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XI. IOT BASED MONITORING   AND  INTELLIGENT  CONTROLLING FOR PLANT CULTIVATION: A 

CASE STUDY ON SANDALWOOD  PLANT 
 

 

Abstract— the purpose of this project is to design and 

implement an Internet of Things (IoT) based system for 

monitoring and controlling sandalwood (Santalum album) plants 

in the greenhouse. This system consists of soil moisture sensors, 

light sensors, temperature sensors, humidity sensors, electronic 

water valve, and lights. All sensors and actuators are connected to 

a microcontroller-based control station and from the Control 

Station, all sensor data is uploaded to a remote IoT cloud via the 

Raspberry Pi 3 board. All the collected data pre-processed and 

analyzed at the server level. Required soil moisture level, light 

intensity, and fertilizers for the plants control based on intelligent 

decisions made at the IoT cloud. Further, in this solution, farmers 

can access all the data with a smartphone or tablet and also can 

real-time monitor and control temperature, humidity, light 

intensity, and soil moisture of plants 

Keywords— Internet of Things (IoT), Smart Agriculture, 

Sensor Networks Introduction (Heading 1) 

I. INTRODUCTION 

Internet of Things (IoT) is one of rapidly growing technology 

and that is applying everywhere.  The concept of IoT is inter-

networking of physical devices, vehicles, buildings, and other 

items embedded with electronics, software, sensors, 

actuators, and network connectivity which enable these 

objects to collect and exchange data. In this project we apply 

these technologies in the field of agriculture and smart 

farming. It investigated the concept of IoT in Sandalwood 

(Santalum album) plantation. Sandalwood (Santalum album) 

plants need to plant under several environmental conditions. 

Thus proper watering, lighting, and monitoring system are 

required for good cultivation. Traditional ways of planting 

sandalwoods (Santalum album) kept in the greenhouse, and 

doing all the monitoring and treatments in manually.  The 

proposed system is capable of monitoring and controlling the 

sandalwood plants, intelligently depends on the climate 

conditions and pre-defined rules. The proposed system 

consists of three stations: sensor control Panel, local 

controlling station, and cloud-based intelligent control 

system. Sensors and output stations allow for better 

monitoring of the environment condition depends on the 

conditions actuators (values) will be operated. To monitor the 

environmental conditions in sandalwood plants station is 

equipped with several sensor arrays such as temperature, 

humidity, and light and soil moisture. The communication 

between the sensor station and Raspberry Pi based local 

controlling station done through Wi-Fi. Moreover local 

controlling stations communicate User Datagram Protocol 

(UDP) and Message Queuing Telemetry Transport (MQTT) 

protocol through Wi-Fi with web server and main sensor 

panel. This time server is set up in the laptop and control 

system through the internet. Farmers can make the most of 

this technology to help those planting plants at low cost by 

reducing waste of resources and time. This research was 

introduced to provide an easy-to-use environment that lets 

farmers apply modern technology to their farm control and 

monitor the plant environment in sequence to increase 

production [1] [2]. 

The rest of the paper is organized as follows. In the next 

section, we review the existing IoT based applications. 

Section III presents the design and an implementation step, 

Section IV presents the setup and experiments, and finally the 

conclusion. 

II. RELATED WORKS 

Krittin Lekjaroenan et al. contributed to design a watering 
system using mobile applications for the elderly. As their 
aimed target was the elder people in Thailand those who like 
to farming for their mental and health reelection. The IoT 
concept applies in the design; the system was developed for 
the elderly by using electronic devices and IoT concepts based 
on the Arduino platform. It monitors the temperature, 
humidity, soil moisture and water level in each plant to 
analyze data. During the operation, the data will be collected 
in real-time. Arduino Uno uses HTTP protocol to send the data 
to an internet server every second. The application display 
environmental values on the interface and alert to the user 
when the value is out of range that defined. The elderly can 
easy to monitor and control the condition of plants. According 
to the results, the elderly have perceived the benefits of using 
the IoT Planting System we purpose system use UDP protocol 
for communication in local Network and DeviceHub use for 
server-side [3]. 

Jumras Pitakphongmetha et al. contributed to designing a 
planting in smart farm hydroponics Style. They have used the 
concept of IoT in their project. The main controlling parts 
handle by the NodeMCU development board and also monitor 
the plant parameters in real-time using temperature, humidity, 
and soil moisture sensor. In addition to that they have used the 
Blynk platform for that project. Blynk is a platform with iOS 
and Android apps that can control Arduino, Raspberry Pi over 
the Internet. This system helps to increase the productivity of 
plants [4]. 

