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Abstract 

This project is designed in order create a system that is simple and highly functional for the 

purpose of maintaining the well-being of plant life through use of Internet of Things (IoT). This 

project will focus around the idea of a self-sustaining system using a microcontroller board with 

access via Wi-Fi communications and ability to use the photolytic sensors to recharge the 

systems power supply.  This project is focused on small scale home gardening. 
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1 Introduction 

In some countries it is a common problem both with energy supply and water supply for crop 

growth.  This is a potentially growing problem when considering uncertainties revolving the 

earth’s climate.  The development of technology and the affordability has made the interfacing of 

technology with plant growth even in poorer countries a possibility.  Switching to a smaller 

picture, which is the focus of this thesis, the consideration for the potential use of a system for 

small homes and gardens when people travel or have a garden separate from their homes is 

practical and can be desirable as there exists a market for such items already [7][8].  The multi-

function automated wireless irrigation system (MAWIS) could be a good consideration for 

development on many levels.  This project will focus mostly on small scale operation of the 

system. 

There are several main parts that will be considered in this work.  These include:  wireless data 

collection, practical operations based on communication in the system, sustainability, and 

functionality.  The data collection will focus on information sent from a device to a web address 

which one should be able to access from a home/work computer or better known as the use of 

Internet of Things (IoT).  The operations include monitoring plant health, watering, and even 

perhaps consideration of other necessary variables for optimal plant growth.  Sustainability can 

be determined on how the system holds up over time.  Lastly, the functionality of the system 

concerns the overall practicality and accuracy of the system. 

The discussion on these factors should provide an interesting perspective on the application of 

technology in farming as well as home gardening.  Some of the operational and practical 

applications will be easier to distinguish as the tasks are completed however, we should be able 
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to ascertain a certain level of understanding of the possibilities of larger scale systems and long 

term operations despite the small scale of this project.  However, that being discussed, this 

project will not focus on the data content as much as the transmission of the data and the possible 

application of that data for system development. 

1.1 Problem 

As mentioned, climate uncertainties and schedule dependencies do not always allow for time to 

care for the biological life we need and/or perhaps enjoy.  Technology offers several interesting 

options when contemplating the ability to better service our plant life.  The goal of this project is 

two parts. 

 Establish an operational system that allows data access through the use of IoT on the 

status of plant life remotely as well as the ability to maintain optimal environmental 

settings automatically. 

 Evaluate the sustainability, functionality and reliability on a small scale to determine an 

idea estimation on the practicality for larger scale operations. 

The work will be done using several useful tools to evaluate and establish the system completely 

as well as partially.  These include several CAD (computer-aided design) programs for 

schematics and test circuits, a web service to upload information from the system, and Arduino 

software for programming the microcontroller board.  

1.2 Motivation 

The core of this work has to do with the application of knowledge in the electrical engineering 

field that is of interest to myself as well as others with the direction towards the use of electronic 
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systems in order to have empirical data recorded to help in the development of plant life.  This is 

not limited to soil moisture content only but other environmental factors as well will be 

discussed.   This work is does not include what the optimal environmental conditions are for 

plant life, only the ability to control the factors involved.  The IoT is based on smart connectivity 

using existing network resources.  This includes phones, computers, and other possible devices 

in order to monitor information gathered in a network.  The use of such devices enables 

accessibility for the gathering of information on the environment surrounding us [1]. 

Another possibility for this work is the furtherance in the field of development, when scaled 

larger, to broader applications. These will be discussed later in the discussion part of this report.  

There are several systems that exist already and there will also be a discussion surrounding those 

in comparison to evaluate what is useful or not useful for the system.  
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2 Theory and Background 

In this section the discussion on what tools and how those tools will be used is established.  As 

mentioned before the main topics are concerning communication with the system and the 

functionality of the system.   

First, a discussion that will involve the devices that will be used and then a discussion 

concerning the working parts and codes for such devices will be addressed.  There also will be a 

short discussion on the biological entity that was chosen and why it was chosen. 

The main electric components used are an Arduino based microprocessor card (Sintron Mega 

2560), a soil moisture sensor (HL-79), an ESP8266 Wi-Fi module, a lux sensor, and a DHT11 

humidity and temperature sensor. The main software used is Fritzing, Livewire, Arduino 1.6 and 

Notepad++ used for C programing alterations in library files. 

2.1 Background 

This section will describe and discuss the relevant information concerning the tools and 

equipment behind the system as well as some background information on their use in previous 

studies.  One of the main focuses on the tools and equipment chosen is that they are compatible 

functioning parts with each other, this will require that we monitor the voltage, amperes, as well 

as signal processing.  One of the goals is for the device to be independent of a computer and 

therefore energy from the solar panel could be perhaps used and this process will also be 

discussed.  Another consideration is for the tools to be used have low power requirements so that 

the unit is low maintenance, as mentioned beforehand. 
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This section is reserved for the discussion concerning the mathematical and theoretical 

information concerning the tools and their uses concerning the project.  More detail on the use of 

such expressions and information will be discussed in the method section. 

2.2 Related Work 

The main focus of this project was to create a wireless system that uploaded data concerning the 

biological entity’s status as well as the environmental factors concerning it.  Other studies varied 

in parameters and concerns.  Two such examples exist one concerning a large scale 

communications array for irrigation purposes and the other included the use of a pH sensor [2]–

[4]. 

