No signaling for MAC MAC MAC
Patented Forced Statistical Radio
Medium Multiple Access Scheme

A J J
Modulation (DBPSK/GFSK)
Bitrate(100/600 bps)
Transmission Power PHY PHY
Operation Frequencies
S J/

Fig. 2.2: Sigfox protocol Stack[g].

2.1.4 Security

Sigfox is mostly dedicated in protecting against attacks on the integrity of the net-
work, employing sequencing, message scrambling and antireplay techniques.

Security of the payload is left to the customer. It is the customer’s responsibility
to structure and encrypt the payload because as Sigfox is only a transport channel.

Furthermore, Sigfox is applying security by default principles in all the com-
ponents it offers to Sigfox users, Sigfox operators, device manufacturers and end-
customers:

o Cryptography based on Advanced Encryption Standard (AES) with no key

OTA transmission.
« Payload encryption, as an option to ensure the confidentiality of the data.
e Isolation of each part of the network and assess the risks. In case of a hack

minor segment of the network is impacted.
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On the device side, three levels of security are defined. Depending on its use and
sensitivity, the device maker will decide what level will be implemented: medium,
high or very high.

The data transferred over the network is encrypted by the secure element. The

secret key is only known by the device and the end customer[6][9)].

2.2 LoRa(WAN)

LoRa is the abbreviation of Long Range. LoRa defines a physical layer technology
developed in 2010 by Cycleo. LoRa has been designed to communicate over long
distances with low power consumptions performance and high immunity to inter-
ference. LoRaWAN is a network specification proposed in 2015 by LoRa Alliance,
which offers a MAC layer based on LoRa modulation[I0)].

2.2.1 Frequency spectrum utilization and access to the RAN

LoRa modulates the signals in sub-GHz ISM band using a proprietary spread spec-
trum technique. LoRa uses unlicensed ISM bands as Sigfox. The bidirectional
communication is provided by the chirp spread spectrum (CSS) modulation which
we will explain in the following subsection.

Depending on which part of the world we are located, LoRa works in different
bands. In Europe, the frequency band used is the 863-870 MHz ISM Band regulated
by ETSI (European Telecommunications Standards Institute). It uses 8 randomly
choosen channels, all of them are separated by 0.3 MHz in relation to the adjacent
channels. The Fig. shown 8 channels of the European frequency band. The
frequency band used in the USA, Canada, Australia, Singapore or Israel is the ISM
band of 902 - 928 MHz, using 13 channels. All the channels are separated by 2.16
MHz in relation to the adjacent channels. These channels are chosen randomly,
adjusting to the channels used for the use of XBee of 900 MHz. This thesis aims to
use the 868 MHz band.

Regarding the network architecture, LoRaWAN uses a long-range star topology
where the gateways are used to relay messages between end-devices and a central
core network. Each data message is transmitted by a node and it is received by all
the gateways in the range. The nodes are not associated with a specific gateway.
This redundant reception improves the number of messages received successfully.
However, this feature requires multiple gateways, which may increase the network
deployment cost. The received packet is forwarded by each gateway from the end

node to the cloud-based network server via backhaul. The network server is able

15
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Fig. 2.3: European frequency band used for LoRa[I0].

to filter the duplicate receptions from different gateways, to check security, to send

ACKs to the gateways and the messages to the specific application server.

End device
7 \

/ \
\

End device
\

\ / \
\ 4 \ 1

’

\ 7 N

\ 4 N

’
! ’
/ \
;; / \
\

LoRaWAN gateway LoRaWAN gateway

\

IP connection

——————— LoRa connection

Fig. 2.4: LoRa network architecture[12].

The gateways connect to the server through a standard IP connection while the

nodes connect to the gateway or to the server, through a direct link using LoRa or

16



FSK (Fig. [2.4). The communication can be unidirectional or bidirectional, in the
last case, upward traffic predominates.

The LoRaWAN standard specifies how an end node can join the network. There
are two methods, the end devices can be activated over the air (OTAA) or by
personalization (ABP) Different keys and identifiers are needed during the joining
procedure, also to communicate during session [2][5] [10] [LI][12].

e OTAA: The node and the server negotiate the encryption keys when the node

joins the network. The node sends:

— the DevEUI, (Device EUI): is a global end-device ID in IEEE EUI64
address space that uniquely identifies the end-device.

— the AppEUI (Application EUI): is an application Identifier, uniquely
identifies the application globally. It is assigned by network server.

— the Appkey, (Application Key): is AES-128 root key specific to the
end-device that is assigned to the end-device during fabrication. It is used
to generate two session keys which are called NwkSKey and AppSKey.

Afterwards, the server sends you the address of the device and both keys. All
this procedure is necessary before the packets transmission.

o ABP: The packets transmission starts from the beginning of the join. The
node and the server, both know:

— The NwkSKey: is an specific network session key of the end-device. It
is used for interaction between the Node and the Network Server. This
key is used to check the validity of the messages (MIC check).

— The AppSKey: is an specific application session key of the end-device.
It is used by the application server and the end-device to encrypt and
decrypt the payload field of the application. It provides specific data
messages.

— The DevAddr: consists of 32 bits. It identifies the end-device within
the current network. The DevAddr is allocated by the Network Server of
the end-device.

Additional to the two methods to join the end nodes to a the LoRaWAN network,
LoRaWAN devices can operate in two different ways:

o P2P mode: The nodes can connect between each other directly (LoRa net-

works).

« Hybrid mode: Combination between P2P and LoRaWAN modes to send
messages through LoRaWAN networks. In this mode a LoRaWAN license is
required. A gateway in hybrid mode (central node) and the others nodes in
P2P mode. The idea is that the gateway listens to P2P packets and relay
them to the LoRaWAN infrastructure [13][14][15].

Picture below shows the Hybrid mode scheme (Fig. :

17
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2.2.2 Physical layer (modulation, frame, subframe, ...)

LoRa is a spread spectrum modulation technique based on Chirp spread spectrum
(CSS). It is a technique that uses chirp pulses to encode information. Data is mod-
ulated on different channels and speeds (section [2.2.1)) with forward error correction
(FEC). The signal resulted has low noise levels, enabling high interference resilience.

Due to the linearity of the chirp pulses, the frequency offsets between the receiver
and the transmitter are equivalent to timing offsets, and they are eliminated easily in
the decoder. This makes this modulation immune to the Doppler effect, equivalent
to a frequency offset.

LoRa is described as a modulated chirp frequency which maintains the same
low power characteristics as the FSK modulation with significantly increases of
communication range. It uses coding gain to increase the sensitivity of the receiver
and it is capable of reaching transmission speeds between 0.3 and 50 Kbps. It makes
it suitable for P2P communications between nodes.

LoRa uses six spreading factors from SF7 to SF12. The spreading factors are
the duration of the chirp. SF7 is the shortest time on the air and SF12 is the
longest. Each step in spreading factor multiply by two the time on the air to
transmit the same amount of data (Fig. The messages transmitted by using
different spreading factors can be received simultaneously by LoRa base stations.

LoRa uses three bandwidths: 125kHz, 250kHz and 500kHz in the HF ISM 868.
The chirp uses the entire bandwidth. If the same bandwidth is using during a longer
period of time on the air, the results in less data transmitted per unit of time.

The data rate is the number of bits to encode the data. It is an integer value
between 0 and 15, it affects modulation, spreading factor and the bandwidth. De-
pending on the SF in use, LoRaWAN data rate ranges from 0.3 Kbps to 27 kbps.
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Fig. 2.6: LoRa Spreading Factors SF7 - SF12 [16].

In the practical part, the data rate will be set to 0, which implies an SF of 12 a
bandwidth of 125 KHz.

The maximum duty cycle, is defined as the maximum percentage of time during
an end-device occupies a channel. The selection of the channel must be implemented
pseudo-random channel hopping at each transmission and to be compliant with the

maximum duty cycle. Messages per day are unlimited[2][10][12].

2.2.3 Higher layers in ISO/OSI or TCP/IP models

It is known that LoRa defines the physical layer while LoRaWAN defines the MAC
communication protocol. MAC (Media Access Control) layer is one of two sublayers
that make the Data Link Layer of the OSI model (Fig. .

LoRaWAN defines three types of devices (Classes A, B, and C) with different

capabilities.

o Class A: End-devices of class A allow bidirectional communications where
each end-devices uplink transmission followed by two short downlinks receive
windows (Fig. [2.8). These devices use for the uplink pure ALOHA access.
Pure ALOHA is a random-access protocol that is implemented within the
MAC layer, a sublayer of the link layer. Its purpose is to determine which
station of the competition can have the opportunity to access the multiple
access channel in the MAC layer.

Each receive window is defined by the duration, an offset time, and a data rate.
The offset time recommended for each receive is 1 s and 2 s, although it can be

configurable. Downlink transmission is allowed only after a successful uplink
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Fig. 2.7: LoRa Protocol Stack [I1].

transmission. The data rate used in the first downlink window is calculated. In
the second window, the data rate is fixed to the minimum, 0.3 Kbps. Downlink
traffic cannot be transmitted until a successful uplink transmission is decoded
by the gateway. The second receive window is disabled when downlink traffic
is received by the end device in the first window. Class A is the class of
LoRaWAN devices with the lowest power consumption.

Class B: these devices are designed for applications with additional downlink
traffic. These devices are synchronized by using periodic beacons that are sent
by the gateway, the scheduling of additional receive windows for downlink
traffic as long as the previous transmissions have not been successful.

Class C: end devices are always listening to the channel except when they are
transmitting. The rest of classes are compatible with Class A. Class C devices
cannot implement class B. The three classes can coexist in the same network,
and devices can switch from one class to another.

The following figure 2.8 shows the three classes of the current end devices. In
class A, the first receive window Rx1 comes exactly Receive Delay 1 s after
the end of the uplink modulation. The second slot R x2 comes exactly Receive
Delay 2 s after the end of the uplink modulation. As shown in Fig. in

class B, the gateway sends a beacon on a regular beacon delay to synchronize
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all the end devices in the network. When an end device receives the beacon,
it can open a short reception window named as ping slot predictably during
a periodic time slot. For Class C devices, reference to Fig. 2.8 end devices
not only open two receive windows as class A, also they open a continuous
receive window up to the end of transmission. These class devices are used for
applications that have enough power available and thus that do not need to

minimize reception time windows [5][I3][17].

// __________________________ \\
{ Transmit RX1 \ RX2 \
| -
|\ | RxDelay1 | | |
CLASS A | | Reoelay2 I

\ ~— e ———— — —_ e — I S — _—— — /
// __________________________ \\

, BCN | BCN \ Transmit = RX1 [ RX2 | BCN | )

| J ) | RxDelayl | [ |

\ | LJ Ping Slot | | | | }
\CLASS B | || Beacon Period l RxDelay2 l | Y,

N— _i_ — Jl_i. _________ —_— e — — — — — — — — —
// __________________________ TN
[ Transmit ) Rx2 | RX1 COoRX2
| | RxDelayl | i i I
I I
\CLASS C le |_RxDelay2 | Ly

Fig. 2.8: LoRaWAN communication classes[I§].

2.2.4 Security

It is extremely important for any LPWAN to incorporate security. LoRaWAN uti-
lizes two layers of security: one for the network and another one for the application.
This allows nodes to perform routing and network maintenance tasks while preserv-
ing the confidentiality of application data.

The LoRaWAN network solution comes with an authentication and security
frameworks based on the AES128 (Advanced Encryption Standard) encryption scheme
(Fig. 2.9). The AES-128 encrypts the frame for confidentiality and generates a MIC
(Message Integrity Code) for integrity. Each end-device has assigned keys that is
done by device manufacturers or the application owners (section .

Authentication and encryption are separated so it is possible to authenticate

packets and provide integrity protection.
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Fig. 2.9: AES-128 encryption scheme [18].

Each message is encrypted by using the XOR operation with the corresponding
key (from the key stream) to generate the encrypted payload. The payload length
is always the same before and after the encryption. This can be used together
with overflowing counters by a malicious entity to restore the key stream from the
encrypted messages [5] [11][18][19].

2.3 NB-loT

Narrow-Band Internet of Things (NB-IoT) is a Low Power Wide Area (LPWA)
technology proposed in Release 13 of the 3GPP in June 2016 for data perception

and acquisition intended for intelligent low-data-rate applications[2].

2.3.1 Frequency spectrum utilization and access to the RAN

NB-IoT uses licensed bands. NB-IoT which can coexist with GSM (global system
for mobile communications) and LTE (long-term evolution). NB-IoT only requires
a bandwidth of 180 kHz, and LTE devices can use from 1 to 18 MHz. The difference
between them is the use of narrowband to reduce device complexity, cost, and power.
NB-IoT can only be used and deployed by service providers that have already a

frequency license on LTE bands or that have it rented. To improve the capacity
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achieved and also,reuse the existing LTE infrastructures. It allows connectivity of
end devices up to 100K per cell.
It may be deployed inside an LTE carrier or in the guard band. Figure 2.10]
shows the possible operation modes:
» Stand-alone operation: Use of current used GSM frequencies.
e Guard-band operation: Use of the unused blocks resource within an LTE
carrier’s guard-band.
o In-band operation: Uses of block resources within an LTE carrier. The
assignment of resources between LTE and NB-IoT is not fixed.

LTE i
LTE Carriers LTE Ca rrlers Non- carriers

GSI\/I Carriers
NB-loT NB-loT
// N / / ~ NB-loT
In-band Mode Guard-Band Mode Stand-Alone Mode

Fig. 2.10: Operation Modes for NB-IoT [23].

The 3GPP recommends the integration of NB-IoT with the LTE cellular net-
works. NB-IoT is only accepted with a software update and the existing LTE in-
frastructure. The NB-IoT communication protocol is based on the LTE protocol.

NB-IoT reduces LTE protocol functionalities to the minimum and it improves them
as required for IoT applications[20] [21][22] [23].

2.3.2 Physical layer (modulation, frame, subframe, ...)

NB-IoT uses modulation QPSK, with different methods for downlink or uplink:
o Downlink: we use Orthogonal Frequency-Division Multiple Access (OFDMA).
o Uplink: the method is single-carrier frequency division multiple access (SC-
FDMA).

The data rate is limited to 200 kbps for the downlink and to 20kbps for the
uplink. The maximum payload size for each message is 1600 bytes.

OFDMA and SC-FDMA modulate in time and frequency the signal. The at-
tribution is not the identical for the two methods. The difference between both
methods is represented in the figure below:

OFDM each subcarrier is attributed with a user dynamically; the 4 symbols are
sent at the same time. However, SC-FDMA, instead of sending 4 symbols at the
same time, it sends one by one only. This method provides a lower peak power ratio
which improves the autonomy of the battery [2][21][23][24].
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Sequence of QPSK data symbols to be transmitted

\

SC-FDMA

OFDMA symbol
symbol
OFDMA SC-FDMA
symbol symbol

fc 60 Khz

Fig. 2.11: Comparation of OFDMA and SC-FDMA transmitting a series of QPSK
data symbols[Z1].

2.3.3 Higher layers in ISO/OSI or TCP/IP models

In this subsection it has been decided not to go into depth due to its complexity, an

overview of each technology with its basic characteristics is intended.

2.3.4 Security

NB-IoT security model is inherited from LTE. The SIM card (USIM (Universal Sub-
scriber Identity Module) since 3G) is the stepping stone for the device authentication
and encryption. This card contains subscribers information and keys, however the
decive is only identified by the IMEI (International Mobile Equipment Identity)
in three-way handshake. This process authenticates device and subscriber on the
network and it sets up cryptographic keys, that are used to protect next commu-
nications. The benefits of this technology cover massive deployment over the years
without any major vulnerability, excluding in earlier 2G standards (A5/1 attack)
that have been deprecated and on which NB-IoT devices are not vulnerable. Oper-
ators backhauls are protected traditionally with IPSec tunnels.

Most of the end-applications also make use of encryption. They use TLS with
an application of servers/cloud. TLS capabilities for IoT and constrained environ-
ment are significant increased, including microcontrollers that embeds AES/RSA

hardware acceleration engines to offer good security for low no computational cost

[21].
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| SigFox | LoRaWAN | NB-IoT
Modulation BPSK CSS QPSK
Frequency Unlicensed ISM bands | Unlicensed ISM bands | Licensed  LTE
(868 MHz in FEurope, | (868 MHz in  Eu- | frequency
915MHz in North | rope, 915MHz in
America, and 433 | North America, and
MHz in Asia) 433 MHz in Asia)
Bandwidth 100 Hz 250 KHz and 125kHz | 180 KHz
Maximum data | 100 bps 50 kbps 200 kbps
rate
Bidirectional Limited/Half-duplex | Yes/Half-duplex Yes/Half-duplex
Maximum mes- | 140(UL),4(DL) Unlimited Unlimited
sages/day
Maximum pay- | 12 bytes (UL),8 bytes | 243 bytes 1600 bytes
load length (DL)
Range 10 Km (urban), 40 Km | 5Km (urban), 20Km | 1Km  (urban),
(rural) (rural) 10 Km (rural)
Interference im- | Very high Very high Low
munity
Authentication | Not supported Yes (AES 128b) Yes (LTE en-
and encryption cryption)
Adaptive data | No Yes No
rate
Handover End-devices do not | End-devices do mnot | End-devices join
join a single base sta- | join a single base sta- | a single base sta-
tion tion tion
Localization Yes (RSSI) Yes (TDOA) No (under speci-
fication)
Allow  private | No Yes No
network
Standardization | Sigfox company is col- | LoRa-Alliance 3GPP

laborating with ETSI
on the standardization

of SigFox-based net-

work

Tab. 2.1: Comparative Table [2].
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3 Practical Part

This chapter is focused on a detailed description of the practical part of the thesis.
It evaluates if the technology achieves expectations according to the specification.
LoRaWAN technology is verified in real conditions. The tools used are explained
below.

A LoRaWAN infrastructure is implemented to send data automatically.

An Arduino board has been chosen together with a LoRa module to set up the
infrastructure mentioned before. As part of this thesis, a "C++ code' has been
created to send ten data messages with the selected software (automated process).
This “C++ code” is uploaded to the Arduino board.

The connection between LoRa module and the network gateways has been veri-
fied as the messages have been successfully received.

In the last part of this chapter, the LoRaWAN technology coverage is discussed

based on the results.

3.1 Evaluation of the LoRaWAN module adherence
to the standard

This section describes the tools used and the verification of how the technology is
adhered to the standard, based on the standard described in the theoretical part of
the thesis. At the end of the section, this has been verified with the results obtained.

3.1.1 Utilized hardware and software

To confirm and to evaluate the technology used, different software and hardware
tools have been needed. Each of the tools are described in the following subsubsec-

tion.

LoRa Module

The LoRa microchip selected has been the RN2483 microchip that works at 868
MHz frequency. It is located inside the LoRa module.

The RN2483 microchip provides LoRaWAN connection through a simple UART
interface. This module works with the LoRaWAN class A protocol.

To get access to LoRa technology network, a minimal configuration is required.
This configuration can be stored in the EEPROM of the module.
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The RN2483 transceiver module features LoRa technology RF modulation, which
provides long-range spread spectrum communication with high interference immu-

nity [25].

General features table (Tab. 3.1) is shown:

Modulation FSK, GFSK, and LoRa Technology modulation
Frequency Band 863.000 MHz to 870.000 MHz ; 433.050 MHz to 434.790 MHz
Maximum Over-the-Air Data Rate | 300 Kbps with FSK modulation; 10937 bps with LoRa Technology modulation

Interface UART
Operation Range Up to 15 km coverage at suburban ; up to 5 km coverage at urban area
Sensitivity at 1% PER -146 dBm
RF TX Power max. 10dBm on 433 MHz band ; max. 14 dBm on the 868 MHz band

-40°C to +85°C

Temperature (operating)

Tab. 3.1: General features RN2483 [25].

Picture below shows the LoRa module (Fig. [3.1]) in which the RN2483 microchip

is focused, main part of the module:

DEFAULT ON "

Fig. 3.1: Microchip RN2483 in LoRa module.

Termite Software

Termite 3.4 was the software selected for the first part of this thesis. Termite 3.4 is
a software which uses the RS-232 (Recommended Standard 232); it is easy to use in
relation with other software. Its interface presents a window where the sent /received
information is displayed where a line space is located to write the messages. It is
similar to a messaging client.

Its main characteristics are:

o Plug-in interface for data pre-processing.
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History of commands that were written with autocomplete.

Ability to run with pre-configured settings from a read-only medium.
Support for non-standard baud rates (MIDI, DMX512).
Different colour for the transmitted data (blue) and the received data (green).

Laptop HP Pavilion x360

Personal laptop with Windows 10 operating system, Intel Pentium N3520 processor
and internal storage of 500 GB. Any computer with similar characteristics would be

acceptable.

3.1.2 Verification methodology

Once the software and hardware tools have been explained, the module is evaluated
according to the standard. Commands are sent to the module to verify if it works
as expected.

The current scenario is shown on the figure [3.2] where you can see the laptop,
the LoRa module and the gateway. The laptop is connected with the LoRa module
via USB and the LoRa module with the gateway through LoRa technology (wireless
technology).

e
USB

Fig. 3.2: Required scenario to evaluate the module according to the standard.

LoRa
Module

Default settings for the UART interface are 57600 bps, 8 bits, no parity, 1 stop

bit, no flow control are used to communicate with the module.
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It must be verified that the port has been recognised in Termite, we must see at
the top of the screen: “COMS5 57600 bps, 8N1, no flow control".

The version of the module is checked to verify the connection between the com-
puter and the module is working properly. The following command is executed:

sys get ver

RN2483 1.0.4 Oct 12 2017 14:59:25

This command returns the information related to the hardware platform, firmware
version, release date and time stamp on firmware creation.

After getting the communication between the two ends, it must pause the MAC
level. The following command pauses the LoRaWAN stack functionality to allow
transceiver (radio) configuration. This command replies the time interval in millisec-
onds that the transceiver can be used without affecting the LoRaWAN functionality.

mac pause

4294967245

The maximum value 4294967245 is returned whenever the LoRaWAN stack func-
tionality is in the Idle state and the transceiver can be used without restrictions.

Besides, we will check the default configuration:

radio get mod

lora

This command reads back the current mode of operation of the module, LoRa.

radio get freq

868100000

This command reads back the current operation frequency of the module in Hz.

Next command reads back the current spreading factor being used by the transceiver.
Parameters values can be from SF7 to SF12.

radio get sf

sf12

This command read back the current operating radio bandwidth used by the
transceiver in KHz. The parameter values can be 125, 250 or 500.

radio get bw

125

At last, to get the coding rate used by the radio. The parameter values can be
4/5,4/6, 4/7 and 4/8. It uses the following command:

radio get cr

4/5

As we expected, the module is configured as a LoRa device with a transmit and
retransmit frequency of 868.1 MHz. A spreading factor of 12 defines the sensibility

of the reception. A bandwidth of 125 KHz which determine the time on air, in our
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case 1 second. The coding rate 4/5 is the best error correction mechanism. Each
parameter stablished conform the standard EU-868.

The device mode will be configured. There are two possible modes we have
mentioned before, OTAA and ABP. In our case, we will configure it in ABP mode.
For this, it is necessary to know the keys: DevEUI, DevAddr, nwkskey, and appskey
(keys already explained in subsection .

This command reads the preprogramme EUI node address from RN2483 mod-
ule. The value returned by this command is a globally unique number provided by
Microchip.

sys get hweui

0004A30B0O01C6E01

The following commands set the different keys for the RN2483 module:

mac set nwkskey CB1B6FO0D50842A66124BEEE21EBSFA4

ok

mac set appskey AFD26A29452FFDE64B09215DBAA21528

ok

This command set the unique network device address for the RN2483 module.

mac set devaddr 26011813

ok

Finally, it saves the LoORaWAN configuration parameters.

mac save

ok

There are two modes to join to the network: ABP or OTAA . For this
thesis the ABP method has been selected as it is easy to carry out its setup. The
following attempts to join the network using ABP mode:

mac join abp

ok

accepted

We are already joined to the network.

