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Abstract 

Fish farming contributes significantly to food security in developing countries 

throughout the world. It supplements income and is a source of protein in majority of rural and 

urban homes. Fish farmers however, are faced with numerous challenges during the production 

period and key among them is the monitoring and management of the production resources. 

Water is the main resource in the fish farming process. The lack of effective monitoring of water 

quality and timely intervention in instances where there are changes in the quality aspects such 

as temperature and water levels, has led to resource wastages and losses to the farmer due to 

low production. However, in Kenya most fish farmers are yet to adopt technology in their 

production processes. Most farmers rely on their experience when it comes to making decisions 

in control actions; which most of the time are susceptible to errors due to the complexities 

involved. The advent of the Internet of Things (IoT) is opening various ways in which farmers 

can rare fish by simply installing inexpensive sensors which are able to communicate with 

smartphones and provide a means of monitoring and managing the fish ponds.  

 This research proposes a solution which is a real time fish pond water quality 

monitoring model which utilizes a smartphone that shall be adopted by the farmers. The model 

utilizes IoT concept which enables information gathering about water quality through the 

corresponding sensors. The status of the water quality aspects shall then be relayed on a real 

time basis through a cloud platform via a microprocessor to a graphical user interface (GUI) on 

the farmer’s smartphone. The farmer can then act as per the information relayed or the model 

can automatically act on behalf of the farmer as per the predefined actions. The data gathered 

by the model can be extracted in various forms for analysis. The real time information shall 

enable timely intervention by the farmers which eventually helps minimizing or eliminate 

wastages. A rapid prototyping methodology was used where the requirements of the system 

were gathered and the components designed and tested throughout the process. 
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Chapter One: Introduction 

1.1 Background of Study 

Fish accounts for 17 per cent of the global animal protein intake and 6.7 of all protein 

consumed (FAO, 2016). Fish farming has played a significant role in providing more fish and 

helped in keeping the fish prices down. This situation has increased the number of stakeholders 

involved in food security to not only farmers and agricultural specialists but also researchers 

who strive to develop new techniques that will increase food production with an efficient return-

on investment methodology  (Sravanth Goud & Sudharson, 2015). 

Fish provides healthy animal protein which has led to an increase in the number of fish 

famers in Kenya, especially in areas where fish was not produced before. Aquaculture has thus 

become a source of livelihood to many in Kenya (FAO, 2005). Just like numerous nations in 

Africa, fish farming in Kenya is characterized by low levels of pond production that have 

stagnated over the past decade. The practice was initially introduced by the colonialists as a 

sport in 1900s and it evolved to static water pond culture of tilapia fish in the 1920s, later 

supplemented by common carp and catfish. In order to produce seed for the warm water and 

cold water species for stocking of rivers, dams and ponds; the colonialists set up two fish farms 

in 1948, the Sagana Fish Farm and the Kiganjo Trout Farm  (FAO, 2005). Aquaculture provides 

the most practical solution  in an era where the natural supply of wilds stock is diminishing 

(Mbugua, 2008), . 

The quality of water in the fish ponds is a major contributing success factor in pond 

aquaculture. The welfare of the fish highly depends on the quality of water its reared in (Towers, 

2015). Different spices of fish require varying ranges of the various water parameters for them 

to thrive. Variations in the water quality aspects can adversely affect the fish and in many 

instances lead to fish kills. The pond water quality might change rapidly hence the need for 

constant monitoring and emergency interventions incase the changes occur (Helfrich & Smith, 

2009). 

The ICT sector in Kenya has been expanding with a growth of 10% to 22% in 2017 

which contributed to 1.6% of total GDP (Wasonga, 2018). According to (Jumia, 2019), this 

growth is attributed to factors such as; mobile absorption with 91% (46.94M) penetration of 

mobile subscriptions and internet connectivity at a penetration rate of 84% with 43.3M of the 
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total population having access to the Internet in Kenya (Kemp, 2019). Smartphones have 

become part and parcel of our daily lives owing to factors such as: affordability, portability and 

ubiquitous (Huan, Liu, Li, Wang, & Zhu, 2014). 

The Ubiquitous nature of internet connectivity has aided in providing opportunities for 

innovations and services which lower operational costs at the same time provide additional 

revenue streams for organizations (Cognizant, 2014). The current trend of technologies is 

converging on mobile technologies. The IoTs is among the emerging technologies that is 

quickly gaining cognizance and acceptance in many fields due to its practicability in improving 

everyday chores (Bamigboye & Ademola, 2016).  According to Cognizant (2014), this 

emergence is driven by a combination of factors such as: the exponential growth of smart 

devices and the convergence of low-cost technologies for example, the Wireless Sensor 

Networks (WSN).IoTs in agriculture can optimize the production process and can scale from 

small to big farmers (Gnanaraj & Jayanthi, 2015).  

According to (Rizzo, 2015), there are three important variables that need to be optimized 

in agriculture for farm management to be profitable these are (a) production yield, (b) 

production cost, (c) and risk avoidance. Further, there’s need to have a real time, holistic picture 

of these variable to maximize profit. 

1.2 Problem Statement 

Many fish farmers rely on traditional water quality monitoring methods such as notes 

writing and observation which are prone to errors (Helfrich & Smith, 2009). Most farmers are 

yet to embrace technology in the monitoring of water quality in the fish ponds. According to 

(Idachaba, Olowoleni, Ibhaze, & Oni, 2017) fish pond operators are faced with the challenge of 

constantly monitoring water quality and changing the water in case the quality is compromised. 

The proposed model in this work shall aid fish farmers in monitoring fish ponds using 

IoTs. The integration of sensor and internet technology combined with a user-friendly 

interaction interface via a smartphone to provide real time monitoring of the fish ponds; could 

make a significant contribution in reducing the risk of losses and improve efficiency 

(Neethirajan, 2016). 
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1.3 Research Objectives 

i. To investigate the water quality parameters useful for monitoring fish ponds. 

ii. To review the models used in monitoring water quality in fish ponds. 

iii. To develop a model for real time monitoring of water quality in fish ponds. 

iv. To test the functionality model. 