The first study examined is the work done relating to solar powered irrigation systems and the 

value they serve in smart farming solutions.  The article addresses the cost factor as well as the 

ability for sustainability of such a unit [5].   The Koubachi Wi-Fi plant sensor gives a long list of 

cautions in order to ensure the device operates for a sustained period of time [6].  The total cost 

of the Koubachi sensor cost is 129 Euro or approximately 145 US dollars [7].  Another product 

which is used to control water based on environmental factors is the Rainmachine.  The 

programming of the Rainmachine focuses on reading weather patterns to determine the use of 

irrigation for its zone [8].   This product has a cost of 175 US to 275 US depending on the 

amount of watering zones one wishes to monitor [9]. 

One study [5] considers the needs of India as target group that would benefit greatly from such 

applications.  In this work they accomplished the task of creating a viable solution for solar 

energy usage of a valve driven irrigation.   The irrigation control is monitored by the values 

given by moisture sensors.  The Koubachi Wi-Fi plant sensor target group is for home owners 

who would like to know the environmental variables of their plant life.  The focus is only on 
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measurement and information accusation, not on actually doing any interaction with the plant life 

[7].  Like the Koubachi product, the Rainmachine focuses on private use however it is passed on 

single or small scale use.  As mentioned before the products says it covers up to 16 zones 

depending on the version bought.  The size of these zones is not described in detail [9].  

The scale of the [5] project is a bit larger than the scale in this work, yet much of the information 

is applicable.  The consideration of the use of an inverter circuit should be considered in large 

scale projects, as the work here had much success, however it is unsure of the necessity in this 

project work due to the scale [5].  The Koubachi Wi-Fi plant sensor is for small scale use and 

considers many of the factors that this project does as well so it is a valid product to compare 

with this project. Despite the lack of information on zones concerning the Rainmachine, it does 

clarify that this product can monitor a number of different areas at once and the scale can be 

determined to be medium in connection with the others [9].     

Many other models, like the products and projects mentioned, found at this website 

http://postscapes.com/smart-irrigation-controllers concern the following variables as well:  

rainfall, humidity, temperature, sunlight, and soil moisture content. 

 

 

 

 

 

 

http://postscapes.com/smart-irrigation-controllers
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2.3 Theory Concerning Devices 

In this section there will be a discussion concerning the needed understanding in concern with 

the devices and their connectivity as well as their compatibility and specifications. 

2.3.1 Wi-Fi Communications 

Digital communication between the transceiver and a computer/phone.  Setup to send an access 

point interface address to connect to, in order to receive data.  There are a variety of ways to 

perform this task, however the main accessible variations are the CC3300 module, the ESP8266 

module, or the Xbee Wi-Fi module.  Several of these Wi-Fi modules need 3.3V to properly 

operate both as a power source and as a received transmission, since the Arduino and other 

MCUs operate at 5V and 3.3V on some MCUs this issue must be address for successful 

communication. If the transmission signals from the microcontroller are 5V thus in order for the 

Wi-Fi module to correctly interpret the signals the use of a voltage divider is a simple way to 

drop the voltage of a signal.  Kirchhoff’s voltage law (KVL) is used to define the difference 

between voltage in and voltage out. 

 

Figure 1 Voltage Divider 

Figure 1 shows a simple resistor divider to drop voltage in a connection [10].  
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Voltage in example:   2.5𝑉 = 5𝑉 ∗
1𝑘𝛺

(1𝑘𝛺+1𝑘𝛺)
  𝑜𝑟 𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ∗

𝑅1

𝑅1+𝑅2
       (2.1)     

 A potentiometer works on the same concept but it allows an easier way to fine tune of desired 

voltage. 

 

Figure 2 Potentiometer voltage divider 

Then there is the voltage regulator such as in the example shown in figure 2 the right side shows 

how the potentiometer affects the circuit in terms of resistance. 

Low resistance R1 (load):         𝑉𝑅1 = 𝐵1 ∗
𝑅3∗𝑅1

𝑅1∗𝑅2+𝑅1∗𝑅3+𝑅2∗𝑅3
        (2.2)     

High resistance R1 (load):          𝑉𝑅1 = 𝐵1 ∗
𝑅2

𝑅2+𝑅3
        (2.3)     

 

Figure 3 Circuit from  [11] 
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Figure 3 shows an LM317 voltage regulator:          𝑉𝑜  =  𝑉𝑅𝐸𝐹  ∗ (1 +
𝑅2

𝑅1
)  +  𝐼𝐴𝐷𝐽 ∗  𝑅2       (2.4)     

Another possibility is to us a logic level shifter integrated circuit (IC) specifically designed for 

this operation.  It is based on using 2 resistors and a MOSFET [12].  This is very similar to the 

use of the voltage regulator LM317 if you compare figure 4 with figure 3. 

 

Figure 4 IC logic level Shifter [12] 

 

2.3.2 Soil Moisture (Sensor) 

Using a comparator circuit one can measure the resistance in the soil to determine the hydration 

content of the soil.  The theory behind this sensor is the volumetric soil water content (VWC) 

reading.  Measuring of soil moisture is done by direct or indirect methods [13].  The sensor that 

is used in this project operates by the indirect method.  The indirect method uses a function of 

water content that is the content of hydrogen nuclei in the soil. 

The bulk density is the mathematical function in which VWC is measured.  Bulk density is the 

first measurement of consequence. 