3.1.3 Results

At the end, it is verified that the technology works as we expect according to the
standard, sending and receiving data.

There are two options to send data with LoRa:

o Confirmed: it will be confirmed by a downlink frame.

o Unconfirmed: it will not be confirmed.

The allowed format of sending data for RN2483 is:

mac tx <type><FPort><payload>
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This command may reply two responses. The first response is received immedi-
ately after entering the command. In case the command is valid (ok reply received).
The second reply is received after the end of the uplink transmission. If the response
is mac tx ok the uplink transmission was successful and not downlink data was
received back from the server.

Some of the messages sent are:

mac tx uncnf 1 AF

ok

mac_tx_ok

mac tx uncnf 4 AB

ok

mac_tx ok

mac tx cnf 1 BEEF

ok

mac tx cnf 4 5A5B5B

ok

In addition to the response obtained by Termite in which it is possible to verify
if the messages have been received correctly. Messages are received on the gateways

too.

3.2 Evaluation of the LoRaWAN gateway range

The first section of this chapter was focused to verify that LoRaWAN technology
works as we expected. In this second section, LoRaWAN technology is verified in
real conditions. We have the opportunity to evaluate the LoRaWAN gateway range

sending automated data messages.

3.2.1 Utilized hardware and software tools

As mentioned before, to effectively evaluate the technology used, several software
and hardware tools have been needed. To implement them it uses an Arduino Board
with the current LoRa Module in used. The tools used are described in the following

subsection:

Arduino UNO Board

The Arduino Board choosen to carry out this thesis has been the Arduino UNO
Board. The main reason for your choice is that it is the most appropriate to start

with electronics and coding because it is one of the most robust systems|[26].
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Arduino UNO is a microcontroller board based on the ATmega328P. It has 14
digital input/output pins, 6 analog inputs, a 16 MHz quartz crystal, a USB connec-
tion, a power jack, an ICSP header and a reset button.

It connects to the computer with a USB cable and it contains everything is

needed to perform this thesis.
The general features table of Arduino UNO (Tab 3.2) is shown:

Microcontroller ATmega328P
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limit) 6-20V
Digital I/O Pins 14(of which 6 provide PWM output)
PWM Digital I/O Pins 6
Analog Input Pins 6
DC Current per I/0 Pin 20mA
DC Current for 3.3V Pin 50mA
Flash Memory 32KB (ATmega328P) of which 0.5 KB used by bootloader
SRAM 2KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock Speed 16 MHz

Tab. 3.2: General Features Arduino UNO [26].

Figure 3.3 shows the main part of an Arduino UNO Board,the microcontroller
in which the ATmega328P is focused:

IDE Arduino Software

The Arduino IDE software has been used to program the Arduino board as its ease
of programming for beginners.

Arduino IDE is a cross-platform application that is written in the programming
language Java. The Arduino IDE supports the languages C and C++4-. The code
is written by the user that requires two basic functions to start the sketch and the
main cycle of the program: to compile and link it to a main ( ) program appendix.
Arduino IDE uses the avrdude program to convert executable code into a text file
an also, into a hexadecimal encoding that is uploaded on the Arduino board.

Arduino IDE features are:

e Multi-platform application: Arduino IDE works on the three most popular

operating systems: Windows, Mac OS, and Linux. Also it gives programmers
the option to create and save their sketches in the cloud, or create their pro-

grams locally.
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Fig. 3.3: ATmega328P microcontroller in Arduino UNO Board.

« Board Management: Arduino IDE comes with a multiplatform manage-
ment module where users can select, at the moment, the board that they want
to work with.

e Vast Library: Arduino IDE has more than 700 integrated libraries. These
have been written and shared by the Arduino community, which allows other
users to use them in their own projects without having to install any additional
software.

o Third party Hardware Support: Arduino IDE supports connections with
third-party hardwares. This makes the use of the application more extensive

than limited to the proprietary plates.

3.2.2 Verification methodology

Once the software and hardware tools have been explained, the process of sending
data messages is automated. 11 messages are sent, the first message to check the
connection and the remaining 10 data messages. It has been decided to send ten
data messages because in that way you get more accurate results. In the first section,
the sending of data messages has been made individually. The results obtained in
this section are subsequently used.

Picture of the complete infrastructure is shown in (Fig. The Arduino UNO
board has the function of controlling the module.

The code used in this infrastructure is explained. It is a C ++ code, programmed
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Fig. 3.4: LoRaWAN infrastructure.

in Arduino IDE Software. This code has been written in order to send data repeat-
edly, as in a loop.

One of the advantages of automating the process, including the precision, it
would be the reduction of sending time. That way, LoRa module can delete unnec-
essary tasks and focus on sending data.

As mentioned before, this code sends an initial message and ten data messages.
When the ten messages are sent, the program stops.

The code begins including the necessary libraries for the implementation:

1 #include "rn2xx3.h"

2 #include "SoftwareSerial.h'
3 #include "U8glib.h"

5 USGLIB_SSD1306 128X32 u8g(USG I2C OPT NO ACK) ;
7 SoftwareSerial LoraSerial (9, 8);

9 rn2xx3 myLora(LoraSerial);

Listing 3.1: Libraries.

The listing 3.1 shows on line 5, the definition of used display (128x32 pixels) over
[2C. On line 7 it defines the software serial, LoRa RX pin is connected to the pin 9
of the Arduino and the TX pin is connected to the pin 8. Last, on line 9, it creates
an instance of the rn2xx3 library, giving the software serial as a port to use.

The listing below (Lst. 3.2) shows the draw function:
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1 void draw(String text) {

2 u8g. firstPage () ;

3 do {

1 u8g.setFont (u8g_font_unifont);
5 u8g.setPrintPos (0, 20);

6 u8g. print (text);

7 } while ( u8g.nextPage() );

s }

Listing 3.2: Draw function.

The needed to create the draw function is due to our interest to work indepen-
dently of the computer when the measurements are carried out.
The next function that was performed is “initialize__module” the module joins

the network and the keys are negotiated.

1 void initialize__module () {

2 delay (100) ;

3 LoraSerial. flush () ;

4

5 String hweui = myLora.hweui();

6

7 while (hweui.length () != 16){

8

9 Serial.println ("Communication with RN2483 unsuccessful");

10 Serial . println (hweui) ;

1 delay (10000) ;

12 hweui = myLora.hweui () ;

13 }

14

15 Serial.println ("Firmware version:");

16 Serial.println (myLora.sysver () );

17

18 Serial.println ("The DevEUI is: ");

19 Serial.println (myLora.hweui());

20

21 Serial.println ("Join to the network");

22 bool result = false;

23

24 //Modo ABP: initABP (Addr, AppSKey, NwkSKey) ;

25 result = myLora.initABP ("26011813" |

26 "AFD26A29452FFDE64B09215DBAA21528" |, '
CB1B6F00D50842A66124BEEE21EBSFA4" ) ;

27

28 while (! result){

29 Serial.println ("Unable to join");

30 delay (60000) ;

31 result = myLora.init ();
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32

33

34

35

36

37

38

39

40

1

String text="Unable to join";
draw (text ) ;

Serial . println ("Successfully joined");

String text="Succesfully joined";
draw (text ) ;

Listing 3.3: Initialize module function.

On line 5 of the listing 3.3, the hweui of our device is obtained. The length of
the hweui must be 16 bytes if this is not satisfied "Communication with RN2483
unsuccessful".

“Serial.println” is used to print in the serial port in ASCII code through the
code. Also, delay (x), is used to add a milliseconds delay where x is the time in
milliseconds.

The listing 3.3 shows the configuration in ABP mode and the negotiation of the
LoRa keys as mentioned above.

From line 28 to 40 of the listing 3.3, it is displayed that if the value of the result
is different, the union is not. It is shown on the display “Unable to join”. Also, if
the result value is the same, the connection to the network is successfully achieved.
This is shown on the display too.

The last function to analyze is “send” (Lst. 3.4). In this function, the ten data

messages are sent.

void send () {
Serial .print (" Transmission");

String text="Transmission";
draw (text ) ;

switch (myLora. tx("21")){
case TX FAIL:{ //It the transmission fail

Serial . println ("TX unsuccessful or not acknowledged");

break ;

case TX_SUCCESS: {
Serial . println ("TX successful and acknowledged");

break ;
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case TX WITH RX:{

String received = myLora.getRx();

received = myLora.basel6decode(received);

]

Serial.print ("Received: + received);

break ;

default :{

Serial . println ("Unknown response from TX ");

Listing 3.4: Send function.

On line 8 of the listing 3.4, a message unconfirmed is sent. The value sent “21”

44'77

is the hexadecimal value of the The sending of the message is inside a switch

so depending of the confirmation obtained, the string written on the serial port is
different.

For example, if the confirmation is TX_FAIL, it is written to the serial port "TX
unsuccessful or not acknowledged".

The void setup( ) is explained. The setup is the part that runs first when the
program is started (Lst. 3.5).

void setup () {

Serial .begin (57600) ;

LoraSerial . begin (57600) ;

Serial . println ("Startup");
initialize__module () ;

delay (1000) ;
myLora.setFrequencyPlan (TIN_EU) ;
myLora.setDR (0) ;

myLora. tx ("Andrea") ;

delay (10000) ;

int counter=1;

while (counter <=10){
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send () ;
counter=counter+1;
delay (10000) ;

}

String text=( "10 Messages sent");
draw (text ) ;

delay (6000) ;

}

void loop () {

}
Listing 3.5: Void setup( ) and void loop( ).

On line 3 in Fig 3.5 opens the hardware serial (USB port) with proper baud rate
57600 bps, also line 4 opens the software serial on pins 8 and 9. The call to the
function is made “initialize module”.

The frequency plan is setup to TTN_EU. The objective of this is to establish
limits of use. Finally, the data rate is set to 0. This implies an SF of 12 and
125 KHz of bandwidth as it has been verified in the initial configuration. On line
15, the initial unconfirmed message is sent “Andrea”.

The variable counter is declared, which quantifies the number of messages sent.
For this, a loop is made inside the setup, in which the send( ) function is called.
When this loop finishes, "10 Messages send" is shown on the display.

The void loop( ) is empty. The presence of this function has been considered
as part of this code development, although it has not been used, the code works
successfully.

The figure 3.5 shows the changes that the display experiences during the sending

of data messages.

Succesfully join Transmission 10 Messages sent

Fig. 3.5: Display changes during the transmission.
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3.2.3 Results of the measurements and comparison with the
TTN network

The measurements have been performed in the city of Brno. In the figure below (Fig.
3.0)), it can be seen the coordinate map where the tests have been carried out. They
have been selected taking into account terrain areas with different characteristics.

Obtaining in that way, accurate results (forty-eight points).
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Fig. 3.6: Coordinate map.

In each point, the LoRaWAN infrastructure has been kept connected via USB
cable to an external battery (Fig. [3.7). The sending point would change and the
receiving gateways would remain constant.

The current scenario is shown on the picture (Fig. [3.8) where it can be seen
the external battery, the LoRaWAN infrastructure and the gateway. The battery
is connected with the LoRaWAN infrastructure via USB and the LoRaWAN infras-
tructure with the gateway through LoRa technology.

Once the measurements have been made, the resulting files will be obtained
from the gateways. The generated file is a JSON file (JavaScript Object Notation)
in which you can see the value of the counter, the location of the gateway and many
other sending parameters. An example of JSON file is shown below (Lst. 3.6):
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POWER/IDD

Fig. 3.7: Hardware equipment.

LoRa
Module

Battery S
LoRa

Gateway

Arduino UNO
Board

Fig. 3.8: Automated communication with LoRaWAN infrastructure.
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{

"counter"': 1,
"app_id": "b_iot",
"port": 1,
"metadata": {
"time": "2019-03—-29T10:42:05.984094847Z" ,
"coding\_rate": "4/5",
"frequency": 867.1,
"airtime": 1155072000,
"modulation": "LORA",
"gateways": |
{
"time": "2019-03-29T10:42:05.956711Z2",
"rf_chain": 0,
"gtw_id": "eui—b82T7ebfffec6ebd0 ",
"channel": 3,
"rssi': —119,
"latitude": 49.19936,
"longitude": 16.57975,
"altitude": 320,
"timestamp": 2269981292,

"snr": —5.2
}
{
"time": "2019-03-29T10:42:29.536815Z",
"rf_chain": O,
"gtw_id": "eui—1dee0933d840eelb"
"channel": 3,
"resi': —117,
"timestamp": 2543574716,
"snr": —13
}
I,
"data_ rate": "SF12BWI125"
|
"dev_id": "andrea',

"hardware__serial": "0004A30B001C6E01",
"payload_raw"': "MjE="

}
Listing 3.6: JSON file appearance.

In the JSON files there are three gateways that receive the information (gtw_ id).
These gateways are:

e ’'gtw_id’: ’but_ biot’

o ’gtw_id’: ’eui-b827ebfffec6e5d0’.

o ’'gtw_id’: ’eui-1dee0933d840eelb’.
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Depending on the position where the sending is made, the gateway that receives
the messages change.

The location of two of three gateways is known (gateway symbol Fig. |3.6]).
It is unknown the location of ’gtw id: ’eui-1dee0933d840eelb’. Even so, it has
been decided to take into account that the data received by the gateway ’eui-
1dee0933d840eelb’ to carry out an accurate comparison. The gateway But_ Biot
versus the TTN_ Network (three gateways, one of them But_ Biot).

In order to graphically compare the results obtained, heat maps have been per-
formed. The latitude, the longitude and the RSSI of each coordinate have been
used. The RSSI (Received Signal Strength Indicator) is a reference scale for mea-
suring the power level of the signals received by a device in wireless networks. The
scale is frequently expressed in negative values. Smaller values indicate higher signal
losses.

The But_ biot heat map is shown below (Fig. [3.9):
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Fig. 3.9: But_ Biot heat map.

The values are gradually distributed from blue to red indicating less or more
activity respectively.

For a better understanding of the maps each of them is divided into 4 areas
already reflected in the heat maps. First area, left part of the map, around the

But_ biot; second area, the city centre; third area around Masarova and finally a
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fourth area, on the right part of the map. In But_ Bio heat map it can be seen how
the area near the But_ biot is the most activate (area 1).

The area 1 is 358 meters above sea level. It is an elevated area on the ground.
On the other hand, the area 3 is 284 meters above sea level, lower than the previous
area but it is still in a high location. The area 4 is 302 meters above sea level. Being
a little higher than area three, it differs in the image with greenish tone.

In high areas, the signal received is higher because it is transmitted with no
interferences between them which implies good values of the RSSI. However, in the
city centre, the area 2, the signal is attenuated and obstructed by obstacles that
are in the way during the transmission: trees, buildings ... It is located in a valley,
between two mountains.

Due to the aforementioned interferences and obstacles, the phenomenon known
as multipath propagation occurs, the signals are received by the gateway on two or
more paths and at different times which can cause problems in the reception of the
signal due to the interaction between the signals. This phenomenon is reflected in
the results obtained; successive measurements points, so the distance between them

is very small, the results vary considerably.
The TTN_ Network heat map is shown below (Fig. |3.10)):
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Fig. 3.10: TTN_ Network heat map.

As we mentioned before, the heat map of the TTN_ Network collects the in-
formation received by the three gateways (But_biot between them). Unlike the
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But_ Biot heat map, the activity of this heat map is higher.

The TTN_ network heat map is divided again into four areas.

The area with the most activity is again area 1, the largest area. You can also
see two more areas with activity (area 2 and 3), not present in the previous map.

It should be remembered, as in the previous map, that zone 3 and zone 4 are
high areas of the terrain, making it easier for transmission to take place without

interference.
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4

Conclusions and Lessons learned

The goal of connecting the customized device to the network of the Brno University

of Technlogy has been achieved as a part of this thesis.

Data has been collected and tests have been conducted with the intention that

the reader can draw their own conclusions, and evaluate the types of scenarios it
may be good to use LoRa(WAN) technology.

The conclusions obtained as part of this thesis are presented below:

The importance of the configuration of our device should be highlighted. It can
be seen in section that depending on how you configure the parameters
of the device (the SF, the bandwidth, the data rate...) with the commands
mentioned before, the obtained results can be different.

It has been verified with the map of coordinates that the messages can be
received up to approximately 7 Km away, with RSSI values between -120 and
-99 dBm. Even with -99 dBm, area of greatest activity, the RSSI is kept low.
There are points where packages are not received practically, so communication
could be totally missed although if we are closer than 7 Km away. From 7
Km, the connection would be infeasible.

In terms of the results obtained, the expected theoretical coverage according
to the specification of this technology is around 5 km. In this thesis, messages
have been received from a point 7 km away. The measurements were repeated
several times. It was checked again how messages were received. Point of zone
4 of the heat map of the But_ Biot.

These tests were carried out in the city of Brno, so the results make change
significantly if they are carried out in an open space, without interferences
or obstacles as it was the case in the city center. However, we have seen
how LoRaWAN technology penetrates very well and there are few things that
interfere with it.

It is known that the TTN network is public with three gateways. The BUT Biot
network is paid with just one gateway. The TTN_network gives better results
due to the presence of a greater number of gateways. Although more gateways
implies higher implement cost; as the network is public, is not a paremeter to

consider. The TTN network gives us better results being of public use.

In the future, I would like to continue this project by performing the same

tests with other LPWA technologies to know their coverage limits, advantages and

disadvantages. It can thus be assessed which of the technologies presents the best

conditions in a data transmission.

45



Bibliography

[1]

[11]

[12]

[13]

KALYANI, Vijay Laxmi; SHARMA, Deeksha. IoT: Machine to Machine
(M2M), Device to Device (D2D) Internet of Everything (IoE) and Human to
Human (H2H): Future of Communication. J. Manag. Eng. Inf. Technol, 2015,
vol. 2, p. 17-25.

MEKKI, Kais, et al. A comparative study of LPWAN technologies for large-
scale ToT deployment. ICT Express, 2019, vol. 5, no 1.

Garcés, P. P. (2017). Redes de Area Extensa para aplicaciones de IoT: modelado

de comunicaciones Sigfox.

de Carvalho Silva, J., Rodrigues, J. J., Alberti, A. M., Solic, P., & Aquino, A.
L. (2017, July). LoRaWAN—A low power WAN protocol for Internet of Things:
A review and opportunities. In Computer and Energy Science (SpliTech), 2017
2nd International Multidisciplinary Conference on (pp. 1-6). IEEE.

Sinha, R. S., Wei, Y., & Hwang, S. H. (2017). A survey on LPWA technology:
LoRa and NB-IoT. Ict Express, 3(1), 14-21.

MARGELIS, George, et al. Low throughput networks for the IoT: Lessons
learned from industrial implementations. En 2015 IEEE 2nd world forum on
internet of things (WF-1oT). IEEE, 2015. p. 181-186.

MORIN, Elodie, et al. Comparison of the device lifetime in wireless networks
for the internet of things. IEEE Access, 2017, vol. 5, p. 7097-7114.

OLIVEIRA, Luiz, et al. MAC Layer Protocols for Internet of Things: A Survey.
Future Internet, 2019, vol. 11, no 1, p. 16.

Sigfor Technical Overview,2017 https://wuw.sigfox.com/en

Pérez Garcia, R. (2017). Avaluacié de LoRa/LoRaWAN per a escenaris de

smart city .Bachelor’s thesis, Universitat Politécnica de Catalunya.

Alliance, L. (2015). LoRaWAN-what is it. A technical overview of LoRa and
LoRaWAN.

HAXHIBEQIRI, Jetmir, et al. A survey of lorawan for iot: From technology to
application. Sensors, 2018, vol. 18, no 11, p. 3995.

LORA ALLIANCE TECHNICAL COMMITTEE, et al. LoRaWAN 1.1 Speci-
fication. LoRa Alliance Stand, 2017, vol. 1, no 1.

46


https://www.sigfox.com/en

[14] The Things Network https://wuw.thethingsnetwork.org/docs/lorawan
[15] LoRaWAN Keys and IDs Overview - Laird, Smart Technology Delivered, 2016

[16] Zhou, Weiwei & Tong, Ziyuan & Dong, Z.Y. & Wang, Yu. (2019). LoRa-
Hybrid: A LoRaWAN Based multihop solution for regional microgrid

[17] F. Adelantado, X. Vilajosana, P. Tuset-Peiro, B. Martinez, J. Melia-Sequi and
T. Watteyne, "Understanding the Limits of LoRaWAN, " in IEEE Communica-
tions Magazine, vol. 55, no. 9, pp. 34-40, Sept. 2017

[18] DE CARVALHO SILVA, Jonathan, et al. LoRaWAN—A low power WAN
protocol for Internet of Things: A review and opportunities. En 2017 2nd

International Multidisciplinary Conference on Computer and Energy Science
(SpliTech). IEEE, 2017. p. 1-6.

[19] ARAS, Emekcan, et al. Ezxploring the security vulnerabilities of LoRa. En 2017
3rd IEEE International Conference on Cybernetics (CYBCONF). IEEE, 2017.
p. 1-6.

[20] CHEN, Min, et al. Narrow band internet of things. IEEE access, 2017, vol. 5,
p. 20557-20577.

[21] Julie CONZATEIDOU - Théo BUENO, Narrowband loT (NB-IoT) Description
& Principles. 25 November 2018, INSA Toulouse - PTP ISS

[22] XU, Jun, et al. Narrowband internet of things: FEvolutions, technologies, and
open issues. IEEE Internet of Things Journal, 2017, vol. 5, no 3, p. 1449-1462.

(23] SCHLIENZ, J.; RADDINO, D. Narrowband internet of things whitepaper.
White Paper, RohdeésSchwarz, 2016, p. 1-42.

[24] WANG, Y.-P. Eric, et al. A primer on 3GPP narrowband Internet of Things
(NB-10T). arXiv preprint arXiv:1606.04171, 2016.