Kittikorn Hantrakul, et al. designed a system for saving water 
in handwashing progress. They have developed the smart 
faucet combine with IoT. Users can change the delay of valve 
closing time using web applications. Also they use the 
ESP8266wifi module for automatic Faucet. Moreover they 
have implemented a web application that can publish the delay 
time to the broker for changing the hardware turning off. 
However in this system they have tested the device using 100 
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users and get the 0.3 delay time to save the water. In this 
project they have used the drip irrigation watering system for 
watering, which helps to save the amount of water [5]. 

Uday A. WaykoleandDhiraj. G. Agrawal contributed to 
design an automation system for the greenhouse and there are 
no IoT applications but a wireless system has been used to 
transmit data in each node.  Zigbee used to communicate with 
the sensor and controller. The system consists of three 
subsystems in it and they are, Temperature monitoring and 
control system, Light intensity monitoring and control system, 
Humidity level monitor, and control system. They have been 
used PIC16F877A microcontroller as the main processing 
unit. However, the greenhouse condition can’t monitor via the 
internet. It uses ESP 8266 module for communicating to 
sensor panel and that one very cheaper than Zigbee [6].  

Eldhose.K.A, et al. contributed to the design system for 
monitoring systems in the greenhouse. This system mainly 
controlled by the PIC16F877A microcontroller. The system 
consists of a soil moisture, temperature, and LDR sensor. That 
operates according to the sensor reading when their reaches 
cut off level actuators operate by the microcontroller. But 
there is no intelligent algorithm or any real-time monitor 
system via the internet. However the system can self-control 
the greenhouse parameters. They have been used raspberry 3.0 
and ATmega 2560 developing board for the project. Besides, 
web-based sever maintain to get intelligent dissection in the 
system, also we contribute to give access for systems 
anywhere in the world with the internet. Further several 
researches are been conducted to design several applications 
for smart farming using IoT technology [7] [8] [9] [10] [11]. 

III. DESIGN AND IMPLEMENTATION 

To understand the process of plant growth, sensors are used to 
measure environmental parameters related to the planting 
growth. The two most influential factors are light and soil 
moisture levels. Therefore, we plan to use measure the amount 
of light and water in the system. This system should consist of 
sensors include temperature, humidity, light sensor, and soil 
moisture sensor. These Sensors measure and send data 
Measurement data sent to the control center for further 
analysis. 

As shown in figure 1, the systems often consisted of three 
stations: a sensor station, local control station, and main 
control panel which allow major advances and efficiency in 
greenhouse climate monitoring and controlling. The main 
sensor panel has an input sensor as well as output actuators. 
Mainly inputs outputs connected to the panel through wires. 
The system has five F-28 soil moisture sensors, three DHT 11 
temperatures sensors, one DHT 22 humidity sensor, and three 
BH1750 light intensity sensors. In addition to that, two 
solenoid valve and led illumination bulb connected as outputs. 
The main panel has an ATmega2560 microcontroller and Wi-
Fi module. The role of ATmega 2560 is to collect the sensor 
data and send them to the local controlling station through 
ESP 8266 module. Also it is doing two-way communications 
in both ways send and receive. The local area controlling 
section (Raspberry Pi) is checking the internet is available or 
not, if their internet coactivity all the sensor readings will be 
sending to the Device Hub server [8]. Else switch the fails safe 
mode and get the decision for output and send it to the main 
sensor station. Use the MQTT protocol for data sending and 
receiving. 

 

 

 

Fig 1: System overview 

A. Control System for wateering 

We implemented a water level controlling 

mechanism for plants. Based on the data that we 

receive form soil moisture sensors, we have 

implemented a rule based algorithm as shown in fig. 

2 at the IoT cloud. A solenoid valve will turn on/off 

based on decision made by the algorithm runs at IoT 

cloud. 

B. Control System for lighting 

We use the GL55 Series Photo resistors sensor for 

detect light intensity. And rule based algorithm 

implemented for light intensity controlling as shown 

in fig. 3 

 

Algorithm 1 – Watering  

Initialize 
1.connect data to the IoT cloud  

2. tempLoad temperature data into data matrix  

3.  soil Load soil moisture data into data matrix 

4.numTempsize(temp) 

5. numSoilsize(soil) 

6.ccTemp float[(numTemp][numTemp] 

7.ccSoil float[(numSoil][numSoil] 

Begin 

8.if  (soil moisture <40) and (temperature >30) 

9.   water valve turn ON       

11.elseif  (humidity level <=20)  and (light intensity<50) 

12. water valve turn on for 15 seconds 

13.  else  

14.    water valve turn off  
. 

