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In this research, the application of the CSMA-CA protocol to the
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the design of an air quality monitoring system. The use of the
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reliable data transmission. In addition, system integration can
also improve monitoring efficiency and assist in decision-making
based on the data generated by the monitoring system.
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1. INTRODUCTION

In recent times, air pollution has become a more common environmental problem,
especially in big cities filled with factories and vehicles. Since it can have adverse effects on
public health, air pollution must be prevented and reduced. One way to do this is by
monitoring the air quality at a particular location. This air quality monitoring system using
wireless sensor networks is designed to remotely monitor air quality, and the ISPU value is
displayed through a web application. This research uses a methodology consisting of four
stages: identification of system requirements, system design, system implementation;
testing; and analysis. The system configuration with Arduino Uno as the control center. In
addition, this system uses the LoRa hardware communication method and the MQ-7 sensor
to measure CO levels, with the web application of this system, users can know if air
pollution is increasing in a place. The test results show that this system can read the sensor
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according to the datasheet and send data to the web application using LoRa communication
up to a distance of 300 meters with a packet loss ratio of 0% [1].

In computer networks, CSMA-CA (Carrier Sense Multiple Access) or Collision
Avoidance is one of several access methods that use scheme sensing. When a node wants to
transmit data, it must first look at the channel time for a predetermined amount to see if
other node can transmit on the same channel within wireless range. If the channel is not
working, the node is allowed to start transmission, but if the channel appears busy, the node
will send data for an unspecified time delay. Once the transmission process is started, the
actual data transmission of the application can still be delayed. With this method, a network
node that is about to send data to the destination node first ensures that the network is not
being used for data transfer by other node. If at the checking stage another data transmission
is found and a (collision) occurs, then the node has to repeat the transmission (request) at the
next interval, which is done randomly. In this way, the network can be effectively utilized
in a randomized manner [2].

The technology known as "gateway" facilitates communication between the
company's two main server devices. It directs traffic from workstations to the outside
network, which can be found in almost every city in Indonesia. However, as gateway
technology has limitations, it began to evolve rapidly with LoRa (Long Range) systems. Such
limitations include gateway being complicated to design and implement, high cost for
implementation, and requiring specialized system administration configurations [3].

The Low Power Wide Area Network (LPWAN) communication system called LoRa,
developed by IBM, Semtech, Actility, and other companies in the LoRa Alliance, has long-
distance transmission capabilities. LoRa is scientifically defined as the process of converting
certain periodic waves into signals capable of carrying information. This repetitive and
regular wave change has a gradual source of interference or vibration. The periodic wave
change is called modulation [4]. In most cases, public networks using LoRa networks have
greater signal coverage than typical cellular networks. Some of the devices that support
LoRa technology are network adapters, USB ports, external antennas, routers, servers,
network cables, computer devices, access points, and modems [5].

How to implement and run the analysis of the CSMA-CA method on the multinode
LoRa MAC Layer communication protocol is one of the problems encountered during the
development of Long Range technology. However, server-based and Android applications
on Firebase can be easily accessed for implementation and analysis for the general public
[6].

Many people in Indonesia are using LPWAN (Low Power Wide Area Network), which
is a new trend in the rapidly growing field of Internet of Things (IoT). Due to the large
number of uses, the government decided to limit the use of LPWAN to frequencies of 920-
923 MHz. Currently, a more practical and cheaper NodeMCU hardware called ESP8266 is
available. It is equipped with a chipset that can be used for programming and power supply
usage. Previous studies found that the NodeMCU has many disadvantages, one of which is
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the limited number of pin legs. This is because the NodeMCU is a microcontroller that is
already integrated with the ESP8266. There are only 17 analog pins on the NodeMCU [7].

This implementation and analysis will require a Firebase server to display the 915
MHz content data of the target processed in CSMA-CA. The LoRa signal relay system will
be made using the MAC Ilayer and the addition of a helical antenna that functions as a
receiver of signals that have been sent by the MAC layer [8].

In previous research on soil temperature and humidity monitoring, research was
conducted using two types of LoRa frequencies, namely 433 MHz and 915 MHz, in 2016.
Although the Minister of Communication and Information has determined that the 915
MHz frequency will be used for research, research was also conducted on the 433 MHz
frequency as a performance comparison in 2017. In tests conducted at frequencies of 433
MHz and 915 MHz, it was seen that the RSSI value increased to -120 dB, SNR (Signal to
Noise Ratio) increased to -20 dB, and PL decreased to 3%. These results show that LoRa
technology can be used as a surveillance system communication network in Samarinda City
in 2018. In addition, it has been found that LoRa performance at 433 MHz frequency is better
than at 915 MHz frequency. Likewise with the results of the Yagi-Uda antenna. Previous
studies have shown better and consistent results and progress compared to the rubber duck
antenna [9].

Additional research is needed due to the need and prospect of LoRa research.
Therefore, the author will conduct research by simulating data transmission through LoRa
technology. The author analyzes the performance of LoRa applied to CO levels in air quality
using predetermined test parameters. The data transmission process from NodeMCU
ESP8266 LoRa Transmit to the microcontroller with LoRa receiver is done point-to-point.
Furthermore, the data is sent serially to the microcontroller to be processed into PPM (Part
Per Million) values. Furthermore, the data is sent in real-time to Firebase as a cloud server
and website database as numerical data [10].

