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ABSTRACT 

Automated system of fish farming has become inevitable due to the immense 

importance of fisheries aquaculture. The efficiency of any fish rearing system depends 

on monitoring and control of pond water quality parameters as well as adequate feeding 

and a reliable power source. This work presents a fish pond monitoring and control 

system that improves on the efficiency of fish rearing. A sensor network consisting of 

temperature, pH, turbidity and water level sensors was used to measure water quality 

parameters and then relay the readings to the pond manager through a Global System 

for Mobile communication (GSM) module. Automatic feeding system controlled by 

servo motor and a real time clock (RTC) for adequate feeding of the fishes was also 

developed. The turbidity sensor was used to prevent feed wastage (and hence water 

pollution). Readings obtained from the sensors were displayed on liquid crystal display 

(LCD). An automatic water circulation system controlled by pumping machine and 

filters for pond water purification was also developed. The water level sensor ensured 

that the fish pond is filled with water only to the optimum level. Microcontrollers 

(Arduino Uno and Arduino mega) programmed using C++ language were used to effect 

the monitoring and control of the system. Each sensor was interfaced with the 

microcontrollers through analog to digital converters (ADC). A prototype fish pond 

was constructed to demonstrate the workability of this system and several tests were 

carried out on this prototype to verify the efficiency of the designed system. A total 

number of ten (10) catfish fingerlings were reared for a period of six (6) weeks within 

which water quality parameters, weight gain, and feed consumed were measured. 

Readings obtained were analyzed using Feed Conversion Ratio (FCR), which is 

measured as a ratio of the ratio of the total amount of feeds given to the total gain in 

weight by the fishes, and Feeding Efficiency (FE), measured as the inverse of the FCR 

expressed as a percentage. Similar amount of fishes were reared using a manually 

operated fish pond and the readings obtained were analyzed using the same parameters 

and then compared with the results from the designed automated system. The test 

results showed that the FCR for the fishes reared using the developed prototype was 

1.18, which is smaller than that of the manually operated system which was 1.82. This 

indicated that fewer amounts of feeds were used in the developed system to achieve a 

higher productivity as compared to the manual system. Also, the FE of the fishes reared 

using the developed system was 84.7% which indicated a higher feeding efficiency as 

compared to 54.9% obtained in the manually operated system. Furthermore, the 

average gain in weight per fish for fishes in the automated system for the six weeks 

experimental period was 28.95g as compared to 18.45g of those in the manually 

operated system. These results also indicated a higher level of efficiency as compared 

to many existing automated fish ponds especially in the area of feeding efficiency. 

These results further showed the robustness and efficiency of the developed system 

over the conventional manual system of fish rearing. 

 

  



vii 
 

TABLE OF CONTENTS 

  Page 

Cover page i 

Title page ii 

Declaration iii 

Certification iv 

Acknowledgments v 

Abstract  vi 

Table of Contents vii 

List of Tables xi 

List of Figures xii 

List of Plates xiv 

Abbreviations, Glossaries and Symbols xv 

CHAPTER ONE 1 

1.0 INTRODUCTION 1 

1.1 Background of study 1 

1.2 Statement of Research Problem 3 

1.3 Aim and Objectives 3 

1.4 Justification 4 

1.5 Scope and Limitation 4 

CHAPTER TWO 6 

2.0 LITERATURE REVIEW 6 



viii 
 

2.1 Review of Fundamental Concepts 6 

2.1.1 Sensor 6 

2.1.2 Global System for Mobile communication (GSM) Module 6 

2.1.3 RF Radio 7 

2.1.4 Fish Rearing 7 

2.1.5 Fish Feeding and Nutrition 8 

2.1.6 Water Quality Parameters 8 

2.1.7 Control and Monitoring Systems 9 

2.1.8 Servo Motor 9 

2.1.9 Pump 10 

2.1.10 Performance Metrics 10 

2.1.11 Power Source 11 

2.2 Review of Related Work 12 

CHAPTER THREE 21 

3.0 METHODOLOGY 21 

3.1 Development of a Sensor Network 21 

3.1.1 The Input Devices 21 

3.1.1.1 pH Sensing 22 

3.1.1.2 Temperature Sensing 24 

3.1.1.3 Turbidity Sensing 25 

3.1.2 The Output devices of the Sensing Network 26 



ix 
 

3.1.2.1 The Display Interface 27 

3.1.2.2 The GSM Module Interface 27 

3.1.3 Software Design of the Sensing Network 29 

3.2 Development of an Automatic Feeding System 31 

3.2.1 Wireless Feeding Time Preset Module 31 

3.2.1.1 Input Devices of the Feeding Time Preset Module 31 

3.2.1.2 Output Devices of the Automatic Feeder 33 

3.2.1.3 Wireless Actuator 34 

3.2.1.4 Software Design of the Feeding Time Preset Module 37 

3.3 Development of Water Circulation System 41 

3.3.1 Automatic over-head pumping system 41 

3.3.2 Automatic Drip Control 42 

3.3.3 Principle of Operation of Water Circulation System 45 

3.4 Design of the Photovoltaic (PV) System 48 

3.4.1 Energy Required 48 

3.4.2 Solar Panel Sizing 50 

3.4.3 Battery sizing 50 

3.4.4 Determination of the Charge Controller Capacity 51 

3.4.5 Construction of the Prototype Fish pond 51 

CHAPTER FOUR 55 

4.0       RESULTS AND DISCUSSION 55 



x 
 

4.1 Introduction 55 

4.2 Photovoltaic (PV) System Design Results 55 

4.3 Battery Charging/Discharging Test 56 

4.4 Functionality Test of the Feeder 57 

4.5 Functionality Test of the GSM module 58 

4.6 Temperature Test outside the Pond 59 

4.7 Temperature Test within the Fish Pond 60 

4.8 pH Test within the Fish Pond 62 

4.9 Test Results for Fishes Reared Using the Designed Fish Pond 63 

4.10 Test Results for Fishes Reared Using Manually Operated Fish Pond 65 

4.11 Discussions 68 

CHAPTER FIVE 70 

5.0 CONCLUSION AND RECOMMENDATIONS 70 

5.1 Conclusion 70 

5.2 Recommendations 71 

REFERENCES 73 

APPENDIX A 77 

APPENDIX B 88 

 

 

 



xi 
 

List of Tables 

Table           Page  

2.1 Summary of the Reviewed Related Works     20 

4.1 Photovoltaic System Set up Testing      55 

4.2 Battery Charging/Discharging Testing     56 

4.3 Functionality Test of Automatic Feeder     57 

4.4 Temperature Measurement outside the Prototype Pond   59 

4.5 Temperature Measurement within the Prototype Pond   60 

4.6 pH Measurement within the Prototype Pond     62 

4.7 Results of Fishes Reared with the Designed the Prototype   64 

4.8 Results of Fishes Reared Using the Manual Pond    65 

  



xii 
 

List of Figures 

Figure           Page  

3.1 Block diagram of the Sensor Network     21 

3.2 Block diagram of pH Sensing       22 

3.3 Circuit diagram of pH Senor Connection     23 

3.4 Block diagram of Temperature Sensing     24 

3.5 Circuit diagram of Temperature Senor Connection    25 

3.6 Block diagram of Turbidity Sensing      25 

3.7 Arduino Mega Board        26 

3.8 Circuit diagram of GSM Module Connection    28 

3.9 Circuit diagram of the Sensing Network     29 

3.10 Flow Chart for the Sensing Network Design     30 

3.11 Block diagram of the Feeding Time Preset Module design   31 

3.12 Circuit diagram of the momentary switch with pull up resistor  32 

3.13 Block diagram of encoder with controller and radio    33 

3.14 Block diagram of the Feeding Time Preset Module set up   34 

3.15 Block diagram of the wireless actuator sub-unit    34 

3.16 Circuit diagram of RF433MHz module with decoder   35 

3.17 LED with resistor        36 

3.18 Flow chart for the design of feeding time preset module   39 

3.19 Complete circuit diagram of automatic feeding system design  40 

3.20 Circuit diagram of float switch, pump and battery    41 

3.21 Diagram showing displacement of float switch    42 

3.22 Circuit diagram of solenoid valve      43 

3.23 Circuit diagram of the relay unit      44 



xiii 
 

3.24 Complete circuit diagram of sensing network with water circulation 47 

3.25 Block diagram of the PV system      48 

3.26 Isometric drawing of the prototype      53 

4.1 Temperature variation outside the prototype fish pond   60 

4.2 Temperature variation within the prototype fish pond   61 

4.3 Temperature variation within and outside the prototype fish pond  62 

4.4 pH variation within the prototype pond     63 

4.5 Weight gain per fish in the prototype fish pond    65 

4.6 Weight gain per fish in the manually operated pond    67 

4.7 Weight gain per fish in the automated and manually operated pond   67 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

List of Plates 

Plate           Page  

I Internal view of the sensing module      31 

II Internal view of the feeding time preset module    37 

III The design prototype        53 

IV The reared fishes within the pond      53 

V Screenshot of message received through GSM module   57

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

ABBREVIATIONS, GLOSSARIES AND SYMBOLS 

FAO   Food and Agriculture Organization 

SMS   Short Message Service 

GSM   Global System for Mobile communication 

DC   Direct Current 

BOD   Biochemical Oxygen Demand 

CO2
   

Carbon dioxide 

PLC   Programmable Logic Controller 

LCD   Liquid Crystal Display 

RTC   Real Time Clock 

RF   Radio Frequency 

ADC   Analog to Digital Converter 

USB   Universal Serial Bus 

EEPROM  Electrically Erasable Programmable Read Only Memory 

PWM   Pulse Width Modulation 

ICSP   In-Circuit Serial Programming 

IDE   Integrated Development Environment 

H2M   Human to Machine 

CMOS   Complementary Metal Oxide Semiconductor 

UART   Universal Asynchronous Receiver/Transmitter 



xvi 
 

LED   Light Emitting Diode 

PV   Photovoltaic 

FCR   Feed Conversion Ratio 

FE   Feeding Efficiency 

m   metre 

ft   feet   

V   Voltage 

A   Ampere 

Ω   Ohm 



1 
 

CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background of study 

The need for an automated and monitoring system in fish farming in our world of today has 

become inevitable due to the ever growing importance of fisheries aquaculture (Jui-Ho et al., 

2015). This importance is being reflected in terms of human consumption of fish and as a source 

of income for individuals and nations. Aquaculture, which is the cultivation of aquatic organisms 

(fish, aquatic plants and other organisms) in a controlled aquatic environment either for 

commercial, recreational, or consumption purposes, (John et al., 2018), is one of the fastest 

growing industries in the world due to the rapid increase in the demand for fish and other 

seafood as major sources of protein. Aquaculture production accounts for about 40.1% of the 

total world fish production and 88.5% of the world aquaculture production is contributed by Asia 

(Muhammad et al., 2018). The tremendous growth in human population globally has also led to a 

proportional growth in the demand and supply of fish. Fisheries aquaculture provided about 52.5 

million tonnes of fish in 2008 with this statistics increasing to about 55.1 million tonnes in the 

year 2009. If the growth continues at this rate, the production will reach about 132 million tonnes 

of fish in the year 2020 (Trygve and Morten, 2012). 

