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ABSTRACT 

Electricity is crucial for the social, cultural, and overall well-being of Uganda. However, the 

absence of real-time monitoring and reporting on single-phase electricity networks exacerbates 

downtime and power instability, resulting in reduced productivity, equipment damage, and 

revenue loss. The existing call center structure, which depends on social media feedback and 

phone calls to the Supervisory control and data acquisition (SCADA), is susceptible to human 

error, process delays, and is labor-intensive in managing reference numbers. This study aimed 

to develop a prototype of an automated voltage quality reporting system with location updates. 

The conceptual framework was employed to visually represent the relationships between 

various concepts and variables.  

A comprehensive literature review of related studies and system development life cycle 

(SDLC) models was conducted to inform and guide the research. Methods were developed to 

address the research questions and to guide activities to fulfill the objectives' requirements. 

Data were gathered using measurement instruments from a sample area of single-phase 

households, with a focus on shops for ease of accessibility. The findings were subsequently 

employed to benchmark the study's test setup. The data collected from the sample area closely 

aligned with the test bench results, exhibiting only minor deviations, which indicated that the 

trends observed in the test bench were consistent with those in the sample area.  

The hardware and software were assembled and calibrated, resulting in a functional single-

phase power quality monitoring system, with reports and alerts accessible online and on mobile 

devices. The developed prototype exhibited hardware and software configurations analogous 

to those documented in comparable studies. The study recommended integrating the system 

with an existing power meter for regular power supply to prevent misreporting of power 

failures when customer units are depleted. Further research recommends embedding of 

algorithms and AI tools for designing power distribution topologies, promoting continuous 

improvement within the energy sector. 

Keywords: Automated, SCADA system, Single phase. 
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 INTRODUCTION 

1.1 Background 

Electricity is fundamental to the functioning and transformation of social, economic, and 

cultural systems. In Uganda, the electricity sector is governed by policy guidelines issued by 

the Electricity Regulatory Authority (ERA) under the Ministry of Energy and Mineral 

Development, which aim to promote efficiency, reliability, and continuous improvement in 

electricity service delivery (Onyoin & Bovis, 2021). The establishment of the ERA has 

contributed to increased access to electricity for domestic single-phase consumers and 

industrial users, thereby expanding connectivity to the national electricity grid. Despite these 

developments, adequate attention has not been given to power quality assurance, particularly 

at the end-user level (Kayima et al., 2023). 

Although the energy sector, especially electricity distribution, has experienced significant 

growth, the implementation of systematic quality of service monitoring at the consumer level 

remains limited. End users frequently experience voltage fluctuations, with recorded levels 

falling below the acceptable lower limit of 216 V and exceeding the upper limit of 253 V, as 

stipulated in the British Standard BS 7671. Empirical observations indicate that undervoltage 

conditions commonly occur during peak demand periods between 6:00 pm and 11:00 pm, while 

overvoltage conditions are more prevalent during off-peak hours, particularly between 11:00 

pm and 5:00 am. These challenges are further compounded by prolonged and often 

uncommunicated power outages. 

Voltage instability poses significant risks to electrical equipment used in households, 

commercial establishments, and industrial facilities. However, there is currently no clearly 

defined framework through which affected consumers can substantiate compensation claims 

with electricity distribution companies, insurance providers, or the ERA. This gap underscores 

the need for verifiable, real-time evidence to support power quality-related claims. 

Consequently, the present study was motivated by the need to improve electricity service 

quality monitoring.  

The domestic single-phase electricity market, which constitutes the largest proportion of 

consumers under the Uganda Electricity Distribution Company Limited (UEDCL), presents an 

appropriate focus for such an intervention, as highlighted in the 2023 Annual Report. 

https://dummy-citation.com/citation?d=z%3ApVpdbBxXFXbShBYQlXhBKUjoFihNwF7vj%2B31tnFjO3ZcN3bixkkrpAoxO3Nn52Zn5k7nzni9SIBVKkoFUqH8SKhV4aVCQoiKxyBBKUKtVAQSFU88VZVQERJPIBWUh%2FCde2d2Z5w12OyDHe%2FOveeen%2B%2Bcc883eerGxMmOL20rkfGNiWPXI6vDL6VBm8d2vT7jylh0RHgiiBz3YdHxfPwkCuuE3iJkqL59Y%2BK4027L3RsTJ1yP04Kb5%2F713m9%2BPTEx4fjcTW4u3v%2FN597GJzuR0c3F5b3PL%2BID7wkn8W4ubi%2Bd2MPHwrmn7j2ixPMbv2BFieeepWfjSFz58B9IqaGOL31hXIl%2FjvD3UOLyxrgSV3%2F4dNmPX6aP40i80H27LHF3XB3Xqv8s%2B%2FG5cWO99u%2Fvl%2Fy49DFaOY7Eh3%2F1EzIzl7hY%2FdKPxpT4yMIfyzp%2BdVyJF4%2F%2FpRyZ%2Frh%2BvPi7r5FSA4mLwbg5s%2FGtF0pZuLQ5ro6bT7xX9mN8SIS%2FTiePknjpEx8s4%2FGtQ0bmYIl%2F%2Byl9GEp8%2FpB4PFDi5VdeK%2Flx8c3bspA%2FmcqE90%2F%2BaSlhicdZxK0uky6L0rYvbKY4JMUs5qjegWIiZNc6VuhY9Fet1WpO6k1rcofHYcDDhNG61LcS7jCLMVsGUcw9Hiqxwxk2MocnlvDxdDuJsaqDM7Z8K9TP8M9qyONOn21JHN5nlghIDjSLrVCRaBF29ImZFiySPR7nWoowkTjVFaEV2sLy%2FT7bEVbb54z7WBELWyR9rHJSlcR9dnozTaygLVi9WqueqbCrnlCsZynY4PuQ67A2VGAs5D22WhCwZCeMh5ZNNho3tCZZzxO2x6JY7ggH30NXrSdXCRQQytPOgV9hIxTgEccvfAPPdshdMjaeLJ5zJX%2BEI9PEQ%2FvEl6dXryxBV%2FzWqnbg1xBCVIT2KdrCpzV0uOJJQs5iiRUL11XawRJHxMz2rLjD1SQTSqW0Br5GhDgZHrMORwh0O55kjoCjRDulT1qAjkOAffpxpnseE%2FZkaunzYabi8Q6kmk3c9kJhWz6DMxC12MHZ9ICHONCm7YQTXyBqvMKWCWtcS8xgZ1xTCmIWcXJBYIXAcxasyIotnJLgMBxIOCugpejcZQk98BDg8vCQVpZML1uqkVtwBoGFM5XaNlcKepD%2BVii0Cwk7ZFMUix0I%2B6IWyABTsqcDIfhLA8eybRk7ZDTricTTmp4fCCKUpQCJwdFQbGgFXD0wyqSVYrSMIODl2urK%2BY0zDw4yprjjasHI4o6r2GGMHnHM2sBLgy20Zw17jFv0iWwjcSpM9kJl8qAYuzSKkJoidClWcWonKQBsYiEjkg3cJKzRYN3HtBKszWF8hV3T7rCQr1N9bpHX4bssQiIBxBVQjxQmV%2FvcUhR9ya4FPOBGHTi9Xq3O5mrCTPO90VNniDnfKN2JhUOHhNAdsv6nDdluipLVRkmECd3HKmw9QaYhEQkxEsXIgKU%2FzFp8R5nXTvsaN7qkQdV26neZG8sgB6aMjZKK%2Bz6tFCiM0uRGKVOzAyrM6cm4e2Pibs9q4zEqVv%2BOfyxlf%2BahlW0U5FAjMi9LAKQ%2BdhkVB89MkZurTzI4MsYVHuZBESgKpa1OjAKDqsbhKBn0mSNRpHX9p4SEC%2B3UJ%2BdU2JIL6GOfw23LgbPcbA9aAFkVoeYneZkwlQxhpaObNbbuCLYEwYgrNZaAHlsojLZMI1qFnZnj0cFiIRFJ9LCBRF1t8sNQ%2F6RiPuJGG9IwET4OmZ8zsLikoY09V7iCU3V6biKYuoDT6TDrcxQiwTZTxVF%2BBaIguyZuJms8%2BCfmgfGrLmSpDthQIRnD%2B3ltUEIXvpU0zkupK2KF4PZk5ixF5kAIRwxyMxyc7ctI60V1UIlOKFxIDxMg07MCOMKoa4sdmN
https://dummy-citation.com/citation?d=z%3ApVjPbxxJFXZgI8FhEUJIIO1hi0O0ttZuzw%2FbY69AGzubxVE2UVjHySECUdNd012Z6qpOVbXHA0IyB4SAI1wQHPawe4AjEgcfFvgLkOAfAO0NcdgTAilI8L2q7vHYsb3R5uAf01316r3vfe97r%2BaHxwtXc2VS7o09XrjyuOK5uFuXQ2GH3bWRsTKX%2BqWyyka7Mi8UfrzDMhl2SKPdz44XPpMNh%2BbweOGlUSFowdM3%2F2t2%2Fr6wsJApMfJPr3%2FpnX8f4VPqTfX0%2Buu%2Fe5%2Fhg5jIzBdPr%2B%2F%2F9Mvfxce5Y18%2B3%2BD2RQY7r75Pr2YGf%2Ft7fHoOgxd62BP%2Fe2%2FO4MoPFL37BIPXv7j%2BCu06z%2BBG5xcUY2vwwa9%2F%2FBwhX2bwjQ93KMaZwQ%2F%2B8acXM%2FjmrY%2FnPdy%2F9%2FT5knIhhtv%2FvEsfZh5%2B5W8v6OGNL3z%2FVJZ%2F8x9a%2BQIGb97%2FK7k083Dlg%2BsvFvI3f7U0H%2FL%2BX%2F71ggZ3%2F%2FDuqZCXv3PWoHhSGy%2BmV%2F98SzNXpwVz0texLJdZYWonCqMyx2rNh0owb9iwnjItJsxo4VjJp0zobKWumPMyHUud0xoP3yxLjT4QmmxxhVXC5lPmTG1TbJwUEuZK6RxtMbWHPdrGKriDPdgxxJaP%2F%2Fihd4zrjJmqMtbXWnqJ7WY0ElZkbEgWFbet%2BUf9tW8n7H7wtc8qaw5khuWj2sI2VtFHnSKOgnuWchdMsRGvlUcgSqTeypSVwgvrmBUOz3GK1Iyz3nqyySoB77UHfnBUavgmdWoFDLHFkTUl6%2FaS7kdHP%2B8Pkq1rS7SRYlLiQCg6KC24zoVL2LvBdDh8aHzRetAcTPFmvKRTsGDmFq8qJTncxwormDYeKbOVlYThMjIXIwMw4b3UPEN6uRdABzKcihKu4wzyQrrSUaZKA0SNDW5irZLw4oIzYV7VGaUrQn7vAXNT50XpPjr6JZJdVqAEQULujyVFF8Pfz%2FGEa5DFjoVnj9YpRYV0lB8kqsTeulLAeSIBheVlxeFnaqytK2LPMlM8HZNbrpY%2B8tByqbEDFkYCHCKKgbB0Mp2oBRx23CKnT2pZhbgRLHdIOMKei%2FWcQMF7fib5Gr9BxfqQnMgEV5SlSWGYRNDWA%2FuyznP4RQ44oRTYAVAvOYTcOeBWosJYxW2kwglYc2BLp%2FAEnLlP1dEghsWnTsDzrE5hRbhKpKge1RZG7LfBMdSjt0aR8zFGYIZ6FkIjWoojRkteOF9nU9pAVvG4yeSt6AsdvwMmKxDMFezR2hZlFGTiY9Q094HEE2OdWAbBHGo7xvYsDgwCg7U4tYmbiHuiNZmEqui8ljhlKPyEXCVDIIzGISMhfYgsNyZ7FosRVs1cb8kXBOImdAlPTZ0X9BLVez6aJG%2BSJCcAOsTBheDVMu2ZMugU2EYAgvs4wMB1cVgJ7eQBCvcAeuMlXvjChoN4lsFSEEPAzWVT6Pgf9I61CVWEBCM6lYHDOXQYwjFlHGqXgsEhcu3qEpi9xoAztDojoCbcIitRdYFowjKgPz5eeLngQ4daSf308z%2FZbv5F6tJxDp9w%2BDYrpkMrQVoiy0oGbYVStVodqpst7u69dXNviU3AGKmdBxaRETt1zhVvSMHCOBdfvEM8eCBTRGslcbnNLtCa6SVPqUbpUaoER5EjSmMzSv0yQAE%2Fwn%2BhomqcCjkjVkTflhuoICIw0jQMbKfUeWAV%2BhAxTh9Ia3QLLvajYqkr4L2S4Q%2BRPOSFiqIuUevIsfJFPJqiAiBYZEoQNyMlN0FQErZrJvhoAx1I2oELqTvJjEENEhhB0QJ%2BLCfPw8O2DIhqoWlET9FFqRhITNFmqI4p%2FaEiUAXQlFqPtZnohO21Sg8Y58%2FFSpJhJQ6hSN7gFTXlZXQKrSCXHK5STCWETW
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Electricity distribution in Uganda is predominantly managed by UEDCL across most regions, 

with the West Nile Rural Electricity Company (WENRECO) and other licensed subcontractors 

operating in specific areas. The distribution network complies with the British Standard BS 

7671. With population growth, the distribution grid has expanded in both coverage and length, 

increasing operational complexity (Jensen et al., 2021).  

Voltage regulation is achieved through step-down transformers that reduce medium-voltage 

levels of approximately 11 kV to 415 V in a three-phase system. Following transformation, 

electricity is primarily distributed to consumers using a radial network topology(Ibrahim et al., 

2025). Currently, fault detection beyond the substation level is largely manual and relies 

heavily on customer reports received through branch offices, telephone calls, and social media 

platforms, as well as on visible physical damage to distribution infrastructure. This approach 

often results in delayed fault identification and inefficient fault localization.  

To address this limitation, the study aimed to design and develop a prototype capable of 

monitoring and reporting single-phase voltage supply trends in real time, incorporating location 

data transmitted via a General Packet Radio Services (GPRS) network. In addition, the 

prototype was designed to provide protective functionality by disconnecting the load under 

extreme voltage conditions to safeguard end-user equipment(IJMSRT, 2025). The study 

focused specifically on the single-phase live-to-neutral low-voltage segment of the distribution 

network at the consumer premises (Asoh & Chia, 2022). 

1.2 Problem Statement 

Single-phase electricity consumers in Uganda frequently experience unplanned power outages 

and voltage fluctuations that are often not detected by the Supervisory Control and Data 

Acquisition (SCADA) system. These disturbances typically occur at the household level of the 

distribution network, thereby necessitating consumer-initiated fault reporting. The 

identification and resolution of such faults largely depend on consumers reporting issues 

through phone calls, WhatsApp messages, or other social media platforms. Consequently, 

response times are prolonged, and fault localization becomes inefficient. Furthermore, voltage 

fluctuations and power interruptions frequently result in damage to consumer property.  

 

The compensation claims against electricity distribution companies or insurance providers are 

often unsubstantiated due to the absence of verifiable and documented evidence. In light of the 

increasing demand for electricity and expanding grid connectivity, there is a critical need for 

https://dummy-citation.com/citation?d=z%3AfZDBSsNAFEWDLvwDlzI%2F0EnSqlh32pZioRKoPzDJvEyenbwJMxOb7ir4U%2Fk7J7hoQdrNhQeHcy%2Fvu4%2BuSmNRIUVyZ%2By2j250YchbzFtvrPsJgCRRwwCWoka9L1dADggUfoXMOHvl0hoN0X9UZabVR%2FaDs%2BVZtlm3tB3NKrTOnxTkq%2FP2d4QT%2B%2Ba4pEDp%2Bui6kAa7uzThaZpM40W2mN1PHx6f%2BDgZJ3w6ScI1kehyOoR0dPgM2YKcCw8yMKlybe73TaiMwKPX0L3M0f39Bg2xpUXJMi2IkBTboa%2FYG3lQdhCwOdSC5GiDEthakFBQA3k5CG%2BL1uqOV9437jmOw0xurIovL%2F0F
https://dummy-citation.com/citation?d=z%3A7VbLjiM1FE0DAhaIb%2FCSkSaP6kzS9GwgzEj0CAa1IOqR2DnlW1XuuOzCvs6kZtUs2fA%2FveaTWLLhuNyvEYrE7FtKoirfc1%2FnPpzfr0efVM7rWtvP6LfomPqPj9eNDiJwVL2gnTRRMgXBDQn20gbN2lnhKiGFJ2nGb503SnTuLXmhdGCvN3GAWGLItqLyrgV4OVluLwQ7Ia0oCjyGPjC16cR1rFv9jsTOGZY1idLZHfmQrEir4EfFkoTDmTTmVtG4EBBYArgOkuRUGugGDhOxwkPbyXS8I4Ck6QPSwgfGYY5JiQ0iJIKPlJkaEoMBbjzROAyBDBmDoHawnlQrXcfsS3xVzI%2Bn8%2FkUmU1nk2fbiydDMMhaSMPkbfYdiGMXngptSxOVtjX8gSaSrdEWUQB%2F4y3xcGu3KG5sTsQa1HsK0XAQilpnoY2aIFDJuS53Ft4P0FUVWBRB11ZXupSWM5VJCCrsIQpp35GF4KkAgazLaKQ3fVJI3uCDac%2B5BVAJMAchdGAmZYfqG839bf1z%2FLmdpAngJvlMbpOximTQm6wAg57Yu0ozJ0O0RzulB20rL5E0Io8e6cJGieq2TmUaMnOpg9T7DCAB7y4JCcOKdSw3hpC0rccoTysIYNfqEo1gCV4zE7qF0g6mqAJpmmzZC7SAqOLg%2FbatFe3IuK4lyxMKpfP0zzd%2F%2Ffn3t6PRSCXA9eiLRm5SqUp%2BHKrHoXocqg8cKoN4Uk7qJQKqj2fHy%2FGsaBNREiX2r2zlrkdHtYzcOB%2BuujvJj66U7DyEukP9fpa2puvRR6iWD3yOk6PGIPP09KlJWsN0wcYfQCkr24SuKtmiBPWrjZeNbqlG19m42qhoxJk0hFl5TaAKdVHeGRr9V5dWRvcya8rzQ6jq%2B0a6qDKM1tJTfQiqf6ld9BoLIaPr%2FB4O4esz2bbopIzWZ2gS7InVwYDrlXkn5eYGz6umRcFeuwYgBbUAIg6GtjKA3TuLd2oPjRzSbmC8kV5XWbkbaAbvLcL9VW4PeqUVDmxWUmf4ZmCpVcAfm1I5vX9SzCZFMTud6lBzq5VC6VD85eJkfjJBUy0gnRfPisUStG7sFX6DvWowuRha2m%2FfnBTF17PidLlYXEIUczteJs1xUYyP53WIG%2B67FNV2GGxDa7weYVLIVT9oqx4eE2PZ9sCaUmNbfte%2FcNHyCJsLWwVTQeoN5iAMp18Sa0YM5xc3G%2FzF%2FQbH2jgfboeXD2%2BHn%2FIYhedifX%2BrDFfF3UWRbgmV4v28jN7sTxvmLjyfTsHVxPl6%2Br%2Fp%2Bhc%3D
https://dummy-citation.com/citation?d=z%3A7VbLjiM1FE0DAhaIb%2FCSkSaP6kzS9GwgzEj0CAa1IOqR2DnlW1XuuOzCvs6kZtUs2fA%2FveaTWLLhuNyvEYrE7FtKoirfc1%2FnPpzfr0efVM7rWtvP6LfomPqPj9eNDiJwVL2gnTRRMgXBDQn20gbN2lnhKiGFJ2nGb503SnTuLXmhdGCvN3GAWGLItqLyrgV4OVluLwQ7Ia0oCjyGPjC16cR1rFv9jsTOGZY1idLZHfmQrEir4EfFkoTDmTTmVtG4EBBYArgOkuRUGugGDhOxwkPbyXS8I4Ck6QPSwgfGYY5JiQ0iJIKPlJkaEoMBbjzROAyBDBmDoHawnlQrXcfsS3xVzI%2Bn8%2FkUmU1nk2fbiydDMMhaSMPkbfYdiGMXngptSxOVtjX8gSaSrdEWUQB%2F4y3xcGu3KG5sTsQa1HsK0XAQilpnoY2aIFDJuS53Ft4P0FUVWBRB11ZXupSWM5VJCCrsIQpp35GF4KkAgazLaKQ3fVJI3uCDac%2B5BVAJMAchdGAmZYfqG839bf1z%2FLmdpAngJvlMbpOximTQm6wAg57Yu0ozJ0O0RzulB20rL5E0Io8e6cJGieq2TmUaMnOpg9T7DCAB7y4JCcOKdSw3hpC0rccoTysIYNfqEo1gCV4zE7qF0g6mqAJpmmzZC7SAqOLg%2FbatFe3IuK4lyxMKpfP0zzd%2F%2Ffn3t6PRSCXA9eiLRm5SqUp%2BHKrHoXocqg8cKoN4Uk7qJQKqj2fHy%2FGsaBNREiX2r2zlrkdHtYzcOB%2BuujvJj66U7DyEukP9fpa2puvRR6iWD3yOk6PGIPP09KlJWsN0wcYfQCkr24SuKtmiBPWrjZeNbqlG19m42qhoxJk0hFl5TaAKdVHeGRr9V5dWRvcya8rzQ6jq%2B0a6qDKM1tJTfQiqf6ld9BoLIaPr%2FB4O4esz2bbopIzWZ2gS7InVwYDrlXkn5eYGz6umRcFeuwYgBbUAIg6GtjKA3TuLd2oPjRzSbmC8kV5XWbkbaAbvLcL9VW4PeqUVDmxWUmf4ZmCpVcAfm1I5vX9SzCZFMTud6lBzq5VC6VD85eJkfjJBUy0gnRfPisUStG7sFX6DvWowuRha2m%2FfnBTF17PidLlYXEIUczteJs1xUYyP53WIG%2B67FNV2GGxDa7weYVLIVT9oqx4eE2PZ9sCaUmNbfte%2FcNHyCJsLWwVTQeoN5iAMp18Sa0YM5xc3G%2FzF%2FQbH2jgfboeXD2%2BHn%2FIYhedifX%2BrDFfF3UWRbgmV4v28jN7sTxvmLjyfTsHVxPl6%2Br%2Fp%2Bhc%3D
https://dummy-citation.com/citation?d=z%3A7VbLciNFEBSv4MQ%2F9I1H2LLkxdjLDewlwhBeCGPYCE70dNfMlNXTPfRD0viC%2BSx%2FGVeyp0fG64CI3fP6IDvUUmdlZWbV6K%2B72Qe189yw%2FZj%2BSC7S8NHs3IrYchAb51d7QoqOlXfK2eidMeT3KxlIi7UzUTYkOmc5AsI2Qloteg8QFdlZoWnNisSGYytSwEVNNVtcja2n0DqjhaE1mSBQDF8m43rSc4H6nbTD7igje2qAGPZE7UGTbBS1SSommQvhvhXfnIqQ%2Bt4MIwu2kbxPfflYSZTXohpE9NIGzvfRj%2BbycUiqFTIIw00bbS4XoucVoVwAedWOR8k3%2BSSjtyTXgzBOQgXpeSLh6kgWTEMyMTPSssv6RCfIQBHPSprxenkL2ZRAM9x34FOAcYu20VNH4BxyuZo9iVbeSK%2FDXFy1FEiwhxzJoHJkCqJ3OJMCArNLAQQMy4oNx0GoVsIxCxZArhx8AD3WqMcTF7Y65W7xluyawSqzKaWylxlcw4nAjRUpAvYGJSX09jqxdY%2FDkdudEgGbaefJLixTQtbgAP02%2B8qF%2BDAysEhzAJzNB5A9Y4xCb1qyyIO%2Fh5qiQ1tFYIhyNXoVFRKzeT1thjt%2B0NGuVDmGzqgKYvoaOkwhwRczgpBKOa9HGjBxZ5UIPSmuYefoewEOA253kFOZBLXgR%2FEoQ56dwqMN8IoYe%2FctBEIYga7Yq8TIwKQjOm5YlUjATjk8zOF4EzOLoXHAz624WiQbZE07ZJA6dV0vPaqP4yfXko2sDHLluo68yobvxFjTNKoBrcsocG0KM237TBFfyFSMVKsiDHjW3CQ%2F5WxvlOx%2BgndiuLomn6XoHBBrQ1vODMYRAIJDdMACXSBXzs7FT%2BDj4tBjZihka3IV3xVSY5gKbk8e%2FXfwHgVG%2FlnUjmhMTE7BlFdXXZfPwyjYqBAI%2BqLayOPe1H%2BTMdd58d3NPmllhdGQKj7txKed%2BLQTn3biO7wT0Se0QO7PYF9zuDg82l8uu%2ByNRKD8ua0dfko2MsXW%2BXCLIPVYnN%2FhhbQs5otDEIno9uQ3sk478dnpi8uX4kXCNBHS9qNvpOWbQiLzepmUIenFJYZbetV%2BbsYccJUAGPCz9X1tZUf4X9eyYzPU599f%2FHx5hZ24Jvu7RmJopliHu9mHSjveLBfzo8OT5cHNWH%2B%2BPP5q8RwvTFZlb%2FE32NsWXKwEydWr4%2BXi6PjZ4uT5s2t8lErb11Pb%2B8svuz5VhkO76%2Fy9kc32izdvaIWt45JX9Is320%2FbGPvw9cEBmM6dbw7%2Bh20TUpXDgILAJVf%2FgF31N0X4O0AKoxiz9e1w6pKNM%2BxMZI2sIv0KT61QTicf%2FjwrcciGn3e9wXqFlbvJufjPp9uv04hevP50yxGd9sfZ46cbTsrCuXr0eNO5jZlKb9H8Pw%3D%3D
https://dummy-citation.com/citation?d=z%3ApVdNbCRHFZ6FXbEkK4QUDskFlQiCDdkZz493bQfB2qwJmPUuVrxOAqdUd7%2BeLru6q6mqnvFwcoLEBSnihISERBRx44gQ8gERcYMD4sARRSTAJQc4I1%2F4XvXMuL22N95E8nimel599X3vfe91z%2BuHrU8N46wq9jaS%2FS9GvYG8SYNum6JbcXsxSgftKKa0vdxbiqPB8mIil5eG2sTSG3vYurRbyiHdr%2FKIbNQfpMaqoSou52WSflsNM42XdwhTYYcyhXvzsPWJJIrM%2FmHrcpoRBxzdPnr2LwetVivRlPqj1bXv%2F%2FEdrGJvyqPV7fU%2F8YLGKvHZ0ermU%2F%2FFqtU49skLAb51DHj423%2BcAPyAIx8X8CfHDB903mZKM8C77769%2BjEBf3XAX80Zfu6zTPhDAb%2F0O6ZxFuDOM681Jd9972fiIzD8D8NPAd%2B815S8%2BdTfOL8fA%2FDly8%2BflLx0gSqvXlvQrGsO%2BL%2FjKn%2FhyStNwLvvDR7K4bUzGf7905yZswCf%2F9dOU7L4yu8vBPjsX187B7D767dOMHw3uOixARmjBuz%2F%2BJ%2FNKn%2F13x885MPHlXzzl%2B83Jfd%2F%2BpsLAZ4vefl7r5704cWKcr7kFxZ%2FwZRmgFdf%2FwNHNgHpB5XxNPlk90GmnHC%2BSiZCJOTUsKBEyCIRKi815VR4Xgttxu3YOC%2FcxHnKhauUl5EmgdEmzIjsQlUkZEdGexwiRGkBH%2FNkE6pAdJwJKkbKmoIhXUfcMXkpLbC9EcZnZKfI7obAanZMaantag4IIWB5a5IqJheiCpys%2FUSYVKSa9lWktMKS6Q%2FVaBpEWFUOB%2FBCTkP4WFdSrNKJSFSaArzwYkZ%2FJK0KY1lYWQyBc111qNMIZMWzYD6tKtoN9T6z5DKjEwDpiiApoRI0VDEUwAw8ylIrWbAQM0bKn%2BuINeDbac4gSKSVryAZUCQt8qeKWFco0QkdkJFLZAUvVCmn3NgJdhY1DL71VsZ7gaOl0lgfrgFgnhHUH7eskMPT8mnE1Qpyp%2BlSXDKVkyipbZVJUMoXUXqWFqw0NnZPjKUTsbSWg03lBZaFsbnUx2okGI6UV9ATQQZLqnxmLPDuh9K0RaywAVoCOEMiO4SyJsF0vIUPYysVqVYx80zFBsyCQzzYzCGR%2FljDbCAh4mkwxyJvdaylobThGEYtqwgRdQIQ5VlWKdtQbDuCXGwsHd3%2B8zs%2FCvOBKRy2PpPJyHGq%2FeTKEw9MIic3UJdigiOSCl%2BwEq5BYnKcp2JBGpVGN%2BBjwwocgs5UJTeJuJ7QSOHyc4K5035pXN0vpRmjHgkKV9mo3hk6DCk6VcKQFFa1dic4hUNx4ESMM4UtJvVUCE0yACcy583THQ2OUyYwabCfo9mVQA2MPVqWCoeCjuD%2FsyiGvuYWxh5R0LSKEgZVZcmpn7a8z6SHeQo0vC6FHBnF8whdWnNjltOjYXm4uBMqbaJdbh0cPqtYMCLesSGqFHpRnjghhy743gmtCqSr0cvT0QWax4VJrcnR5DKOqazn3ulE10SmZ8BmDuJD9hsac4ozWSj3MAlOtypKtEqTCW8DjRiOq81Zt65WuQIyeI5UQgmKUog1m1QK9t7BK1exNSCA2mmNKiAJyFNdYILjc1bMQLOzNNpc89Qy1RAuml9P0KEYa2hEG6PETYHvH%2Fyce7oev%2BF2UWBV94xWLEYwx8ZU7ogNbjoM0FruqZEc6KXM7VFz9hFj9vSUnY6sEz0WUgF6YfYZrBgB5NDraPCg4MQtCB4utZzUpGdHOy%2Fh%2BOsNejdmE26%2BbnyJDgZ5iWIgJ3PxmHvomcAXdt%2B%2Bty1GSiL939q%2BB2cklJ9wFKrIMuc33fMmS5A6%2FVFxA%2BOKUyA1Gh6a0TmkTXAiwSAm5%2FE7Gx0Ylehr%2BHW7itrbMpO4
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systematic monitoring of the electricity distribution network to ensure power quality assurance 