2. RESEARCH METHOD

This research uses the experimental method as a scientific approach to test and
identify cause-and-effect relationships between variables in the designed air quality
monitoring system. The research objectives are to validate the effectiveness and reliability
of the system in measuring and monitoring air quality with high accuracy [11], as well as
exploring the potential application of LoRa technology and CSMA-CA protocol in
environmental monitoring at large.
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Figure 2.1 Experimental Research Methodology

Figure 2.1 depicts the steps of the experimental research methodology that reflects
the systematic approach in this study. The first step is a literature study on LoRa technology,
CSMA-CA protocol, and previous air quality monitoring applications to design a novel and
efficient air quality monitoring system. The second step involves system design which
includes the selection of suitable air quality sensors, configuration of LoRa communication
devices, and adaptation of the CSMA-CA algorithm for this application.
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— . |
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Figure 2.2 Hardware Circuit Block Diagram (Hardware)

The air quality monitoring system uses LoRa technology with main components
such as MQ-7 gas sensor, Arduino UNO, LoRa, and antenna. LoRa acts as a transmitter to
send sensor data to the Gateway, which then forwards the data to the Firebase server. The
system implementation involves creating a hardware design using a 3D printer to print the
hardcase. The goal is to improve the quality and creativity value of the air quality
monitoring system using LoRa technology with the CSMA-CA protocol.
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(@ (b)
Figure 2.3 (a) Sketch Tool Node 1 & 2 (b) Sketch Tool Gateway

After system implementation, the next step is to conduct thorough testing. The goal
is to ensure that the air quality monitoring system with LoRa technology and CSMA-CA
protocol functions in accordance with the research objectives. Testing involves
communication between LoRa transceivers, data collection from air quality sensors, and
analysis of the resulting data. The reliability of the CSMA-CA protocol in managing network
access and minimizing data collisions will be tested to ensure the efficiency and accuracy of
the system in monitoring air quality. The test results will be the basis of evaluation for
improvement and optimization of the system before it is applied in the field more widely.

Packet Loss is a condition in which some data packets are lost or fail to reach their
destination while being sent over a communication network [12]. Packet loss can be
calculated with the following equation :

((Packages Sent—Received Packages)

Packet Loss = X 100% @)

Packages Shipped

Packet loss categories are shown in the following table:

Table 2.1 Criteria Packet Loss

Tiers Packet Loss (%) Index
Very Good 0 % 4
Good 3-14% 3
Medium 15-24 % 2
Bad >25 % 1

The RSSI (Received Signal Strength Indicator) parameter is used to measure the
strength of the radio signal received by the receiver from the sender. RSSI measures signal
strength in units of decibel-milliwatts (dBm) or in some devices with a numerical scale. The
higher the RSSI value, the stronger the received signal, and the better the quality of the
wireless connection [13].

P.ISSN: 2086 — 4981 5
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/tip.v15i1
http://tip.ppj.unp.ac.id/index.php/tip

Jurnal Teknologi Informasi dan Pendidikan
Volume 15, No. 1, Maret 2022
https://doi.org/10.24036/tip.v15il

Table 2.2 Criteria RSSI
Criteria RSSI Value Range RSSI (dBm) Index
Very Good >-50 dBm 4
Good -50 dBm s/d -70 dBm 3
Simply -70 dBm s/d -80 dBm 2
Weak -80 dBm s/d -90 dBm 1
Very Weak <-90 dBm 0

After data is collected from the monitoring system, the next step is to analyze the
data to evaluate the measured air quality and the overall performance of the system. The
results of this data analysis become the basis for drawing conclusions about the effectiveness
and reliability of the air quality monitoring system using LoRa technology and the CSMA-
CA protocol.

3. RESULTS

The results in this study are in the form of an application of the design that has been
made before. The results of this research focus on implementing the MAC Layer method as
a Collision Avoidance system with the CSMA-CA protocol to prevent data collisions during
transmission. Tests were conducted to test the stability of transmission with a collision
avoidance feature that is very vulnerable when data transmission involves more than one
node.

X -

Antenna

LoRa 915 MHz

NodeMCU
ESP8266

Figure 3.1 Hardware Design Results

The design of the air quality monitoring system based on the MAC Layer method in
Figure 3.2 is generally divided into 2 (two), namely the transmitter and receiver. The
transmitter (node) consists of an Arduino Uno microcontroller, sensors to measure air quality
and a LoRa (Long Range) module to send measurement data, while the receiver (gateway)
consists of a NodeMCU ESP8266 microcontroller connected to the internet network, a LoRa
(Long Range) module to receive data from the transmitter, and firebase to display
measurement data.
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Table 3.1 Packet Loss Testing with CSMA-CA Implementation

Distance Data Transmission Packet Loss Quality
(m) Tx Rx (%) (Index)
50 47 47=0 0.00 4
100 59 59= 0 0.00 4
150 70 70=0 0.00 4
200 80 79=1 1.25 4
250 90 89=1 111 4
300 100 9=1 1.00 4
350 110 108 = 2 1.82 4
400 120 111= 9 7.50 3
450 130 120= 10 7.69 3
500 140 121= 19 13.57 3
550 150 125= 25 16.67 2
600 160 130= 30 18.75 2
650 170 136 = 34 20.00 2
700 180 146 = 34 18.89 2
750 190 153 = 37 19.47 2
800 200 160 = 40 20.00 2
850 210 170= 40 19.05 2
900 240 181= 59 24.58 1
950 270 191= 79 29.26 1
1000 300 191 =109 36.33 1

In table 3.1 the Packet Loss test results provide an overview of system performance at
different distances. The longer the distance, the transmission (TX/RX) tends to decrease,
accompanied by an increase in packet loss and a decrease in the quality index. At distances
of 200 meters and 1000 meters, the transmission and quality index reached 1, indicating that
the system was having problems transmitting data at these distances. It needs to be
addressed with solutions such as the use of repeaters or signal amplification to maintain the
quality and reliability of the system at longer distances.

