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ABSTRACT 

 

Seasonal agriculture is increasingly becoming incapable of providing sufficient food for the 

growing population and as a result irrigation is necessary. There have been developments in 

irrigation using traditional methods. Traditional methods are not effective since farmers do not 

know how much water should be applied and the time of its application. The aim of this project 

was to develop a system that detects changes in soil moisture levels, quantify the soil moisture 

deficit and triggers instant irrigation for a specified period of time.  A low-cost sensor data-

driven water-use efficient automation system was required to precisely schedule and meter 

irrigation. The main objective of this project was to design, construct and evaluate an automated 

drip irrigation control system that would increase water use efficiency in irrigated agriculture. 

The specific objectives were to create the system AI algorithm in C++ that will control the 

system, to design a core circuitry to house the algorithm from the environmental conditions and 

to test and evaluate the system functionality. The system AI algorithm was developed using 

C++ program. This algorithm was the set of instructions written on a micro controller to be 

executed in a certain sequence. The algorithm checked the tank level and sensed the soil 

moisture content and triggered the pump and solenoid valve. The program contained irrigation 

specific information, irrigation trigger commands and irrigation timing formulae. The C++ 

program consisted of the equations for irrigation scheduling and for tank refill pump running 

time. The system electro-ware was constructed. This comprised of capacitors, transistors, 

resistors and integrated circuits (ICs) which were chosen to check the tank level, sense soil 

moisture variations, trigger the pump and auto open and close the solenoid valve. The tank level 

sensor was evaluated by comparing the readings measured manually using a tape measure and 

those displayed by the kit screen. The pump was tested for auto switching on and off when the 

tank level was below 20% and above 80% respectively. The C++ program designed was able 
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to detect, quantify the changes in the soil moisture, schedule irrigation and trigger the irrigation 

solenoid valve and automatically run the pump.  The electro-ware system was able to house the 

program and interact effectively. The tank level sensor values obtained from measuring using 

the tape measure corresponded with the values read by the system. The pump turned on 

automatically when the tank level decreased to 200litres (20%) and off when the water level in 

the overhead tank reached 800litres (80%). The soil moisture sensors were validated by 

recording the sensor readings and comparing with the values from gravimetric method. A paired 

t-test was carried out on the readings from the kit and those from gravimetric method and the 

mean difference was found not to be zero. The system was able to apply a specified amount of 

water each time the soil moisture deficit occurred for a corresponding period of time. The 

system was found to be efficient in scheduling irrigation. 
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1.0 CHAPTER ONE: INTRODUCTION 

1.1 BACKGROUND 

Irrigation has been promoted in Uganda by both government and non-government entities as a 

measure to maintain all-year-round food production regardless of the current state of 

unpredictable weather(MAAIF, 2011). This is because climate change has prolonged dry 

seasons into what were traditionally planting seasons and misaligned wet seasons into what 

were traditionally harvesting seasons thereby making reliance on the traditional indicators 

incapable of sustaining food production. To supplement rain-fed agriculture, therefore, efforts 

have been made by capable and well-informed farmers to invest in irrigated agriculture. Startup 

costs of conventional irrigation systems, however, are too high for the majority of smallholder 

and medium-level farmers in Uganda to afford either upfront or under installment purchase 

wherein harvests clear out the balances.  

 

Additionally, the cost of continuously operating the same conventional irrigation systems is 

rather high due to such variable costs as fuel, manpower and water. Each of these budgets is 

way above the average annual incomes of small-holder farmers and therefore keeps irrigated 

agriculture out of reach of over 70% of Uganda’s food producers (UBOS, 2010.). When access 

to nutritious home-grown food is low some periods of the year, this is one of the key causes.  

 

Efforts have been undertaken on a global scale to reduce both startup costs and recurring 

(operational) costs associated with irrigation systems to enable the inclusion of sub-Saharan 

African farmers of whom the majority are smallholder(MWE, 2013). Portable solar pumps have 

been designed and distributed to enable off-grid farming households to irrigate their fragmented 

farms without incurring any re-fueling costs. These have been very beneficial especially since 

the dryer seasons that often strike during flowering, a delicate stage, are the times when solar 

luminance is highest providing maximum power to irrigate and counter the effects of too much 

sunshine. This approach, however, of irrigating when the sunlight is very bright, happens when 
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evapotranspiration rates are very high. Though intended to match maximum discharge with 

maximum soil dryness, sprinkling water at this time of day also leads to maximum water loss 

through evaporation both mid-air and on the hot soil surface and also makes the remaining 

water seep through the sun-heated soil when at a high temperature that is devastating to the 

tender roots of the crops. The recommended time to irrigate is at dawn and/or dusk but the 

intermittence nature of the sun dictates that without sufficient energy storage, one cannot 

irrigate at dawn and dusk.  

 

Initiatives have been taken to augment the conventional irrigation systems to make them less 

costly in terms of routine operations by increasing water use efficiency (Instructables.com. 

2018). Automation has been known to reduce human-related error in systems where it has been 

deployed especially where detail and repetition are abundant. Automated irrigation systems 

automate one or more areas in irrigation and almost eliminate the need for a manual operator to 

run the pumps or drip valves(Cardenas-Lailhacar, Dukes, & Miller, 2010). They are 

programmed with Artificial Intelligence (AI) to execute an irrigation instruction only when the 

computed or pre-programmed irrigation parameter is reached to reduce periodical water 

wastage and associated power losses. The commonest systems are the clock-driven automated 

irrigation systems that irrigate farms and lawns strictly at dawn and dusk when 

evapotranspiration rates are lowest. Although this reduces water-losses, the challenge with this 

approach is that irrigation will happen even when the field was submerged in an overnight rain 

shower should the farmer/technician fail to shut it off just before dawn or dusk. This challenge 

gave rise to the need to first check the water content of the soil before executing an irrigation 

command.  

 

Technologies were developed to use real-time soil moisture tracking instead of time-keeping as 

the factor of irrigation. In case of a recent downpour, the automation system would receive a 

status update on the readily available moisture from the soil moisture sensors and use the 

reading provided to compare with crop water demand and only when insufficient for proper 

growth, deliver the deficient. This approach eliminates the need to have a standby operator to 



  

3 

 

manually shut down the system because it has rained, and saves even more water and associated 

power. The mode of moisture quantification, however, is dependent on the electro-conductivity 

of soil water. Soil water has a number of dissolved ions such as Magnesium (Mg2+), Potassium 

(K+) that plants need to grow, and also which act as the charge carriers in the dissolved water 

to make it conductive(Desconhecido, 2012). The more the dissolved ions for a fixed amount of 

water, the more conductive it is and therefore the higher the reading detected. Also, the amount 

of charge varies linearly with the amount of soil water provided the dissolved ion concentration 

is kept constant.  

 

The aim of this project was to develop a system that detects changes in soil moisture levels, 

quantify the soil moisture deficit and triggers instant irrigation for a specified period of time.  A 

low-cost sensor data-driven water-use efficient automation system was required to precisely 

schedule and meter irrigation.   

1.2 PROBLEM STATEMENT 

Seasonal agriculture is increasingly becoming incapable of providing sufficient food for the 

growing population and as a result irrigation is necessary. There have been developments in 

irrigation using traditional methods. Traditional methods are not effective since farmers do not 

know how much water should be applied and the time of its application. The aim of this project 

was to develop a system that detects changes in soil moisture levels, quantify the soil moisture 

deficit and triggers instant irrigation for a specified period of time.  A low-cost sensor data-

driven water-use efficient automation system was required to precisely schedule and meter 

irrigation.   

 

1.3 OBJECTIVES 

1.3.1MAIN OBJECTIVE 

The main objective of this project was to design, construct and evaluate an automated drip 

irrigation control system that would increase water use efficiency in irrigated agriculture. 
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1.3.2 SPECIFIC OBJECTIVES 

 

The specific objectives of this project were: 

i. To create the system AI algorithm in C++ that will control the system.  

ii. To design a core circuitry to house the algorithm from the environmental conditions. 

iii. To test and evaluate the system functionality. 

1.4 JUSTIFICATION 

Farmers will be able to apply the right amount of water at the right time when it is needed by 

crops, this because the system will be able to calculate how much water the crops need and 

is able to open irrigation valves for a specified period of time to only supply the required 

amount of water. 

Avoiding irrigating at the wrong time of the day, reducing runoff from over watering 

saturated soils which will improve crop performance. Automation eliminated water wastage 

since irrigation schedules are computed by the system depending on crop water requirements 

and thus water is efficiently utilized. 

The system is time saving, eliminates human error in adjusting available soil moisture levels. 

Crops are sensitive to soil moisture in such a way that once crops have started wilting, they 

can’t be brought back to life however much water is supplied and thus automation eliminates 

such errors. 
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2.0 CHAPTER TWO: LITERATURE REVIEW  

2.1Theory on irrigation 

Irrigation is defined as artificial application of water to land or soil (Hansen, 2009)Irrigation 

process can be used for the cultivation of agricultural crops during the span of inadequate rainfall 

and for maintaining landscapes. Irrigation system uses valves to turn irrigation ON and OFF. 

These valves may be easily automated by using controllers and solenoids. Automating farm or 

nursery irrigation allows farmers to apply the right amount of water at the right time, regardless 

of the availability of labour to turn valves on and off. 

In addition, farmers using automation equipment are able to reduce runoff from over watering 

saturated soils, avoid irrigating at the wrong time of day, which will improve crop performance 

by ensuring adequate water and nutrients when needed. The conventional irrigation methods like 

overhead sprinklers, flood type feeding systems usually wet the lower leaves and stem of the 

plants. The entire soil surface is saturated and often stays wet long after irrigation is completed. 

Such condition promotes infections by leaf mould fungi. Control in highly specialized 

greenhouse vegetable production and it is a simple, precise method for irrigation(Agrawal, 

Pandey, Kumar, & Chaudhery, 2014). 