at the end-user level. 

1.3 Objectives 

1.3.1 Main Objective 

To develop a single-phase power quality monitoring system 

1.3.2 Specific Objectives 

i. To determine the design specifications required for a single-phase electricity 

monitoring system. 

ii. To develop a functional prototype based on the identified design specifications. 

iii. To evaluate the performance, effectiveness, and reporting capabilities of the 

developed system. 

1.4 Research Questions 

The following questions guided the research: 

i. What functional, technical, and operational requirements are necessary for 

designing a system capable of monitoring and reporting single-phase voltage 

levels? 

ii. Which methodologies and tools are appropriate for the development of the proposed 

single-phase power quality monitoring system? 

iii. How can the performance and output of the developed prototype be evaluated to 

determine its effectiveness? 

1.5 Justification 

This study is of considerable significance as it contributes to the existing body of knowledge 

on real-time monitoring and reporting of single-phase power quality. The integration and 

deployment of the proposed system within current single-phase electricity distribution 

networks offer electricity regulatory authorities and other key stakeholders a practical reference 

framework for evaluating the quality of service delivered by power distribution companies to 

end users. Furthermore, the system facilitates the generation of verifiable accountability 

records, which may be accessed by stakeholders upon request or disseminated through periodic 

reports. In addition, the developed system can serve as a performance monitoring and 

benchmarking tool for single-phase distribution networks, thereby supporting informed 

decision-making and fostering continuous improvement within the power distribution sector. 
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1.6  Scope  

This study focused on the development of a system designed to monitor and detect voltage 

fluctuations, with the capability to automatically disconnect the power supply upon detection 

of undervoltage, overvoltage, or complete loss of mains supply. In addition, the system was 

designed to capture location information and transmit voltage data to a remote database for 

storage and analysis. The study involved continuous voltage monitoring over a period of 21 

days at a selected single-phase domestic residence, which served as the primary test point. The 

experimental phase was conducted over a three-week period, and due to financial constraints, 

the researchers developed and deployed only one functional prototype. The geographical scope 

of the study was limited to a residence within the selected sample space in Wakiso district, 

specifically, the Kira–Kimwanyi Division, alongside supporting field voltage measurements 

taken within the same locality. 

1.7 Conceptual Framework  

Referring to (Figure 1.1), the input variables consist of regulatory, operational, and technical 

factors that inform the system design. These include Electricity Regulatory Authority (ERA) 

guidelines, operational requirements of power distribution companies, relevant IEEE and 

British Standards, existing literature, expert technical advice, and identified power quality 

challenges. Additionally, system-specific data inputs such as single-phase line-to-neutral 

voltage, time of occurrence, GPS location, and consumer meter identification number provide 

the foundational data required for system operation.  

Process variables represent the intervening activities through which the inputs are transformed 

into a functional system. These processes include system analysis and design, during which 

functional requirements, hardware components, software specifications, and system 

architecture are determined. This is followed by system development involving hardware 

assembly and software programming. Testing, calibration, and validation are then conducted 

using standard reference instruments to ensure accuracy, reliability, and compliance with 

established power quality measurement standards. Data analysis and documentation are also 

undertaken to evaluate system performance and record findings. 

 Output variables comprise the tangible deliverables resulting from the system development 

process. These include a fully implemented and calibrated single-phase power quality 

monitoring system, power quality reports, real-time data transmission to an online platform 

(ThingSpeak), SMS alerts for abnormal events, and a user manual to guide system operation. 
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The outcomes of the system are reflected in improved access to real-time power quality 

information, enhanced detection and localization of power quality disturbances through GPS 

integration, and increased protection of consumer equipment. 

 

 
 

Figure 1.1: Conceptual Framework 

 

The framework illustrates the relationship between system inputs, development processes, 

system outputs, and the resulting outcomes in the implementation of a single-phase power 

quality monitoring system. 
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1.8 The Report Structure 

Chapter 2 presents the review and analysis of the related literature, as well as other studies that 

presented similar monitoring systems. It also includes a discussion of the standards related to 

electricity, distribution topologies, and methodologies used in system development. Chapter 3 

explains the methods, tools, and resources used to meet the study's goals. Chapter 4 presents 

the findings, providing an analysis of these results. Chapter 5 presents the discussion of the 

results, limitations, and similar studies. Chapter 6 presents the conclusions and 

recommendations for the future work. The rest of the document contains the references and 

appendices.  
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 LITERATURE REVIEW 

2.1 Transmission and Distribution  

The Ugandan transmission network predominantly comprises of 132 kV lines that facilitate the 

transfer of electricity from generation sites to various substations, where the voltage is stepped 

down and subsequently distributed to the 11 kV and 33 kV distribution networks. The primary 

transmission infrastructure extends from the Jinja, Karuma, and Bujagali hydropower plants to 

numerous substations throughout the country, as illustrated in Figure 2.1. Monitoring is 

conducted up to the 11 kV and 33 kV substations. Beyond the 11 kV/400 V step-down 

transformer, the distribution system is not subject to monitoring (Living et al., 2023). 

 

Figure 2.1: Distribution topology types  

Source of figure (Akbar et al., 2023)   

Figure 2.1 shows the breakdown and the different topologies used to distribute power to the 

single-phase end users. The study was carried out at the three phase four wire networks. 

 

https://dummy-citation.com/citation?d=z%3AtVjLj9xIGZ%2BEhMcBFlghZSW01AGxiTTtsbt7emZYQSbJZEkyj0TJJEFw2bJdtmvadjnl8nQ3SBAt2gtXEBcuHBHigMSFEULiAhc48JI4cEHiyIE%2FYC78vrL7OT3ZRKvNs%2B2p%2Bup7%2FL7v96t%2B72TlE3GQVHn%2Fbjj8stvr8o3A5a2eH%2Fmtrr%2B12fJDEba63c1e142iDe534lQF3Ch9snLhqOCxOKgyX%2BjA67iR0jKW%2BaWsCKM7Mk5S%2FDUl1km7Raq8%2FOHJysXQ99XwZOVSlAhacHr9dP%2BtFfwKUxGZ0%2B0b3%2F7r7%2FEUGFWcbh%2B%2BfZkexECGJjnd3vv87xgeZ8792FKDB%2BXPzjP4q%2BjfswZf%2F%2Fu7L2Nw%2F4BMTAz%2BgbyoDT7%2Byje2Zwzu%2FusvL2dwIWSy0Rj86S%2FoR1MPBT2%2BqsHfTEN%2B8rn3yd2Jwe%2B%2B9vyDDW5%2F6m%2F3yafG4Mav%2F0kZrQ3u%2FPl79DAxyLcWinLpFQ0%2B%2BtPRbA7v%2FGePfvYBBl%2BUw8Of%2F2Mu5Nd%2FtBDyqxp8%2FOY6lXVq8CH97MMY%2FPFnyaUpsP%2B4GLJ4VikjRhf%2F%2BzjmechZoI6FLhlnRhmeMq4FZypirN3prbpdl%2B1mbYcdJrJkpanCUb1ehMwMFDOa52UmyxI9yFKZi5K2ep026z9hV%2Fd5yfucPRWlaTG273ON3%2BxAaZNcYzibtduuXXizOuIxT2Vrlw%2FIJ%2FwUpyVqkDOZs3dkXGnBPLsFDy16ajMtykIERh6LdOSw2bPmTlrmow0BEWtVGcFYKvIYC63nrrPO%2Btkqi2CXhbI0WgbGRlWfsMp2pa6SSuPT3ojnRuWhwMcBbKixh9Zd8qmgjSYRTepsbufSsiQptPysz87YLopxjt0lWXyBucaLgUTk3L5kGrM0j20e1j2nx%2Faf3GAFEhVIHVTSOGzxhJfN8DTBm11k95xD2%2B66s2kPnT11lQ0SGSSwmBValrAdqUpPS%2FM2e8r7slSrbL%2Fqqxz%2F36xkfyBs8PdkfsQdxkQZKC1Or%2F%2F2l89s4wyU7p%2BsfCbhPqzwwIw%2BfusQeQpSjiACdEEmc5nJ71hyId8KNYBLqSrJAWBySchokFBhHzdoDp%2BKYmQkAwlrMjciBWuJPEAxRJDk8lklynFooWK5MiyugASsFAxU6GObKozMqozxTIalwekTzxDTQ3Gs0or84xqHIdi5F9NTCB0MJ9vuh2s2%2BaUq0NEGsZK3NhqwbFaT6divgeB9gVgJQRNzDnswycV8mpCAQFc2YIPRgF0iogSI3LBQlDLOrZsKxV3I61J8LlRgnHv0IlAz4AhRsUwIgx4QHE0QaxmysiqKdLSKgmM2wJMUqTGAE%2B%2FDhQzH0yirEKGhgVZwAlqCYVNgmsBP5ILDEA%2Bt05Og6SjlG47C25ogwmOuJfdTSi9iOuYpZTrSKrOBT%2BHCMhWKdJzRSULgV5M7bJsDF5CDLTIaUVc0zRtKW9b0jF0sQHhoDd9C8H4CsMCdW0pjeWPRYfdrn6UhWJSYZjRaqey0mY6ocnukxLvabKhgjTBJ%2BUSP21Uv7Am8WtITyCztvCPwkucM%2BNJyiI0aa0fWA5jlw3PNOuwOnjBKqGBYOu8lAQ5wBY6pWhbXtGpSv0yYRAFwUV215oxxLUZSpNCgky57tYoCTiAeYDm042BCj4SvuYReHX%2B6Vm%2Bk%2BaXPTtKGCuno86msIdZlwydnDZ03tbVZRVTzRYqY63TdHrvqOp0tryYIvFlv05tut3eN9Z%2Bu9bO1Aj2B0TzHsIirflelgJDMQzs8piA6WxyAR2iJaJtxcAZm8LoBFYH9zIxdylzWZwRZpZiygsmsSEVWty4l9sONHQsiHG03VKaUoRjndWy85NmCWxi7BvKqdF
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Figure 2.2: Low voltage distribution topology 

Source (Limpraptono et al., 2021) 

2.2 Distribution Topology 

Ring topology has both link and open loop which is mostly used in 11 kV and 33 kV networks 

to provide more secure supply. The open end is located between two radial feeders to ensure 

the radial operation for each feeder as well enforce isolation of a faulty section refer to figure 

2.2 ring topology is a ring circuit where power distribution takes both directions and will read 

the same voltage at any point measured in the ring circuit. This was observed only in the 

medium power transmission section of the grid.  The radial topology is used in LV distribution 

networks in Uganda because of ease of implementation however it is more prone to faults, and 

one fault affects multiple customers for example a single break in the line which is not the case 

with the ring topology. This is where the study is based, this type of network is widely used in 

Uganda for power distribution (Joshua et al., 2023). 

 

Radial topology 

Ring topology 

End consumer topologies 

 

https://dummy-citation.com/citation?d=z%3A7VdNbxtFGHYqKFw4IiFOc6BSi%2ByNndiRg5BQGifFpA1V0tLzePfd3YlnZ5b5cLKcChI3%2FlB%2BAv%2BC%2F8GFZ2bt1k0xCpw4REq84%2FE779fzPPPaP193Psi1EYVQH9GPXjtq7v%2F2ohSWGbLETVqyXKfekmVaMVcS9qXgMyGFa5h1PmuYzuMHJCl1RqRcskxYrGbeCRxS5C61mTOh2Amvai45O%2BLWddllKeAeoVKtFM5SxpxmT32hC91lp3zOL3mXnQhDc864ytipEyrjzPqZdTz4tgl7gchvIljmFZ9JCn6sr2vZMOHg31unKzKWXQpXLiuAVa0vyTDuGJeSOVER%2FD0jV%2BoMjizSQcrunV4ItdByQSzjjjORkXIiR8Uhly7KkKEF7VoSV0IVXSTOZfMTlrEEoRyZ2lCbf8IOpNWh%2FszH%2BrmBb4JJJVS0CM1d7zgaIFKy3RvBg1nKW5jyN6WHWMbXsVNt9Ko2ekEVjt5wnLAJ1QTnyHMz0N6l6GP3v8DNSv4WCFZqDzSkxv7D88Y6qtjBggwviE3XsmYTb9r6piqjq0ch6XGyO2Q1fFRaAcywWrntMuWrGTZghlzhzW6w%2FOeoxwZSIJU2q7CgwCjZG7Vpd9mRIlM0TGnHLJlFy9u3JEP0nWQwZE9etUHb8KH%2Fx9xL8BF00rLtVmAde3i4Suu2TRgko3GbTauAil9oVBcYED6%2BgTxIZdty8zaBkAtYYIpYpC29y%2FRlUNN0SfiId5edEaiZi8KbwIsVsq402hdlkEgIxmuQqjaCOwKTq9mSubEPGpyKlAIpW2lwKaIYHiptKuiuYYegAWWPmIU40xKQhexSbC4POkE9KRTatDrSY9%2FD79oJ9CYnytD8lpvvKMauaB9hGiaD8RpWa0TcwJSQTfB5a2pFsuyOlip5jypw0A85BHYE30tIbnIimo2H7NsVyHBbiEUbNoWAA03W9BzbPdxPxuMH3RB%2FEB7DZAePEGU8TvYGD4Iozw%2Bmk2k3PI7xODo9j58fht2QRB1gWpDEjRCIlXpjwm0hCXs3LyO8%2Fbe3AF2lAMrG3jgOAoa%2BODZrlrgVXnIHKmMmsZ3%2Bzk5CNtWG%2Fvzm9%2Ftf%2FNHpdLLg9brzSckxAwxP3d24uhtXd%2BPqblzdjau7cfU%2FGFeSp7jvQJAJ%2BFVga6%2FXH1SgpePghJmqXF93Piy4x7Vt7GuJlmCIHeNfmwwdHJOw1tMWOeEkXQ1Opi%2FZBXoKIkZWpgIaCDjhBxtR5HlEnNJSaamLJseN7yu6V7%2BJ%2BVTj0tXmurMlaqBwxlVB1517uIyNdc%2Bx89molCg2Lr%2BW4VzsC%2FL7FXaZ4lWwz3NeCdnk32kIkFMAV%2BWn0EfFM6Mldd63vTiYZV7OuQFDon15MPMzDEqz6cT8OVqvxNxXuAXiEX6%2ByTZ%2F7Eu4bs30M13yqgJhJ7wUxm88dMYrjLj2ED1J2A9Ja5qKzOK3cJppcfX5oJ%2BM9kd74%2B35BeDuAcbd3k5v0OuPwZqZeo1Xq34RO%2Fujca%2B%2Ft7u7Wg0HZbhCOJCbvxrujvvD%2Ff5wuH8RMY2UuIi%2B%2BkP8zYOGPMTx0sirL0vnavvV9jbiJ9oU25tTKPCFwjV1KAqddAKz%2BwXeboHHpPMTjNz1bYxuXEGwlanAyH7cHGqv3JYzlBOkklL2CsS3cffTJesmZ2uqOV99aTp6q53JunZO%2F147WcjxYwhSXj0Kxd2qtr8A


20 

 

2.3 Low Voltage Distribution Networks  

Based on the British standards BS 7671, LV has a maximum limit of voltage level of 1 kV. 

World over, the most common voltage levels are within the range of 120-240 V single phase 

i.e., phase to neutral, 208 - 415 three phases three or four wires. Based on the international 

standard recommendation (IEC 60038), the voltage level of 3 phase - 4 wire is 230/ 400 V 

(Figure 2.5). The LV network is the last stage of the power network, which is connected directly 

to the single-phase customer and supplies many dispersed small-scale loads. It has the 

characteristics of small individual loads, but a massive number of nodes. Due to the low voltage 

level, the LV feeders require lower financing compared with higher voltage feeders such as 

MV and HV. The huge number of LV feeders requires a significant amount of work, third party 

contractors are assigned the job to further the distribution as the topology grows. This creates 

an unending line of distribution attached to the last low voltage transformer in sight or closer 

to the consumer, (Figure 2.3) specifies the voltage per stage (Olojede et al., 2025). 