VWC:        𝜃 =
𝑤𝜌𝑏

𝜌𝑤
         (2.5)     
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Here 𝜃 is representative of VWC.  The w is water content as a mass fraction, 𝜌𝑏 is the dry bulk 

density of the soil represented in kilograms (kg) per meter^-3, and 𝜌𝑤 is the density free of water 

which is usually approximated as 1000 kg m^-3 [13]. 

The sensor itself uses the basis of Ohm’s law to extract the value of water content.  If the VWC 

is high a current will flow freely between the probes electrodes, and if the VMC is low it will 

have higher resistance since the voltage will remain constant. 

Ohm’s law in relation:              𝑅𝑠𝑜𝑖𝑙 =
𝑉𝑠𝑒𝑛𝑠𝑜𝑟

𝐼𝑠𝑒𝑛𝑠𝑜𝑟
                     (2.6) 

In this equation 𝑅𝑠𝑜𝑖𝑙 is the resistance that will be used in the comparator circuit of board along 

with the LM393 op-amplifier.  𝑉𝑠𝑒𝑛𝑠𝑜𝑟 is the voltage used in the sensor, in this case 3.3V will be 

used.  𝐼𝑠𝑒𝑛𝑠𝑜𝑟 is the current flowing through the soil between the electrodes. 

2.3.3 Humidity and Temperature (Sensor) 

This sensor (DHT11) uses a digital communication with the MCU in order to display the correct 

values in an easy way to read.  The complete sequence is a 40 bit sequence.   The format of the 

data is a single bus data. This communications and synchronization is done over the timespan of 

4ms and in order for the communication to start the MCU sends out a start signal (high to low) to 

the DHT11.  During this time the DHT11 sits in idle mode to preserve power consumption. 

2.3.4 Solar Panel (Photovoltaic Sensor) and NiMH Batteries 

Using a solar panel and the theory behind photovoltaic (PV) effect one can measure the flow of 

electrons from the light source.  Thus we can also study the amount of light presented at a certain 

time or over a period of time.  The method of how a PV panel works is the occurrence of 

electrical transference of energy conversion of light into electricity.  This can occur by using a 
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semiconducting material with reliance on the photoelectric effect, which is when the material 

absorbs the photons of light and releases electrons. 

There are several different types of semiconducting materials that are used in PV applications.  

Silicon is used in the form of crystalline, multicrystalline, polycrystalline, microcrystalline and 

amorphous.  For small applications the more expensive crystalline silicon crystal structure can be 

used.  The output from the PV cells is a voltage.  This voltage is determined by the amount of 

cells in the panel, the material used and the crystal structure chosen.   

Equation for Photoelectric effect:     𝐸𝑘𝑚𝑎𝑥 = ℎ ∗ 𝑣 − ∅         (2.7) 

In this energy equation the max energy produce from light reaction is based on Plank’s constant 

(ℎ) multiplied by the velocity of the photon (𝑣) moving across the p_n junction minus the work 

function (∅) for the particular element used, in the case of this project it is silicone with ∅ of 4.60 

~ 4.85 eV value [14]. 

Requirements for batteries in a PV system consider important factors for sustainability and 

functionality.  These can include a long life, low self-discharge, a long duty cycle, low cost, low 

maintenance, as well as high charge storage efficiency [14] . 

Since this is the case in small applications such as the projects needs here, Nickel– metal-hydride 

(NiMH) batteries can be used.  These type of batteries work well because compared with other 

types of small voltage batteries these have higher energy efficiency and a lesser memory effect.  

The way these batteries function is a reliance of the absorption and desorption of hydrogen in the 

metal alloy [14] .    
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NiMH batteries vary in voltage and current values depending on size and construction.  Many 

manufacturers recommend the charge rate of less than 2.5% of current value per hour (mAh)  

[14:12]  

Formula for trickle recharge:       𝐼𝑐ℎ𝑎𝑟𝑔𝑒 < Ccapacity/40                      (2.8) 

The 𝐼𝑐ℎ𝑎𝑟𝑔𝑒 is the amperage connecting to the positive output of the battery pack or battery.  

Ccapacity represents the battery output value in mA hours at room temperature. 

Formula for effective recharge:  𝐼𝑐ℎ𝑎𝑟𝑔𝑒 < Ccapacity/10                      (2.9) 

Most NiMH battery rechargers utilize equation 2.4 as a recharge current. 

In order to ensure that the voltage doesn’t damage the PV cells or the batteries a blocking diode 

must be inserted in the circuit.  Also to ensure that that the current remains at the correct trickle 

charge a regulator will be used.  Regulator theory was explained in equation 2.1. 

 

Figure 5 Current regulator [11] 

  

2.3.5 Lux (Sensor) 

Luminous flux is the power of perceived power of light, this can be measured in lumen units.  
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Luminous flux:         ∅ = ∫ 𝐼 𝑑Ω =
𝑑𝑊

𝑑𝑡
       (2.10) 

Here I represents the intensity of light or the radiated power per solid angle.  Thus making 𝑑Ω  

the solid angle element divided by a deviation of time (𝑑𝑡).  Illumination of an area can be 

calculated as in equation using luminous flux. 

Illumination:       𝐸 =
𝑑∅

𝑑𝐴
            (2.11) 

Where E is illumination in lux or lumen in meters squared and dA is the area measured.  One lux 

is equal to one lumen divided by meters squared which is equal to 0.0001 phot and that is 0.0929 

foot candles (ftcd, fcd)  [15:286]. 
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3 Method 

In order to meet the goals of this project work, we must first analyze the needs of the system in 

order to accomplish the functionality of the system.  This has been partially done as we have 

considered the applicable theory for the equipment and tools used from previous studies. 