In Nigeria, aquaculture production is one of the productive and profitable sectors, contributing 

about 4.4% of the Gross Domestic Product (Thompson and Mafimisebi, 2014). Nigeria is one of 

the major inland fish producing countries in the world, having a total production ranging from 

182.264 and 304.413 tonnes between 2004 and 2008 (Food and Agriculture Organization (FAO) 

of the United Nations, 2010). Despite this production level, the current demand for fish 
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massively surpasses the available supply, such that in 2014, it was estimated that the demand for 

fish was about four times the quantity produced locally (Ozigbo et al., 2014). 

Attempt to bridge this gap between the demand and supply of fish and fish products has led to 

various research works in the area of automation and monitoring of the aquaculture system 

(Wen-Tsai et al., 2014). This research work therefore developed a fish pond monitoring and 

control system which provides an efficient fish rearing system. The rapidly growing demand for 

fisheries has necessitated the use of various technological approaches in fish pond management. 

This is in an attempt to improve fish production through automated system of fisheries 

aquaculture. 

In this research work, an automatic feeder (hopper) is developed and then controlled by the 

application of a servo motor which controls the opening and closing at preset intervals. A unique 

aspect of this feeding system is such that additional feeds are only dropped after the fishes had 

consumed the already dropped feeds. This is being done in order to avoid feed wastage and water 

pollution as being presently experienced. This was achieved using the turbidity sensor. 

This research work also develops an automatic water circulation system such that at any point in 

time the pond water is found to be polluted, this polluted water will be drained through plastic 

pipes to a water reservoir. Filters are incorporated to remove any waste particles in the water so 

that purified water is sent to another reservoir before being pumped back to the fish pond. Also, 

sensors that measure water quality parameters to update the fish pond manager through a Short 

Message Service (SMS) using a Global System for Mobile communication (GSM) module are 

incorporated. 
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The control aspect of the system is coordinated using the Arduino microcontroller. Two of these 

microcontrollers were used; the first one was interfaced with the servo motor that controls the 

opening and closing of the hopper (feeder) and also the pumping machine. The second was 

interfaced with the various sensors used in the system which are the sensors for measuring water 

quality parameters, water level sensor, and turbidity sensor. 

1.2 Statement of Research Problem 

Due to the ever growing population in the world, the demands for fish and fish products are 

increasing tremendously by the day to the extent that dependence on wild-caught fish can no 

longer meet up the demands. Attempt to meet up with this demand has led to various research 

work in the area of monitoring and automation of the fish rearing system which are aimed at 

improving on the efficiency of the system (Muhammad et al., 2018). However, from literatures 

and investigation of some of the existing fish pond especially those within the New Bussa 

locality in Niger State, not much has been done in the area of automatic feeding system that 

reduces feed wastage and water pollution. Most of the existing fish ponds are usually faced with 

problems like water pollution, absence of sensor networks to monitor the status of water quality 

parameters (like pH, dissolved oxygen and temperature), and absence of a reliable power source 

to effectively manage the fish pond. Hence, an effective monitoring and automation system for 

fish ponds will put all these factors into consideration. 

1.3 Aim and Objectives 

The aim of this research work is to develop a fish pond monitoring and control system. 

The objectives of this work are: 
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i. To develop a sensor network to monitor pond water quality parameters and then relay the 

readings to the pond manager through Global System for Mobile communication (GSM) 

module. 

ii. To develop an automatic feeding system that reduces feed wastage. 

iii. To develop an automatic water circulation system. 

iv. To develop a solar based power source to continuously power the system. 

v. To test and evaluate the performance of the developed fish pond. 

1.4 Justification 

In order to improve the productivity and efficiency of the fish rearing system, there is need to 

operate the system in such a way that all or most of its operations are monitored and automated. 

Extensive research work has been carried out on the ways of monitoring and automating the 

various activities involved in fish pond management as the advantages of this automated system 

over the historical human monitoring system cannot be overemphasized. This automation and 

monitoring system has become necessary as a result of the frequent shortcomings associated with 

human controlled system such as time delay in feeding, water pollution, and inadequate 

knowledge of the status of water quality parameters. However, not much has been seen of a 

system which incorporates all the aspects of an efficient fish rearing system into a single 

automated unit. Hence, the possibility of developing a monitoring and automated system where 

all or most of the activities involved in an efficient fish pond management are being catered for 

is the motivation for this research work. 

1.5 Scope and Limitation 

The scope of this research work is limited to designing an automation and monitoring system for 

a prototype fish pond, which consists of a single hopper (feeder), a plastic bowl (used as the fish 
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pond), and another plastic bowl used as the water reservoir. 30cm
2 

plastic bowls were used for 

this purpose. This prototype developed was powered by an independent energy source (solar 

power system) whose major components are the solar panel, a deep cycle battery, and charge 

controller which were sized based on the energy requirements of each of the components of the 

system. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Review of Fundamental Concepts 

2.1.1 Sensor 

A sensor is a device which can acquire information about physical quantities such as pH, flux, 

electric field and temperature which are not detected or perceived by human senses due to their 

minute nature (Electronics Hub, “Different Types of Sensors”, 2017). Sensors convert these 

physical quantities into signals such as electrical, mechanical or optical signals which can be 

easily processed. Sensors have certain characteristics such as sensitivity, stability and quick 

response time which are considered before choosing them for use. 

A sensor network is an interconnection of sensing devices for the purpose of monitoring the 

environment or to provide an observation which can be used in various ways (Search 

Networking, 2010). Sensors, as well as sensor networks can be wired or wireless. A wireless 

sensor network (WSN) is a network of sensing devices used to monitor a physical environment 

such as temperature, water, pH or pressure and then send the acquired information through 

wireless links. A WSN can be mobile WSN, underground WSN, terrestrial WSN, underwater 

WSN or multimedia WSN. 

2.1.2 Global System for Mobile communication (GSM) Module 

A GSM is a mobile digital network used by mobile network users which helps to compress data 

and convert it to digital form before sending it through a channel (Rouse, 2019). The idea of 

GSM was conceived and developed at the Bell Laboratories in 1970. The GSM module is an 

integrated circuit which is used to channel a communication between a mobile device and a 
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GSM system. The GSM module is used to communicate the state of the system to the pond 

manager. The GSM module used in this system is the sim800L which is a quad-band (that is, 

850/900/1800/1900MHz frequency bands) module which can be used to transmit voice, SMS, 

and data information with low consumption of power (Alam et al., 2018) and it was selected 

because of its affordable price, low power consumption, and portability. 

2.1.3 RF Radio 

Radio Frequency (RF) refers to the rate at which an electromagnetic wave oscillates between the 

ranges of 3 KHz to 300 GHz and also the alternating current which carries the radio signal 

(Rouse, 2017). Many mobile devices such as mobile phones make use of radio frequency. An RF 

module is an electronic device which is used to transmit and/or receive radio signals between 

two devices. Hence, the RF module is a transceiver since it comes in a pair consisting of the 

transmitter and receiver for sending and receiving signals. The RF transmitter gets a serial data 

and then sends it wirelessly through its antenna usually at transmission rates of between 1 

kilobytes per second (kbps) and 10 kbps. Such transmitted data is received by the RF receiver 

pair which operates at the same frequency. 

2.1.4 Fish Rearing 

One of the earliest evidence of fish rearing is recorded to have dated back as far as 1000BCE in 

the Chinese empire while the ancient Romans were the first European nation to venture into 

aquaculture (Alimentarium, 2019). As fish rearing developed over the years, people no longer 

depended on natural habitats of fish rearing but rather used a more favorable and controlled 

environment to improve on the productivity of fish rearing  (European Commission, 2019). 

These developments in fish rearing systems continued up till the most recent methods where 
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emphasis are placed on the use of various machineries to enhance fish production 

(Mohammadmehdi, 2016). 

2.1.5 Fish Feeding and Nutrition 

Fish feeding is another very important aspect of an efficient fish rearing system as the 

productivity of any system majorly depends on the efficiency of the feeding system and the types 

of feeds (Craig et al., 2017). The feeds supplied to the fish have to be complete diets which 

supplies all the necessary ingredients required for optimum fish growth. These feeds can either 

be sinking or floating feeds and the type supplied depends on the species of fish being reared. 

The rate, frequency and timing of the feeding depend mainly on the size of the fish at various 

intervals of their growth. Also, the feeding can be done manually (hand feeding), by automatic 

feeders which are timed feeders or by demand feeders whereby feeding is done when the fish 

makes contact with a rod connected to a feed container. 

2.1.6 Water Quality Parameters 

Monitoring of water quality parameters is an important aspect of fish rearing as polluted water 

adversely affects the productivity of any fish rearing system (Shi-Yang et al., 2011). For any 

efficient fish rearing system, water quality parameters such as temperature, pH, and dissolved 

oxygen levels have to be constantly measured and ensured to be within the optimum level. Also, 

water recirculating system is another important aspect for high fish productivity and it uses 

different levels of water treatment to ensure that the same water can used over and over again 

(Carlos and Daniel, 2019). 
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2.1.7 Control and Monitoring Systems 

A control system is a system which manages and regulates the behavioral adaptations of other 

systems (Electrical4u, 2019). A control system can be a single system tasked with the control of 

another simple system such as an automatic change over switch in our homes tasked with 

changing the power supply of the building from the national grid supply to other alternative 

power source such as a solar system. Also, a control system can be a much larger system used in 

the control of industrial processes such as in the bottling company where a control system is used 

to move the bottles along a row, fill them up with drinks, seal them up and then place them in 

crates.  

A monitoring system is a system used to keep track of the parameters of a system so that any 

changes in preset values or desired values can be detected (Electrical4u, 2019). Control and 

monitoring systems usually go hand in hand, for instance in the bottling company where a 

monitoring system is used alongside the control system to keep track of the level to which drinks 

are filled in the bottles. 

2.1.8 Servo Motor 

A servo motor is a linear or rotary actuator which gives room for the exact control of the linear 

or angular position, velocity, and acceleration of a mechanism (Dave, 2019). It usually consists 

of a motor which is coupled to a position sensor to allow for position feedback. Hence, servo 

motors have special applications in closed loop control systems. In its simplest form of 

application in a closed loop control system, the servo motor measures the position of a 

mechanism and then compare it with the command or input signal from a controller. If there 

exits any disparity in the measured distance and the signal input from the controller, the servo 

motor then moves in the direction that will bring the mechanism to the desired position. 
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2.1.9 Pump 

Pumps are usually used to transfer liquids from one point to another usually through a pipe or 

hose (“What is a pump? – Centrifugal pumps, Displacement pumps, Multi stage pumps”, n.d.). 

Water pumps are used to transfer water along a hose from one point to another either for use at 

that point or to move out polluted water so as to make room for clean one. Water pumps usually 

have different capacities and hence different rates at which they can pump water depending on 

their ratings. Pumps are usually rated in horsepower (hp) which gives their power rating, with 1 

hp approximately equivalent to 746 watts. These pumps also operate at different voltage levels, 

with some being single phase pumps that operate at approximately 240 V and others being three 

phase pumps which operate at about 415 V. 