 

 

 

Figure 2.3: Uganda Electricity Grid system 

 

https://dummy-citation.com/citation?d=z%3ApVc9bBxFFD6jBCKRJhQIQTMFNMh7vj3f2ecIKT8kKMZJTIjjFBGIuZ3Z3bFnZ5aZWd%2BdROEISopIEQUViAIhCnoLCSFSUFMhUUURQqKgoaDAQuKb2fPZB%2Fkprtjbm5s333vve997u3d7r%2FFMluSV2l5lw5db3X4rXuqkEe33aNRhvaWot9xZieJ%2BvNhPV%2BLlNmOZ1Al12uw15rZKmvGrVdHnhnZTbUQm1LGiZOklkeUSl7OwEuGA0Mre2Ws8xfp9PdxrHEtz7g32z%2Fxz%2BZX7jUaDSZ66%2FbPdl54nWCVOl%2Ftn13%2B76xd8IJjL989eufPHWSyPeD32ZMDFe8%2B%2BNwF8i%2Fe%2FPwJ49bU%2F%2FXIWwJ8%2FwPdDQPXx57MBXlv9xOd4CHhqxgivffuNXxwCPj0jh29HP%2FocDwF%2FnxXws%2FtTgDMX5fqpv6eLMueXswB%2B9JzfmgAWP80K%2BNf8dFF%2B9TqfAXAjv7g7BTj0e7MA%2FvLuVKeo8zNW%2BcblwTSHX84K%2BN2dKUD11Yytt9n6err1Ts7I4eYX96arPPhvlfn7lXZ8dDzdyDlhwjoj%2BpUflSQzghFhcddVyfFVOU0crEojCmpG09aKu4E224QqFowsTyKiFXuk4a34nSbxTh8KB78eJUeGAbLgTFQF2dHSRQj%2BAKVJ1lUwvLFGSj3gJkQ9H%2By8GWA2DFW2EM4hBerI4uLaZkCM47XNOgCE%2BrBAxyFIPZjATbw%2B5ph1vLSEMD1QhEueYCcRbkRSo4sn0zcQLg8QUQAIweOxVnADzD7HV46bUNlUXuPCcMWiysI0BDgiCTXwMw7eEhzA0zHDeTfgXJG41dokgYt2p1VzAXSKy%2BWGc1JQAXJHJY7qdDpcapJcOCRXGX4aFOlyHvBMUEm08UrhJgI7Chac1XRdhhG5MMXUCIkWJBEmkfDRp8n2QSalBob3Wj%2FRCU2BGPz4BOBeVxOdmR2RhLBpE04s8uSsSryHQx0UVOFWcOXmQ8J0RwtGFc7BR0L7khOCeMHSOD0ASkko26GqJg92tRqQxUQGq7X4xpkfZWgeqzQFn0iDpJwzX0Duw3C8lgIltupbF15L5oOJT83DTXA0zkCyWoXSHoQwpu1WvIwGCtT6Gvndo1Xx8k10UWglR8hDl14nnknwZGuZeWWXuqxkiIEwriyE2iTnIDUKFm0lPV0PS28cxIPdTy0ptHVhUyiwvoP0OD2IwOWIf6oL4NT6OJAVAvOpMWGw70Ef7N4lwueLHb6Dgk%2Bsp%2BzAlicwzIYSw0s5Hx6UA%2Bux8scVtLWaQoQJPiKOmtRBwpzxUmrkewmDA97mve%2BDpgdJSIqX4D2owyI5ICpAp1RInx4CrqXqx44UiDChChc6MGzUVfeObF4BDP3cJNwmaOH9Mz8MpZ%2FEzOtor3FS0iTh1nJ2AfrI2q12N2qtFFCkQw9ys6pSvdc4ntHK5RDFrhRFSRP3Bi5tWKe5HHNhbcXnuBNOcnMRZ7IR5OlHB6qb2BSdUBX8hPSYB%2BL60D9NFC047mlKCyFH2brUW4ibZyBJ8Qt0RzBmtOSN%2F9uyNSi2NsyuY2TlIOsRpvmbXCn%2F%2Fl2bJ6towmCaCIYX9OMJ02L4YtxqxnFvacF22vFSOwostLrLnWgAefXVLj6tui3a3XYr6q102lKjPucCc6vMrqy02q1e3Il7XZxZbC8tt3NvQCUfbt%2FsdOJOt9vpdHpbgarA9NaY6ai9VJRVXwqLEViTPRcy0NcxrZGkIVeDprfRFboyCb9h5PBa7lxpTy8sgCjQLQ7ZbtrxMe%2B%2FiTZcSDCwMMIW8M9k4dFpZhgJvplB3DY1QJJ8A8s5MMd1CrrZ0Z%2B5w4wawVaitTg7P3rdO2k4w8PgSTi7CXXZ8OsL67U0hlfOlaUU9b8hPzMKipkB7ULxRvkJhG47fJJC7BgCaAQ%2F


21 

 

 

Figure 2.4: Uganda power grid HV to LV 

Uganda’s national grid is like the British power grid (figure 2.4), the block diagram has been 

given in (Figure 2.4). A UK based study was conducted to monitor current usage and power 

failures on the national grid. In the current system setup in Uganda, voltage monitoring at the 

end user is nonexistent, monitoring is done at substation level dropping off a ring topology. 

End-users are connected to a radial topology that spirals endlessly where a connection to the 

grid is upon request to the nearby power service pole (Olojede et al., 2025). 

Fault location is time-consuming, which affects the turnaround time for fault resolution. 

Another problem is that in small grids, there is no automatic protection device along the feeder. 

In this area of study, several authors have performed different approaches to create an efficient 

monitoring system for the detection and location of the faults in electric power grid. Basing on 

measurements of voltage magnitude and phase angle at a small number of lines to detect and 

locate failures, observing the behavior of the three power lines over time, using tools like the 

Hilbert transform, fuzzy classifier to achieve successful detection but can be a more complex 

and not easy to maintain system (Damanjani et al., 2022). 
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Utilizing input samples of current and voltage, the detector is constructed with four distinct 

connections corresponding to each phase, in addition to one for the ground. Failures associated 

with atmospheric conditions necessitate the design of an environmental monitoring device for 

transmission lines in real time, to differentiate between weather-related changes and actual 

faults. Related work includes a team in India that detected power grid synchronization failures 

by sensing frequency, voltage, and deviations beyond the acceptable range. 

The system was designed to identify synchronization issues of any external supply to the power 

grid by detecting anomalies in frequency and voltage. The generating units were required to 

supply power in accordance with grid-specific regulations. These regulations necessitated 

maintaining voltage and frequency variations within specified limits. In the event of any 

deviation, the grid line would automatically disconnect. This prevented brown out or black out 

of the grid power. It was preferable to warn the grid in advance so that alternate options are 

kept on standby to avoid total failure. The system was based on a microcontroller of 8051 

family. The system monitored the under/ over voltage derived from a set of comparators. 

To ensure efficient supply of safe electricity and to reduce power outages, UEDCL Ltd 

introduced the SCADA system in 2009. It is based at Lugogo Substation. The system promptly 

detects faults on the high voltage grid for quick rectifications. It is also used to monitor all 

equipment on the electricity grid such as transformers and switches up to the substation.  

The company reports that power losses stood at 33.5% before the introduction of SCADA in 

2009 and that they had reduced to 16.5% by end of 2017 (ERA report 2016). This approach 

focuses on only three phase energy metering infrastructure and the substation. The primary 

goal of the study was to design a power quality monitoring system at a single-phase consumer 

side which is not covered by the current SCADA system. 

There are contributions to the development of energy monitoring systems under IOT, these 

include the use of energy monitors for efficiency improvement and current usage monitoring 

(Varela–Aldás et al., 2022). Varela proposed a two-channel electrical power monitoring kit 

with a set of two parameters to monitor the electrical system. In this paper the researchers 

presented a single-phase voltage monitoring kit based on the “M5 Stack Core2 kit” processor. 

The variables included a combination of current and voltage acquired through “PZEM 004T 

V3.0” sensors and the data sent to the cloud database through a GSM network to the server. 

https://dummy-citation.com/citation?d=z%3AdVXLbhxFFLUDSKxAYgPZlZAQieTpmZ7xjD1ICBLbRIYYWRnjSOxqqm93V6a6qqnHjHvniE%2FgC1jyCV7nT9jnHzhVPXYMEYt5Vde995xzz73z%2BmbnQWmsrKR%2BUGyMXd3sfFLzpfOWC9998PZEk6061hgtvbGOcUtM6kK6lrTjS0UM0YyLWtJa6opRWUohSXtGioS3UnDFKisLhOqC0Zo0kiGJM8jDfE2MV8RMmb6eak9Wk4%2B%2FL2rkc%2BzRqbl4vMc2NSHoXk7XOU8NK7jnCdQWIRWstKZBsa4P2RYBNVVkMaljLW%2FJstaSA06XHhcApkzbROCozZnfmIGoudak7ldtueUNAeRgWy9y3kJZcofqpq93NmULz8WKHQHTmK2kj8VBVvwWpJNe4h4KrbmVUUXHgKswmhBsTahqdv7ryRkbjfYv2OUkGzFAddB%2FL6mYEN8SjySYN%2BkwabZoia%2BYUCYU6VbElbHnJuK3xIska4z8V70Y%2FvzouC%2BQksfcvaLAylkjhTVsccwEt1DyBTXG38keZfgvA0jIeNsqCBfpAruGdqpDrg0t7z9KNVHBLCUMde%2FBHiNYC91xstKxtfBaIcsSjQXpNtjWOHJQ1kBJJQE7lo8ttgaPuAIdJkzTkBUS9NFmKWAG6WsGX7GSuA%2FwAXv0DL4cs8tAbOv4s57Y40groLF7MQ%2FaH5km1wov18Ras4GXEv7%2BgPrwO6EtCWMLYBdGe6mDCQ4SRCIHkLmL4JENGIKCF%2BNogTrSQxQhAqawiz4JbWxxns2nX0VHv6s6yg7zdNTX3WNm6bnUESVnymwGwjjfQxdQzJoi4DMJ0KCibOMEb1XIFEqSA9ljQKjGo%2FFsMJo2EThSkj3VpbnZ%2Bajiwdfw4rWSKesPeIHiJJuNSDoX6DPy0iuqk5KSXLk2KjT0aXuXKZoRMTc7u7LF%2BL%2FguiIsIllK6%2Fw5Th4%2BfFsrfvddxUgrlyHuoN9xs4hWiqur5I1UnbmEnxX%2F%2B%2FqPJ6p486ejCq3Q9KNxb%2F4qrFG0834MLaRa8%2F5mufBxM%2F3f1facQxpp3OBnjom1po%2BSz4JUimxj%2BkCBLXez86EojLT5KJtM5qMh6XyaH85mkwPszKW%2BxrvTr2U%2Bn88G%2BehgUhssUq7oavVyfzyfTueH8%2F3ZqyRj6sIrdGE8GM1xuWnDUkmHrdY3YjehvMrOYh%2BRV6CZUnPbsWOscw%2B7n%2FcB0Qyn2qEpwdMKjTbBCvrFqqvva%2B9b981wuNlssqZoZQanDO%2FADfPpMD8cRvTDtii%2FW5N1mMpv89lsfJjvz%2Bd55cLSd23UasWtl0LRBX7u4haZ8ifY%2Bf4xAZTqcFcJ6al42h2ZoP3n3lKaaEHFS%2FwDuXT6xde9i65OMKiDp2m3PlHx7wGbAYSOgk1L4OTdcj6%2FXc7udnrjxUXazkVE%2BTEGSl19eUsafcqMrYbv9%2Bof


23 

 

In the voltage and current real time monitoring study, research was conducted through a web 

application and a mobile application, both designed to observe and record variables for 

subsequent analysis. The results demonstrated the relationship between mains power and 

current consumption. However, the primary concern remains the cost incurred by the customer, 

which does not significantly contribute to quality monitoring. The layout employed in this 

instance in is (Figure 2.5) similar to that presented in this study (Putra, 2025). 

. 

 

Figure 2.5: Voltage and Current sensor 

Source (Varela-Aldás et al., 2022) 

In accordance with the IEEE Standard 1668 workshop remarks, the researcher utilized this 

document as a reference to establish the voltage limits as a bench mark for assessing service 

quality (Varela–Aldás et al., 2022). Figure 2.7 shows the different standards around the world, 

Uganda uses 415/ 240 V at the domestic user end, and this study looked at type a which is the 

three phase four wire star wiring, using single phase against neutral to acquire the voltage 

reading as show in figure 2.6, line red or yellow or blue against black (Agbolade & Sunmola, 

2021). 

https://dummy-citation.com/citation?d=z%3A7Ve7cttGFKU9eTWZtClvY8eeESGAFCnbKTKxLM84sRyNLY9mMmmWwCWw4mIX3gcpdHaTSbp8Qor8hNp8Sn4jTc6CoEk5yR%2BokYjF7t5zzzn3XvLd1eCjubGylPpTfhOM5%2FaTz88q6cj5ULTUWHasvSO%2BbNjKGp%2BFoqVQshBeGk1mTkLTM3M2nAnHBVUmOK6MKog127Kl2mjpEUGX5Frnuabg4sPpj8cnwzQ9OCMEcMbimoJemIJPjl7T8avTB6PplGqZW5Mb7a1Rim1CZysgaMmz892NOWthpXG0YsuEnUXIPWAInHOOshRrNSDs4BJNo6TQOeOQ9BU1BmfJNZzLucy7rBxZoUFJSXNrapqckzc0mWbJ%2BLxH%2FyYI7aXH7iXTy7uibr5%2BQjX7yhRGmbJN6CW7oEBcwQjvvBURlguRRSRbs3DBcuQTWPNgRd6u4RxM7kRSY4YOryrJyxjwr1%2F%2FwIsCD2veI1vZJHlwh8SSrSh55x1SboRFOKDWouZGIfgHGe6Rk6XunrVXLZngAQ1WqGM0ELkENGyE2rlCejE5to7ujbNkugPkPjSpcPla2jVeRM7SFJuEFx0YhbOaoUeXoQuz4WjoOKpFEZpG7kEXUQUvZorpXA6fyk5N2YPdOA7Y4DWyDAlnUkl4AZjjVrwL0HjHbwkd75q2QwOukDMA%2FlDVXzl6LlbxrjUllWw2COG3yEKwFmeHa4fkBk%2FrrXTPQpBfKE0ePgQBRxYwc4R4r%2BRc5MDQu1IWkcoY9dE13b3suC5CVxxwiHYyrgOjQyIgVBTtEJRAPINE%2BtAHYBYGqWRZbWVw9%2FdoZawmFLFsuuu39EG09A42RM%2B8vwhwa1QbmLX9FWslt3V5zbnWzILz1Hskls%2BmxtAhJKpxyXsku%2FLrPsZYrDiPTMqclBEFZOT5HEvYAMdV2KJi5troIYoqOAOJFa1g6BjDrYsvgkRe26pN6Jn2XPawWKghiIy1D3gQIQ%2B9Ro01S1APGGDCoJMIhagQQCPoPCiaMxczkS86B226ldCopchfQk%2BRDra6yORc2pp8JfyWn77hRTvu9DiDDCG8QHh4IAYFF50t%2FIaVXTiQLxreGRU60BFKJLSzDMj4F6w9QmnjXmRpcd4FNKF4QzwIN7AyTYRRC7tgNJBVFR3Y3wL2ZQ6LwaARSMfY9mZCy6B8Y2WAzMG7S9jB%2BPz3N39%2B8dvvg8GggMsWV4PPKzGL1sj9zby4mRc38%2BJmXtzMi5t5EeeFAnqULhdPkEE5SkfTYTqqY8EJiWuf6bm5GnxcioDeZ91bJdF7cv%2B0K4AiTdKUpXOBbzPapeLL5DsTbDQfLHxcA1ZX0lqbZd95pabj2HsZlQqdlmCm5lvN%2B4DPDTqYsVeDW7IB8pdo1Hw1uI36ss6fYuXL55US%2FcefVDc85CzEcsSPo9tFbIj4P5%2BLWqqWTwMMziUsqfULqHQh6ZSjwUWBmcODXBYOv6nywshllibTyXR6sH%2FBkpNlJtNRkmWFdDP9Fn%2BdfifHWZYOx%2BPDSYVCQ5p8uTg%2FzLLpg%2FHB%2BHB00VHRMXkBJidDbB49XEBwkJLza6suDyvvG%2Fdof%2F%2BioylxwYsL0YrE2LKLu9%2FJr3i%2FMCsdy2o%2Fy%2FZHaYmu6tsmprbod5zh8RY4ZTP%2FHlbeXWY0RNVir8olyuhxe2SC9gNvGe6FQbg4x9cCt17tlfs5DvnHnecX5xWdbD1%2Fao03MTi9%2FmC0v%2Fr%2F0X5yfbQ%2Fom%2FpCKPCcoUzcapea97HGAChc0gRA32GglKXdzdcQZyOn%2F8W6B8%3D
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24 

 

 

Figure 2.6: Single phase neutral illustration 

Source (Jawaduddin et al., 2020) 

 

Figure 2.7: Three phase associated wiring diagram  

2.4 Power Quality Indicators and Definitions 

According to utility law, power quality is measured from its reliability. According to the load 

aspect, it is the power supplied for satisfactory performance of all equipment. According to the 

end user point of view, it is referred to as, “any power problem manifested in voltage, current, 

or frequency result into failure or miss operation of customer equipment” (Ishaya et al., 2023). 

According to IEEE power quality is defined as “the concept of powering and grounding 

sensitive equipment in a matter that is suitable to the operation of that equipment”.  

The International Electrotechnical Commission (IEC) defines power quality as a set of 

parameters that characterize the properties of the power supply delivered to the user under 

Transformer 
11kv/ 415 V/ 250 
V 
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normal operating conditions, specifically in terms of supply continuity and the characteristics 

of voltage magnitude, frequency, and waveform. The power supply system is capable of 

controlling only the quality of the voltage and does not influence the currents that loads may 

draw. Consequently, power quality standards are concerned with maintaining the supply 

voltage within specified limits. This aspect serves as the focal point for our project, which is 

designed to monitor these parameters effectively (Ravi & Kumar, 2022). 

2.5 General Classes of Power Quality Problems  

The IEEE has led to the main effort in the United States to coordinate power quality standards. 

The IEC, IEEE classify electromagnetic phenomena into the groups as given below (Gade et 

al., 2021). 

i. low-frequency phenomena Harmonics 

ii. Inter harmonics Signal systems 

iii. Voltage flicker 

iv. Voltage dips (Sags) and interruptions  

v. Voltage imbalance, unbalance 

vi. Induced low frequency.  

vii. Voltage, Magnitude variations 

Voltage fluctuations are changes in voltage levels. These changes can be random or happen 

continuously, usually between 0.9 and 1.1 per unit. When electrical devices use power in a way 

that changes quickly, it can cause these voltage changes, known as flicker. Flicker is named 

after the way it makes lights seem to flicker to our eyes. Voltage fluctuation is an 

electromagnetic issue, while flicker is a result of this issue that affects power quality. This 

study focuses on these electromagnetic changes (Kanchanapalli & Banka, 2024). 

2.5.1 Voltage Imbalance 

Voltage or current unbalance happens when one of the three-phase voltages or currents is much 

different from the average of the three. This difference is shown as a percentage. It can also be 

explained as the ratio of the negative or zero-sequence component to the positive-sequence 

component. Voltage unbalance often occurs because of single-phase loads on a three-phase 

circuit. It can also happen if a fuse blows in one phase of a three-phase capacitor bank. If the 

voltage unbalance is more than 5 percent, it can cause big problems, especially in single-

phasing situations. Therefore, the study focused on using voltage as the best way to check 

quality because of the problems that result from single-phase out of balance loads. The study 
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by Ciontea and Iov in a study of load balance influence referred to the same findings regarding 

load variations on single-phase networks (Ciontea & Iov, 2021). 

2.5.2 Frequency Variations  

Frequency variations refer to the deviation of the power system's fundamental frequency from 

the designated nominal value, which is 50 Hz for Uganda. These variations can occur due to 

faults in the bulk power transmission system, the disconnection of a substantial load block, or 

the offline status of a significant generation source. In modern interconnected power systems, 

such frequency variations are infrequent within Uganda's electricity grid and, consequently, do 

not pose a significant concern (Biragbara, 2026). 

2.5.3 Sags and Dips  

A sag is a drop-in voltage or current between 0.1 and 0.9 pu at the power frequency. This drop 

lasts from 0.5 cycle to 1 minute. Voltage sags happen because of system faults. They can also 

occur when heavy loads are turned on or when large motors start. In this study, I aimed to log 

this information by the change in events to reduce the frequency at which the monitoring 

system logs the voltage information. A swell is when the rms voltage or current at the power 

frequency goes up to between 1.1 and 1.8 pu for 0.5 cycle to 1 minute. Voltage swells happen 

when there is a temporary rise in voltage on the non-faulty phases during a single-line-to-

ground (SLG) fault. They can also occur when a large load is turned off or when a large 

capacitor bank is energized (Sushma, 2023). 

2.5.4 Interruption Momentary Electrical Power Systems 

An interruption of a duration limited to the period required to restore service by automatic or 

supervisory controlled switching operations or by manual switching at locations where an 

operator is immediately available. Such switching operations must be completed in a specified 

time not to exceed 5 min (Gurzyński et al., 2021).  

2.5.5 Interruption Power Quality Monitoring 

A type of short-duration variation. The complete loss of voltage (<0.1 per unit) on one or more 

phase conductors for a time between 30 cycles and 3s. Any interruption not classified as a 

momentary interruption. Interruption, sustained (power quality). A type of long-duration 

variation. The complete loss of voltage (<0.1 pu) on one or more phase conductors for a time 

greater than 1 min. Interruption, temporary a type of short-duration variation. The complete 

loss of voltage (<0.1 pu) on one or more phase conductors for a time between 3 s and 1 min. 
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Inverter, a power electronic device that converts direct current to alternating current of either 

frequency or a frequency required by an industrial process. Common inverters today employ 

pulse-width modulation to create the desired frequency with minimal harmonic distortion 

(Siregar et al., 2022). 

2.5.6 Islanding 

Refers to a condition in which distributed generation is isolated on a portion of the load served 

by the utility power system. It is usually an undesirable situation, although there are situations 

where controlled islands can improve the system reliability. ITI curve, a set of curves published 

by the Information Technology Industry Council (ITI) representing the withstanding 

capabilities of computers connected to120-V power systems in terms of the magnitude and 

duration of the voltage disturbance. The ITI curve replaces the curves originally developed by 

the ITI’s predecessor organization, the Computer Business Equipment Manufacturers 

Association (CBEMA). Linear load, an electrical load device that in steady state of operation 

presents an essentially constant load impedance to the power source throughout the cycle of 

applied voltage (Tanoni et al., 2024). 

2.5.7 Long-Duration Variation 

A variation of the rms value of the voltage from nominal voltage for a time greater than 1 min. 

Usually further described using a modifier indicating the magnitude of a voltage variation for 

example under voltage, overvoltage, or voltage interruption. The main parameters that the 

project considered for monitoring are defined below as per IEC std (Electrical power quality). 

2.5.8 Over Voltage 

An overvoltage is an increase in the rms ac voltage greater than 110 percent at the power 

frequency for duration longer than 1 min. Overvoltage is usually the result of load switching 

(e.g., switching off a large load or energizing a capacitor bank). Incorrect tap settings on 

transformers can also result in system over voltages. 

2.5.9 Under Voltage 

An under voltage is a decrease in the rms ac voltage to less than 90 percent at the power 

frequency for a duration longer than 1 min. Sources of a surge are load switching on, or a 

capacitor bank switching off.  
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2.5.10 Sustained Interruptions 

When the supply voltage becomes zero for a period more than 1 min, the long-duration voltage 

variation is considered a sustained interruption. Thresh holds for calculating power variations. 

2.6 Threshold Calculations 

RMS (Root Mean Square), using the analytical method, in (Figure 2.8). 

 

Figure 2.8: Wave forms for AC and DC 

Source (Amiel et al., 2022) 

Hence the calculation of the rms voltage of a sinusoidal waveform. The RMS voltage of a 

sinusoid or complex waveform can be determined by two basic methods. The graphical 

Method – which can be used to find the RMS value of any non-sinusoidal time-varying 

waveform by drawing several mid-ordinates onto the waveform (Amiel et al., 2022). 

The positive half of the waveform is divided up into any number of “n” equal portions or mid-

ordinates and the more mid-ordinates that are drawn along the waveform, the more accurate 

will be the result (figure 2.9). 
 