[25] Datasheet:  Low-Power Long Range LoRa® Technology Transceiver Mod-
ule, RN2483, Microchip

[26] Arduino UNO rev3 https://store.arduino.cc/Arduino-Uno-rev3

47


https://www.thethingsnetwork.org/docs/lorawan
https://store.arduino.cc/Arduino-Uno-rev3
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RAN
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DevEUI
AppEUI
AppKey
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AppSKey
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DevAddr
P2P

Internet of Things

Low Power Wide Area Network
Machine to Machine

Human to Human

Industrial Internet of Things

Narrow Band-Internet of Things

Low Power Wide Area

Radio Access Network

Industrial, Scientific and Medical band
Ultra-Narrow Band

Binary Phase Shift Keying

Cyclic Redundancy Check
International Organization for Standardization
Open System Interconnection
Transmission Control Protocol
Internet Protocol

Media Access Control

Random Frequency and Time Division Multiple Acces
Advanced Encryption Standar

Over the Air

Chirp Spread Spectrum

European Telecommunications Standards Institute
Unites States of America
Acknowledgement

Frequency Shift Keying

Activation Over the Air

Activation by Personalization

Device EUI

Application EUI

Application Key

Network Session Key

Application Session Key

Message Integrity Code

Device Address

Point to Point
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SF

HF
3GPP
GSM
LTE
QPSK
OFDMA
SC-FDMA
SIM
USIM
IMEI
TLS
IPSec
RSA
UL

DL
RSSI
TDOA
UART
EEPROM
RF
MIDI
UE
USB
ICSP
12C
TX
ASCII
RX
TTN
JSON
BUT

Spread Factor

High Frequency

3rd Generation Partnership Project

Global System for Mobile

Long Term Evolution

Quadrature Phase Shift Keying

Orthogonal Frequency-Division Multiple Acces
Single-Carrier Frequency Division Multiple Access
Subscriber Identity Module

Universal Subscriber Identity Module
International Mobile Equipment Identity
Transport Layer Security

Internet Protocol security

Rivest, Shamir and Adlema

Up Link

Down Link

Received Signal Strength Indicator

Time Difference of Arrival

Universal Asynchronous Receiver Transmitter
Electrically Erasable Programmable Read Only Memory
Radio frequency

Musical Instrument Digital Interface
European Union

Universal Serial Bus

In circuit serial programming

Inter-Integrated Circuit

Transmitter

American Standard Code for Information Interchange
Receiver

The Things Network

JavaScript Object Notation

Brno University of Technology
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Appendices

Obtained JSON files and summary table

Measurements 1-5:
POINT 1

{’payload_raw’: ’QW5kemVh’, ’hardware_serial’: ’0004A30B001C6E01’, ~’
counter’: 0, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’
SF12BW125’, ’gateways’: [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’:

—113, ’snr’: —6.5, ’timestamp’: 2996088748, ’time’: ’'2019—-03—26T16
:01:07.814805%Z°, ’rf_chain’: 0, ’channel’: 7}], ’airtime’:
1318912000, ’frequency’: 867.9, ’time’: ’2019—-03—-26T16
:01:00.280169206Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E(0l’, ’counter
’: 2, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’rssi’: —119, ’snr’: —15.5, ’altitude’: 320, ’timestamp’:

2749189348, ’'latitude’: 49.19936, ’time’: ’2019—-03—26T16
:01:26.892199Z°, ’rf chain’: 0, ’channel’: 4}, {’gtw_id’: ’but_biot
*, ’timestamp’: 4220405084, ’longitude’: 16.575365, ’altitude’:

281, ’'rf_chain’: 0, ’location_source’: ’'registry’, ’'rssi’: —113, ’
snr’: —16.25, 'gtw_trusted’: True, ’latitude’: 49.227043, ’time’ :
2019—-03-26T16:01:27Z’, ’channel’: 4}], ’airtime’: 1155072000, °’
frequency’: 867.3, ’'time’: '2019-03-26T16:01:26.9200946027Z°, ’
coding_rate’: ’4/5°}, ’app_id’: ’'b_iot’, ’port’: 1, ’dev_id’: ~’
andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E01’, ’counter
’: 3, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —109, ’snr’

—3, ’timestamp’: 3036183932, ’time’: ’2019-03—-26T16:01:47.9091967%Z

, 'rf_chain’: 0, ’channel’: 5}], ’airtime’: 1155072000, ’frequency
’: 867.5, ’time’: ’2019-03—-26T16:01:40.373043551Z°, ’coding_rate’:
'4/5°}, Tapp_id’: 'b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: 'MJjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
": 4, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —111, ’snr’

~1, ’timestamp’: 3049549356, ’time’: ’2019—03-26T16:02:01.276387%

, 'rf_chain’: 0, ’channel’: 3}], ’airtime’: 1155072000, ’frequency
1 867.1, “time’: ’2019-03—-26T16:01:53.7792219537Z°, ’coding_rate’:
"4/57}, Tapp_id’: ’b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
": 6, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’

)

7

)
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‘gateways’: [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —108, ’snr’
—2, ’timestamp’: 3076279620, ’'time’: ’'2019-03—-26T16:02:28.0098347%
*, ’rf_chain’: 1, ’channel’: 1}], ’airtime’: 1155072000, ’frequency
71 868.3, “time’: ’2019-03-26T16:02:20.4699713927Z°, ’coding_rate’:
"4/57}, Tapp_id’: ’b_iot’, ’port’: 1, ’dev_id’: ’andrea’}
{’payload_raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
’: 7, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’: [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —110, ’snr’
—1.5, ’timestamp’: 3089645820, ’'time’: ’'2019—03—26T16
:02:41.378252Z°, ’rf_chain’: 1, ’channel’: 2}], ’airtime’:
1155072000, ’frequency’: 868.5, ’'time’: ’2019—03—26T16
:02:33.840790433%Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

POINT 2:

{’payload_raw’: ’QWbkemVh’, "hardware_serial’: ’0004A30B001C6E01’, ~’
counter’: 0, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’
SF12BW125° , ’gateways’: [{’gtw_id’: ’but_biot’, ’timestamp’:
1572743868, ’longitude’: 16.575365, ’altitude’: 281, ’rf chain’: 0,

"location__source’: ’registry’, ’rssi’: —106, ’snr’: 3.25, ’
gtw_ trusted’: True, ’latitude’: 49.227043, ’time’: ’'2019—-03—26T16
:28:547°, ’channel’: 6}], ’airtime’: 1318912000, ’frequency ’:
867.7, ’time’: ’2019—-03—-26T16:28:54.269910089Z’, ’coding_rate’: ’
4/5°}, ’app_id’: ’b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EQ1’, ’counter
’: 1, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125’
‘gateways’': [{’gtw_id’: ’but_biot’, ’timestamp’: 1586107084, °’
longitude’: 16.575365, ’altitude’: 281, ’rf chain’: 1, ’

location__source’: ’registry’, ’rssi’: —106, ’snr’: —1.75, ’
gtw_ trusted’: True, ’latitude’: 49.227043, ’time’: ’'2019—-03—26T16
:29:08Z°, ’channel’: 2}], ’airtime’: 1155072000, ’frequency ’:
868.5, ’'time’: ’2019-03—-26T16:29:07.683739074Z’, ’coding_rate’: ’
4/5°}, ’app_id’: ’b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: 'MJjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
"1 2, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125’
"gateways’': [{’gtw_id’: ’but_biot’, ’timestamp’: 1599470916, °’
longitude’: 16.575365, ’altitude’: 281, ’rf_ chain’: 0, ’

location_source’: ’registry’, ’'rssi’: —102, ’'snr’: 3.5, ’
gtw_ trusted’: True, ’latitude’: 49.227043, ’time’: ’'2019—-03—26T16
:29:217°, ’channel’: 3}, {’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’:

—83, ’'snr’: 6, ’timestamp’: 401883964, ’time’: ’'2019—-03—-26T16
:29:28.69738Z’, ’rf chain’: 0, ’chanmnel’: 3}], ’airtime’:
1155072000, ’frequency’: 867.1, ’time’: ’2019—03—26T16
:29:20.9987458717Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}
{’payload_raw’: ’MjE=’, ’'hardware_serial’: ’0004A30B001C6EOl’, ’counter
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’: 3, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125’,

"gateways’': [{’gtw_id’: ’but_biot’, ’timestamp’: 1612834580, ’
longitude’: 16.575365, ’altitude’: 281, ’'rf_chain’: 0, ~’
location__source’: ’registry’, ’'rssi’: =97, ’snr’: 4.25, °’

gtw_trusted’: True, ’latitude’: 49.227043, ’time’: ’2019—-03-26T16
:29:347Z°, ’channel’: 5}], ’airtime’: 1155072000, ’frequency ’:
867.5, ’time’: '2019—-03—-26T16:29:34.415040453%Z’, ’coding_rate’:
4/5°}, ’app_id’: ’b_iot’, ’port’: 1, ’dev_id’: ’andrea’}
{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter

)

": 4, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
"gateways’': [{’gtw_id’: ’but_biot’, ’timestamp’: 1626198068, °’
longitude’: 16.575365, ’altitude’: 281, ’'rf_chain’: 1, ~’
location__source’: ’registry’, ’'rssi’: —99, ’snr’: 5, ’gtw_trusted’:
True, ’latitude’: 49.227043, ’'time’: ’2019-03—-26T16:29:487°, ’
channel’: 0}, {’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —84, ’snr’

5.5, ’timestamp’: 428611108, ’'time’: ’'2019-03—-26T16:29:55.4184837Z

’, ’rf_chain’: 1, ’channel’: 0}], ’airtime’: 1155072000, ’frequency
7: 868.1, ’time’: '2019—-03—26T16:29:47.7313102487Z’, ’'coding_rate’:
'4/5°}, Tapp_id’: 'b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload _raw’: ’MjE=’, ’'hardware_serial’: '0004A30B001C6E01’, ’counter
’: 5, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’rssi’: —118, ’snr’: —12.5, ’altitude’: 320, ’timestamp ’:
168346116, ’latitude’: 49.19936, ’time’: ’2019—-03—-26T16
:30:01.0144897Z’, ’rf chain’: 0, ’channel’: 4}, {’gtw_id’: ’but_biot

, 'timestamp’: 1639562028, ’longitude’: 16.575365, ’altitude ’:
281, ’'rf_chain’: 0, ’location_source’: ’'registry’, ’'rssi’: =102, ’
snr’: 3.25, ’'gtw_trusted’: True, ’latitude’: 49.227043, ’time’: ’
2019—-03-26T16:30:01Z’, ’channel’: 4}], ’airtime’: 1155072000, °’
frequency’: 867.3, ’time’: ’2019-03-26T16:30:01.042497957", °
coding_rate’: ’4/5°}, ’app_id’: ’'b_iot’, ’port’: 1, ’dev_id’: ~’
andrea’}

{’payload_raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
": 6, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’

)

‘gateways’: [{’gtw_id’: ’but_biot’, ’timestamp’: 1652926068, ’
longitude’: 16.575365, ’altitude’: 281, ’rf_chain’: 1, ’
location_source’: ’registry’, ’rssi’: —103, ’snr’: 3.75, ’

gtw_trusted’: True, ’latitude’: 49.227043, ’time’: ’2019—-03—-26T16
:30:147Z°, ’channel’: 1}, {’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi
—91, ’snr’: —1.8, ’timestamp’: 455339100, ’'time’: ’2019—-03-26T16
:30:22.147735Z°, ’rf_chain’: 1, ’channel’: 1}], ’airtime’:
1155072000, ’frequency’: 868.3, ’time’: ’2019—03—26T16
:30:14.4635224267Z°, ’'coding rate’: ’4/5'}, ’app_id’: ’'b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E01’, ’counter
’: 7, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
"gateways’': [{’gtw_id’: ’but_biot’, ’timestamp’: 1666291156, °’

’ .
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longitude’: 16.575365, ’altitude’: 281, ’rf_chain’: 0, ’
location_source’: ’registry’, ’rssi’: —102, ’snr’: 3, ’gtw_trusted’

True, ’latitude’: 49.227043, ’'time’: ’2019-03-26T16:30:277Z°, ’
channel’: 7}], ’airtime’: 1155072000, ’frequency’: 867.9, ’time’: ’
2019-03-26T16:30:27.878454317Z°, ’coding_rate’: ’'4/5’}, ’app_id’: ’
b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

POINT 3

{’payload _raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EO1’, ’counter
’: 1, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’: [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —112, ’snr’

—6.2, ’timestamp’: 1765511452, ’time’: ’2019—-03—-26T16
:52:12.4154477Z°, ’rf_chain’: 0, ’channel’: 6}], ’airtime’:
1155072000, ’frequency’: 867.7, ’time’: ’2019—03—26T16
:52:04.699060143Z°, ’coding rate’: ’4/5'}, ’app_id’: ’'b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E01’, ’counter

’: 2, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —120, ’snr’: —12.5, ’altitude’: 320, ’timestamp’:

1505246364, ’'latitude’: 49.19936, ’time’: ’2019—-03—-26T16
:52:17.920758Z°, ’rf_chain’: 0, ’channel’: 3}, {’gtw_id’: ’eui-1
dee0933d840eelb’, ’rssi’: —113, ’snr’: —3.5, ’timestamp’:
1778875060, ’'time’: ’2019—-03—-26T16:52:25.773859Z’, ’'rf_ chain’: 0, ~’
channel’: 3}], ’airtime’: 1155072000, ’frequency’: 867.1, ’time’: ~’
2019-03-26T16:52:17.948739927Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’
b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload _raw’: 'MjE=’, ’'hardware_serial’: '0004A30B001C6EO1’, ’counter
’: 4, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’rssi’: —121, ’snr’: —11.8, ’altitude’: 320, ’timestamp’:

1531974028, ’latitude’: 49.19936, ’'time’: ’2019—-03—-26T16
:52:44.647661Z°, ’rf_chain’: 0, ’channel’: 7}], ’airtime’:
1155072000, ’frequency’: 867.9, ’time’: ’2019—-03—-26T16
:52:44.6761745117Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload _raw’: ’MjE=’, ’'hardware_serial’: ’'0004A30B001C6EO1’, ’counter
’: 6, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —114, ’snr’: —12.8, ’altitude’: 320, ’timestamp ’:

1558701812, ’latitude’: 49.19936, ’'time’: ’2019—-03—-26T16
:53:11.373062Z°, ’rf_chain’: 0, ’channel’: 4}], ’airtime’:
1155072000, ’frequency’: 867.3, ’time’: ’2019—-03—-26T16
:53:11.451677545Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’'hardware_serial’: ’0004A30B001C6EOl’, ’counter
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"1 7, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125’,
‘gateways’': [{’gtw_id’: ’eui—1dee0933d840eelb’, ’rssi’: —111, ’snr’

—11.8, ’timestamp’: 1845694220, ’time’: ’2019-03—26T16
:53:32.5983237Z7, ’rf_chain’: 0, ’channel’: 5}], ’airtime’:
1155072000, ’frequency’: 867.5, ’time’: ’2019—-03—-26T16
:53:24.855976543Z°, ’coding_rate’: ’4/5°}, ’app_id’: ’'b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

POINT 4

{’payload_raw’: ’QWbSkemVh’, ’hardware_serial’: ’0004A30B001C6E01’, ~’
counter’: 0, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’
SF12BW125°, ’gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ~’
longitude’: 16.57975, ’rssi’: —117, ’snr’: —7.5, ’altitude’: 320, ’
timestamp ’: 2751970364, ’latitude’: 49.19936, ’'time’: '2019-03—-26
T17:13:04.640555Z’, ’rf chain’: 0, ’channel’: 5}], ’airtime’:
1318912000, ’frequency’: 867.5, ’time’: ’2019—-03—-26T17
:13:04.6677492457° , ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload _raw’: ’MjE=’, ’'hardware_serial’: '0004A30B001C6E01’, ’counter
’: 1, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’'rssi’: —111, ’snr’: —1.2, ’altitude’: 320, ’'timestamp’:
2765333284, ’latitude’: 49.19936, ’time’: ’2019-03—-26T17
:13:18.005732Z°, ’rf chain’: 1, ’channel’: 2}], ’airtime’:
1155072000, ’frequency’: 868.5, ’time’: ’2019—-03—-26T17
:13:18.03402811Z’, ’coding_rate’: ’'4/5’}, ’app_id’: ’b_iot’, ’port’

1, ’dev_id’: ’andrea’}

{’payload _raw’: 'MjE=’, ’'hardware_serial’: '0004A30B001C6EO1’, ’counter
’: 2, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’rssi’: —111, ’snr’: 2.5, ’altitude’: 320, ’'timestamp’:
2778696836, ’latitude’: 49.19936, ’time’: ’2019-03—-26T17
:13:31.368147Z°, ’rf_chain’: 0, ’channel’: 6}], ’airtime’:
1155072000, ’frequency’: 867.7, ’time’: ’2019—-03—-26T17
:13:31.397687178Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload _raw’: ’MjE=’, ’'hardware_serial’: ’'0004A30B001C6EO1’, ’counter
’: 3, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’'rssi’: —115, ’'snr’: —11, ’altitude’: 320, ’timestamp’:
2792060532, ’latitude’: 49.19936, ’time’: ’2019-03—-26T17
:13:44.731166Z°, ’rf_chain’: 0, ’channel’: 3}, {’gtw_id’: ’eui-1
dee0933d840eelb’, ’rssi’: —114, ’snr’: —11.2, ’timestamp ’:
3065688972, ’time’: ’2019—-03—26T17:13:52.6744017Z’, ’rf chain’: 0, ’
channel’: 3}], ’airtime’: 1155072000, ’frequency’: 867.1, ’time’: ’
2019—-03—-26T17:13:44.762586945Z°, ’coding_rate’: ’'4/5’}, ’app_id’: ~’
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b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6EOl’, ’counter
’: 4, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125’,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’'rssi’: —112, ’snr’: 1.2, ’altitude’: 320, ’timestamp’:
2805424284, ’latitude’: 49.19936, ’time’: ’2019-03—-26T17
:13:58.094689Z’, ’rf_ chain’: 0, ’channel’: 7}], ’airtime’:
1155072000, ’frequency’: 867.9, ’time’: ’2019—-03—-26T17
:13:58.122396317Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’'hardware_serial’: ’'0004A30B001C6EOl1’, ’counter
’: 5, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’
16.57975, ’'rssi’: —110, ’snr’: —3.5, ’altitude’: 320, ’'timestamp’:
2818788044, ’latitude’: 49.19936, ’time’: ’2019-03—-26T17
:14:11.457377Z°, ’rf_chain’: 1, ’channel’: 0}], ’airtime’:
1155072000, ’frequency’: 868.1, ’time’: ’2019—-03—-26T17
:14:11.4847843877Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload _raw’: ’MjE=’, ’'hardware_serial’: '0004A30B001C6E01’, ’counter
’: 6, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude ’:
16.57975, ’rssi’: —119, ’snr’: —7.2, ’altitude’: 320, ’'timestamp’:
2832151724, ’latitude’: 49.19936, ’time’: ’2019-03—26T17
:14:24.824303Z°, ’rf_ chain’: 0, ’'channel’: 4}, {’gtw_id’: ’eui-1
dee0933d840eelb’, ’rssi’: —113, ’snr’: —11.5, ’timestamp ’:
3105780164, ’time’: ’2019—-03—26T17:14:32.7738117Z’, ’rf chain’: 0, ’
channel’: 4}], ’airtime’: 1155072000, ’frequency’: 867.3, ’time’: ~’
2019—03—-26T17:14:24.852881457Z", ’coding_rate’: ’'4/5’}, ’app_id’: ’
b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

POINT 5

{’payload_raw’: ’QWbSkemVh’, ’hardware_serial’: ’0004A30B001C6E01’, ~’
counter’: 0, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’
SF12BW125°, ’gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ~’
longitude’: 16.57975, ’rssi’: —111, ’snr’: —6.2, ’altitude’: 320, ’
timestamp ’: 3573465548, ’latitude’: 49.19936, ’'time’: ’'2019-03—-26
T17:26:46.133165Z°, ’'rf_chain’: 1, ’channel’: 0}], ’airtime’:
1318912000, ’frequency’: 868.1, ’'time’: ’'2019—-03—26T17
:26:46.1625845947°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: 'MjE=’, ’hardware_serial’: ’0004A30B001C6EQ1’, ’counter
’: 2, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125,
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —114, ’snr’: —12.2, ’altitude’: 320, ’timestamp’:

3600192316, ’latitude’: 49.19936, ’time’: ’'2019—-03—26T17
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:27:12.865416Z°, ’rf_chain’: 1, ’channel’: 2}], ’airtime’:
1155072000, ’frequency’: 868.5, ’time’: '2019—03—26T17
:27:12.897840388%Z’, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E01’, ’counter
’: 3, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —119, ’snr’: —9, ’altitude’: 320, ’timestamp’:
3613556092, ’'latitude’: 49.19936, ’'time’: ’'2019-—03—26T17
:27:26.2282157Z°, ’rf_chain’: 0, ’channel’: 4}], ’airtime’:
1155072000, ’frequency’: 867.3, ’time’: ’2019—03—26T17
:27:26.2744817747Z° , ’coding_rate’: ’4/5°}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E(01’, ’counter

": 4, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —114, ’snr’: —3.8, ’altitude’: 320, ’timestamp’:

3626920116, ’'latitude’: 49.19936, ’'time’: ’'2019-03—26T17
:27:39.593047Z°, ’rf_chain’: 0, ’channel’: 7}, {’gtw_id’: ’eui-1
dee0933d840eelb’, ’rssi’: —114, ’snr’: —13, ’timestamp ’:
3900548412, ’time’: ’2019—03—26T17:27:47.590855%Z°, ’'rf_ chain’: 0, ’
channel’: 7}], ’airtime’: 1155072000, ’frequency’: 867.9, ’time’: ’
2019-03-26T17:27:39.620496296Z°, ’coding_rate’: ’'4/5’}, ’app_id’: ’
b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’'hardware_serial’: ’'0004A30B001C6EO1’, ’counter

’: 5, ’'metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BW125
‘gateways’: [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —118, ’snr’: —5.8, ’altitude’: 320, ’timestamp’:
3640283732, ’latitude’: 49.19936, ’time’: ’'2019—03—26T17
:27:52.953176Z°, ’rf_chain’: 0, ’channel’: 3}, {’gtw_id’: ’eui-1
dee0933d840eelb’, ’rssi’: —114, ’snr’: —17, ’timestamp’:
3913912036, ’time’: ’2019-03—-26T17:28:00.953173Z’, ’rf_chain’: 0, ’
channel’: 3}], ’airtime’: 1155072000, ’frequency’: 867.1, ’time’: ~’
2019—-03-26T17:27:52.991670989Z, ’coding_rate’: ’'4/5’}, ’app_id’: ’
b_iot’, ’port’: 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E(01’, ’counter
’: 6, ’metadata’: {’modulation’: LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
16.57975, ’rssi’: —114, ’snr’: —14.5, ’altitude’: 320, ’timestamp’:

3653647284, ’latitude’: 49.19936, ’time’: ’'2019—-03—-26T17
:28:06.314801Z°, ’rf chain’: 0, ’channel’: 5}], ’airtime’:
1155072000, ’frequency’: 867.5, ’'time’: ’'2019—-03-26T17
:28:06.344441304Z°, ’coding rate’: ’4/5'}, ’app_id’: ’'b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

{’payload_raw’: ’MjE=’, ’hardware_serial’: ’0004A30B001C6E01’, ’counter
’: 7, ’metadata’: {’modulation’: 'LORA’, ’data_rate’: ’SF12BWI125’
‘gateways’': [{’gtw_id’: ’eui—b827ebfffec6e5d0’, ’longitude’:
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16.57975, ’'rssi’: —118, ’'snr’: —6.8, ’altitude’: 320, ’'timestamp’:
3667010972, ’latitude’: 49.19936, ’time’: ’'2019—-03—26T17
:28:19.6816427Z°, ’rf_chain’: 0, ’channel’: 6}], ’airtime’:
1155072000, ’frequency’: 867.7, ’time’: ’2019—-03—-26T17
:28:19.711133902Z°, ’coding_rate’: ’4/5’}, ’app_id’: ’b_iot’, ’port
": 1, ’dev_id’: ’andrea’}

)

Measurements 1—12

PUNTO 1
{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, °’

frequency’: 868.1, ’coding_ rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019—04—01T09:06:55.256766589Z", ’gateways’: [{’channel’:

0, ’altitude’: 320, ’rssi’: —108, ’latitude’: 49.19936, ’longitude’
16.57975, ’snr’: —3.8, ’time’: ’2019-04-01T09:06:55.2299947Z", ~’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2356063588}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:07:08.618691575Z", ’gateways’: [{ ’'channel’: 1, ~’

altitude’: 320, ’rssi’: —115, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1.8, ’time’: ’2019-04-01T09:07:08.591979%Z", ~’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2369428204}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:07:21.983222757Z’ , ’gateways’: [{’'channel’: 4,6 ~’
altitude’: 320, ’rssi’: —104, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 4.8, ’'time’: ’2019-04—-01T09:07:21.95543%Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
2382793404}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—1.25, ’latitude’: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:

2890087508, ’channel’: 4, ’rssi’: —117, ’location_source’: '’
registry’, ’time’: ’2019-04—-01T09:07:217Z°, ’gtw__trusted’: True, ’
rf_chain’: 0}, {’channel’: 4, ’rssi’: —114, ’snr’: —=5.2, ’time’: ’

2019—-04—-01T09:08:02.098414Z’, ’rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 3510036276}, ’data_rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 3, ’'payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’

)
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{’dev_id’: ’andrea’, ’counter’: 4, ’payload raw’: 'MjE=’, ’port’: 1,

2019-04-01T09:07:35.3445947447Z° , ’gateways’: [{ ’channel’: 2, ’

altitude’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —9.2, ’time’: ’2019-04-01T09:07:35.317058%Z", ’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
2396158452}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’: —15,
"latitude ’: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:
2903452564, ’channel’: 2, ’rssi’: —120, ’location_source’: '’

registry’, ’time’: ’2019-04—01T09:07:35Z°, ’gtw_trusted’: True, °’
rf_chain’: 1}], ’data_rate’: ’'SFI2BWI25’}, ’hardware_serial’: 0004
A30B001C6E01 "’}