1.4 Research Questions 

i. What are the parameters for monitoring water quality in fish pond? 

ii. What are the challenges in the existing models? 

iii. How can the model for monitoring the water quality be developed? 

iv. How can the functionality of the model be tested? 

1.5 Justification 

This research contributed in developing a technological solution for real time monitoring 

water quality aspects of fish ponds that shall be adopted by fish farmers in Kenya by providing 

them with real time data whenever they are within or away from the fish pond site. This will 

help them eliminate or minimize the risk of losing fish and wastages due late interventions.  

1.6 Scope and limitations 

The research focused on developing a model for real time monitoring of fish ponds as a 

proof of concept and testing the basic functionalities of the model. The functionalities tested 

were monitoring of temperature and water level aspects of the water. The hardware platform 

used provides extra ports which can be used scaled up the model to incorporate more sensors.  
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Chapter Two: Literature Review 

2.1 Introduction 

This chapter presents a discussion on the challenges faced by farmers in monitoring the 

water quality, the key parameters used in aquaculture water monitoring. The various application 

architectures used for the monitoring were reviewed and used as a basis for developing the 

model which was an improvement of the already existing models.  

2.2 Aquaculture production in Kenya 

The Economic stimulus program (ESP) contributed significantly to the growth of 

aquaculture in Kenya.  It accelerated regional development and commercialization of farming 

activities (Meijberg, 2016). Aquaculture contributes 1% of the total nation fish production. 

Approximately 1000 metric tons are harvested from 7477 small ponds owned by about 4742 

fish farmers. The current mean yield from fish farming is approximately 5.84Mt/ha/year. 

However, by 2013, fish accounted for 17 percent of the global population’s intake of animal 

protein and 6.7 percent of all protein consumed (FAO, 2016b). The pond culture is the most 

practiced form of aquaculture in Kenya. Figure 2.1 shows a typical pond culture 

 

Figure 2.0: Pond Culture (Meijberg, 2016) 

According to (Shitote, Wakhungu, & China, 2013), there are a host of problems facing 

the growth of Kenya’s fish farming industry. These challenges include; uncoordinated 

promotion of fish farming through many institutions, Government, research institution, 

Universities, NGOs and Regional authorities among others. In their study, (Shitote et al., 2013) 

noted that the slow pace of fish farming in Siaya county in western Kenya was attributed to: 

high cost of feed, shortage of quality fingerlings and feeds, flooding, poor security and poor 

management practices among others. Mbugua (2008), noted that poor record keeping and 

insufficient statistical data impeded information on the viability of aquaculture. In their study, 
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Shitote et al. (2013) also noted that majority of the farmers faced various difficulties in 

managing their ponds while very few faced no problems as depicted in figure 2.1 

 

Figure 2.1: Difficulties in managing ponds by fish farmers in Siaya County (Shitote et al., 

2013) 

Further, the farmers were asked what difficulties they faced and they gave varied responses with 

varied degrees of severity as recorded in figure 2.2. It is noteworthy that some of the variables 

that constitute the degree of severity such as: pond maintenance and siltation of ponds; are 

features that require constant monitoring. 

 

Figure 2.2:  Problems faced in the management of ponds (Shitote et al., 2013) 
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2.3 Fish Kill Problem 

Fish kill is an event where there’s a sudden appearance of dead fish in the fish ponds. 

The common cause of major fish kills is low dissolved oxygen in the water. A combination of 

environmental factors results in low amounts of oxygen. During the night there is competition 

for oxygen between the plants and the fish ,which use oxygen for respiration and bacteria which 

use oxygen for decomposing organic material (Sallenave, 2013) 

According to (Helfrich & Smith, 2009) most fish kills are as a result of oxygen depletion 

that occur during the night in hot weather conditions. They further noted that, the fish kills occur 

during dawn due to (a) the die-off of a large algae bloom, (b) the decay of water weeds after 

treatment with a herbicide, (b) the turnover of oxygen-poor bottom waters following a 

thunderstorm, (c) the runoff of livestock waste and other organics after a heavy rain. 

Consequently, they emphasized on the need for constant monitoring of the water quality since 

conditions of the pond might change rapidly (within hours) .Minor fish kills where there is a 

small number of dead fish per day, are caused by poor water quality (Idachaba et al., 2017). The 

only remedy for fish kills is maintaining good water quality.  

Fish live in water therefore it is obvious that the water quality must be good for fish to 

thrive. Most fish farmer depend on natural sources of water which are not reliable as they dry 

up or reduce level during drought (Shitote et al., 2013). There are key water properties that need 

to be monitored and regulated so as maintain an ideal environment for the fish. The main threats 

to aquaculture as identified by (Virapat, Wilkinson, & Soto, 2017a) is summarized in table 1. It 

is important for farmers to understand that different species have different and specific range of 

water quality aspects (temperature, PH oxygen concentration, salinity, hardness, etc.) (GOK, 

2016) 
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Table 1: Major threats, indicators of threats and impact (Virapat, Wilkinson, & Soto, 2017b) 

 

2.4 Physical aspects of Water Quality in fish pond culture 

The composition of water changes with the climatic conditions and how the water is 

used. The aim of a good pond culture management is to control this composition to yield best 

results. Fish farmers need to understand both the physical and the chemical components that 

contribute to good and bad water quality (GOK, 2016). 

2.4.1 Water Temperature  

Water temperature is one of the critical physical aspects that fish farmers must monitor. Fish 

are referred to as cold blooded animals because they adopt to the temperature of the water. The 

water temperature therefore affects the fish level of activity, feeding and reproduction. 

Temperature outside the optimum range of the fish might kill or affect the growth of the fish 
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(GOK, 2016). (Ngugi, Bowman, & Omolo, 2007), prescribed two ways in which temperature 

can be controlled: (a) Stock fish whose body temperature range much water available in your 

location and (b) add cooler water to lower temperature  

Temperature also affects the chemical process in water. For instance, during pond treatment 

when the water is warm, fertilizers dissolve faster, herbicides act quicker, rotenone degrades 

faster and the rate of oxygen consumption by decaying manure is greater   

2.4.2 Water Turbidity 

Water that is turbid is referred to as “cloudy”. Low water visibility commonly results from 

suspended solids like clay or plankton (living organisms in water) (GOK, 2016). Clay can 

reduce the water visibility to 30cm or less hence impede the growth of plankton.  These two 

causes can be remedied as follows (Ngugi et al., 2007) (a) Use diversion canal to divert muddy 

water, (b)treat the water with lime at recommended pH for improving soil PH and alkalinity, 

(c) frequent observation of the pond during culture period and take appropriate action (d) 

Remove plankton if visibility is low (e) add plankton if visibility is high.  

