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Abstract: This study discusses the Performance of Moisture soil sensor, which is helpful as a sensor 

to detect soil moisture levels used as plant nutrition. The monitoring process is carried out in real-

time using internet of things technology based on LoRa or Long-Range Radio Frequency (IoT-

LoRa). The application server used is Thingspeak. With this research, agricultural processes and 

monitoring can be carried out dynamically and efficiently. Therefore, when the soil conditions are 

dry, or the soil moisture level is <300, it will immediately affect automatic watering by opening the 

valve or rotating the Servo motor. Furthermore, the watering process can be done automatically by 

looking at the soil conditions on potted plants or agricultural land. The position of the sensor on 

the ground level is not immediately removed and moved to another place, but it is always in the 

same condition and location, so the Adaptive Data Rate mechanism is used for the management of 

Power Consumption on IoT-LoRa 
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1. Introduction 

Soil humidity is an essential factor that determines plant fertility, except for fertilizers 

and other parameters, current trends, plants are not planted on large farms, now 

switching to hydroponic types of plants that depend on the quality of water used, plus 

other factors such as humidity, lighting, and the right room temperature. Therefore, not 

all types of plants use hydroponics. Types of plants that can be grown hydroponically 

include, e.g., lettuce, tomatoes, radishes, kale, cucumbers, spinach, nuts, leeks, and basil 

strawberries, mint leaves, blueberries, peppers, carrots, and Corn.  

Therefore, what is the treatment for plants that cannot use hydroponics? Plants that 

can't be cultivated using hydroponics need to use soil on agricultural land or be placed 

in pots. For plants grown using soil, it is necessary to use a system that can detect soil 

conditions and how the following action is to a soil that is too wet, less humid, or dry. 

These factors are essential to determine the quality of the resulting plant, even the plant's 

life; if the soil is too dry, the plant will likely wither and die. 

LoRa 915 MHz [15] and 920 MHz [13] testing has been tested in previous studies [1] 

using Dragino LoRa and BME280 Temperature and Humidity sensors at Kanazawa 

University Japan. Different RSSI values were obtained in this study, using the Adaptive 

Data Rate (ADR) [14] mechanism as energy efficiency or battery savings for the LoRa 

sensor node. From research [1] it was obtained the RSSI value from 1 meter to 1 km. At 1 

meter, RSSI shows a value of -30 dBm, and at a distance of 1 km around -130 dBm, there 
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are three classifications in the RSSI Analysis, i.e., Free Space, Building, and Hill and Tree 

Obstacles. The development of data analysis is at the level of comparison of Spreading 

Factor [16], [18], Bandwidth, Time on Air, and other analyzers on LoRa and LoRaWAN. 

2. Literature Review 

Figure 1 is Moisture Soil Sensor v.1.4 which is used as the main and essential sensor 

in this research, and figure 2 is a Moisture soil sensor and LoRa IoT working system. 

Furthermore, Table 1 is the Moisture Soil Sensor Specifications; the minimum state or 

Voltage is 3.3. Volt DC and the maximum is 5 Volt DC, and you should use a voltmeter 

to find out the specific Voltage used [22]. And the current (mA) is 0 ~ 35 mA. Three soil 

states are classified on this moisture sensor, i.e., in dry soil sensor (0-300), in humid soil 

sensor (300-700), and in water sensor (700-950) [1], [19]. 

Accordingly, the specifications for Moisture Soil Sensor v.1.4 are shown in table 1. 

However, these specifications are not entirely the same, they can be configured, and even 

the values can be changed. 

The stages of the IoT-LoRa Moisture configuration are as follows: 

1. Complete Programming Moisture Soil sensor and Arduino. 

2. Complete the Moisture Soil Sensor [2],[3], Arduino, and LoRa 915 MHz 

Programming. 