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:07:48.754205573Z°, ’gateways’: [{ altitude’: 281, ’
longitude’: 16.575365, ’snr’: —6, ’latitude’: 49.227043, ’gtw_id’:
"but__biot’, ’'timestamp’': 2916817532, ’channel’: 7, ’rssi’: —120, °’
“: registry’, ’time’: ’2019-04—01T09:07:487Z’, °
gtw_trusted ’: True, ’rf_chain’: 0}, {’channel’: 7, ’rssi’: —114, °’
snr’: —6.2, 'time’: ’2019-04—01T09:08:28.83013%Z’, ’rf_ chain’: 0, ’
gtw_id’: ’eui—1dee0933d840eelb’, ’timestamp’: 3536766300}, °’
data_rate’: ’SF12BW125’}, 'hardware_serial’: 0004A30B001C6EO01’}

location source

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’'coding rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:08:02.080518601Z", ’gateways’: [{’channel’: 3, ~’
altitude ’: 320, ’rssi’: —107, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 1.8, ’time’: ’'2019-04—01T09:08:02.0536657Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:

2422888412}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’: —2.5,
"latitude ’: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:
2930182524, ’channel’: 3, ’rssi’: —118, ’location_source’: ’
registry’, ’time’: '2019—-04-01T09:08:02Z’, ’gtw_trusted’: True, ’
rf chain’: 0}, {’channel’: 3, ’rssi’: —115, ’snr’: —10.5, ’time’: ~’

2019—-04—-01T09:08:42.199843%’, ’'rf chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 3550131300}], ’data_rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, °’

app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:08:15.44798648%Z°, ’gateways’: [{ ’channel’: 6, ’
altitude’: 320, ’rssi’: —103, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 6, ’time’: ’'2019—-04—-01T09:08:15.4140267", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
2436253172}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—1.25, ’latitude’: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:
2943547284, ’channel’: 6, ’rssi’: —116, ’location_source’: ’
registry’, ’'time’: ’2019—-04—01T09:08:157Z’, ’gtw_trusted’: True, ’
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rf_chain’: 0}], ’data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:08:28.905641352Z" , ’gateways’: [{’channel’: 5, ’rssi’

—114, ’snr’: —11.5, ’time’: ’2019-04—-01T09:09:08.9326427Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'timestamp ’:
3576862652}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’: —9.5,

"latitude 7: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:
2956913884, ’channel’: 5, ’rssi’: —119, ’location_source’: ’
registry’, ’time’: ’2019-04—01T09:08:297Z’, ’gtw__trusted’: True, ’
rf_chain’: 0}], ’data_rate’: ’'SFI2BWI25’}, ’hardware_serial’: 0004
A30B001C6EO01 "}

POINT 2

{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’
frequency’: 867.3, ’coding_ rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019—04—01T09:18:45.733627815Z°, ’gateways’: [{ altitude ’:

281, ’longitude’: 16.575365, ’snr’: —11, ’latitude’: 49.227043, °’
gtw_id’: ’but_biot’, ’timestamp’: 3573730148, ’'channel’: 4, ’'rssi’:
—120, ’location_source’: ’registry’, ’time’: ’2019—-04—01T09:18:467%Z

", ’gtw_trusted’: True, ’rf chain’: 0}], ’data_rate’: ’SF12BWI125’},
"hardware_serial >: ’0004A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:18:58.990645825%Z’, ’gateways’: [{’channel’: 5, ’

altitude’: 320, ’rssi’: —98, ’'latitude’: 49.19936, ’'longitude ’:
16.57975, ’snr’: —9.2, ’time’: ’2019-04-01T09:18:58.963576%Z", ’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:

3079800636}, {’channel’: 5, ’rssi’: —114, ’snr’: —8.8, ’time’: ’

2019—-04—01T09:19:39.1485367Z°, ’'rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 4207043428}], ’data_rate’: ~’
SF12BW125°}, ’"hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:19:12.3587534127Z°, ’gateways’: [{ ’channel’: 3, ’
altitude’: 320, ’rssi’: —118, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —4.8, ’time’: ’2019-04-01T09:19:12.330084%Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3093165780}], ’'data_rate’: ’'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload_raw’: 'MjE=’, ’port’: 1, °’
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app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:19:25.736866598Z° , ’gateways’: [{ ’channel’: 6, ’
altitude ’: 320, ’rssi’: —116, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 0, ’'time’: '2019-04-01T09:19:25.6992437Z", "’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3106530796}, {’channel’: 6, ’rssi’: —115, ’snr’: —7.2, ’time’: ’
2019—-04—-01T09:20:05.8809257Z", ’'rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 4233773588}], ’data rate’: ~’
SF12BW125°}, "hardware_ serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload raw’: 'MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:19:39.0889447167Z°, ’gateways’: [{’channel’: 0, ’
altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —5, ’time’: ’2019—-04—-01T09:19:39.059788%2’, ’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3119895988}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—13.25, ’latitude’: 49.227043, ’'gtw_id’: ’'but_biot’, ’'timestamp’:
3627190196, ’channel’: 0, ’rssi’: —123, ’location_source’: '’
registry’, ’time’: ’2019-04—01T09:19:397Z’, ’gtw_trusted’: True, ’
rf chain’: 1}], ’data_rate’: ’SF12BW125’}, ’hardware_ serial’: ’0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:20:05.8158274237%°, ’gateways’: [{’channel’: 7, ’
altitude’: 320, ’rssi’: —109, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —7.8, ’time’: ’2019-04-01T09:20:05.786297", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
3146626900}], ’'data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:20:19.1808682257%Z’, ’gateways’: [{’channel’: 2, ’
altitude’: 320, ’rssi’: =97, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —7.2, ’time’: ’2019-04-01T09:20:19.151293%Z", °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3159992092}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—13.25, ’latitude’: 49.227043, ’'gtw_id’: ’'but_biot’, ’'timestamp’:

)

3667286300, ’'channel’: 2, ’rssi’: —119, ’location_source’: ’
registry’, ’time’: ’2019-04—01T09:20:197Z’, ’gtw__trusted’: True, ’
rf_chain’: 1}, {’channel’: 2, ’rssi’: —104, ’snr’: —12.8, ’time’: ~’

2019—-04—01T09:20:59.353093Z’, ’'rf_chain’: 1, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’timestamp’: 4287236020}], ’'data_rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}
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POINT 3

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:24:58.334113351Z", ’gateways’: [{ ’'channel’: 4,6 ~’
altitude ’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: 1.5, ’time’: ’2019—-04—-01T09:24:58.3059447°, °’
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3439138324}], ’'data_rate’: 'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 3, ’'payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:25:25.055020965Z" , ’gateways’: [{ ’'channel’: 6, ~’
altitude ’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: —3.2, ’'time’: ’'2019-04-01T09:25:25.0281827Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
3465869188}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’'coding rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:25:38.428200957Z", ’gateways’: [{ ’'channel’: 3, ~’
altitude ’: 320, ’rssi’: —110, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 2.2, ’time’: ’2019-04—01T09:25:38.4009097Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
3479234676}, {’channel’: 3, ’rssi’: —115, ’snr’: —15, ’'time’: ’
2019—-04—-01T09:26:18.6148727Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 311510132}], ’data_rate’: ’SF12BW125
"}, "hardware_serial’: ’0004A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_ raw’: 'MjE=’, ’port’: 1,
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:25:51.7979374537Z° , ’gateways’: [{ ’channel’: 5, ’
altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —2.8, ’time’: ’2019-04-01T09:25:51.765825%Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3492600500}], ’data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload raw’: 'MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:26:05.1571951627Z° , ’gateways’: [{’channel’: 2, ’
altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —9.5, ’time’: ’2019-04-01T09:26:05.1297747Z°, °’

)
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rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
3505966604}], ’'data_rate’: 'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T09:26:18.528574956Z° , ’gateways’: [{ ’'channel’: 7, ~°
altitude ’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: 1.8, ’time’: ’2019—-04—01T09:26:18.49838%Z’, ’
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3519332908}, {’channel’: 7, ’rssi’: —117, ’snr’: —16.5, ’time’: ’
2019—-04—-01T09:26:58.7173557Z°, ’'rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 351608348}], ’data_rate’: ’SF12BW125
"}, "hardware_serial’: ’0004A30B001C6E01 "}

POINT 4

{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’
frequency’: 867.5, ’coding_ rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019—04—01T09:32:49.80216545Z°, ’gateways’: [{ ’channel’: 5,
“altitude’: 320, ’rssi’: —109, ’'latitude’: 49.19936, ’'longitude ’:
16.57975, ’snr’: —1.5, ’time’: ’2019-04-01T09:32:49.7721727Z°, °
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3910604100}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:33:03.162918257Z’, ’gateways’: [{ ’channel’: 2, ’
altitude ’: 320, ’rssi’: —109, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: —5.5, ’time’: ’2019-04-01T09:33:03.135307%Z’, ’
rf_chain’: 1, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3923969068}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—14.25, ’latitude’: 49.227043, ’gtw_id’: ’'but_biot’, ’timestamp ’:
136296084, ’channel’: 2, ’rssi’: —118, ’location_source’: ’'registry
’, 7time’: ’2019-04-01T09:33:03Z°, ’gtw_trusted’: True, ’rf_ chain’:
1}], ’data_rate’: ’SF12BWI125’}, ’'hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 2, ’'payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:33:16.526602167Z° , ’gateways’: [{’channel’: 7, ~’
altitude ’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 4, ’'time’: '2019-04-01T09:33:16.495238Z", ’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3937334644}, {’channel’: 7, ’rssi’: —114, ’snr’: —14.2, ’time’: ’

7
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2019—-04-01T09:33:56.73788Z’, ’'rf chain’: 0, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’timestamp’: 769610036}], ’'data_rate’: ’SF12BWI125
'}, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:33:29.903934747Z’ , ’gateways’: [{ ’'channel’: 6, ~’
altitude ’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —8, ’time’: ’2019-04—01T09:33:29.8676657%Z", °’
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
3950700340}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—15.75, ’latitude’: 49.227043, ’'gtw_id’: ’'but__biot’, ’'timestamp ’:
163027356, ’channel’: 6, ’rssi’: —119, ’location_source’: ’registry
", 7time’: ’2019-04-01T09:33:30Z°, ’gtw_trusted’: True, ’rf chain’:
0}], ’data_rate’: ’SF12BWI125’}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:33:43.260244159Z" , ’gateways’: [{ ’'channel’: 3, ~’
altitude’: 320, ’rssi’: —115, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —3.8, ’'time’: '2019-04-01T09:33:43.2331657Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
3964065972}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’'coding_ rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:33:56.6819730947Z", ’gateways’: [{’'channel’: 0, ~’

altitude ’: 320, ’rssi’: —108, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —5.5, ’time’: ’2019-04-01T09:33:56.600097%Z", ’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3977431756}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’'coding_ rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T09:34:09.986923567Z°, ’gateways’: [{’'channel’: 1, ~’
altitude ’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 0.5, ’'time’: ’'2019-04—-01T09:34:09.96029172", °
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3990798372}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 70004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:34:23.356586963Z", ’gateways’: [{’'channel’: 4,6 ~’
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altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 0.8, ’time’: ’2019-04-01T09:34:23.3255057Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
4004165268}, {’channel’: 4, ’rssi’: —113, ’snr’: —8, ’time’: ~’
2019—-04—01T09:35:03.573894Z’ , ’rf_chain’: 0, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’timestamp’: 836440652}], ’'data_rate’: ’SF12BWI125
"}, "hardware_serial’: ’0004A30B001C6EO01’}

POINT 5

{’dev_id’: ’andrea’, ’counter’: 0, ’payload raw’: ’QWb5kenVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’
frequency’: 867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’
time’: ’2019-04—01T09:43:18.371768543Z’, ’'gateways’: [{ channel’:
7, ’altitude’: 320, ’rssi’: —109, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: 3.5, ’'time’: '2019-04—01T09:43:18.265666%Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
244129292}], ’data_rate’: ’SF12BWI125’}, ’hardware serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload raw’: 'MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:43:31.656534519Z°, ’gateways’: [{’channel’: 1, ’

)

altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —8.2, ’time’: ’2019-04-01T09:43:31.6295467%Z°, °’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
257494412}, {’channel’: 1, ’rssi’: —113, ’snr’: —12, ’time’: ’

2019—-04—01T09:44:11.9046257Z", ’'rf_chain’: 1, ’gtw_id’: ’eui-—1
dee0933d840eelb’, ’timestamp’: 1384737004}], ’'data_rate’: ~’
SF12BW125’}, ’hardware_ serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 2, ’'payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:43:45.022133701Z°, ’gateways’: [{’channel’: 3, ~’
altitude ’: 320, ’rssi’: —105, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’'snr’: 0.2, ’time’: '2019—-04—-01T09:43:44.995285Z", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
270859676}, {’channel’: 3, ’rssi’: —113, ’snr’: —12.2, ’time’: ’
2019—-04—-01T09:44:25.27387%Z’, ’rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 1398102268}, {’altitude’: 281, ’

7

longitude’: 16.575365, ’'snr’: —16, ’'latitude’: 49.227043, ’gtw_id’:
"but__biot’, ’'timestamp’: 778154084, ’'channel’: 3, ’'rssi’: —120, ’
location_source’: ’registry’, ’time’: ’2019-04—-01T09:43:45Z°, °’

gtw_trusted ’: True, ’rf_chain’: 0}], ’data_rate’: ’'SF12BWI125°}, ~’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload_ raw’: 'MjE=’, ’port’: 1,
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:

b
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867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T09:43:58.384364787Z’, ’gateways’: [{’'channel’: 6, ~’
altitude’: 320, ’rssi’: —118, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1.2, ’time’: ’2019-04—01T09:43:58.35334272°, °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
284224948}], ’data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T09:44:11.750469569Z° , ’gateways’: [{ ’'channel’: 5, ~°
altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —3.8, ’time’: ’2019—-04-01T09:44:11.7214047Z°, °
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
297590372}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—13.25, ’latitude’: 49.227043, ’'gtw_id’: ’'but_biot’, ’'timestamp ’:
804884772, ’'channel’: 5, ’'rssi’: —120, ’location_source’: ’registry
', 7time’: ’2019-04-01T09:44:117Z°, ’gtw_trusted’: True, ’rf_ chain’:
0}], ’data_rate’: ’'SF12BWI125’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T09:44:25.466498041Z° , ’gateways’: [{’channel’: 4, ’rssi’

—114, ’snr’: —12.8, ’time’: ’2019-04-01T09:45:05.3692797Z", ’
rf_chain’: 0, ’'gtw_id’: ’eui—1dee0933d840eelb’, ’'timestamp ’:
1438198556}, {’channel’: 4, ’altitude’: 320, ’rssi’: —115, ’

latitude’: 49.19936, ’longitude’: 16.57975, ’snr’: 0.5, ’time’: ’
2019—04—01T09:44:25.087699Z°, ’rf chain’: 0, ’gtw id’: ’eui—
b827ebfffec6e5d0’, ’timestamp’: 310955972}], ’data rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T09:44:51.8421848217Z°, ’gateways’: [{’channel’: 0, ’

altitude’: 320, ’rssi’: —109, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —3.5, ’time’: ’2019-04-01T09:44:51.815713%Z", °’
rf_chain’: 1, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:

337687300}], ’data_rate’: ’SFI12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01’}

POINT 6
{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, °’

frequency’: 867.3, ’coding_rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019-04—01T09:49:20.7353176147Z’, ’gateways’: [{’altitude’:
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281, ’longitude’: 16.575365, ’'snr’: —14.5, ’latitude’: 49.227043, ’

gtw_id’: ’but_biot’, ’timestamp’: 1113773748, ’'channel’: 4, ’'rssi’:
—120, ’location_source’: ’'registry’, ’time’: ’2019—-04—-01T09:49:207

", ’gtw_trusted’: True, ’rf_chain’: 0}], ’data_rate’: ’SF12BW125’},
"hardware_serial ’: ’0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:49:34.009017403%Z°, ’gateways’: [{’channel’: 1, ’
altitude’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1, ’time’: ’2019-04—01T09:49:33.9737977Z°, °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
619844252}], ’data_rate’: ’'SF12BWI25°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:49:47.372533888%Z’, ’gateways’: [{’channel’: 5, ’
altitude’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —11.5, ’time’: ’2019—-04—01T09:49:47.3452417", ’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
633209820}], ’data_rate’: ’'SF12BWI25°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:50:00.746850567Z° , ’gateways’: [{ ’channel’: 7, ~’
altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 0, ’time’: ’'2019—-04—-01T09:50:00.7062867", ’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
646574988}, {’channel’: 7, ’rssi’: —115, ’snr’: —15.2, ’time’: ~’
2019—-04—-01T09:50:41.019297Z’ , ’rf_chain’: 0, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’timestamp’: 1773817532}], ’'data_rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’'coding_ rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T09:50:14.103632152Z", ’gateways’: [{ ’'channel’: 0, ~’
altitude ’: 320, ’rssi’: —107, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: 1.5, ’time’: ’'2019-04—01T09:50:14.0703587Z", °
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
659940268}], ’data_rate’: ’'SF12BWI125’}, ’hardware_serial’: 20004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 5, ’'payload_raw’: ’MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04—-01T09:50:27.466524237Z°, ’gateways’: [{ ’'channel’: 6, ~’
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altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 2, ’time’: ’'2019—-04—-01T09:50:27.4402497", °
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
673305204}], ’data_rate’: ’'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:50:40.833103918%Z’, ’gateways’: [{’channel’: 2, ’
altitude’: 320, ’rssi’: —101, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1, ’time’: ’2019-04—01T09:50:40.804989%Z°, °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
686670444}], ’data_rate’: ’'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T09:50:54.1978853017Z°, ’gateways’: [{ ’channel’: 3, ’
altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —0.8, ’time’: ’2019-04-01T09:50:54.170091%Z", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
700036804}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—13.25, ’latitude’: 49.227043, ’'gtw_id’: ’'but_biot’, ’'timestamp’:

1207331260, ’channel’: 3, ’rssi’: —120, ’location_source’: ’
registry’, ’time’: ’2019-04—01T09:50:537Z’, ’gtw__trusted’: True, ’
rf_chain’: 0}, {’channel’: 3, ’rssi’: —114, ’snr’: —10.5, ’time’: ~’

2019—-04—01T09:51:34.4777847’ , ’rf_chain’: 0, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’timestamp’: 1827279340}], ’data_rate’: ’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

POINT 7
{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:

868.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04—01T10:04:06.480774396Z°, ’gateways’: [{’channel’: 1, ’
altitude’: 320, ’rssi’: —111, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —3.8, ’time’: ’2019-04—-01T10:04:06.4532827Z", °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
1492318828}], ’'data_ rate’: ’'SF12BWI125’}, ’'hardware serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_ raw’: 'MjE=’, ’port’: 1,
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:04:46.5778344377Z°, ’gateways’: [{’channel’: 7, ’
altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —4.2, ’time’: ’2019-04—-01T10:04:46.551085%Z", °’

9
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rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
1532416612}, {’channel’: 7, ’rssi’: —117, ’snr’: —13.8, ’time’: ’
2019—-04—-01T10:05:26.912137Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui-—1
dee0933d840eelb’, ’timestamp’: 2659659044}, ’data rate’: ~’
SF12BW125’}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:04:59.9485853127Z° , ’gateways’: [{ ’channel’: 3, ’
altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —2, ’time’: ’2019-04—01T10:04:59.9175117Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
1545782892}], ’'data_ rate’: ’'SF12BWI125°}, ’'hardware serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:05:13.3038057047Z’, ’gateways’: [{ ’channel’: 4, ’
altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —3.5, ’time’: ’2019-04—-01T10:05:13.2768527Z", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
1559148860}], ’'data_ rate’: ’'SF12BWI125’}, ’'hardware serial’: 20004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:05:26.6719240827° , ’gateways’: [{’channel’: 6, ’
altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —10.8, ’time’: ’2019-04—01T10:05:26.6453867Z°, ’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
1572516508}], ’'data_ rate’: ’'SF12BWI125’}, ’'hardware serial’: 20004
A30B001C6EO01 "}

POINT 8

{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’
frequency’: 867.3, ’coding_ rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019-04—-01T10:13:56.524923966Z°, ’gateways’: [{ channel’:
4, ’altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: 1.2, ’time’: ’2019-04—-01T10:13:56.491227Z°, °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
2082359124}], ’data_rate’: ’SF12BW125’}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
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2019-04-01T10:14:23.251247647Z°, ’gateways’: [{ ’channel’: 5, ’
altitude’: 320, ’rssi’: —109, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —10.8, ’time’: ’2019-04—01T10:14:23.222948%Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
2109089396}], ’data rate’: ’SF12BWI125’}, ’hardware serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:14:36.6193811217Z°, ’gateways’: [{’channel’: 1, ’

9

altitude’: 320, ’rssi’: —115, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —3.5, ’time’: ’2019-04-01T10:14:36.5921417%Z", °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2122455020}, {’channel’: 1, ’rssi’: —114, ’snr’: —13.5, ’time’: ’
2019—-04—01T10:15:16.994834%Z’, ’rf chain’: 1, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 3249697396}], ’'data_rate’: ~’
SF12BW125°}, ’hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T10:14:49.977699313%Z°, ’gateways’: [{’channel’: 6, ’
altitude ’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 1.5, ’'time’: ’'2019-04—01T10:14:49.9482467°, °
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
2135820364}, {’channel’: 6, ’rssi’: —115, ’snr’: —14.8, ’time’: ’
2019—-04—-01T10:15:30.358537Z’°, ’'rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 3263062732}], ’data_rate’: ~’
SF12BW125°}, ’"hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:15:03.342824498%Z°, ’gateways’: [{’channel’: 7, ’
altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —0.5, ’time’: ’2019-04-01T10:15:03.31566Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
2149185812}, {’altitude’: 281, ’longitude’: 16.575365, ’snr’:
—16.5, ’'latitude’: 49.227043, ’gtw_id’: ’but_biot’, ’timestamp’:
2656480508, ’channel’: 7, ’rssi’: —120, ’location_source’: '’
registry’, ’time’: ’2019-04—01T10:15:037Z’, ’gtw__trusted’: True, ’
rf_chain’: 0}], ’data_rate’: ’'SFI2BWI25’}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_ raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:15:16.715958073%Z°, ’gateways’: [{’channel’: 2, ’
altitude’: 320, ’rssi’: —110, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —10.8, ’time’: ’2019-04—-01T10:15:16.689003%Z", ’
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rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
2162551164}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:15:30.078535967Z", ’gateways’: [{ ’'channel’: 3, ~’
altitude ’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —0.5, ’'time’: '2019—-04-01T10:15:30.0462877Z", ’
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
2175917428}], ’data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

POINT 9
{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:

868.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:25:25.60701157Z" , ’gateways’: [{ ’channel’: 0, ~’

altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —7.8, ’time’: ’2019-04-01T10:25:25.580371%Z", ~’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2771443636}], ’data_rate’: ’SF12BWI125’}, ’hardware_ serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—04-01T10:25:38.972710954Z" , ’gateways’: [{ ’channel’: 3, ~’

altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —4.5, ’time’: ’2019-04-01T10:25:38.945533%Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2784809364}], ’data_rate’: ’SF12BWI125’}, ’hardware_ serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:25:52.339587936Z°, ’gateways’: [{’'channel’: 4,6 ~’

altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1, ’time’: ’2019-04—01T10:25:52.306467Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

2798174756}], ’data_rate’: ’SF12BWI125’}, ’hardware serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:26:05.697797729Z° , ’gateways’: [{ ’channel’: 1, ’

7

altitude’: 320, ’rssi’: —108, ’latitude’: 49.19936, ’longitude’:
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16.57975, ’snr’: —10, ’'time’: ’2019-04—01T10:26:05.670937Z", °’
rf_chain’: 1, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
2811540580}, ’data_rate’: ’SF12BW125’}, ’hardware_serial’: 0004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T10:26:19.065786617Z°, ’gateways’: [{ ’channel’: 6, ’
altitude’: 320, ’rssi’: —114, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —0.5, ’time’: ’'2019-04-01T10:26:19.037131%2", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
2824906788}, ’data_rate’: ’SF12BW125’}, ’hardware_serial’: 0004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, ’