2.4.3 Water Level 

The variation in fish pond water levels affect the behavior of the fish. Fish have a 

tendency of moving to specific areas of the pond where they can feed and relax. When the water 

level for the area shrinks, then is likely to cause competition for survival among the fish (S & 

A., 2018) .   

2.5 Chemical Aspects of Water Quality in fish Pond Culture 

Chemical aspects refer to the following parameters: pH, alkalinity, hardness, dissolved 

gases (Oxygen, Ammonia, Nitrogen, Carbon dioxide). Water reacts differently depending on 

the dissolved substances in it and thus affect the living organism in it (GOK, 2016). 

2.5.1 Dissolved Oxygen (DO) 

Oxygen is the most important gas dissolved in water. It mainly dissolves through the 

atmosphere and photosynthesis. Photosynthesis is the major source though it depends on the 

amount of light available to the aquatic plants (GOK, 2016). Table 2 shows the DO requirements 

for various fish species stocked in Kenya. Low oxygen levels can lead to sudden fish kills. 
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Table 2: DO requirements commonly farmed fishes in Kenya (in mg/l or percent saturation 

values) (GOK, 2016) 

  

There various ways to manage  dissolved oxygen levels as prescribed by (Ngugi et al., 

2007): (a) Feed fish at the recommended daily rates to avoid overfeeding which will result to 

feed wastage and compromise oxygen levels (b) reduce feeding rate during cloudy weather, 

slow growth periods and when the temperatures are unusually high (c) running bubbling fresh 

water into the pond in emergency situations and simultaneously release oxygen poor water near 

the bottom of the pond. 

2.5.2 Water pH 

Water may be acidic, alkaline or neutral. This behavior of water is measure in pH values. 

The pH value ranges from 0 to 14, with pH 7 indicating that the water is neutral. Values 

smaller than 7 indicate acidity while those greater than 7 indicate alkalinity (GOK, 2016). 

Figure 2.2 show the pH limits and optimum tolerance for fish. Carbon dioxide plays a major 

role in determining the PH of water.  

 

Figure 2.3:  pH ranges showing tolerance limits and optimum range for fish, (GOK, 2016) 

Adults 

Fish species 
Ova and 

juveniles 
Minimum DO level 

Preferred DO 

level at least 

equal to 

        

Trout Close to 100% 5 mg/l (50%) 8 mg/l or 70% 

Common 

carp At least 70% 3 mg/l (30%) 5 mg/l or 50% 

Tilapia At least 70% 2 mg/l  4 mg/l or 50% 

African 

catfish At least 90% 

1 mg/l or less (aerial 

respiration) 3 mg/l or 35% 
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The aquatic vegetation aids in regulating the PH levels of the water since they utilize carbon 

dioxide during photosynthesis hence rises the alkalinity levels of the water during the day and 

lowers during the night (Boyd & Pillai, 1985). Figure 2.10 illustrates the fluctuation in PH of 

fish pond culture  

 

Figure 2.10: Daily fluctuations of PH in fish pond water (Fondriest Environmental, Inc., 

2013) 

2.5 The Internet of Things (IoT) Concept 

Recent developments in the communication technology and mobile sector has enhanced 

the development and use of ICT in farming (Banhazi et al., 2012). IoT is one of the recent ICT 

technologies that has been pivotal in the realization of IoT in farming. It provides the ICT  

infrastructure  that enables ‘thing’s to exchange information over the internet securely and 

reliably (Weber & Weber, 2010). It is a complex platform based on connection of things for 

example, tagged objects, sensors, actuating elements and various technologies (Weber & 

Weber, 2010). 

Various authors have defined IoT in different ways. In their book, (Vermesan, Friess, & 

P., 2011) defined IoT as simply an “ interaction between the physical and digital worlds. The 

digital world interacts with the physical world using a plethora of sensors and actuators.” 

Generally internet of things is described as interconnection of devices that are interconnected 

to achieve tasks that require intelligence (Sethi & Sarangi, 2017).  Figure 2.11 illustrates the 



11 
 

general idea of the IoT architecture. It is composed of three layers namely, the perception, 

network and application layers. 

 

               

Figure  2.11: Architecture of IoT (A: three layers) (B: five layers)  (Sethi & Sarangi, 

2017) 

• The perception Layer: it consititutes the sensors which are responsible for information 

gathering about the environment. It is also called the physical layer. 

• The Network layer: it is responsible for interconnecting the smart devices, network 

devices and the servers. It propagates and processes sensor data 

• The application layer: it delivers application specific services to the users. 

2.5.1 Sensor-Based IoT System Architecture   

A sensor-Based IoT architecture mainly consists of a set of sensors (deployed in “edge 

devices”), that collect different types of data and transmit them to a gateway that uploads the 

data to the cloud. From there it can be accessed by users and/or businesses as actionable 

intelligence (Saldanha, 2015). These components can be described as follows: (1) Low Power 

Smart Sensors/Edge Devices which function as data collectors that seat at the edge of the 

network hence their name. They gather minute information that are require by the intelligent 

system. They operate on low power which enables them to support wireless installation and 

communication (2) local Sensor Network which provide various ways in which the sensors can 

connect edge devices such as bluetooth, Radio frequency and Wifi (3) the Gateway which 

functions as a bridge between the sensor network and the cloud. It supports advanced data 
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processing and transmission functions. It collects data from the sensors, decides what 

information is actionable business intelligence and forwards it to the cloud server via internet 

or cellular network connection. (4) Cloud Server which receives periodic signals from the 

gateway that indicate the status of the sensor network. The cloud can push down commands, 

configuration and software updates to the gateway and support application-level system 

management and analytics software. Figure 2.12 gives an overview of the sensor-based IoT 

architecture. 