3. Communication test LoRa 915 MHz transmitter and LoRa 915 MHz receiver, point 

to point. [Figure 3], [Figure 6] 

4. Test Communication LoRa 915 MHz transmitter and LoRa 915 MHz receiver, point 

to multi-point. [Figure 6] 

5. Test the uplink data of LoRa 915 MHz transmitter to LoRa Gateway 915 MHz 

6. Analysis by the SDR LoRa Signal Analyzer 

7. Test and configure the Thingspeak Server application 

 

Figure 1. Moisture Soil Sensor v.1.4 on Strawberry Plant [Puput_data] 
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Figure 2. Moisture soil sensor and LoRa IoT working system 

 

TABLE I. MOISTURE SOIL SENSOR SPECIFICATION 

Item Condition Min Typical Max Unit 

Voltage - 3.3 / 5 V 

Current - 0 / 35 mA 

 

Output Value 

A sensor in dry soil 0 ~ 300 / 

A sensor in humid soil 300 ~ 700 / 

Sensor in water 700 ~ 950 / 

 

Figure 3. Moisture Sensor pins 

Schematic Moisture sensor [7],[8] can be seen in Figure 2 [4], for further testing is carried 

out using three conditions, outside the soil, in the soil (strawberry plant pots), and water. 

Arduino schematic and Moisture sensor [5],[6] are shown in Figure 3. Figure 2 shows a 

system or architecture built using LoRa. The LoRa used is a 915 MHz Dragino LoRa type. 
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An algorithm needs to help power or battery efficiency; an ADR (Adaptive Data Rate) 

mechanism is used. This mechanism only works when the end node is static or not 

moving. Schematic Moisture sensor can be seen in Figure 3, for further testing is carried 

out using three conditions, outside the soil, in the soil (strawberry plant pots), and in 

water. Arduino schematic and Moisture sensor are shown in Figure 3. Figure 8 shows a 

system or architecture built using LoRa. The LoRa used is a 915 MHz Dragino LoRa type. 

An algorithm needs to help power or battery efficiency; an ADR (Adaptive Data Rate) 

mechanism is used. This mechanism only works when the end node is static or not 

moving. 

LoRa is one of the LPWAN (Low Power Wide Area Network) devices, a specialist on 

small data rates (0.3 kbps - 5.5 kbps). Based on Range vs. Power LoRa, it is shown in table 

2. Furthermore, table 3 is the ISM Band LoRa; this sets the Frequency for each region or 

country when using the LoRa module. But in this case, LoRa is a Free License; therefore, 

it can be used freely by users to develop. 

TABLE II.  RANGE VS. POWER WSNS 

Technology Wireless Communication Range Tx Power 

Bluetooth Short Range 10 m 2.5 mW 

WiFi Short Range 50 m 80 mW 

3G/ 4G Cellular 5 km 5000 mW 

LoRa LPWAN 

2-5 km (urban) 

5-15 km (rural) 

>15 km (LoS) 

20 mW 

 

TABLE III.  ISM BAND LORA 

Region Frequency (MHz) 

Asia 433 

Europe, Russia, India, Africa (Part) 863-870 

US 902-928 

Australia 915-928 

Canada 779-787 

China 779-787, 470-510 

 

 

Figure 4. LoRa Class A 
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LoRaWAN has 3 specifications for Class devices [9]. There is a tree class ie, All (A), 

Beacon (B), and Continues (C), e.g., Class A in Figure 4. Class A, All battery-powered 

devices [11], each device uplink to the gateway and is followed by two short downlinks 

receive windows. B, Beacon same as class A but these devices also open extra receive 

windows at the scheduled time; C, Continues same as A; however, these devices are 

continuously listening. Hence these devices use more power and are often mainly 

powered. 

RSSI stands for Received Signal Strength Indicator; RSSI uses dBm units. The RSSI value 

is getting closer to 0 means that the greater the LoRa signal produced or detected, which 

means that the distance between Tx and Rx is very close. Moreover, Figure 5 is a LoRa 

transmitter, and Figure 6 is a LoRa receiver. 

P(d) = P0 – 10 np log d/d0              (1) 

 

 
Figure 5. Moisture, Arduino, and Dragino LoRa 915 MHz [Tx] 

 

A negative value represents RSSI. e.g., -30 dBm is a strong signal, while -120 dBm is a 

weak signal. In the previous study [13, 17, 22], LoRa RSSI was defined in equation 1. 