’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:

867.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’

2019-04-01T10:26:32.432627193%Z°, ’gateways’: [{’channel’: 5, ’

altitude’: 320, ’rssi’: —105, ’latitude’: 49.19936, ’longitude ’:

16.57975, ’snr’: —11, ’time’: ’2019-04—01T10:26:32.404903%Z", ’

rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:

2838272804}, ’data_rate’: ’SF12BW125’}, ’hardware_serial’: 0004

A30B001C6E01 "’}

app_id’: ’b_iot

POINT 10
{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, °’

frequency’: 867.7, ’coding_rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019-04—01T10:33:13.279656328Z’, ’'gateways’': [{’channel’:
6, ’'altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: 2.2, ’time’: '2019-04-01T10:33:13.2510437Z", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3239113060}], ’'data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’'coding_ rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04-01T10:33:26.6433568347Z", ’gateways’: [{’'channel’: 1, ~’
altitude ’: 320, ’rssi’: —99, ’'latitude’: 49.19936, ’'longitude ’:
16.57975, ’snr’: —4.5, ’time’: ’2019-04-01T10:33:26.6159857Z", °’
rf_chain’: 1, ’gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3252477756}], ’'data_rate’: 'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04—-01T10:33:40.0054756427Z" , ’gateways’: [{ ’'channel’: 4,6 ~’
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altitude’: 320, ’rssi’: —114, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 0.5, ’'time’: ’'2019-04-01T10:33:39.9759297", °
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3265842812}], ’'data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:34:06.7474616367Z° , ’gateways’: [{ ’channel’: 2, ’
altitude’: 320, ’rssi’: —105, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —4.8, ’time’: ’2019-04—-01T10:34:06.7066547Z", °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3292573284}], ’data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:34:20.1030580517Z°, ’gateways’: [{’channel’: 3, ’
altitude’: 320, ’rssi’: —115, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —1.5, ’time’: ’2019-04-01T10:34:20.070623%Z", °’
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
3305939108}], ’data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload raw’: 'MjE=’, ’port’: 1,
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:34:33.4761465467Z° , ’gateways’: [{ ’channel’: 7, ’
altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 0.5, ’'time’: ’'2019-04—01T10:34:33.4431297", °
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
3319305084}], ’'data_rate’: ’SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1,
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:34:46.8318862617%Z°, ’gateways’: [{ ’channel’: 0, ’
altitude’: 320, ’rssi’: —117, ’latitude’: 49.19936, ’longitude ’:
16.57975, ’snr’: —10.5, ’time’: ’2019-04—01T10:34:46.8048797Z", ’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3332670828}], ’'data_rate’: ’'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6EO01 "}

9

)

POINT 11
{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’

frequency’: 867.3, ’coding_rate’: ’'4/5’, ’modulation’: 'LORA’, ’
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time’: ’2019-04—01T10:41:12.593199209Z’, ’gateways’: [{ channel’:
4, ’altitude’: 320, ’rssi’: —104, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: 5.2, ’time’: '2019-04—-01T10:41:12.563716Z°, °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3718427916}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload_raw’: 'MjE=’, ’port’: 1, °’

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:41:39.32070902Z°, ’gateways’: [{ ’channel’: 1, ’

)

altitude’: 320, ’rssi’: —112, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 2.5, ’'time’: ’2019-04—-01T10:41:39.29303%Z°, °’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3745159684}], ’'data_rate’: 'SF12BWI125’}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 3, ’payload_raw’: 'MjE=’, ’port’: 1, °’

{’dev_id’: ’andrea’, ’counter’: 4, ’payload raw’: 'MjE=’, ’port’: 1,

{’dev_id’: ’andrea’, ’counter’: 5, ’payload raw’: 'MjE=’, ’port’: 1,

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:41:52.696768212Z" , ’gateways’: [{ ’'channel’: 7, ~°

altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —0.2, ’time’: ’2019-04—-01T10:41:52.6587547Z", ~’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3758525508}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—04-01T10:42:06.0571382217Z", ’gateways’: [{’channel’: 0, ~’

altitude’: 320, ’rssi’: —114, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —5.2, ’time’: ’2019-04-01T10:42:06.030257Z", ’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3771891620}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019—04-01T10:42:19.573454949Z° , ’gateways’: [{ ’'channel’: 6, ~’

altitude’: 320, ’rssi’: —118, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 1, ’time’: ’'2019-04-01T10:42:19.3958067Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
3785257612}, {’channel’: 6, ’'rssi’: —115, ’snr’: —13.5, ’time’: ~’

2019—-04—-01T10:42:59.8984747Z’, ’rf_chain’: 0, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’timestamp’: 617532476}], ’data_rate’: ’SF12BW125
"}, "hardware_serial’: ’0004A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, ’

app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
867.1, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’

73



2019-04-01T10:42:32.7885474287Z°, ’gateways’: [{’channel’: 3, ’

altitude’: 320, ’rssi’: —113, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —0.5, ’time’: ’2019-04-01T10:42:32.759077Z", °
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3798623324}], ’'data_rate’: 'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.5, ’'coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’time’: ’
2019-04-01T10:42:46.16342092Z°, ’gateways’: [{ ’channel’: 5, ’

altitude’: 320, ’rssi’: —114, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —11, ’time’: ’'2019-04-01T10:42:46.12639672", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

3811990012}], ’data_rate’: ’'SF12BWI125°}, ’hardware_serial’: 0004
A30B001C6E01 "’}

POINT 12

{’dev_id’: ’andrea’, ’counter’: 0, ’payload raw’: QWS5kenVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, ’
frequency’: 867.5, ’coding_rate’: ’4/5’, ’modulation’: 'LORA’, ’
time’: ’2019—04—01T10:50:32.4602542827Z", ’gateways’: [{ ’channel’:
5, ’altitude’: 320, ’rssi’: —101, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: 2.8, ’time’: ’'2019-04-01T10:50:32.4299247" , °
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp ’:
4278299964}], ’data_rate’: 'SFI2BWI25’}, ’hardware_serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.1, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T10:50:45.827633177Z°, ’gateways’: [{ ’channel’: 0, ’
altitude’: 320, ’rssi’: —103, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 3, ’time’: ’'2019-04—-01T10:50:45.8011757Z", °’
rf_chain’: 1, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
4291665084}], ’data_rate’: ’SF12BWI125’}, ’hardware_ serial’: 0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 2, ’payload_raw’: 'MjE=’, ’port’: 1, °’
app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
868.3, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019-04-01T10:50:59.1918871627Z°, ’gateways’: [{ ’channel’: 1, ’
altitude’: 320, ’rssi’: —104, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 3.8, ’'time’: ’'2019-04-01T10:50:59.1632727Z", °
rf_chain’: 1, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:
10063012}], ’data_rate’: ’SF12BWI125°}, "hardware_serial’: ’0004
A30B001C6EO01 "}

{’dev_id’: ’andrea’, ’counter’: 4, ’payload_raw’: 'MjE=’, ’port’: 1, °’

app_id’: ’'b_iot’, ’'metadata’: {’airtime’: 1155072000, ’frequency ’:
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867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:51:25.9235568417Z", ’gateways’: [{’'channel’: 6, ~’

altitude’: 320, ’rssi’: —114, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 2, 'time’: '2019—04—01T10:51:25.894077Z", °
rf_chain’: 0, ’'gtw_id’: ’eui—b827ebfffec6e5d0’, ’'timestamp’:

36793452}], ’data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 5, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
868.5, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:51:39.286538435Z’, ’gateways’: [{ ’'channel’: 2, ~’

altitude’: 320, ’rssi’: —103, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 1.8, ’time’: ’2019—-04—01T10:51:39.2596977Z", ’
rf_chain’: 1, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:

50158452}], ’data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 6, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.3, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:51:52.651421626Z°, ’gateways’: [{ ’'channel’: 4, ~’
altitude’: 320, ’rssi’: —102, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: 4.8, ’time’: '2019—-04-01T10:51:52.6243287", °’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’timestamp’:
63523556}], ’data_rate’: ’'SF12BWI25’}, ’hardware_serial’: 20004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 7, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.9, ’'coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—04—-01T10:52:06.022348517Z", ’gateways’: [{ ’'channel’: 7, ~’
altitude ’: 320, ’rssi’: —103, ’latitude’: 49.19936, ’longitude :
16.57975, ’snr’: 3.8, ’time’: '2019—-04-01T10:52:05.9941277Z", °
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
76890052}], ’data_rate’: ’SF12BWI125°}, 'hardware_serial’: 0004
A30B001C6E01 "’}

{’dev_id’: ’andrea’, ’counter’: 0, ’payload_raw’: ’QWbSkemVh’, ’port’:
1, ’app_id’: ’b_iot’, ’metadata’: {’airtime’: 1318912000, °’
frequency’: 867.1, ’coding_rate’: ’'4/5’, ’modulation’: 'LORA’, ’
time’: ’2019-04—01T10:53:43.078183357Z’, ’gateways’': [{’channel’:
3, ’altitude’: 320, ’rssi’: —121, ’latitude’: 49.19936, ’longitude’

16.57975, ’snr’: —0.2, ’time’: ’2019—04—01T10:53:43.048485Z", °
rf_chain’: 0, ’gtw_id’: ’eui—b827ebfffec6e5d0’, ’timestamp’:
173943236}], ’data_rate’: ’SF12BWI125’}, "hardware_serial’: ’0004
A30B001C6E01 "}

{’dev_id’: ’andrea’, ’counter’: 1, ’payload_raw’: 'MjE=’, ’port’: 1, ’
app_id’: ’b_iot’, ’metadata’: {’airtime’: 1155072000, ’frequency ’:
867.7, ’coding rate’: ’4/5’, 'modulation’: 'LORA’, ’time’: ’
2019—-04-01T10:53:56.432277361Z° , ’gateways’: [{ ’'channel’: 6, ~’
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altitude’: 320, ’rssi’: —119, ’latitude’: 49.19936, ’longitude’:
16.57975, ’snr’: —4.2, ’'time’: '2019-04-01T10:53:56.4057967Z", ’
rf_chain’: 0, ’'gtw_id’: ’'eui—b827ebfffec6e5d0’, ’'timestamp’:
187307940}], ’data_rate’: ’SF12BWI125°}, "hardware_serial’: ’0004
A30B001C6EO01 "}

Measurements 1—18

PUNTO 7

{’counter’: 1, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: °’
2019-03-29T10:42:05.984094847Z’, ’coding_rate’: ’'4/5’, ’frequency ’:
867.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{’
time’: ’2019—-03—-29T10:42:05.956711%Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui

—b827ebfffec6e5d0’, ’channel’: 3, ’rssi’: —119, ’latitude’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2269981292, ’snr’: —5.2}, {’time’: ’2019-03—29T10:42:29.536815%Z", ’
rf_chain’: 0, ’'gtw_id’: ’eui—1dee0933d840eelb’, ’'channel’: 3, ’rssi
"o —117, ’timestamp’: 2543574716, ’snr’: —13}], ’'data_rate’: ~’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_ serial’: 0004
A30B001C6E01’, ’payload_raw’: 'MjE=’}
{’counter’: 2, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T10:42:19.346500377Z° , ’coding_rate’: ’'4/5’, ’frequency ’:
868.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T10:42:19.319686Z°, ’rf chain’: 1, ’'gtw_id’: ’

9

eui—b827ebfffec6e5d0’, ’channel’: 1, ’rssi’: —117, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2283346468, ’snr’: —4.5}, {’time’: ’'2019-03-29T10:42:42.896335Z", ’
rf_chain’: 1, ’gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 1, ’rssi
’: —114, ’timestamp’: 2556939876, ’snr’: —10.8}], ’data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’payload_raw’: 'MjE=’}
{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T10:42:32.720269699Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.5, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T10:42:32.6854427’°, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 5, ’rssi’: —117, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2296711788, ’snr’: —8.2}], ’data_rate’: 'SF12BWI25’}, ’dev_id’: ’
andrea’, ’hardware_serial’: ’'0004A30B001C6E01’, ’'payload_raw’: ’'MjE
—1)
{’counter’: 5, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T10:42:59.446038171Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.3, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T10:42:59.4181347Z’°, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —116, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:

b

b

76



2323443012, ’snr’: 0.2}, {’time’: ’2019-03—29T10:43:22.999389Z’, ’
rf_chain’: 0, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'channel’: 4, ’rssi
’: —114, ’timestamp’: 2597036428, ’snr’: —14}], ’data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’payload_raw’: 'MjE=’}
{’counter’: 6, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T10:43:12.810395404Z’, ’coding_rate’: ’'4/5’, ’frequency’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T10:43:12.7834267Z°, ’rf_ chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —120, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2336809052, ’snr’: —7.8}], ’data_rate’: ’SF12BW125°}, ’dev_id’: ’
andrea’, ’hardware_serial’: ’'0004A30B001C6E01’, ’'payload_raw’: ’'MjE
=)
{’counter’: 7, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T10:43:26.176300836Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.9, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
“time ’: '2019-03—29T10:43:26.145997Z’, ’rf_chain’: 0, ’gtw_id’: ’eui

b

b

—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —119, ’latitude’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2350175396, ’snr’: —11}, {’time’: ’2019—-03—29T10:43:49.7355917Z", ~’
rf_chain’: 0, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'channel’: 7, ’rssi
’: =114, ’timestamp’: 2623768820, ’snr’: —13.2}], ’data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_ serial’: 0004
A30B001C6E01’, ’'payload raw’: 'MjE="}

PUNTO 8

{’counter’: 0, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: ’
2019-03-29T10:48:35.084448802Z’, ’coding_rate’: ’4/5’, ’frequency ’:
867.5, ’airtime’: 1318912000, ’modulation’: 'LORA’, ’gateways’: [{

"location__source’: ’registry’, ’'rssi’: —114, ’latitude’: 49.227043,
"time ’: '2019-03—-29T10:48:35Z’, ’'snr’: —9, ’gtw_trusted’: True, ’
rf_chain’: 0, ’'gtw_id’: ’but_biot’, ’channel’: 5, ’longitude ’:

16.575365, ’altitude’: 281, ’timestamp’: 208211284}], ’data_rate’:
'SF12BW125°}, ’dev_id’: ’andrea’, 'hardware_serial’: ’0004
A30B001C6E01’, ’payload raw’: ’QW5bkemVh’}

{’counter’: 1, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019-03-29T10:48:48.342331161Z°, ’coding_rate’: ’4/5’, ’frequency ’:

868.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{

"time ’: '2019-03—-29T10:48:48.303014Z°, ’rf_chain’: 1, ’gtw_id’:
eui—b827ebfffec6e5d0’, ’channel’: 0, ’rssi’: —106, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2672334908, ’snr’: —14.5}], ’data_rate’: ’SF12BW125°}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
=)

{’counter’: 2, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:

)

)

)
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2019—-03-29T10:49:01.704492298Z’ , ’coding_rate’: ’'4/5’, ’frequency ’:
867.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T10:49:01.674077Z°, ’rf_ chain’: 0, ’'gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2685701116, ’snr’: —5.8}, {’time’: ’'2019-03-29T10:49:25.2768977Z2", ’
rf_chain’: 0, ’'gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 4, ’rssi
’: =113, ’timestamp’: 2959294524, ’snr’: —4.8}, {’location_source’:
‘registry’, ’rssi’: —115, ’latitude’: 49.227043, ’time’: ’
2019-03—29T10:49:027Z’, ’snr’: —11, ’gtw_trusted’: True, ’rf_chain’:

0, ’gtw_id’: ’but_biot’, ’channel’: 4, ’longitude’: 16.575365, °’
altitude’: 281, ’timestamp’: 234943100}], ’data_rate’: ’SF12BW125’
}, ’dev_id’: ’andrea’, ’hardware_serial’: ’0004A30B001C6E01’, ’
payload_raw’: 'MjE="}
{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T10:49:15.129318961Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.9, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

b

"location_source’: ’registry’, ’'rssi’: —114, ’latitude’: 49.227043,
"time ’: '2019-03—29T10:49:157Z°, ’'snr’: —14.5, ’'gtw_trusted’: True,
‘rf_chain’: 0, ’gtw_id’: ’but_biot’, ’channel’: 7, ’longitude’:

16.575365, ’altitude’: 281, ’timestamp’: 248309380}, { ’time’: ~’
2019—-03—29T10:49:15.0364747Z’, ’rf_chain’: 0, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'channel’: 7, ’'rssi’: —120, ’'latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2699067404, ’snr’: —4.2}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ’
andrea’, ’hardware_serial’: '0004A30B001C6E01’, ’'payload_raw’: ’'MjE
=}

{’counter’: 4, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’:
2019—-03-29T10:49:28.456443339Z°, ’coding_rate’: ’'4/5’, ’frequency ’:

868.3, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

"time ’: '2019—-03—29T10:49:28.4057Z’, ’'rf_chain’: 1, ’gtw_id’: ’eui-—

b

b827ebfffec6e5d0’, ’'channel’: 1, ’'rssi’: —119, ’'latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2712433620, ’snr’: —7.8}, {’time’: ’'2019-03-29T10:49:52.015071Z2", ~’
rf_chain’: 1, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'channel’: 1, ’rssi
’: =112, ’timestamp’: 2986027012, ’snr’: —4.8}, {’location_source’:
‘registry’, ’rssi’: —113, ’latitude’: 49.227043, ’time’: ’
2019—-03—29T10:49:2872’, ’snr’: —11, ’gtw_trusted’: True, ’'rf_ chain’:

1, ’gtw_id’: ’but_biot’, ’channel’: 1, ’longitude’: 16.575365, '’
altitude’: 281, ’timestamp’: 261675596}], ’data_rate’: ’SF12BW125’
}, ’dev_id’: ’andrea’, ’hardware_serial’: ’0004A30B001C6E01’, ’
payload_raw’: 'MjE="}

{’counter’: 7, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’ :

2019-03-29T10:50:08.534789359Z’, ’coding_rate’: ’4/5’, ’frequency ’:

868.5, ’airtime’: 1155072000, ’'modulation’: 'LORA’, ’gateways’: [{
“time’: ’2019-03-29T10:50:08.5021177Z’°, ’rf_chain’: 1, ’gtw_id’: ~’
eui—b827ebfffec6e5d0’, ’channel’: 2, ’rssi’: —113, ’latitude ’:

)
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49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:

? .

2752533772, ’snr’: —9.2}, {’location_source’: ’registry’, ’rssi
—114, ’latitude’: 49.227043, ’time’: ’2019—-03—-29T10:50:08Z’, ’snr’:
—11.25, ’gtw_trusted’: True, ’'rf chain’: 1, ’gtw_id’: ’but_biot’,

"channel’: 2, ’longitude’: 16.575365, ’altitude’: 281, ’timestamp’:
301775748}, {’time’: ’2019—-03—-29T10:50:32.117463Z°, ’rf chain’: 1,
‘gtw_id’: 'eui—1dee0933d840eelb’, ’'channel’: 2, ’'rssi’: —109, ’

timestamp’: 3026127164, ’snr’: —3.5}], ’data_rate’: ’'SF12BWI125°},

dev_id’: ’andrea’, ’hardware_ serial’: ’0004A30B001C6E01’, ~’

payload _raw’: 'MjE="}

9

PUNTO 9

b

{’counter’: 4, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :

2019—-03-29T10:59:31.557586668Z’ , ’coding_rate’: ’'4/5’, ’frequency ’:

867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T10:59:31.530349Z’°, ’rf_ chain’: 0, ’'gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —118, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
3315553268, ’'snr’: —13.2}], ’data_rate’: ’'SFI2BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
:7}

PUNTO 10

{’counter’: 0, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ~’

2019—-03-29T11:04:44.092419526Z°, ’coding_rate’: ’'4/5’, ’frequency ’:
867.1, ’airtime’: 1318912000, ’modulation’: 'LORA’, ’gateways’: [{
“time ’: ’2019-03-29T11:04:44.063169Z°, ’rf_ chain’: 0, ’gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 3, ’rssi’: —106, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3628092020, ’sur’: —4}], ’'data_rate’: ’SF12BWI125’}, ’dev_id’: ~’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: ~’
QWbkemVh’ }

{’counter’: 2, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ~’

2019—-03-29T11:05:10.822961358Z, ’coding_rate’: ’'4/5’, ’frequency ’:
868.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{

)

“time ’: '2019-03—29T11:05:10.79593%Z’, ’rf chain’: 1, ’gtw_id’: ’eui
—b827ebfffec6e5d0’, ’channel’: 1, ’rssi’: —118, ’latitude’
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3654824572, ’snr’: —15}], ’'data_rate’: ’'SF12BWI125’}, ’dev_id’: ’
andrea’, "hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
="}

{’counter’: 3, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ~’

2019—-03-29T11:05:24.189158673Z’, ’coding_rate’: ’'4/5’, ’frequency ’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:05:24.162479Z°, ’rf_ chain’: 0, ’'gtw_id’: ’

79



eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —118, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:

3668190708, ’snr’: —5.5}, {’time’: ’2019—03—29T11:05:47.82878%Z", ~’
rf_chain’: 0, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'channel’: 6, ’rssi
’: =115, ’timestamp’: 3941784052, ’snr’: —14}], ’'data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 0004
A30B001C6E01’, ’'payload raw’: 'MjE="}

{’counter’: 4, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:05:37.556264086Z°, ’coding_rate’: ’'4/5’, ’frequency ’:

867.5, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

“time ’: ’2019-03-29T11:05:37.527118Z’, ’rf_chain’: 0, ’gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 5, ’rssi’: —109, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3681556956, ’snr’: —16.8}], ’'data_rate’: ’SF12BWI125’}, ’dev_id’: ~’

"hardware_ serial’: "0004A30B001C6E01’, ’payload_raw’: 'MjE

9

andrea’
—}
{’counter’: 5, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:05:50.919581205Z, ’coding_rate’: ’'4/5’, ’frequency ’:
868.5, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
“time ’: ’2019-03-29T11:05:50.891388Z’, ’rf_ chain’: 1, ’gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 2, ’rssi’: —111, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3694923156, ’'snr’: —8.2}], ’data_rate’: ’'SF12BWI125’}, ’dev_id’: ’
"hardware_ serial’: "0004A30B001C6E01’, ’payload_raw’: 'MjE

)

9

andrea’
!