Table 3.2 RSSI Testing with CSMA-CA Implementation

Distance RSSI (dBm) Quality

(m) Max Min Mean (Index)
50 -60 -71 -65,5 3
100 -76 -71 -73,5 2
150 -73 -84 -78,5 2
200 -73 -76 -74,5 2
250 -79 -76 -77,5 2
300 -82 -83 -82,5 1
350 -82 -84 -83 1
400 -81 -80 -80.5 1
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450 -85 -80 -82.5 1
500 -84 -81 -82.5 1
550 -83 -82 -82.5 1
600 -80 -85 -82.5 1
650 -86 -82 -83.5 1
700 -88 -84 -85.5 1
750 -90 -85 -87.5 1
800 -87 -88 -87.5 1
850 -90 -88 -88.5 1
900 -88 -89 -88.5 1
950 -89 -89 -89 1
1000 -92 -89 -90.5 0

Table 3.2 contains the test results of RSSI (Received Signal Strength Indicator) and Quality
(Index) at a distance of 50 to 1000 meters. At a distance of 50 meters, RSSI reaches a
maximum value of -60 dBm and Quality (Index) reaches 3, indicating good signal quality.
However, as the distance increases, the RSSI value tends to decrease. At distances of 100 to
850 meters, RSSI values fluctuate with Quality (Index) stabilizing at 1 or 2, indicating
relatively good signal quality. However, at a distance of 900 to 1000 meters, the RSSI value
decreases significantly and the Quality (Index) becomes 0, indicating a weak signal and
potential problems in data transmission. The analysis shows that the communication system
performs well at short to medium distances, but requires solutions such as the use of
repeaters or signal amplification to ensure reliable data transmission at longer distances.

Tabel 3.3 Carbon Monoxide air quality sensor response testing

Pollutant Testing MQ-7 Sensor Reading Reference Sensor Reading
(ppm) CO (ppm)
Uji 1 50 48
Uiji 2 100 97
Uji3 150 145
Uji4 200 196
Uji 5 250 240
Uji 6 300 290
Uji 7 350 336
Uiji 8 400 388
Uji 9 450 436
Uii 10 500 485

Table 3.3 shows the results of data readings from testing the response of carbon
monoxide (CO) gas air levels using the MQ-7 sensor and the CO reference sensor at a
distance of 50 meters with reading variations from 50 to 500 ppm. The readings of the MQ-
7 sensor and the CO reference sensor are relatively close to each other, indicating that the
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MQ-7 sensor provides fairly accurate results in detecting CO levels at a distance of 50
meters. Further testing at different distances and various environmental conditions can
provide further understanding of the performance of the MQ-7 sensor in detecting CO levels
in different scenarios.

4. DISCUSSION

In this research, the design and implementation of an air quality monitoring system
using the CSMA-CA protocol in communication using LoRa (Long Range) technology is
carried out. This research aims to develop an efficient and reliable solution in air quality
monitoring, by utilizing the advantages of wide range and energy saving offered by LoRa
technology. The research methodology involves the design of hardware and software to
integrate air quality sensors with the LoRa network [14].

The results of this study show that the air quality monitoring system with CSMA-
CA protocol on LoRa communication provides good performance in collecting real-time air
quality data with sufficient accuracy. Analysis of the signal quality and efficiency of the
CSMA-CA protocol in using the LoRa frequency spectrum has been evaluated and
produced positive results [15]. The success of this system can make a significant contribution
in supporting efficient air quality monitoring, addressing air pollution challenges, and
promoting environmental protection and public health efforts. However, it should be noted
that this research may also present some constraints and limitations, which can serve as a
basis for further development to improve the performance and flexibility of the air quality
monitoring system using LoRa technology and the CSMA-CA protocol [16].

The novelty of this research is to combine LoRa technology with CSMA-CA protocol
for air quality monitoring. This combination provides frequency efficiency, reduces signal
collisions, and enables real-time data collection. Its potential in supporting rapid action to
address air pollution and public health impacts [17]. In addition, this research contributes
to the development of LoRa-based monitoring technology and CSMA-CA protocol, opening
up opportunities for similar applications in other monitoring fields. A comparison with
previous findings shows that the approach of using CSMA-CA protocol in LoRa
communication for air quality monitoring provides a more efficient, reliable, and
dependable solution compared to other conventional approaches [18]. By utilizing the
potential of LoRa in coverage and energy saving as well as the efficiency of CSMA-CA
protocol in managing frequency access, this research brings a new innovation in air quality
monitoring technology that can have a positive impact on the environment and public
health [19].

5. CONCLUSION
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The MAC Layer method-based air quality monitoring system is a solution that helps
users to access air quality data in rural areas with peat characteristics without a fixed air
quality monitoring station [20]. By adopting LoRa RFM95 communication and applying the
MAC Layer method, this monitoring system is able to send data from sender to receiver
within a range of more than 1000 meters without obstacles. The implementation of Carrier
Sense Multiple Access (CSMA-CA) in this system uses NodeMCU ESP8266 as a
microcontroller at the receiver by utilizing the Arduino IDE platform as a program and the
Firebase website as a storage medium for recording measurement data to the database.
Thus, this system is an efficient solution for monitoring air quality in rural areas that were
previously difficult to access and provides important data for decision making and
environmental improvement efforts.
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File Konfigurasi dan Hasil Konfigurasi
(Program Arduino IDE)

LoRa Sender

#include <SPI.h>
#include <LoRa.h>

int counter = 0;

void setup() {
Serial.begin(9600);
while (!Serial);

Serial.println("LoRa Sender");

if (!LoRa.begin(915E6)) {
Serial.println("Starting LoRa failed!");
while (1);
}
}

void loop() {
Serial.print("Sending packet: ");
Serial.println(counter);