Graphical Method: 

 

Figure 2.9: Half Wave form 
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Each mid-ordinate value of a waveform (the voltage waveform in this case) is multiplied by 

itself (squared) and added to the next. This method gives us the “square” or square part of the 

RMS voltage expression. 

Next this squared value is divided by the number of mid-ordinates used to give us the mean part 

of the RMS voltage expression, and in our simple example above the number of mid-ordinates 

used was twelve. Finally, the square root of the previous result is found to give us the root part 

of the rms voltage equation (2.1 and 2.2). 

The objective of this derivation was to demonstrate the root mean square (Vrms) voltage in 

alternating current, as it constitutes a crucial parameter for the study. 

 
 

 

Vrms = �V12 + V22 + V32 + ⋯+ Vn2

n
 

 

 

 

 

              (2.1) 

                    Where: 

𝑉𝑉1,𝑉𝑉2, … ,𝑉𝑉𝑛𝑛 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) 
 

n = total number of samples (Amiel et al., 2022) 
 

2.6.1 Analytical Method 

Is a mathematical procedure for finding the effective or RMS value of any periodic voltage or 

current using calculus(Ahmed et al., 2022). The graphical method above is a very good way of 

finding the effective or RMS voltage, (or current) of an alternating waveform that is not 

symmetrical or sinusoidal in nature. In other words, the waveform shape resembles that of a 

complex waveform. A periodic sinusoidal voltage is constant and can be defined as V(t) = 

Vmax*cos(ωt) with a period of t(Jovel et al., 2024). Then we can calculate the root-mean-

square (rms) value of a sinusoidal voltage (V(t)) whereas, Vm is the peak or maximum value of 

the waveform. Dividing through further as ω = 2π/T, the complex equation above eventually 

reduces down to:   

https://dummy-citation.com/citation?d=z%3ApVhfbBxHGXdCovaFUoEQykOloQ%2FEFvH5bn2J45AqcR2HXGkg%2BELCA0Kd2527nWR2ZjOza%2Fv6ZNpSUkEkF4lEsqDhX%2BGBBxAPlYwlKIg%2Fr7yAhBCCVgLUSEggIVXgRurvm9v1rd26dpQoe7e7883v%2B%2Bb3%2Fb5v5vyltZGDPWVCnhm7NrLvSsp74tN50hE2ChrHGl1jZU%2FqA0kadc%2FJXqxwZQ6G0s%2BRRrtvrI3sjzods7Q2cqAbCzLYOPW%2FU4%2BM4F%2BkRDfbOH3k1pOn8RRmJt04fSFZ%2BxsexKKMsnjj9PyNVXqsON5%2Fr4C%2FefapKuD1by7fH%2BBnH%2FlgFfDRHy7uJcI3H7j16hCwefnGEHD%2BwC16KAEP%2FfOXewG8445UAE%2F8tc%2BGEd75Gj0UgKf%2B%2FvJLZLkb4N1f%2F6IK%2BIfDQ8D5EVNNykc%2F8qdv7w54eqSe0KwC8OQzPyfaigjf%2BC4hlICHX765l6Tcfe7DNKsAPLP%2FNk0qAU%2FQQwn48P%2FHKPp7A5z7781KlrcB3l3dw5JP3W29UlnyJ%2F%2BxUUnKNsDfv0Z07Ab41urXK4CtPz%2B%2F45Jnpv9C0e%2Buw9vk99102D7wWjXLh5Zv7EU223T46rNUN4Vs7vyRhu5Zh7%2BrRHjilcYQsD3ys6psWPtXe6gU6PBaJcsn4%2F9USu%2BNf1VL72Mnv7g3HT5UaQ6zz%2F%2BWoigBv1wF%2FMALXmD3Bjj3mNgZcG1mTxy2fkyzCsCzbz4wlM12wJ8%2BtZdK2arDcz%2F5RJXDLYCPi9H7bLDttZeqWZ6%2FXiPL%2BwC8%2BPCZaoTzX%2F3%2B9qSIa7nJRH%2F%2F%2FMVYMCsUz0TEwtxaoTPGuI7YglEZ7JmtJTVXYwtc5cIx08Ugm5llzuQ2FMx0Mi611D2mjVZSC25ZzG1itAxZT2hhsStiNDRJajTAHeNWMCaWUiucg1PuTrB%2Ff%2BvFF3DdxrVK3%2Bwx9vr1Vdagga%2Fg9kd0871gFJ%2FfGcPHi3QzGKwPbAmhwQL2cY8VbN5Nbt41cff68g%2F8VSs9rgZsdHIMTyvru%2Fq%2F%2Bd7%2BV9ZL%2Fyvrpf%2BV9dL%2Fyvp2%2F94j%2BW%2BOsUuNI%2BxSgGsSo%2Fh%2FSTOpfWREVpkJnwLWtSZhGbLWzXXEE1DKFcsMi6EKYZmxET43UzDkvcYo1WWKi3QSvMt88rljLYTRQhitIozWIIzmWI19RmMuMg%2FHGjcqzEkyPo4Qh548AUJqFoWtsWjR2KtrIw%2FFvOMyy8Osf%2FAL7RxeBjrh5LCjBFNiQSgSlJ%2FHruVcyaxPHgmVzlNKPg1YLTJCZBLhsp41i15PMVdKaLASgRMsn%2BZIHVrBSVS5gzRLZKFEmFmiw5MAnJSneJ9akxpHLEC8FIvUGfQaZnIBkCKMtbxG4DHPUCI8ckVgfFgpPAxBOAVUhAAyNLwhBLKDv8sgDAtFFNdymVK6aCGgwJKRzTWRcsTPdX2XiYSGZQI%2BJQhWfe%2FZD0fS4VBarVOcRjFiBdz2QyWKFFd1UVpS6jqCCZfJZJDt7YEXznmIMC1FBrcYLhkrhl3e8SklKvB2iPduTjeV6oR2CLV8T9AgBI7FkkfzRpmhuUPhDozhf2Z7qDtYVpeB%2FCPmXA6U5hZlFsaE0LVIg9Bhn51F2tHlEhORknFwR%2FYjscTOc09rpXVxncnxMvai7UmNlEIsbHS23Rpjaa4gON9tq4ijFy6fH2NO9jRXNTaLUlQCRUN%2BqS6tgDYciY2euJUOczpQu0CNVRajeMcgFmP7LIG8cyuIaIdFelJgOMtVIjJ2cW6yXmiew2X%2FaX8zUI%2BTSRkWIoTYqfSpBwNKRF45WAKecwVoyLgrLRU1RS%2B7EgKC2nvQ2sB3NcyijjyZBAyP
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 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 =  
𝑉𝑉𝑃𝑃𝑃𝑃
√2

=  𝑉𝑉𝑝𝑝𝑝𝑝 × 0.7071                                  (2.2) 

 

 

Where: Vpk = the peak sinusoidal voltage 

Then the RMS voltage (VRMS) (equation 2.1) of a sinusoidal waveform is determined by 

multiplying the peak voltage value by 0.7071, which is the same as one divided by the square 

root of two ( 1
√2

). The root mean square voltage, also known as the effective value, is determined 

by the magnitude of the waveform and is independent of both the waveform's frequency and 

its phase angle. In the context of this study and in accordance with IEEE standards, the 

recommended voltage is 240 volts Vrms. Voltage variation is calculated as a percentage per 

unit (PU). 

The per-unit value of any quantity is defined as the ratio of actual value in any unit to the base 

or reference value in the same unit. Any quantity is converted into per unit quantity by dividing 

the numeral value by the chosen base value of the same dimension. The per-unit value is 

dimensionless(Hase et al., 2019). The voltage limits are defined in table 2.1. The thresholds in 

table 2.1 were used in the study to guide the in the operation of the system(Shahpouri & 

Kalantarian, 2024). 
 

Table 2.1: Voltage limits 

Variation Lower limit VPU Upper limit VPU VRMS Duration  

Voltage normal 0.9 1.0 216 - 240 < 1 minute 

Voltage Swell 1.1 < 1.1 > 264 < 1 minute 

Voltage Sag 0.9  < 216 < 1 minute 

Voltage 

interruption 

0.1  < 24 < 1 minute 

Complete Voltage 

loss 

0.1  < 24 >1 minute 
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https://dummy-citation.com/citation?d=z%3ApVVNcxtFEJVTCeECB04Up6lcSChrvVrJshSqwEBw4QoOKWycG5XZnd7dtudjmZm1pFsCf4IbFCf%2BguECvwG48wvgwIXCF3pGlrBjhUsOsrWzPW9ev%2Fd69PS0c6OSpuDe2NPO2lHDK3jQqhwsH5bGYoX6umpE%2BRFWtaSPd1SFcQMa7b467VwTeW6mp53rZQ2h4Ozdf3774%2FdOpyMklP5s%2B27680%2F0VHjTnG0f7n3P6AEmKHx9tv3w86%2FDuwun3lgF%2BPevB2HXEvCbx%2F8Bfndz%2ByLgaz%2B8KOBfv9D3JWDy9jvfPgMIX7TGw%2FTPQyM9rXYt1xWsM9TokUvGtWAlavp2Mi9gJ1y24Njtw7aJbw%2BFmeg7rOCyaCX3IFg%2BY%2Fd2DpgCXxvhGHdsApKgHPNE2TIL8zqYNmBRgfYBfg5rcs9R08vSGhXqWYGh1kIJFnQBLmEHtHrOpttYU6KkKqNLrFo7N5JxC4xVeAKaOrkAE2sChpgYe3zaeaXmufOWF3527ceDGh1zvhUzBoEOkXQMJBTemqIGhdTj8uCoUxTgWSoWKm4F6mqxV4S%2BSiLiwAZ67DZqD5bQIts7LOeennHRW1Nb7oDdunTUrSAXUXcEFvoRWJ4rwnLwE6BOl9opPkXVqshOkZPhe0Mu62gpDcJcETKFTtz1jEtnyEBNSMFHSRBkliF3iCD1cYnIOgvSrVj%2BX6XWGZ26iNAENYUmNEuCN5zOYSReY0JvnGmYMG2iUFek1EyAduhnQVDng0OU1QQSRiZq182pZSJYY1EvGkLVSAgho668YUet81jOogILPhfMXLi4HlKsgDDDSTtgFTIJJyDdmyQXVjogJux8alYhhH3UTJyyy%2FYvY0FGBd9J%2FhjYQnKLJc4nKPA7F4V412As%2BCgrb2iZF%2FU601yBnLGPcU9LXtBoUOk9QqyyNNvspiNFQxETYXd1acLVyFsaSeueSBKFMr9DH2PFIBn3AJ1rYY3O8BLsfoEhLCUW7FNojPWuJK1aBa%2FKgGkxb2mj%2BzLcRoEF%2FS9LrlDOcL%2FmdWNaSnMcP%2FhQ1lwJayR0rlYf36cZII6kgZ7X6z1D9YoLtsdrgfONBQq6qF8qhMHpG7006aX90YYb9DbHo26aDbrDzayfdqcCXa6f0F%2Bnn2KWDja7WT%2FLJOVYvxfl2RVuM93KtnrjbDDob%2FXTdDAepXUo4BKmx48G%2FfF4NO5tDfqiUSjq%2FmicDsfZ8CiqE8U9InEH3XTYzXqqaXOJrl7ouxa7ax5wT3cMe0iylUaiOaapJUEK%2BMzK6bD2vnF3NzYmk0miY2VSGLXBKRqFBLeirYR%2BsCrX5n7WBOmOz0sP6HGN4gSmvE%2FzdHEZ6EKVM6qV8dZ7f%2FaBabW%2F6ZeXqHhEI%2Bzi6uuP555P9z%2BJv48hqs%2BZZHblzgsJXWR9Rb6dCJxfLlpq%2FK1F42RiYmy18Xwf%2FwU%3D
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2.7 System Development Literature 

Various methodologies exist for system development, including rapid application 

development, joint application development, object-oriented development, extreme 

programming, and lean development. Among the most prevalent approaches for developing an 

information system are agile development, the prototyping model, and the system development 

life cycle which was the preferred method in this study ( Wiguna & Mahdiana, 2023). 

 

 

Figure 2.10: SDLC life cycle model 

2.7.1 Study and Analysis Phase  

This phase involves the gathering of the system requirements followed by analysis to study and 

validate the feasibility of these requirements for implementation into prototype system. The 

researcher, system developer and the system end users are the key persons in this phase. Hence, 

if possible, joint meeting sessions should be held to define, comprehend, gather, and record 

detailed requirements of the candidate system. The outcome of this phase is the system 

requirements specification document (SRSD). This phase was used in the methodology and 

literature review. System Design Phase the primary goal of the design phase is to build a 

technical blueprint/system design based on the inputs provided from the requirements 

gathering and analysis phase. The phase involves technical architecture, which is a 

comprehensive definition of the hardware, software and the telecommunications equipment 

needed to run the system. It also involves modelling, the activity in which IT specialists and 

system developers draw a graphical representation of the system design. The outcome of this 

phase is the system design document. 

https://dummy-citation.com/citation?d=z%3A7VdNUxtHEBWufPiSayq5TaVysKvQCknGgC8JMXGZAmIX%2BOM8O9O7O2h2Zz0zK7E%2BOfGv4p4fkX%2BSQy55vSvJ2OBKVc4cQGjU8%2Fr1e9294o%2FLwReZ8yY31df0pnGR2i9%2FflGQ0DQn6%2BqSqihcJkyFqFJG4yoR2hCpDIIq5cpahkBBSDGX3lBsOVjWtXdSFXxeaVFbGfl2SASQA304EM6L6JwNIjQmytSSwLlQnpCpym%2FMaiplG01iQekwlYH0JriGWXT16i0QSpcaS%2F2BCM42DNHnF2cuiwvpSRxcKfHYZCQetwoM7p0dHD%2B%2BvylCTcpkRklrWxFxEUUpCkE0DBodpzV51ZWogB59o%2BJNlDeFNCDe3bBmTl4UJi%2BGbxppDQRbFRYLGQWOALkwsRCqCdGViK49ZeSh9lJP5pJSRZmJUDBbAixVcxVXaYLwUFp6VYiFDEJJD3e0cE1kHhRYbBMK%2BFY6sOpkX1rOwkPcYOJKwBtq6qXUMsruauSMPRKnyyU4etzMvCtFTR5ussqol7yMDcQPtawqTsXVtGAaxGRrvMfsJluTaY%2B%2FrqGkWDjtrMtbQWVtXQtwTiGQV4qzjhQIKhi5TnFKc0ML%2BHl8ej8R%2BN0H91hrF40GM5O1cIk7md2CxqYCDIRnR6ygCxO6hvwgKhwy8H7dJejg9JzQAOgsuQlRYB%2FfgGRoTaM6pzpUiN%2BlWGO9aXDE%2FckMnDIyglnXAlLUEtqpxkq%2FStArk5lKA75D7cRfo3FvoYkKGN31rCmlb6%2BOZFc4uPPHn0z5f9rOIiEKkuB1ORN9U%2FIEMETvDlceGrC5ek9T2Y1JV19HALxDbHT7idvr4vhVIbyfDc5XOqiHtQMkTGVXytJPAF4n%2FFGByMYQCwD6jG3tb272WvNHpBuk4%2BtcUsoO8sAHyO7QoCmtGrajkXlsTACDSGc3uLD5IaGgnKd%2Ffvpz9P7dYDDQC%2Bdnl4NvCply9SrertjbFXu7Ym9X7O2K%2Fd8r1krFi4L0AVLlaOft4XhSQqEoAegPQfNy8GUuG6T34Z012KIqPsGP83ormYzJhNDQHYomWrr44fC3Z69e%2FHoknjuLuc%2FFUJyRN4JxunJnMptjx5V0t14nOXaoxPnLwYapZU6nssrpcnAHrepDfI6T7zf%2BKqxc%2F235pjdpw5Xii%2FcdXcmSb2SZLI1ts9cmbypJORZYRUcYrUp7Z2lwPbQ4kYU2chWsD6gyfawyOuA7vdLOzMdbyXR7On4wMsEk810zSaY721NtQlq9w%2B9Q%2FW4m25Od4d7uw4eFq6mSkGL2%2BsF0d2%2B6Nd4d7513InUan%2FPKGI7Hw%2FHODF3kGq%2FopbcXT4oY60ejEZ3jCABJ3SuYSJUYPUIJdJHURT06PDscdZNmaaTdorJO6hHzGY0fjndyjF5say5xtox6gbcbaBRy2RFgrh5T5CcGYq3CLOlf2seuqeJGXG9x%2FRqP3NCdfvfj0uOn%2B6DXBrQoZmhtLBqxX23ho4fVSde34ZHYv77uNBO9qxpUf29Zvb5IIHjifD66WXS2rv83a%2FV14KuP2uH9dY9p%2Fy3R297g9Cj5XCvM9u3waYNRMJVZBj%2F7bDA9SyW2cd9h%2B4l4uoy8YrTmZ8QHO6448PdSyFdrIXmET02YiRO0Yk79CoCgNz3%2BX3a7mif72OX8yB%2Fu25xSL7HYT%2Fix1sn6Lcvql6oqavxwEVjWfwE%3D
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2.7.2 System Development Phase 

This is the longest phase of SDLC and is concerned with the physical construction of the system 

as set out in the design stage. At this stage, the system developers take the detailed system 

design documents developed at the design phase and transform them into the actual functional 

system. Secondly, the system developers write the necessary program codes as well as build 

the required system databases at the same time. The phase involves modules and codes and 

therefore prototype creation and development are at this stage. It is at this stage that 

documentation of the work that has been done to date takes place and hence system users are 

defined here.  

2.7.3 System Testing Phase 

After system development at the previous phase, the system is handed over to the testing team. 

The primary goal of this phase is to evaluate and validate system functionality in accordance 

with its pre-defined requirements at the system analysis phase. During the testing phase, first, 

a quality assurance (QA) team develops comprehensive test conditions which are the 

conditions that the candidate system needs to satisfy before deployment to the end-users. 

Secondly, system testing can now be performed. Unit testing, integration testing, system 

testing, and acceptance testing are carried out at this phase. If all the tests run smoothly, 

documentation of all the work that has been done to date takes place followed by system 

release, operation, and maintenance of the study used this stage in the results phase.  

2.7.4 Deployment Phase  

Once the application is fully developed and tested, it moves to the release phase. The system 

goes live and is released to the end user for actual use of the product. In other words, the system 

application is fully operational in a live environment where end users utilize it. 

2.7.5 Operation and Maintenance Phase  

The aim of this phase is to ensure that the system remains fully operational and performs 

optimally until its end of life. Successful completion of the operations and maintenance phase 

should include the management of system changes to support end users, monitoring of system 

performance to identify errors, execution of necessary security activities such as backups, 

contingency planning, and audits, continuation of end-user support through training and 

documentation, and rectification of bugs and errors as requested by end users. Customer 

requests regarding system performance are considered feedback, which provides system 
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developers with insights into whether to modify the existing system for improvement or to 

terminate the system and develop a new one. The benefits of the waterfall model include;  

Ease of comprehension due to its sequential development process with well-defined 

deliverables for each phase, facilitating project management. Enhanced learning opportunities 

at all phases for researchers seeking detailed insights, comprehensive documentation at every 

phase, aiding in-depth understanding of the project and future benchmarks.  

Despite its advantages, the waterfall model has been criticized for its time-consuming nature, 

as each phase must be completed before the subsequent phase can begin. It is unsuitable for 

projects with uncertain requirements, as this model presupposes clarity during the requirement 

gathering and analysis phase. Any modifications in later stages can result in higher costs than 

initially anticipated. Furthermore, estimating costs is challenging, and user input and feedback 

are sometimes limited. In this study, the researcher employed this model during the software 

development stage. 

2.7.6 Sample Size and Sampling Technique 

The general principle regarding sample size in this study was to recruit as large a sample as 

possible to enhance its representativeness without excessive effort. Since the research was 

experimental in nature, the calculation of sample size was contingent upon several factors, 

including the research design, sampling methods, the precision required, the variability of the 

factors under investigation, and the incidence of a particular variable within the population. 

The researcher compared various data collection techniques, including random sampling, 

stratified random sampling, and systematic sampling to determine which technique best 

represents the population behavior of power distribution. To represent the actual behavior of 

the voltage in the area, the systematic sampling technique was considered in this study because 

of its advantages(Khan et al., 2025). 

The type of sampling is also used for homogenous population. The population is homogeneous 

in this case because it consumes electricity from the same power grid.  
 

Advantages of systematic sampling technique: 

i. Operationally convenient ‐ easier to draw a sample from a given sample size.  

ii. Distributes the sample more evenly over the population thus likely to be more efficient 

than particularly when the ordering of the units in the list is related to characteristics of 

the variable of interest.  

https://dummy-citation.com/citation?d=z%3A7VXLjhtFFG0HEKxYJ6yKHZHGnvaMmQQ2yHkhMhMJxQOR2F1X3e6%2BdnVVU7fKY7MakJBY8gls%2BQRv2fETLPgNNtxqZyBATBQpy8iyVY9zTp37qPK32%2BLNygeqyb2NXycfcXPt9LwhVhyT2Shcd9YHZBUbVFhVpAmd3ihfqdYbqgiN4g1HbCGSVgxtZ8nV6oNHs9lNRa7nae8irmMmQYp%2BqH0IaCEKt%2FNdkhF5xyN1LljhKdYNtqjEhPZtB0Fw0SvRRQjPP%2B1MTjtQmoIWtT2Yu9kROKNaWotikKFv95h%2FnLHJGQxKgqwwoIuKU4fhb8M5AWj5QGHbNcD0TaZSZAWdyGiYk6W4yc7%2FHbSBCIyxjzj4VDfKpRaDcKxiaq8S0psVcdrtrMCSMPPOQZ8mg62MYxBNKVc2Rz78o0gr8S%2FJX4l7oYlGi7HxRvgtLHd2Fagu%2BJY4T8V58KAbJS0h54leYiU1toblNDlfMBcUm%2BdGNFK%2F%2FKyOyqMP%2BzpOk5wUGFlQ%2BMcnv%2F5GPxVFYS58WG6LdxuYZ%2BM6vu6219326rrNgtbIjOae4GrZPRmWx21uCJByhs9c5bfFW7XoZfSlJam3jg%2Fk64M5Ho1vITEnfAMjRYvrG6fpAsT0Q59Cjkc6atYHi9XKW0ni9Un3l%2FiZ1yAy22JAHdT4GFyN2%2BKaNG3g%2BLmsvFcMfpg0Fp6Z2cwONJf4An8vaOOgzayqgpbsxpw24LAmSWn1FTSIzgRvsfgvkqb298sf7zPDDt6cAVlQ09E%2BAt5LQLwDLx4kMGo2UlO7D17P5MrOKewI%2BBBWZPZKf5q6%2BNSHnkHc4TQZlj8bbTytb4zL0bgcnxwuRssFj3IZZV5OyokhnrtL%2BWX3HR0dl7eGk3F5%2B2o0Pml8h1IKXC%2BfTCblR%2FKZnNxe9FXri77IWsNyMiyP2i7NLXFzVfdBb3N53zKuSFr1zpdLeWqktBq%2FCHZ9s4mx448PD8XgyIf6cK%2FHmtM8broc8RKC3GWL5zIdSNOjr07JmWeXMYK1G8FaTdK8dzZ3fXJxEAP2F12jeSJvIver199%2F2nmPpu7qYveX%2F0UPoDx9%2F%2FPWmez2HZ1eKso%2FAQ%3D%3D
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iii. The advantage of this sampling technique is its simplicity. Thus, the regularity and 

uniformity in selection makes the sampling systematic. 

Disadvantages:  

i. Requires complete list of the population.  

ii. A bad arrangement of the units may produce a very inefficient sample. 

 This technique was appropriate because of the homogeneity of the population. Systematic 

sampling is known to reduce sample variation and errors by systematically choosing the nth 

sample in the sample size (Degiana 2019).  