It also helps in time-saving, removal of human error in adjusting available soil moisture levels 

and to maximize their net profits. Irrigation is the artificial application of water to the soil usually 

for assisting in growing crops. In crop production, it is mainly used in dry areas and in periods 

of rainfall shortfalls, but also to protect plants against frost. 
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2.2 Irrigation Methods 

Irrigation methods are the means and techniques of applying irrigation water to the soil for 

purposes of recharging soil water reservoir to meet the crop water requirements. Irrigation 

methods are categorized into surface and pressurized methods  

 

Figure 1: Irrigation methods(Hawkins, 2018) 
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2.2.1 Drip/localized Irrigation systems 

With drip irrigation, water is conveyed under pressure through a pipe system to the fields, where 

it drips slowly onto the soil through emitters or drippers which are located close to the plants. 

Only the immediate root zone of each plant is wetted. Drip irrigation is sometimes called trickle 

irrigation. Localized irrigation is a system for supplying filtered water (and fertilizer) directly 

onto or into the soil. The water is distributed under low pressure through a pipe network, in a 

pre-determined pattern, and applied as a small discharge to each plant or adjacent to it. There are 

three main categories of localized irrigation: Drip irrigation, where drip emitters are used to apply 

water slowly to the soil surface. Spray irrigation, where water is sprayed to the soil near 

individual trees. Bubbler irrigation, where a small stream is applied to flood small basins or the 

soil adjacent to individual trees(Bjorneberg, 2013). 

 A localized irrigation system consists of the head of the system that filters and controls the 

supply of water and fertilizers to the network, the plastic buried pipes that supply the water to the 

laterals, the polyethylene laterals, usually 16-20 mm in diameter, that supply the water to the 

emitters, and the emitters that discharge the water to the pre-determined points and at pre-

determined flows. Figure 2 shows the basic components of a localized irrigation system. It is a 

capital-intensive system with built-in management that requires very little but skilled labor.  

The main advantage of localized irrigation is its potential to reduce water requirements and 

achieve very high efficiency, while at the same time increasing crop yield and quality. The system 

has been successfully used on tree and vegetable crops, and high yields are attributed to it. 

Localized irrigation provides the means for very frequent irrigation, daily if needs be. Hence it 

is particularly suitable for light shallow soils, irrespective of the slope, and for shallow-rooted 

crops. It has also proved suitable for most row crops. The main disadvantages of localized 

irrigation systems are their high capital, a susceptibility to clogging and a tendency to build up 

localized salinity, especially in low rainfall areas.  As such, this category of system requires 

careful management for its maintenance.  
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Figure 2: Basic components of a localized irrigation system(Netafim, 2015) 
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Figure 3: Drip irrigation 

2.3 Types of Drip Irrigation Emitters 

Emitters are classified into groups based on how their design type and the method they use to 

regulate pressure. You can create a very simple emitter by drilling a very small hole in a pipe. 

However, a hole alone does not work well. Unless the hole is extremely small, the water tends 

to forcefully shoot out of it like a tiny fire nozzle and way too much water will come out. More 

importantly, there is little uniformity of flow when using a simple hole. If you have a long pipe 

with holes drilled in it the holes on the end nearest the water source will have a large water flow 

from them, while those at the far end will have a very small flow(Netafim, 2015). 

Since using a simple hole in a pipe does not work very well, the early pioneers of drip irrigation 

started playing around with mechanical devices that would better regulate the flow. These 

devices have been given the name “emitters” (or sometimes “drippers” is used.) The emitters 

are installed on the pipe and act as small throttles, assuring that a uniform rate of flow is emitted. 

Some are built into the pipe or tubing, others attach to it using a barb or threads. The emitter 

reduces and regulates the amount of water discharged. 
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2.3.1 Long-Path Emitters 

There are many different methods used by emitters to create and maintain this uniform, low, 

flow rate. Some emitters route the water through a very long, narrow passage or tube. The small 

diameter and great length of this path reduces the water pressure and creates a more uniform 

flow. These are called long-path emitters. A typical long-path emitter has a long water path that 

circles around a barrel-shaped core. Long path emitters tend to be fairly large in size due to the 

need to fit that long tube(Agrawal et al., 2014). 

2.3.2 Soaker hose, porous pipe, drip tape, laser tubing 

Soaker hose, porous pipe, drip tape, and laser tubing are various adaptations of the “extremely 

small hole in a pipe” type of drip system. They just have very small holes drilled (usually using 

a laser) into a tube, or are made from materials that create porous tubing walls that the water 

can slowly leak out of. The advantage of these is obviously very low cost. The disadvantage is 

that the tiny holes are very easily clogged, especially with hard water containing lots of 

minerals, and for some products watering uniformity can be uneven. These types of systems 

are most often used in landscapes for portable irrigation (moving the tubes around the yard 

between irrigations tends to break the mineral deposits loose so they don’t build up. These 

products are also widely used in agriculture, where the tubes are removed and thrown away or 

recycled at the end of each growing season. My experience with permanent installations of 

these products has been that they have a fairly limited lifespan when compared to other drip 

irrigation types. They work best with water that has very low mineral levels(Cisco Jasper, 

2019). 

2.3.3 Short-Path Emitters 

Short-path emitters are similar to the long path emitters. They just have a shorter and smaller 

water path. Advantages: they are very cheap and will work on very low-pressure systems 

where other types will not work at all. They are the best emitters for very low pressure 

systems, such as gravity flow drip systems fed by water from rain barrels. Disadvantages: 

They clog up easily, especially if the water is hard with lots of minerals in it. They have poor 
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water distribution uniformity compared to other types of emitter. They work well on small 

systems, where cost is a critical issue and uniformity of water distribution is not critical. By 

far the most common of these short-path emitters is a very inexpensive generic emitter called 

a “flag emitter” or a “take-apart emitter”. This emitter is made under numerous brands and 

names. It is easily recognized by the little flag shaped handle on it, you can disassemble it by 

twisting and pulling on the flag. The photo below shows two flag emitters, the one on the 

right is disassembled. You can see spirals that form the short, narrow water path on the male 

part of the disassembled emitter. This is a short path emitter, but this brand was sold in a 

package incorrectly labeled as “turbulent flow”.  The pen is to show the size of the emitters. 

 

 

Figure 4: Typical Flag/Take-Apart Emitters(Emitters & Barb, 2017) 
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2.3.4 Tortuous-Path or Turbulent-Flow Emitters 

The next type of emitters are called tortuous-path and/or turbulent-flow emitters. These emitters 

work by running the water through a path similar to the long path type, but the path has all kinds 

of sharp turns and obstacles in it. These turns and obstacles result in turbulence in the water, 

which reduces the flow and pressure. By using the tortuous path the emitter water passages can 

have a shorter length and larger diameter. These larger passages make the emitter less likely to 

clog up. I like tortuous-path and turbulent-flow emitters because they are simple, cheap, and 

work well. 

 

Figure 5: Typical turbulent-flow or tortuous-path emitters(Li, Yang, Ren, & Xu, 2006). 

The one on the right is cut open so you can see the jagged turbulent flow path.  

2.3.5 Vortex Emitters 

Vortex emitters run the water through a vortex (whirlpool) to reduce the flow and pressure. The 

vortex emitter uses that same principle by swirling the water around the outlet hole to cause a 

drop in pressure and a lower flow through the hole. Most vortex emitters also have very small 

inlet and outlet holes. Advantages– vortex emitters are small in size (about the size of a large 
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pea) and very inexpensive! Disadvantage- because of those small holes they clog up easily, 

especially if you have hard water (i.e. lots of minerals in the water.) 

 

Figure 6: Vortex Emitter(Wang, Li, & Ma, 2021). 

2.3.6 Diaphragm Emitters 

Diaphragm emitters all use some type of flexible diaphragm to reduce the flow and pressure. 

They use many different ways to do this, some have diaphragms with holes that stretch, others 

move the diaphragms back and forth to reduce the size of the adjacent water passages. The 

bottom line is they all use some type of flexible part that moves or stretches to restrict or 

increase the water flow. As with anything that moves, they will wear out eventually (which may 

be a very long time!) which is the downside. The advantage is that they tend to be much more 

accurate in controlling the flow and pressure than the previous types. 
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Figure 7: Diaphragm Emitters(NETAFIM, 2020). 

The emitter on the right has been cut in half to show the round rubber diaphragm disk found 

inside.  

Adjustable Flow Emitters 

Adjustable flow emitters have an adjustable flow rate. Typically the emitter has a dial that you 

turn to change the flow rate. The design of most of these is very similar to the short path type 

of emitter. Adjustable flow emitters tend to vary greatly in flow and have little pressure 

compensation. I recommend adjustable flow emitters only for use in pots and hanging baskets. 

Because the water needs of each pot or basket tend to vary greatly, the ability to adjust the 

emitter flow is very useful in these situations. Adjustable flow emitters often allow much higher 

flows which can be useful if you only need a few emitters on a valve circuit. 
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Figure 8: Adjustable Flow Emitters(Al-Agele, Nackley, & Higgins, 2021). 

 Turning the knobbed body changes the flow, similar to the handle on a valve.  

2.3.7 Drip line, Dripper line 

Drip line, dripper line and other variations on that name are used to describe a drip tube with 

factory preinstalled emitters on it. Often the emitters are actually molded inside the tubing and 

all that is visible on the outside is a hole for the water to come out. The emitters are typically 

the tortuous-path or diaphragm type, but may be other types as well. The emitters are uniformly 

spaced along the tube, often several different spacing options are available. The primary 

advantage of the drip line is the ease of installation due to the preinstalled emitters. It is often 

used in agriculture, it also works well in situations where you want to create a solid band of 
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watered soil, such as watering groundcover beds, vegetable gardens, and lawn.

 

Figure 9: Drip line with factory installed emitter(Wu & Gitlin, 1977). 

Notice the water exit hole and outline of emitter inside the tube. 