2.1.10 Performance Metrics 

The performance metrics used in this research work to evaluate the developed system are the 

Feed Conversion Ratio (FCR) and the Feeding Efficiency (FE). Feed Conversion Ratio (FCR) is 

the amount of feeds required to grow a kilogram of fish (USAID, 2011). It is an important 

performance evaluation index for a fish farmer as it enables him to estimate certain parameters 

such as the amount of feeds that will be required in a growing cycle and also the productivity of 

the fishes. It is measured as the ratio of the total amount of feeds given to the fishes to the total 

gain in the weight of the fishes. Lower value of FCR for the same kind of fishes reared under 

different conditions indicates higher productivity and hence better output. It can be computed 

using the formula in Equation (2.1) (USAID, 2011) 

     
                               

                                    
       (2.1) 
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Feeding Efficiency (FE) on the other hand is used to evaluate the efficiency of the feeding and 

hence the feeding system used by the farmer (Hugues, 2017). It is measured as the inverse of the 

FCR expressed as a percentage. Higher percentage of FE for the same kind of fishes reared under 

different conditions indicates a more efficient feeding and hence better feeding system. FE is 

computed from the formula given in Equation (2.2) 

    
  

    
               (2.2) 

2.1.11 Power Source 

Sustainable power supply is an important aspect of the economy of any nation (Oseni, 2012). 

The economic and social growth of any nation is majorly determined by the availability of an 

adequate, reliable and also an affordable source of energy (Cherp and Jewell, 2013). After 

establishing the fact that efficient power source is an important aspect of any nation’s growth, 

different countries thereby try to diversify their energy sources by going into the area of 

renewable energy sources (Li et al., 2012). Presently, the rate of exploitation of renewable 

energy sources is unlike before, and solar radiation, which is one of these renewable sources, is a 

good energy alternative for a country like Nigeria due to its geographical location (Bayar, 2013). 

The solar panel, which is one of the components of a solar power system, is a combination of 

photovoltaic (PV) modules that form a PV array. The deep cycle battery is another component 

and is used in the PV systems to supply the required energy when there is low solar radiation as a 

result of nightfall or cloudy weather. They can be used continuously and drain to about 80% 

before recharging (Leonics, 2018). The charge controller is another important aspect of the PV 

system used in this research work and their function is to regulate the inflow of current from the 

PV array or panel to the battery in order to prevent over/under charging. It does this by cutting 
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off supply to the battery when the battery storage limit is reached. They also determine the depth 

of battery discharge (Leonics, 2018). 

2.2 Review of Related Work 

Yeoh et al., (2010) developed an automatic feeding machine for aquaculture industry. The aim of 

their work was to develop a machine which automatically feeds the fishes in a pond with the 

intention of automating the feeding process in order to overcome the problems of manually 

feeding the fishes. Their design has the ability to serve dried fish feed in different forms such as 

pellets, sticks, tablets or granules into the fish ponds in a controlled manner and for a preset 

period of time. The automatic feeder has a digital timer which is being used to feed the fish at 

specified intervals given by the operator. The limitation associated with their work is that only 

the feeding aspect of the fish pond was being taken care of in an attempt to automate the fish 

rearing system. Also, for such design to be used in a country where there is no constant power 

supply from the national grid, an independent power source has to be supplied to enable the 

system work constantly. Also, this work does not consider feed wastage and also the relaying 

information to the pond manager through a GSM module or other means. 

Garcia et al., (2011) did a research work on monitoring and control sensor system for fish 

feeding in marine fish farms. The aim of their work is to design a feeding control system which 

makes use of a group of sensors to take appropriate decisions that will avoid feed wastage when 

the fish are fed in marine fish farms. By making use of the data obtained from a group of sensors, 

their system is able to control the feeding of the fish, thereby reducing cost and also avoiding 

pollution of the pond water. In the design of their system, they made use of the nature of the 

movement of the fishes and some parameters from the water such as speed and direction of water 

current, water quality parameters like pH, temperature and salinity, water turbidity among others. 
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They made use of a group of under-water transducers to measure these parameters and then 

analyzed the data obtained to carry out control of the feeding process. The major gap identified 

with their work is the absence of a real time update of the pond manager on the status of the pond 

and also the absence of an independent power source. 

Noor et al., (2012) did a research on the design and development of automatic fish feeder system 

using PIC microcontroller. The essence of the research was to reduce the cost of labor as well as 

develop better pellet dispense system. The developed device consists of the mechanical and 

electrical systems to control the feeding activity of the fish. The main components of their device 

are the pellet (feed) storage, former, a stand, Direct Current (DC) motor, and microcontroller. 

Their device works in such a way that the pellets, contained in the pellet storage, are controlled 

by the DC motor. A timer was used in this device to control the rotation of the motor which is 

attached to sphere former that dispenses the pellets into the water. The rotation speed of the 

motor determines the rate at which the pellets are dispensed into the water. The microcontroller 

has a keypad which was used to determine the suitable speed for the motor. The limitation or gap 

associated with their work is that it did not address the problem of uneaten feeds in the fish pond. 

Hence more feeds are being dropped when the next feeding time is reached and this can result in 

feed wastage and water pollution. 

Bhatnagar and Devi (2013) did a research work on Water Quality Guidelines for The 

Management of Pond Fish Culture. They showed that efficient fish production depends majorly 

on the physical, chemical, and biological condition of the water within which the fish resides. 

They considered water quality parameters such as temperature, pH, dissolved oxygen, turbidity, 

biochemical oxygen demand (BOD), alkalinity, carbon dioxide (CO2), salinity, chlorides, 

ammonia, and so on. They showed the effects of various levels of these parameters on fish 
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production, the desirable level that are essential for optimum fish production, and also the steps 

to be taken for control and treatment when these water quality parameters fall below or go above 

the desired limits. They did a good work in the area of water quality parameters for optimum fish 

production, even though they stopped short at demonstrating the workability of their research 

using and actual or a prototype fish pond. 

Mbonu et al., (2014) did a research work on an Intelligent User-friendly Aquarium Control 

System for Efficient Fish Production in Nigeria. Their work was based on designing and 

implementing a universal intelligent control system which automates the operation of an 

aquarium system. They made use of an intelligent microcontroller, AT89C51, to carry out water 

temperature control, lighting of aquarium environment, feeding of fish, and also draining and 

refilling of the aquarium tank. Their system is such that a keypad is interfaced to the controller 

through which the aquarium manager can select a suitable range of temperature and the feeding 

times. To be able to know when to drain and refill the aquarium, they used a dirty water detector 

(sensor) to detect the purity of the water. They simulated a prototype of this design before finally 

building the physical system. The major gap identified with their work is the absence of a real 

time update to the pond manager on the status of the pond and also the absence of an 

independent power source. 

Chandanapalli et al., (2014) did a research work on the design and deployment of aqua 

monitoring system using wireless sensor networks and IAR-Kick. Since in Aquaculture the water 

characteristics of the aquaculture pond determines the yield (fish, shrimp, and so on), their 

research work was therefore aimed at maximizing fish yields. To achieve this aim, they showed 

that certain parameters which include dissolved oxygen, temperature, salinity, turbidity, pH 

level, alkalinity and hardness, ammonia and nutrient levels have to be kept at certain optimal 
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levels in the water. To monitor these parameters, they designed a real time information system 

which consists of two modules; the transmitter station and the receiver station. In their design, 

parameters such as pH, humidity, and temperature both inside and outside of the water were used 

as sensor nodes at the transmitter station. In addition, microcontrollers, GSM, analog/digital 

converters were also present. At the other end, the receiver station has a GSM module which was 

used for receiving the sensing data from transmitter through a GSM network. A prototype of 

their design was made and tested which worked fine. However, this work only focused on the 

monitoring of water quality parameters and sending a report of the readings to the pond manager. 

This work is therefore short of developing an efficient feeding system for the fish and also 

automatic pond water circulation with the aim of purifying polluted pond water. Also, an 

independent power source is required to improve the efficiency of such a system. 

Ani et al., (2015) developed a solar powered automatic shrimp feeding system. The main 

objectives of their research work was to design an automatic feeding system in order to solve the 

problem of manual feeding and also to provide an alternative source of power (through solar 

system) in order to solve the crisis of epileptic power supply. They made use of a ten-hour timer 

which was set at intervals as desired by the user. However, the gap identified with this design 

which is improved upon in this research work is that it fails to address a situation whereby the 

fishes fail to eat the dropped feeds; hence dropping more feeds at the next programmed time will 

result in feed wastage and pollution of the pond water. 

Ogunlela and Adebayo (2016) did a research work on the development and performance 

evaluation of an automatic fish feeder. They designed, constructed, and evaluated the 

performance of a simple and inexpensive automatic fish feeder which does not require high level 

of technical expertise for it to be operated. The main parts of the automatic feeder are stainless 
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steel hopper, bi-directional DC motor, feed platform and electrical control box. In their design, 

they considered certain parameters for the effective construction of the device, which include 

capacity of culture tank (pond), stocking density of the feed, bulk density of the feed, diameter of 

the feed, fish biomass, and angle of repose of the feeder. The major gap identified with their 

design is the absence of an independent power source to give constant power supply to the 

system which is needed to ensure continuous operation of the feeder at the specified periods of 

time. 

Uddin et al., (2016) did a work on the development of automatic fish feeder. They defined the 

automatic fish feeder as a device that automatically feeds the fish at a predetermined time. The 

essence of developing the automatic fish feeder was to control the feeding of the fish by using a 

feeder which combined the mechanical and electrical systems to form a device instead of 

manually feeding the fish by hand. Another essence of developing the automatic fish feeder was 

to save the fish pond manager from having to constantly go to the fish pond to manually feed the 

fish by hand. They also monitored the environment of the fish pond in terms of the water 

temperature. The components they used for the automatic fish feeding device were a motor, a 

stand, fish storage, Programmable Logic Circuit (PLC), and a Global System for Mobile 

communication (GSM) handset. The device was to work in such a way that it feeds the fish by 

dropping feeds from the storage through a hole, the size of the hole controlled by a piece of 

block attached to a motor. A timer was used to control the feeding times at an interval of time. 

Also, a feedback system was sued to sense the level of feed left in the storage and then send an 

alert to the pond manager through a Short Messaging Service (SMS). The main challenge they 

faced in their work was coding of the components (servo motor, PLC, and GSM handset) and 

also interfacing them to function as a unit. There was also cost limitation as most of the 
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components were not cost effective. Absence of an independent power source for the system is 

also a gap associated with the system. 

Xie and Jiang (2016) developed an Intelligent Fishpond Monitoring System Based on STM32 

and Zigbee. The aim of their work was to monitor the temperature and dissolved oxygen content 

in the fishpond, by ensuring that the dissolved oxygen content in the pond is at optimum level as 

required by the fishes. Their design was based on stm32 and Zigbee wireless transmission 

technology whereby Zigbee was used to set up a sensor network to monitor multiple fishponds. 

Temperature and dissolved oxygen sensors are used to acquire data from the fish pond and the 

data is transferred to the stm32 which is the master controller. Using the data obtained, a control 

strategy is then generated which could be used to control an oxygen-enriching machine used to 

produce an optimal amount of oxygen for the fish pond. Test results showed that the productivity 

of the fish pond was greatly increased by the monitoring and control system designed. The major 

gap identified with their work is the absence of a real time update of the pond manager on the 

status of the pond and also the absence of an independent power source. 