 

Figure 2.11: Systematic Sampling technique illustration 

Systematic sampling is where every nth case after a random start is selected as an example of 

color-coding for example, if surveying a sample of consumers 1 to 15 in figure 2.13, every 3rd 

consumer may be selected from the sample. The advantage of this sampling technique is its 

simplicity. Thus, the regularity and uniformity in selection made the sampling systematic figure 

2.14. 

2.8 Sample Size Calculations 

For systematic sampling,  

 

Figure 2.12: Interval uniform selection 

Steps involved:  

i. Form a sequential list of population units and make notes. 

ii. Assign sampling numbers to each unit on the notes.  

iii. Decide on a sample size n and compute the skip (sampling interval),  



35 

 

 

 

 K= 𝑁𝑁
𝑛𝑛

 

 

(2.3) 

Where; n sample size 

 N total population 

            K interval. 

Choose a random number, r (random start) between 1 and k (inclusive) refer to figure 2.14 

Select the unit with serial number r as the first unit in the sample.  

Add “k” to selected random number to select the second unit and  

Continue to add “K” derived from equation (2.3) repeatedly to the previously selected unit 

number to select the remainder of the sample, until n units are selected. 

2.9 Identified Gaps 

Numerous studies have identified gaps analogous to those addressed in this research. In the 

domain of power distribution and system fault monitoring, researchers have highlighted that 

while efforts are made to ensure status monitoring and fault detection at the generation and 

transmission levels, such measures are lacking at the distribution level, particularly within 

domestic communities. This absence of fault monitoring and detection leaves the system 

vulnerable and significantly increases the risk of transformer damage due to overload(Nkinyam 

et al., 2025). 

A study done in the distribution of low voltage circuits, the researchers presented a practical 

approach to estimating the secondary circuit topologies using historical voltage and power 

measurement data provided by smart meters and distributed energy resource sensors. In so 

doing, the low voltage distribution network would be modelled in size to avoid network 

overload 

https://dummy-citation.com/citation?d=z%3AfZLPbtNAEMZdKIJDHwD1wp5BSWwnJBUXRNsg8ae9JNDzZndsT7zeNTvrEt9aIfFOuXLhobgwdlIJCbUHe7WjmdmZ7%2FvdbqPHmfOYo30KpJyHP29%2F%2F%2FwloijS350vt9GRkUoBEehzGSBP43Q6iMeVcjZItOA%2F2Mxtoye5bELhPN0YrGqpwnv%2BnNeTYZoAEjVwAAGDgc3JR9d4K41wmZgbUMGj4tuipQAVCWm16Fr6SgZ0VixBFdYZl7fZtTNNBUeme9rjquH%2B9GMbPdJWVsBnlskKTZtflmhbDuV4DXZ9VkiPoRUXQ%2B2dgej%2FAphbVbh9%2BmdwYim7%2BnvTL1aylLt0c5nJQswbClLBrkChpm10qLTDzXESD5PkZDqiyTiezgZx%2BnoQx2kyHsQaaWVv%2BE%2F2FtNxMhnMkllauBpYG9iUV5NJkozH6SxN171%2Bvfxrlp9bTAfJrKqblUEq7hw46MfcvFjUHm0OXiwUglXw6rQh9olIXIBGWXogNkDBF2828yKEmt6MRmsgDEPal3ZDDJWrRso1NoAf1Tob3b9KTs0qtHUnUSl9QGVgydcDtg9c9gmt%2FjcMQRrTcq5RGECftmfdI4fBQwa%2BG1hfMXfUR58f76H5ds4D5rang%2FkyUAHj1wPCGEmRxLEov74TwUtLHTy8f%2BUsMiK8UV%2BWycYEoSEwcl0d9cAJThbswg6oLm4hdODrbqNnqmGVXt6pxJYOnc8fkOIv
https://dummy-citation.com/citation?d=z%3AfZLPbtNAEMZdKIJDHwD1wp5BSWwnJBUXRNsg8ae9JNDzZndsT7zeNTvrEt9aIfFOuXLhobgwdlIJCbUHe7WjmdmZ7%2FvdbqPHmfOYo30KpJyHP29%2F%2F%2FwloijS350vt9GRkUoBEehzGSBP43Q6iMeVcjZItOA%2F2Mxtoye5bELhPN0YrGqpwnv%2BnNeTYZoAEjVwAAGDgc3JR9d4K41wmZgbUMGj4tuipQAVCWm16Fr6SgZ0VixBFdYZl7fZtTNNBUeme9rjquH%2B9GMbPdJWVsBnlskKTZtflmhbDuV4DXZ9VkiPoRUXQ%2B2dgej%2FAphbVbh9%2BmdwYim7%2BnvTL1aylLt0c5nJQswbClLBrkChpm10qLTDzXESD5PkZDqiyTiezgZx%2BnoQx2kyHsQaaWVv%2BE%2F2FtNxMhnMkllauBpYG9iUV5NJkozH6SxN171%2Bvfxrlp9bTAfJrKqblUEq7hw46MfcvFjUHm0OXiwUglXw6rQh9olIXIBGWXogNkDBF2828yKEmt6MRmsgDEPal3ZDDJWrRso1NoAf1Tob3b9KTs0qtHUnUSl9QGVgydcDtg9c9gmt%2FjcMQRrTcq5RGECftmfdI4fBQwa%2BG1hfMXfUR58f76H5ds4D5rang%2FkyUAHj1wPCGEmRxLEov74TwUtLHTy8f%2BUsMiK8UV%2BWycYEoSEwcl0d9cAJThbswg6oLm4hdODrbqNnqmGVXt6pxJYOnc8fkOIv
https://dummy-citation.com/citation?d=z%3A7VfBbiQ1EJ1dsYCEOHFZTvi4kTKTnskmEC5oySZLIItWm5Bw9bhrup247Y7LTtJ7WhCfwpl7%2FoB%2FQeIHuPDsnpkkQMQHbCIl6faUy6%2FqvVfW%2FHQ1eG%2FmvK60%2FYDOogvUPXp4WGsWF86fita71jGxkKIiS14r0VCoXSmCEzFoo9%2BQUJGDa8gLbqQPKQDPDUmOnhqygVOwjIiRQStpTCekLQXrJpogLbnIWCIOGgGE4NYZV3WrwmhLopVe5pS8mrctT0svfUQtWdtKKGctqaCdZaGtMO5CnDucUJF4sn%2B0IkrNwespYDsruONADY9ELnZRnGxRsVS1wBqeDeBOTYIEtLYytCrChetxhNoTDdPZaE%2FCgR034CHzN2QVduiQsnHUIeeyLghnUTDaLr53PtTiGeJx0hKUAEYhDbscsxNBAuHTlP7Axf%2FY8I8q5q1MZWIVbSmjClSKaSdi7pQUqfW6BZyEXHrhqfLEnLY0riTTV489KL2UQQL%2FfAFJljX2XOfjSUilqAWfioSbCUpdXHBaXrOYEUnvUyrUktroYlUDZYMYzYm8C40asa%2BmuWLEExpVo1UE0WymlYao0hllStho25ea2uPJ4OWcBANIKX2JmHOdP1%2FJAW3dcc6IrkANUid5zrOjAVBIKgBSy8oyZKtQz3XXtxGE%2FLj2WviUk1dG4oWXNhogD3NVk2UNCP27NF12j0d7Ep%2FXXAR5mpjA%2BfCGUi6ipJv%2ByU0%2Fi9KkRHOAscUq9Wev9nEpB3nvkjuA35msbnTKOHWK4rmzCh22%2Bk3fhJ4qNw2oHCiwBUKAOmuYBf0WtQYXLXkIr1lQmdavXa%2Bc93DZLccioFfi%2F5k3L96yydK9UxgJkgCPgltSGjz3vALBeGNYyk6wbJJkOQ2drJHNYgj6bxQu5HJUZY4b2LnRjD2LgCmFCyLb91eqs6gTXXP5gIjopepGxCiT%2Fvrq9z%2F%2BHOCnTMPwavBxLadJNCrcD8n7IXk%2FJO%2BH5Ds9JE0SMwPQc9RXTYrJxnA8bsBe7pvfszN3NXhUYajVaP1boyFeFXbx63y5MVqfkGaO9D4FHQxdfra3s7MjDiEVRkgeUDjxINP9wutyhjkVG%2FqoXZ6w71C981eDB7rFAHstbUVXg4foiufwCiuffvJrbeTi%2BTeTdubhBjy%2FILK0aDz%2Bz2ay0aaj7WhrSRW8YU%2BPtIWJIovtUemdocG%2F46tdTxhY3O%2BYHUvTaH9XcH0IHZaypD7a7pK3yX7IL%2FbvPuJAQvzs%2Bk10EH0n%2B1ilS0Z7Ven05eNxMRqPi621wNUIRBSj9aJ4WmxtYppP7Vv8ZfuzHm893RquFxvri6fNsWpkdbJerG8Wn08mXxQ1ZijsSJenx9eLJ5mlTPJJyj0sNoeTSdPGqdFcL3h%2BkIFfjvcwMXSIEDwkuWNggjSEMSqhnP4VPlMsdiy%2BchC0XXGchq5NNZ%2BCaq0MHeL1AQRAbvYdenZzmUK6GhFrlMaE%2BLrbTkPh8bfB04x8ukvKY9zJ3C%2BLubTss%2F5ihXee3xqHwHg4N2NGuJ%2Bs92rpx3RD7sP0R%2FMb8mB%2B9fyQzdhL82Uf%2BfLGVV6mej6ES8zlkzqElr9cWwNNI%2BertbuY%2Bhs%3D
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monitoring devices, the operating structure needed to be estimated indirectly. In this paper the 

researchers presented a new learning algorithm that used only voltage measurements to 

determine the operational radial structure. The algorithm was based on the key result stating 

that the correct operating structure was the optimal solution to the spanning tree problem that 

created a variance of nodal voltage difference at the electricity distribution network ends (El‐

Fergany, 2023). 

Al- Jaafreh and Geev carried out a study on the impact on voltage and current imbalance in the 

low voltage networks, the study highlighted the need to plan and manage the operation of low 

voltage networks as a way to overcome voltage unbalance in low voltage networks. The study 

further highlighted the persistent need from other studies to develop traditional planning and 

operationalization of frameworks to cope with these new technologies that include increased 

use of renewable energy sources (RES) into the electricity grid. In addition, the different types 

of low carbon technologies (LCTs) such as electric vehicles (EVs) are becoming widely used. 

A significant portion of RES and LCTs is penetrated the LV distribution network and this 

would further increase the load on the already inefficient low voltage networks (Al-Ja’Afreh 

& Mokryani, 2019).  

A study in power grids by Sarvani and Vineela identified a need to disconnect grids in cases 

where several power generation units were connected to the grid such as hydro, thermal, solar 

to supply power to the load. These generating units are needed to supply power according to 

the rules of the grid. If any feeder deviated from the acceptable limits of the grid, it would 

automatically get disconnected from the grid which in turn would prevent large scale brown 

out or black out of the grid power (Sarvani & Vineela, 2017). A study Carried out by Abro 

Jawaduddin sought proposed an automatic energy monitor to close the gap of real time 

feedback in energy distribution networks. The study further indicated that real time feedback 

solves the hustle of fault finding and makes it easy to monitor usage of energy by the consumer 

remotely and also made the information available (Jawaduddin et al,.  2020). 
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 METHODOLOGY 

3.1 Research Design 

This study used sampling to gather qualitative and quantitative data, measurements were taken 

to evaluate the voltage behavior. Experiments were carried out on a test bench to support the 

methods used to address each of the objectives.  

3.2 Sampling Frame 

The total population in Kira Kimwanyi division Wakiso district according to the numbers 

supplied by the local chairperson from the resident’s registry, at the time of data collection, 

there were 3848 residents. An average of 5 people per household was estimated for the 

sampling process purpose. This gave rise to a sample frame of (3848/5) resulting into a sample 

size of 770 single phase households and in these the shops were targeted because of ease of 

access. 

3.2.1 Sample Size 

The systematic sampling technique was used because of its simplicity, speed in selection of 

samples, cost effectiveness, elimination of clustered bias, and easy execution with a master list. 

The elements were selected at a regular interval, where every nth case after a random start was 

selected. The sample space was calculated using the sample space calculator equation 3.1. 

 

 
 𝑛𝑛 =  

𝑁𝑁𝑧𝑧2𝑝𝑝(1 − 𝑝𝑝)
𝑒𝑒2(𝑁𝑁 − 1) +  𝑧𝑧2𝑝𝑝(1 − 𝑝𝑝)

 

 

(3.1) 

 

Where; 

n is the sample size, 

N is the population size, 

z is the confidence level (in percent, such as 90% = 0.9), 

p is the sample proportion (in percent, such as 50% = 0.5), 

e is the margin of error (in percent, such as 5% = 0.05). 

n = 31 
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The equation (2.3) was used to calculate the systematic number of skips for every sample 

measurement taken. 

   

Where; 

 - K is the systematic number of skips,  

-  N Single phase households,  

-  n Sample size. 

Therefore 

K = 25 

3.3 Tools and Instruments 

A digital multimeter fluke 115 was used to measure voltage from the sample population where 

the data was collected from the single-phase users. Voltage readings were recorded from every 

26th sample of the population. Garmin Extrex 30 GPS was used to pick location coordinates as 

shown in (figure 3.1). 

 

Figure 3.1: GPS and digital multimeter 

The Fluke 435 power quality Analyzer figure 3.2 was used to measure a range of power quality 

parameters and the data stored on its memory. The device showed data in various graphs to 

display the behavior, trends, and activity of these power quality factors. The tool was set the 

tool to store measurements every 10 seconds. 

A transformer was identified a transformer located in the Kira Kimwanyi zone, from which the 

output power lines were traced to the selected sample population. The type of supply and the 
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dwellings chosen were single-phase users, all situated within the same sample space as the 

identified transformer output line. Prioritization was given to health and safety, as well as ease 

of access to the premises for the data collection team, before entering the premises. 

3.3.1 Control Data Capture 

The readings were taken from the meter box of the selected sample. This involved a setup test 

point within the sample space area where voltage recordings were taken at different times of 

the day (figure 3.2) for over a period of 14 days using the Fluke 435 power quality analyzer, to 

capture the data for the time of day where the domestic premises were out of reach especially 

during the late hours of the night. 

 

Figure 3.2: Fluke 435 power quality analyzer 

3.4 Establishing the Design Specifications 

In the first phase of the SDLC, requirements gathering and analysis was performed. This 

enabled the study to list and categorize the requirements for the system. Some of the 

requirements were gathered using techniques from literature reviews, expert knowledge, and 

discussions where the existing material in line with the proposed system was analyzed. A 

summary of the system requirements and specifications document was compiled. 

This objective set out to determine four distinct requirements: 

i. Functional requirements 

ii. Operational requirements 

iii. Technical requirements 

iv. Establishment of the system external Interfaces 

The study used the following steps to achieve the objective: 
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i. The review of available related literature for each of the requirements to establish 

suitable components.  

ii. Study of manuals related to the hardware components of choice for the system. 

iii. Discussion sessions with personnel with specialty in electronics and software to further 

advise on best practice. 

iv. Definition of system components and the corresponding functions that they perform 

during system operation. 

v. Description of technical requirements for the candidate system. 

vi. Determination of System External Interfaces. 

3.5 Designing a Functional Prototype 

i. Designed the block diagram of the candidate system. 

ii. Using a personal computer with Eagle design software application, the circuit diagram 

of the candidate system was designed as for every stage of the block diagram. 

iii. Using pseudo code, the researcher wrote down several objects to guide the development 

of code one function at a time, component by component that was later developed using 

C++. 

iv. Tried out each designed stage with a sample software to observe functionality and 

output characteristics for every stage of the system developed.  

3.6 System Assembly 

 Used a Veroboard to assemble components together and coding of the individual stages of the 

prototype system. With the help of specialists in the programming field and electronics, I 

configured, programmed the microcontroller using the Arduino programming environment to 

establish communication for all attached components with the microcontroller. The above 

processes were repeated by adding components with minor changes in the design until a desired 

function was achieved at a particular stage. The working prototype was transferred on to a 

single sided stripboard using a soldering gun and solder wire to attach the components until the 

entire system was assembled. The resulting unit was placed in a plastic housing for protection 

from physical damage. 

3.6.1 Calibration 

The assembled prototype was connected to an active single-phase power source, following the 

procedure on the flowchart figure 3.3. using a Fluke multimeter model 115, the voltage sensor 
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calibration probe was adjusted until the prototype reading matched the fluke multimeter 

reading.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Voltage calibration 

 

Following the initial software setup, additional software tests and adjustments of the pseudo 

code and corresponding code were done as per (Figure 3.3), as outlined in appendix IV, to 

verify that all system components were interacting as expected. With each modification, 

continuous improvements were observed, ultimately resulting in the system achieving the 

anticipated performance output. 

 

NO 

Start 

Connect 
Prototype 
socket outlet. 

Adjust ZMPT101B 
trim pot varistor until 
display reads the same 
voltage as the Fluke 
voltmeter. 

Is multimeter 
reading equal 
to prototype 
value? 

End 

 Record readings over 
time and check web 
results. 

Yes  
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Figure 3.4: Software calibration 

3.7 Evaluation and Testing of the Prototype 

The goal of this phase was to test and validate system functionality in accordance with the 

defined requirements. A detailed system test plan using the evaluation phase of SDLC through 

discussions, review of related studies and expert knowledge to determine the system 

specifications, testing tools, and testing approaches for every stage. Carried out risk assessment 

to identify the would be risks in filed deployment and results recording. This section outlines 

the methodological framework utilized to fulfill the research objectives, and the following 

chapter details the findings derived from the implementation of these methods. 

  

NO 

Start 

Insert processor 
Atmega 328 into 

programmer board. 

Return processor to 
programming board and 
adjust code until the 
required functionality is 
achieved. 

Does the code 
perform all 
functional 

requirements? 
 

End 

 Proceed to display output. 

YES 
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 PRESENTATION AND DISCUSSION OF THE RESULTS 

4.1 Introduction 

This chapter presents the results and discussion derived from the employed methods and 

discusses them in comparison with similar studies. The findings encompass system 

requirements, system design, evaluation, result presentation, testing and adjustments.  

4.2 Sample Population Results 

The results collected from the sample population are found at appendix v, these included a GPS 

coordinate, the voltage reading, and the time the reading was taken. From appendix V, the 

voltages are within range with each other with a slight difference of 3 to 5 volts as the distance 

from the transformer increases. Using section 3.2.1 to generate parameters in (Table 4.1). 

Table 4.1: Sampling Parameter Set 

Number of house hold 

(3848/ 5) 

Sample space 

       (n) 

Number of skips 
using  

     (K) 

Number field points 
measured 

N = 770 770 25 31< n <68 

 

The field results and the test bench results were found to have a similar behavior where voltages 

were seen to be dropping during the peak hours with a variance between 3 to 5 volts based on 

the distance from the transformer, specifically the occurrences of voltage dropping to 219 V, 

align with the technical definitions of voltage sags, which represent a decrease in RMS voltage 

between 0.1 and 0.9 per unit (Kanchanapalli & Banka, 2024; Sushma, 2023). When compared 

to the stable off-peak readings of 230 V shown in (Table 4.2), these drops highlight a critical 

vulnerability in the local distribution network.  

Such sags, as visualized in (Figure 4.5), are often the direct consequence of inadequate wiring 

or the simultaneous activation of inductive loads (Afonso et al., 2021; Ravi & Kumar, 2022). 

Furthermore, while this study focuses on these voltage fluctuation events, it is essential to 

consider that any deviation from the 230 V – 250 V range—including voltage swells exceeding 

1.1 P.U. can be equally detrimental to sensitive electronic infrastructure (Asoh & Chia, 2022). 

The observed data thus provided empirical evidence that supports the power quality monitoring 

system development as proposed earlier in this paper to ensure real time events visibility 
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4.2.1 Testbench Data Captured 

The Fluke 435 power quality analyzer in figure 3.2, was used to work as a reference to 

compare voltage readings within the sample space. The instrument was used to capture to 

trend the behavior of the electricity during the late hours where the data could not be 

collected from the premises with in the sample space. Data was collected at different times of 

the day and some of the results are displayed in (figure 4.1).

 

 

 

Figure 4.1: Voltage variation between 00:00hrs to 03:00pm 

The (Figure 4.2), illustrates data captured during peak hours, the results were used in the bench 

marking of the system during the calibration stage. 
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Figure 4.2: Voltage drop between 19:00 - 23:00 hours 

Observations from (Figure 4.2), there was a voltage drop between 19:00 hours and 23:00 hours 

and this was caused due to the loading of the grid given that at this time, lights and household 

appliances are at peak use. From (Figure 4.3) the voltage started to rise at 23:00 hours.  
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Figure 4.3: Voltage rise between 23:00 - 05:00 hours 

From 22:00 hours through to the morning as per (Figure 4.3), there is a voltage rise. The 

summary in (Figure 4.4) categorizes the voltage behavior through the 24 hours of the day 

justifying the deviation from the standard requirements. 

The voltage rises from 23:00 hours to 05:00 hours is due to reduced load as the consumers go 

sleep. The (Figure 4.4) extracted from the fluke 435 tool shows a summary of voltage 

fluctuations and the bottom left side is a clear indicator of an overload to that phase during the 

peak hours. 

The downloaded data from the data logger Fluke 435 and the field measurements, were used 

in benchmarking the power quality monitoring system. 
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Figure 4.4: Summary of the voltage measurements 

Based on the data presented in (Figure 4.4), which illustrates the statistical summaries of 

voltage monitoring over two distinct periods on November 6th and 7th, 2023, the following 

notes summarize the key findings and their technical significance within the context of the 

thesis. Temporal variation in power quality, (Figure 4.4) provides a comparative analysis 

between peak evening hours (17:24 to 22:17) and late-night/ early-morning off-peak hours 

(22:39 to 02:48). This distinction is critical for identifying the impact of consumer demand on 

grid stability (Kuwałek, 2024; Ravi & Kumar, 2022). 

A peak period Instability, with a critical undervoltage event was recorded at 196.48 V 

(19:59:09). This represents a significant sag, falling well below the 0.9 p.u. threshold (approx. 

207 V) required for safe equipment operation (Asoh & Chia, 2022; Sushma, 2023). The average 

voltage during this period was 224.31 V, which is below the nominal 230 V standard, indicating 

sustained "brownout" conditions during high-demand hours (Helonde, 2024; Tyagi, 2024). 

Compliance: Only 95.56% of the readings stayed within the 90%-110% range, confirming 

frequent disturbances that justify the need for the system development in this study (Asoh & 

Chia, 2022). 
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4.3 Sampling Experiments Observations 

Table 4.2: Observations on the test bench 

Time of day in 

hours 

Voltage readings 

volts 

Variation in volts comments 

00:00 - 09:00 250 - 280 +40 Overvoltage 

09:00 - 12:00 220 - 248 -10 to +18 Normal 

12:00 - 17:00 220 - 241 + or - 10 Acceptable range 

17:00 - 23:00 196 – 217 -44 to -23 Under voltage 

 

 

Figure 4.5: Field Measurements 

4.4 Testbench and Field Measurements 

Voltage measurements from the power logger at a fixed test point (Table 4.1) were similar to 

the sample space measurements with the fluke 110 meter (Figure 4.5) taken from the 

population, the sample space results can be found in appendix IV where by between 14:00 

hours and 18:40 hours, the voltage readings were within acceptable range and of the same 

behavior. The data showed continuous voltage variations at different times of the day. The 

voltage was out of limits at different times of the day due to the line overload and a long-

extended distribution line which is a challenge to the area transformer and therefore the 
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customer equipment requires fulltime voltage monitoring and protection. Appendix v and vi 

indicate the results from the measuring tools. 