2.3 Soil Moisture sensors 

Most of the soil moisture sensors measure the volumetric water content in soil. Since the direct 

gravimetric measurement of free soil moisture requires removing, drying, and weighing of a 

sample, soil moisture sensors measure the volumetric water content indirectly by using some 

other property of the soil, such as electrical resistance, dielectric constant, or interaction with 

neutrons, as a proxy for the moisture content. The relation between the measured property and 

soil moisture must be calibrated and may vary depending on environmental factors such as soil 

type, temperature, or electric conductivity. Reflected microwave radiation is affected by the soil 

moisture and is used for remote sensing in hydrology and agriculture. Portable probe instruments 

can be used by farmers or gardeners(David et al., 2016). 
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Figure 10: Figure showing the parts of a soil moisture sensor 

 

2.3.1 Working of the soil moisture sensor 

The soil moisture sensor consists of two probes which are used to measure the volumetric content 

of water (circuit’s today.com). The two probes allow the current to pass through the soil and then 

it gets the resistance value to measure the moisture value. When there is more water, the soil will 

conduct more electricity which means that there will be less resistance. Therefore, the moisture 

level will be higher. Dry soil conducts electricity poorly, so when there will be less water, then 

the soil will conduct less electricity which means that there will be more resistance. Therefore, 

the moisture level will be lower. The resistance is inversely proportional to current. 

i.e. 

  

  

Where V is Voltage and I is current 

The sensor can be connected either to analog or digital. To connect the sensor in the analog mode, 

we will need to use the analog output of the sensor. When taking the analog output from the soil 
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moisture sensor FC-28, the sensor gives us the value from 0-1023. The moisture is measured in 

percentage, so we will map these values from 0 -100 and then we will show these values on the 

serial monitor. You can further set different ranges of the moisture values and turn on or off the 

water pump according to it(Dukes, Shedd, & Cardenas-lailhacar, 2018). 

2.3.2 Applications of Soil Moisture Sensor 

A Soil Moisture Sensor has many applications, especially in agriculture. Irrigation is a 

key factor in farming. Detecting the amount of moisture in the soil and managing 

irrigation systems (turn on the system when the moisture level falls below a certain 

predefined value) helps to avoid a lot of wastage of water and human resources(Garg, 

Munoth, & Goyal, 2016).This is also used in controlled environments where 

experiments are conducted. 

2.4 Temperature sensors 

A temperature sensor is a device, typically, a thermocouple or resistance temperature detector, 

that provides temperature measurement in a readable form through an electrical signal. A 

thermometer is the most basic form of a temperature meter that is used to measure the degree 

of hotness and coolness. Temperature meters are used in the geotechnical field to monitor 

concrete, structures, soil, water, and bridges for structural changes in them due to seasonal 

variations. 

A thermocouple (T/C) is made from two dissimilar metals that generate an electrical voltage in 

direct proportion with the change in temperature. An RTD (Resistance Temperature Detector) 

is a variable resistor that changes its electrical resistance in direct proportion with the change 

in the temperature in a precise, repeatable and nearly linear manner(Rahman, 2018). 

 2.4.1 2The different types of temperature sensors 

Temperature sensors are available of various types, shapes, and sizes. The two main types of 

temperature sensors are: 



  

19 

 

Contact Type Temperature Sensors: There are a few temperature meters that measure the 

degree of hotness or coolness in an object by being in direct contact with it. Such temperature 

sensors fall under the category contact-type. They can be used to detect solids, liquids or 

gases over a wide range of temperatures. 

Non-Contact Type Temperature Sensors: These types of temperature meters are not in 

direct contact of the object rather, they measure the degree of hotness or coolness through the 

radiation emitted by the heat source(Jung, 2005). 

 

2.5 Humidity Sensors  

Humidity Sensors are very important devices that help in measuring the environmental 

humidity. Technically, the device used to measure the humidity of the atmosphere is called 

Hygrometer. Humidity Sensors or Hygrometers can be classified based on the type of humidity 

it is used for measuring i.e. 

Absolute Humidity (AH) sensors or Relative Humidity (RH) sensors. Humidity Sensors can 

also be classified based on the parameter used for measuring Humidity i.e. Capacitive Humidity 

Sensors, Electrical Conductivity (or Resistive) Humidity Sensors and Thermal Conductivity 

Humidity Sensors. 

There are other types of Humidity Sensors or Hygrometers like Optical Hygrometer, Oscillating 

Hygrometer and Gravimetric Hygrometer. 

2.5.1 Thermal Conductivity Humidity Sensors 

Thermal Conductivity Humidity Sensors are also known as Absolute Humidity (AH) Sensors 

as they measure the Absolute Humidity. Thermal Conductivity Humidity Sensors measure the 

thermal conductivity of both dry air as well as air with water vapor. The difference between the 

individual thermal conductivities can be related to absolute humidity. 
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2.5.2 Working of Thermal Conductivity Humidity Sensors 

The best component to accomplish thermal conductivity-based humidity sensor is thermistor. 

Hence, two tiny thermistors with negative temperature coefficient are used to for a bridge 

circuit. 

In that, one thermistor is hermetically sealed in a chamber filled with dry Nitrogen while the 

other is exposed to open environment through small venting holes. When the circuit is powered 

on, the resistance of the two thermistors is calculated and the difference between those two 

values is directly proportional to Absolute Humidity (AH). 
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Figure 11: Relative humidity sensor(Lee & Lee, 2005) 

 

 

https://www.electronicshub.org/wp-content/uploads/2017/06/Thermal-AH-Sensor.jpg
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2.5.3 Important Considerations when Selecting a Humidity Sensor 

The following are some of the factors that must be taken into consideration when selecting a 

Humidity Sensor. 

• Accuracy of the sensor. 

• Calibration – requirements and methods 

• Size of the sensor 

• Cost of the sensor and cost of replacement 

• Output repeatability 

• Circuit complexity 

• Resistance to contamination 

• Reliability of the sensor 

2.6 Programming in Arduino 

Arduino is an open-source platform used for building and programming of electronics. 

It can receive and send information to most devices, and through the internet to 

command particular electronic device. It uses a hardware called Arduino Uno circuit 

board and software program C++ to program the board. Currently, Arduino is used a 

lot in micro controller programming among other things due to its user friendly or easy 

to use setting, like any micro controller an Arduino is a circuit board with chip that can 

be programmed to do numerous number of tasks, it sends information from the 

computer program to the Arduino micro controller and finally to the specific circuit or 

machine with multiple circuits in order to execute the specific command. An Arduino 

can help you read information from input devices such as Sensors, Antenna etc. and 

can also send information to output devices such as LED, Speakers, LCD Screen, DC 

motor etc. The Arduino platform has become friendly with people into electronics. 

Unlike most previous programmable circuit boards, the Arduino does not have a 

separate piece of hardware in order to load new code onto the board, you can simply 

use a USB cable to upload your program. 
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Figure 12: ARDUINO UNO(Basics, 2017) 

 

The connections for connecting the soil moisture sensor FC-28 to the Arduino are as 

follows. 

VCC of FC-28 to 5V of Arduino 

GND of FC-28 to GND of Arduino 

A0 of FC-28 to A0 of Arduino 
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Figure 13: Interfacing soil moisture sensor with Arduino 

2.7 Solar powered pumps 

There are two major types of solar pumps, direct current (DC) and alternating current (AC). DC 

solar pumps are generally suitable for small applications (garden fountains, landscaping, etc.) 

and are relatively low-priced, particularly because they do not require inverters to produce AC 

power from the solar panels. These pumps are generally designed to operate with minimum 

electrical power, so they have rather low flow rates. Such pumps often find use in submersible 

deep wells where a slow but steady pump rate is acceptable. 

 

AC solar pumps are driven by inverters producing AC power from PV panels. They are suitable 

for all kinds of applications from landscaping to irrigation, particularly large-scale applications 

such as farmland irrigation, desert control, and so forth. AC solar pumps are available in power 

output ranges from 150W to 55kW. 

 

Solar-powered pumps are characterized as either positive displacement pumps (e.g. diaphragm, 

piston, or helical rotor) or centrifugal pumps. Positive displacement pumps are typically used 

when the TDH is high and the flow rate (measured in gallons per minute) required is low. 

Conversely, centrifugal pumps are typically used for low TDH and high flow rates(MEI, 2015). 
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2.8 Previous work done. 

2.8.1 Automated irrigation system using solar power in Bangladesh  

The gadget specializes in rice fields in nations depending on agriculture within the economy, 

such as Bangladesh. The primary concept in this gadget is to cognizance on the level of water 

in agricultural fields because those fields lose lots of their merchandise due to floods. The sensor 

sends a message from the field to the person approximately the extent of water within the area 

if it will increase or decreases then the operator controls the pump to regulate or flip off the 

telephone. The blessings of this machine are that it depends on the sun energy to get hold of 

electricity. The dangers of this system are that it centered on one sort of sensor, the water stage 

sensor, no matter whether the plant desires water or not. There may be no opportunity source 

of energy in case there is no solar electricity to run the device(Alidoost Nia & Ruiz-Martínez, 

2018). 

 

2.8.2 Design and implementation of an Automatic irrigation system in Nigeria  

In this machine the basic idea is to rely on the type of soil and the amount of water needed by 

each type of soil. This process is done by measuring the level of moisture in each type and using 

the pump to supply water. The result indicates that sandy soil requires less water than clay soils. 

The blessings of this device are to focus on soil moisture and water conservation. But making 

the machine much less powerful is to measure the moisture of soil from one location in the 

agricultural land. It’s far viable that the vegetation at the other end of the rural land does no 

longer need watering. Also, the water source isn't constant(Gagandeep, Arora, & Saini, 2018).  

 

2.8.3 Automatic Plant irrigation system  

This gadget works with two probes insert within the soil. When the soil is dry then the probes 

will now not behavior and while the soil is wet then the probes will behavior. Thy used HEX 
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inverter and this offers the complement output for its input, i.e. whilst the resistance is high it 

offers low output. the running of the 2 probes in the soil relies upon on the resistance for instance 

if the resistance is high manner the soil is dry and whilst the soil is wet then the resistance is 

low and the voltage given to the two probes is given from the battery linked to the circuit 

(electronicshub.org). 

 

2.8.4 GSM-based Automatic Irrigation Control System for Efficient Use of Resources and 

Crop Planning by Using an Android Mobile in India.  

This device works by using Bluetooth or GSM. This device is placed in the agricultural land. 