First, in order to ensure all parts are functional, each part will be separately programmed and 

tested. This is done by calculating the necessary current and voltage loads for the systems 

functionally.  Then the next step is to consider which parts of the system can be joined without 

much interference or drain on the system.  The next step is to add the more complicated parts of 

the system and test the final systems functionality. 

However, first an introduction in more detail of the different parts used and their application to 

the system.  This will give a good foundation in which to develop a full understanding of the 

complete system and how it works. 
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3.1 MAWIS system 

3.1.1 Block Schematic 

 

Figure 6 Block Schematic for project 

The block schematic in figure 6 represents the base concept for communication and power of the 

system.  The small lines represent power or on/off signals and the large arrows represent data or 

relevant signals for data conversion. 

The idea is that the solar panels recharge the batteries and are also used as photovoltaic sensors 

to determine solar radiation levels.  These batteries should be connected to various modules and 

that could mean several different power sources.  This system use 9V maximum for powering the 

microcontroller, 6V maximum for powering the water pump, and 4.5V maximum for the Wi-Fi 

unit. 

The microcontroller through programming will determine the timing and the information to be 

sent to the web address via the Wi-Fi module.  Thus the microcontroller must be able to handle 

the information from both the photovoltaic, temperature/humidity, and soil moisture sensors and 

the camera unit. 
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3.1.2 Wiring Schematic 

 

Figure 7 Wiring schematic for project 

The schematic above (figure 7) shows how the system, in a general representation, should be 

wired together in order to function properly with the code (appendix A).  The red wires represent 

5V + and the yellow wires represent 3.3V +. The blue and green wires represent communication, 

high/low (on/off) signals and data transfer between modules and the microcontroller. 
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3.1.3 Microcontroller Board 

Table 1 Microcontroller board specifications: 

Microcontroller ATmega2560  

Operating voltage: 5 V 

Input voltage 7 ~ 12 V 

Input voltage limits  6 ~ 20V DC 

DC current per I/O pin 40 mA 

DC current for 3.3V pin 50mA 

Flash memory 256 kb 

Bootloader SRAM 8 kb 

EEPROM 4 kb 

Clock speed 16 MHz 

A familiar microcontroller board within the engineering field known for their adaptability in its 

use for a various assortment of systems and projects.  The board to be used is an off brand of 

Arduino and for cost reasons the Sintron mega 2560 [17] was chosen.  The company verified that 

the specifications are the same as the Arduino version of the board.   That is why the use of the 

information from Arduino’s webpage.  Most projects concerning a mobile sensory unit has used 

such boards or alternatively home-made boards.  As the design of the board was not the focus of 

this study, the choice was made to use the Mega 2560.  This board offers the most memory and 

the ability to read 5V and 3.3V input without level shifting.  However, transmissions for most 

output is 5V and must be level shifted or regulated. 
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3.1.4 Soil Moisture Sensor 

Table 2 Soil moisture sensor specifications 

Sensor Soil humidity (HL-69) 

Current measuring 0 ~ 35mA 

Signal output voltage 0 ~ 4.2V 

Operating voltage 3.3 V ~ 5 V (DC) 

Output format Digital and analog (Ohms) 

Current for LM393 0.4 mA 

A key tool in this work as also in other similar works is the soil moisture sensor.  This is a nickel 

plated sensor end that reads a control threshold value through a potentiometer.  The sensor itself 

has an analog output as resistance.  This particular model (HL-69 [18]) is inexpensive and easy 

to use. The control threshold through the potentiometer reading means that when moisture is 

lower than the setting value the digital output (DO) is high level and when higher than setting 

value the DO is low level.  This sensor module uses a LM393 [11] chipset which is in a 

comparator circuit including the potentiometer.  This sensor operates at 3.3 to 5 Volts (V).  To 

begin with the use of the A0 output is enough and theoretically more accurate.  The output value 

to A0 is based on a resistance value which alters the output value as shown in figure 8. 
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Figure 8 Circuit layout soil moisture sensor and LM393 comparator [18] 
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3.1.5 Humidity and Temperature Sensor: 

Table 3 Humidity and temperature sensor specifications: 

Humidity measurement range 20 % ~ 95 % 

Humidity measurement error ± 5 % 

Temperature measurement range 0º ~ 50º C 

Temperature measurement error ± 2 º C 

Operating voltage 3.3 V ~ 5 V (DC) 

Output format Digital 

Current while measuring 0.5 mA ~ 2.5 mA 

Current while average 0.2 mA ~ 1 mA 

Current while standby 100 uA ~ 150 uA 

By using a DHT11 library the output of the sensor can be formatted to separate the digital signal 

from its bit sequence into temperature and humidity readings.  This process and the use of a 

module is determined by the communication of the bit sequences between the MC and the sensor 

itself.  A pull-up resistor, 5k ohms, is recommended for wire lengths less than 20 meters. 
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3.1.5 Solar Panels (PV Sensor) 

Table 4 PV sensor specifications: 

Max. voltage 6 V 

Max. power 2 W(watts) 