// send packet
LoRa.beginPacket();
LoRa.print("hello ");
LoRa.print(counter);
LoRa.endPacket();

counter++;

delay(5000);
¥

LoRa Receiver

#include <SPI.h>
#include <LoRa.h>

void setup() {
Serial.begin(9609);

while (!Serial);

Serial.println("LoRa Receiver");



if (!LoRa.begin(915E6)) {
Serial.println("Starting LoRa failed!");
while (1);
}
}

void loop() {
// try to parse packet
int packetSize = LoRa.parsePacket();
if (packetSize) {
// received a packet
Serial.print("Received packet '");

// read packet
while (LoRa.available()) {
Serial.print((char)LoRa.read());

}

// print RSSI of packet
Serial.print(""' with RSSI ");
Serial.println(LoRa.packetRssi());

Sensor MQ-7

#include "MQ7.h"

#tdefine A_PIN 3
t#tdefine VOLTAGE 5

// init MQ7 device
MQ7 mq7(A_PIN, VOLTAGE);

void setup() {
Serial.begin(9600);
while (!Serial) {
; // wait for serial connection

}

Serial.println(""); // blank new line

Serial.println("Calibrating MQ7");

mq7.calibrate(); // calculates RO

Serial.println("Calibration done!");
Serial.begin(9600);

while (!Serial);



Serial.println("LoRa Sender");

if (!LoRa.begin(915E6)) {
Serial.println("Starting LoRa failed!");
while (1);

}

}
void loop() {

read_sensor();
Serial.print("Sending data sensor: ");
Serial.println(mq7.readPpm());

// send packet
LoRa.beginPacket();
LoRa.print("data sensor A ");
LoRa.print(mg7.readPpm());
LoRa.endPacket();

delay(1000);

// the loop routine runs over and over again forever:
void read_sensor() {
Serial.print("PPM = "); Serial.println(mq7.readPpm());

Serial.println(""); // blank new line
delay(1000);

}
Node A

#include <1lmic.h>
t#tinclude <hal/hal.h>
#include <SPI.h>

#define TX_INTERVAL 2000

// Pin mapping

const Imic_pinmap lmic_pins = {
.nss = 10,//6,
.rxtx = LMIC_UNUSED_PIN,
.rst = 9,
.dio = {2, 3, 4},

};

// left empty here (we cannot leave them out completely unless



// DISABLE_JOIN is set in arduino-
Imoc/project_config/lmic_project_config.h,

// otherwise the linker will complain).void os_getArtEui (ul_t* buf)
{1}

void os_getDevEui (ul_t* buf) { }

void os_getDevKey (ul_t* buf) { }

void onEvent (ev_t ev) {

}

osjob_t txjob;
osjob_t timeoutjob;
static void tx_func (osjob_t* job);

// Transmit the given string and call the given function afterwards
void tx(const char *str, osjobcb_t func) {

os_radio(RADIO_RST); // Stop RX first

delay(1); // Wait a bit, without this os_radio below asserts,
apparently because the state hasn't changed yet

LMIC.datalLen = 0;

while (*str)

LMIC.frame[LMIC.dataLen++] = *str++;

LMIC.osjob.func = func;

os_radio(RADIO_TX);

Serial.println("TX");
}

// Enable rx mode and call func when a packet is received
void rx(osjobcb_t func) {

LMIC.osjob.func = func;

LMIC.rxtime = os_getTime(); // RX _now_

// receiving a packet)
os_radio(RADIO_RXON);
Serial.println("RX");

}

static void rxtimeout_func(osjob_t *job) {
digitalWrite(LED_BUILTIN, LOW); // off

}

static void rx_func (osjob_t* job) {
// Blink once to confirm reception and then keep the led on
digitalWrite(LED_BUILTIN, LOW); // off
delay(10);
digitalWrite(LED_BUILTIN, HIGH); // on

// Timeout RX (i.e. update led status) after 3 periods without RX



os_setTimedCallback(&timeoutjob, os_getTime() +
ms2o0sticks(3*TX_INTERVAL), rxtimeout_func);

// Reschedule TX so that it should not collide with the other
side's

// next TX

os_setTimedCallback(&txjob, os_getTime() +
ms2o0sticks(TX_INTERVAL/2), tx_func);

Serial.print("Got ");
Serial.print(LMIC.datalLen);
Serial.println(" bytes");
Serial.write(LMIC.frame, LMIC.datalen);
Serial.println();

// Restart RX
rx(rx_func);

static void txdone_func (osjob_t* job) {
rx(rx_func);

}

#include "MQ7.h"

#define A_PIN ©
#tdefine VOLTAGE 5

// init MQ7 device
MQ7 mq7(A_PIN, VOLTAGE);

void setup() {
Serial.begin(9600);
while (!Serial) {
; // wait for serial connection

}

Serial.println(""); // blank new line

Serial.println("Calibrating MQ7");
mq7.calibrate(); // calculates RO
Serial.println("Calibration done!");

Serial.println("Starting");
#ifdef VCC_ENABLE

// For Pinoccio Scout boards
pinMode(VCC_ENABLE, OUTPUT);
digitalWrite(VCC_ENABLE, HIGH);
delay(1000);

#tendif



pinMode (LED_BUILTIN, OUTPUT);

// initialize runtime env
os_init();

#if defined(CFG_eu868)
// Use a frequency in the g3 which allows 10% duty cycling.
LMIC.freq = 869525000;
// Use a medium spread factor. This can be increased up to SF12
for
// better range, but then, the interval should be (significantly)
// raised to comply with duty cycle limits as well.
LMIC.datarate = DR_SF9;
// Maximum TX power
LMIC.txpow = 27;
#elif defined(CFG_us915)