Cahyono and Lestari (2017) carried out a research work on the automation of fish pond water 

circulation by using Arduino Uno based control system. Their work was based on the fact that 

the success of any freshwater aquaculture system depends on some factors, one of which is the 

pond water quality parameters (that is dissolved oxygen level, pH). The purpose of their work 

was to automate fish pond water circulation by using Arduino Uno microcontroller to control the 

pH level of the pond water. They also used water level sensor to measure the level of water in the 

fish pond. The recommendations they made at the end of their work in order to improve upon it 

was that the control system be updated such that the fish pond manager can have a real time 

update of the fish pond condition through a GSM SMS system. 
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Harun et al., (2018) developed a real time fish pond monitoring and automation system using 

Arduino. The aim of their work was to develop a system which will automate the daily 

operations associated with the fish pond which usually includes monitoring water levels, 

temperature and feeding of the fish. In their work, they made use of a fish pond located in 

Malacca, Malaysia. They made use of various sensors to measure water, temperature, pH and 

dissolved oxygen (DO) levels which were then incorporated with an aerator and water supply 

pumps using a programmable controller called Arduino. Their research work also included 

presenting the measured information on display gadgets, Liquid Crystal Display (LCD), or 

sending them to an online site as long as there is an internet connection where they can be 

viewed by the pond manager. The gap associated with their work which is improved upon in this 

research work is the absence of a GSM module which can be incorporated into the design so that 

the pond manager can receive real time update on the pond status through an SMS on his mobile 

phone even when there is no internet connection. Also, an independent power source is required 

for such a system so as to avoid any downtime in operation due to power failure from grid 

supply. 

Table 2.1 shows a summary of the reviewed related works. 

The research gaps established from the reviews include: Absence of a communication channel 

between the pond manager and the pond, unreliable power supply source, failure to consider the 

efficiency of the developed feeder, complex systems which might not easily appeal to fish pond 

managers of low formal education, high cost systems which might not be easily affordable by 

low income earners. Therefore, an independent solar power system is introduced to continuously 

power the fish pond. Cost reduction was also put into considering by eliminating an inverter 

from the design by ensuring that all loads are direct current (DC) loads without any effect on the 
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system’s operation. A filtering section has been included to intermittently filter the pond water 

which further ensures high productivity. A turbidity sensor was included to ensure that feeding is 

efficient by ensuring that dropped feeds have been consumed by the fishes before the next 

feeding is done. 
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Table 2.1: Summary of the Reviewed Related works. 

S/N AUTHOR(S) 

(YEAR) 

TITLE OF WORK STRENGTH WEAKNESS 

1 Yeoh et al., 

(2010) 

Development of an 

automatic feeding 

machine for aquaculture 

industry. 

 

Automated 

feeding system 

developed. 

No emphasis on the 

efficiency of the feeder. 

2 Garcia et al., 

(2011) 

Monitoring and control 

sensor system for fish 

feeding in marine fish 

farms. 

Feeding system 

developed with 

a monitoring 

system. 

Not focus on efficiency of 
the feeding system and 

stable power source 

3 Noor et al., 

(2012) 

Design and development 

of automatic fish feeder 

system using PIC 

microcontroller. 

An automatic 

feeder is 

developed. 

No emphasis on the 
efficiency of the feeder 

4 Bhatnagar and 

Devi (2013) 

Water Quality Guidelines 

for The Management of 

Pond Fish Culture. 

Good work on 

the area of 

water quality 

guidelines. 

Stopped short at 

demonstrating the 

workability of the work 

on a practical pond. 
5 Mbonu et al., 

(2014) 

Intelligent User-friendly 

Aquarium Control System 

for Efficient Fish. 

Production in Nigeria 

 

A good control 

system for fish 

production. 

 

Nothing on updating the 

pond manager through a 

GSM system 

6 Chandanapalli 

et al., (2014) 

Design and deployment of 

aqua monitoring system 

using wireless sensor 

networks and IAR-Kick. 

A good system 

monitoring 

pond water 

quality 

parameters was 

developed. 

Nothing on controlling the 

measured parameters. 

7 Ani et al., 

(2015) 

Solar powered automatic 

shrimp feeding system. 

A good feeder 

with independent 

power source. 

No consideration of the 

efficiency of the feeder 

8 Ogunlela and 

Adebayo (2016) 

Development and 

performance evaluation of 

an automatic fish feeder. 

A good feeder 

was developed 

and evaluated. 

Feeder has no independent 
power source 

9 Xie and Jiang 

(2016) 

Intelligent Fishpond 

Monitoring System Based 

on STM32 and Zigbee. 

A good 

monitoring 
system was 

developed. 

Deals mainly with a 

monitoring system without 
considering other factors 

responsible for efficient 

fish rearing. 

10 Cahyono and 

Lestari (2017) 

Automation of fish pond 

water circulation by using 

Arduino Uno based 

control system. 

A good water 

circulation 

system was 

developed. 

No emphasis on 

monitoring water quality 

parameters. 
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CHAPTER THREE 

3.0 METHODOLOGY 

This chapter presents the way by which the set objectives of this research work were achieved. A 

sensor network was developed to monitor the quality parameters of the pond water. An efficient 

feeding system that reduces feed wastage was also developed. A water circulation system which 

helps in circulation of the pond water to reduce water pollution was also developed. A solar 

based energy system was developed to power the entire system. A design prototype was then 

constructed to demonstrate the workability of the entire system.  

3.1 Development of a Sensor Network 

The sensor network consists of input devices, controller, and output devices. This sensor network 

was used to sense pH, temperature, and turbidity of the water so as to ensure good water quality 

in order to achieve a healthy environment for the fishes. The block diagram in Figure 3.1 briefly 

shows these parts. 

 

 

Figure 3.1:  Block diagram of the Sensor Network 

3.1.1 The Input Devices 

These consist of the sensing devices which are the pH senor, temperature sensor, and turbidity 

sensors. 
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3.1.1.1 pH Sensing 

The pH sensor used operates with an analog to digital converter (ADC) to monitor the pH of the 

pond water. Figure 3.2 shows how the pH and its ADC are interconnected with the controller 

which in turn is connected to a Liquid Crystal Display (LCD) for visual display. 

 

 

 

Figure 3.2: Block diagram of the pH Sensing 

The system as shown above senses the pH of the water via the transducer (pH sensor). The 

physical parameter (pH value) which is converted into an electrical signal is fed into the ADC 

which is then forwarded to the controller via the Serial Port Interface (SPI). The controller then 

receives the read data and does processing so that it can enable its display. The equation used in 

the pH conversion is given in Equation (3.1). 

      
              

    
         (3.1) 

       Required pH value 

          Average value of pH read from the ADC 

    = input voltage =    

      represents the number of bits of ADC (i.e. 10 bits) and   is a conversion constant. 

The equation involved in ensuring that the pH value obtained falls within pH range of 0 – 14 is 

given in Equation (3.2). 
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                                      (3.2) 

where       and       are calibration constants. 

The circuit diagram involved is shown in Figure 3.3 

 

 

Figure 3.3: Circuit diagram of the pH sensor connection 
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3.1.1.2 Temperature Sensing 

The temperature was monitored using the LM35 temperature sensor. This was selected because it 

is cost effective and also readily available. Also, it has a considerable range of sensing between -

55℃ to 150℃ (Nikesh, 2016). Figure 3.4 shows how the LM35 was interfaced with the 

controller and the LCD. 

 

 

 

Figure 3.4: Block diagram of the Temperature Sensing 

The LM35 reads the temperature and then converts it to an electrical signal. This is then 

forwarded to the in-built ADC of the controller. Equation (3.3) shows the conversion formula of 

the read temperature. 

            
               

    
            (3.3) 

       = ADC value of the temperature 

    = Input voltage =    

     =         of the ADC and 1000 is a conversion constant. 

Figure 3.5 shows the circuit diagram connection of the LM35 
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Figure 3.5: Circuit diagram of the temperature sensor connection 

3.1.1.3 Turbidity Sensing 

The turbidity sensor was used to monitor how clear the water is in terms of fish feeds. This 

helped in knowing whether there are feeds on the water surface or not so that more feeds were 

not deployed when feeds from previous feeding session have not been consumed. Figure 3.6 

shows how the turbidity sensor was interfaced with the controller and the LCD. 

 

 

Figure 3.6: Block diagram of the Turbidity Sensing 
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The turbidity sensor is digital in nature and gives an output logic “LOW” when the water is clear 

and logic “HIGH” when the water is turbid. 

The controller used for this sensor network is the Arduino Mega. The reason for its selection was 

because it has many digital input/output pins which were required for interfacing with the 

sensors and the display. Also, it has an internal ADC which was utilized for temperature 

conversion. Figure 3.7 shows the Arduino Mega board. 

 

Figure 3.7: Arduino Mega board (TheEngineeringProjects.com) 

3.1.2 The Output devices of the Sensing Network 

The output devices were used to present the results of the sensing network either via a display 

and a text message through a GSM module.  
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3.1.2.1 The Display Interface 

The display utilized for the visual display of the sensor readings is the 16 by 4 LCD. The device 

has 16 pins which were interfaced with the controller as specified in the manufacturer’s data 

sheet. 

3.1.2.2 The GSM Module Interface 

The GSM module was used in this system to alert the farmer whenever the pH value of the pond 

water was out of the set range (6.8 – 8.5). To achieve this, sim800L was used. However, this 

device requires 4.3V to power it as specified in its data sheet. To achieve this voltage from the 

5V generated by the voltage regulators, a diode was used to drop the voltage. Equation (3.4) 

shows this. 

                                              (3.4) 

       

      

Hence, since the diode has a barrier voltage of 0.7V, it was connected in forward biased mode 

with the GSM module as shown in Figure 3.8. 
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Figure 3.8: Circuit diagram of the GSM module connection 

Furthermore, the GSM module and the controller were interfaced via their Universal 

Asynchronous Receiver-Transmitter (UART) ports. 

Figure 3.9 shows the complete circuit diagram of the sensor network. 
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Figure 3.9: Circuit diagram of the sensing network 

3.1.3 Software Design of the Sensing Network 

The Arduino Mega controller of the sensing network was programmed within Arduino Integrated 

Development Environment (IDE) using the C++ programming language. At start up, the system 

initializes the LCD and the GSM module. Furthermore, the range of the pH is set. For this 

system, the pH range was set from 7.0 to 8.5, which is the optimum pH range required for 

effective fish growth (Ozigbo et al., 2014). The system then reads the temperature, pH and 

turbidity through the various sensors. The system then checks if the pH is out of the set range. If 

so, it sends an SMS through the GSM module to the farmer. Else, it goes back to read the 

parameters again. 
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A summary of this control program is shown in the flow chart in Figure 3.10 and the source code 

is shown in appendix B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: Flow chart for the sensing network design 

Plate I shows the internal view of the sensing network module 
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Plate I: Internal view of the sensing network module 

3.2 Development of an Automatic Feeding System 

In this unit, an automatic feeding system that reduces feed wastage is developed. This was 

subdivided into two sub-units which are the wireless feeding time preset module and the wireless 

actuator. 

3.2.1 Wireless Feeding Time Preset Module 

A block diagram showing the various parts of this module is shown in Figure 3.11. 

 

 

Figure 3.11: Block diagram of the wireless feeding time preset module 

3.2.1.1 Input Devices of the Feeding Time Preset Module 

Momentary switches were used as one of the input devices to set the feeding times. In this 

system, five feeding times were set. The switches were pulled up with a resistor as shown in 

Figure 3.12.  
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Figure 3.12: Circuit diagram of a momentary switch with a pull up resistor 

The point “x” was connected to a digital pin in the controller. As the switch is opened, logic 

“HIGH” is given at the point “x” while logic “LOW’ is given with the switch closed. Equation 

(3.5) was used to calculate the value of the pull up resistor. 