{’counter’: 6, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:06:04.292399011Z°, ’coding_rate’: ’'4/5’, ’frequency ’:

867.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{

“time’: '2019-03-29T11:06:04.2650277Z°, ’'rf_ chain’: 0, ’gtw_id’: ~’
eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3708289108, ’sur’: —6.8}, {’time’: ’2019-03-29T11:06:27.927951Z°, ~’
rf_chain’: 0, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'channel’: 4, ’rssi
’: —115, ’timestamp’: 3981882460, ’snr’: —13.2}], ’data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’payload_raw’: 'MjE=’}

{’counter’: 7, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T11:06:17.653949832Z°, ’coding_rate’: ’'4/5’, ’frequency’:

867.9, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

"time ’: '2019-03—-29T11:06:17.625276Z°, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —117, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
3721654756, ’snr’: —3.8}], ’'data_rate’: ’SF12BW125°}, ’dev_id’: ~’
andrea’, ’hardware_serial’: '0004A30B001C6E01’, ’'payload raw’: ’'MjE

)

9

b
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)

{’counter’: 0, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019-03-29T11:20:53.855692399Z’, ’coding_rate’: ’'4/5’, ’frequency’:
867.1, ’airtime’: 1318912000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T11:21:17.4563457Z°, ’rf_chain’: 0, ’'gtw_id’: ’

eui—1dee0933d840eelb’, ’channel’: 3, ’rssi’: —115, ’timestamp’:
576383452, ’snr’: —14}], ’data_rate’: ’SF12BW125’}, ’dev_id’: ’
andrea’, ’hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: ’
QW5kemVh’ }

{’counter’: 2, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: °’

2019—-03-29T11:21:20.580335737Z’, ’coding_rate’: ’'4/5’, ’frequency’:
868.3, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:21:44.188203Z°, ’rf_chain’: 1, ’'gtw_id’: ’
eui—1dee0933d840eelb’, ’channel’: 1, ’rssi’: —114, ’timestamp’:
603114700, ’snr’: —14.2}], ’data_rate’: ’SFI2BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
—1})
{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:21:33.857326958Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:21:33.830086Z°, ’rf_ chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —120, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
342887124, ’sur’: —10.5}], ’data_rate’: ’SFI2BWI125’}, ’dev_id’: ’
andrea’, "hardware_serial’: '0004A30B001C6E01’, ’payload_ raw’: 'MjE
—)
{’counter’: 4, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:21:47.224317162Z°, ’coding_rate’: ’'4/5’, ’frequency ’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:21:47.194189Z’, ’rf chain’: 0, ’'gtw_id’: ’

Y

b

eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
356253308, ’sur’: —8.5}], ’data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_ raw’: 'MjE
:7}

PUNTO 13

{’counter’: 1, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’: ~’

2019—-03-29T11:35:09.770116295Z° , ’coding_rate’: ’4/5’, ’frequency ’:
868.3, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T11:35:33.4312217Z°, ’rf_chain’: 1, ’'gtw_id’: ’

eui—1dee0933d840eelb’, ’channel’: 1, ’rssi’: —117, ’timestamp’:
1432301804, ’snr’: —11.5}], ’data_rate’: ’SF12BWI125°}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
=)

{’counter’: 2, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’: ’

81



2019—-03-29T11:35:23.072008574Z’ , ’coding_rate’: ’'4/5’, ’frequency ’:
867.9, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:35:23.016564Z°, ’rf_ chain’: 0, ’'gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —118, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1172074876, ’snr’: —3}, {’time’: ’2019-03—-29T11:35:46.799363%Z", ~’
rf_chain’: 0, ’'gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 7, ’rssi
’: —114, ’timestamp’: 1445668084, ’snr’: —8.8}], ’data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’'payload raw’: 'MjE="}

{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:

2019-03-29T11:35:36.411860107Z°, ’coding_rate’: ’'4/5’, ’frequency’:

867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—-29T11:35:36.381253Z’, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1185441012, ’snr’: —3.8}], ’data_rate’: ’SF12BWI125°}, ’dev_id’: ~’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
="}

{’counter’: 4, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019-03-29T11:35:49.77667321Z°, ’coding_rate’: ’4/5’, ’frequency ’:
867.5, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{’
time’: ’2019—-03—-29T11:35:49.749079%Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui
—b827ebfffec6e5d0’, ’channel’: 5, ’rssi’: —106, ’latitude’
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1198806828, ’'snr’: —10.8}, {’time’: ’2019—-03—-29T11:36:13.5327917Z",
‘rf_chain’: 0, ’gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 5, ~’
rssi’: —114, ’timestamp’: 1472400028, ’snr’: —9.5}], ’data_rate’: ~’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_ serial’: 0004
A30B001C6E01’, ’payload_raw’: 'MjE=’}

{’counter’: 5, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:36:03.154032999Z° , ’coding_rate’: ’'4/5’, ’frequency’:

867.3, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:36:03.117879Z’, ’rf chain’: 0, ’'gtw_id’: ’

b

b

9

eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —118, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1212173012, ’snr’: —10.8}, {’time’: ’2019-03—-29T11:36:26.90047Z", ’
rf_chain’: 0, ’gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 4, ’rssi
’: =115, ’timestamp’: 1485766212, ’snr’: —11}], ’data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’payload_raw’: 'MjE=’}

{’counter’: 7, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T11:36:29.976118996Z°, ’coding_rate’: ’'4/5’, ’frequency’:

868.1, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

"time ’: '2019-03—-29T11:36:53.635921Z", ’rf_chain’: 1, ’'gtw_id’: ’
eui—1dee0933d840eelb’, ’channel’: 0, ’rssi’: —115, ’timestamp’:
1512499532, ’snr’: —11.2}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ’

b
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andrea’, ’'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: ’'MjE
=}
PUNTO 14
{’counter’: 2, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: ’
2019—03—-29T11:44:28.772427287Z’, ’coding_rate’: ’4/5’, ’frequency ’:

868.5, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{’
time’: ’2019—03—29T11:44:28.745265%Z’, ’'rf_chain’: 1, ’gtw_id’: ’eui

—b827ebfffec6e5d0’, ’channel’: 2, ’rssi’: —107, ’latitude’
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1717799508, ’snr’: —3.8}], ’data_rate’: ’SF12BWI125°}, ’dev_id’: ~’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
-}

{’counter’: 4, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: ’

2019—03-29T11:44:55.505791496Z°, ’coding_rate’: ’'4/5’, ’frequency’:
867.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019—-03—29T11:44:55.4725467Z°, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 3, ’rssi’: —109, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1744531460, ’snr’: 2.8}, {’time’: ’2019—-03—29T11:45:19.2944297", ~’
rf_chain’: 0, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'channel’: 3, ’rssi
’: =115, ’timestamp’: 2018124628, ’snr’: —10.5}], ’data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_ serial’: 0004
A30B001C6E01’, ’'payload raw’: 'MjE="}
{’counter’: 5, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:45:08.966247993Z° , ’coding_rate’: ’'4/5’, ’frequency ’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time’: '2019-03-29T11:45:32.660865Z°, ’'rf_ chain’: 0, ’gtw_id’: ~’

9

eui—1dee0933d840eelb’, ’channel’: 6, ’rssi’: —115, ’timestamp’:
2031490836, ’snr’: —18}], ’data_rate’: ’'SF12BWI125°}, ’dev_id’: ~’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: ’'MjE
—}

{’counter’: 6, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’: ’

2019-03-29T11:45:22.234730718Z°, ’coding_rate’: ’4/5’, ’frequency ’:
867.3, ’airtime’: 1155072000, ’'modulation’: 'LORA’, ’gateways’: [{
"time’: ’'2019-03—-29T11:45:22.2027647Z°, ’'rf_chain’: 0, ’gtw_id’: ~’
eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —108, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
1771263748, ’snr’: 3}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ~’
andrea’, ’'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: ’'MjE
=’}

{’counter’: 7, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’ :
2019-03-29T11:45:35.60665332Z", ’coding_rate’: ’'4/5’, ’frequency ’:
867.9, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{’
time’: ’2019—-03—29T11:45:35.5727777Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui
—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —108, ’latitude ’:

)
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49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1784631572, ’snr’: 2.2}, {’time’: ’2019-03—-29T11:45:59.394827Z",
rf_chain’: 0, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'channel’: 7, ’rssi
’: =117, ’timestamp’: 2058224724, ’snr’: —14.8}], ’data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’'payload raw’: 'MjE="}

)

PUNTO 15

{’counter’: 1, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: °’
2019—-03—-29T11:49:04.49626637Z’, ’coding_rate’: ’4/5’, ’frequency ’:
’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{’

867.3, ’airtime
“eui

time’: ’2019—03—29T11:49:04.4668647Z’, ’'rf_chain’: 0, ’gtw_id’:

—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —120, ’latitude’
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
1993525156, ’'snr’': —4}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ’
andrea’, ’hardware_serial’: ’'0004A30B001C6E01’, ’'payload_raw’: ’'MjE
—)

{’counter’: 2, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: ’

2019—03—-29T11:49:17.887484749Z’, ’coding_rate’: ’'4/5’, ’frequency’:
867.5, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T11:49:17.833518Z’, ’rf_ chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 5, ’rssi’: —105, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2006891156, ’snr’: —4}], ’data_rate’: ’SF12BW125’}, ’dev_id’: ’

andrea’, ’hardware_serial’: '0004A30B001C6E01’, ’'payload_raw’: ’'MjE

=}
{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1,
2019—03—-29T11:49:31.318489881Z’, ’coding_rate’: ’'4/5’, ’frequency’:
867.7, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
“time ’: '2019—-03—29T11:49:55.03388%’, ’'rf chain’: 0, ’gtw_id’: ’eui
—1dee0933d840eelb’, ’channel’: 6, ’rssi’: —114, ’timestamp’:

b

"metadata’: {’time’:

2293850268, ’snr’: —11.2}], ’data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_ raw’: 'MjE
{’counter’: 4, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’

2019—-03-29T11:49:44.596204695Z° , ’coding_rate’: ’'4/5’, ’frequency ’:
1155072000, ’modulation’: 'LORA’, ’gateways’: [{

)

868.3, ’airtime’:
"time’: 2019-03-29T11:49:44.569062Z°, ’'rf_chain’: 1, ’gtw_id’:
eui—b827ebfffec6e5d0’, ’channel’: 1, ’rssi’: —107, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
’ ’:0.2}], ’data_rate’: ’SFI12BWI125’}, ’dev_id’: ’

2033623284, 'sur
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_ raw’: 'MjE
{’counter’: 5, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’

2019—-03-29T11:49:57.984271578%Z’, ’coding_rate’: ’'4/5’, ’frequency ’:

868.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
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b

"time ’: '2019-03—29T11:49:57.927079Z°, ’rf_chain’: 1, ’gtw_id’:
eui—b827ebfffec6e5d0’, ’channel’: 0, ’rssi’: —106, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2046989884, ’snr’: —2.8}, {’time’: ’2019-03—29T11:50:21.7681827Z",
rf_chain’: 1, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'channel’: 0, ’rssi
’: —104, ’timestamp’: 2320583012, ’snr’: —8}], ’data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 0004
A30B001C6E01’, ’payload_raw’: 'MjE="}

{’counter’: 6, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:50:11.414018111Z’, ’coding_rate’: ’'4/5’, ’frequency ’:

867.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{

"time ’: '2019-03—29T11:50:35.132546Z°, ’rf_ chain’: 0, ’'gtw_id’: ’

9

)

eui—1dee0933d840eelb’, ’channel’: 3, ’rssi’: —115, ’timestamp ’:
2333949100, ’snr’: —10.5}], ’data_rate’: ’SF12BWI125°}, ’dev_id’: ’
andrea’, "hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
—'}

{’counter’: 7, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ~’

2019—-03-29T11:50:24.692149425Z° , ’coding_rate’: ’4/5’, ’frequency ’:
867.9, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
“time ’: ’2019-03-29T11:50:24.663389Z’, ’rf_ chain’: 0, ’gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —114, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
2073723612, ’snr’: —3.5}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
:7}

PUNTO 16

{’counter’: 1, ’app_id’: ’b_iot’, ’port’: 1, ’metadata’: {’time’: ’

2019-03-29T11:55:11.661906545Z’, ’coding_rate’: ’4/5’, ’frequency ’:
868.5, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—-29T11:55:11.634251Z°, ’rf_chain’: 1, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 2, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2360694620, ’snr’: —6.5}], ’data_rate’: ’SF12BW125°}, ’dev_id’:
andrea’, ’hardware_serial’: ’'0004A30B001C6E01’, ’'payload_raw’: ’'MjE
=)
{’counter’: 2, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019-03-29T11:55:25.026172156Z°, ’coding_rate’: ’4/5’, ’frequency ’:
867.3, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{

)

)

)

"time ’: '2019-03—29T11:55:24.99918%’, ’rf_chain’: 0, ’gtw_id’: ’eui
—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —117, ’latitude’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2374060228, ’snr’: —2.2}], ’data_rate’: ’SF12BW125°}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
=)

{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’: ’
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2019—-03-29T11:55:38.399151857Z’, ’coding_rate’: ’'4/5’, ’frequency ’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:55:38.371199Z’, ’rf_ chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —117, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2387425916, ’snr’: —4.8}], ’'data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
andrea’, ’hardware_serial’: '0004A30B001C6E01’, ’'payload_raw’: ’'MjE
—)
{’counter’: 6, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:56:18.491026621Z°, ’coding_rate’: ’'4/5’, ’frequency ’:
868.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:56:18.4605Z’, ’rf_chain’: 1, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'channel’: 0, ’'rssi’: —116, ’'latitude’
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2427523332, ’snr’: —10.8}], ’data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
—1})
{’counter’: 7, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T11:56:31.859138758Z’, ’coding_rate’: ’'4/5’, ’frequency’:
867.9, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
"time ’: '2019-03—29T11:56:31.832023Z°, ’rf_ chain’: 0, ’'gtw_id’: ’

)

Y

eui—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —119, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2440888716, ’snr’: —6.8}, {’time’: ’'2019-03—-29T11:56:55.6964737Z2", ’
rf_chain’: 0, ’'gtw_id’: ’eui—1dee0933d840eelb’, ’channel’: 7, ’rssi
’: —114, ’timestamp’: 2714481812, ’snr’: —10.5}], ’data_rate’: ’

SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’'payload raw’: 'MjE="}

PUNTO 17
{’counter’: 2, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’
2019—-03-29T12:02:27.356330108Z, ’coding_rate’: ’'4/5’, ’frequency’:
867.5, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T12:02:27.328303Z’, ’rf_ chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 5, ’rssi’: —105, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2796387708, ’snr’: —10.8}], ’'data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
—)
{’counter’: 3, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’ :
2019—-03-29T12:02:40.740431026Z°, ’coding_rate’: ’'4/5’, ’frequency ’:
867.1, ’airtime’: 1155072000, ’modulation’: ’LORA’, ’gateways’: [{
“time ’: '2019-03—29T12:02:40.698977Z’, ’'rf chain’: 0, ’gtw_id’: ’eui

b

—b827ebfffec6e5d0’, ’channel’: 3, ’rssi’: —121, ’latitude’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2809753324, ’snr’: —13.8}], ’'data_rate’: ’SFI12BWI125’}, ’dev_id’: ’
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andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE

=1
{’counter’: 5, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’
2019-03-29T12:03:07.4512648297Z°, ’coding_rate’: ’4/5’, ’frequency ’:

867.3, ’airtime’: 1155072000, ’'modulation’: ’LORA’, ’gateways’: [{
"time ’: '2019-03—-29T12:03:07.4243217Z°, ’rf_chain’: 0, ’'gtw_id’: ’
eui—b827ebfffec6e5d0’, ’channel’: 4, ’rssi’: —118, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
2836484348, ’snr’: —8.8}, {’time’: ’2019-03—-29T12:03:31.3172117Z",
rf_chain’: 0, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'channel’: 4, ’rssi
’: —114, ’timestamp’: 3110077428, ’snr’: —16.5}], ’'data_rate’: ’
SF12BW125°}, ’dev_id’: ’andrea’, ’'hardware_serial’: 20004
A30B001C6E01’, ’'payload raw’: 'MjE=’}

{’counter’: 7, ’app_id’: ’b_iot’, ’'port’: 1, ’metadata’: {’time’:
2019—-03-29T12:03:34.18180661Z", ’coding rate’: ’4/5’, ’frequency ’:
867.9, ’airtime’: 1155072000, ’'modulation’: ’LORA’, ’gateways’: [{’

)

)

b

time’: ’2019—03-29T12:03:34.1551747Z’, ’'rf_chain’: 0, ’gtw_id’: ’eui
—b827ebfffec6e5d0’, ’channel’: 7, ’rssi’: —118, ’latitude’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp’:
2863216508, ’snr’: —2.8}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ’
andrea’, 'hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
:7}

PUNTO 18

{’counter’: 3, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’

2019—-03-29T12:10:08.751350495Z° , ’coding_rate’: ’'4/5’, ’frequency ’:
867.7, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
“time ’: ’2019-03-29T12:10:08.7248817Z’, ’rf_ chain’: 0, ’gtw_id’: ’

eui—b827ebfffec6e5d0’, ’channel’: 6, ’rssi’: —120, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3257784308, ’sur’: —10.8}], ’data_rate’: ’SF12BWI125’}, ’dev_id’: ~’
andrea’, "hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE
!

{’counter’: 4, ’app_id’: ’'b_iot’, ’'port’: 1, ’metadata’: {’time’: ’
2019-03-29T12:10:22.123865527Z, ’coding_rate’: ’'4/5’, ’frequency ’:

867.1, ’airtime’: 1155072000, ’modulation’: 'LORA’, ’gateways’: [{
“time’: '2019-03-29T12:10:22.0954117Z°, ’rf_chain’: 0, ’gtw_id’: ~’
eui—b827ebfffec6e5d0’, ’channel’: 3, ’rssi’: —123, ’latitude ’:
49.19936, ’longitude’: 16.57975, ’altitude’: 320, ’timestamp ’:
3271150468, ’'snr’: —8.5}], ’'data_rate’: ’'SF12BWI125°}, ’dev_id’:
andrea’, "hardware_serial’: '0004A30B001C6E01’, ’payload_raw’: 'MjE

—

)

Measurements 13—25

PUNTO 13
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{’dev_id’: ’andrea’, ’payload_raw’: 'QW5SkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.7, ’gateways’: [{ ’timestamp’: 3902501500, °’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019-03-28T13
:40:49.0288847Z’, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’

snr’: —12.5}], ’time’: ’'2019-03-28T13:40:49.0563859427Z’, ’data_rate
7. ’SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1318912000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01 "’}

{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{ timestamp’: 3929232220, °’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03-28T13

:41:15.7642697° , ’latitude’: 49.19936, ’'gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’

snr’: —13.2}], ’time’: ’'2019-03-28T13:41:15.7952934257Z", ’data_rate
7. ’SF12BW125° , ’modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload raw’: ’MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.5, ’gateways’: [{ timestamp’: 4158264940, °’
longitude’: 16.57975, ’rssi’: —112, ’time’: ’2019-03-28T13

:45:04.7963677Z°, ’latitude’: 49.19936, ’'gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 5, ’altitude’: 320, ’
snr’: —3.2}], ’'time’: ’'2019-03—-28T13:45:04.824215505Z’, ’data_rate’

'SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’b_iot’, ’is_retry ’:
True, ’'hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.9, ’gateways’: [{ timestamp’: 4184995004, °’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019-03-28T13
:45:31.5215757Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’

snr’: —4.8}], ’time’: '2019-03-28T13:45:31.5583241947Z°, ’data_rate’
"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01 "’}
{’dev_id’: ’andrea’, ’payload raw’: ’MjE=’, ’counter’: 5, ’metadata’: {

"frequency’: 867.7, ’gateways’: [{ timestamp’: 4198360108, °’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019-03-28T13
:45:44.8888047Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’

snr’: —6}], ’time’: ’2019-03—28T13:45:44.9174752987°, ’data_rate’:
"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, °’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’

hardware_serial’: ’0004A30B001C6EO01’}
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PUNTO 14

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ ’timestamp’: 512134844, ’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019—-03—-28T13
:55:53.630433%Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 6, ’altitude’: 320, ’
snr’: —16.8}], ’time’: ’2019-03—-28T13:55:53.6583024217Z’, ’data_rate
7. ’SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 868.1, ’gateways’: [{ timestamp’: 525499588, ’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’2019—-03—-28T13
:56:06.9975617Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 1, ’channel’: 0, ’altitude’: 320, ’
snr’: —14.8}], ’time’: ’2019-03-28T13:56:07.026261897Z’, ’data_rate
7. ’SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 867.5, ’gateways’: [{ timestamp’: 552228596, ’
longitude’: 16.57975, ’rssi’: —115, ’time’: ’2019—-03—-28T13
:56:33.726582Z°, ’latitude’: 49.19936, ’‘gtw_id’: ’‘eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 5, ’altitude’: 320, ’

snr’: —11}], ’time’: ’2019-03-28T13:56:33.7565738557Z’, ’data_rate’:
"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: '0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {

"frequency’: 867.1, ’gateways’: [{ ’timestamp’: 565593724, ’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019—-03—-28T13
:56:47.092666Z°, ’latitude’: 49.19936, ’‘gtw_id’: ’‘eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’channel’: 3, ’altitude’: 320, ’
snr’: —10.2}], ’time’: ’2019-03-28T13:56:47.1220853347Z’, ’data_rate
’: ’SF12BW125°, 'modulation’: 'LORA’, ’airtime’: 1155072000, °’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{ timestamp’: 578958348, ’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—-28T13
:57:00.454639%Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 4, ’altitude’: 320, ’

snr’: —8.5}], ’time’: ’'2019-03-28T13:57:00.487211213Z’, ’data_rate’
'SF12BW125° , ’modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’

hardware_serial’: "0004A30B001C6EO01’}
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PUNTO 15

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency ’: 867.3, ’gateways’: [{ timestamp’: 1186565412, °’
longitude’: 16.57975, ’rssi’: —111, ’time’: ’2019-03—-28T14
:07:08.0657127°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’
snr’: 0}], ’time’: ’2019-03—-28T14:07:08.0942043267Z°, ’data_rate’: ’
SF12BW125°, 'modulation’: 'LORA’, ’airtime’: 1155072000, °’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {

"frequency’: 867.5, ’gateways’: [{ ’timestamp’: 1199930980, °’
longitude’: 16.57975, ’rssi’: —114, ’time’: ’2019-03—-28T14
:07:21.428883%77, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 5, ’altitude’: 320, ’

snr’: —15.2}], ’time’: ’2019-03-28T14:07:21.466888078Z’, ’data_rate
. ’SF12BW125’ , ’modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.9, ’gateways’: [{ timestamp’: 1226662892, ’
longitude’: 16.57975, ’rssi’: —115, ’time’: ’2019-03-28T14
:07:48.1614567°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: —4.2}], ’time’: ’2019-03-28T14:07:48.193936404Z°, ’data_rate’

'SF12BW125° , ’modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {

"frequency ’: 868.1, ’gateways’: [{ timestamp’: 1266759388, °’
longitude’: 16.57975, ’rssi’: —109, ’time’: ’2019-03-28T14
:08:28.255189%77, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 0, ’altitude’: 320, ’

snr’: —T7}], ’time’: ’2019-03-28T14:08:28.3057223667Z°, ’data_rate’:
"SF12BW125° , ’modulation’: °LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’

hardware_serial ’: ’0004A30B001C6EO01’}

PUNTO 16

{’dev_id’: ’andrea’, ’payload_raw’: 'QWbkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.7, ’gateways’: [{ ’timestamp’: 1800508068, °’
longitude’: 16.57975, ’rssi’: —111, ’time’: ’2019-03-28T14

:17:22.0060447°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 6, ’altitude’: 320, ’

90



snr’: —1.2}], ’time’: ’'2019-03-28T14:17:22.036966796Z°, ’data_rate’

'SF12BW125° , ’modulation’: 'LORA’, ’airtime’: 1318912000, ’
coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’b_iot’, ~’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency’: 868.3, ’'gateways’: [{ ’timestamp’: 1813872588, ’
longitude’: 16.57975, ’rssi’: —111, ’time’: ’2019-03—-28T14
:17:35.366687Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 1, ’altitude’: 320, ’

snr’: —1.2}], ’time’: ’'2019-03-28T14:17:35.394009877Z’, ’data_rate’
'SF12BW125° , ’modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.3, ’'gateways’: [{ ’timestamp’: 1827237156, ’
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019-03—-28T14

:17:48.7334677°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’
snr’: 1.5}], ’time’: ’2019—-03—28T14:17:48.784428018Z’, ’data_rate’:

'SF12BW125°, ’modulation’: ’LORA’, ’airtime’: 1155072000, '’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 868.1, ’gateways’: [{ ’timestamp’: 1853966452, ’
longitude’: 16.57975, ’rssi’: —109, ’time’: ’2019-03—-28T14
:18:15.4617667°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 0, ’altitude’: 320, ’

snr’: —6}], 'time’: ’2019-03—28T14:18:15.489906891Z’, ’data_rate’:
"SF12BW125° , ’modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 867.9, ’'gateways’: [{ ’timestamp’: 1867331260, ’
longitude’: 16.57975, ’rssi’: —114, ’time’: ’2019-03—-28T14

:18:28.8270237Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: 0}], ’time’: ’2019-03—28T14:18:28.854101163Z’, ’data_rate’: ~’
SF12BW125° , "modulation’: 'LORA’, ’airtime’: 1155072000, °’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {

"frequency’: 867.1, ’'gateways’: [{ ’timestamp’: 1880696316, ’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03-28T14
:18:42.1882547’, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 3, ’altitude’: 320, ’
snr’: —3}], ’'time’: ’2019-03—28T14:18:42.218450435Z’, ’data_rate’:
'SF12BW125° , ’modulation’: ’LORA’, ’airtime’: 1155072000, ’
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coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {

"frequency’: 867.5, ’gateways’: [{ timestamp’: 1894061732, °’
longitude’: 16.57975, ’rssi’: —114, ’time’: ’2019-03-28T14
118:55.556975Z°, ’latitude ’: 49.19936, ’'gtw id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’channel’: 5, ’altitude’: 320,

)

snr’: —3}], ’time’: ’2019-03—-28T14:18:55.5842574067Z’, ’data_rate’:

"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, °’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

PUNTO 17

{’dev_id’: ’andrea’
"frequency’: 868.1, ’gateways’: [{ ’timestamp’: 2042409972, ’rssi
—98, ’time’: ’2019—-03—28T14:25:44.670568%’, ’gtw_id’: ’eui—
b827ebfffe114355°, ’rf_chain’: 1, ’channel’: 0, ’snr’: —14.8}],

, 'payload_raw’: 'MjE=’, ’counter’: 2

, 'metadata’: {

? .