// set fDownlink true to use a downlink channel; false

// to use an uplink channel. Generally speaking, uplink

// is more interesting, because you can prove that gateways
// *should* be able to hear you.

const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8 t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.

uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = US915 125kHz_UPFBASE +
kUplinkChannel * US915 125kHz_UPFSTEP;
uBandwidth = 125;
b
else
{

LMIC.freq = US915 500kHz_ UPFBASE +
(kUplinkChannel - 64) *
US915_500kHz_UPFSTEP;
uBandwidth = 500;

}

else



{

// downlink channel
LMIC.freq = US915 500kHz DNFBASE +

kDownlinkChannel * US915 500kHz_DNFSTEP;
uBandwidth = 500;

}

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = US915_DR_SF7; // DR4
else

LMIC.datarate = US915_DR_SF12CR; // DR8

// default tx power for US: 21 dBm
LMIC.txpow = 30;
#elif defined(CFG_au915)

// set fDownlink true to use a downlink channel; false

// to use an uplink channel. Generally speaking, uplink

// is more interesting, because you can prove that gateways
// *should* be able to hear you.

const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8 t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.

uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = AU915 125kHz_UPFBASE +
kUplinkChannel * AU915 125kHz_UPFSTEP;
uBandwidth = 125;
b
else
{

LMIC.freq = AU915 500kHz_ UPFBASE +
(kUplinkChannel - 64) *
AU915 500kHz_UPFSTEP;
uBandwidth = 500;

}

else



{

// downlink channel
LMIC.freq = AU915 500kHz DNFBASE +

kDownlinkChannel * AU915 500kHz_DNFSTEP;

uBandwidth = 500;
}

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = AU915 DR_SF7; // DR4
else

LMIC.datarate = AU915_DR_SF12CR; // DR8

// default tx power for AU: 30 dBm
LMIC.txpow = 30;
#elif defined(CFG_as923)

const static uint8_t kChannel = 0;
uint32_t uBandwidth;

LMIC.freq = AS923_F1 + kChannel * 200000;
uBandwidth = 125;

// Use a suitable spreading factor
if (uBandwidth == 125)

LMIC.datarate = AS923 DR _SF7;
else

LMIC.datarate = AS923 DR _SF7B;

// default tx power for AS: 21 dBm
LMIC.txpow = 16;

if (LMIC_COUNTRY_CODE == LMIC_COUNTRY_CODE_JP)

{
LMIC.1bt_ticks

LMIC.1bt_ dbmax

}
#elif defined(CFG_kr920)

AS923IP_LBT_DB_MAX;

const static uint8_t kChannel = ©;
uint32_t uBandwidth;

LMIC.freq = KR920_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = KR920_DR_SF7; // DR7
// default tx power for KR: 14 dBm
LMIC.txpow = KR920 TX_EIRP_MAX_DBM;
if (LMIC.freq < KR920 F14DBM)

LMIC.txpow = KR920 TX_EIRP_MAX_DBM_LOW;

// DR7

// DR8

us2osticks(AS923JP_LBT_US);
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LMIC.1bt ticks = us2osticks(KR920 LBT US);
LMIC.1bt_dbmax = KR920_LBT_DB_MAX;

#elif defined(CFG_in866)
const static uint8_ t kChannel = ©;
uint32_t uBandwidth;

LMIC.freq = IN866_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = IN866_DR_SF7; // DR7
// default tx power for IN: 30 dBm
LMIC.txpow = IN866_TX_EIRP_MAX_DBM;

ttelse

# error Unsupported LMIC regional configuration.

#tendif

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

// This sets CR 4/5, BW125 (except for EU/AS923 DR_SF7B, which
uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

Serial.print("Frequency: "); Serial.print(LMIC.freq / 1000000);
Serial.print("."); Serial.print((LMIC.freq / 100000) %
10);
Serial.print("MHz");
Serial.print(" LMIC.datarate: "); Serial.print(LMIC.datarate);
Serial.print(" LMIC.txpow: "); Serial.println(LMIC.txpow);

// This sets CR 4/5, BW125 (except for DR_SF7B, which uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

Serial.println("Started");
Serial.flush();

// setup initial job
os_setCallback(&txjob, tx_func);

void loop() {
// execute scheduled jobs and events
os_runloop_once();
}
// log text to USART and toggle LED
static void tx_func (osjob_t* job) {
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// Serial.print("PPM = "); Serial.println(mq7.readPpm());

int ppm=mq7.readPpm();

char cstr[16];
itoa(ppm, cstr, 10);

char aux_str[100];
char sensorValue[4];
dtostrf(ppm,4,0,sensorValue);

// ////snprintf(aux_str, sizeof(aux_str),
"AT+HTTPPARA=\"URL\",\"%s\"\r\n", url);

snprintf(aux_str, sizeof(aux_str), "MQ-7 sensor data from Node A
(ppm)=\%s\ ppm \n", sensorValue);

Serial.println(aux_str);
//cstr char sensor_data[] = "28.1|72]||0K";

tx(aux_str, txdone_func); // Send the data to gateway.