               (3.5) 

         (from the manufacturer’s data sheet) 

   maximum current of the Arduino without being damaged and this has a value of 50mA 

(from the manufacturer’s data sheet) 

Allowing a current of              so as to allow for tolerance, then we have: 

From Equation (3.5),   
 

 
 

 

     
       

Another input device which was deployed in this design is the Real Time Clock (RTC) which 

was used to keep track of the feeding times which were set. The chip used for the RTC is the 

DS1307. This selection was because it has high accuracy (Sadeque et al., 2013) and readily 

available at affordable price. The RTC uses a 32.76 KHz oscillator to aid accuracy in timing. It 

was interfaced with controller as specified in the manufacturer’s data sheet. 
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3.2.1.2 Output Devices of the Automatic Feeder 

An LCD was also used in the feeding time preset module to present a means of human to 

machine interface while setting the feeding times. The LCD in this case is the 16 by 2 LCD. This 

selection was made because it is readily available and also cost effective. Also, it serves the 

purpose required since only the timing is displayed here. It was interfaced with the controller as 

specified in the manufacturer’s data sheet. 

A radio frequency (RF) transmitter was also used as an output device to transmit the feeding time 

signal to the actuator whenever it was time to feed. The RF433MHz was used to achieve this and 

this selection was because it has the ability to communicate with its receiver pair if within a 

2KM radius as specified in its data sheet. To work effectively, the RF transmitter was connected 

to an encoder as shown in Figure 3.13 

 

Figure 3.13: Block diagram of the encoder interfaced with the controller and radio 

The encoder is another output device in this unit which was used to encode the feeding signal to 

be transmitted remotely by the RF344MHz. The HT12E chip was the encoder used and it was 

selected because it is readily available at an affordable price and easily compatible with the 

Arduino controller. The need for encoding this feeding signal before transmitting is to avoid 

distortion of the signal due to interference from any other signal that might be present. 

To give an overview of the feeding time preset module discussed, four of the momentary 

switches used to set the hour, minute, enter, and auto run were interfaced with Arduino Uno 

controller. The controller was also interfaced with the RTC, display, and the encoder which in 

turn was connected to the radio. This is depicted in the block diagram in Figure 3.14. 
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Figure 3.14: Block diagram of the feeding time preset module set up 

The controller used in this feeding time preset module is the Arduino Uno. The reason for this 

selection was because it has approximately the required number of pins to interface with the 

RTC, momentary switches, and the output devices. 

3.2.1.3 Wireless Actuator 

A wireless actuator was needed to open the vent of the hopper that contains the fish feeds. To 

achieve this, a DC servo motor was used and it was interfaced with a decoder, 433MHz receiver, 

and then the Arduino Mega controller earlier discussed. This is depicted in the block diagram in 

Figure 3.15. 

 

 

 

 

Figure 3.15: Block diagram of the wireless actuator sub-unit 
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The 433MHz receiver was used to receive the feeding signal sent by the feeding time preset 

module through the 433MHz radio transmitter. This feeding signal which is an encoded message 

was then forwarded to a decoder for further processing. It should be noted that this feeding signal 

was programmed to have a short pulse of 0.5 seconds. The reason for this was to ensure that 

feeding was done almost immediately a feeding signal was received with the least possible delay. 

The decoder used is the HT12D which is the decoding pair of the encoder (HT12E) earlier 

mentioned. As the HT12D receives the encoded feeding signal from RF radio receiver, it 

decodes it in such a way that no message is lost or damaged. The decoded feeding signal was 

then forwarded to the controller which sends out the command to the actuator to open the feed 

hopper and feeding takes place almost immediately as the signal is received. The circuit diagram 

of the RF433MHz with HT12D is shown in Figure 3.16 

 

Figure 3.16: Circuit diagram of RF433MHz Module with decoder 
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The servo motor used as the actuator is the SG90. The reason for its selection is due to the fact 

that it can rotate through an angle of approximately 180⁰ (90⁰ in each directions) and this is a 

movement needed for the opening and closing of the vent of the feed hopper. The SG90 which is 

a three pin device has the Vcc pin, the ground pin and the signal pin. To control the servo motor, 

the controller sends a pulse (the feeding signal) with a width of 0.5 seconds and this opens the 

vent to dispense feeds. To return the spindle after feeding has taken place, the controller sends 

another pulse and this closes the vent of the feed hopper. 

In the feeding time preset module, a Light Emitting Diode (LED) was used to indicate when a 

feeding signal is being sent for feeding to commence. To ensure that this LED operates without 

burning, a limiting resistor is placed in series as shown in the Figure 3.17 to reduce the flow of 

current. 

 

Figure 3.17: LED with resistor 

From the manufacturer’s data sheet, the LED can sustain maximum of   . 

Also, maximum current is     . A current of        was allowed to pass for tolerance. 

Voltage output from the controller is VCC =      (from the manufacturer’s data sheet) 
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Hence,    
 

 
 

           

        

Plate II shows the internal view of the feeding time preset module 

 

Plate II: Internal view of the feeding time preset module 

3.2.1.4 Software Design of the Feeding Time Preset Module 

The Arduino Uno controller of the feeding time preset module was programmed within Arduino 

Integrated Development Environment (IDE) using the C++ programming language. At the start, 

the display is initialized alongside with the state of the switch (at open state) and then a welcome 

note is displayed. It remains on the welcome note until the enter switch is closed momentarily. 

When this is done, the program requests for feeding time 1 via the display. This feeding time is 

entered by the pond manager. When the enter switch is closed again momentarily, it requests for 

feeding time 2. This continues till all the feeding times have been entered (five feeding times 

being used for this design). After all the entries have been made, the program starts to count. If 
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the time equals any of the feeding time, feed dispensing signal is transmitted wirelessly. 

Afterwards, it loops to time counting before it finally comes to an end. 

A summary of this control program is shown in the flow chart in Figure 3.18 while the source 

code is shown in appendix A. 
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Figure 3.18: Flow chart for the design of the feeding time preset module 
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Figure 3.19: Complete circuit diagram of the automatic feeding system design 
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3.3 Development of Water Circulation System 

The water circulation system is sub-divided into two units which are the automatic over-head 

pumping system and the automatic drip control. 

3.3.1 Automatic over-head pumping system 

An automatic over-head water pumping system was developed using the coordination of a float 

switch, DC pump and battery (power source). 

 The float switch has three pins which are common pin (C), normally closed pin (NC) and 

normally open pin (NO) as shown in Figure 3.20.  

 

Figure 3.20: Circuit diagram of float switch, pump and battery. 

The common and normally open pins of the float switch remain open when under the influence 

of gravity at position A as shown in Figure 3.21 when pivoted through a string at point P. This 

condition is as a result of absence of water in the underground tank. As the water in the 

underground tank increases, the float switch is displaced to position B at an angle of c. This 

makes the normally open (NO) and common (C) pins to close thereby giving current a path so as 

to power the pump which then cuts in to start the pumping of water from the underground tank to 

the overhead tank. 
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Figure 3.21: Diagram showing displacement of the float switch 

3.3.2 Automatic Drip Control 

The automatic drip control was achieved via the use of a solenoid valve interfaced with the 

Arduino Mega controller. The circulation system was designed to drip water into the pond. 

However, it is important to stop the dripping during feeding time so as to prevent feeds from 

sinking as a result of water perturbation. Since the system was designed to stop dripping during 

feeding, the feeding signal acts as the input of this subsystem. When the feeding signal is 

received as emphasized in the automated feeding system, the controller sends a signal to the 

solenoid valve through a relay as shown in Figure 3.22. With this, the solenoid valve which was 

originally opened is then closed. As a result, water from the over-head tank which is channeled 

through the solenoid valve stops dripping into the pond.  Five minutes after the valve was closed, 

it then returns to the open state to continue the dripping of water while it waits for the next 

feeding signal. 

P 

A 

c 

 D 

B 
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Figure 3.22.Circuit diagram of the solenoid valve. 

The relay was driven via the use of BC557. The reason is because the controller cannot supply 

enough current to drive the relay or the solenoid valve. Therefore the controller sends the signal 

to a transistor which drives the relay. This relay in turn drives the solenoid valve. The circuit is 

as shown in Figure 3.23 followed by the mathematical analysis. 
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Figure 3.23: Circuit diagram of the relay unit 

                     (3.6) 

                  (3.7) 

       

Let        (which is the standard value for the coil resistance of a 5V relay used here) 

           

               

For the transistor to act as a switch, it has to operate at the saturation and cut off regions. Hence, 

      

  
 

    
       

The value       above is the collector current,      
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               (3.8) 

   
  

   
 

       

    
    

  
 

                      (3.9) 

          which is the output of the controller 

   
   

     
          

3.3.3 Principle of Operation of Water Circulation System 

For the purpose of reducing the level of water pollution in the pond, the system consists of an 

overhead water tank which drips water into the fish pond. The pond however has a pipe fixed at 

the center to a level. At that level, water that tends to overflow is channeled to an underground 

filter unit which consists of a sieve and activated charcoal. The sieve removes sediments and the 

activated charcoal helps to de-color and remove odor in the water. This purified water is then 

channeled to an underground water tank that contains a level switch which senses the level of the 

water in the underground tank. When the water reaches two third of the underground tank, it 

activates the pump which pumps the water to the over-head tank. However, it is important to 

note that during feeding periods, water dripping into the pond was stopped so as to ensure that 

the feeds dispensed by the automatic feeding system do not sink as a result of water perturbation. 

To achieve this, a solenoid valve interfaced with a controller was controlled to cut off water 
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supply that drips into the pond. The system maintains this state for five minutes before sending a 

control signal to open the valve after feeding is over. 

Volume of the pond  =                                          

Using a 40W, 12V DC windshield pump which has a flow rate of 12 litres per minute, the time 

taken to fill up the pond is calculated as follows: 

Flow rate of pump =                      

For a pond with volume of            , time taken to fill it up               
         

         
 

                

Figure 3.24 shows the complete circuit diagram of the sensing network with the water circulation 

system. 
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Figure 3.24: Complete circuit diagram of the sensing network with the water circulation system. 
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3.4 Design of the Photovoltaic (PV) System 

A solar based power source was used to power the fish pond so as to ensure a steady supply of 

power since power from the national grid is not reliable. In order to further minimize cost, the 

designed PV system consists of a solar panel, a deep cycle battery and a charge controller 

without the inclusion of an inverter. This was achieved by ensuring that all loads are purely DC 

loads. Figure 3.25 shows a block diagram of the PV system for the fish pond. 

 

 

 

 

 

 

 

Figure 3.25: Block diagram of the PV system for the fish pond 

The energy requirement of each of the components was determined, and hence the total energy 

requirement of the system was determined. This total energy was then used to determine the 

sizing of the components of the solar power system. 

The sizing of the various components of the solar power system is as outlined. 

3.4.1 Energy Required 

The power consumption of an electrical appliance is given in Watts. To calculate the energy 

needed over a period of time, for every appliance, its power consumption is multiplied by its 

period of intended usage.  