 

Figure 2.12: A Sensor-Based IoT System Architecture (Saldanha, 2015) 

There are several means by which IoT solutions can be deployed depending on the context 

in which they are applied. However, by having a basic understanding of IoT architectures and 

functions makes it easy to visualize a range of possible deployments (Saldanha, 2015). 

Enterprises where sensor-based network communication have been deployed; have witnessed 

numerous benefits arising from the deployment. Some of the benefits include: (i) Reduced 

workforce costs associated with manual monitoring methods, (ii) Improved customer 

satisfaction and retention by providing highly proactive customer service without increasing 

costs (iii) Reduced equipment maintenance costs through early detection of equipment failures 

and device maintenance issues. 
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2.6 Applications used in fish pond water quality monitoring 

 Fish farmers have for long time been using manual methods to monitor fishpond water 

quality. The manual methods are tedious and error prone (Bokingkito & Llantos, 2017). Some 

farmers have disclosed that they do not monitor water quality of the fish ponds. Researchers 

have therefore attempted to develop technological solutions to counter the problem. This section 

presents the various applications that have been developed. The merits and the shortfalls of the 

applications were also analyzed. 

2.6.1 IoT Enabled Real-Time Fishpond Management System 

 In their research, Idachaba et al., (2017) proposed the development of a system that 

would enable management of fish ponds using a mobile device with the objective of reducing 

cost of fish farming and increase yield. The system composed of sensors for sensing the 

parameters, feeder mechanism for feeding the fish and CCTV cameras for capturing events 

around the fish pond. The feeding mechanism comprised of a motor which is able to rotate so 

as to dispense the feed.  The water level sensor was implemented using two water level sensors 

fixed at the bottom and the top of the fish tank. The author however did not elaborate on the 

models and capabilities of the sensors used in monitoring the temperature and the PH. The 

system also utilized the SMS service to send commands to controllers and to display the pond 

status which was one of the major short falls. An SMS service is expensive to implement 

because it attracts carrier charges with every SMS sent.  Figure 2.13 illustrates the conceptual 

model they adopted to develop the system.  
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Figure 2.13: IoT Enabled Fish Pond Management System (Idachaba et al., 2017)   

2.6.2 Water monitoring IoT system for fish farming ponds with WivityTM module 

 The system as proposed by (S & A., 2018) was to be implemented with a WivityTM 

Module which utilizes the LoRaWAN protocol. The LoRaWAN protocol enables low-powered 

communication devices to communicate with internet-enabled applications over long-range 

wireless connection. The system was to solve the problem of lack of internet accessibility in 

areas where fish ponds are remotely located. In their publication, (S & A., 2018) cited the hot-

swapping capability and little technical know-how of the module as an advantage of 

implementing their system.  The system had the capability of monitoring water level and 

temperature. It also utilized and RTC module to adjust lighting in the water.  

Further, they acknowledged the lack of remote monitoring platform in their system as 

one of the limitations but noted however, that the system could be expanded to include the 

remote monitoring platform. The system also used a sound buzzer as the mode of notifying 

users of the change in the threshold which was also considered a limitation because the operators 

could not receive notification when they are far from site Figure 2.14illustrates the architecture 

they adopted for the development of the system. 
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Figure 2.14 Water monitoring IoT system for fish farming ponds with Wivity module (S & A., 

2018). 

2.6.3 GSM based fish monitoring system using IoT 

 A system by (Sri, Nirosha, Priyanka, & Dhanalaxmi, 2017) was designed and developed 

to utilized the GSM technology to send Short message to alerts farmers on a display screen in 

case the quality of the fish pond water deteriorates. The system was composed of four modules 

namely: the input, evaluation, communication and output modules. Figure 2.15 illustrates the 

framework they adopted. The system monitored, temperature, PH scale level and dissolved 

oxygen level in the water. The author however did not give details of the sensor manufactures. 

The limitation to the system was that it did not provide a module where the famer could initiate 

an action to correct any anomaly in the water quality.  
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Figure 2.15: Framework for GSM Based Fish Monitoring System Using IOT (Sri et al., 2017) 

2.7 Conceptual Model 

From the literature review study, it is evident that fish pond culture is widely practiced 

in Kenya. It is noteworthy that finding the trade-off between increased inputs and higher yields 

can be better achieved by utilizing technology in monitoring water quality in the fish ponds. 

The crucial parameters in fish pond culture was identified and determined that monitoring these 

parameters on a real-time basis is necessary since they make the difference between life and 

death of the aquatic life and can determine the yield the farmer get from the fish. Various 

applications have been developed but fall short of some aspects. In Kenya, however, there lacks 

a system for aiding fish farmers in monitoring the aquaculture environment. The conceptual 

model of the proposed application was designed and adopted to feel that gap of the previous 

architectures as illustrated in figure 2.17 
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Figure 2.17: Conceptual Model for Real Time Fish Pond Water Quality Monitoring 

The  conceptual model proposed constitutes: Sensors for capturing water quality state 

through virtual pins, actuators which are in the form of relays and are responsible for 

manipulating devices such as the water pump, smartphone application cable of remote 

monitoring by displaying the water state and also issue user commands on the actuators a 

microprocessor which is responsible for executing a the programmed sequence of instructions 

embedded in it and finally  a cloud infrastructure that contains a RESTFUL API whose function 

is to execute instructions obtained from the smartphone application. 
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Chapter Three: Research Design and Methodology 

3.1 Introduction 

This chapter presents the methodical approach that was used in the research. It discusses 

how the research was designed and the tools and techniques used to gather data for the 

development of the application based on the discussions in chapter one and two. 