4.5 The Design Specifications.   

The design specifications include functional, operational, and technical requirements. 

Table 4.3: Project tools and resources document 

Item   Results 

Software  Programming application   

(Language)  

C++  

Document Production 

And operations  

Windows Operating System   

Microsoft Office  

Circuit design   Eagle Open-source software  

Arduino Programming  Arduino IDE  

Arduino Lib  Extra Functionalities to the IDE  

Storage and database 

server 

Thing Speak Internet of things open-web 

server. 

Hand tools  Soldering Iron, Phillips 

screw drivers 

 

Hardware  Voltmeter, 

Data logger, 

GPS 

Fluke 115, Fluke 435. 

Garmin Extrex 30 GPS 

The hardware resources listed in (Table 4.3) include the Fluke 115 and Fluke 435, which served 

as the voltmeter and data logger, respectively, alongside the Garmin Extrex 30 GPS for location 

tracking. The tools were used to represent the measurements infield for the Fluke 115 and 

fixed-point measurements for the fluke 435. 

4.5.1 Functional Requirements Description 

Functional requirements refer to the system functions or tasks performed during system 

operation to meet the objective, and these are listed below. The system should measure voltage 

continuously and transmit it to the webserver for storage.  The system should compare the 

voltage input with the required standards to trigger a required action. 
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The system should protect the load through automatic disconnection in cases where extreme 

voltage is detected as an added advantage, this protects consumer equipment that have no 

individual protection. The system should send out an alert to the test phone configured as a 

simulation in place of the power company Office as an alert indicating out-of-range voltages 

in real time via SMS. The system should compile and present voltage quality measurements 

and the trends to the server.  

4.5.2 Operational Requirements Document 

Operational requirements focused on the key conditions that the prototype must satisfy to 

perform its intended functions, and these were; The response time of the system should be real 

time. Coverage – The system is internet based and can be accessed anywhere via GSM network 

where coverage exists. Installation – The system was installed, upgraded, and maintained in a 

laboratory environment, also able to work overnight on different days of the week with safety 

controls in place. Power Source – The system uses AC/DC adaptor that connects to the premise 

source voltage 220/230 volts ideal input for the prototype.  

Control – The system is controlled by an AtMega328p Microprocessor Unit that reads off 

signals from the voltage sensor, formats the output, controls the relays as per the conditions in 

comparison with the instruction set assigned to it, continuously populating the ThingSpeak 

server and sending text messages through the GSM module.  

Portability – Being a Smart system for monitoring mains voltage at a consumer residence, the 

system is comprised of portable architecture capable of existing at a customer premises with 

minimal visibility. 

User Interfaces – The system provides graphical user interfaces (GUIs) for all its operations, 

monitoring, reporting, escalation and technical operations like software upgrades and 

maintenance. User Support – The system reports to a web portal for purposes of storing all the 

information and present to its users. Maintenance and Monitoring – Through the user support 

interface, system performance is monitored to detect abrupt or gradual changes in performance, 

also to continuously improve the code.  

Observing System Modes – The system has an LED for status monitoring and reporting. The 

red indicator reflects GSM connectivity. The blue LED light indicates load online.  

Data Archive – The system records and displays data through ThingSpeak server, the data is 

then stored on the server over the cloud.  
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4.5.3 The Technical System Requirements 

Technical requirements focused on how well the candidate system performs its predefined 

functions at a given time. The following key technical requirements were identified: 

Response time: This is the elapsed time from when the power quality monitor sends an out-of-

range SMS to the test mobile phone.  

The time taken to switch off the load on over voltage or under voltage. The ideal response time 

taken is roughly 500 microseconds this can be found in the technical data for the AtMega328p. 

System latency: This is the amount of time taken for data to travel from the server or test phone. 

The latency measured was 4 seconds is this could have been due to the network connectivity 

between the system and the remote server. 

Other support components include the power supply that includes a set of voltage regulators to 

supply the circuitry with reliable safe stable voltage, table 4.3 states the hardware requirements. 

4.5.4 System Hardware Requirements 

Table 4.4: Voltage monitoring system components table 

 

 

  

Requirements Descriptions  details 

Voltage sensor Voltage variation detector 0 volts to 250 volts 

Data acquisition processor Data processor Atmega 328P 

Local display LCD display  On-board display interface 

Internet connectivity Wireless  GPRS card 

Storage Local data base Over 1024 megabytes 

Neo GPS system Live location insertion GY-NEO-8M GPS module 

DC buck converter Regulate Sim 800 voltage Dedicated power supply  
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4.5.5 System Design 

The system design included the system architecture, hardware design, a functional block 

diagram, the software architecture, and the logical circuit drawings. After establishing the 

requirements of the system, the design phase of SDLC was used to achieve the second specific 

objective.  

System Hardware Architecture refers to the identification of the system's physical components 

and their interoperability. It allowed the study to understand how the components would fit to 

create a working system architecture and provided the software component design important 

information that was needed in the software development and integration phase.  

Figure 4.5 and figure 4.6,  illustrates the functional flow between input and output, with 

functional blocks and lines delineating data flow and exchange. Figure 4.7, a functional wiring 

diagram, encompasses the primary components, interfaces with external systems, interfaces 

between subsystems, and identifies power sources, as well as data and structural interfaces. 

Expert knowledge, prior experiences, computing skills, literature reviews, and specific 

hardware requirements were utilized, with each selected for their respective functional 

descriptions. 

4.5.6 Support components  

The power supply, which incorporated a set of voltage regulators to provide the circuitry with 

a reliable, safe, and stable voltage, was examined in a study on fault monitoring systems where 

similar components were utilized (Ferreira et al. 2018). 

A personal computer served as a circuit design tool using Eagle software and a central 

configuration device. Each of these components is illustrated in figure 4.9, which includes the 

electrical connections. The logical connectivity of the system's physical components is depicted 

in figure 4.10.  
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Figure 4.6: System hardware block diagram 

 

Figure 4.7: Associated block diagram 

Logical flow diagram shown in figure 4.7 and figure 4.9 shows the signal and information flow 

of the system. 

Electricity 
supply 
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Figure 4.8: Logical flow block diagram of a designed system 

4.5.7 The Logical Circuit Designs  

Using Eagle 9.6.2, a product of Autodesk in figure 4.10 software as the modelling application, 

logical components were identified and added to the logical circuit model shown in figure 4.11. 

 

Figure 4.9: Eagle software circuit design environment 
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Figure 4.10: The overall system schematic layout diagram 

4.5.8 Presentation and Data Storage  

The ThingSpeak server serves as a database platform for the Internet of Things (IoT), 

specifically designed to support research endeavors. It is accessible via the internet as an open-

source portal (Figure 4.13). This platform enables users to aggregate, visualize, and analyze 

live data streams within a cloud-based environment. Among the primary functionalities of the 

ThingSpeak server are the ability to;  

i. Easily configure interfaces to send data to ThingSpeak using popular IoT protocols.  

ii. Visualize your sensor data in real-time, 

iii. Aggregate data on demand from third-party sources. 

iv. Use the power of Matlab to make sense of your IoT data. 

v. Run your IoT analytics automatically based on schedules or events. 

vi. Prototype and build IoT systems without setting up servers or developing web software. 

vii. Automatically act on your data and communicate using third-party services. 

The open-source website was the appropriate choice because it fulfilled our database 

requirements, facilitated the presentation of results, and included an existing database that 

supports study projects without incurring additional costs. (Figure 4.12) illustrates the 

information flow design, while the interface login is depicted in (Figure 4.13). A similar 

configuration is observed in the literature on automatic energy metering (Jawaduddin et al., 

2020). 
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Figure 4.11: Data Flow Architecture  

 

Figure 4.12: ThingSpeak Server Login Interface 

4.6 Prototype Development 

In this section, the components developed during the design stage were integrated to construct 

a functional prototype. Following the completion of the design phase of the Systems 

Development Life Cycle (SDLC), which fulfilled the second specific objective of building a 

prototype, the subsequent task in the third stage of the SDLC involved assembling the system 

prototype. This stage was divided into work packages, each with its respective deliverables, as 

informed by relevant literature (Azeez et al., 2019). Utilizing expert knowledge, past 

experiences, computing skills, and literature reviews, the researcher, with the assistance of 

Thing Speak data base 
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experts, assembled the identified system components. A detailed account of these components, 

including the electrical connections, is provided in Section 4.6.1. 

4.6.1 The voltage Sensor 

ZMPT101B transformer module (Figure 4.14). This is an Arduino based unit tested in several 

projects that measure AC input voltage from 0 to 1000 volts with an operating voltage of 5volts 

to 30volts. An analogue output signal from 0 to 5 that is feed into the microcontroller. 

VCC: Module power supply input of 5 V, GND: Ground, OUT: Module output which is 

analogue. 

The ZMPT101B module is a compact single-phase AC voltage sensor module based on the 

minuscule 2mA/ 2mA precision voltage transformer ZMPT101B made by qingxian zeming 

langxi electronic with the associated wiring diagram figure 4.15. 

 

Figure 4.13: ZMPT107 voltage reading module 

 

Figure 4.14: Voltage sensor circuit diagram  
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 The connection to the microcontroller programming module of the ZMPT107 is depicted in 

(Figure 4.16). During assembly, and to ensure interoperability, each component was connected 

individually, followed by testing of communication. 

 

Figure 4.15: PMTZ-101 module programming 

4.6.2 Data Acquisition  

For data acquisition, the ZMPT101 Voltage Sensor Communication Module was utilized. This 

module operates as a transducer, converting input voltage into a digital signal transmitted via 

asynchronous serial communication. Figure 4.17 presents its components and functional 

layout. One end contains terminal blocks for power supply and voltage input, while the 

opposite end features a 5 V communication interface for data transmission. The module 

simultaneously receives power and input signals, processes the measurements, and transmits 

the voltage data to the measurement system.  

 

Figure 4.16: Input voltage and output interface to Processor 

4.6.3 The Microprocessor  

The ATmega328P, shown in Figure 4.17, is a low-power CMOS 8-bit microcontroller based 

on the enhanced AVR RISC architecture. It executes most instructions in a single clock cycle, 

achieving performance close to 1 MIPS per MHz The AVR core integrates a comprehensive 

instruction set with 32 general-purpose registers, all directly connected to the Arithmetic Logic 

Unit (ALU). This configuration enables simultaneous access to two registers within a single 
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instruction cycle, enhancing processing efficiency. As a result, the architecture delivers 

improved code efficiency and significantly higher performance compared to conventional 

CISC microcontrollers. 

The ATmega328P features 32 KB of in-system programmable Flash memory with read-while-

write capability, 1 KB EEPROM, and 2 KB SRAM. It includes 23 general-purpose I/O lines, 

32 working registers, and three flexible timer/counters with compare modes. Additional 

features comprise internal and external interrupts, a programmable USART, a 2-wire serial 

interface, and an SPI port. The device also integrates a 6-channel 10-bit ADC (8 channels in 

TQFP and QFN/MLF packages), a programmable watchdog timer with an internal oscillator, 

and five selectable power-saving modes. In idle mode, the CPU is halted while peripherals such 

as SRAM, timers, USART, serial interfaces, SPI, and the interrupt system remain operational. 

Detailed specifications are provided in (Table 4.5), with comparable implementations reported 

in (Jasim et al. 2021). 

Table 4.5: AVR ATMEGA Parameter Set 

Parameter  Value 

CPU 8-bit AVR 

Performance  20 MIPS at 20MHz 

Flash memory 32 kB 

SRAM 2kB 

EEPROM 1kB 

Pin count 28-pin PDIP, MLF, 32-pin TQFP, MLF 

Maximum operating frequency 20 MHz 

Number of touch channels 16 

Maximum I/O pins 26 

External interrupts  2 
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Figure 4.17: ATMEGA328 Processor 

The ZMPT101B voltage sensor module is interfaced with the ATmega328P microcontroller 

(Figure 4.18), a single-board processor widely used in intelligent systems and prototyping 

applications. The microcontroller performs sensing, control, logical processing, and 

computation tasks. Programming is conducted using the Arduino environment, which employs 

a simplified version of C++, making it accessible for design and development. The platform is 

cost-effective, extensible in both hardware and software, and well-suited for rapid prototyping. 

Figure 4.17 illustrates the signal interfacing between the voltage module and the 

microcontroller, while (Table 4.6) outlines the programming modes.  

Table 4.6: Program modes 

Programming signal Pin Name In/Out Function 

RDY/BSY PD1 O High means ready for a 
new command/ 
otherwise busy 

OE PD2 I Output Enabled (Active 
low) 

WR PD3 I Write pulse (Active 
low) 

BS1 PD4 I Byte select (“0” = Low 
byte, “1” High byte) 

XA0 PD5 I XTAL action bit 0 

XA1 PD6 I XTAL action bit 1 
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PAGEL PD7 I Programme memory 
and EEPROM Data 
page load 

BS2 PC2 I Byte select 2 (“0” = Low 
byte, “1” = 2nd High 
byte) 

DATA PC [1:0]: PB 
[5:0] 

I/O Bidirectional data bus 
(out when OE is low) 

 

The Fluke 115 meter is used to measure the input voltage which varies from 0 to 250V AC. 

The ADC output of the sensor at 0 input voltage is 512 divisions hence if 512 to 1024 is allowed 

to reflect 0 to 1000 V range then 512 to 640 divisions will be suitable to scale 250 V range. In 

this regard with 250 V connected to the sensor the maximum ADC is adjusted to be 640 using 

the sensor trim pot, this serves as the reference.  

An AC voltage source, measured using a Fluke 115 multimeter, is applied to the sensor. The 

Arduino program samples the signal 1000 times, recording the minimum and maximum ADC 

values for each input voltage. The corresponding peak-to-peak input voltage and ADC output 

are then tabulated for analysis. Processed data is transmitted via USB and captured using Excel 

data streaming, where it is stored temporarily for visualization and graph generation. 

4.6.4 Interfacing the GPS Module 

The GY-NEO-8M module (Figure 4.19) is an advanced GPS receiver based on the u‑blox M8N 

chipset, supporting UART communication and equipped with an active antenna. It is interfaced 

with the microcontroller development board as illustrated in (Figure 4.20). The module 

includes a rechargeable battery and can also connect directly to a computer via a USB-to-TTL 

converter. 

The NEO-8M provides high-speed and high-accuracy positioning by processing signals from 

multiple satellite systems, including GPS, GLONASS, Galileo, BeiDou, and QZSS. It features 

onboard memory for storing configuration settings and is fully compatible with Arduino, 

making it suitable for a wide range of applications. 
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Figure 4.18: GPS Module 

 
Figure 4.19: Programming Board to GPS module 

4.6.5 SIM800l GPRS Module 

SIM800L GPRS module in (Figure 4.21) is a miniature GPRS modem which can be integrated 

into a great number of IoT projects. This module is used to accomplish almost anything a 

normal cell phone can do, like SMS text messages, make or receive phone calls, connecting to 

internet through GPRS, TCP/IP, and more. This module was chosen because it supports quad-

band GSM/GPRS network, meaning it works anywhere in the world for connectivity purposes. 

 
Figure 4.20: SIM900 GPRS modem 

At the core of the module is a SIM800L GSM cellular chip from SIMcom. The operating 

voltage of the chip is from 3.4 V to 4.4 V, which makes it an ideal candidate for direct battery 

supply voltage. This makes it a good choice for embedding into projects without using a lot 

of space. All the necessary data pins of SIM800L GSM chip are broken out to 0.1″ pitch 

headers. This includes pins needed for communication with the microcontroller over UART. 
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The module supports baud rate from 1200 bps to 115200 bps with auto-baud detection making 

it ideal for transmission of multiple data sets. 

The module needs an external antenna to connect to a network. The module comes with 

a helical antenna soldered directly to NET pin on PCB. The board also has a U.F.L connector 

facility in case you want to keep the antenna away from the board. There’s a SIM socket on 

the back, and any activated 2G micro-SIM card works perfectly. Correct direction for inserting 

SIM card is engraved on the surface of the SIM socket to reduce user error. 

4.6.6  LCD Display 

JHD162A is a 16×2 LCD module based on the HD44780 driver from Hitachi (Figure 

4.22).  The JHD162A LCD module has 16 pins and can be operated in 4-bit mode or 8-bit 

mode. Here we are using the LCD module in 4-bit mode. Before going into the details of the 

project, let’s have a look at the JHD162A LCD module. The schematic of a JHD162A LCD 

pin diagram is given in figure 4.21  LCD pin map. 

 

Figure 4.21: LCD Pin Map 

The name and functions of each pin of the 16×2 LCD module is given below. Pin1 (Vss) ground 

pin of the LCD module. Pin2 (Vcc) power to LCD module (+5 V supply is given to this pin) 

Pin3 (VEE) contrast adjustment pin. This is done by connecting the ends of a 10K 

potentiometer to +5 V and ground and then connecting the slider pin to the VEE pin. The 

voltage at the VEE pin defines the contrast. The normal setting is between 0.4 V and 0.9 V. 

Pin4 (RS) register select pin. The JHD162A has two registers namely command register 

and data register. Logic HIGH at RS pin selects data register and logic LOW at RS pin selects 

command register.  

If we make the RS pin high and feed an input to the data lines (DB0 to DB7), this input will be 

treated as data to display on LCD screen. If we make the RS pin low and feed an input to the 

data lines, then this will be treated as a command (a command to be written to LCD controller 

– like positioning cursor or clear screen or scroll). Pin5 (R/W) read/write modes. This pin is 

used for selecting between read and write modes. Logic high at this pin activates read mode 
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and logic low at this pin activates write mode. Pin6 (E) this pin is meant for enabling the LCD 

module.  

A HIGH to LOW signal at this pin will enable the module. Pin7 (DB0) to pin14 (DB7) these 

are data pins. The commands and data are fed to the LCD module though these pins. Pin15 

(LED+) anode of the back-light LED. When operated on 5 V, a 560-ohm resistor should be 

connected in series to this pin. Pin16 (LED) cathode of the back-light LED. RS pin of the LCD 

module is connected to PB1. R/W pin of the LCD is grounded. Enable pin of the LCD module 

is connected to PB2.  

In this project, the LCD module and AVR controller are interfaced in the 4-bit mode as depicted 

on the system circuit. This means only four of the digital input lines (DB4 to DB7) of the LCD 

are used to meet the requirements for this project. This method is very simple, requires less 

connections and you can almost utilize the full potential of the LCD module. Digital lines DB4, 

DB5, DB6 and DB7 are interfaced to digital pins PD5, PD6, PD7, and PB0. The 10K 

potentiometer is used for adjusting the contrast of the display. 

4.6.7 Calibrating the System. 

Figure 4.23 shows the assembled system ready for the calibration stage. 

 

Figure 4.22: Assembled prototype 

 

Using flow charts in section 3.7, the procedure was repeated until a desired result was achieved 

with reference to the readings on the LCD and the Fluke 115 Multimeter. 
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4.6.8 Validity and Reliability 

Using the Fluke multimeter 115, the system outputs voltage was measured and compared with 

the results on the prototype display as well as the ThingSpeak server display, continuous 

readings were taken in comparison with the multimeter readings over time and they were found 

to be matching. The voltage readings were exactly the same on the measuring instruments, the 

prototype and the remote view. However, there was a delay of 3 to 5 seconds when there was 

a change between the device on site and the remote view on the mobile devices. 

4.6.9 System Results 

Figure 4.24 illustrates the display from the Thingspeak server during the system testing phase, 

while figure 4.24 depicts the presentation on the mobile device. 

 
Figure 4.23: ThingSpeak Presentation  
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Figure 4.24: Application and Text Message Display 

Figure 4.25, is a combination of mobile device logins left screen the voltage behavior to the 

right is the SMS alerts detailing the condition of the single-phase network as per that time of 

day when the system was under testing time, date, and location were displayed. 

4.7 Testing and Evaluation 

Supply voltage (R.M.S) was observed online and the system was able to report the voltage 

variations. The data was stored by the ThingSpeak server, and the display was able to show 

graphs plotting the voltage trends. The data was extracted in a one-day cycle, downloaded from 

the ThingSpeak server into Microsoft excel. The (Figure 4.25) shows the high points and low 

points as the fluctuations, over voltage, under voltage, power failures at different times of the 

day. (Figure 4.27) shows a calibrated prototype. 
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Figure 4.25: Prototype with load switched 

 
Figure 4.26: Calibrated prototype 

On the test bench, the ZMTP101 voltage transducer measures the power line and converts the 

AC voltage reading into a 0 to 5 V DC output. The signal is transmitted serially to the 

ATmega328 microcontroller. The microcontroller processes the data (ranging from 0 to 1023 

units) and calculates the RMS voltage alongside the GPS coordinates. This information is sent 

to the GSM 800 module, which converts the data into a GPRS signal for transmission over the 

internet to the ThingSpeak IoT server.  

The IoT server provides a database for storing and displaying the information in a desired 

format. When the voltage exceeds 250 V, the microcontroller signals the relay to switch off the 

mains contactor to protect the domestic installation equipment. Figures 55 through 60 illustrate 

the displayed results; the calibration process is consistent with established literature regarding 

the ZMPT101B. Furthermore, the integration of these components enables real-time 

Display 

Load 
Representation 

Relay 
GPS 

Microcontroller 
GSM MODULE 
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monitoring and automated protection by providing immediate notifications through virtual 

terminals or SMS when readings deviate from the preset thresholds (Reddy & Naresh, 2022). 

Table 4.7: Functional Requirements Testing 

Parameter Tools  
reference 

Corrective 
action 

Test 1 Test 2 Result 

Voltage read Fluke 110 Calibration Fail Pass Pass 
On load Blue LED 

ON 
none Pass Pass Pass 

Over Voltage  
Switch off 

Blue Led Off 
 

none Pass Pass Pass 

Location 
insertion 

GPS LED 
SMS, WEB 

Wait 40 
minutes 

pass pass 40 minutes 
Before lock 

Graphical 
Display 

WEB 
ThingSpeak 

none pass pass Pass 

Data Polling  WEB, 
Display 

none Pass Pass Pass 

Data 
Download 

WEB none Pass Pass Pass 

Mains off 
Data reading 

Fluke 110 Rechargeable 
Battery to be 
incorporated. 

Fail Fail Fail 

 

After testing as per (Table 4.7) most parameters were in conformity with the standards hence 

the system passed the required tests of the researcher which meets the main objective of the 

research. Further monitoring and evaluation were carried out to for further continuous 

improvements.  

4.7.1  Limitations 

The system could not continue functioning while the mains were fully off or disconnected. The 

future functional system must have a battery charger circuit and a rechargeable 12 volts battery, 

in the current state the system must boot down on power loss, this affects the GPS acquired 

coordinates, data loss due to time taken without mains presence, keeps the web polling nothing 

during time without mains voltage. 