For water pump; it has a rating of 40W and its intended period of usage is 1 hour per day 
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For servo motor; it has a rating of 20W and intended period of usage is 30seconds ( 
 

   
 hour) per 

day 

                         
 

   
                

For control Circuit; the microcontrollers have maximum rating of 15W and intended to be used 

for the 24hours of the day 

                                                 

For temperature sensor: it has a rating of 5W and intended period of usage if 12hours per day 

                                      

For turbidity sensor: it has a rating of 10W and intended period of usage is 12hours per day 

                                        

For the pH sensor: it has a rating of 10W and intended period of usage is 12hours per day 

                                        

For the water level switch: it has a rating of 5W and intended period of usage is 12hours per day 

                                      

Other small electronic components like switches used in the system where found to take around 

110WH within a specified period of usage per day 
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3.4.2 Solar Panel Sizing 

Equation (3.10) gives the total peak power generated by the sunlight,       (Guda and Aliyu, 

2015). 

       
   

   
                                                                                                  3.10 

                                                                  

   =Total energy demand 

Nigeria experiences about six (6) hours of solar radiation per day (Oseni, 2012).  Therefore,     

is taken to be 6 hours. 

Hence, the size of the solar panel used is obtained from equation 3.10 as: 

         
   

   
     

        

  
                          

However, from the standard sizes of solar panels, 150W SUNBE solar panel was used for this 

system. 

3.4.3 Battery sizing 

During the night or during cloudy weather when the sun goes down, additional backup is 

required to power the fish pond. This is obtained through the use of batteries. 

As calculated from the energy required, the components use 870.17WH per day, nominal battery 

voltage,       is 12V, a day of autonomy was chosen for this system and efficiency of 85%. 

Equation (3.11) gives the formula for the battery capacity calculation (Guda and Aliyu, 2015). 

Battery capacity,        
         

       
                                                         (3.11) 

where         is the total energy demand = 870.17WH ,        is number of days of 

autonomy, ηb = battery efficiency = 85% and        12V is the  nominal battery voltage. 
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From standard ratings, 100AH deep cycle battery of nominal voltage 12V was used in this work. 

3.4.4 Determination of the Charge Controller Capacity 

The rating of the charge controller required is calculated from Equation (3.12). The Ampere 

Hour figure of the proposed battery is divided by its terminal voltage.  

       
      

     
       3.12 

Hence,        
    

  
        

From the standard ratings of charge controllers, a 10A charge controller can be used for this 

system. Due to unavailability of this rating in the market during construction, a 20A charge 

controller was used which also served the required purpose effectively. 

3.4.5 Construction of the Prototype Fish pond 

For an ideal and efficient catfish rearing, the prescribed dimension of the pond for stocking 1,500 

fishes from the juvenile stage till about six (6) months of maturity is          or     

     , and a depth of about 4ft (Bamidele O., 2014). For the purpose of this research work, ten 

(10) juvenile catfish were reared. Going by the prescribed dimension, a transparent plastic bowl 

having a surface dimension of           and a height of 30cm was used for the fish pond to 

rear ten (10) juvenile catfish to a maturity period of six (6) weeks. Considering the fact that 

catfishes are quite prone to jumping within the water, the fish pond section was securely covered 

with fish pond net in order to keep the fishes within the pond. A similar bowl of the same 

dimensions was used for the over-head water, while a cylindrical bowl of diameter of about 

30cm and a height of about 50cm was used for the underground water tank. A much smaller 
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cylindrical bowl of diameter 15cm and height of 15cm was used for the filtering section. Plastic 

pipes with adequate fittings were used to effectively link these four sections so as to achieve an 

efficient water circulation system. These four bowls where then strategically placed on a wooden 

body structure of a surface dimension of            and a height of about 100cm which was 

constructed from well-furnished plywood. A plastic funnel was used to achieve the feed hopper 

which is controlled by the servo motor. Figure 3.26 shows an isometric drawing of the prototype. 
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Figure 3.26: Isometric Drawing of The Prototype 
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Plate III shows the completed assemble of the design prototype powered by a solar system.  

 

 

 

 

 

 

 

 

Plate III: The Design Prototype 

Plate IV shows the reared fishes within the pond 

 

Plate IV: The reared fishes within the pond 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents the results obtained from the test carried out from the system as well as the 

various measurements made and their discussions. These tests include photovoltaic system 

design, battery charging test, functionality test of the feeder, temperature measurement outside 

and within the pond, pH measurement within the pond, as well as testing of the growth rate of 

fish reared using this system as compared with growth rate of fish reared in a manually operated 

system. The information obtained was also presented as graphs. 

4.2 Photovoltaic (PV) System Design Results 

After the design and set up of the PV system, the voltages measured across the battery and solar 

panel upon installation and while in use at the first day of usage are presented in Table 4.1. 

Table 4.1: PV System set up Testing 

Component Voltage (volts) 

Battery before charging 

Battery after charging 

Solar panel during installation 

Solar panel in use 

12.5 

13.5 

21.9 

17.8 
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As seen from Table 4.1, the measured terminal voltage of the battery conforms to the design 

specification which requires the use of a 12V DC battery. Also, the measured voltages on the 

solar panel correctly reflect the value given on the name plate data. 

4.3 Battery Charging/Discharging Test 

Table 4.2 shows the test results obtained from the charging and discharging test carried out on 

the battery used for the system. 

Table 4.2: Battery Charging/Discharging Test 

Date Time Charging 

duration, 

t (hours) 

Terminal 

voltage 

before 

charging, 

Vi (V) 

Voltage 

after 

charging, 

Vf (V)  

Charging 

rate, 
  

 
        

 
 

(V/hour) 

Current 

(A) 

Discharging 

Duration 

(hours) 

March 

11 

12:00pm 1 12.75 13.04 0.29  14.25 

March 

12 

2:00pm 2 12.50 12.87 0.19  14.33 

March 

13 

4:00pm 3 12.44 12.98 0.18  14.93 

March 

14 

10:00am 4 12.32 12.60 0.07  15.41 

March 

15 

8:00am 5 12.15 12.24 0.02  16.10 

 

Table 4.2 shows the charging and discharging test carried out on the battery. The charging 

duration of the battery was constantly increased from one hour at the first day of the trial to five 
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hours at the fifth day. It could be seen that when the trial was done at a period that is not a peak 

period, that is, around the morning hours when the sun intensity is low, the rate of charging 

decreases, while the discharging duration gradually increases. Hence, we say that as the charging 

time becomes longer, the discharging time of the battery which drives the load also becomes 

longer. 

4.4 Functionality Test of the Feeder 

Table 4.3 shows the result of the performance of the automatic feeder when put in operation. 

Table 4.3: Functionality Test of the Automatic Feeder 

Trial Time Feed Dispersal Time 

(seconds) 

Amount of Feed 

Dispensed (g) 

1 7:00am 1.13 10.0 

2 11:00am 1.15 10.0 

3 3:00pm 1.17 10.0 

4 7:00pm 1.12 10.0 

5 7:10pm 0.00 00.0 

 

Table 4.3 shows the results of the efficiency test carried out on the automatic feeder when put 

into operation. Five trials were made at set times. As a feeding time is reached, the motor 

operates and, according to the programmed feeding duration, feeds are dispensed. The first four 

feeding periods were successfully executed by the feeder, but the fifth feeding period (which was 

intentionally set as such to demonstrate the efficiency of the feeder) was skipped. This shows 

that feeds from the previous interval (fourth feeding period) have not been consumed by the 

fishes. These results show that the feeder worked efficiently when put into operation. 
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4.5 Functionality Test of the GSM module 

For the essence of testing the effectiveness of the GSM module, a case study of one of the 

messages sent to the pond manager through the GSM module is presented here. In this case, a 

message was sent to the pond manager notifying him of the need to change the pond water due to 

unfavorable pH within the pond. Since the controller was programmed to maintain a pH range of 

7.0 – 8.5 under normal condition, it was then expected that anytime the pH was out of this range 

and it cannot be corrected through water circulation and the filtering used, a message should be 

sent to the pond manager notifying him of the abnormal pH condition and the need to change the 

pond water completely. A screen shot of the text message sent to the pond manager in this 

regards is shown in Plate V. 

 

Plate V: Screenshot of message received through GSM module 
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4.6 Temperature Test outside the Pond 

Table 4.4 shows the test results for temperature measurement outside (environment) the pond in 

which the fishes were reared (designed prototype). 

Table 4.4: Test Results for Temperature Measurement outside the Fish Pond 

S/No Date Time Temperature (℃) 
1 01/04/2019 12:50pm 27.0 

2 15/04/2019 01:25pm 31.0 

3 30/04/2019 02:00pm 27.5 

4 12/05/2019 03:00pm 27.5 

5 25/05/2019 01:55pm 28.0 

 

Table 4.4 shows the results of the temperature measurement which was done in the environment 

of the fish pond. These measurements were taken using an external thermometer for a period of 

one and a half months. The essence of this is to be able to make a comparison with the 

temperature inside the pond so as to be able to regulate it and keep it an optimum level. 

Figure 4.1 shows the data variation of the temperature measurement outside the prototype fish 

pond. 
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Figure 4.1: Data Variation of Temperature measurement outside the fish pond. 

4.7 Temperature Test within the Fish Pond 

Table 4.5 shows the test results for temperature measurement within the designed fish pond in 

which the fishes were reared. 

Table 4.5: Test Results for Temperature Measurement within the Fish Pond 

S/No Date Time Temperature (℃) 
1 01/04/2019 12:50pm 26.5 

2 15/04/2019 01:25pm 27.5 

3 30/04/2019 02:00pm 26.0 

4 12/05/2019 03:00pm 26.5 

5 25/05/2019 01:55pm 27.0 

 

25

26

27

28

29

30

31

32

T
em

p
er

a
tu

re
 (

℃
) 

Date 

Temperature outside the Pond 

Temperature (⁰C) 



61 
 

Table 4.5 shows the results of the temperature measurement within the fish pond. These 

measurements were taken using an immersed thermometer for a period of one and a half months. 

As can be seen, temperature readings fluctuated fairly between the ranges of 26.0⁰C to 30.0⁰C, 

which were the programmed optimum range to be monitored. The essence of this is to be able to 

make a comparison with the temperature outside the pond so as to be able to regulate the pond 

temperature and keep it an optimum level. 

Figure 4.2 shows the data variation of the temperature measurement within the fish pond. 

 

Figure 4.2: Data Variation of Temperature measurement within the fish pond. 

Figure 4.3 shows the data variation of the temperature measurement within and outside the fish 

pond. 
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Figure 4.3: Data variation of temperature measurement within and outside fish pond 

4.8 pH Test within the Fish Pond 

Table 4.6 shows the test results for pH measurement within the designed fish pond in which the 

fishes were reared. 

Table 4.6: Test Results for pH Measurement within the Fish Pond 

S/No Date pH Value 

1 01/04/2019 7.1 

2 15/04/2019 7.5 

3 30/04/2019 7.2 

4 12/05/2019 7.2 

5 25/05/2019 8.0 
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Table 4.6 shows the results of pH measurement within the fish pond. These measurements were 

taken using an immersed pH meter for a period of one and a half months. The optimum pH level 

within the pond was programmed to be within the ranges of 7.0 and 8.5 and as seen from the 

results in table 4.6, these measured results were within these ranges. 