OCV (open circuit voltage) 7.2 V 

Short circuit current 363 mA 

Current tolerance 10% 

Conversion efficiency 15% 

As a solar sensor, a voltage divider/regulator must be used in order for the Arduino to proper 

read the solar panels values, since the operating voltage is 5V.  The solar panels however also act 

as battery chargers to provide independent sustainability to the system.  This operating voltage 

can vary from 6 to 12V so the use of a 9V battery pack is common practice.  A 9V battery pack 

can be circuited with the solar panels so that the battery pack slowly provides a charge.  Figure 9 

shows the serial connection of two 6V PV panels and the suggested circuit on how to utilize 

them as a charger/power unit. 
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3.1.6 DC power supply (Batteries) 

Table 5 Battery specifications: 

Classification Rechargeable 

Chemical system Nickel-Metal Hydride (NiMH) 

Type Energizer ANSI-1.2H2 

Normal voltage 1.2 V 

Rated Capacity 2000 mAh at 21º C 

One of the important choices of an independent and sustaining system is the choice in energy 

storage.  This choice was quite easy in this project as NiMH batteries are plentiful and quite 

versatile for small applications.  The batteries chosen are Energizer AA ACCU Power Plus with 

a 2000 mAh rating at 1.2V (Table 5).  In accordance with equation 2.4 and using it in application 

with figure 5.1, the trickle charging value for these batteries is less than 50 mA.  The most 

effective charge rate for these batteries according to the datasheet [15] is 200 mA, however for 

safety precautions, as in overcharging and exploding the batteries, this is not safe without some 

sort of turn off in the charging process [15]. 

Other types of AA batteries operate at 1.5V and six of these batteries would provide the value of 

9V input for the microcontroller board, since these batteries are operating at 1.2V they provide 

only 7.2V to the microcontroller board which is within the necessary specifications, however on 

the low end.  If using a current of 50 mA then a trickle charge would offset the usage. 
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Figure 9 PV battery charger circuit concept 
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3.1.7 Wi-Fi Module 

Table 6 Wi-Fi module specifications: 

Max. voltage 3.3 V (DC) 

Transmit 802.11b, CCK 1Mbps, POUT=+19.5dBm 215 mA 

Transmit 802.11b, CCK 11Mbps, POUT=+18.5dBm 197 mA 

Transmit 802.11g, OFDM 54Mbps, POUT =+16dBm 145 mA 

Transmit 802.11n, MCS7, POUT=+14dBm 135 mA 

Receive 60~62 mA 

Standby 10 uA 

Deep sleep 0.5 uA 

The ESP8266 can easily connect to other applications or networks because it is a complete and 

self-contained network device.  It has integrated cache that increases performance and minimize 

memory requirements.  Important to note is that the ESP8266 not only serves as a self-contained 

solution but also as a Wi-Fi adapter that can be used with a microcontroller unit for 

communication and wireless internet access.  The ESP8266 is a low cost solution around 5 US 

dollars. 
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3.1.8 Water Pump (Hydration Control) 

Table 7 Water pump specifications: 

Max. voltage 3,3V 

Current 0.18 A 

Flow rate ≈ 90 l/h (liters per hour) 

OCV (open circuit voltage) 7.2 V 

Lifespan 500 hours continuous use 

This small water pump can pump up to 120 liters per hour.  That means that its pumps 2 liters 

per minute and for a small plant that is way too much water, so based on the amount of soil we 

will saturate for approximately 2 second intervals which will be about 60 milliliters or less.  With 

a lifespan of approximately 500 hours this device should be able to water the plant a maximum 

of 900,000 times [19]. 

 

Figure 10 Water pump circuit 

 

The insertion of the voltage regulator (figure 10) and blocking diode are safety precautions more 

than necessities.  As the pump operates within the range of the signal from the microcontroller at 
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5V the usage of lower power by dropping the voltage to 3.3 V allows the units power source also 

to be used for the Wi-Fi module.  A separate battery power source is used here because of the 

amperage demands of the Wi-Fi module and the water pump.  Operating at 5 V from the 

batteries means that current draw of the water pump will be approximately 0.180 amps (appendix 

B)[19].  

3.1.9  Biological Entity (Plant) 

Table 8 Plant specifications: 

Sweet peas, Pisum sativum ‘De Grace’ 

Planting depth 3 cm 

Harvest 2 months 

Planting separation 6 cm same row, 40 cm row separation 

Soil Moist till germination 

Peas were a good choice for this project because of their ease to grow in this climate as well as 

their relatively quick growing time of 6 to 8 weeks.  Since peas also only require 6 to 8 hours of 

sunlight each day this was an adequate choice concerning the time period and environmental 

requirements of the project [20]. 
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3.1.10 Lux (Light Sensor) 

Table 9 Lux sensor specifications: 

Luminosity Sensor TSL2561 

Response Flat across most of the visible spectrum 

Measurements Infrared light and visible light 

Measurement duration Sensitivity can be adjusted for a specific 

integration time  

Range 0.1 ~ 40k+ Lux 

Conversion 2 ADCs (analog to digital) 

Voltage 2.7 ~ 3.6 V 

Current 0.6 mA maximum 

Operating temperature range -30º ~ 70º C 

A plant requires light to perform photosynthesis and thus the measurement of light should be 

considered.   Using a lux module one can obtain a semi-accurate measurement of the intensity of 

light and energy in which the plant could be exposed to during a day.  Due to the rotation of the 

earth and the tilt the amount of light radiation towards a plant would fluctuate i.e. day/night and 

seasonal changes.  
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4 Results 

Since the application of the system has been executed we can see the results.  The results are 

going to be presented by sections.  First, the results for individual components and their 

functionality as well as the sustainability.  Then the system as a whole will be evaluated along 

the same parameters. 