4.8 Risk  

As a project management practice, risks were identified that could impact or deviate our project 

outcomes. The main objectives of this project risk management were to Identify, analyze, and 

respond to the risks that the study could face, determined tools, processes, and procedures that 

would be used to manage and control risks in case any occurred. The (Table 4.8) lists the would 

be risks and how they would be mitigated in case of occurrence. 

https://dummy-citation.com/citation?d=z%3ArVfPbyNJFU52Z%2FkhJC4grTggCglpJ5Ldttt2Yu%2BBSWbGM5PJTMg6CRG7DFDuru6uSXVVb1W1476gsMfVajhwgEWslgP7J3DIjX8BiQMXJJQrSHAAVjAS4quy4zjDzOysspEcd%2F169b73vve99k9Olj6XRlkpDzfjybfi%2FqgT9sN2nY26Sb1DW7TeX20366vxiEar3Sju9WgqVESt0idLyw8LmrLtMh8xHYW9MFGap1xeyYs4ucPTTOBjDfZxf4QraR6dLL0Uj0ZqcrJ0JcmY2%2FD42r%2BvfXMJf7FgiX28Xvv5vXWMIquKx%2Bvf3vjBMQbsiMc2e7w%2BfC8nGC7c%2B%2FlPafDah790g7nBRx%2F96HIG13%2F8lwsG3%2Fv4kgY3gi9egPzo6254GYN%2Feu2CwZ%2FSSxq8%2Fq7%2B9YLBrR%2F%2B60UM%2Fme197tnGLz5%2FopbOjP42t4LJeUftP8sg4O7d53zM4PX%2Fvvo73%2F%2B1AZbp0sO1tMMrr%2Fxm9%2B64WUM%2FuGvi0nZ%2BeiDFyD2%2Bksf%2F%2FNZkG%2FR0aKHw3e%2Ff0nItyeVs3BmcPX36YuU3nOScufK3xYgfwZJuWhw%2FY0P%2F%2FgkbdjbpbKsuvLqXsYIKbSyylYFq%2BcqZoJwQ2I2ZkIVLCZUxsQyY%2FFYyphpMqaaq9IQOpJK51SQSMmYexUjpowyQg25qsZupxIWd9ZmB8%2FHfjXR8ILJqKqRmSHL8oJpakvN%2FLV%2B28Lkip%2BFt2MeM0O4tDz38kmsIgxLpXG3ckrI7d37DkwpWEA2yC7PSzHdOUWYwccRY3IBZ2m4TMnp8S92ht%2FZG%2Bzv1o1K7BHV7PT4fWc%2FV5JD3YlFxM5CQAqqac4s0%2BfQ5yCjUmsmbW0R6CJCleDMyNipX0cZx%2FmISvhF4BA2wSkOh6ksERsPnZZWOcSRh%2FG8aDgvfTRsplWZZoiKts4OfM25pCIg%2Fm84uDUYDrZvDHYJeav1gJCNgFyngualLlMqa2SIcUbHFa2RrYAMaZzRQ81NJt3i%2FYBsUekfnS%2FbAblHBbcZNp8e%2F2r3HN0seC7CbiMYY7USZEQNQGKd5DzSajYt4PY0G5tqr3Z6%2FAHZlHBbelOAcFeVGAgXwCGLEGKyx6JMKqHSypsfSHRbxtx1NZePgKw5jgWkWyNFga9e6%2FT4Z90ehmGz1Q%2FIW%2BEDcgfOlzVyLyBvZg7Q9zDmmHAGDwJymyoPakcdwb1U8%2Fg8r4vwPGdzNeKCkQKcQ%2B%2FPjQeBXOK2DtkcDAZPICI3lEwY2BKhGl04dnOqLVjsrsFinpeSz94UCLnqV92aW1mpEbKtxsins46BQ0i6za6D2GriOVb8dYKnVqvZb1w4G7gjwVqzubbaX0MY2g%2FIzcClMT5S%2BvBk6csZRQo1jWz18ledVIBkcJtZF3ubAS9KHUla8QVFieGp5Ak8RU54XuCcQ8NlpBn1CXW0ZAl2cB83F9u3wUpuK2eRCRZZjUUMES1BdYog%2BoCbCgqUm2AWmVmRTck0rbPFJMx2I1LfvXF%2F13k3Zk%2BvdwpeYIagiDMVB2R%2FOivJho5LLhXZx%2BdJcvpSJAe8fou7QoTIoLJn0Umnhesvxm0uIjBODSp%2Brg0X3DZMGshKwiGiLp5uDXOx8SZR3hEzrkpiaqmrbOebjLUCM4pMSejbpiRKO4HFajTnyswnvJWOwLCziICOZ%2Bw83%2Boq9CoUc2WGxjUAx22uGUJykCFuVFY%2B3yRVwHGklSutBVdoUUCpKidekB10DIXAWp5UXoUgthWUZ4IkAYyLANxgOeXCw82YKJyzObH0kHm38cKcWQICwTcgBJ0MmGAMH8E9GNcsRwMT89K7ICvOwFRCHTIQi5KUxiloO006hAKwhQsu0pVDD8FMJyEc9eyUdJ79qSojda
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Table 4.8: Risk Register 

Risk ID Risk impact Strategy Assigned 

1. Incorrect software Component 
incompatibility 

Consulted 
experts 

Study owner 

2. Component Failure System failure  Component 
selection with 
reviews and 
support 

Study owner 
and Expert 
consultation 

3. Electrical shocks injury Safety standard Study owner 

4. Incorrect results Study failure Comparison 
with collected 
data 

Study Owner 

5.  Acceptance of Project 

By stakeholders 

Lack of funding Reserved 

for innovation 
purpose  

Supervisor 

6.  Equipment failure Project Fail Expert Advice Study owner 

7.  Web data loss Loss of data Local Backup Study owner 

8. Improper documentation  No compliance Continuous 
Objectives 
review 

Supervisor 

9.  Budget limitations No completion Keep it simple Study owner 

 

The study’s risk management approach was aligned with established literature on risk 

management and ISO 9001 standards. Several risks were identified and categorized in Table 

4.7. The first risk involved the use of inappropriate or costly licensed software; this was 

mitigated through expert consultation and a review of similar studies. The second risk 

concerned component failure, addressed by selecting widely used components with reliable 

support and availability (Chashin et al., 2021). 

Electrical hazards, particularly the risk of electric shock, were also identified. This was 

mitigated through cautious handling of equipment, especially in areas with uncertain voltage 

levels, and by enforcing the use of appropriate personal protective equipment (PPE). 

Stakeholder acceptance was another critical risk factor, as the success of the study depended 

on the cooperation of participating households, observers, intended end users, and power 

providers. Lack of support could have resulted in delays or cancellation. To address this, the 

local area chairman was engaged during initial field visits and later assisted with data 

https://dummy-citation.com/citation?d=z%3AnVhdbBxXFbbTJK2ghAr6wANUV0rbJMI%2Fu%2Buf2JXATuNEduvEju00IJDKnZm7M9c7M3c6947X2wdkSFpR8dI3EEoUBA9VeQGhttQgKn4kVPHkSkAlXoAKKbwApSStkBHiO3d2dmdTB2%2BJYmdn5pzvfOec75w72a9sD9ztu0EWNxa8zQcrY9Wx6rg7NSzGuDM87vDq8PRUxR323Kp3sua4TrU%2B5YfK5Ual2wOD6wn3xfksckTKp%2Bsqlb6MD0aJV5%2BXfhDix2hYSesgVay%2FsT1wwHMctbk9cLAeCDLYnXm3Mv%2FHgYEBLxR1szu79PrfZ3HlGpXszp55%2FgvfxoVoSs8Eu7Ojn%2F8rWZai3rUH4Ozg8We%2F1AVc%2FMOn6CoHXHj666wLOPP2rQN0uR%2FgkTc%2FRDTagMvP%2FK3LcP76d372fwDenCwBXlj3KK024LUdfO4C3rxBwfYD%2FDh7gOIWgL80JcATHy3VEAzv3tofcGb3pROlGq688kA35YXvpz0M%2BwKc%2FfDXvlnq8sX7f0UYbYa%2FeY4edQHv7afLHzn0YonhY5VKl%2BFjv3i4LJujL01QsH1TfvQFMiu6PPF6F%2FDxz9ZKDGenHv4Bhd6f4Qt3Ynju8CkqWgH44H%2B%2B20eXZ268N0heezE899pWSYezD716mS73Y%2Fixs4dKgKtXrpBTDrj46yNEvgA8%2Fr1z%2FTTl3r9kBLFXyksz62XAo%2B%2Bc6ANw5sa7%2FyrJpiflpVu%2FK3e5z5R7GfakfBvDYwfe7k821%2B%2FU5eWf0JMO4MnVvpbDobk%2Fl5ZDD8Pla2fLsjk2ZFW0L6Bz%2F50YXnj1H%2BWUH7rnVj867E25pykX3rxZZngy3KFcPliXexiu%2FPaZsrCn%2F%2F1cH12eeefTT5T24cJ7ogu4evXHZYafefnLfTCcZa9MlWTTA7h27J9lwNOtq%2F0A3vfi70sp9wA%2BMfPFcsqnW9dub4p4KlNGtA7%2BaTlV68I1LJW6odmZDREbtigbIpSBUh5bFRsilabFVJ25OH%2FhJ2JXaLYCe3bKNXJDGonr8yoedlWUhJLjOZnLGOd5ZI9tplvaiEgz5vKEOzLMfZrSBMwEgjFtuBEeSwEvUxGBhGaVkRp%2Bqgy%2FKjXGzkrDeOwxnyf4l4ctLTWFaWN3kVvsYtyUYShjPxba2lAMsDcpB%2BHYZ8AXaYKUEdoo1lRpA3StWSyajCWpQo5EYaJDYYItxG6YaUoHtsuV6jRbEX4W5hkStU6MjIfMU26WJ0IkbYie9Gw8pNAJdrrtrFINZxYrwwK%2BIdhTQJN1ifKwRKRaxbEIy6w7tPdmPScMlyG8ZaxNmqEAaCMD40A1b0%2B%2BgBhiYCJjKlWRl85C9Mj60quZdQsV9yg7eFkNGcEjFgkSGPKqjIzTL7QOPKYovRhGVCu4cC8CPggBEzmmQqssdcUQwxMP6lDoMIsUHublXeRug%2FzqMoa%2BJB5Sv13qNnJI4Btw201koVXdNHkqGAwakDziT9mi5JSWMpMK7kJ5qgTHPOFK29yIN4j%2F2tLaqcVHmC3jJBuHZzEq6IJVNumca416UUfZGkILVEpF0mUyQnBTaK8oUJPrtofwRqxDwlsOpVa3jbcGbqC0QD8UquJliGH7a8fWSqlUIO6noi0nmDuIvyncjCbJy%2BCn8qYiW6iGvbV1da57F%2FWKUZp247WrEju0Vg3sOPfWM21sWrjpCS39uKPovCNENeKeOPHW1jWQqmOicv1kucLbYvJwCTEUMsIEeSSrYlLaS2Dv4dQMdbb8UOyMSgQwIpTFEp6EWSwW3PSpdthAiKfhlhuNMIHcUrE78%2FPP3WePHMpwe%2BBIwB1Sn2tadx2lRkTQO4NoAELyzBebXXvAExz6svG6ROxwIBLUk4%2BFtMnl7XIBVEi9Easm5s8Xww4kCghaUj
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collection, ensuring community cooperation through effective communication and stakeholder 

engagement. 

To minimize equipment-related risks, components with available technical support and 

accessible spare parts were selected. Data loss was mitigated by regularly downloading and 

storing data locally to ensure availability in case of system or network failure. Documentation 

risks, including inaccurate or incomplete records, were addressed through immediate data 

entry, supplementary photographic records, and training of local personnel involved in data 

collection. 

Budget constraints were also considered a potential risk, as limited resources could affect the 

study’s scope, quality, or timeline. This was managed through careful resource allocation, the 

use of open-source software, and negotiation with suppliers for cost-effective equipment. The 

project prioritized core functionalities, with additional features implemented incrementally as 

resources allowed. Regular budget reviews and proactive financial management ensured that 

the study remained within its financial limits while maintaining overall quality. The evaluation 

of the prototype reveals a high degree of technical functionality in residential monitoring, 

characterized by successful data acquisition (Addow et al., 2025). However, the system 

encounters significant reliability obstacles in resource-constrained environments where 

frequent power grid instability and intermittent internet connectivity hamper continuous 

monitoring performance 

https://dummy-citation.com/citation?d=z%3ArVdNjCNHFfZE2QgJJIQEHAhCdWAlhKY9dtuOxxEoM7vLspNkZiPNRhGcttxV3V3r6qrequqxnQPaHBAnpEiR4MABEFduSKA5AUEcOHDhyiXiABfgkOtupHyv2p71JJkkq4kl2%2Bquen%2Ff971X3W%2Bcdp4psrIxswOx%2BKYYDNJeLx0l40maJ0MxGCcTMRRJfzzczeU055M8LbTNeLDutLN1r%2BaFPGqqqXTT%2FnO5dapQ5umqFvktVZQa3%2BCxTUULZY1%2F87TzlJhO7eK083ReStrw8IX3Xv5WBx%2BhZR4e7g3%2B8vm7uMqCrR%2Fuffd%2Fv32ACzlXIpQP946qR3S5EfaLH%2B3w6jsXOHzh91%2BiWGcOv%2FPuny7ncO%2BPz5%2FL8NIO939T0cXa4fg%2F%2F9x7YoejZ7%2FKzhxe%2B8kvf7Xh8PDP%2F6Wdn%2BBw7%2Bt%2FeJsK%2BagMr8%2F%2BcQ5D%2B0Nau0SGNx%2F9YhPDw7dvfQqW977ys95Fsvn%2BO3%2BnWGcZmq1LZvjiT%2BVmyYdv%2Fp%2FWLsHyS%2Fd%2FvsnyUfXXSwr75Vf%2FRnx9djo8nDyiGh9n%2BOsn1%2BE5h0ff6J7rFFNesuTbT939bEu%2B%2Fe%2B3zpVsfvfksjnn8BU5PZeh%2BdEHMZT3Gxvk8pnJnVIyWdXKqYxr5qRvdPAssyZXrpKChZIH%2FEjmlz7ICjtEk%2BG%2BNNIVS9rom6qmIcumS8Z4XTu7UBUPUi9Zf%2FSvB2%2BlvavbjGelkiewqyztTYJNuJYuUMQaPiQLqpKe2Zyl3V3mYWGwmStsxQ8MOZuMuoOrzMuscSosGYIUMHPc%2BEp5Txn4Jsuk98whPDxozeal0hJec%2BmUKeCUKRMalQR1ImOIxkuX5E5JI5CwXNTYKE0mu%2ByaXFpsCDIrTQQHSzhqKo7V7U1IhKxQARIJSNOrwqgc%2B01gNSA2QcEUdqiU62RunUYtwraQKcO0nScAwTYug0cZAvL0XXYAFiorGs0dApBXFJTDj%2BBTVFRyJ5I5dxIMVAAQcVaYoVYNwAhYpWMpgHEmmQrMo4pobWxg1qDeuQolcji0BRcq8WXDpk0AcN5Sal5ViuI3bgrgEIx7EOksEBYgU9uaMM1sYwJA8yznGd1QJncceDRZaJCghpfQHsNddsvOYem2WQbyQezmKlImwruMNPm941cGaXJ9%2F7BFASJdlGqqCOK1BFsB3G%2B4Jjk0RkgX0YznPylTqOi3xSXCTyJbSw4KMCSWOaqyWcZJQZDMkmCWGQWCoOeSz5iRAbzNIrfAJiYIxZL2wToE5UE1%2FliwLG9i0S1YULOq0BAnMqnAUNtMcwVd5o2DghzaqCQ9RTk5O218iDlRwi1b4BDFwdFjwXXZzTYICpHcZeXKpc0ahARthDBEN5NLJpRDLS32N5XzYRslMa4qynUdnFoqYbGpoGSFZyyiMZTONkUZA6M4WUDgpFkqihgGDQyyNoR2cqJiA2a8QugVZRAE1lcAiM32Weu%2BZUqaE%2BWsIYSQ5bEk5toGg62WdJ%2BDuTa0FOCcNN9QoyBg3WJE%2BoswTEkqtbaUHmoEo3aOYNTAggfOkA3NCBhvs5WUWKZtI6DpGlMAHbNsFbPK%2FPHk25TNNqu5CyqjBoVmUNC68QgUKg49I%2BIABpPScKdsVI5yKA4c1Bo9hQSVyayrLU0PNCrGJFxo0GrivNKFTUBMWa3ABA8aqJGYprLkJwo3a1ShIsnbwBIN3rJ3ljihIHiNvq5rrSL%2BpN3gLNDinmhE9lnW1Fhboq4QpEM7EgYb3ADAxz3VZYJa4rTzBc3jzJXiBiooUnqI700q8k9z2x2Y3J52rhS8CaV1%2FgH6veZZuIkvZtmom6YSw7uRWzKooOXi2RvKZ0DdsQPU6tB6xDpgw1TMT6xuKnlFx%2BwVRhU8%2FpjO
https://dummy-citation.com/citation?d=z%3A7VRLktw2DG07qYoXuUKqeICZ%2Frm7xvbO8WQxlapk4Ulc5R2bhCS4KVImwO7RbnysuZ0fJX%2F3XnrRHwEk8D6APjwsfmlS5pbjb%2FS%2BJKXx8b%2B3HYsZ7EDZ0J3tOZIY7cgM2TplZ4NxnQ2BYotEaoynIaSRY2uskd5mNRQpt6PpU2RFdWRkFKXecMSZTMKeojIqCanW%2FJm1m5KeThTSUGPRKqe4NDeKqFoOgrxL%2FZCpoyh8IlyPkrKJpOeUj4b7IVCP0tPN2u0merYXxtlBywSEAjnNlcWFOVulfGFs9EB84pzidDcYb9UuzS04ixY%2Fmo7bLuCj4HsQtS6AuRTXGSumxEyB7SFAoXSGaG1mD6ioyhENelZF2fkBSEEhRoDgE%2Bs4dx9yGpKg5ixO4Hq%2BgjDWvS8sPNGx2XWsuFkyGU3ALPVfTocin467BF9QuspW4TcM%2FrGtNjVAxlBtYgHPayeqJSnPYGd7690aEaJj1Qt9vqhqhHsONn9yU6rAqJJKdnQJVqLZYlq%2BU1OWvlrzsPi9s5Cu9vg5Yj9H7MeOWLDOkQj5a8jdbtfb%2FeVm0%2BM4LEWrm9ikh8Wj1hbtUpb7UDOZDwWTI3gFPvbR9oTfpsEshrH5n0LJhVr4H%2BnlsePgcwq0cFD9YfGr84n7zXr5dLPd7lb79WbvWQ7xHt8S77s0ULSB7o5vdrvN0%2FVuu796%2Fg6pMuN7N%2BFbP7tcXx0%2FU%2Fsvh7tdpzrIi9UKU5%2Fv%2BLRMuV1hEAcMla58OseQrJ%2FarZ7td89XV5v1rpVy0HGo4I9YC8bY3OLxUZU4NX%2FDm2%2FDGPEQRpwNDi77P8dXqURdaCZYR9GRf4MZlyn6hOAUWLx9Pe3bX%2FO%2BvZ6X7Hrax8kwGHT9daH%2BmdZCXpiX3oOc1BjkzxbGlXmsXn3ZbF%2BRP3EF5P%2F4TB7STsS%2Fk%2Fcj
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 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

The primary goal of this research was to develop and evaluate a robust voltage monitoring 

system capable of identifying power quality disturbances in low-voltage distribution networks. 

Based on the systematic execution of the research methodology, the following conclusions are 

drawn regarding the specific objectives. 

5.2 Establishing Design Specifications 

 The first objective sought to establish technical and functional requirements for a monitoring 

system. Through a rigorous analysis of power quality indicators, it was determined in (section 

4) that the system must operate within a nominal RMS range of 230 V to 250 V. The research 

identified that deviations below 0.9 per unit (p.u.) constitute undervoltage events that 

necessitate real-time logging. These specifications provided the foundational parameters for 

the hardware selection and the logic programmed into the microprocessor similar to work done 

in power quality disturbances (Helonde, 2024). 

5.3 Design and Assembly of a Functional Prototype 

The second objective involved the physical realization of the monitoring tool. By integrating a 

high-precision voltage sensor with a microprocessor and a SIM800L GPRS module, the study 

successfully developed a prototype capable of both local display and remote data transmission. 

Consistent with the approach described by Ravi and Kumar, the hardware design ensured that 

the system could accurately capture the "inrush currents" and voltage depressions typically 

associated with heavy inductive loads in residential settings (Ravi & Kumar, 2022). 

5.3.1 Calibration and Testing 

Calibration was critical to ensure the reliability of the captured data. The results from the 

testbench experiments confirmed that the prototype’s readings were consistent with standard 

industrial meters. Consistent with the work of Sushma (Sushma, 2023), this phase validated 

the system's ability to detect sags—defined as a decrease in RMS voltage between 0.1 and 0.9 

p.u.—with high sensitivity. 

5.4 Evaluation and Data Analysis 

The final objective was to evaluate system performance in a real-world environment. The 

graphical data presented in (Figure 4.25) provides conclusive evidence of the system's 

functionality and performance trends. The field results showed that while off-peak voltages 

remained stable at 230 V, peak-hour consumption patterns led to significant fluctuations. 