// will reschedule at half this time.
os_setTimedCallback(job, os_getTime() + ms2osticks(TX_INTERVAL +
random(500)), tx_func);

}
Node B

#include <1lmic.h>
t#tinclude <hal/hal.h>
#include <SPI.h>

#define TX_INTERVAL 2000

// Pin mapping

const 1mic_pinmap lmic_pins = {
.nss = 10,//6,
.rxtx = LMIC_UNUSED_PIN,
.rst =9,
.dio = {2, 3, 4},

}s

// left empty here (we cannot leave them out completely unless
// DISABLE_JOIN is set in arduino-
Imoc/project_config/lmic_project_config.h,

// otherwise the linker will complain).
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void os_getArtEui (ul_t* buf) { }
void os_getDevEui (ul_t* buf) { }
void os_getDevKey (ul_t* buf) { }

void onEvent (ev_t ev) {

osjob_t txjob;
osjob_t timeoutjob;
static void tx_func (osjob_t* job);

// Transmit the given string and call the given function afterwards
void tx(const char *str, osjobcb_t func) {

os_radio(RADIO_RST); // Stop RX first

delay(1); // Wait a bit, without this os_radio below asserts,
apparently because the state hasn't changed yet

LMIC.datalen = 0;

while (*str)

LMIC.frame[LMIC.dataLen++] = *str++;

LMIC.osjob.func = func;

os_radio(RADIO_TX);

Serial.println("TX");
}

// Enable rx mode and call func when a packet is received
void rx(osjobcb_t func) {

LMIC.osjob.func = func;

LMIC.rxtime = os_getTime(); // RX _now_

// receiving a packet)

os_radio(RADIO_RXON);

Serial.println("RX");
}

static void rxtimeout_func(osjob_t *job) {
digitalWrite(LED BUILTIN, LOW); // off

}

static void rx_func (osjob_t* job) {
// Blink once to confirm reception and then keep the led on
digitalWrite(LED_BUILTIN, LOW); // off
delay(10);
digitalWrite(LED_BUILTIN, HIGH); // on

// Timeout RX (i.e. update led status) after 3 periods without RX
os_setTimedCallback(&timeoutjob, os_getTime() +
ms20sticks(3*TX_INTERVAL), rxtimeout_func);



// Reschedule TX so that it should not collide with the other
side's

// next TX

os_setTimedCallback(&txjob, os_getTime() +
ms2o0sticks(TX_INTERVAL/2), tx_func);

Serial.print("Got ");
Serial.print(LMIC.datalLen);
Serial.println(" bytes");
Serial.write(LMIC.frame, LMIC.datalLen);
Serial.println();

// Restart RX
rx(rx_func);

static void txdone_func (osjob_t* job) {
rx(rx_func);

}

#include "MQ7.h"

#tdefine A_PIN ©
#tdefine VOLTAGE 5

// init MQ7 device
MQ7 mq7(A_PIN, VOLTAGE);

void setup() {
Serial.begin(9600);
while (!Serial) {
; // wait for serial connection

}

Serial.println(""); // blank new line

Serial.println("Calibrating MQ7");
mq7.calibrate(); // calculates RO
Serial.println("Calibration done!");

Serial.println("Starting");
#ifdef VCC_ENABLE

// For Pinoccio Scout boards
pinMode(VCC_ENABLE, OUTPUT);
digitalWrite(VCC_ENABLE, HIGH);
delay(1000);

#endif

13
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pinMode (LED_BUILTIN, OUTPUT);

// initialize runtime env
os_init();

#if defined(CFG_eu868)
// Use a frequency in the g3 which allows 10% duty cycling.
LMIC.freq = 869525000;
// Use a medium spread factor. This can be increased up to SF12
for
// better range, but then, the interval should be (significantly)
// raised to comply with duty cycle limits as well.
LMIC.datarate = DR_SF9;
// Maximum TX power
LMIC.txpow = 27;
#elif defined(CFG_us915)

// set fDownlink true to use a downlink channel; false

// to use an uplink channel. Generally speaking, uplink

// is more interesting, because you can prove that gateways
// *should* be able to hear you.

const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8 t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.

uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = US915 125kHz_UPFBASE +
kUplinkChannel * US915 125kHz_UPFSTEP;
uBandwidth = 125;
b
else
{

LMIC.freq = US915 500kHz_ UPFBASE +
(kUplinkChannel - 64) *
US915_500kHz_UPFSTEP;
uBandwidth = 500;

}

else
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{

// downlink channel
LMIC.freq = US915 500kHz DNFBASE +

kDownlinkChannel * US915 500kHz_DNFSTEP;
uBandwidth = 500;

}

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = US915_DR_SF7; // DR4
else

LMIC.datarate = US915_DR_SF12CR; // DR8

// default tx power for US: 21 dBm
LMIC.txpow = 30;
#elif defined(CFG_au915)

// set fDownlink true to use a downlink channel; false

// to use an uplink channel. Generally speaking, uplink

// is more interesting, because you can prove that gateways
// *should* be able to hear you.

const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8 t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.
uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = AU915 125kHz_UPFBASE +
kUplinkChannel * AU915 125kHz_UPFSTEP;
uBandwidth = 125;
b
else
{

LMIC.freq = AU915 500kHz_ UPFBASE +
(kUplinkChannel - 64) *
AU915 500kHz_UPFSTEP;
uBandwidth = 500;

}

else



{

// downlink channel
LMIC.freq = AU915 500kHz DNFBASE +

kDownlinkChannel * AU915 500kHz_DNFSTEP;
uBandwidth = 500;

}

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = AU915 DR_SF7; // DR4
else

LMIC.datarate = AU915_DR_SF12CR; // DR8

// default tx power for AU: 30 dBm
LMIC.txpow = 30;
#elif defined(CFG_as923)

const static uint8_t kChannel = 0;
uint32_t uBandwidth;

LMIC.freq = AS923_F1 + kChannel * 200000;
uBandwidth = 125;

// Use a suitable spreading factor
if (uBandwidth == 125)

LMIC.datarate = AS923 DR _SF7; // DR7
else

LMIC.datarate = AS923 DR _SF7B; // DR8

// default tx power for AS: 21 dBm
LMIC.txpow = 16;

if (LMIC_COUNTRY_CODE == LMIC_COUNTRY_CODE_3JP)
{
LMIC.1bt_ticks
LMIC.1bt_ dbmax

}
#elif defined(CFG_kr920)

us2osticks(AS923JP_LBT_US);
AS923]P_LBT_DB_MAX;

const static uint8_t kChannel = ©;
uint32_t uBandwidth;