3.2 Research Design 

 A research design serves as the architectural blueprint of a research project, linking 

design, data collection, and analysis activities to the research questions and ensuring that the 

complete research agenda will be addressed (Bickman & Rog, 2009).In this research, a 

participatory action  research (PAR) design was adopted. In this type of research, the 

participants define their problems and participate in designing the solution to the problem 

(Rubin & Babbie, 2011). The purpose of this research was to provide a solution to the water 

quality monitoring problem by developing a smartphone-based application that would aid fish 

farmers in monitoring the fish pond water quality and was simple to operate. Figure 3.1 

illustrates the applied research planning approach 

 

Figure 3.1: Applied Research Approach (Bickman & Rog, 2009)  
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3.3 Application Development Methodology 

The research adopted the Rapid application methodology which was deemed best due 

to its iterative approach to applications development as it also delivers systems faster at a lower 

cost in time constrained projects. This methodology was suitable for our research given the time 

constraints in developing the application. The methodology involves user’s participation 

throughout the development process necessitated by the need to evaluate the outcome of each 

cycle (Córdova, Troncoso, Díaz, Palominos, & Canete, 2016). Figure 3.1 shows a summary of 

the RAD process. 

 

Figure 3.2: Rapid Application Methodology (Córdova et al., 2016) 

The methodology was incorporated in stage II as depicted in figure 3.1. Various data 

collection instruments and rationale for their selection are in section  

The requirements planning stage entailed gathering information on what the model 

should contain and how the model is supposed to function. Secondary data was used to 

determine the water quality aspects that require monitoring. Interviewing the operators of the 

fish ponds also provided information on what should be incorporated in the model. After 

gathering the design details, the researcher used software and hardware tools described in 

chapter five to develop the model incorporating the user design suggestions. The model would 

then periodically evaluate by the intended users to check whether the modules were functioning 

as desired.   
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3.3.1 Data collection instruments 

The research deployed both primary and secondary data. The data formed the basis of 

developing the various application components. The techniques involved were: 

i. Literature review from various sources e.g. thesis, government report, conference papers 

and journal articles formed the bulk of secondary data sources. The sources mostly 

provided information on the water quality aspects that should be monitored, the 

challenges in monitoring water quality and the deficiencies in the current architectures 

used in monitoring water quality. They provided authoritative information regarding 

aquaculture.  

ii. Questionnaires: the questionnaires were structure in manner that they would provide 

information regarding the user requirements and usability of the proposed application. 

The questionnaires were administered both online and on site. On site administration 

was necessary in instances where farmers were not literate enough to fill the 

questionnaires especially where the farmers were not able to fill them online. The 

questionnaires were administered in two stages i.e. before the development of the 

application to gather the requirements and after the development so get feedback on the 

functionality and usability. 

iii. Qualitative interview: this is a type of interview where the interviewer has no specific 

preset question that are to be asked in a particular order. The respondent does most of 

the talking. These interviews were used during site visits and were used to gather in-

depth insights into how fish ponds are monitored.   

3.4 Data Analysis Presentation 

  A quantitative data analysis and presentation was done using Microsoft Excel. Data 

gathered from questionnaires was downloaded in the excel sheets and were graphically 

presented in the form of pie charts. 

3.6 Target Population and Sampling  

 The research employs the purposive sampling technique. This technique was chosen 

because the researcher had in mind the type and quality of respondents, he wants to obtain 

information from. The researcher adopted the (Krejcie & Morgan, 1970) table (see appendix 

C) to obtain a sample size of 108 based on the total population of 108 farmers.    
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3.7 Ethical Consideration 

The research solicited the help of human respondents hence the requirement for ethical 

considerations. According to (Rubin & Babbie, 2011) the respondent’s participation in a 

research should be voluntary and should also be based on consent. The ethical issues considered 

were confidentiality and consent. Voluntary participation was achieved by guaranteeing 

confidentiality. Confidentiality entails concealing the participant’s personal data from the 

public. To achieve confidentiality, the participants were not required to provide their personal 

information during the process of data collection. Consent was obtained by explaining to the 

participants the purpose and the importance of the research. 

3.8 Experimental setup 

Figure 3.3 Illustrates the experimental setup that was adopted. 

 

Figure 3.3: Experimental Setup 
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Chapter Four: System Analysis and Design 

4.1 Introduction 

 This section discusses the how the application was designed based on the data collected 

from the users. The discussion presents the interrelation between various modules of the 

application and their functions. The process of analysis entails; understanding the current 

situation, identify improvements, and finally defining the requirements of the proposed solution. 

4.2 Data Analysis and Results 

 Data collected from the questionnaires and interviews were analyzed in order to capture 

the farmers’ and the various stakeholders’ views on the current methods of aquaculture water 

monitoring and suggestions of how the methods can be improved. 

4.2.1 Years of fish farming experience 

 The researcher sought to know the fish farming experience of the respondents. This 

would aid in justifying the application of the recommendations from the Respondents. Figure 

4.1 indicates that 54% percent of respondents had more than five years’ experience in fish 

harming, 18% had less than 5 years of experience while 28% had less than one-year experience 

in farming. 

 

Figure 4.1: Farmers experience in fish farming 

4.2.2 Importance of fish pond water quality monitoring 

 It was important for the researcher to determine the degree to which the respondents 

agreed that water was an important aspect in fish pond monitoring as this would form the basis 

of developing the model. As revealed in figure 4.2 67% strongly agreed it is important to 
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monitor water quality, 7% strongly agreed it is important to monitor water quality while 26% 

had a neutral opinion on the importance of water quality monitoring.  

 

Figure 4.2: Importance of water quality monitoring 

4.2.3 Frequency of water quality check 

 Once it was determined how important water monitoring is, it was necessary to 

determine how frequent the respondents checked the water quality so as to reveal the challenges 

if any, they are facing during the quality check. As revealed in figure 4.3, 55 % of the 

respondents checked the water quality of the ponds once a day. 28% once a week while 17% 

rarely check the eater quality. From the analysis, it is evident that majority of the respondents’ 

made efforts to check on water quality but it was less frequent. From the interviews, the 

respondents revealed that is was difficult to constantly monitor the water quality due to 

inaccessibility of measuring equipment and lack of technical know-how in measuring the 

parameters.     