)

time ’: ’2019—-03—28T14:25:44.702690917Z°, ’data_rate’: ’SF12BWI125’

"modulation’: ’LORA’, ’airtime’: 1155072000, ’coding_rate’: '4/5’},
"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: ’0004A30B001C6EO01

'}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {

"frequency’: 867.7, ’'gateways’: [{ ’timestamp’: 2055774388, ’rssi
—102, ’time’: ’2019-03—-28T14:25:58.0347867Z°, ’gtw_id’: ’eui—
b827ebfffe114355°, ’rf_chain’: 0, ’channel’: 6, ’snr’: —14.2}],

? .

)

time’: ’2019—-03—28T14:25:58.0707086857Z’, ’data_rate’: ’'SF12BWI125’,

"modulation’: 'LORA’, ’airtime’: 1155072000, ’coding_rate’: ’4/5’},
"port’: 1, ’app_id’: ’b_iot’, ’hardware_serial’: ’0004A30B001C6EO01

'}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {

"frequency ’: 867.9, ’gateways’: [{ timestamp’: 2370000556, ’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019-03-28T14
:26:51.494687Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320,

snr’: —13}], ’time’: ’2019-03—-28T14:26:51.524405078Z’, ’data_rate’:

'SF12BW125°, *modulation’: LORA’, ’airtime’: 1155072000, °
coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

PUNTO 18

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {

"frequency’: 867.9, ’gateways’: [{ timestamp’: 2662442556, ’
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019-03-28T14
:31:43.9412817Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 0, ’channel’: 7, ’altitude’: 320,
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snr’: —6}], ’time’: ’2019-03-28T14:31:43.969082062Z°, ’data_rate’:
"SF12BW125° , ’modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’b_iot’, ~’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 868.5, ’gateways’': [{’timestamp’: 2976140044, ’rssi’:
—106, ’time’: ’2019—-03—-28T14:32:42.8154367Z°, ’gtw_id’: ’eui-1
dee0933d840eelb’, ’rf_chain’: 1, ’channel’: 2, ’snr’: —13.2}], ~’
time’: ’2019—-03—28T14:32:24.158045327Z°, ’data_rate’: ’SFI12BWI125’, ’
modulation’: 'LORA’, ’airtime’: 1155072000, ’coding rate’: ’4/5’},
"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: 0004A30B001C6E01’
}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{ ’timestamp’: 2989505076, ’rssi’:
—113, ’time’: ’2019-03-28T14:32:56.1739957Z’, ’gtw_id’: ’eui-—-1
dee0933d840eelb’, ’rf chain’: 0, ’'channel’: 4, ’snr’: —15.5}], ’
time’: ’2019—-03—28T14:32:37.5173263837Z’, ’data_rate’: ’'SF12BWI125’,
"modulation’: ’LORA’, ’airtime’: 1155072000, ’coding_rate’: ’4/5°},

"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: ’0004A30B001C6EO01

T}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ timestamp’: 2729265756, ’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019—-03—28T14

:32:50.767603Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’channel’: 6, ’altitude’: 320,

)

snr’: —2.2}, {’timestamp’: 3002869756, ’rssi’: —112, ’time’: ~’
2019—-03—28T14:33:09.538929Z’, ’gtw_id’: ’eui—1dee0933d840eelb’, ~’
rf chain’: 0, ’channel’: 6, ’snr’: —9.2}], ’time’: ’2019-03—28T14

:32:50.7941134457°, ’'data_rate’: ’SFI12BWI125°, ’'modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}

PUNTO 19

{’dev_id’: ’andrea’, ’payload_raw’: 'QWbkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 868.1, ’gateways’: [{ ’timestamp’: 3467836172, °’
rssi’: —112, ’time’: ’2019-03-28T14:40:54.5398157Z’, ’'gtw_id’: ’eui
—1dee0933d840eelb’, ’rf chain’: 1, ’'channel’: 0, ’snr’: —3.5}], ’
time’: ’2019—03—28T14:40:35.856965263Z°, ’data_rate’: ’'SF12BWI125’
"modulation’: ’LORA’, ’airtime’: 1318912000, ’coding_rate’: ’4/5°},

"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: ’0004A30B001C6EO01

T}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.1, ’gateways’: [{ timestamp’: 3220961252, ’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019-03-28T14

:41:02.4537097Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 3, ’altitude’: 320, ’
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snr’: —12.2}, {’timestamp’: 3494565188, ’'rssi’: —112, ’time’: ’

2019—-03—28T14:41:21.265827Z", ’'gtw_id’: ’eui—1dee0933d840eelb’, ’

rf_chain’: 0, ’channel’: 3, ’snr’: —0.2}], ’time’: ’2019—-03—28T14

:41:02.481278903%Z’, ’data_rate’: ’'SFI2BWI125’, ’modulation’: ’LORA’,
“airtime’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, "hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 868.5, ’gateways’: [{ timestamp’: 3507929900, ’rssi’:
—111, ’time’: ’'2019—03—28T14:41:34.640729Z’, ’gtw_id’: ’eui-—1
dee0933d840eelb’, ’rf_ chain’: 1, ’channel’: 2, ’snr’: —5}], ’time’ :

72019—-03—-28T14:41:15.9491249367Z°, ’'data_rate’: ’SF12BW125°, °’
modulation’: 'LORA’, ’airtime’: 1155072000, ’coding_rate’: ’4/5°},
"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: ’0004A30B001C6EO01’
¥

{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.3, ’'gateways’: [{ ’timestamp’: 3247691004, ’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’'2019—-03—28T14
:41:29.1923297° , ’latitude’: 49.19936, ’'gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’

snr’: —8}, {’timestamp’: 3521294948, ’rssi’: —113, ’time’: ’
2019—-03—28T14:41:47.997811%72°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 4, ’snr’: —6}], ’time’: ’2019—03—28T14

:41:29.2205298057Z°, ’data_rate’: ’SF12BWI125°, ’'modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’'hardware_serial’: ’'0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ timestamp’: 3274421252, °’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’2019-03-28T14
:41:55.9147497°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, 'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’

snr’: —7.8}, {’timestamp’: 3548025188, ’'rssi’: —111, ’time’: ’
2019—-03—28T14:42:14.7316427Z° , ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 0, ’channel’: 6, ’snr’: —6.8}], ’time’: ’2019-03—28T14

:41:55.9440515267Z°, ’data_rate’: ’'SFI12BW125°, ’modulation’: °‘LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency’: 867.9, ’'gateways’: [{ ’timestamp’: 3287786764, ’
longitude’: 16.57975, ’rssi’: —115, ’time’: ’'2019—-03—28T14

:42:09.288887Z’, ’'latitude’: 49.19936, ’'gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’

snr’: —13.2}], ’time’: ’2019-03-28T14:42:09.320081469Z, ’data_rate
’: ’SF12BWI125° , ’modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’

hardware_serial’: ’0004A30B001C6EO01’}

PUNTO 20
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{’dev_id’: ’andrea’, ’payload_raw’: 'QW5SkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.7, ’gateways’: [{ ’timestamp’: 3686829436, ’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’'2019—-03—28T14
:48:48.326627°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’

snr’: —1.5}, {’timestamp’: 3960433332, ’rssi’: —115, ’time’: ’
2019—-03—28T14:49:07.1691427°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 6, ’snr’: —8.2}], ’time’: ’2019—-03—28T14

:48:48.35764623Z’, ’data_rate’: ’'SF12BW125’, ’modulation’: ’LORA’,
“airtime ’: 1318912000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
'b_iot’, ’"hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency ’: 868.1, ’gateways’: [{ timestamp’: 3973798228, ’rssi’:
—109, ’time’: ’2019-03-28T14:49:20.5327697Z’, ’gtw_id’: ’eui-—1
dee0933d840eelb’, ’rf chain’: 1, ’channel’: 0, ’snr’: —0.2}], ’time
71 72019—-03-28T14:49:01.809682049Z°, ’data_rate’: ’'SF12BWI125°, ~’
modulation’: 'LORA’, ’airtime’: 1155072000, ’coding_rate’: ’4/5°},
"port’: 1, ’app_id’: ’b_iot’, 'hardware_ serial’: ’0004A30B001C6E01’
¥

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.5, ’gateways’: [{ timestamp’: 3987163380, ’rssi’:
—111, ’time’: ’'2019-03—-28T14:49:33.902399Z", ’gtw_id’: ’eui-—-1
dee0933d840eelb’, ’rf chain’: 0, ’channel’: 5, ’snr’: —4.2}], ’time
7: 72019—-03—-28T14:49:15.178568805Z’, ’data_rate’: ’'SF12BWI125°, ~’
modulation’: 'LORA’, ’airtime’: 1155072000, ’coding_rate’: ’4/5°},
"port’: 1, ’app_id’: ’b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’

¥

{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 868.3, ’gateways’: [{ timestamp’: 3726924828, °’
longitude’: 16.57975, ’rssi’: —112, ’time’: ’2019-03-28T14

:49:28.4234187°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 1, ’altitude’: 320, ’

snr’: —0.2}], ’time’: ’2019-03-28T14:49:28.450010338%Z’, ’data_rate’
"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01 "’}
{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.1, ’gateways’: [{ timestamp’: 3740290076, ’
longitude’: 16.57975, ’rssi’: —121, ’time’: ’'2019—-03—28T14

:49:41.7837267Z°, ’latitude’: 49.19936, ’'gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 3, ’altitude’: 320, ’

snr’: —10.5}, {’timestamp’: 4013893980, ’rssi’: —114, ’time’: ’
2019—-03—28T14:50:00.635326%°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 3, ’snr’: —6.5}], ’time’: ’2019—-03—28T14

:49:41.8369946317Z°, ’data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding_ rate’: '4/5’}, ’port’: 1, ’app_id’:
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"b_iot’, "hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 867.9, ’gateways’: [{ timestamp’: 3753655324, °’
longitude’: 16.57975, ’rssi’: —114, ’time’: ’'2019—-03—28T14

:49:55.1563147Z° , ’latitude’: 49.19936, ’'gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’

snr’: —0.8}, {’timestamp’: 4027259220, ’rssi’: —115, ’time’: ~’
2019—-03—28T14:50:14.000185%°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 7, ’snr’: —13}], ’time’: ’2019—03—28T14

:49:55.1854049167Z°, ’'data_rate’: ’SFI12BWI125°, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
'b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{ timestamp’: 3767020372, ’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03—-28T14

:50:08.5222417°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’
snr’: —7.5}], ’time’: ’2019-03-28T14:50:08.5509873827Z’, ’data_rate’

'SF12BW125° , ’modulation’: ’LORA’, ’airtime’: 1155072000, '’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency ’: 868.5, ’gateways’: [{ timestamp’: 3780385700, ’
longitude’: 16.57975, ’rssi’: —111, ’time’: ’2019-03—-28T14

:50:21.8873527Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 2, ’altitude’: 320, ’

snr’: —5.8}, {’timestamp’: 4053989588, ’rssi’: —113, ’time’: ~’
2019—-03—28T14:50:40.727577Z° , ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 1, ’channel’: 2, ’snr’: —5.8}], ’time’: ’2019—-03—28T14

:50:21.9166397497Z°, ’'data_rate’: ’SFI12BWI125’, 'modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

PUNTO 21
{’dev_id’: ’andrea’, ’payload_raw’: 'QWbkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.1, ’gateways’: [{’location_source’: ’registry’
"rssi’: —115, ’time’: '2019-03—-28T14:53:107Z°, ’latitude ’:

)

49.227043, ’'rf_chain’: 0, ’channel’: 3, ’longitude’: 16.575365,
timestamp ': 3392503076, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’,
"altitude ’: 281, ’snr’: —13.5}], ’time’: ’'2019—-03—28T14
:53:10.36918607%’, ’data_rate’: ’SF12BWI125°, 'modulation’: 'LORA’,
“airtime ’: 1318912000, ’coding_rate’: ’4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency’: 868.1, ’gateways’: [{ ’timestamp’: 3962094084, ’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’2019-03—-28T14

)
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:53:23.586801Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 0, ’altitude’: 320, ’
snr’: —10.2}, {’timestamp’: 4235697980, ’rssi’: —103, ’time’: ’
2019—-03—28T14:53:42.455363%2°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 1, ’channel’: 0, ’snr’: 2.2}], ’time’: ’2019-03—-28T14
:53:23.6273813667Z°, ’data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding_ rate’: ’4/5’}, ’port’: 1, ’app_id’:
'b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ timestamp’: 3975458860, °’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019-03—-28T14
:53:36.957387Z’, ’latitude’: 49.19936, ’‘gtw_id’: ’‘eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’
snr’: —10.2}, {’timestamp’: 4249062740, ’rssi’: —106, ’time’: ~’
2019—-03—28T14:53:55.817911Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 0, ’channel’: 6, ’snr’: 2.8}], ’time’: ’2019-03—28T14
:53:36.9851680417Z’, ’data_rate’: ’'SFI2BWI125’, ’modulation’: ’LORA’,
“airtime’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, "hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload raw’: ’MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{ timestamp’: 4002188476, ’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’'2019—-03—28T14
:54:03.688855Z7, ’latitude’: 49.19936, ’gtw_id’: ’‘eui—
b827ebfffec6e5d0’, 'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’

snr’: —7.8}, {’timestamp’: 4275792356, ’rssi’: —113, ’time’: ’
2019—-03—28T14:54:22.55057Z", ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 4, ’snr’: —3.8}], ’time’: ’2019-03—28T14

:54:03.7166790747° , ’data_rate’: 'SF12BW125’, ’modulation’: ’LORA’,
“airtime’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
'b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency ’: 867.9, ’gateways’: [{ timestamp’: 4015553580, °’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019-03-28T14
:54:17.0498297°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: —8}, {’timestamp’: 4289157460, ’rssi’: —106, ’time’: ’
2019—-03—28T14:54:35.9126247Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 0, ’channel’: 7, ’snr’: 2}], ’time’: ’2019-03—28T14
:54:17.0802270437Z°, ’'data_rate’: ’SFI2BWI125°, 'modulation’: 'LORA’,

“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {

"frequency’: 867.5, ’gateways’: [{ timestamp’: 7554612, ’rssi’:
—108, ’time’: ’'2019-03—28T14:54:49.2808417Z’°, ’gtw_id’: ’eui—1
dee0933d840eelb’, ’'rf chain’: 0, ’channel’: 5, ’snr’: —2.2}], ’time
7. 72019—-03—-28T14:54:30.5360152017Z°, ’data_rate’: ’SF12BWI125°, ’
modulation’: 'LORA’, ’airtime’: 1155072000, ’coding rate’: ’4/5’},
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"port’: 1, ’app_id’: ’b_iot’, 'hardware_serial’: ’0004A30B001C6EO01’

¥

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency ’: 868.3, ’gateways’: [{ timestamp’: 4042283644, ’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03-28T14

:54:43.7830257Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 1, ’channel’: 1, ’altitude’: 320,

)

snr’: —4.8}], ’time’: ’'2019-03-28T14:54:43.8296733547Z’, ’data_rate’
'SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’

hardware_serial’: ’0004A30B001C6EO01’}

PUNTO 22

{’dev_id’: ’andrea’, ’payload raw’: 'QW5SkemVh’, ’counter’: 0, ’metadata
": {’frequency’: 867.3, ’gateways’: [{’timestamp’: 220667476, ’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—28T15

:02:37.13278277, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’
snr’: —8.5}, {’location_source’: ’registry’, ’'rssi’: —114, ’time’:
’2019—-03—-28T15:02:377Z’, ’latitude’: 49.227043, ’rf_ chain’: 0, ’
channel’: 4, ’longitude’: 16.575365, ’timestamp’: 3959408316, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
—12.75}, {’timestamp’: 494271324, ’rssi’: —105, ’time’: ’'2019—03—28
T15:02:56.024747Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’rf chain’: 0,
"channel’: 4, ’snr’: 2.8}], ’time’: ’'2019-03-28T15:02:37.164946533
Z’, ’data_rate’: ’'SFI12BWI125’, ’modulation’: 'LORA’, ’airtime ’:
1318912000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: '0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency ’: 868.5, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —114, ’time’: ’2019-03-28T15:02:50Z’, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 2, ’longitude’: 16.575365, ’timestamp’:
3972772588, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: —13}, {’timestamp’: 507635596, ’rssi’: —112, ’time’: ’
2019—-03—28T15:03:09.3948447° , ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 1, ’channel’: 2, ’snr’: —8}], ’time’: ’2019-03—28T15

:02:50.5486152777Z°, ’'data_rate’: ’SFI2BWI125°, ’'modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 868.1, ’gateways’': [{ ’timestamp’: 247396444, °’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019-03—-28T15

:03:03.8595637Z", ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf_ chain’: 1, ’channel’: 0, ’altitude’: 320, ’

snr’: —5}, {’location_source’: ’'registry’, ’'rssi’: —115, ’time’: ’
2019—-03—28T15:03:047Z’, ’latitude’: 49.227043, ’rf_chain’: 1, ’
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channel’: 0, ’longitude’: 16.575365, ’timestamp’: 3986137284, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
—11.75}, {’timestamp’: 521000276, ’rssi’: —109, ’time’: ’2019-03-28
T15:03:22.755437Z°, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’rf chain’: 1,
"channel’: 0, ’snr’: 0}], ’time’: ’2019-03-28T15:03:03.888161275Z”
, ’data_rate’: ’SF12BWI125’, 'modulation’: 'LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 867.5, ’gateways’: [{ ’timestamp’: 260761124, °’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03—-28T15
:03:17.2261047Z°, ’latitude’: 49.19936, ’gtw_id’: ’‘eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 5, ’altitude’: 320, ’
snr’: —14}, {’location_source’: ’registry’, ’rssi’: —114, ’time’: ’
2019—-03—-28T15:03:17Z’, ’latitude’: 49.227043, ’rf_chain’: 0, ’
channel’: 5, ’longitude’: 16.575365, ’timestamp’: 3999501964, ’
gtw__trusted’: True, ’gtw_id’: ’but__biot’, ’altitude’: 281, ’snr’:
—10.25}, {’timestamp’: 534364964, ’rssi’: —108, ’time’: ’'2019-03-28
T15:03:36.1214517Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’rf_ chain’:
0, ’'channel’: 5, ’snr’: 0.5}], ’time’: ’2019-03—28T15
:03:17.2528903427Z°, ’'data_rate’: ’SFI2BWI125°, 'modulation’: 'LORA’,

“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’'hardware_serial’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 4, ’metadata’: {

"frequency’: 867.9, ’'gateways’': [{ ’timestamp’: 274126108, ’
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019—-03—28T15
:03:30.593168Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: 1.2}, {’location_source’: ’registry’, ’rssi’: —115, ’time’: ~’
2019—-03—28T15:03:317Z°, ’latitude’: 49.227043, ’'rf chain’: 0, ’
channel’: 7, ’longitude’: 16.575365, ’timestamp’: 4012866932, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
—11.5}, {’timestamp’: 547729940, ’rssi’: —100, ’time’: ’2019-03-—28
T15:03:49.4894157Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'rf_ chain’:
0, ’channel’: 7, ’snr’: 4.8}], ’time’: ’2019—03—28T15
:03:30.6225526047Z°, ’'data_rate’: ’SF12BWI125°, ’modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding rate’: ’4/5’}, ’port’: 1, ’app_id’:
"b_iot’, "hardware_serial’: ’'0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 867.1, ’gateways’: [{ timestamp’: 287491020, ’
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019—-03—-28T15
:03:43.952106%Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 3, ’altitude’: 320, ’
snr’: 0.8}, {’location_source’: ’registry’, ’rssi’: —115, ’time’: ~’
2019—-03—28T15:03:447’, ’latitude’: 49.227043, ’rf_ chain’: 0, ’
channel’: 3, ’longitude’: 16.575365, ’timestamp’: 4026231852, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
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—12}, {’timestamp’: 561094860, ’rssi’: —99, ’time’: ’2019-03—-28T15
:04:02.855824%7°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’rf chain’: 0, ’
channel’: 3, ’snr’: 4.8}], ’time’: ’2019-03-28T15:03:43.9817438787%Z"’
, ’data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency ’: 868.3, ’gateways’: [{ timestamp’: 300856196, ’
longitude’: 16.57975, ’rssi’: —116, ’time’: ’2019—-03—-28T15
:03:57.3226417Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 1, ’channel’: 1, ’altitude’: 320, ’

snr’: —8}], ’'time’: ’2019-03-28T15:03:57.3502964417Z’, ’data_rate’:
"SF12BW125° , "modulation’: ’LORA’, ’airtime’: 1155072000, °’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {

)

"frequency’: 867.7, ’gateways’: [{ timestamp’: 314221252,
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019—-03—-28T15
:04:10.684861Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’
snr’: 1.5}], ’time’: ’2019-03-28T15:04:10.711760812Z°, ’data_rate’:
'SF12BW125° , "modulation’: 'LORA’, ’airtime’: 1155072000, ’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency ’: 868.3, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —114, ’time’: ’2019—-03—-28T15:05:04Z’, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 1, ’longitude’: 16.575365, ’timestamp’:
4039597036, ’'gtw_trusted’: True, ’'gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: —12.25}], ’time’: ’2019—03—28T15:05:04.6444694147Z°, ~’

data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —114, ’time’: ’2019—-03—-28T15:05:04Z°, ’latitude’: 49.227043,
‘rf_chain’: 0, ’channel’: 6, ’longitude’: 16.575365, ’timestamp’:
4052962084, ’'gtw_trusted’: True, ’'gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: —10.25}], ’time’: ’2019—03—28T15:05:04.7174452267Z°, ’

data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’, ’airtime’
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: "0004A30B001C6EO01’}

PUNTO 23

{’dev_id’: ’andrea’, ’payload_raw’: 'QW5SkemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.7, ’gateways’: [{’timestamp’: 626988924, °’
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longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—-28T15
:09:23.4570727Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf_ chain’: 0, ’'channel’: 6, ’altitude’: 320, ’
snr’: —6}, {’location_source’: ’registry’, ’rssi’: —110, ’time’: ’
2019—-03—28T15:09:237Z’, ’latitude’: 49.227043, ’rf chain’: 0, ’
channel’: 6, ’longitude’: 16.575365, ’timestamp’: 70762500, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
—0.5}, {’timestamp’: 900592716, ’rssi’: —92, ’time’: ’'2019-03-28T15
:09:42.373867Z°, ’'gtw_id’: ’'eui—1dee0933d840eelb’, ’'rf chain’: 0, ’
channel’: 6, ’snr’: 5.8}], ’time’: ’2019-03-28T15:09:23.484919236%Z’
, ’'data_rate’: ’SF12BWI125’, 'modulation’: 'LORA’, ’airtime ’:
1318912000, ’coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency’: 867.5, ’'gateways’': [{’location_ source’: ’registry’, ’
rssi’: —107, ’time’: ’2019—03-28T15:09:37Z’, ’latitude’: 49.227043,
‘rf_chain’: 0, ’channel’: 5, ’longitude’: 16.575365, ’timestamp ’:
84126956, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: 0.25}, {’timestamp’: 913957172, ’rssi’: —99, ’time’: ’