LMIC.freq = KR920_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = KR920_DR_SF7; // DR7
// default tx power for KR: 14 dBm
LMIC.txpow = KR920 TX_EIRP_MAX_DBM;
if (LMIC.freq < KR920 F14DBM)

LMIC.txpow = KR920 TX_EIRP_MAX_DBM_LOW;
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LMIC.1bt ticks = us2osticks(KR920 LBT US);
LMIC.1bt_dbmax = KR920_LBT_DB_MAX;

#elif defined(CFG_in866)
const static uint8_ t kChannel = ©;
uint32_t uBandwidth;

LMIC.freq = IN866_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = IN866_DR_SF7; // DR7
// default tx power for IN: 30 dBm
LMIC.txpow = IN866_TX_EIRP_MAX_DBM;

ttelse

# error Unsupported LMIC regional configuration.

#tendif

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

// This sets CR 4/5, BW125 (except for EU/AS923 DR_SF7B, which
uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

Serial.print("Frequency: "); Serial.print(LMIC.freq / 1000000);
Serial.print("."); Serial.print((LMIC.freq / 100000) %
10);
Serial.print("MHz");
Serial.print(" LMIC.datarate: "); Serial.print(LMIC.datarate);
Serial.print(" LMIC.txpow: "); Serial.println(LMIC.txpow);

// This sets CR 4/5, BW125 (except for DR_SF7B, which uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

Serial.println("Started");
Serial.flush();

// setup initial job
os_setCallback(&txjob, tx_func);

void loop() {
// execute scheduled jobs and events
os_runloop_once();
}
// log text to USART and toggle LED
static void tx_func (osjob_t* job) {



// Serial.print("PPM = "); Serial.println(mq7.readPpm());

int ppm=mq7.readPpm();

char cstr[16];
itoa(ppm, cstr, 10);

char aux_str[100];
char sensorValue[4];
dtostrf(ppm,4,0,sensorValue);

// ////snprintf(aux_str, sizeof(aux_str),
"AT+HTTPPARA=\"URL\",\"%s\"\r\n", url);

snprintf(aux_str, sizeof(aux_str), "MQ-7 sensor data from Node B
(ppm)=\%s\ ppm \n", sensorValue);

Serial.println(aux_str);
//cstr char sensor_data[] = "28.1|72||0K";

tx(aux_str, txdone_func); // Send the data to gateway.

// will reschedule at half this time.
os_setTimedCallback(job, os_getTime() + ms2osticks(TX_INTERVAL +
random(500)), tx_func);

}

GATEWAY

#include <1lmic.h>
#tinclude <hal/hal.h>
#include <SPI.h>

#define TX_INTERVAL 2000

// Pin mapping

const 1mic_pinmap lmic_pins = {
.nss = D8, //6,
.rxtx = LMIC_UNUSED PIN,
.rst = DO,
.dio = {D1, D2, 3},

}s

// These callbacks are only used in over-the-air activation, so they
are
// left empty here (we cannot leave them out completely unless



// DISABLE_JOIN is set in arduino-
Imoc/project_config/lmic_project_config.h,
// otherwise the linker will complain).
void os_getArtEui (ul_t* buf) { }

void os_getDevEui (ul_t* buf) { }

void os_getDevKey (ul_t* buf) { }

void onEvent (ev_t ev) {

}

osjob_t txjob;
osjob_t timeoutjob;
static void tx_func (osjob_t* job);

// Transmit the given string and call the given function afterwards
void tx(const char *str, osjobcb_t func) {

os_radio(RADIO_RST); // Stop RX first

delay(1); // Wait a bit, without this os_radio below asserts,
apparently because the state hasn't changed yet

LMIC.datalLen = 0;

while (*str)

LMIC.frame[LMIC.dataLen++] = *str++;

LMIC.osjob.func = func;

os_radio(RADIO_TX);

Serial.println("TX");
}

// Enable rx mode and call func when a packet is received
void rx(osjobcb_t func) {

LMIC.osjob.func = func;

LMIC.rxtime = os_getTime(); // RX _now_

// Enable "continuous" RX (e.g. without a timeout, still stops
after

// receiving a packet)

os_radio(RADIO_RXON);

Serial.println("RX");

}

static void rxtimeout_func(osjob_t *job) {
digitalWrite(LED_BUILTIN, LOW); // off

}

static void rx_func (osjob_t* job) {
// Blink once to confirm reception and then keep the led on
digitalWrite(LED_BUILTIN, LOW); // off
delay(10);
digitalWrite(LED_BUILTIN, HIGH); // on
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// Timeout RX (i.e. update led status) after 3 periods without RX
os_setTimedCallback(&timeoutjob, os getTime() +
ms2osticks(3*TX_INTERVAL), rxtimeout_func);

// Reschedule TX so that it should not collide with the other
side's
// next TX

// _____________________ K 3K 3k 3k >k K 3k >k ok

// os_setTimedCallback(&txjob, os_getTime() +
ms2o0sticks(TX_INTERVAL/2), tx func);

Serial.print("Got ");
Serial.print(LMIC.datalen);
Serial.println(" bytes");
Serial.write(LMIC.frame, LMIC.datalen);
Serial.println();

// Restart RX
rx(rx_func);

static void txdone_func (osjob_t* job) {
rx(rx_func);

}

// log text to USART and toggle LED
static void tx_func (osjob_t* job) {

// say hello

tx("Hello, world!", txdone_func);

// reschedule job every TX INTERVAL (plus a bit of random to
prevent

// systematic collisions), unless packets are received, then
rx_func

// will reschedule at half this time.