Table 10 System current usage 

System section Minimal current (mA) Maximum current (mA) Voltage 

Microcontroller 0.5 50 5 

Wi-Fi 0.01 215 3.3 

Lux 0.0 0.6 3.3 

Soil Moisture 0.0 35 3.3 

Humidity/temperature 0.5 2.5 3.3 

Water pump 0.0 180 3.3 

Totals 1.01 483.1 -- 

Table 10 shows the culmination of current usage for the system 483.1 mA.  Also to consider the 

use of relays in shutting off and on circuits use 72 mA per relay and the LM317 for the voltage 

regulation with voltage reference of 0 gives us 0 from figure 3: 

𝐼𝑜 =
𝑅1

𝑉𝑟𝑒𝑓
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In table 11 the max current is set at 50 mA, using potentiometer in the solar panel PV circuit, for 

the first set of readings.  Minimal resistance set for the rest of the readings marked in the table. 

Table 11 Current readings from PV circuit 

Date Current Pass/Fail 

05/10/15 9:00 am 38.1 Pass 

11:00 48.0 Pass 

13:00 32.0 Pass 

15:00 17.9 Pass 

16:00 4.0 Pass 

19:00 7.8 Pass 

21:00 0.48 Pass 

05/11/15 10:00 46.2 Pass 

12:00 47.5 Pass 

05/26/15 09:30  

(min resistance) 

20.4 Pass 

10:30 59.9 Fail 

11:30 26.8 Pass 

12:30 12.8 Pass 

13:30 31.7 Pass 

14:30 5.84 Pass 

15:30 9.94 Pass 

 

Readings were also taken from the soil moisture sensor to determine sensitivity and range. 

 Water: 92 sensor reading 0.3V output at LM393 AO 

 Dry soil: 690 sensor reading 2.3V output at LM393 AO 

 Moist soil: 302 sensor reading 1V output at LM393 AO 

The illumination sensitivity was also needed to calculate the amount of hours the plant gets 

illumination.  

 Covered: 0 Lux 

 Overcast from outside through window: 220 Lux 

 Desk fluorescent lamp: 80 Lux 
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A test run was executed for 35hrs 15 minutes approximately measuring every minute, full scan 6 

minutes this was carried out on May 30th and 31st year 2015.  The test run could not be continued 

as the circuit had drained the power source below the usable voltage and thus the power source 

needed to be recharged. This gives us approximately an idea of current usage at 2000 mAh / 35 h 

≈ 57 mA.  In comparison with the information on the batteries allowing a trickle charge of 50 

mA this would give us a difference of only 7 mA usage.  Thus resulting in 2000 mAh / 7 mA ≈ 

286 h.  

 

Figure 11 Readings taken from the system and recorded on ThingsSpeak.com channel 

In figure 11 it shows a sample of over 200 readings from the system and that were recorded to 

the IoT channel.  This graph shows that during this particular period no water control was 

activated and that the lux values fluctuated most likely due to cloud cover and/or direction of the 

sun during the time period.  If soil moisture reached over 350 resistance by sensor value then the 

water pump would have activated.  
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5 Discussion and Conclusions 

Several considerations to the project must be made after digesting the results.  One problem is 

that while the system functions properly and adequately, several modifications can be made in 

order for it to perform more efficiently and have a great sustainability for small scale use. 

Minimization can be done by decreasing the time that the unit is awake.  This can be done by 

sending the unit into sleep mode.  Another possibility is for the system to shut down the Wi-Fi 

and other modules when not in use.  This can also be done in a similar manner that the water 

pump is regulated, by using a relay unit.  If minimization of the project is done to save amperage 

the loss of the relay usage that could potentially save amperage under longer time periods should 

be considered.   

There are other considerations to be addressed once sustainability is maximized.  Air movement, 

pH level sensor, illumination supplements, more interfaces and interactions, and a larger scale 

system.  The illumination sensitivity was also needed to calculate the amount of hours the plant 

gets illumination and then have a process where a light is turned on in order to make up the 

difference for a day time. 

Air movement sensors and pH level sensors exist and can be implemented quite easily.  It would 

not take much to implement the code and circuitry into the current system however the cost 

increases significantly.  These could be desired factors to be considered with involvement to the 

environment of the plant. 

Another feature to improve on is the communication process.  As of now the system has to have 

an implemented connection and password in the code.  The idea to be able to activate and 
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deactivate the connection as well as the water pump and also to be able to change connections 

depending on location of the system. 

The first plan was to use a pulse solenoid valve but however since these types of valves require a 

certain amount of pressure to function properly the idea was aborted and the switch was made to 

use a small water pump.  Since this is supposed to a be a mobile unit the idea of using a small 

submersible water pump seemed idea, as it could be placed in a water source and pump out the 

needed water to the biological entity.  This also offers the opportunity to use rainwater as a 

source for a more sustainable system with minimal outside dependence (figure 12). 

 

Figure 12 Hydration system concept 

Scale of the project, compared with the projects and products in the background section, is small.  

If the scale was to be enlarged it would be necessary for a larger capacitance for amperage and 

voltage.  Larger panels could be used as well as a larger energy storage device. One can see from 

the results and the discussion presented here that this project offers a large potential for growth 

and development in the area of IoT and farming/gardening electronics. 