2019—-03—28T15:09:55.737Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ~’
rf_chain’: 0, ’channel’: 5, ’snr’: 4.5}], ’time’: ’2019—-03—28T15
:09:36.926912803Z°, ’'data_rate’: ’SF12BWI125’, ’modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, "hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.9, ’gateways’: [{ timestamp’: 653718212, ’
longitude’: 16.57975, ’rssi’: —121, ’time’: ’2019—-03—-28T15
:09:50.183727Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, 'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: —12.8}, {’location_source’: ’registry’, ’rssi’: —106, ’time’ :
’2019—-03—-28T15:09:507Z’, ’latitude’: 49.227043, ’rf chain’: 0, ’
channel’: 7, ’longitude’: 16.575365, ’timestamp’: 97491780, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
2.75}], ’time’: ’2019—03—28T15:09:50.216189457Z’, ’data_rate’: ~’
SF12BW125°, "modulation’: °LORA’, ’airtime’: 1155072000, °’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01 "’}

{’dev_id’: ’andrea’, ’payload raw’: ’MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 867.3, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —107, ’time’: ’2019—-03—-28T15:10:047Z°, ’latitude’: 49.227043,

‘rf_chain’: 0, ’channel’: 4, ’longitude’: 16.575365, ’timestamp’:
110856972, ’gtw_ trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: 0.5}, {’timestamp’: 940687180, ’rssi’: —111, ’time’: ’
2019—-03—28T15:10:22.477299%7°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf_chain’: 0, ’channel’: 4, ’snr’: —0.2}], ’time’: ’2019—-03—28T15

:10:03.6604077217Z°, ’data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding_ rate’: '4/5’}, ’port’: 1, ’app_id’:
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"b_iot’, "hardware_serial’: '0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency ’: 868.5, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —113, ’time’: ’2019—-03—-28T15:10:177Z°, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 2, ’longitude’: 16.575365, ’timestamp’:
124221924, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: —4.25}, {’timestamp’: 954052132, ’rssi’: —95, ’time’: ’

2019—-03—28T15:10:35.840843%°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’

rf_chain’: 1, ’channel’: 2, ’snr’: 3.2}], ’time’: ’2019—03—28T15

:10:16.9734355467Z°, ’'data_rate’: ’SFI12BWI125°, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
'b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency ’: 867.1, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —115, ’time’: ’2019—-03—-28T15:10:30Z", ’latitude’: 49.227043,

‘rf_chain’: 0, ’channel’: 3, ’longitude’: 16.575365, ’timestamp’:
137587124, ’gtw__trusted’: True, ’gtw_id’: ’but_biot’, ’'altitude’:
281, ’snr’: —9.75}], ’time’: ’2019—03—28T15:10:30.390458943%Z", ’

data_rate’: ’'SF12BW125’, ’modulation’: ’LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency ’: 868.3, ’gateways’: [{ ’location_source’: ’registry’, ’
rssi’: —110, ’time’: ’2019—03-28T15:10:447’, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 1, ’longitude’: 16.575365, ’timestamp’:
150952756, ’gtw__trusted’: True, ’gtw_id’: ’but_biot’, ’'altitude’:
281, ’snr’: 0.25}, {’timestamp’: 980782964, ’rssi’: —95, ’'time’: ’

2019-03-28T15:11:02.571839Z’, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 1, ’channel’: 1, ’snr’: 4.2}], ’time’: ’2019—-03—28T15
:10:43.7079786637Z°, ’'data_rate’: ’SFI2BWI125°, 'modulation’: 'LORA’,

“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency ’: 868.1, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —115, ’time’: ’2019—-03—-28T15:10:577Z’, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 0, ’longitude’: 16.575365, ’timestamp’:
164317924, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: —7.5}, {’timestamp’: 994148132, ’rssi’: —107, ’time’: ’

2019—-03—28T15:11:15.935831%2°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’

rf_chain’: 1, ’channel’: 0, ’snr’: 2.8}], ’time’: ’2019—03—28T15

:10:57.121317365Z°, ’'data_rate’: ’SFI12BWI125°, ’'modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’'hardware_serial’: ’0004A30B001C6E01’}

PUNTO 24

{’dev_id’: ’andrea’, ’payload_raw’: 'QWbkemVh’, ’counter’: 0, ’metadata
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": {’frequency’: 867.9, ’gateways’: [{ ’timestamp’: 1048990564, °’
longitude’: 16.57975, ’rssi’: —120, ’time’: ’2019-03—-28T15
:16:25.4578537Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 7, ’altitude’: 320, ’
snr’: —12.2}, {’location_source’: ’'registry’, ’rssi’: —114, ’time’ :
’2019—-03—-28T15:16:257Z’, ’latitude’: 49.227043, ’'rf_chain’: 0, °’
channel’: 7, ’longitude’: 16.575365, ’timestamp’: 492764156, ’
gtw__trusted’: True, ’'gtw_id’: ’but__biot’, ’altitude’: 281, ’snr’:
—0.5}], ’time’: ’2019—-03—28T15:16:25.5036866167Z°’, ’data_rate’: °’
SF12BW125°, 'modulation’: 'LORA’, ’airtime’: 1318912000, °’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency ’: 868.3, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —107, ’time’: ’2019—-03-28T15:16:397Z’, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 1, ’longitude’: 16.575365, ’timestamp’:
506128132, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude :
281, ’snr’: 0.75}, {’timestamp’: 1335958260, ’rssi’: —95, ’time’: ’

2019-03—-28T15:16:57.774388%Z’, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 1, ’channel’: 1, ’snr’: 3.8}], ’time’: ’2019-03—28T15
:16:38.9244579097°, ’data_rate’: ’'SFI12BWI125°, ’modulation’: °‘LORA’,

“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’'hardware_serial’: ’0004A30B001C6EO01’}
{’dev_id’: ’andrea’, ’payload raw’: 'MjE=’, ’counter’: 2, ’metadata’: {

"frequency’: 867.1, ’gateways’: [{’timestamp’: 1075718980, '’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—28T15
:16:52.182136%Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 3, ’altitude’: 320, ’
snr’: —10.8}, {’location_source’: ’registry’, ’rssi’: —113, ’time’:
'2019—-03—28T15:16:527Z’, ’latitude’: 49.227043, ’rf chain’: 0, ’
channel’: 3, ’longitude’: 16.575365, ’timestamp’: 519492588, ’
gtw_trusted’: True, ’'gtw_id’: ’but_biot’, ’'altitude’: 281, ’snr
0}], ’time’: ’2019-03—28T15:16:52.208553869Z’, ’'data_rate’: ~’
SF12BW125°, 'modulation’: 'LORA’, ’airtime’: 1155072000, ’
coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency’: 867.3, ’'gateways’: [{ ’timestamp’: 1089083604, ’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—28T15
:17:05.55128977, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’
snr’: —6.8}, {’location_source’: ’registry’, ’rssi’: —110, ’time’:
’2019—-03—28T15:17:05Z’, ’latitude’: 49.227043, ’rf_ chain’: 0, ’
channel’: 4, ’longitude’: 16.575365, ’timestamp’: 532857196, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
—1}], ’time’: ’'2019—-03—-28T15:17:05.5787579247’, ’data_rate’: ’
SF12BW125° , "modulation’: 'LORA’, ’airtime’: 1155072000, ’

’ .
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coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ timestamp’: 1102448044, °’
longitude’: 16.57975, ’rssi’: —119, ’time’: ’2019—-03—-28T15
:17:18.915527Z7, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’'channel’: 6, ’altitude’: 320, ’
snr’: —10.2}, {’location_source’: ’'registry’, ’rssi’: —106, ’time’ :
’2019—-03—-28T15:17:197Z’, ’latitude’: 49.227043, ’rf chain’: 0, ’
channel’: 6, ’longitude’: 16.575365, ’timestamp’: 546221644, ’
gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’: 281, ’snr’:
0.75}], ’time’: ’2019—03—28T15:17:18.954090272Z°, ’data_rate’: ’
SF12BW125° , "modulation’: °LORA’, ’airtime’: 1155072000, °’

coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 868.5, ’gateways’: [{ ’location_source’: ’registry’, ’
rssi’: —107, ’time’: ’2019—-03—-28T15:17:32Z°, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 2, ’longitude’: 16.575365, ’timestamp’:
559585804, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’:
281, ’snr’: 1.25}, {’timestamp’: 1389415908, ’rssi’: —95, ’time’: ’

2019—-03—28T15:17:51.23486172°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’

rf_chain’: 1, ’channel’: 2, ’snr’: 3.2}], ’time’: ’2019-03—28T15

:17:32.4060168277Z°, ’data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’,
“airtime’: 1155072000, ’coding rate’: ’4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency’: 867.5, ’gateways’: [{ timestamp’: 1129176668, ’
longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03—-28T15
:17:45.63930577, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 5, ’altitude’: 320, ’

snr’: —10.5}, {’location_source’: ’'registry’, ’rssi’: —105, ’time’ :

’2019—-03—-28T15:17:457Z’, ’latitude’: 49.227043, ’rf_chain’: 0, ’
channel’: 5, ’longitude’: 16.575365, ’'timestamp’: 572950276, ’
gtw__trusted’: True, ’gtw_id’: ’but__biot’, ’altitude’: 281, ’snr’:

2}, {’timestamp’: 1402780396, ’rssi’: —93, ’time’: ’'2019-03-28T15

:18:04.5993647Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’'rf_chain’: 0, ~’

channel’: 5, ’snr’: 4.8}], ’time’: ’2019-03—-28T15:17:45.669435813%Z"

, 'data_rate’: ’SFI12BWI125’, ’'modulation’: 'LORA’, ’airtime’

1155072000, ’coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’b_iot’, ~’

hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency ’: 868.1, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —113, ’time’: ’2019—-03-28T15:17:59Z’, ’latitude’: 49.227043,
‘rf_chain’: 1, ’channel’: 0, ’longitude’: 16.575365, ’timestamp’:
586315116, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’:
281, ’snr’: —0.25}, {’timestamp’: 1416145228, ’rssi’: —96, ’time’:
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’2019—-03—-28T15:18:17.959055Z", ’gtw_id’: ’eui—1dee0933d840eelb’, ’

rf chain’: 1, ’channel’: 0, ’snr’: 3.5}], ’time’: ’2019-03—28T15

:17:59.1227268667Z°, ’data_rate’: 'SFI12BW125°, ’modulation’: °‘LORA’,
“airtime ’: 1155072000, ’coding_rate’: ’'4/5’}, ’port’: 1, ’app_id’:
"b_iot’, “hardware_serial’: ’0004A30B001C6EO01’}

PUNTO 25

{’dev_id’: ’andrea’, ’payload_raw’: 'QWb5kemVh’, ’counter’: 0, ’'metadata
": {’frequency’: 867.5, ’gateways’: [{’location_source’: ’registry’
, 'rssi’: —100, ’time’: '2019-03-28T15:23:307Z’, ’latitude ’:

49.227043, ’rf_chain’: 0, ’channel’: 5, ’longitude’: 16.575365, °’
timestamp ’: 917139908, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’
altitude’: 281, ’snr’: 3.5}, {’timestamp’: 1746969940, ’'rssi’: —94,
“time ’: '2019-03—-28T15:23:48.810159Z", ’gtw_id’: ’eui-1
dee0933d840eelb’, ’rf chain’: 0, ’channel’: 5, ’snr’: 5}], ’time’:
’2019-03—28T15:23:29.9098909777Z’, ’'data_rate’: ’SF12BWI125’, ’
modulation’: 'LORA’, ’airtime’: 1318912000, ’coding_rate’: ’4/5°},
"port’: 1, ’app_id’: ’b_iot’, 'hardware_ serial’: ’0004A30B001C6E01’

¥

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 1, ’metadata’: {
"frequency’: 867.9, ’gateways’: [{ timestamp’: 1486730220, °’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’2019—-03—-28T15

:23:43.194617Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’rf chain’: 0, ’channel’: 7, ’altitude’: 320,

)

snr’: —8.2}, {’timestamp’: 1760333884, ’rssi’: —87, ’time’: ~’
2019—-03—28T15:24:02.176969Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ~’
rf_chain’: 0, ’channel’: 7, ’snr’: 6}, {’location_source’: ’
registry’, ’'rssi’: —109, ’time’: ’2019-03—-28T15:23:437Z’, ’latitude’
49.227043, ’rf_chain’: 0, ’channel’: 7, ’longitude’: 16.575365, ~’
timestamp ': 930503852, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’

altitude’: 281, ’snr’: 0.5}], ’time’: ’2019-03—28T15
:23:43.2226594027Z° , ’'data_rate’: ’SF12BWI125’, ’modulation’: 'LORA’,
“airtime’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6E01’}
{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 2, ’metadata’: {
"frequency’: 867.7, ’gateways’: [{ timestamp’: 1500094420, ’

longitude’: 16.57975, ’rssi’: —117, ’time’: ’2019-03—-28T15
:23:56.5556997°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 6, ’altitude’: 320, ’
snr’: —9.2}, {’location_source’: ’'registry’, ’rssi’: —101, ’time’:

’2019—-03—-28T15:23:577Z’, ’latitude’: 49.227043, ’rf_chain’: 0, ’
channel’: 6, ’longitude’: 16.575365, ’timestamp’: 943868052, ’
gtw_ trusted’: True, ’'gtw_id’: ’but__biot’, ’altitude’: 281, ’snr’:
3.25}, {’timestamp’: 1773698076, ’rssi’: —88, ’time’: ’'2019-03-28
T15:24:15.5369797Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’rf_ chain’:
0, ’channel’: 6, ’snr’: 6.8}], ’time’: ’2019—03—28T15
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:23:56.59063046Z°’, ’data_rate’: ’'SF12BW125’, ’modulation’: ’LORA’,
“airtime ’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
"b_iot’, ’hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 3, ’metadata’: {
"frequency ’: 867.3, ’gateways’: [{ timestamp’: 1513458668, ’
longitude’: 16.57975, ’rssi’: —118, ’time’: ’2019-03—-28T15
:24:09.9288667°, ’latitude’: 49.19936, ’gtw_id’: ’eui—
b827ebfffec6e5d0’, ’'rf chain’: 0, ’channel’: 4, ’altitude’: 320, ’

snr’: —12.8}, {’timestamp’: 1787062324, ’rssi’: —93, ’'time’: ’
2019—-03—28T15:24:28.901895Z’, ’gtw_id’: ’eui—1dee0933d840eelb’, ’
rf chain’: 0, ’channel’: 4, ’snr’: 5.5}, {’location_source’: ’
registry’, ’rssi’: —101, ’time’: ’2019-03—28T15:24:10Z’, ’latitude’

49.227043, ’'rf_chain’: 0, ’channel’: 4, ’longitude’: 16.575365, ’
timestamp ’: 957232300, ’gtw_trusted’: True, ’'gtw_id’: ’'but_biot’, ’
altitude’: 281, ’snr’: 4}], ’time’: ’2019-03—28T15:24:09.9567726197Z
’ ’data_rate’: ’'SFI12BW125’°, ’modulation’: °’LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’4/5’}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 4, ’metadata’: {
"frequency’: 868.5, ’'gateways’: [{’location_source’: ’registry’, ’
rssi’: —93, ’time’: ’2019-03-28T15:24:23Z’, ’latitude’: 49.227043,
‘rf_chain’: 1, ’channel’: 2, ’longitude’: 16.575365, ’timestamp ’:
970596372, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude ’:
281, ’snr’: 4.5}, {’timestamp’: 1800426388, ’rssi’: —83, ’'time’: ’

2019—-03—28T15:24:42.27163172°, ’gtw_id’: ’eui—1dee0933d840eelb’, ’

rf_chain’: 1, ’channel’: 2, ’snr’: 5.5}], ’time’: ’2019—03—28T15

:24:23.3734689177Z°, ’'data_rate’: ’SF12BWI125°, ’modulation’: 'LORA’,
“airtime ’: 1155072000, ’coding rate’: '4/5’}, ’port’: 1, ’app_id’:
"b_iot’, "hardware_serial’: ’'0004A30B001C6E01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 5, ’metadata’: {
"frequency’: 868.3, ’gateways’: [{ timestamp’: 1540187372, °’
longitude’: 16.57975, ’rssi’: —113, ’time’: ’2019—-03—-28T15
:24:36.6547657Z°, ’latitude’: 49.19936, ’gtw_id’: ’eui-—
b827ebfffec6e5d0’, ’rf chain’: 1, ’channel’: 1, ’altitude’: 320, ’

snr’: —5.8}, {’timestamp’: 1813791028, ’rssi’: —85, ’time’: ~’
2019—-03—28T15:24:55.6349277Z°, ’gtw_id’: ’eui—1dee0933d840eelb’, ~’
rf_chain’: 1, ’channel’: 1, ’snr’: 7}, {’location_source’: ’
registry’, ’rssi’: —89, ’time’: ’2019-03-28T15:24:377Z’, ’latitude ’:

49.227043, ’'rf_chain’: 1, ’channel’: 1, ’longitude’: 16.575365, ’
timestamp ’: 983961012, ’'gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’
altitude’: 281, ’snr’: 6}], ’time’: ’2019-03—28T15:24:36.6817144487Z
’ ’data_rate’: 'SFI12BW125’°, ’modulation’: °’LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial ’: "0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 6, ’metadata’: {
"frequency’: 867.1, ’gateways’': [{’location_source’: ’registry’, ’
rssi’: —108, ’time’: ’2019—-03—-28T15:24:50Z°, ’latitude’: 49.227043,
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‘rf_chain’: 0, ’channel’: 3, ’longitude’: 16.575365, ’timestamp’:
997325804, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’:
281, ’snr’: 0.5}], ’time’: ’2019—03—28T15:24:50.107289153%Z", ’
data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’, ’airtime ’:
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}

{’dev_id’: ’andrea’, ’payload_raw’: 'MjE=’, ’counter’: 7, ’metadata’: {
"frequency’: 868.1, ’gateways’: [{’location_source’: ’registry’, ’
rssi’: —106, ’time’: ’2019—-03—-28T15:25:03Z°, ’latitude’: 49.227043,

‘rf_chain’: 1, ’channel’: 0, ’longitude’: 16.575365, ’timestamp’:
1010691164, ’gtw_trusted’: True, ’gtw_id’: ’but_biot’, ’altitude’:

281, ’snr’: 3.5}], ’time’: ’2019—-03—28T15:25:03.522656371Z°, ’
data_rate’: ’SF12BWI125’, ’'modulation’: 'LORA’, ’airtime’
1155072000, ’coding_rate’: ’4/5°}, ’port’: 1, ’app_id’: ’'b_iot’, ’
hardware_serial’: ’0004A30B001C6EO01’}
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Point Name Latitude Longitude RSSI But_Biot | RSSI TTN_Network Date
1 Point_01 49.23235 | 16.5695922 -113 -111.8571429 | 26.03.2019
2 Point_02 49.231761 | 16.5804283 -102.125 -99.41666667 26.03.2019
3 Point_03 49.220242 | 16.5904492 -115.1666667 | 26.03.2019
4 Point_04 49.220775 | 16.5789478 -113.5555556 26.03.2019
5 Point_05 49.219738 | 16.5687339 -115.1111111 26.03.2019
13 Nové sady 49.190093 | 16.6094283 -117.4 28.03.2019
14 | Silingrovo ndmésti | 49.192337 | 16.6048364 -118.4 28.03.2019
15 Ceska 49.197771 | 16.6050725 -112.25 28.03.2019
16 Grohova 49.201339 | 16.5993861 -112.7142857 | 28.03.2019
17 |Konecného ndmeésti| 49.204536 | 16.5954164 -106.6666667 28.03.2019
18 Nerudova 49.206561 | 16.5957275 -112.2 28.03.2019
19 Klusackova 49.212393 | 16.5927236 -114.4444444 28.03.2019
20 Tererova 49.21589 | 16.5891831 -114.1666667 | 28.03.2019
21 Dobrovského 49.217775 | 16.5878419 -115 -113.1818182 28.03.2019
22 Skacelova 49.221861 | 16.5850631 -114.375 -112.5 28.03.2019
23 Cervinkova 49.225476 | 16.5826492 -110.375 -107.625 28.03.2019
24 | Technické muzeum| 49.228118 | 16.5822631 -109.375 -108.7058824 | 28.03.2019
25 | Technologicky park| 49.231369 | 16.5771239 -100.875 -100.1666667 28.03.2019
1 Marianské udoli | 49.203333 | 16.7157939 29.03.2019
2 Velaticka 49.204486 | 16.7075864 29.03.2019
3 Machackova 49.206291 | 16.7016481 29.03.2019
4 Namésti Karla IV. | 49.207028 | 16.6954789 29.03.2019
5 Mifkova 49.207292 | 16.6926681 29.03.2019
6 Jirova 49.209041 | 16.6865042 29.03.2019
7 Kotlanova 49.209759 | 16.6810164 -116.7 29.03.2019
8 Masarova 49.207064 | 16.6774653 -114 -114.3636364 29.03.2019
9 Novolisenska 49.201926 | 16.6699122 -118 29.03.2019
10 LiSeriska 49.197254 | 16.6655883 -114.2222222 29.03.2019
11 Bélohorska 49.190088 | 16.6633675 -117 29.03.2019
12 Krasného 49.190681 16.64942 29.03.2019
13 Zidovsk\'/ hibitov | 49.191487 | 16.6410944 -115.1111111 29.03.2019
14 Geislerova 49.192861 | 16.6348397 -111.2857143 29.03.2019
15 Zivotského 49.190638 | 16.6338097 -110.625 29.03.2019
16 Masna 49.191276 | 16.6242825 -117 29.03.2019
17 VIhka 49.191992 | 16.6188108 -115.2 29.03.2019
18 Hlavni nadrazi 49.191375 | 16.6124486 -121.5 29.03.2019
1 Cerveny pisek 49.22055 | 16.6574828 |-118.3333333 -113.4375 01.04.2019
2 Jarni CD 49.220593 | 16.6528694 |-120.6666667 -112.6666667 01.04.2019
3 Velezni¢ni stavitelstv| 49.216605 | 16.6540389 -112.875 01.04.2019
4 Depo ¢D 49.214285 | 16.6520861 -118.5 -112.6363636 01.04.2019
5 Kulkova 49.211671 | 16.6482131 -120 -113.8181818 |01.04.2019
6 Podsednicka 49.209155 | 16.6456703 -120 -113.8181818 01.04.2019
7 Svatoplukova 49.205131 | 16.6414217 -115.8333333 | 01.04.2019
8 Stara osada 49.202061 | 16.6417114 -120 -113.3 01.04.2019
9 Kuldova 49.201339 | 16.6345553 -113.3333333 | 01.04.2019
10 Tomaskova 49.199551 | 16.6316156 -110.8571429 01.04.2019
11 Uzavrend 49.196915 | 16.6334394 -112.5714286 01.04.2019
12 Jilkova 49.195906 | 16.6381064 -104.2857143 01.04.2019




	Acknowledgement
	Abstract
	Introduction
	LPWA Networks: Description of differences between licensed and unlicensed M2M communication technologies

	LPWA Technologies
	SigFox
	Frequency spectrum utilization and access to the RAN
	Physical layer (modulation, frame, subframe, …)
	Higher layers in ISO/OSI or TCP/IP models
	Security

	LoRa(WAN)
	Frequency spectrum utilization and access to the RAN
	Physical layer (modulation, frame, subframe, …)
	Higher layers in ISO/OSI or TCP/IP models
	Security

	NB-IoT
	Frequency spectrum utilization and access to the RAN
	Physical layer (modulation, frame, subframe, …)
	Higher layers in ISO/OSI or TCP/IP models
	Security


	Practical Part
	Evaluation of the LoRaWAN module adherence to the standard
	Utilized hardware and software
	Verification methodology
	Results

	Evaluation of the LoRaWAN gateway range
	Utilized hardware and software tools
	Verification methodology
	Results of the measurements and comparison with the TTN network


	Conclusions and Lessons learned
	Bibliography
	List of symbols, physical constants and abbreviations
	Appendices