The idea of this device is to monitor the humidity and temperature in the agricultural land in 10 

addition to monitoring the state of the climate through the temperature of the weather and 

humidity and dew drops after the device to send a text message to the user's machine(D. S & 

Srinath, 2014). 
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3.0 CHAPTER THREE: METHODOLOGY 

3.1 Development of an AI system algorithm 

3.1.1 Choosing the language and tools to use 

The algorithm was developed using C++ since Arduino microcontrollers are pre-programmed 

in C++. C++ is preferred because it’s quick in executing commands.ATmega was selected to 

handle the program. 

3.1.2 Listing all features and entities 

The different features and entities that needed to be programmed were identified. These were 

grouped into classes. The classes included tank level manager for managing tank level 

variations, power manager for monitoring power changes, and irri-code class for turning off 

and on irrigation solenoid valves. 

The irri-code class included irrigation formulae upon which irrigation decisions are made. It 

consisted of the equations for irrigation scheduling and for tank-refill pump running time. The 

fundamental equations governing the manipulations were as follows: 

Total Available Moisture (TAM, mm) =Root zone Depth*(θFC - θWP)*10 

Where θFC was volumetric percentage moisture content at field capacity and θWP was the 

volumetric percentage of moisture content at wilting point 

Readily available moisture (RAM, mm) =P*TAM 

Where P was the depletion factor (%) 

The volume of water to irrigate (liters) =field area (m2)*RAM (mm) 

Therefore, Irrigation duration was obtained from the equation below: 

   𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(min) =
𝐸𝑚𝑖𝑡𝑡𝑒𝑟𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒(

𝑙𝑖𝑡𝑟𝑒𝑠

min
)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑡𝑜 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑒(𝑙𝑖𝑡𝑟𝑒𝑠)
 

The volume of water to be filled=tank surface area (m2)*depth from top to water surface 

(m)*1000 
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Tank surface area was a derived quantity from user input diameter (d). 

         

The time it takes to refill the tank was also automatically computed from the formula below: 

    

3.1.3 Mapping the system architecture 

 

Figure 14: Irrigation flow chart 
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3.1.4 Flow of irrigation decisions  

One class (tank) handled water refill task and the other class (irrigate) handled the irrigation 

operation.  On startup, the program first automatically read time from a constructor in the tank 

class and instantiated objects that called functions in the tank class to check whether water level 

was sufficient to run an intensive irrigation operation. When low, the program triggered the 

pump’s transistor-transistor combination for a DC pump or a transistor-relay combination of a 

high voltage (220-240V) ac (alternating current) pump.  

Remember the system was meant to be universally applicable with the capacity to switch either 

solar or electric pumps. After filling the tank to full capacity, this class was again cycled through 

to confirm tank water level. The program then moved on to instantiate functions on the irrigate 

class. The first function (sensor checker) was a Boolean function that checked whether all the 

soil moisture sensors were plugged in. If false, it called the alarm function that triggered a beep 

and kept calling itself recursively in intervals of 50milliseconds. If true, it returned 0 and the 

program moved on to the next function. The next function sensor read was afloat type function 

that took in floating-point values of real-time soil moisture as arguments in place of parameters. 

It was the only function that took in parameters so far. This function read raw data from the soil 

and converted them into volumetric moisture content values (in percentages) and returned these 

percentage values to any calling function.  

3.2 Building the circuit. 

 3.2.1 Finding a circuit diagram 

The circuit diagram (also called a schematic diagram) for the circuit to be built was found from 

internet. 
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Figure 15: Circuit schematic 

3.2.2 Drawing the Circuit Diagram  

After getting the circuit diagram, it was drawn into Eagle. This was done by placing the 

components from the circuit diagram into eagle. The connection between the components was 

made in the same way as in the circuit diagram 

 

Figure 16: Circuit layout in Eagle 

https://www.build-electronic-circuits.com/wp-content/uploads/2013/03/eagle-screenshot-complete-circuit.png
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Drawing Board Layout in Eagle 

From the schematic in Eagle, the board layout was created. This is how the circuit looked like. 

 

Figure 17: Drawing board layout 

This was done automatically by using the auto-router 

 3.2.3 Circuit Board Making 

With the board layout completed, the board was made physically. 

 

Figure 18: Circuit board 
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 Ordering Components 

The components were acquired and some ordered online from china 

Soldering Components to the Board 

The components were soldered on the board to make a complete circuit. 

 

3.2.4 The electro-ware system 

The system ‘electro-ware’ was the entire electrical circuitry that made the system interactive 

and triggered water pump or solenoid on or off based on information received from the water-

level sensors or the soil moisture sensors shown in Figure 5.  

Capacitors, transistors, resistors and integrated circuits (ICs) were chosen to execute the desired 

operations with maximum efficiency.  

The power for the system was generated using photo-voltaic cells of two 150Wp polycrystalline 

solar modules by photo-electric effect. This power was then stored in a deep-cycle 12V Direct 

Current (DC) sealed lead-acid battery.  

When operating the system during day, current from the solar panels was divided by 

Kirchhoff’s current law at the junction between the battery and the load. When the battery was 

close to full charge (14.1V to 14.4V) it offered slightly higher internal resistance than a 

discharged battery. As a result, the current automatically took the less resistive path to power 

the load directly. Therefore, in some instances, the system was fully powered by the sun. But 

when sudden solar power fluctuations occurred due to cloud cover obstruction on solar 

irradiance, current flew from the battery and filled the void.  

The soil moisture sensor consisted of two probes that were used to measure the volumetric 

content of water. The two probes allowed the current to pass through the soil, which gave the 

resistance value to measure the moisture value. When there was water, the soil conducted more 
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electricity, which meant that there was less resistance. Dry soil conducted electricity poorly, so 

when there was less water, the soil conducted less electricity, and there was more resistance. 

Circuit Design Considerations: 

➢ The circuit was designed to be able to handle the entire load’s power demand for at least 

all the sunshine hours. In brief, at least, the circuit maintained a steady current flow into 

the pump, soil moisture sensors, solenoid valve and the water-level sensors 

simultaneously for 8 hours even if normal operating conditions only have a section of the 

sub-system running simultaneously.    

➢ The components making up the circuit were strongly soldered onto the circuit board, but 

flexible enough to be replaced in case of need for replacement. The components such as 

transistors would not fly out when the kit bumped on stones, but when one of them has 

been fried by a high current surge, it was relatively easy for a technician to replace the 

same rating component. 

➢ The 150AH deep cycle battery stored enough power to run the entire system for the whole 

day and the 150Wp solar modules were able to recharge the battery in one day. Normal 

operating conditions therefore featured less than 50% of the battery’s 1.8kWh cycle (0.5 

X 12V X 150AH) used up throughout the day to be sure that even in cloudy conditions, 

the 150Wp panels pumping in less than half 8 amperes every hour recharged to full 

capacity.  

 

3.3 Sensors used in the experiment. 

Resistivity-based Soil Moisture Sensor (SMS) is a low-cost sensor used to read the amount of 

moisture present in the surrounding soil. It consists of two conductive probes used to pass 

current through the soil, and then the sensor reads the resistance to infer the moisture level. The 

conductive probes are entirely buried in the soil to measure its resistance. The probes are buried 

at different depth depending on the rooting system of the crops. When the soil has more water, 

its resistance decreases; therefore, the output voltage Vo increases and vice versa. 
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As the amount of soil moisture increases, the soil will conduct electricity more efficiently, 

whereas, dry soil conducts electricity poorly. This sensor outputs an analog voltage depending 

on the moisture level. 

 

Figure 19: Low-cost resistive soil moisture sensor 

                              Table 1: Sensor specification 

Sensor Type and 

Model 

 Low-cost resistive soil moisture 

sensor 

Number of rods 2 

Rod spacing 5mm 

Rod length  50mm 

Sensor 

characteristics 

Operating voltage:3.3v to 5v DC 

Operating current :15Ma 

Output analog 0v to 5v 
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3.4 Performance testing of the system 

3.4.1 Description of Experimental station 

Performance testing of the automated solar powered irrigation control system was conducted at 

Makerere University Agricultural Research Institute Kabanyolo. The demonstration is located 

on spatial coordinates 0˚28'7.68''N, 32˚36'28.66'' E at an altitudinal range of 1250 m to 1320 m 

above mean sea level. The study site is within the administrative boundaries of Nangabo Sub 

County, Wakiso district and about 21 km north of Kampala, Uganda’s capital city along 

Gayaza-Zirobwe road. 

MUARIK is characterized by a typical tropical climate with average maximum temperature of        

28.5 ˚C and minimum temperature of 14 ˚C. The mean annual rainfall approximates 1200mm 

in a binomial distribution, with the short rains coming between March and June and the long 

rains from September to December (Tadeo Mibulo and Nicholas Kiggundu, 2018). 

MUARIK was established as a farm in 1953, and upgraded to a fully-fledged research institute 

in 1992 under the faculty of agriculture. It currently falls under the school of agricultural 

sciences, college of agricultural and environmental sciences, Makerere University. 

Agricultural research and demonstrations are the main activities conducted at MUARIK by the 

Makerere University College of Agricultural and Environmental Sciences and collaborating 

institutions. The institute conducts several agriculture and rural innovation research projects.  

 



  

36 

 

 

            Figure 20: A Google map showing location of MUARIK 

According to the map (Figure1), MUARIK occupies 3 square miles of land.  

Yost and Eswaran, (1990) indicated the MUARIK soils to be formed on residuum and 

colluvium from quartzites, gneiss and basement complex rocks. On the side slopes, colluvium 

enriched with lateritic gravel is common. 

 

3.5 Experimental layout 

A demonstration unit was established at MUARIK for conducting a comprehensive 

performance testing for the smart solar irrigation control system kit on a 50 m2 drip irrigation 

system (Fig. 21).  

The demonstration unit comprised of the following components: solar panel, water pump, water 

storage tank, drip irrigation system and the smart irrigation control system that networks soil 

moisture sensor and Arduino micro-controller unit to the water pump and water storage tank. 

https://www.scirp.org/journal/paperinformation.aspx?paperid=73956#f1
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Figure 21: Lay out of the Smart Irrigation System 

3.6 Soil testing 

Soil characterization was done to establish the physical and chemical properties of soils at the 

demonstration irrigation plot.  