 

 

Figure 6. Arduino, LCD, and Dragino LoRa 915 MHz [Rx] 

 

Pseudocode 1 is a program sequence on a moisture sensor, the core of the program is on 

the Analog sensor (A0) from the Moisture sensor, from this stage programming Arduino 

and LoRa 915 MHz follow it, then configuring Arduino, LoRa 915 MHz, and LoRa 

Gateway [Figure 7, 8]. As shown at the stages of the IoT-LoRa Moisture configuration, 

the next step is how to make Point-to-point communication using LoRa 915 MHz to get 

RSSI data, Pseudocode 1 is basic C ++ programming on Arduino to obtain the value of 
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Moisture soil sensor, furthermore, how to send the sensor data by Dragino LoRa 915 MHz 

and obtain the RSSI data. Pseudocode 2 is how to transfer data from Tx to Rx using Dragino 

LoRa 915 MHz. Furthermore, Pseudocode 2 is a program from the Arduino and LoRa 

Library to transmit Moisture sensor data. 

 

 

Figure 7. LG01-P Single Channel LoRa IoT Gateway [Puput_data] 

 

1. Integer Parameters Initialize and Arduino Pin Address 

sensorPin = A0;  

sensorValue;   

buzzer=10; 

2. Point limitation Moisture sensor 

limit = 300;  

3. Initialize of Boudrate 

Serial.begin(9600); 

4. Initialize of Pin OUTPUT (LED)& Buzzer 

 pinMode(13, OUTPUT); 

 pinMode(buzzer,OUTPUT); 

5. Initialize of analogRead (A0) 

 sensorValue = analogRead(sensorPin);  

6. Output text on the Serial monitor from the Moisture Sensor 

AnalogRead 

 Serial.println(" "); 

 Serial.println(sensorValue); 

7. Limitation decision from Moisture sensor and Condition the 

output LED & Buzzer 

 if (sensorValue<limit) { 

 digitalWrite(13, HIGH);  

 tone(buzzer, 1000, 200);} 

 else { digitalWrite(13, LOW);  

 noTone(buzzer);} 

8. Give the Delay from Sensor AnalogRead  

  delay(1000);  

===== Pseudocode 1 ===== 
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Figure 8. a Moisture sensor IoT-LoRa Architecture 

 

1. Initialize of Library 

#include <RH_RF95.h> 

#include <ThingSpeak.h> 

#include <SPI.h> 

#include <LoRa.h> 

2. Initialize of Moisture Sensor 

int sensorPin = A0;  

int sensorValue;   

int limit = 300;  

int buzzer=10; 

3. Initialize of Serial Boudrate 

Serial.begin(9600); 

4. Pin Output Mode 

pinMode(13, OUTPUT); 

  pinMode(buzzer,OUTPUT); 

5. LoRa Frequency initialize 

while(!Serial); 
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  Serial.println("LoRa Sender :"); 

  (!LoRa.begin(915E6)) // 915MHz Freq 

  Serial.println("Starting LoRa Failed !"); 

6. Analog Read and Output Process  

 sensorValue = analogRead(sensorPin);  

 if (sensorValue<limit)  

 digitalWrite(13, HIGH);  

 tone(buzzer, 1000, 200); 

 else  

 digitalWrite(13, LOW);  

 noTone(buzzer); 

7. Delay of Data Moisture 

 delay(1000);  

8. Serial Print Output 

  Serial.print("Moisture.Sensor_Value: "); 

 Serial.print(sensorValue); 

 Serial.println(); 

9. Command of LoRa Transmitter 

  LoRa.beginPacket(); 

  LoRa.print("Moisture.Sensor_Value: "); 

  LoRa.print(sensorValue); 

  LoRa.endPacket(); 

  delay(0);} 

===== Pseudocode 2===== 

 

1. Initialize of LoRa Library 

#include <SPI.h> 

#include <LoRa.h> 

2. Initialize of Serial Boudrate  

  Serial.begin(9600); 

  while (!Serial); 

  Serial.println("LoRa Receiver"); 