 

Figure 4.3: Frequency of water checks 
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4.2.4 Technology usage 

 The knowledge on the technology usage was important because it gave indications as to 

how the user interface was to be designed in terms of complexity. This would also determine 

the user training requirements. Figure 4.4 illustrates that 69% of the respondents were skilled 

while 31% were very skilled 

 

Figure 4.4: Technology Usage 

4.2.5 Timeliness of the current process of water monitoring 

 The performance of the current methods would justify the need for a smartphone-based 

model for monitoring the fish pond. Figure 4.5 illustrates that 93 % of the respondents strongly 

disagreed that current processes gave instant status report on the water quality parameters and 

an additional 7% disagreed. Judging from the analysis therefore, it was important that a real 

time monitoring model was necessarily so as to provide instant status 

 

Figure 4.5: Timeliness of current process 

Technology Usage 
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4.2.6 Recommendation of a water quality monitoring application 

 As illustrated in figure 4.6 77% strongly agreed that a smartphone-based water quality 

monitoring application would make water quality monitoring easier, 17% agreed and 6% were 

neutral. 

 

Figure 4.6: Recommendation of a smartphone-based water quality monitoring application 

4.3 Application User Requirements 

Based on the data collected from the questionnaires and interviews, the users preferred 

an application that will offer (a) timely updates on the water quality parameters, (b) user 

interface with menus that is easy to navigate,  (c) presentation of data that is easy to interpret, 

(d) reports on historic data for current and future decision making 

4.3.1 Application Functional Requirements 

 The functional requirements provide descriptions of how the application should react to 

particular inputs and the behavior of the application given a certain situation. The application 

therefore: 

• shall Sense the water quality parameters through specific sensors. 

• Generate reports on user request. 

• Shall notify the users when a certain thresh hold are met. 

• Display the correct status of the parameters. 

• Shall register authorized users. 
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4.3.2 Application Non-Function Requirements 

The non-functional requirements mainly entail the quality aspect of the application. The 

requirements are: 

• Performance: the application should be able to display timely and accurate data. 

• Scalability: it should have provision for adding more sensors in the future.  

• Manageability: it should be easily managed by the users. 

• Reliability: It should read the parameter values at all times. 

• Security: Should not allow unauthorized access 

 

4.4 Application Architecture 

The system architecture is modular and gives an overview of how the various modules shall 

interact. As depicted in figure 4.7. The modules are described as follows: 

• Aquaculture water: this is the fish pond where the fish is reared. It shall comprise 

of various sensors that shall send data about water quality to a microcontroller. 

• Microcontroller:  upon receiving data, the microcontroller forwards it to the 

gateway. The communication between the gateway and the microcontroller is two-

way. 

• Gateway: the gateway provides the link to the internet. It transmits the sensor data 

to the cloud server. 

• IoT Cloud server: the cloud server analyzes the data received and acts per the 

predefined conditions. 

• Application: the mobile application provides a means of visualizing the data on the 

server and provides and interface to the user for decision making. 

• Actuators: the actuators act upon the aquaculture environment based on instructions 

received from the IoT cloud server. 
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Figure 4.7: IoT-Based Water Monitoring System Architecture  

4.5 Process Modelling 

 A software process model is an abstract representation of the architecture (Acuña & 

Belgrano, n.d.). The models illustrate how different modules of the software interact. 

4.5.1 Context Level Diagram 

 A context diagram is a high-level diagram that defines the boundary between the system, 

or part of a system, and its environment, showing the entities that interact with it. The 

application has four main entities that interact with it namely: the users, sensors and actuators. 

The main process is to monitor the water quality. The users are able to view the status via a 

graphical user interface and perform actions like feeding the fish when the conditions are 

favorable. Figure 4.8 illustrates the context diagram. 
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Figure 4.8: Context Level 0 Diagram 

4.5.2 Level 1 diagram 

 A level 1 diagram breaks the context diagram further into sub-process. The processes 

are illustrated in figure 4.9 

 

Figure 4.9: level 1 diagram 
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4.5.3 Use case modelling 

 Use case is a description of a set of roles by actors which yield observable useful results 

to the actor. A use case diagram gives a graphic representation of how different elements of a 

system interact. Figure 4.10 shows the roles different actors play in the fish aquaculture 

monitoring system. 

 

Figure 4.10: Use Case Diagram for IoT-based Real Time Fish Pond Water Quality 

monitoring 

4.5.4 Use Case Descriptions 

The authorized users of the system must be able to successfully login to the application 

in order to monitor the water quality. The add user use case as describes the scenario for 

registering a user as illustrated in table 4.1.  

Table 4.1: Add User Use Case 

 

Title: Add User  

Description: Authorized users added to the application 

Primary Actor:  System administrator 

Precondition: The administrator must be logged in 

Post Condition: User are successfully added 

Main success scenario: Users are able to access the system 

Use case Diagram: IoT-based Real Time Fish Pond 

Water Quality monitoring 
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Table 4.2 shows the use case for detecting the water level in the pond. The sensor must 

be on so that it can detect the water level. The Sensor then updates the readings that will be 

transmitted to the cloud server. The cloud server shall then display the values via the 

application’s user interaction interface. 

Table 4.2: Detect Water Level Use Case 

Title: Detect Water Level 

Description: Ultra-sonic Sensor detects the water level and updates reading 

Primary Actor:  Ultra-sonic Sensor 

Precondition: Sensor is on 

Post Condition: Server Updates reading 

Main Success scenario: 1.sensor Data is transmitted to the cloud server 

2. Sensor data is displayed 

 

Table 4.3 shows the use case for detecting the turbidity in the pond. The sensor must be 

on so that it can detect turbidity. The Sensor updates the readings that will be transmitted to the 

cloud server. The cloud server shall then display real time status of the water turbidity. 

Table 4.3: Detect turbidity Use Case 

Title: Turbidity Level 

Description: Turbidity Sensor detects the water level and updates reading 

Primary Actor:  Turbidity Sensor 

Precondition: Sensor is on 

Post Condition: Server Updates reading 

Main Success 

scenario: 

1.Sensor Data is transmitted to the cloud server 

2. Sensor data is displayed 

 

 The replenish water use case describes the event for turning on the water value on the 

water pump given certain conditions such as low water levels as described in Table 4.4. The 

user has the option of remotely switching on the value or the system can automatically act on 
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behalf of the user. The status of the water pump switch is the displayed on the application’s 

control sensor menu. 