The parameters determined were: Soil texture (0-30 cm), Soil porosity, Bulk density (ρbg cm-

3), EC (dS m-1), pH, CEC (mmolc/100g), Field capacity (ƟFC), Wilting Point (ƟWP)  

 

3.6.1 Soil sampling Methods 

A representative soil sample was taken at a depth of 0-30cm by the help of a soil auger. Five 

spots were sampled and mixed to form a composite sample which was clearly labelled and 

transported to the soil, plant and water analytical Laboratory, college of Agricultural Production 

– Makerere University where it was analyzed. A number of agronomical and physical soil 

properties were analyzed including soil pH, total nitrogen (N), Available phosphorus (Av.P); 

Organic matter (O.M), exchangeable cations (Potassium (K+), sodium (Na+), Calcium (Ca2+), 

Magnesium (Mg2+) and soil texture (Proportions of Sand, Cay and Silt). The physical soil 

properties included saturated hydraulic conductivity (Ksat), field capacity, and saturation, 

wilting point, bulk density and plant available water.  
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3.6.2 Soil Sample preparations in the Laboratory. 

The samples were air dried for 3 days to eliminate moisture. Thereafter the samples were ground 

using a porcelain pestle and mortar and sieved through a 2millimeter sieve to remove debris 

and other non-soil materials including stones and roots. The sieved soil samples were 

repackaged, clearly relabeled and analyzed.   

3.6.3 Laboratory analytical methods employed. 

Each of the above soil properties were specifically analyzed by particular analytical methods 

and procedures as indicated below. Soil pH was measured in a soil-water solution at a ratio of 

1:2.5 by the help of a pH meter; Total Nitrogen (N) determined calorimetrically following a 

digestion using concentrated sulphuric acid and Selenium powder plus Salicylic acid. Available 

phosphorus content was determined spectrophotometrically at 882nm wavelength after its 

reaction with ammonium molybdate in the presence of ascorbic acid on mehlich 1 extract 

(Murphy and Riley, 1962). Organic matter was analyzed using the Walkley - Black method 

(Wet oxidation method). Exchangeable Potassium (K+), sodium (Na+) and Calcium (Ca2+) were 

read on Mehlich 1 extracts using a flame photometer. Exchangeable magnesium (Mg2+) was 

determined on the mehlich 1 extract using an atomic absorption spectrophotometer. Soil texture 

was determined using the hydrometer method (Bouyoucos method). Saturated hydraulic 

conductivity (Ksat) was determined on the core samples that were collected. The cores were 

first covered with a piece of cloth at the base, placed in water to circulation (water oozing out 

at the top of the core). Using cell tape, an empty core was inserted on top of the circulated core 

tightly and the pair clumped on a stand. By the help a siphon placed above the empty core, a 

constant supply of water was maintained and the water that percolates through the system is 

determined or collected at various intervals for example at 60min intervals. This procedure was 

repeated three times and an average cultivated to minimize errors, bulk density was analyzed 

on the core samples by oven drying for 24 hours at 1050 C and the dried weight of the soil in 

the core divided by the volume of the core, field capacity, saturation, plant available water and 

wilting point were determined through computation formulae using soil texture values. All 
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analyses were performed using the routine analytical procedures outlined by Okalebo et al., 

(2002) and other standard operating procedures (SOPs) that are internationally recommended. 

For each analysis, a reference sample and blanks were repeatedly included for quality control 

and assurance purposes.  

 

3.7 System calibration 

On site calibration of soil moisture sensors was conducted to minimize uncertainty of 

measurements and to ensure both precision and consistency.  

➢ Soil moisture percentages were logged to obtain curves relating moisture percentages to 

voltages provided by the sensors, 

➢ The area where the soil samples were to be picked was cleared to remove organic matter 

➢ Using a soil auger, soil samples were picked from different spots of the plot at a depth of 

0cm to 30cm. 

➢ The soil samples were picked randomly from the plot. 

➢ The samples were then mixed together to form one composite sample. 

➢ The composite sample was then taken to the laboratory for air drying and sieving. 

➢ The diameter and height of the container in which the soil sensors were to be inserted 

were measured. 

➢ The volume of the container was then calculated from v=πr2h. 

➢ Taking bulk density of dry soil as 1.34g/cm3, the mass of the soil to fill the container was 

found to be 132g, from density=mass/volume. 

➢ Calculation of the volume of water to be added to the soil sample at a time was done. 

➢ To obtain a 10% sample, 100g of water is added to 1kg of dry soil. 

➢ For 132g, 6.6gs is added to make a 5% moisture level sample. 

➢ A set of 27 samples, each of the 3 samples having the same moisture level were prepared 

with the range of moisture levels from 5% to 35%. 
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Figure 22: System calibration samples. 

➢ Soil moisture Sensors were installed vertically in the soil sample and ten readings were 

taken, one each ten seconds. 

➢ At each moisture percentage level, an average of the ten voltage readings was calculated 

and recorded. 

➢ V1, V2 and V3 are the averages of ten readings. 

➢ The voltage(v) is obtained by the formula 

V= (Average voltage reading (counts)/1023) *5 to convert counts to volts. 

➢ Gravimetric water content was determined after taking the sensor readings to get the most 

accurate results. 

➢ This was done by weighing the moist samples (the container + moist sample + aluminum 

foil). 

➢ The moist samples were then oven dried for 24hours at 105degrees Celsius. 

➢ The mass of the dry soil, container and aluminum foil was measured 

➢ Calculation of the soil moisture percentages was done based on the difference between 

the mass of the moist soil and the dried soil samples. W%=

*100 

➢ The volume wetness (θ%) is related to the mass wetness (W%) by the formula 

θ %=(W%) *  where  is the bulk density of dry soil. 

➢ By using Microsoft Excel, the results of the calibration experiments were utilized to 

develop best-fit curves and equations using linear regression trend lines. 
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➢ The equation obtained was fed into the program and it was upon this equation that 

irrigation scheduling was done. 

3.8 System validation Experiment. 

After applying the corresponding moisture functions obtained by the calibration experiment to 

the micro-controller, an evaluation experiment was implemented from 21st September to 26th 

October 2020. 

The experiment consists of soil moisture sensors buried in the same soil type used in calibration 

experiments. Soil moisture percentages displayed by the soil moisture sensors were recorded 

daily. 

Also, gravimetric measurements were performed to validate the sensor results. At the end of 

the experiment, a comparison was made between the values measured by the sensors and values 

obtained from gravimetric measurements. 

The results from the experiment were subjected to a t-Test for Paired Two Sample for Means. 

3.9 Tank level sensor validation. 

The tank level sensor was validated by comparing the readings measured manually using a tape 

measure and those displayed by the kit screen. 

 3.10 Testing the system functionality 

Test-running was conducted to assess the soil sensor probe’s trigger points, and valves for auto-

opening and auto-closing. The system was tested by burying the soil moisture sensor in the soil 

to track moisture levels. When soil moisture levels dropped to below the critical level, the tank’s 

valve relays were triggered to allow water to flow to the soil for the automatically calculated 

irrigation duration.  

In addition, the system was tested for triggering the pump to deliver water to the tank once the 

level dropped to less than 20% the water level in the overhead tank. The volume of water 

supplied during each irrigation event was measured using the flow meter 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 AI algorithm results. 

The system AI algorithm was developed using C++ programming. The program checked the 

tank level and when the water level was below 20%, the pump was triggered and water was 

delivered until the level reached 80% and turned off the pump. The algorithm also sensed the 

soil moisture via soil moisture sensors, quantified the soil moisture and was able to supply the 

deficit over a specified period of time (Appendix 1). 

4.2 Circuit results 

The circuit was built. This comprised of capacitors, resistors, jumper wires, Arduino UNO 

board and the liquid crystal display screen. The circuit built was able to check tank level, sense 

soil moisture and trigger the pump-and solenoid valve (Figure20 and Figure21)  

 

Figure 23: Electro-ware circuit. 
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Figure 24: Circuit assembly 

4.3 Soil testing results 

The soil testing results from 3.6 were recorded in the table 2. 

Table 2: Soil testing results 

Soil characteristics Soil sample 

Physical properties  A 

Sand (%) 56 

Clay (%) 38 

Silt (%) 06 

Bulk density (g/cm³) 1.34 

Field Capacity (cm³ water/cm³ soil) 

Saturated Hydraulic conductivity - Ksat (cm/hr) 

Saturation (cm³ water/cm³ soil) 

Plant Available water (cm³ water/cm³ soil) 

Wilting Point (cm³ water/cm³ soil) 

Textural Class 

0.30 

0.134 

0.49                     

0.09 

0.13                           

Sandy clay loam 
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Chemical properties  

Available Phosphorus (mg/kg) 45.16                        

Soil pH  4.42 

Total Organic matter (%) 4.48 

Total Nitrogen (%) 0.27                        

Exchangeable Calcium - Ca2+ (Cmol/kg) 3.33 

Exchangeable Magnesium - Mg2+ (Cmol/kg) 0.49 

Exchangeable Potassium - K+ (Cmol/kg soil) 0.39 

Exchangeable Sodium - Na+ (Cmol/kg soil) 0.27 

 

4.3.1 Soil Productivity Assessment   

The soil pH was slightly acidic and within the critical range of 5.5 required for most crops 

production. The soil organic matter (OM) is above the critical levels of 3.0% required for most 

crops production. The total nitrogen (N) is above the critical levels of 0.20% Available 

Phosphorus (Av. P) levels are high and above the critical levels of 15 mg/kg required for most 

crop production. Exchangeable Calcium (Ca2+) is below the critical level of 4.0 Cmols/kg. 

Exchangeable Magnesium (Mg2+) levels are not limiting in the soils. Exchangeable Potassium 

(K+) is sufficient and exchangeable Sodium (Na+) is below the recommended non-toxic levels 

of <1.0 Cmols/kg. 