Figure 4.4 shows the data variation of the pH measurement within the fish pond. 

 

Figure 4.4: Data variation of the pH measurement within the fish pond. 

4.9 Test Results for Fishes Reared Using the Designed Fish Pond 

Table 4.7 shows the test results of fishes reared for a period of six weeks using the designed 

system. Ten numbers of fingerlings were experimented upon. Two parameters, namely Feed 

Conversion Ratio (FCR) and Feeding Efficiency (FE), were used for the performance evaluation 

of the system in fish rearing and the results were then compared with the same amount of 

fingerlings reared in a manual fish pond. 
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Table 4.7: Growth Rate of Fish Reared Using the Designed Fish Pond 

S/N Period No of Fishes Average 

Weight of 

Fish (g) 

Feed 

Consumed 

per Fish (g) 

Average 

Gain in 

Weight per 

Fish (g) 

1 Week 1 10 20.00 0.00 0.00 

2 Week 2 10 25.00 4.50 5.00 

3 Week 3 10 30.51 5.55 5.51 

4 Week 4 10 36.67 6.60 6.16 

5 Week 5 10 42.50 8.00 5.83 

6 Week 6 10 48.95 9.50 6.45 

 

From Table 4.7, we see that the average gain in weight per fish during the six weeks period for 

which readings were taken is: 

(0.00 + 5.00 + 5.51 + 6.16 + 5.83 + 6.45) = 28.95g 

Also, the average feed consumed per fish during the same period of time is: 

(0.00 + 4.50 + 5.55 + 6.60 + 8.00 + 9.50) = 34.15g 

Using Equation (2.1), the Feed Conversion Ratio (FCR) of the reared fishes is given as: 

    
     

     
  

       

 

Also, using Equation (2.2), the Feeding Efficiency (FE) of the fish is given as: 
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Figure 4.5 shows the variation in weight gain of the fishes within the experimental period 

 

Figure 4.5: Variation in weight gain per fish in the prototype fish pond 

4.10 Test Results for Fishes Reared Using Manually Operated Fish Pond 

Table 4.8 shows the test results of similar set of fishes reared in a manually operated fish pond 

for the same six (6) weeks period. 

Table 4.8: Growth Rate of Fish Reared Using Manually Operated Fish Pond 

S/N Period No of Fishes Average 

Weight of 

Fish (g) 

Feed 

Consumed 

per Fish (g) 

Average 

Gain in 

Weight per 

Fish (g) 

1 Week 1 10 20.00 0.00 0.00 

2 Week 2 10 24.00 4.50 4.00 

3 Week 3 10 29.51 6.66 5.51 

4 Week 4 10 33.87 7.10 4.36 

5 Week 5 10 36.00 7.50 2.13 

6 Week 6 10 38.45 8.00 2.45 
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From Table 4.8, the average gain in weight per fish during the six weeks experimental rearing 

period is: 

= (0.00 + 4.00 + 5.51 + 4.36 + 2.13 + 2.45) 

= 18.45g 

Also, average feed consumed per fish within the same period is: 

= (0.0 + 4.50 + 6.55 + 7.10 + 7.50 + 8.00) 

= 33.65g 

Hence, using Equation (2.1), FCR is: 

  
     

     
 

       

Also, from Equation (2.2), the Feeding Efficiency is: 

  
  

     
      

       

Figure 4.6 shows the variation in weight gain of the fish within the experimental period. 
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Figure 4.6: Variation in weight gain per fish in the manual fish pond 

Shown in figure 4.7 is a graph of data variation in weight gain in both the automated and 

manually operated fish pond. 

 

Figure 4.7: Data variation in weight gain in both the automated and manually operated fish pond 
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4.11 Discussions 

The designed prototype, which was constructed to demonstrate the workability of the system, 

was made majorly from transparent plastic bowls because they are readily available and can be 

effectively used for a prototype fish pond. 

The estimated energy required to power the system is 870.17WH per day. To ensure that the 

system is continuously powered at all times without any down time, it is powered through a solar 

energy source comprising a 150W solar panel, 100Ah deep cycle battery, and a 20A charge 

controller. No inverter was used since it was ensured that all loads were DC loads. The timer was 

also additionally powered by a Complementary Metal Oxide Semiconductor  (CMOS) battery so 

as to ensure that even in the event of loss of power supply (which is very unlikely), the system 

still keeps track of time so that there will not be any down time in the operation of the system. 

Table 4.3 shows the effectiveness of the automatic feeder developed. It shows that the feeder 

efficiently dispenses the required amount of feed as at when due, and also most importantly, the 

feeder is discriminatory in its operation such that feeding is held off until previously dispensed 

feeds are consumed by the fishes. This was achieved by programming the turbidity sensor 

network with the feeder. This prevents feed wastage and water pollution. 

Tables 4.4, 4.5, and 4.6 shows the results of the sensor network which effectively keeps track of 

the temperature (both within and outside the developed fish pond) and also the pH levels. As can 

be seen from the results, the temperature was measured to be within the range of 26.0℃ to 

27.5℃ while the pH was within 7.1 to 8.0. These results fall within the acceptable range required 

for optimum fish production in a fish pond. 
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A case scenario was presented to demonstrate the effectiveness of the communication aspect 

through the GSM module. Plate 4.1 showed the screenshot of the message sent to the pond 

manager when the pH was out of the set range. This shows that relaying of messages to the pond 

manager through the GSM module worked as expected. 

In order to demonstrate the effectiveness of the developed automated system over the manual 

system of fish rearing, ten (10) numbers of juvenile catfish were reared (using both the 

automated system and the manual system) and readings were taken for a six (6) week 

experimental period. Two parameters, which are Feed Conversion Ratio (FCR) and Feeding 

Efficiency (FE), were then used to analyze the results. As seen from tables 4.7 and 4.8, the FCR 

for the fishes reared using the developed automated system was 1.18, which is much smaller than 

that of the manually operated system which was 1.82. Hence, in terms of the FE, we see that the 

FE of the fishes reared using the developed automated system was 84.7% while that of the 

manually operated system was 54.9%. Furthermore, the average gain in weight per fish for fishes 

in the automated system was 28.95g, while that in the manually operated system was 18.45g.  
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CHAPTER FIVE

 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

A fish pond monitoring and control system which is powered by a solar energy source has been 

designed and demonstrated in this research work. A prototype system which consists of an 

automated feeder, a water circulatory system, and a sensor network was developed to 

demonstrate the workability of the system. 

A sensor network was developed and also optimally programmed to keep track of the 

temperature, pH and turbidity of the pond water. The test results showed that the measured 

temperature in the pond was fairly within the ranges of 26.0℃ and 27.5℃ while the pH was 

within the ranges of 7.1 and 8.0. These values fall within the acceptable range required for an 

effective fish rearing system which requires pond water temperature to be within the ranges of 

26⁰C and 30⁰C while pH is required to be within the ranges of 7.0 and 8.5 (Ozigbo et al., 2014). 

A total of ten (10) juvenile catfish (Clarias gariepinus) were reared using the developed 

prototype and two parameters; the Feed Conversion Ratio (FCR) and Feeding Efficiency (FE) 

were used to analyze the results. The results were then compared with test results obtained by 

rearing the same set of fish in a manually operated pond. The test results showed that the FCR 

for the fishes reared using the developed prototype was 1.18, which is much smaller than that of 

the manually operated system which was 1.82. Also, the results showed that the FE of the fishes 

reared using the developed prototype was 84.7% while that of the manually operated system was 

54.9%. Furthermore, the average gain in weight per fish for fishes in the automated system was 

28.95g, while that in the manually operated system was 18.45g. These figures show the 
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robustness and efficiency of the developed automated system over the conventional manual 

system of fish rearing. Hence, adoption of this automated system of fish rearing will greatly 

improve upon the output of fish production. The use of this system for a large scale fish 

production is therefore highly recommended for a country like Nigeria which is aiming at 

diversifying its economy as this will greatly improve on foreign exchange earnings when fish 

and fish products are exported. Also, individuals and organizations can adopt this system for fish 

production as a means of income generation. 

A very unique aspect of this research work which has greatly contributed to knowledge is the 

uniqueness of the automated feeder. The feeder was developed in such a way that it is aided by a 

programmed sensor network to allow feeding only when the previously dispensed feeds have 

been consumed by the fishes. This has greatly helped to prevent feed wastage (hence making the 

developed system very economical) and also water pollution since feeding was not done when 

previous feeds have not been eaten. 

5.2 Recommendations 

1. More sensors that measure other important pond water quality parameters like dissolved 

oxygen, ammonia, and nitrates should be included in the sensor network. This will further 

help in keeping the pond water quality parameters in check. 

2. The system should be made in such a way that it can also control the monitored water 

quality parameters to some extent. For instance when temperature falls below the 

recommended optimum value, heaters placed at strategic positions (out of the reach of the 

fish) will be activated till the optimum temperature is restored. Also when temperature 

goes above the optimum value, a cooling system should be used to restore optimum 

temperature range. 
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3. Since it is required that the system is continually powered at all times without any down 

time in power supply, a coordinated hybrid system should be designed and implemented 

to power the system so that when one source is not available, another source is made to 

supply power to the system. This will go a long way in improving the productivity and 

efficiency of the system. 
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APPENDIX A 

Source Code for the Design of the Automatic Feeding and Water Circulation Design 

#include<EEPROM.h> 

#include <Wire.h> 

#include "RTClib.h" 

#include<LiquidCrystal.h> 

LiquidCrystal lcd(2, 3, 4, 5, 6, 7); 

RTC_DS1307 rtc; 

const int Hr = 8; 

const int Min = 9; 

const int Enter =10; 

const int Run = 11; 

const int Move=13; 

int count =0; 

int add =0; 

int s=0; 

int Hor =0; 

int Minn=0; 

int en =0; 

int waka=0; 

int wakaing=0; 

int T1; 

int T2; 

int T12; 

int T3; 

int T4; 

int T34; 

int T5; 

int T6; 

int T56; 
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int T7; 

int T8; 

int T78; 

int T9; 

int T10; 

int T910; 

int Hor1 =0; 

int Minn1=0; 

int en1 =0; 

int waka1=0; 

int tril=0; 

int m=0; 

int feed=0; 

int counting=1; 

int check=0; 

int flag =0; 

void setup() { 

  // put your setup code here, to run once: 

  pinMode(12, OUTPUT); 

  lcd.begin(16,2); 

  digitalWrite(12, LOW); 

  while (!Serial); 

  Serial.begin(2400); 

   if (! rtc.begin()) { 

   Serial.println("Couldn't find RTC"); 

    while (1); 

  } 

  if (! rtc.isrunning()) { 

    Serial.println("RTC is NOT running!"); 

    // following line sets the RTC to the date & time this sketch was compiled 
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     rtc.adjust(DateTime(F(__DATE__), F(__TIME__))); 

    // This line sets the RTC with an explicit date & time, for example to set 

    // January 21, 2014 at 3am you would call: 

     rtc.adjust(DateTime(2019, 2, 11, 14, 46, 0)); 

  } 

  //Wire.begin(); 

  //rtc.begin(); 

  pinMode (Hr, INPUT); 

  pinMode (Min, INPUT); 

  pinMode (Enter, INPUT); 

  pinMode (Run, INPUT); 

  lcd.clear(); 

  delay(2000); 

  lcd.setCursor(0,0); 

  lcd.print("WELCOME, LOADING"); 

  delay(2000); 