os_setTimedCallback(job, os_getTime() + ms2osticks(TX_INTERVAL +
random(500)), tx_ func);

}

// application entry point

void setup() {
Serial.begin(9600);
Serial.println("Starting");
#ifdef VCC_ENABLE
// For Pinoccio Scout boards
pinMode(VCC_ENABLE, OUTPUT);
digitalWrite(VCC_ENABLE, HIGH);
delay(1000);
#tendif
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pinMode (LED_BUILTIN, OUTPUT);

// initialize runtime env
os_init();

#if defined(CFG_eu868)
// Use a frequency in the g3 which allows 10% duty cycling.
LMIC.freq = 869525000;
// Use a medium spread factor. This can be increased up to SF12
for
// better range, but then, the interval should be (significantly)
// raised to comply with duty cycle limits as well.
LMIC.datarate = DR_SF9;
// Maximum TX power
LMIC.txpow = 27;
#elif defined(CFG_us915)

// *should* be able to hear you.
const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8_t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.
uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = US915 125kHz_UPFBASE +
kUplinkChannel * US915 125kHz_UPFSTEP;
uBandwidth = 125;
b
else
{

LMIC.freq = US915 500kHz_UPFBASE +
(kUplinkChannel - 64) *
US915_500kHz_UPFSTEP;
uBandwidth = 500;

}

else

{

// downlink channel
LMIC.freq = US915 500kHz DNFBASE +
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kDownlinkChannel * US915 500kHz_ DNFSTEP;
uBandwidth = 500;

}

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = US915_DR_SF7; // DR4
else

LMIC.datarate = US915_DR_SF12CR; // DR8

// default tx power for US: 21 dBm
LMIC.txpow = 21;
#elif defined(CFG_au915)

// is more interesting, because you can prove that gateways
// *should* be able to hear you.
const static bool fDownlink = false;

// the downlink channel to be used.
const static uint8_t kDownlinkChannel = 3;

// the uplink channel to be used.
const static uint8 t kUplinkChannel = 8 + 3;

// this is automatically set to the proper bandwidth in kHz,
// based on the selected channel.

uint32_t uBandwidth;

if (! fDownlink)

{
if (kUplinkChannel < 64)
{
LMIC.freq = AU915_ 125kHz_UPFBASE +
kUplinkChannel * AU915 125kHz_UPFSTEP;
uBandwidth = 125;
}
else
{

LMIC.freq = AU915 500kHz_ UPFBASE +
(kUplinkChannel - 64) *
AU915_500kHz_UPFSTEP;
uBandwidth = 500;

}

else
{
// downlink channel
LMIC.freq = AU915 500kHz_DNFBASE +
kDownlinkChannel * AU915 500kHz_DNFSTEP;
uBandwidth = 500;



23

// Use a suitable spreading factor
if (uBandwidth < 500)

LMIC.datarate = AU915 DR_SF7; // DR4
else

LMIC.datarate = AU915 DR_SF12CR; // DR8

// default tx power for AU: 30 dBm
LMIC.txpow = 30;
#elif defined(CFG_as923)

const static uint8_t kChannel = 0;
uint32_t uBandwidth;

LMIC.freq = AS923 F1 + kChannel * 200000;
uBandwidth = 125;

// Use a suitable spreading factor
if (uBandwidth == 125)

LMIC.datarate = AS923 DR_SF7; // DR7
else

LMIC.datarate = AS923 DR _SF7B; // DR8

// default tx power for AS: 21 dBm
LMIC.txpow = 16;

if (LMIC_COUNTRY_CODE == LMIC_COUNTRY_CODE_3JP)
{
LMIC.1bt_ticks
LMIC.1bt_ dbmax

}
#elif defined(CFG_kr920)

us2osticks(AS923JP_LBT_US);
AS923]P_LBT_DB_MAX;

const static uint8_t kChannel = ©;
uint32_t uBandwidth;

LMIC.freq = KR920_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = KR920_DR_SF7; // DR7
// default tx power for KR: 14 dBm
LMIC.txpow = KR920 TX_EIRP_MAX_DBM;
if (LMIC.freq < KR920 F14DBM)

LMIC.txpow = KR920 TX_EIRP_MAX_ DBM_LOW;

LMIC.1bt ticks = us2osticks(KR920 LBT _US);
LMIC.1bt_dbmax = KR920 LBT_DB_MAX;
#elif defined(CFG_in866)
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const static uint8_ t kChannel = 0;
uint32_t uBandwidth;

LMIC.freq = IN866_F1 + kChannel * 200000;
uBandwidth = 125;

LMIC.datarate = IN866_DR_SF7; // DR7
// default tx power for IN: 30 dBm
LMIC.txpow = IN866_TX_EIRP_MAX_DBM;

#else

# error Unsupported LMIC regional configuration.

#tendif

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

// This sets CR 4/5, BW125 (except for EU/AS923 DR _SF7B, which
uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

Serial.print("Frequency: "); Serial.print(LMIC.freq / 1000000);
Serial.print("."); Serial.print((LMIC.freq / 100000) %
10);
Serial.print("MHz");
Serial.print(" LMIC.datarate: "); Serial.print(LMIC.datarate);
Serial.print(" LMIC.txpow: "); Serial.println(LMIC.txpow);

// This sets CR 4/5, BW125 (except for DR_SF7B, which uses BW250)
LMIC.rps = updr2rps(LMIC.datarate);

// disable RX IQ inversion
LMIC.noRXIQinversion = true;

Serial.println("Started");
Serial.flush();

// setup initial job

//:::::::::::::::::::**************

os_setCallback(&txjob, tx_func);

void loop() {
// execute scheduled jobs and events
os_runloop once();

}
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