 

 

4.4 System calibration results. 

The results obtained from the procedure in 3.9 were recorded in table 3. 
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Table 3: System calibration results 

Sample 

number 

Moisture 

percentage 

(%) 

Volume 

of 

water(ml

s) 

Voltage reading (counts) Average 

voltage 

reading(coun

ts) 

Voltage(

v) 

  

   V1 V2 V3   

1 0 0 35.5 27.1 41.8 34.8 0.170 

2 5 6.6 451.8 614.7 614.6 560.37 2.736 

3 10 13.2  738.5 754.6 734.7 742.6 3.626 

4 15 19.8 756.5 746.5 770.9 757.97 3.701 

5 20 26.4 796.5 797.1 799.5 797.7 3.895 

6 25 33.0 736.4 746.9 726.5 736.6 3.597 

7 30 39.6 754.5 746.7 799 766.73 3.744 

8 35 46.2 795.7 811.2 781.4 796.1 3.887 

 

4.4.1 Calibration results from Gravimetric method  

The results from gravimetric procedure outlined in 3.7 were recorded in table 4. 

Table 4: Gravimetric calibration results. 

Sample 

number 

Wet 

soil(g) 

Dry 

soil(g) 

Water(g) Moisture 

percentage 

(W %) 

Volume 

wetness 

(𝜃 %) 

1 150.12 141.06 9.06 6.40 8.576 

2 160.83 146.42 14.42 9.85 13.199 
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3 173.43 152.71 20.71 13.56 18.1704 

4 185.32 158.66 26.66 16.80 22.512 

5 198.51 165.26 33.26 20.12 26.9606 

6 207.50 169.75 37.75 22.24 29.8016 

7 220.85 176.43 44.43 25.18 33.7412 

8 221.81 176.91 44.91 25.38 34.0092 

 

 

Figure 25: Calibration curve 

From figure22, resistance across the soil moisture probes reduces until the soils field capacity 

when the resistance remains constant. This means that the soil can no longer hold more water 

and leaching starts to take place beyond this point. 

4.5 System validation results. 

The following tables and figures show the comparison between values obtained from soil 

moisture sensors and values obtained from the corresponding gravimetric measurements. 
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Table 5: System validation results 

No Date 

wet soil (g) 
Dry soil 

(g) Water (g) moisture by weight 
Moisture 

by 

gravimetric 

(%) 

Moisture 

by irri-

kit (%) 

   
1 21/09 

153.46 
136.6 

16.86 12.34 
16.54 16.50 

2 22/09 

153.40 
137.5 

15.90 11.57 
15.5 15.00 

3 23/09 

154.54 
138.12 

16.42 11.89 
15.93 15.50 

4 24/09 

154.38 
139.58 

14.80 10.60 
14.21 14.50 

5 25/09 

153.79 
136.84 

16.95 12.39 
16.6 16.50 

6 26/09 

151.76 
134.23 

17.53 13.06 
17.5 15.00 

7 27/09 

126.01 
113.15 

12.86 11.37 
15.23 15.00 

8 28/09 

168.90 
149.71 

19.19 12.82 
17.18 15.00 

9 29/09 

166.18 
147.26 

18.92 12.85 
17.22 15.00 

10 30/09 

165.01 
145.43 

19.58 13.46 
18.04 14.50 

11 I/10 

165.44 
144.98 

20.46 14.11 
18.91 19.50 

12 2-Oct 

166.51 
144.5 

22.01 15.23 
20.41 20.50 

13 3-Oct 

174.17 
148.25 

25.92 17.49 
23.43 21.50 

14 4-Oct 

178.21 
150.98 

27.23 18.04 
24.17 23.50 

15 5-Oct 

176.37 
149.58 

26.79 17.91 
24 23.50 

16 6-Oct 

176.72 
148.24 

28.48 19.21 
25.74 23.50 

17 7-Oct 

178.08 
152.46 

25.62 16.81 
22.52 23.00 

18 8-Oct 

179.92 
155.34 

24.58 15.82 
21.2 22.50 

19 11-

Oct 176.39 
149.2 

27.19 18.22 
24.42 23.50 
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20 12-

Oct 180.43 
155.48 

24.95 16.04 
21.5 21.00 

21 13/10 

180.29 
155.24 

25.05 16.13 
21.62 22.00 

22 14/10 

180.36 
155.36 

25.00 16.09 
21.56 22.50 

23 15/10 

178.73 
152.9 

25.83 16.90 
22.64 22.50 

24 16/10 

177.76 
151.58 

26.18 17.27 
23.14 22.50 

25 17/10 

170.49 
144.26 

26.23 18.18 
24.36 23.50 

26 18/10 

173.13 
145.4 

27.73 19.07 
25.56 25.00 

27 19/10 

175.22 
148.3 

26.92 18.15 
24.32 23.50 

28 20/10 

173.74 
146.24 

27.50 18.81 
25.2 25.00 

29 21/10 

172.88 
145.55 

27.33 18.78 
25.16 23.00 

30 22/10 

171.26 
144.46 

26.80 18.55 
24.86 22.50 

31 23/10 

170.10 
143.25 

26.85 18.75 
25.12 23.00 

32 24/10 

173.86 
146.34 

27.52 18.81 
25.2 23.00 

33 25/10 

169.67 
142.67 

27.00 18.93 
25.36 22.50 

34 26/10 

170.81 
143.55 

27.26 18.99 
25.45 21.50 

AVERAGE  168.65 145.3685 23.29 16.02 21.46471 20.49 

 

 

 

 

 



  

49 

 

 

Figure 26: Soil moisture sensor validation graph 

Table 6: Comparison between two sample means 

 

t-Test: Paired Two Sample for Means 

   

  Moisture by Weight (%) Moisture by Device (%) 

Mean 21.46 20.48 

Variance 13.87 13.01 

Observations 34 34 

Pearson Correlation 0.937571124  
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Hypothesized Mean 

Difference 0  

Df 33  

t Stat 4.391019023  

P(T<=t) one-tail 5.47715E-05  

t Critical one-tail 1.692360309  

P(T<=t) two-tail 0.000109543  

t Critical two-tail 2.034515297   

 

From the t-Test: Paired Two Sample for Means, the difference between the two means is not 

zero. 

The results of the soil moisture sensor validation experiment revealed that the examined 

sensors are prone to several sources of error. The following points summarized the primary 

sources of error:  

Sensitivity to Electrolytic Corrosion: This can be observed by the corrosion that occurred on 

the conductive probes of the sensor after using it for three weeks only (Fig. 24). 
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Figure 27: Corrosion of low-cost soil moisture sensor 

 

Sensitivity to Soil ion Concentration: Soil resistivity is highly affected by the soil ion 

concentration. This problem was observed by adding some fertilizers to the examined soil pods 

having the same amount of water. The soil moisture readings were highly affected and mainly 

increased due to the addition of fertilizers without adding any amount of water.  

Sensitivity to Temperature: The evaluation experiment showed that temperature is an 

additional source of error for this type of sensors. The resistance of materials varies with 

temperature. Warming up the surface soil layer due to sunlight resulted in several moisture 

readings lower than the actual moisture. The integration of a soil temperature sensor is 

recommended to handle this problem. However, this addition will lead to an increase in cost 

and sensor complexity(Xu, Sheng, Zhang, Li, & Chen, 2015). 
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Installation Error: The installation of the sensor was a major source of error in all of the 

calibration and evaluation experiments performed. It was clear that as the density of the soil 

surrounding the sensor increased, the soil moisture measured values increased. This limitation 

affects the accuracy of the sensor. As a solution, an installation tool is recommended to be used 

in immersing the sensors vertically into the soil surface. In fact, all these limitations affect the 

usability of such sensors in precise irrigation control systems for an extended period or under 

varying conditions(Iwata, Miyamoto, Kameyama, & Nishiya, 2017). 

4.6 System evaluation results. 

The system evaluation results were recorded in table6. 

Table 7: System evaluation results 

Date 
Moisture before 

irrigation (%) 

Moisture after 

irrigation (%) 

Deficit 

filled (%) 

Volume of water 

from manual 

scheduling(l) 

volume of water 

applied by the 

kit(l) 

3/10/2021 21.50% 30% 8.5 1337.9 425 

4/10/2021 23.50% 30% 6.5 1023.1 325 

6/10/2021 23% 30% 7 1101.8 350 

7/10/2021 23.50% 30% 6.5 1023.1 325 

8/10/2021 22.50% 29.50% 7 1101.8 350 

11/10/2021 23.50% 29.50% 6 944.4 300 

12/10/2021 21% 29.50% 8.5 1337.9 425 

14/10/2021 22.50% 29% 6.5 1023.1                      325 

15/10/2021 22.50% 29% 6.5 1023.1                      325 

16/10/2021 22.50% 29% 6.5 1023.1                      325 

17/10/2021 23.50% 29% 5.5 865.7                      275 

18/10/2021 25% 28.50% 3.5 550.9                      175 

19/10/2021 23.50% 28.50% 5 787                      250 

22/10/2021 22.50% 28.50% 6 944.4                      300 

24/10/2021 23% 28% 5 787                      250 

26/10/2021 21.50% 28% 6.5 1023.1                      325 

From table 7, it can be observed that the system improves water use efficiency in irrigated 

agriculture since the volume applied by the kit is lower than that which would be applied when 

scheduling irrigation manually. 
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A graph showing moisture variations before and after irrigation 

 

Figure 28: System evaluation curve 

From figure25, the results indicated that the system was able to sense soil moisture variation, 

quantify the moisture deficit and supply the deficit over a specified period of time. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The system AI algorithm developed was able to schedule irrigation, however the resistivity 

based soil moisture sensor used is not recommended to be used for continuous monitoring under 

different environmental and. soil conditions. In other words, it may be utilized for short time 

applications where it can give a good indication of the state of the surrounding soil (Dry - 

Humid), but it will not be useful in high accuracy systems where exact moisture values are 

needed. 

The electro- circuit was able to perform some of the intended operations however some 

improvements needed to be made on the circuit to allow data transmission. 

5.2 Recommendations 

Electro-ware circuit improvement to allow data transmission. 

Connect a lugging capillary to the present electrode in order to make the capillary do the sensing 

rather than the electrode material. 

Using the cheap sensor and apply voltage for few seconds. 