3. Initialize of LoRa Frequency 

  if (!LoRa.begin(915E6)) { 

  Serial.println("Starting LoRa failed!"); 

  while (1); 

4. LoRa Packet Initialize 

  int packetSize = LoRa.parsePacket(); 

  if (packetSize)  

5. Received a packet 

    Serial.print("Received packet '"); 
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6. Read packet 

    while (LoRa.available()) { 

      Serial.print((char)LoRa.read()); 

7. Print packet RSSI 

    Serial.print("' with RSSI "); 

    Serial.println(LoRa.packetRssi()); 

======= Pseudocode 3 ====== 

 

3. Methods 

Adaptive Data Rate (ADR) [10],[12] is one of the methods used to maintain LoRa 

throughput (kbps) and minimize the possibility of Packet Loss (kbps). The algorithm. 

There are 3 ADR processes [20], i.e., the Uplink, Downlink, and ADR Response. When 

transmitting LoRa data, if ADR is activated, it will immediately adjust the ADR Schedule 

and LoRa data bits until the data transmitting process is complete on the thingspeak 

Figure 10 and Figure 11. 

 

Figure 9. ACK Reply 

 

Figure 9 shows the ACK Reply showing that the communication from LoRa to LoRa 

Gateway and API Application Server was a success. Henceforth, this Moisture sensor 

data is displayed on the Thingspeak Application server [21]. 

 

4. Result and Discussion 

In Experiment 1, the Moisture Sensor is placed in water, and the average value is 

shown as in table 2, i.e., 396 to 417, and if the Moisture sensor is placed outside the pot, it 

shows a value of 0 to 5, more details are shown in figure 10. in Figure 10, the sensor output 

shows insignificant values based on the area or area selected, e.g., outside the pot and in 

the water, and 1 meter RSSI shows a value of -109 to -107 dBm. 
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Pseudocode 4 is used to set the Dragino LoRa 915 MHz Gateway or LG01-P Single 

Channel LoRa IoT Gateway; furthermore, Moisture sensor data will be sent via the 

Application Server Thingspeak Mathworks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Uplink, Downlink, and ADR Response. When transmitting LoRa data, if ADR is 

activated, it will immediately adjust the ADR Schedule and LoRa data bits until the data 

transmitting process is complete on the thingspeak Figure 11 and Figure 12. 

 

Figure 10. RSSI (-dBm) on 1 meter Tx and Rx LoRa 
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unsigned long myChannelNumber = 1348794; 

const char * myWriteAPIKey = "193TS6NE36S1QINU"; 

uint16_t crcdata = 0; 

uint16_t recCRCData = 0; 

float frequency = 915; 

    Bridge.begin(BAUDRATE); 

    ThingSpeak.begin(client); 

    if (!rf95.init()); 

    rf95.setFrequency(frequency); 

    // Setup Power,dBm 

    rf95.setTxPower(13); 

    rf95.setCADTimeout((unsigned long)5); 

 

===== Pseudocode 4 ==== 
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Figure 10. real-time data moisture sensor in IoT 

 

Figure 11. Moisture sensor LoRa 915 and Thingspeak Based on Smartphone 

 

5. Conclusions and Suggestion  

The IoT based moisture sensor has been successfully displayed on IoT using the 

Mathworks MATLAB Application Server through the Application Programming 

Interface (API), analysis is carried out on LoRa Receive Signal Strength at the gateway 

position. RSSI (-dBm) shows a value of -103 dBm to -104 dBm at a distance of 1 meter, 

and this will experience continuous attenuation in accordance with the obstacles obtained 

from the Transmitter to Receiver or LoRa Gateway LG01-P. The more end device or 

moisture soil sensors, the bigger the data packet received by the Gateway LG01-P which 

causes greater packet loss of data. 

The development of Smart Agriculture from an IoT based moisture soil sensor system 

is the development of the number of End nodes if 100 End nodes moisture sensors are 

connected to the Thingspeak Application Server, and the analysis carried out is on the 

Power Consumption factor and data collisions on the Moisture sensor data transmission 

from the End Node sensor. To the Application Server, e.g., Uplink and Downlink data. 
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