Currently the system is large and impractical in this respect unless you plan to monitor many 

individual plants.  This could easily be accomplished even on a small scale project by adding a 

soil moisture sensor and small pump/relay setup for individual plant.  This is a costly yet 
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effective way especially when monitoring different types of plants.  However, it could be more 

beneficial to minimize the size by using an Arduino Nano or Arduino Mini, thus eliminating the 

bred board and several parts that deal with voltage changes.  These microcontroller boards have 

the necessary specifications to carry out the same operations with 1/5th the costs for the board. 
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Appendix A (Code). 

#include<stdlib.h> 

#include<SPI.h> 

#include <string.h> 

#include <SoftwareSerial.h> 

#include <OneWire.h> 

#include <DHT.h> 

#include <Wire.h> 

#include "TSL2561.h" 

#include <JeeLib.h> 

//port library JeeLib.h enables the powerdown of the processor to be utilized 

//using this will save power consumption 

ISR(WDT_vect){ 

  Sleepy::watchdogEvent(); 

} 

// set global variables 

// TSL2561 sensor (Lux sensor) 

// connect SCL to pin 21 on Arduino Mega 19 nano (A5) 

// connect SDA to pin 20 on Arduino Mega 18 nano (A4) 

// connect VDD to 3.3V DC 

// connect GROUND to common ground 

// ADDR can be connected to ground, or vdd or left floating to change the i2c address 

TSL2561 tsl(TSL2561_ADDR_FLOAT); 

//DHT11 temperature and humidity sensor setup 

#define DHTPIN 5  // nano (D5) 

#define DHTTYPE DHT11   // DHT 11  

DHT dht(DHTPIN, DHTTYPE); 

////Connection to internet (Wi-Fi access point) 

#define SSID "Gateway" 

#define PASS "Password" 
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#define IP "184.106.153.149" // thingspeak.com (IoT server) 

//string contruction for upload for 4 fields, up to 8 fields can be added 

String GETmoist      = "GET /update?key=Y040IDGPZULQAMXZ&field1="; 

String GETtemp       = "GET /update?key=Y040IDGPZULQAMXZ&field2="; 

String GEThumd       = "GET /update?key=Y040IDGPZULQAMXZ&field3="; 

String GETsun        = "GET /update?key=Y040IDGPZULQAMXZ&field4="; 

String GETwat        = "GET /update?key=Y040IDGPZULQAMXZ&field5="; 

//communication with ESP8266 

//SoftwareSerial monitor(10, 11); // RX, TX  //FOR TESTING CONNECTING WITH SERIAL 
MONITOR 

int relay = 10;           // nano D10 Connect the MOSFeT Gate for water pump (first pin on the left, 
when writing on the chip is facing you) to Arduino pin 2 

int relay2 = 6;            //nano D6 

int moistureLimit = 300;  //for hydration control; set minimal needed moisture in soil at sensor 

char buffer[10]; 

void setup(){ 

  Serial.begin(115200); 

 // Serial.println("AT"); 

  pinMode(relay, OUTPUT); 

  pinMode(relay2, OUTPUT); 

  delay(5000); 

  if (tsl.begin()){ 

  }  

  else{ 

    while (1); 

  } 

// You can change the gain on the fly, to adapt to brighter/dimmer light situations 

  tsl.setGain(TSL2561_GAIN_0X);         // set no gain (for bright situtations) 

//tsl.setGain(TSL2561_GAIN_16X);      // set 16x gain (for dim situations) 

// Changing the integration time gives you a longer time over which to sense light 

// longer timelines are slower, but are good in very low light situtations! 
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//tsl.setTiming(TSL2561_INTEGRATIONTIME_101MS);  // medium integration time (medium 
light) 

//tsl.setTiming(TSL2561_INTEGRATIONTIME_402MS);  // longest integration time (dim light) 

 tsl.setTiming(TSL2561_INTEGRATIONTIME_13MS);  // shortest integration time (bright 
light) 

} 

void loop(){ 

  digitalWrite(relay2, HIGH);  //activate sensor array 

  delay(6000); 

  Serial.println("AT"); 

  delay(250); 

    if (Serial.find("OK")) { 

    connectWiFi(); 

  } 

  else { 

    Serial.println("AT+RST"); 

    reset_wifi(); 

  } 

  //begin sensor readings and displays 

  //moisture sensor 

  int moisture_soil = analogRead(A0); 

  //Moisture sensor reading 

  write_soil_Sensor(moisture_soil); 

  shutdown_sequence(); 

  //Temperature and humidity sensor readings 

  write_temp(); 

  shutdown_sequence(); 

  //Lux sensor reading 

  write_lux_Sensor(); 

  shutdown_sequence(); 

  //end sensor readings 
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  //Begin hydration control 

  //dry soil determines if plant needs to be watered or not 

  delay(250); 

  if(moisture_soil > moistureLimit){     

    digitalWrite(relay2, LOW);  

    delay(1000); 

    hydration_control(); 

    delay(250); 

  }   

 else 

 { 

   delay(250); 

 } 

  delay(6000); 

  digitalWrite(relay2, LOW);  //deactivate sensors 

  delay(6000); 

  digitalWrite(relay, LOW);  //deactivate pump 

  delay(2000); 

  digitalWrite(relay2, LOW);  //deactivate sensors 

  delay(6000); 

  //end Hydration  

  //Sleep mode for d*minutes long 

  for (int d = 0; d < 1200; d++){ 

    shutdown_sequence(); 