Table 4.4: Replenish Water Use Case 

Title: Replenish Water 

Description: Water pump can add water to fish pond  

Primary Actor:  Water pump 

Precondition: Water pump inlet valve must be on 

Post Condition: Water level adjusted 

Main Success 

scenario: 

1.Sensor Data is transmitted to the cloud server 

2. Sensor data is displayed 

 

 Given favorable conditions such as the water temperature? The user can remotely feed 

the fish by activating the feed dispenser. Tables 4.4 describes the dispense feed Use Case. The 

fish feeder broadcast the feed pellets to the pond on user’s command. 

Table 4.5: Dispense Feed Use Case 

Title: Dispense Feed  

Description: Fish feeder broadcasts food pellets 

Primary Actor:  Fish feeder 

Precondition: 
Fish feeder is on 

Water temperature must be optimal 

Post Condition: Server Updates reading 

Main Success 

scenario: 

1.Sensor Data is transmitted to the cloud server 

2. Sensor data is displayed 

 

4.5.5 Sequence diagram 

 A sequence diagram illustrates the sequential interaction between objects. Figure 4.3 

illustrates how the various components of the application shall interact. The proposed model 
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was composed of a sequenced interaction between various sensor and the commands which the 

user inputs. The outputs of the commands which are mainly: the sensor values and the actuator 

actions such as the water pump. The user has to initially log in to the system then from the menu 

options presented in the graphical interaction interface, the user decides which action he wants 

to take. The ultimate goal of monitoring the water quality in the fish pond is to enable the user 

to act proactively in the event the are any changes in the recommended parameter thresholds. 

This is demonstrated in the operate command sequence. 

 

Figure 4.11: Fish Pond Water quality monitoring process Sequence diagram 

4.5.6 Activity Diagram 

 An activity diagram illustrates the program flow of control. It was used to construct the 

executable codes for the application. It shows how the various process are interlinked, the input 

and the output of each process. Figure 4.5 illustrates the activity diagram for the application. 
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Figure 4.12: Activity diagram for fish pond water quality monitoring application 
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Chapter Five: Implementation and Testing 

5.1 Introduction 

 This chapter discusses how the application was implement and tested. The various hardware and 

software platform that were used will also be disclosed. Sample codes and their implementation shall be 

displayed. The testing methodology and results shall also be discussed. 

5.2 Application Hardware and software Requirements 

 Table 5.0 and table 5.1 lists the range of hardware and software that was used. The 

details of the sensor capabilities are illustrated in appendix E. 

Table 5.0: Hardware requirements 

 

Table 5.1: Software requirements 
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5.3 Hardware Assembly 

 The hardware forms the core of the application. The various sensors were integrated into 

a printed circuit board. The sensors were connected to the processor via Arduino UNO using 

wire jumpers. Each sensor was connected and tested separately before they were integrated into 

one unit. 

5.3.1 Circuit design  

 Figures 5.4, 5.5 show sample sketches of temperature sensor, ultrasonic sensor 

respectively and how the sensors were connected to the microprocessor. The color coding is 

illustrated in appendix D 

 

Figure 5.4: Temperature Sensor wiring 

 

Figure 5.5: Ultrasonic Sensor wiring 

5.4 Software Configuration 

This research employed the Blynk platform as a rapid prototyping tool for the 

application development. Blynk is basically mobile application that is made up three 

components: 
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i. Blynk App – enables one to create interfaces for projects using various widgets. 

ii. Blynk Server - responsible for all the communications between the smartphone and 

hardware.  

iii. Blynk Libraries – contains libraries for a host of hardware platforms. They enable 

communication with the server and process all the incoming and outgoing commands. 

5.4.2 Initial configuration 

The creator of the application i.e. the system administrator first downloads the blynk 

application for Google’s play store. Figure 5.6 shows sample configuration forms for 

configuring an application. Authentication tokens for secure application access are generated 

and sent to the email registered by the administrator. 

 

Figure 5.6: Sample application configuration forms 

5.4.2 Dashboard Design 

The application dash board is the graphical user interface that the users shall use to 

interact with application components. The application provides widgets which the administrator 

can add according to the use. Figure 5.7 shows sample forms for design dashboard. The 

dashboard contains menus and widgets which users can use to navigate the application 
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Figure 5.7 sample dashboard 

5.4.3 Coding Components 

 The main system functionality was to monitor the water quality parameters of the fish 

pond. The sensors installed would probe the various water quality aspects. To provide 

instruction code to the sensors, the system administrator has to write code on the IDE. Figure 

5.8 shows the pseudo-code which illustrates the general structure of the program execution. The 

hardware involved have to be initialized through respective libraries and a secure connection to 

the server in obtained by provide the authentication code. The main execution function operates 

in loop which will continuously probe the sensors in a predefined interval. Figure 5.9 shows a 

sample execution code for measuring the water level. The blynk app executes a function that 

operates in PUSH mode which is used to update the water level widget. 
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Figure 5.8: Pseudo code for program execution 

 

Figure 5.9 sample code for water level measurement 

5.5 Algorithm Implementation and Validation 

 The algorithm is implemented in a sequence of commands from initialization process to 

the notification. During initialization, the thresholds for the parameters are set and any deviation 

from the set threshold triggers an alert which is sent to the users’ smartphone. Figure 5.14 shows 

the sample code for threshold criteria and the functions that display notifications to user. Further 

to ensure that the correct information is transmitted by the application, data validation 
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mechanisms were incorporated in the code. Figure 5.8show an example of how the application 

should respond should respond when the user enters an incorrect password. Further, figures 5.15 

illustrates the notifications displayed when the threshold criteria are achieved. 