Fig. 2 : Algorithm for watering  
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IV. SETUP AND EXPERIMENT  

 The experiment can be divided into three main parts: Sensor 
calibration and testing the working system. This project was 
designed especially for Sandalwoods (Santalum) plants. The 
main task was to build an internet controlled watering and 
monitoring the parameter of the greenhouse. Especially we 
monitor the soil moisture of each plant, also temperature 
humidity, and light intensity. According to control systems 
implemented for soil moisture, temperature, humidity sensors 
electronic water valve will be operated. We tested the system 
for 6 Sandalwoods (Santalum) plants kept in small plastic pots 
as shown in figure 3. Figure 4 shows the sensor placement in 
plants and figure 5 shows the arrangement of the temperature 
sensor and the light sensor. We did tests runs for watering and 
light intensity for 10 Hrs x 3 days and its observed that all the 
actuators turn on and off accordingly. Table 1.0 experimental 
result for six hours. We collect the data in each 30 minutes and 
analyses the system condition. According to the collected data 
we compare actually what happened the greenhouse 
parameters. We could observe that soil moisture in the plants 
and fairly in order and also light intensity controlling 
according to outdoor light condition. 

 

 

 

                  

 

Fig 4: Experimental Setup 

 

 

 

 

 

 

 

Fig 5: Arrangement of Temperature/Humidity sensors and the 
light sensor 

 

 

Fig. 6: Main Control Station 
 

A. Sensor Calibration  

In order to make analysis and get fruitful output from data, 

data should be very accurate. Therefore we take data 

from multiple sensors and apply filtering technique, moving 

average  to remove the outliers. 

 

To calibrate the soil moisture sensor, first dry the soil in a 180 

° C oven for 3 hours, then dry the soil until the sensor reads 

0, and then measure the soil humidity through the sensor. 

Next, add 10 grams of water to the soil and measure the soil 

moisture multiple times with a sensor. Then, plot weight 

percentage of moisture in soil with measured humidity via 

sensor data as shown in fig.6 

 

Calibrating the light sensor is a bit tricky as standard light 

intensity devices can measure light lux intensity, but GL5516 

sensor Measure luminosity as LDR value. This value must be 

later Convert to Lux. The calibration process is Place the 

LDR and illuminometer on the same system, Record two data 

and draw a graph showing in fig.7 the relationship between 

the data of two devices. 

 

B. Testing the System  

 

Our system performed the functions accurately. We 

conducted multiple test runs and output results are 

reported in table 1. 
 

 

Algorithm 2 – Lighting  

Initialize 
1.connect data to the IoT cloud  

2. light Load light intensity  data into data matrix  

3.numLightsize(light) 

4.ccLight float[(numLight[numLight] 

Begin 

5.if  (lux value  <500)  

6.   obtain required lux level from the regression model  

7.  else  

8.    LED lamp OFF 
. 

Fig. 3 : Algorithm for light intencity controlling 
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 Fig. 5: Calibration of soil moisture sensor 

 

 

 

Table 1: Testing results  

Time 

slot  

Soil 

moisture 

(%)  

Temp 

(C)  

Humidity  

(%)  

Light 

intensity 

(lux)  

Water 

solenoid  

Light 

out 

power 

(%)  

8.00  10  31 80  30  ON  40  

8.30  30  32 78  40  ON  30  

9.00  48  32  70  45  OFF  20  

9.30  55  32  68  44  OFF  16  

10.00  66  32  67  47  OFF  14  

10.30  74  31 68  51  OFF  OFF  

11.00  80  30  65  55  OFF  OFF  

11.30  85  30  64  57  OFF  OFF  

12.00  86  30  64  56  OFF  OFF  

12.30  84  31  62  60  OFF  OFF  

13.00  90 31  63  59  OFF  OFF  

13.30  92  32  60  62  ON  OFF  

14.00  98  32  61  61  OFF  OFF  

 

V. CONCLUSIONS 

 
The purpose of this project was to design and implement a 
working prototype for a monitoring and control system for 
five Sandalwood (Santalum) plants. This system allows a user 
to obtain temperature, humidity, and light intensity readings, 
as well as soil moisture, send control commands remotely. 
This was achieved using ATmega 2560 microcontrollers, ESP 
8266, Raspberry Pi 3.0, wireless LTE router, and laptop. The 
project was broken down into four main sub-systems: Sensors 
and output Station, Local controlling station (fails safe mode 
in the system), Web server-based intelligent control system, 
and a Power supply. Each unit was tested before it integrated 
into the final design. A fully integrated prototype was built and 
bench-tested to ensure proper functionality before installation 
into the greenhouse. The system performed as designed and 
was able to remotely monitor and control the greenhouses 
condition. Especially control the water controlling system. 
That system can save more water and can supply the good 
quality Sandalwood (Santalum) plants. Through the 
successful testing of the prototype it has been demonstrated 
that this system could be expanded to cover all rooms in the 
greenhouse. 
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