Use of Capacitive soil moisture sensor. These are corrosion resistant.  
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Appendices  

Appendix 1: Irrigation code 

float Soil_FieldCap = 30.00; 

float Soil_WiltinP = 13.00; 

void loop() { // --- since no reaction is instantaneous here, we will use some non-overlapping scheduling method 

//---heavily event-driven program 

 while(!set_up){  system_setup();  } 

 current_millis  =  track_time();  

 //schedulable schedulable tasks first 

tank_unlocked = false; 

 if(second%30 == 0) tank_unlocked=true; 

   if(hour == 18) {save_unlocked = true; send_unlocked = true;} 

    else {save_unlocked = false; data.already_saved = false; 

          send_unlocked = false; data.already_sent = false; } 

    if(sub_routine == 1) { power_status = run_the.ManagePower(&battery_pin); // every two seconds, &power_signals) the reason is to cut off 

power supply 

                            Serial.print("Power Status: "); Serial.println(power_status); } 

  //  --- it is unwise to measure tank level multiple times per second 

else if(sub_routine == 2) {   if(tank_unlocked){  // else just keep the PUMPING... notification on the screen  

tank_status  = exec.check_tank(tank_level_sensorPin); // after two other seconds using sonar -- if low, pump in more 

 water_percent = exec.tank_levo; 

 Pumping = run_refill_pump(&pumpPin, tank_status, power_status, water_percent);   

                //always have water just enough to complete an irrigation event 

                            //datalog after a succesful pumping 

                            tank_unlocked=false;}   } 

 

else if(sub_routine == 3) moisture_now = moischa(connected_soil_sensors, soil_moisture_signal);    // , &soil_sginals) in it first detect plugged 

in status 

else if(sub_routine == 4) {  

// the time constraint thing --- how do we know it would be irrigating when time is not right??? 

  if(moisture_now > 21.50) {/* Do Nothing, if ON, power OFF */ digitalWrite(valvePin, HIGH); irrigationPrompt = "Soil Moisture OK";} 

    else if(moisture_now <= 21.50){ 

THEN NO NO Open 

valve 

and 

keep 

monitori

ng 

changes 

in RAM 

YES 
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           // if(water_percent < 30) { irrigationPrompt = "No Water!";/* Kwatila wano, compute Vol Deficit, refill tank to 70%, then return HERE 

*/} 

       // else{ 

          //    if(!power_status){ irrigationPrompt = "Low Power"; /* Kwatila wano, recharge batule first to 12.6V, then return HERE */} 

           //   else{ 

                  //  --- implement the irrigation LOGIC 

                  //computing the moisture deficit between RAM and instantaneous moisture 

                  //return countdown counter 

                  //e.g, 

    //frst get vol 

      float wetted_area = 0.00; float application_rate = 0.00; 

                 wetted_area = bosco.emitter_spacing * bosco.drip_line_spacing; 

                   application_rate = bosco.emitter_flow_rate / wetted_area; 

                            application_rate *= 0.95; // because of the efficiency 

                      float duration_in_minz = 0.00; float duration_in_hr = 0.00;       

                     duration_in_hr = (bosco.FieldCapacity - moisture_now)*10 * bosco.root_depth_at_stage_x / application_rate; 

                     duration_in_minz = duration_in_hr * 60; 

                      

                     if(was_irrigating) waiting_time = (5*60);  // 5 minutes for water seepage 

 if(!valve_is_ON){ //teekako valuvu 

      irrigationPrompt = "Irrigating..."; 

      digitalWrite(valvePin, LOW);  valve_is_ON = true;  

        was_irrigating = true; 

        starting_time_in_seconds = waiting_time + current_millis;  

    starting_hour = hour; starting_min = minute; starting_sec = second; 

        stopping_time_in_seconds = starting_time_in_seconds + (duration_in_minz*60); 

 moi_b4_irri = moisture_now; 

 count_down_in_secs = stopping_time_in_seconds - current_millis;         

 } 

 else if(valve_is_ON) { 

   if(count_down_in_secs == current_millis) {count_down_in_secs = 0; digitalWrite(valvePin, HIGH); valve_is_ON = false;  

   /*logIrrigation(); sendSMS(); data.Save(); data.Transmit();*/ } 

   else   count_down_in_secs = stopping_time_in_seconds - current_millis; 



  

60 

 

        if(was_irrigating) irrigationPrompt = "Finished!"; 

        else irrigationPrompt = "Not Irrigating!"; 

    } 

} 

      //actual_duration = (Soil_FieldCap - int(moisture_now+0.50)) / emmiter_flow_rate;  // --- time to fill the remainder 

             // } 

         // } 

       } 

else if(sub_routine == 5){ 

                        const float tank_radius = 0.53, tank_height = 1.20; 

                              float water_height = 0.00, water_volume = 0.00; 

                          // water_height = current_height - top_dead_center// 

                              water_height = float(water_percent)/100.00 * tank_height; 

                              water_volume = water_height * 3.14 * (tank_radius*tank_radius); //in cubic meters 

                              water_volume *= 1000.00; // in litres 

      if(save_unlocked) { 

       if(data.already_saved == false) { 

        uint8_t hh_mm_ss[3] = {hour, minute, second}; 

         uint8_t dd_mm_yy[3] = {day, month, Y2}; 

         // --- get crop, pump, soil details from SD card --- // 

          String crop_details[5] = {"Beans", "Flowering", String(temp), String(humi), "1/4/21"}; 

           temp = humi_temp(temp_signal);  humi = h;  

         // unsigned int irrigation_parameters[9] = {ct_Dwn, irri_hour, actual_duration, waiting_time, (int)water_volume, (int)moi_b4_irri, 

(int)moisture_now, (int)Soil_FC, (int)Soil_WP}; 

 

        //datalogPrompt = data.Save(hh_mm_ss, dd_mm_yy, crop_details, irrigation_parameters); //if time is due for data-logging 

        data.already_saved = true; 

      } else datalogPrompt = "Already Saved!"; 

    } else datalogPrompt = "Can't Save Now!"; 

      

      if(send_unlocked == true){ 

         if(data.already_sent==false) { 

              uint8_t hh_mm_ss[3] = {hour, minute, second}; 
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              String time_now = String(hour) + ":" + String(minute); 

              temp = humi_temp(temp_signal);  humi = h; // Sensor readings up to 2 seconds 'old' (its a very slow sensor) 

               String irrigation_arguments[8] = {String(temp), String(humi), String(ct_Dwn), time_now, String(water_volume), 

String(moi_b4_irri), String(moi_after_irri), "100"}; 

  MessagePrompt = data.Transmit(irrigation_arguments); // if the time due for data transmission 

              data.already_sent = true; 

           } else MessagePrompt = "Already Sent!";  

       } else MessagePrompt = "Can't send Now!"; 

 // } else MessagePrompt = "Power Low!"; datalogPrompt = "Power Low!"; 

}else sub_routine = 0; 

 

Serial.print("Message Send Notification: "); Serial.println(MessagePrompt); 

Serial.print("Message Save Notification: "); Serial.println(datalogPrompt); 

//if power_status == HIGH ... 

float Soil_FieldCap = 30.00; 

float Soil_WiltinP = 13.00; 

void loop() { // --- since no reaction is instantaneous here, we will use some non-overlapping scheduling method 

//---heavily event-driven program 

 while(!set_up){  system_setup();  } 

 current_millis  =  track_time();  

 //schedulable schedulable tasks first 

tank_unlocked = false; 

 if(second%30 == 0) tank_unlocked=true; 

   if(hour == 18) {save_unlocked = true; send_unlocked = true;} 

    else {save_unlocked = false; data.already_saved = false; 

          send_unlocked = false; data.already_sent = false; } 

    if(sub_routine == 1) { power_status = run_the.ManagePower(&battery_pin); // every two seconds, &power_signals) the reason is to cut off 

power supply 

                            Serial.print("Power Status: "); Serial.println(power_status); } 

  //  --- it is unwise to measure tank level multiple times per second 

else if(sub_routine == 2) {   if(tank_unlocked){  // else just keep the PUMPING... notification on the screen  

tank_status  = exec.check_tank(tank_level_sensorPin); // after two other seconds using sonar -- if low, pump in more 

 water_percent = exec.tank_levo; 

 Pumping = run_refill_pump(&pumpPin, tank_status, power_status, water_percent);   
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                //always have water just enough to complete an irrigation event 

                            //datalog after a succesful pumping 

                            tank_unlocked=false;}   } 

 

else if(sub_routine == 3) moisture_now = moischa(connected_soil_sensors, soil_moisture_signal);    // , &soil_sginals) in it first detect plugged 

in status 

else if(sub_routine == 4) {  

// the time constraint thing --- how do we know it would be irrigating when time is not right??? 

  if(moisture_now > 21.50) {/* Do Nothing, if ON, power OFF */ digitalWrite(valvePin, HIGH); irrigationPrompt = "Soil Moisture OK";} 

    else if(moisture_now <= 21.50){ 

           // if(water_percent < 30) { irrigationPrompt = "No Water!";/* Kwatila wano, compute Vol Deficit, refill tank to 70%, then return HERE 

*/} 

       // else{ 

          //    if(!power_status){ irrigationPrompt = "Low Power"; /* Kwatila wano, recharge batule first to 12.6V, then return HERE */} 

           //   else{ 

                  //  --- implement the irrigation LOGIC 

                  //computing the moisture deficit between RAM and instantaneous moisture 

                  //return countdown counter 

                  //e.g, 

    //frst get vol 

      float wetted_area = 0.00; float application_rate = 0.00; 

                 wetted_area = bosco.emitter_spacing * bosco.drip_line_spacing; 

                   application_rate = bosco.emitter_flow_rate / wetted_area; 

                            application_rate *= 0.95; // because of the efficiency 

                      float duration_in_minz = 0.00; float duration_in_hr = 0.00;       

                     duration_in_hr = (bosco.FieldCapacity - moisture_now)*10 * bosco.root_depth_at_stage_x / application_rate; 

                     duration_in_minz = duration_in_hr * 60; 

                      

                     if(was_irrigating) waiting_time = (5*60);  // 5 minutes for water seepage 

 if(!valve_is_ON){ //teekako valuvu 

      irrigationPrompt = "Irrigating..."; 

      digitalWrite(valvePin, LOW);  valve_is_ON = true;  

        was_irrigating = true; 

        starting_time_in_seconds = waiting_time + current_millis;  
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    starting_hour = hour; starting_min = minute; starting_sec = second; 

        stopping_time_in_seconds = starting_time_in_seconds + (duration_in_minz*60); 

 moi_b4_irri = moisture_now; 

 count_down_in_secs = stopping_time_in_seconds - current_millis;         