 

 

            

Figure 5.10: Notification for water level and temperature thresholds 

Figure 5.6: Sample code for threshold criteria 
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Figure 5.11: Incorrect password input 

5.6 Application Testing 

The research utilized both unit testing and integration testing methodologies to ensure 

that the prototype functioned as per the user requirements. The results of test were presented in 

a score card in table layout as illustrated in table 5.1 

Table 5.1: Application Test 

 

S/No. FUNCTION SCORE

1 Ultra-Sonic Senor measure water level PASS

2 Water Level Widget PASS

3 Temperature sensor to measure water temperature PASS

4 Water Temperature Widget PASS

5 Water pump Switch PASS

6 Sensor charts PASS

Switch the water pump on or 

off

Display sensors historical data

Application Tests Score Card

EXPECTED RESULT

Accurately measure the level 

of water in the pond

Accurately measure the 

temperature of water in the 

Accurately display the level of 

water in the pond

Accurately display water 

temperature
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Figures 5.12 illustrates a test sample form of historical data for water level represented in a 

chart. The user is able to know the trend of the water level during a certain period and this would 

aid in investigating any incidences that might arise due to water level fluctuations. Figure 5.13 

illustrates a test sample display for real time water level status  

     

Figure 5.12: Water level history data display      Figure 5.13: water level and temperture 

status 
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Chapter Six: Discussions 

6.1 Introduction 

 In this section we shall discuss the findings of the implementation of the real time model 

fish pond water quality monitoring model and the limitations of the model. The model was 

designed and developed based on the review of literature in chapter 2. The model focused on 

two water quality aspects namely: the water temperature and the water level. The literature 

review detailed the importance of these quality aspects. Fish species require varied optimal 

water conditions for them to survive in the water and thus threshold have to be set for the 

different water bodies the fish live in. It was revealed that the changes in either of the quality 

affects fish welfare hence the need for constant monitoring. The purpose of the model was to 

enable the stakeholders using the model take proactive action when the thresholds for the 

various parameters are achieved in order avoid losses such as fish kills and feed wasteage. 

A second questionnaire was administered to a subsection of the population of 

respondents that were that were involved in the model requirements stage. The respondents 

were given an opportunity to use the model and later gave their opinion on the various aspects 

of the model design. The subsequent sections shall discuss the aspects of the model that were 

tested and the respondents’ feedback. Pie charts was the researcher’s instrument of choice for 

the analysis of the respondents’ feedback. 

6.2 Graphical User Interface 

 The objective of the graphical user interface was to enable the users to navigate the 

application and interpret the information displayed with ease. Figure 6.0 illustrates the 

respondents’ feedback on the usability of the system.  44% strongly agreed that the graphical 

user interface was easy to navigate, 40% agreed and 16% were neutral. 
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Figure 6.0: Model Usability. 

6.3 Reliability of the model 

 The users recommended that they wanted a model that would provide real time status of 

the water quality. Figure 6.1 illustrates the respondents’ feedback on the model’s ability to 

display real time status. 67% of the respondents agreed that the system relayed real time status 

on the water status, 22% strongly agreed whereas 11% were neutral 

 

Figure 6.1: Application Reliability 
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6.4 Performance  

 Performance was one of the key factors to consider while developing the application. 

The main question was, does the system function the way it was designed to function? The 

analysis presented in figure 6.2 illustrates that 78% of the respondents agreed that the system 

performed as per the design while 22% agreed. 

 

Figure 6.2: Application’s performance 

6.5 Relevance of the model 

 One of the motivations of developing the model was the inability of the current methods 

of water quality to relay status on time. The popularity and the skill level of the users of 

smartphone was therefore key in actualizing the objective of the model. The respondents were 

asked whether they would use the application to monitor the fish pond and their response were 

summarized in figure 6.3.  67% strongly agreed that they would use the application to monitor 

their fish pond water quality, 22% agreed while 11% had a neutral opinion. 
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Figure 6.3: Relevance of the model 

6.6 Application Limitations 

 During the study period it was noted that there were areas where fish ponds that located 

in remote areas with no electrical connectivity and this proved to be an obstacle when it came 

to powering the devices. Though the devices can be battery powered, the continuous supply of 

power was not guaranteed because the was no means of recharging the battery. The powering 

of the device in remote areas was not in the scope of this model development. 
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Chapter Seven: Conclusion and Recommendations 

7.1 Conclusion 

 Fish farming has been identified as the viable solution for stocking fish in this era where 

the wild fish stock from rivers and lakes are declining due to environmental pollution that result 

in fish kills. The farming of in facilities such as ponds can guarantee to some level, a conducive 

environment where the fish can survive to maturity and thus contribute to the country’s food 

security. The fact that fish live in water and respond quickly to environmental changes means 

that it is important to monitor the water quality to guarantee survival.  

 In this study it was observed through the data collection and interviews that most fish 

farmers or those responsible for monitoring the fish rarely monitor the status of the water for 

changing conditions. This has resulted to loss and has made fish farming an expensive venture 

because the farmers invest in expensive inputs such feeds that do not translate to profits. Real 

time monitoring and timely intervention to these environmental changes is therefore key to 

providing the solution to this problem.  

In chapter two, the effect of the water quality aspects on the fish was discussed and the 

shortcomings of the existing fish pond water quality aspects were also discussed. The researcher 

was able to successfully address the shortcoming of the models by proposing and testing an 

alternative model. The researcher was bias on the use of a smartphone for real time remote 

monitoring because of the ubiquitous nature of the smartphones. The use of a smartphone was 

also based on the studies that indicate the its widespread use and accessibility even to the rural 

population. 

 The proposed model was successfully implemented and tested. The developed model 

provided a technological solution that would monitor the water quality in real time. The 

convergence of the emerging technologies namely the smartphone and the wireless sensor 

technologies made it possible to develop the model. Inexpensive sensors were used to sense the 

different water parameters that are key for the fish survival in water.  
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7.2 Recommendations for further research 

 From the study of literature and interviewing of experts it emerged that there are 

numerous other variables that could be considered while taking care of the fish welfare. More 

sensor could be installed to scale up the model to a fully operational system. Powering the 

devices in remote areas and for longer periods of time can be considered for future 

implementations. Creating redundant devices can be implemented in case of failure of one of 

the sensors. 
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Appendices 

Appendix A: User Requirements Questionnaire  

 

IoT-based Real Time Fish Pond Water Quality monitoring 
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Appendix B: Application Functionality and Usability Questionnaire 

 

 

 

 

 

IoT-based Real Time Fish Pond Water Quality monitoring 
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Appendix D Ultra Sonic Sensor Specifications  
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Appendix E Waterproof Temperature Sensor Sepcifications 
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