  } 

} 

void updateTemp(String sensorData, int sensor){ 

  String cmd = "AT+CIPSTART=\"TCP\",\""; 

  cmd += IP; 

  cmd += "\",80"; 

  Serial.println(cmd); 
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  delay(2000); 

  if (Serial.find("Error")){ 

       return; 

  } 

  if (sensor == 1){ 

    cmd = GETmoist; 

  } 

  else if (sensor == 2){ 

    cmd = GETtemp; 

  } 

  else if (sensor == 3){ 

    cmd = GEThumd; 

  } 

  else if (sensor == 4){ 

    cmd = GETsun; 

  } 

  else if (sensor == 5){ 

    cmd = GETwat; 

  } 

  else{ 

    delay(250); 

  } 

  cmd += sensorData; 

  cmd += "\r\n"; 

  Serial.print("AT+CIPSEND="); 

  Serial.println(cmd.length()); 

  if (Serial.find(">")){ 

    //monitor.print(">"); 

    Serial.print(cmd); 

    }  

    else{ 
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    Serial.println("AT+CIPCLOSE"); 

  } 

} 

boolean connectWiFi(){ 

  Serial.println("AT+CWMODE=1"); 

  delay(2000); 

  String cmd = "AT+CWJAP=\""; 

  cmd += SSID; 

  cmd += "\",\""; 

  cmd += PASS; 

  cmd += "\""; 

  Serial.println(cmd); 

  delay(5000); 

  if (Serial.find("OK")){ 

    return true; 

  } else 

  { 

    return false; 

  } 

} 

//Hydration control function 

void hydration_control(){ 

  digitalWrite(relay, HIGH);  //activate pump 

  delay(6000); 

  digitalWrite(relay, LOW);  //deactivate pump 

  delay(2000); 

  //end Hydration control 

  digitalWrite(relay, LOW);  //deactivate pump 

  delay(2000); 

  //end Hydration  

} 
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//moisture sensor 

void write_soil_Sensor(int sensorData){ 

  String Data = dtostrf(sensorData, 4, 1, buffer); 

  updateTemp(Data, 1); 

  delay(10000); 

  if(sensorData > moistureLimit){ 

    delay(250); 

    sensorData = 1001; 

    delay(250); 

    String Datahc1 = dtostrf(sensorData, 4, 1, buffer); 

    delay(250); 

    updateTemp(Datahc1, 5); 

  } 

  else{ 

    delay(250); 

    int sensorData = 1000; 

    delay(250); 

    String Datahc1 = dtostrf(sensorData, 4, 1, buffer); 

    delay(250); 

    updateTemp(Datahc1, 5); 

  } 

} 

//light/lux sensor 

void write_lux_Sensor(){ 

  // Simple data read example. Just read the infrared, fullspecrtrum diode 

  // or 'visible' (difference between the two) channels. 

  // This can take 13-402 milliseconds! Uncomment whichever of the following you want to read 

  //uint16_t x = tsl.getLuminosity(TSL2561_FULLSPECTRUM); 

  //uint16_t x = tsl.getLuminosity(TSL2561_INFRARED); 

  uint16_t x = tsl.getLuminosity(TSL2561_VISIBLE); 
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  // More advanced data read example. Read 32 bits with top 16 bits IR, bottom 16 bits full 
spectrum 

  // That way you can do whatever math and comparisons you want! 

  //uint32_t lum = tsl.getFullLuminosity(); 

  //uint16_t ir, full; 

  //x = 256; 

  //ir = lum >> 16; 

  //full = lum & 0xFFFF; 

  String Data = dtostrf(x, 4, 1, buffer); 

  updateTemp(Data, 4); 

} 

//temperature and humidity sensor 

void write_temp(){ 

  // Wait a few seconds between measurements. 

  delay(2000); 

  // Reading temperature or humidity takes about 250 milliseconds! 

  // Sensor readings may also be up to 2 seconds 'old' (its a very slow sensor) 

  float h = dht.readHumidity(); 

  // Read temperature as Celsius 

  float t = dht.readTemperature(); 

  // Read temperature as Fahrenheit 

  float f = dht.readTemperature(true); 

  // Check if any reads failed and exit early (to try again). 

  if (isnan(h) || isnan(t) || isnan(f)){ 

    //Serial.println("Failed to read from DHT sensor!"); 

    return; 

  } 

  // Compute heat index 

  // Must send in temp in Fahrenheit! 

  //float hi = dht.computeHeatIndex(f, h); 

  String Datat = dtostrf(t, 4, 1, buffer); 
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  delay(250); 

  updateTemp(Datat, 2); 

  shutdown_sequence(); 

  delay(250); 

  shutdown_sequence(); 

  String Datah = dtostrf(h, 4, 1, buffer); 

  delay(250); 

  updateTemp(Datah, 3); 

  delay(1000); 

} 

void shutdown_sequence(){ 

  //max shutdown time for library is 60seconds change the value of minutes 

  int minutes = 1; 

  for (byte i = 0; i < minutes; ++i){ 

    Sleepy::loseSomeTime(10000);// 

  } 

} 

boolean reset_wifi(){ 

  Serial.println("AT"); 

  delay(250); 

  if(Serial.find("OK")){ 

    connectWiFi(); 

  } 

  else{ 

    Serial.println("AT + RST"); 

    delay(250); 

    reset_wifi(); 

  } 

  delay(5000); 

} 
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Appendix B: 

 