 } 

 else if(valve_is_ON) { 

   if(count_down_in_secs == current_millis) {count_down_in_secs = 0; digitalWrite(valvePin, HIGH); valve_is_ON = false;  

   /*logIrrigation(); sendSMS(); data.Save(); data.Transmit();*/ } 

   else   count_down_in_secs = stopping_time_in_seconds - current_millis; 

        if(was_irrigating) irrigationPrompt = "Finished!"; 

        else irrigationPrompt = "Not Irrigating!"; 

    } 

} 

      //actual_duration = (Soil_FieldCap - int(moisture_now+0.50)) / emmiter_flow_rate;  // --- time to fill the remainder 

             // } 

         // } 

       } 

else if(sub_routine == 5){ 

                        const float tank_radius = 0.53, tank_height = 1.20; 

                              float water_height = 0.00, water_volume = 0.00; 

                          // water_height = current_height - top_dead_center// 

                              water_height = float(water_percent)/100.00 * tank_height; 

                              water_volume = water_height * 3.14 * (tank_radius*tank_radius); //in cubic meters 

                              water_volume *= 1000.00; // in litres 

      if(save_unlocked) { 

       if(data.already_saved == false) { 

        uint8_t hh_mm_ss[3] = {hour, minute, second}; 

         uint8_t dd_mm_yy[3] = {day, month, Y2}; 

         // --- get crop, pump, soil details from SD card --- // 

          String crop_details[5] = {"Beans", "Flowering", String(temp), String(humi), "1/4/21"}; 

           temp = humi_temp(temp_signal);  humi = h;  

         // unsigned int irrigation_parameters[9] = {ct_Dwn, irri_hour, actual_duration, waiting_time, (int)water_volume, (int)moi_b4_irri, 

(int)moisture_now, (int)Soil_FC, (int)Soil_WP}; 
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//datalogPrompt = data.Save(hh_mm_ss, dd_mm_yy, crop_details, irrigation_parameters); //if time is due for data-logging 

        data.already_saved = true; 

      } else datalogPrompt = "Already Saved!"; 

    } else datalogPrompt = "Can't Save Now!"; 

       if(send_unlocked == true){ 

         if(data.already_sent==false) { 

              uint8_t hh_mm_ss[3] = {hour, minute, second}; 

              String time_now = String(hour) + ":" + String(minute); 

              temp = humi_temp(temp_signal);  humi = h; // Sensor readings up to 2 seconds 'old' (its a very slow sensor) 

               String irrigation_arguments[8] = {String(temp), String(humi), String(ct_Dwn), time_now, String(water_volume), 

String(moi_b4_irri), String(moi_after_irri), "100"}; 

 

              MessagePrompt = data.Transmit(irrigation_arguments); // if the time due for data transmission 

              data.already_sent = true; 

           } else MessagePrompt = "Already Sent!";  

       } else MessagePrompt = "Can't send Now!"; 

 // } else MessagePrompt = "Power Low!"; datalogPrompt = "Power Low!"; 

} 

else sub_routine = 0; 

Serial.print("Message Send Notification: "); Serial.println(MessagePrompt); 

Serial.print("Message Save Notification: "); Serial.println(datalogPrompt); 

 

//if power_status == HIGH ... 

float Soil_FieldCap = 30.00; 

float Soil_WiltinP = 13.00; 

void loop() { // --- since no reaction is instantaneous here, we will use some non-overlapping scheduling method 

//---heavily event-driven program 

 while(!set_up){  system_setup();  } 

 current_millis  =  track_time();  

 //schedulable schedulable tasks first 

tank_unlocked = false; 

 if(second%30 == 0) tank_unlocked=true; 

   if(hour == 18) {save_unlocked = true; send_unlocked = true;} 
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    else {save_unlocked = false; data.already_saved = false; 

          send_unlocked = false; data.already_sent = false; } 

    if(sub_routine == 1) { power_status = run_the.ManagePower(&battery_pin); // every two seconds, &power_signals) the reason is to cut off 

power supply 

                            Serial.print("Power Status: "); Serial.println(power_status); } 

  //  --- it is unwise to measure tank level multiple times per second 

else if(sub_routine == 2) {   if(tank_unlocked){  // else just keep the PUMPING... notification on the screen  

tank_status  = exec.check_tank(tank_level_sensorPin); // after two other seconds using sonar -- if low, pump in more 

 water_percent = exec.tank_levo; 

 Pumping = run_refill_pump(&pumpPin, tank_status, power_status, water_percent);   

                //always have water just enough to complete an irrigation event 

                            //datalog after a succesful pumping 

                            tank_unlocked=false;}   } 

 

else if(sub_routine == 3) moisture_now = moischa(connected_soil_sensors, soil_moisture_signal);    // , &soil_sginals) in it first detect plugged 

in status 

else if(sub_routine == 4) {  

// the time constraint thing --- how do we know it would be irrigating when time is not right??? 

  if(moisture_now > 21.50) {/* Do Nothing, if ON, power OFF */ digitalWrite(valvePin, HIGH); irrigationPrompt = "Soil Moisture OK";} 

    else if(moisture_now <= 21.50){ 

           // if(water_percent < 30) { irrigationPrompt = "No Water!";/* Kwatila wano, compute Vol Deficit, refill tank to 70%, then return HERE 

*/} 

       // else{ 

          //    if(!power_status){ irrigationPrompt = "Low Power"; /* Kwatila wano, recharge batule first to 12.6V, then return HERE */} 

           //   else{ 

                  //  --- implement the irrigation LOGIC 

                  //computing the moisture deficit between RAM and instantaneous moisture 

                  //return countdown counter 

                  //e.g, 

    //frst get vol 

      float wetted_area = 0.00; float application_rate = 0.00; 

                 wetted_area = bosco.emitter_spacing * bosco.drip_line_spacing; 

                   application_rate = bosco.emitter_flow_rate / wetted_area; 

                            application_rate *= 0.95; // because of the efficiency 
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                      float duration_in_minz = 0.00; float duration_in_hr = 0.00;       

                     duration_in_hr = (bosco.FieldCapacity - moisture_now)*10 * bosco.root_depth_at_stage_x / application_rate; 

                     duration_in_minz = duration_in_hr * 60; 

                      

                     if(was_irrigating) waiting_time = (5*60);  // 5 minutes for water seepage 

 if(!valve_is_ON){ //teekako valuvu 

      irrigationPrompt = "Irrigating..."; 

      digitalWrite(valvePin, LOW);  valve_is_ON = true;  

        was_irrigating = true; 

        starting_time_in_seconds = waiting_time + current_millis;  

    starting_hour = hour; starting_min = minute; starting_sec = second; 

        stopping_time_in_seconds = starting_time_in_seconds + (duration_in_minz*60); 

 moi_b4_irri = moisture_now; 

 count_down_in_secs = stopping_time_in_seconds - current_millis;         

 } 

 else if(valve_is_ON) { 

   if(count_down_in_secs == current_millis) {count_down_in_secs = 0; digitalWrite(valvePin, HIGH); valve_is_ON = false;  

   /*logIrrigation(); sendSMS(); data.Save(); data.Transmit();*/ } 

   else   count_down_in_secs = stopping_time_in_seconds - current_millis; 

        if(was_irrigating) irrigationPrompt = "Finished!"; 

        else irrigationPrompt = "Not Irrigating!"; 

    } 

}  //actual_duration = (Soil_FieldCap - int(moisture_now+0.50)) / emmiter_flow_rate;  // --- time to fill the remainder 

             // } 

         // } 

       }else if(sub_routine == 5){ 

                        const float tank_radius = 0.53, tank_height = 1.20; 

                              float water_height = 0.00, water_volume = 0.00; 

                          // water_height = current_height - top_dead_center// 

                              water_height = float(water_percent)/100.00 * tank_height; 

                              water_volume = water_height * 3.14 * (tank_radius*tank_radius); //in cubic meters 

                              water_volume *= 1000.00; // in litres 

      if(save_unlocked) { 
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       if(data.already_saved == false) { 

        uint8_t hh_mm_ss[3] = {hour, minute, second}; 

         uint8_t dd_mm_yy[3] = {day, month, Y2}; 

         // --- get crop, pump, soil details from SD card --- // 

          String crop_details[5] = {"Beans", "Flowering", String(temp), String(humi), "1/4/21"}; 

           temp = humi_temp(temp_signal);  humi = h;  

         // unsigned int irrigation_parameters[9] = {ct_Dwn, irri_hour, actual_duration, waiting_time, (int)water_volume, (int)moi_b4_irri, 

(int)moisture_now, (int)Soil_FC, (int)Soil_WP}; 

//datalogPrompt = data.Save(hh_mm_ss, dd_mm_yy, crop_details, irrigation_parameters); //if time is due for data-logging 

        data.already_saved = true; 

      } else datalogPrompt = "Already Saved!"; 

    } else datalogPrompt = "Can't Save Now!"; 

      if(send_unlocked == true){ 

         if(data.already_sent==false) { 

              uint8_t hh_mm_ss[3] = {hour, minute, second}; 

              String time_now = String(hour) + ":" + String(minute); 

              temp = humi_temp(temp_signal);  humi = h; // Sensor readings up to 2 seconds 'old' (its a very slow sensor) 

               String irrigation_arguments[8] = {String(temp), String(humi), String(ct_Dwn), time_now, String(water_volume), 

String(moi_b4_irri), String(moi_after_irri), "100"}; 

 

              MessagePrompt = data.Transmit(irrigation_arguments); // if the time due for data transmission 

              data.already_sent = true; 

           } else MessagePrompt = "Already Sent!";  

       } else MessagePrompt = "Can't send Now!"; 

 // } else MessagePrompt = "Power Low!"; datalogPrompt = "Power Low!"; 

} 

else sub_routine = 0; 

Serial.print("Message Send Notification: "); Serial.println(MessagePrompt); 

Serial.print("Message Save Notification: "); Serial.println(datalogPrompt); 

//if power_status == HIGH ... 

Appendix 2: System layout. 
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