} 

void loop() { 

  // put your main code here, to run repeatedly: 

  while(s==0) 

  { 

    en=digitalRead(Enter); 

    waka=digitalRead(Run); 

    wakaing=digitalRead(Move); 

    if(wakaing==LOW) 

    { 

      s=2; 

      delay(500); 

    } 

    if(waka==LOW) 
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    { 

      lcd.setCursor(0,0); 

      lcd.print(" CLEARING              "); 

      lcd.setCursor(0,1); 

      lcd.print("       EEPROM          "); 

      for ( int i = 0 ; i < EEPROM.length() ; i++ ) 

    EEPROM.write(i, 0); 

    delay(500); 

    } 

      if(en==LOW) 

    { 

      lcd.clear();       

      lcd.setCursor(0,0); 

      lcd.print("Enter Time         "); 

      lcd.setCursor(12, 0); 

      lcd.print(counting); 

      lcd.setCursor(0,1); 

      lcd.print("00:00               "); 

      Hor1=00; 

      Minn1=0; 

      delay(500); 

      s=1; 

    } 

    } 

  while(s==1) 

{  

  lcd.setCursor(12, 0); 

  lcd.print(counting); 

  Hor= digitalRead(Hr); 

  Minn=digitalRead(Min); 
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  en=digitalRead(Enter); 

  waka=digitalRead(Run); 

    if(Hor==LOW) 

    { 

      Hor1=Hor1+1; 

        if(Hor1<=9) 

      { 

      lcd.setCursor(1,1); 

      lcd.print(Hor1); 

      } 

      if(Hor1>=10) 

      { 

      lcd.setCursor(0,1); 

      lcd.print(Hor1); 

      } 

      if(Hor1>=25) 

      { 

        Hor1=1; 

      lcd.setCursor(0,1); 

      lcd.print('0'); 

      lcd.setCursor(1,1); 

      lcd.print(Hor1); 

      } 

      delay(500); 

    } 

    if(Minn==LOW) 

    { 

      Minn1=Minn1+1; 

      if(Minn1<=9) 

      { 
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      lcd.setCursor(4,1); 

      lcd.print(Minn1); 

      } 

      if(Minn1>=10) 

      { 

      lcd.setCursor(3,1); 

      lcd.print(Minn1); 

      } 

      if(Minn1>=60) 

      { 

      Minn1=0; 

      lcd.setCursor(3,1); 

      lcd.print(Minn1); 

      lcd.setCursor(4,1); 

      lcd.print(Minn1); 

      } 

      delay(500); 

    } 

    if((en==LOW)&&(counting <=5)) 

    { 

   counting=counting+1; 

      EEPROM.write(add, Hor1); 

      add++; 

      EEPROM.write(add, Minn1); 

      add++; 

      Hor1=0; 

      Minn1=0; 

      delay(500); 

      lcd.setCursor(0,1); 

      lcd.print("00"); 
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      lcd.setCursor(3,1); 

      lcd.print("00"); 

      delay(1000); 

    } 

       if(counting>5) 

    { 

     s=2; 

    } 

} 

while(s==2) 

{ 

  if(check<11) 

 { 

        lcd.setCursor(0, 0); 

        lcd.print(" READING                 "); 

        lcd.setCursor(0,1); 

        lcd.print("        EEPROM           "); 

        T1=EEPROM.read(0x00); 

        if(T1==0) 

        { 

          T1='--'; 

        } 

        delay(300); 

        T2=EEPROM.read(0x01); 

        delay(300); 

        T3=EEPROM.read(0x02); 

        if(T3==0) 

        { 

          T3='--'; 

        } 
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        delay(300); 

        T4=EEPROM.read(0x03); 

        /*if(T4==0) 

        { 

          T4='--'; 

        }*/ 

        delay(300); 

        T5=EEPROM.read(0x04); 

        if(T5==0) 

        { 

          T5='--'; 

        } 

        delay(300); 

        T6=EEPROM.read(0x05); 

        /*if(T6==0) 

        { 

          T6='--'; 

        }*/ 

        delay(300); 

        T7=EEPROM.read(0x06); 

        if(T7==0) 

        { 

          T7='--'; 

        } 

        delay(300); 

        T8=EEPROM.read(0x07); 

        /*if(T8==0) 

        { 

          T8='--'; 

        }*/ 



85 
 

        delay(300); 

        T9=EEPROM.read(0x08); 

        if(T9==0) 

        { 

          T9='--'; 

        } 

        delay(300); 

        /*T10=EEPROM.read(0x09); 

        if(T10==0) 

        { 

          T10='--'; 

        }*/ 

        delay(300); 

        check++;     

      } 

      s=3; 

          lcd.clear(); 

       delay(500); 

} 

while(s==3) 

{ 

  flag=0; 

DateTime now = rtc.now(); 

lcd.setCursor(0, 0); 

lcd.print(now.day(), DEC); 

lcd.print("/"); 

lcd.print(now.month(), DEC); 

lcd.print("/"); 

lcd.print(now.year(), DEC); 

lcd.print(" "); 
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lcd.setCursor(0, 1); 

if (now.hour()<10) 

lcd.print("0"); 

lcd.print(now.hour(), DEC); 

lcd.print(":"); 

if (now.minute()<10) 

lcd.print("0"); 

lcd.print(now.minute(), DEC); 

lcd.print(":"); 

if (now.second()<10) 

lcd.print("0"); 

lcd.print(now.second(), DEC); 

Hor=now.hour(); 

Minn=now.minute(); 

flag=now.second(); 

if((Hor==T1)&&(Minn==T2)&&(flag==0)) 

{ 

  digitalWrite(12, HIGH); 

} 

else if((Hor==T3)&&(Minn==T4)&&(flag==0)) 

{ 

  digitalWrite(12, HIGH); 

  } 

else if((Hor==T5)&&(Minn==T6)&&(flag==0)) 

{ 

  digitalWrite(12, HIGH); 

} 

else if((Hor==T7)&&(Minn==T8)&&(flag==0)) 

{ 

  digitalWrite(12, HIGH); 
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} 

else if((Hor==T9)&&(Minn==T10)&&(flag==0)) 

{ 

  digitalWrite(12, HIGH); 

} 

else 

{ 

  digitalWrite(12, LOW); 

} 

  delay(1000); 

} 

} 
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APPENDIX B 

Source Code for the Sensor Network Design 

#include<LiquidCrystal.h> 

#include<Servo.h> 

LiquidCrystal lcd(2, 3, 4, 5, 6, 7); 

Servo myservo; 

const int analogInPin = A0;  

int sensorValue = 0;  

int s=0; 

int jamiu=0; 

unsigned long int avgValue;  

float b; 

int feed; 

int turb; 

float temperature; 

int buf[10],temp; 

void setup() { 

  myservo.attach(10); 

 Serial.begin(9600); 

 pinMode(8, INPUT); 

 pinMode(9, INPUT); 

 pinMode(10, OUTPUT); 

 lcd.begin(16, 4); 

 myservo.write(0); 

  lcd.clear(); 

  delay(2000); 

  lcd.setCursor(0,0); 

  lcd.print("WELCOME, LOADING"); 

  delay(2000); 

  lcd.clear(); 
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  lcd.setCursor(0,0); 

  lcd.print("pH = 000"); 

  turb=digitalRead(9); 

  if(turb==HIGH) 

  { 

  lcd.setCursor(0,1); 

  lcd.print("Turbidity = NCLR "); 

  } 

  if(turb==LOW) 

  { 

  lcd.setCursor(0,1); 

  lcd.print("Turbidity = CLR "); 

  }   

  lcd.setCursor(0, 2); 

  lcd.print("Feeding = OFF"); 

  //lcd.setCursor(0, 3); 

  //lcd.print("Temp=   "); 

} 

void loop() { 

  feed=digitalRead(8); 

  turb=digitalRead(9); 

  jamiu=analogRead(A1); 

  //temperature = jamiu*0.01; 

  //temperature= (jamiu/1024.0)*5000; 

  //temperature= temperature/10; 

  //lcd.setCursor(6, 3); 

  //lcd.print(temperature); 

  if(turb==HIGH) 

  { 

  lcd.setCursor(0,1); 



90 
 

  lcd.print("Turbidity = CLR "); 

  } 

  if(turb==LOW) 

  { 

  lcd.setCursor(0,1); 

  lcd.print("Turbidity = NCLR "); 

  } 

  if((feed==LOW)&&(turb==HIGH)) 

  { 

    lcd.setCursor(10, 2); 

    lcd.print("ON  "); 

    delay(500); 

    myservo.write(180); 

    delay(1000); 

    myservo.write(0); 

  } 

  if((feed==HIGH)&&(turb==LOW)) 

  { 

    lcd.setCursor(10, 2); 

    lcd.print("OFF"); 

    //myservo.write(0); 

    //delay(1000); 

    //myservo.write(0); 

  } 

   if((feed==LOW)&&(turb==LOW)) 

  { 

    lcd.setCursor(10, 2); 

    lcd.print("OFF"); 

    //myservo.write(0); 

    //delay(1000); 
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    //myservo.write(0); 

  } 

   if((feed==HIGH)&&(turb==HIGH)) 

  { 

    lcd.setCursor(10, 2); 

    lcd.print("OFF"); 

    //myservo.write(0); 

    //delay(1000); 

    //myservo.write(0); 

  } 

 for(int i=0;i<10;i++)  

 {  

  buf[i]=analogRead(analogInPin); 

  delay(10); 

 } 

 for(int i=0;i<9;i++) 

 { 

  for(int j=i+1;j<10;j++) 

  { 

   if(buf[i]>buf[j]) 

   { 

    temp=buf[i]; 

    buf[i]=buf[j]; 

    buf[j]=temp; 

   } 

  } 

 } 

 avgValue=0; 

 for(int i=2;i<8;i++) 

 avgValue+=buf[i]; 
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 float pHVol=(float)avgValue*5.0/1024/6; 

 float phValue = -5.70 * pHVol + 21.34; 

 lcd.setCursor(5,0); 

 lcd.print(phValue); 

 //Serial.print("sensor = "); 

 //Serial.println(phValue); 

 if((phValue<6.8)||(phValue>7.5)) 

 { 

  s=1; 

  delay(1000); 

 } 

  if((phValue>=6.8)&&(phValue<=7.5)) 

 { 

  s=0; 

  delay(1000); 

 } 

 if(s==1) 

 { 

  Serial.print("AT+CMGF=1\r\n"); 

  delay(5000); 

  Serial.print("AT+CMGS=\"+2348065946974\""); 

  Serial.write(0x0D); 

  delay(5000); 

  Serial.print("THE PH OF THE WATER IS OUT OF THE THRESHOLD. THE WATER 

NEEDS CHANGING URGENTLY"); 

  delay(100); 

  Serial.write(0x1A);  

  Serial.print("AT+CMGF=1\r\n"); 

  delay(5000); 

  Serial.print("AT+CMGS=\"+2348154475395\""); 
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 Serial.write(0x0D); 

 delay(5000); 

 Serial.print("THE PH OF THE WATER IS OUT OF THE THRESHOLD. THE WATER 

NEEDS CHANGING URGENTLY "); 

 delay(100); 

 Serial.write(0x1A);  

 s=2; 

} 

delay(1000); 

} 