https://dummy-citation.com/citation?d=z%3AfVjbbuS4ETWCDbLYL8gj33YC2OqL22N7gSQwxpNkgHEySe8keaWokkSbIrWk1O3ep919zg%2FkU%2BZP8pwv2VOk1C2P2wv41pJInjp16lTJP306%2BVXpvK60%2FU2xdf7h08lXtcxD56Xqdl%2F%2B705q2%2BFb20pIUeuqPvuul0Z3O9G6LXkRXO8VCR2EtEI3rfOdtJ1ope%2BEK0XjCvJWkCHVea14XaGxu877Tjsrwi501AQBDKKRD3xM6D2JrpYdLtid0LboeYE0pyLvg7YUwikOK0ThGgqdVqIPFASDF56MlrnZxftUljiRbGd2mfgQ0Y7YgcH3LSPAXoDR1SQcfnhRY%2BUpQ2EMiKpy0oimVzXueMQiOodTpKoz8S3fBxq5E5XeAILEEuddX9UidLJDnFphdej6YsdkJMb2%2FHmXG8R%2BiuAVQigYSO22fEKJqBlUcyqUkSHocjd85MDi3a3chfToY7zFeAiffDiwz2Gl0ztpHgAwd3335IyXIG1rjZAbkha5wYOcGAVuKoSprdg408mKgK73HgyDRC9KT9%2F1ZBVDRfYKZ7%2FmHILJQDZQJm51WRI%2FLoKuLJjBeQoE8uYNgbsCJxuNBX%2BCqjSASTy1C5oByQ1E1AkI0waoZaBCFhtpFbhrkBJoQxiSPqnVVNB1V3M0khUFreA5BB6IIgdbMoYp2gkF7UY6oqwoKOiTIJIRLnRZhJjBgaBMrEk5VgpT3MqWhfGc4n3ufplmyOhQOVwJpa4QP4LgvbZMppJR5JzoCFLVzkXe%2BPwcoR3XA%2BLm2I9EwlXY%2B5zJA47AApdhzKsIsuKrzBB%2BwwLIH%2BoFhdA4q9VQhjEjXGZg5S2yILpdS8IS4SA5ORoA%2BeCcYnY4sd8jH4lxaXAfycrEPygggwrQsRrQjXPRFYDBgQqohE1nUl174bSyA0yL6lSusjraS%2BccBxCV4jvNfoAlHI8xuoJWKeZeOahYwSdEhfJtBW04HJHLoSpxqPaitxr6FiVJMEeI9r0MWPOSBsaEGCicksXkMroSjkpqOqoKPnD0S4A9apcckHESDMdSY6JgfXIQ%2BD79gUZ6ELMyfQEIsDkcFSMEiRs2CGrHuhssGHWs24aTlhOTyjWBih3SBfvzyDlaRoU0d2y8oyNTiUrnTR1setiTPRsJV%2FGwFHKpDXbFA6PeUEud36eKLPlqB2DORzGmoDPxxjkPJwJsbhMIgulMzyIfsRGhD0BGIjTsgJXX4INUbZ1xlWbrAnUmuEGErC3EFKUF8csoUfw9uP94MppY5Bc%2BFCsUTxz6RybeWQElkecGxYsayfwDJGdvNDA2zdhPkk5Sv%2Bj5i8qeFcmWhjXI8cFBlGtag204rS9ohTPPlO033AcxaSEB1pKsI4YaNT5QfXCLtwfJ8bnSgq%2FTiRKYFE4Zrxp44cxznaYSapDqNtE%2FqGasgNQDDm09zQRHhV3D5hEDiEZ88ayXZ458N2rr0AQm1I%2FK500swY8nQsiMVNx5qLgFu9Vyvrw4WyxNlCFDcj78iMmosLIhnpBK2Wizq%2F5CBqZPxGzbcl17gC%2BgWzpRugifTr5QhdPbxTy7WF5enc%2Fa5j7bnK8yvciu51eIN7c%2F4GewP%2BrF%2FPXq7Pry%2FKJ2LUEj9Pjwr9VqvlotrueX1%2Fd4qE%2FY7oFtdTa%2FPJuvHkaRf%2FTm8W3ddW34ZjaL5sw14bBN2%2BcmZMgFLhf0mLV1yyhmbH7K0KxwW8u%2BMQOe2evziyr0Odv1p5MT6nQHGP%2B5m3J4M8oXbpUmqL8Pmbid9A8W90Q%2BfGuf2HVK7DfilpAAvnQq3qS2yMqOnzlDdzDsKhXAGh0FSUGaCsb2JWYM8%2Fj1GC8YzpyvZi%2BwfJhnv3g%2Bz%2F76q29dIeHYn02WT8fJZL7c4YRsUYApxmhM%2B2p4VdBG4%2FLvYgXSY%2Bu4
https://dummy-citation.com/citation?d=z%3AfVVNTyNHEIVoI0WRcsshkXLoI0gwBsyXcwM7RoiQNeANm2N7umamcU%2F3bH%2FYDKfd%2FCv%2B3b6e8ceyK%2FZgy9NdU%2B%2FVq1flT88bP2TGylzqTTE3dvq88UvBJ85bnvr6zXBArpKemC%2BI6VCSNcGxCWnKpHfMZExIxMpJ8CRYjnPLvTSabQ0utneYC2nBuGOWlOQTRSwG5DXOq0rVjGuBk5m0RpekPVcss5K0UFKTczsR1BLj8RPBJ2QjYlpwpUjn5JDamVTyiD2XvmBSe8ojA52zwUV7FpnnVoqEXermIZOkREw0uGggWGrKSsm0JY7zysyB9CFwJX3NtkY320wCi5X8wVjmKS00otWaSML6wXlTLt4UNJMp2G31RwO33fAPDhRli79SLMK52nkqmTfMGTV7ycUlbFwA2fkgalZZchDJ4f0sgy7as9FNkyzYCdcN4OgGgDusNFp6NBUqtGw%2FBIKcUe4saMEXYjuPE24FcIbBRrFLY2lnLdtcCrTfEhcMUsTWhngfr1pOqZU%2BSoFeWhRN86%2FYlbjOW13XRFaueCmER1za1E%2FacdCHh%2B7GZ%2BP%2B22uUJGrNS9zPjPI8J8BBcAuxtwb%2F3uI%2BaIm%2Biq96lxotQMHAdWzr3eimj8ioAqLhFGtD5Rtbtm8tXInAu%2B0oPc5bzSMacQvWcUKiGbTxzGgEK4kagRsbGOyM6kZ0vEqPqO5lBxhKZVw5Aw5c1U%2FL0IosRrCMPYz2izxhmOXt2T%2FDy7tYibcGdrMJeztDK5SKjVi5Az9iSVq0XCprZmjeijhZ13CPSSG2LJsAPKBJ37Fl4wTOZlyFRiekM8GCpi%2B4x61SjEsAFohFGtJWpsWCuLQr9ETxFP7EDAwwq%2FnB3sHR7v5eGWviGHV7qTPzvPEm58EXxrqPELXC%2BhniY6zoJifH5KVX9PjHEKvCy1gN4P5ql8ntAiWDN7ChflaNVrES5Pof%2B03AOhT3XAYLqVrcclg1lzPSk3EioCptfBtFV6HE5DZhD1cJu%2BNR7aINT6Vwzxs%2FpsLIx9%2F395Ju97TXyVB%2BnqC4g6R32js8OYSiE%2F0R305%2FkgcHvePdo97p%2B8LA4BzFTO8Pu3unh91DyFGEShkuLoXv%2Fnfyt3zS4v306P74ms7Hw6f%2BA1KEVryHmH93f39376SswkSB0lK%2FzaYCs5bomoTk02XP3ln1eF54X7k%2FO535fJ5ky0CpE2PzDrcYQEWu82pBnUpkuQsTX1dRqenijTEeN%2BOQmexKavHlMWHPqBqxKo1jcl73TdD%2BV2%2BpWRIpiXu40jWnv9lFl%2BksjoeTWFnrTdYO7hcL5ZtF%2FWIVwh78tf%2Bm1twiVvFTGiDL9lIW9LOR4lUFPgM%3D
https://dummy-citation.com/citation?d=z%3AlVJNbxMxEE2RkBB%2FgcvcSTbJJv28oVZCEQKBSoUEp4k9uzuN19567Cbpif6s%2FDKuzK7CgQsSF3%2FMjOe9ec%2FPh9GLKkSu2Z%2FYbYibw%2Bh1g2tJEU3an%2Fx4dzxewcpDaligDZaiB4o41gABOTIpsuG0B0sdeUveEGhTsKElSWzGYELbUjSMDtBbYG%2Bz9u2vXY5dEBJoUGBN5DVpIqGwr8HiHlLotwK%2BKpYPfuLYE0ZwAa0AigTtmsjClp0DR31Un4hCQ6gGhl3YUoSHjK7nyCKZpIDbbBr4PKS%2BHFOrIQWP%2FFSM4TG4hDWBYD3W4RPFmLvEwcsYpOONFrL%2FUzWGymWTMg4FQMkUsI5MlVNRWEwWUYpaP0jYYUexcGgM9fEb5V%2BXs%2FJ0MrtwJngVZp1TiNKbYz221JtUYctuX91maVqkmh%2FJb94XcN2ooOjRxuBoZNjKYfTS2MC7N%2FNZUZblfDnl%2B4hCqVCMRXF6vlhcKKe1%2F6mr%2BGcuF%2BV8cnl2umiC2oeOdptvy8XF5XK%2BLGdnTe56rVc23aTrh7v5p%2FBx1eGGq%2BuH86fv94Ocwwj3ffvJvJzMzjaRJORo6C663dsmpU6uplMlVYRYT%2F%2FBq5a8TvtOBz5RISlUH%2FSr%2FKLEydH2aI%2B6%2Bpdttn%2FwyuT%2FhPoN
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Critical findings as depicted in (Figure 4.25), the system successfully recorded voltage drops 

as low as 219 V. These findings align with the theoretical definitions of voltage sags caused by 

simultaneous household load activation and system overloads (Ravi & Kumar, 2022). 

5.5 Summary of Findings 

In summary, this research has demonstrated that frequent voltage fluctuations are a significant 

challenge in the local distribution network, often pushing levels below the acceptable 230 V 

threshold during peak periods. The development of this monitoring system provides a viable 

solution for the continuous assessment of power quality, offering a data-driven approach to 

mitigating the risks of equipment failure and system inefficiency (Manoj et al., 2022). By 

successfully meeting all specific objectives, this study contributes a functional tool and 

valuable field data to the field of electrical engineering. 

This research successfully created a single-phase power quality monitoring system whose field 

measurements aligned closely with those obtained from test bench evaluations. The results 

verified the occurrence of voltage fluctuations across various times of the day, encompassing 

instances of both overvoltage and undervoltage. Furthermore, it was noted that individual 

phases displayed unique characteristics based on the load applied, even though they originated 

from the same three-phase transformer. Essential functional requirements, as outlined in 

Section 4.4.1, encompassing voltage, temporal aspects, and spatial location, were all 

proficiently recorded by the system.  

The presence of similar works and expert guidance facilitated the creation of a straightforward, 

reproducible design subject to subsequent improvements. The implemented IoT-based 

monitoring system demonstrated significant data access flexibility, allowing remote user 

interaction and highlighting substantial potential for further refinement and expansion, 

including the integration of a decision-making and reporting system for enhanced insights and 

remote control capabilities (Ismail et al., 2025).  

The successful implementation of such a system could contribute significantly to energy 

efficiency and optimization efforts, particularly in residential settings with increasing nonlinear 

loads. Future enhancements could involve expanding parameter monitoring beyond active 

power and power factors to include harmonic distortion, current waveforms, and transient 

response data, which would improve tool differentiation and reliability 

https://dummy-citation.com/citation?d=z%3AjVbbbtw2EDWKFCj6Be1Lwbc0gPce27t5MxC3SNIAzq155oojiV6KVEhqL%2B1Lm35Vfqtf0DOUtPb6UuRh7V2JHJ45M3MOP385%2BiZ3XhfaPlIb51dfjr4v5TJEL7O4e%2FTv%2B5I8CR1E4d1G20JoG%2FEkRHwRtduQF58aaXTcYVFoKAjVkIhObLTCO0VrMq6uyMZwvUOR0WvyO0EW5xJ5BB6KF1Y4z5uwu5I4Bx9ROKcOzzkWGocHYSmjECSiYL2iSFkU0ipROauj87fA1d4tDVVhKJDRrXfdDs7O06dGIz0RugdG%2BoKErFxjo3C5UDJKAcJwlDS7oFNAoPGy1goZZp5kAGFWRJwT9B%2FU71rieRClBENUASgppLARwF1a%2FQmkhSYrBb%2FmIypt%2BXikJgNOSXRzxP7YlGqDKD5EfOW1OIdX8PYOVC1rpFkjn8Q%2Fv80Mx8t1JqN2IDx%2FgKc9mrUzUYKCIItjETZkDArAPeCbOoVogSylkTYj0QSGcjMFaQpQGcsqPBMvn86PxVvscJV474nTUf3vX1xqK0WZDhw34n1bLvB5HURI7seqBkgkBRJ56caJQMgQ6fR4E4QWzceLV%2BciuDxusLdtANtU6LpMyBi9XjYRlQHBuQab7U6E42qaRpGYDWqUjcTb1%2B%2F68IARE5%2B1Axl8buYq9BH%2BNbXp2zlQ5pBgH%2FAYOzjpCpneh6CnnImrmuoYU7DlL4kliYHhvHoAx4kIqbiPpHFIcwN%2B7sXa9Tx59C06D1XqWuUGq%2BgWWkvTSKYUVCwdgqWGSW3bjZgHNEw3Hi%2B5VreaaR8O2ICYl1Ge81ziPCDVfcvxm5aKQ%2F7TyLSc8bEMKsRGaVLHYlNqsKOo1lnXylKtJUSCi8F7AS41wG1QWdZAy3YtJA9NSXOlqz0LtzrOYAeEhdRzcFFMx9OTwWRsAKpF6nxgzVRWVsTamctKm135SntpoVpUQNls8W4ozkMplXeGju4up9%2FkturXng%2FFS7nr1mZahS9H32bK6e2Pk%2FFwMpmfjsLTyel4MhhP5viMZ4OZ0mFp%2F8LfYD%2Fr6ez0bDBezGftt%2Bnp5CyrZHE1nc8XJ2dnJ6eT0tUE3aDt6uP1w6uk1ynLq2kKvRhMzlYYQtf4jD54sz0vY6zDs9Gozqp6GGpWRPIcbIh2H7FHrEa1ykcPAi1Cs4y7GqkfUdQREP7EgXttYCH9akW6Mcz3tNd1I%2FEU3t8DiqF8h%2B9m%2B6RPDUQPnS8eTuH%2FDTJ%2FLe3e%2BkoMKcZSQ25TagmiAUIMOqeC3mZnWlImG7R313%2FslOCWJHS0fVpIVbCcxRIq48nsOKc%2BkDQtQawwSsvHGFxLvth1ttIKJDAkO2NXwvbOk9M8s5P5Hba1lsXj5ioI0Q2r7lVXyR3rjKkchh2v4bXaqga5wzTlChnTNpINaOMe%2Bg2UlcxKyAXWcrnYWLvgF2kNTDfbZwp1EFJYZwcQT5J8ReBketBtRxRe74Ugk6hyYvGwW36%2BfPPkYRPLTZNFaByaomOX4yiJcbmuFKDvwbbQMaViZV22SmAYhlBuY3nG05Mu9%2Be%2Fwgg1skGBXQV2ktC3xlBDVuiYf8Ae2rZEBcgkvUWWbRaoBVhOYpQ8NscmVMA49EaAvjOhsGEGBX3GBixgRRIww3RPgec7VCRqJAEJx8DhmrRKAhnIr3UG%2F7tMR%2BXa4IAg8B28JOPjuwvDCVxqBIAwSrSmkAWqgIuIUhAHnNCzmwzn8k07jTAIWUEZMASeL1RZaOujxHLHhe3qyqn0dyblMpggSA5NVaWx4eC01q7phb%2BrUhosDW5C1EVL2X76WUMZ1l44%2BsyuWdrfsUIaS7IlXJDn46B3Utezp%2FLHBHa8kHmdbjkpPN%2BjpEdHJUzJnLQxuKKm21d7E9q092XkxNcynh6mGKvwXyJ7txKy5FHnK3IKg3
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Furthermore, exploring the efficacy of multilevel model extensions and refined algorithms 

could significantly enhance the accuracy and predictive capabilities of power quality 

assessments (Zjavka, 2022). Such advancements would not only refine the understanding of 

complex electrical phenomena but also enable the proactive identification and mitigation of 

potential power quality issues, moving towards more resilient and efficient energy grids. The 

integration of such a system with cloud-based platforms could further enable real-time 

monitoring and control, fostering more dynamic and responsive power management strategies 

in homes and offices (Sundaramoorthi & S., 2023).  

Additionally, the developed system could be combined with advanced machine learning 

algorithms to predict power quality anomalies, thereby enabling preventative maintenance and 

optimizing energy distribution (Talbi et al., 2023). 

5.6 Recommendations 

From the data collected, the study observed that every transformer phase had a unique behavior, 

with this finding, every supply phase of the transformer must have its own monitor unit to fully 

capture the essential parameters especially when it comes to load redistribution. 

The study further proposes the following measures: 

1. Incorporate software algorithms designed to monitor and enhance service quality, 

measurement accuracy, and surveillance of single-phase electricity distribution lines. 

2. Develop a single integrated circuit capable of managing all parameters of the existing 

customer meters, thereby reducing overall system dimensions, production costs, and 

installation complexity. 

3. Design a circuitry for embedding within existing energy meters to facilitate display 

functions and interoperability with SCADA systems. 

4. Scale and adapt the software and hardware components for single-phase meters to 

support real-time data sharing within advanced metering infrastructures 

5.7 Future work 

i. Future investigations should focus on electricity distribution quality assurance, with 

particular emphasis on advanced energy meters that integrate voltage monitoring 

capabilities and employ GPRS communication channels for continuous data 

transmission and SCADA system updates. Such meters may be configured to generate 
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alerts upon voltage deviations from established thresholds, thereby enabling timely 

responses to power quality concerns. Furthermore, select smart meters can transmit 

voltage data in real time to utility providers via advanced metering infrastructure 

networks, supporting proactive grid management and accelerated fault detection at the 

household level. The incorporation of voltage monitoring functionalities into energy 

meters would augment device capabilities while contributing to enhanced power system 

reliability and improved customer satisfaction. 

ii. Subsequent research should explore the development of single-phase supply lines 

incorporating integrated physical-layer communication capabilities as a transport 

protocol. This approach offers considerable potential for advancing power distribution 

systems by enabling the concurrent transmission of electrical power and data signals 

over existing infrastructure. Such integration could facilitate smart grid technologies 

and home automation systems, thereby minimizing the requirement for separate 

communication networks and yielding cost efficiencies alongside improved grid data 

acquisition for end users. Research efforts in this domain should priorities the 

optimization of modulation techniques to ensure reliable data transmission over power 

lines while mitigating interference with primary power distribution functions. Further 

exploration of advanced application-layer protocols such as for seamless real-time data 

exchange could ensure adaptability to dynamic demands in diverse smart grid 

environments (Šikić et al., 2020; Srivastava et al., 2022; Undersmoothing & S., 2023; 

Tightiz & Yang, 2020).  

iii. Additionally, investigating the application of machine learning algorithms for 

predictive analysis of voltage stability and anomaly detection within these integrated 

systems could further enhance grid resilience and operational efficiency (Hamdan, 

2022).  
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APPENDICES 

Appendix I: Circuit diagrams 5volts supply 
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Appendix II: Research Instruments 
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Appendix III: Working code 
 

/*t’s actually a formula to calculate the input voltage RMS  

 * by using the maximum value of the sensor output voltage.  

 * And here’s how it’s derived: The graph of the sensor output  

 * Voltage when it has the supply Grid electricity as its input is given  

 * As the result of the first code. You can see that the maximum.  

 * Voltage is somewhere around 600. And we already know that the  

 * Input voltage RMS is 220V. First, the peak value of the sensor  

 * output voltage is divided by sqrt(2). -Since it is needed for  

 * Calculating the RMS- Then the rest is just a linear transformation  

 * To get an output around 220 from the sensor output voltage. 

 */ 

#include <TinyGPS++.h> 

#include <SoftwareSerial.h> 

// The TinyGPS++ object 

TinyGPSPlus gps; 

// The serial connection to the GPS device 

SoftwareSerial ss(8,7); 

#include <Wire.h>  

#include <LiquidCrystal_I2C.h> 

// Set the LCD address to 0x27 for a 16 chars and 2 line display 

LiquidCrystal_I2C lcd(0x27, 16, 2); 
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const int relay=9; 

double sensorValue1 = 0; 

double sensorValue2 = 0; 

int crosscount = 0; 

int climb_flag = 0; 

int val[100]; 

int max_v = 0; 

double VmaxD = 0; 

double VeffD = 0; 

double Veff = 0; 

void setup() { 

  lcd.begin();               

  lcd.clear();              

  lcd.print("Voltmeter"); 

  delay(5000); 

    Serial.begin(9600);               // the GPRS baud rate                   

    lcd.clear(); 

    lcd.print("Checking network"); 

    lcd.setCursor(0,1); 

    lcd.print("Please wait...."); 

    delay(15000); 

    delay(15000); 

    Serial.begin(4800); 

    delay(1000); 
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    Serial.println("AT"); 

    delay(1000); 

    Serial.println("AT+CMGF=1");  // set SMS mode to text 

    delay(100); 

    Serial.println("AT+CNMI=2,2,0,0,0");      

    delay(500); 

    Serial.println("AT+CREG?"); 

    delay(500); 

     while (!(Serial.available()))  

  { 

     lcd.clear(); 

      lcd.print("Check GSM Modem"); 

      lcd.setCursor(0,1); 

      lcd.print("and retry...."); 

      delay(200);    

  } 

    String response=Serial.readString(); 

    while(!(response.indexOf("+CREG: 0,1")>-1))  

    { 

     Serial.println("AT+CREG?"); 

      response=Serial.readString(); 

       lcd.clear(); 

      lcd.print("Network "); 

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

      delay(3000);             

    } 

       if(response.indexOf("+CREG: 0,1")>-1)  

    { 

     Serial.println("AT+CREG?"); 

      response=Serial.readString(); 

        lcd.clear(); 

      lcd.print("  NETWORK"); 

      lcd.setCursor(0,1); 

      lcd.print("  CONNECTED"); 

    } 

   pinMode(relay,OUTPUT); 

   digitalWrite(relay,1); 

   Serial.println("AT"); 

    delay(1000); 

   Serial.println("AT+CMGF=1");  // set SMS mode to text 

    delay(100); 

   Serial.println("AT+CNMI=2,2,0,0,0");  

    delay(2000); 

   ss.begin(9600); 

      /*Serial.println("AT+CMGF=1"); // set the SMS mode to text  

      delay(2500);  

      Serial.write("AT+CMGS=");  
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      Serial.write(34); //ASCII of “  

      Serial.write("+256788131479");  

      Serial.write(34);  

      Serial.write(13);  

      Serial.write(10);  

      delay(2500); 

      Serial.println("Connection OK"); 

       delay(2500);  

       Serial.write(26);  

       Serial.write(13);  

       Serial.write(10);//Ascii code of ctrl+z to send the message    

         delay(3000);*/ 

} 

void loop() { 

   for ( int i = 0; i < 100; i++ ) { 

    sensorValue1 = analogRead(A2); 

    if (analogRead(A2) > 511) { 

      val[i] = sensorValue1; 

    } 

    else { 

      val[i] = 0; 

    } 

    delay(1); 

  } 
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  max_v = 0; 

  for ( int i = 0; i < 100; i++ ) 

  { 

    if ( val[i] > max_v ) 

    { 

      max_v = val[i]; 

    } 

    val[i] = 0; 

  } 

  if (max_v != 0) { 

    VmaxD = max_v; 

    VeffD = VmaxD / sqrt(2); 

    Veff = (((VeffD - 420.76) / -90.24) * -210.2) + 210.2; 

  } 

  else { 

    Veff = 0; 

  } 

  if(Veff>250) 

  { 

        digitalWrite(relay,LOW); 

        Serial.println("AT+CMGF=1"); // set the SMS mode to text  

        delay(2500);  

        Serial.write("AT+CMGS=");  
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        Serial.write(34); //ASCII of “  

        Serial.write("+256788131479");  

        Serial.write(34);  

        Serial.write(13);  

        Serial.write(10);  

        delay(2500); 

        Serial.print("\nOver Voltage Alert!\n Voltage: "); 

        Serial.print(Veff); 

        Serial.print("V"); 

        delay(2500);  

        Serial.write(26);  

        Serial.write(13);  

        Serial.write(10);//Ascii code of ctrl+z to send the message    

        delay(5000); 

  } 

  else if(Veff<200) 

  { 

        digitalWrite(relay,LOW); 

        Serial.println("AT+CMGF=1"); // set the SMS mode to text  

        delay(2500);  

        Serial.write("AT+CMGS=");  

        Serial.write(34); //ASCII of “  

        Serial.write("+256788131479");  

        Serial.write(34);  
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        Serial.write(13);  

        Serial.write(10);  

        delay(2500); 

        Serial.print("\nUnder Voltage Alert!\n Voltage: "); 

        Serial.print(Veff); 

        Serial.print("V"); 

        delay(2500);  

        Serial.write(26);  

        Serial.write(13);  

        Serial.write(10);//Ascii code of ctrl+z to send the message    

        delay(5000); 

  } 

  else 

  { 

    digitalWrite(relay,HIGH); 

  } 

      delay(100); 

      lcd.clear();    

     lcd.print(Veff); 

     lcd.print("Vac");  

      VmaxD=0; 

 ss.begin(9600); 

  // This sketch displays information every time a new sentence is correctly 

encoded. 



89 

 

  while (ss.available() > 0){ 

     gps.encode(ss.read()); 

    if (gps.location.isUpdated()){ 

        Serial.println("AT+CMGF=1"); // set the SMS mode to text  

        delay(2500);  

        Serial.write("AT+CMGS=");  

        Serial.write(34); //ASCII of “  

        Serial.write("+256788131479");  

        Serial.write(34);  

        Serial.write(13);  

        Serial.write(10);  

        delay(2500); 

        Serial.print("\nVoltage: "); 

        Serial.print(Veff); 

        Serial.print("V"); 

       Serial.print("\nhttp://maps.google.com/maps?q="); 

       Serial.print(gps.location.lat(), 6);    

       Serial.print(","); 

       Serial.println(gps.location.lng(), 6);  

       Serial.print("+(My+Point)&z=14&ll="); 

       Serial.print(gps.location.lat(), 6);    

       Serial.print(","); 

       Serial.println(gps.location.lng(), 6);  

        delay(2500);  
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        Serial.write(26);  

        Serial.write(13);  

        Serial.write(10);//Ascii code of ctrl+z to send the message    

        delay(5000); 

    } 

       } 

   if (Serial.available()) 

   Serial.write(Serial.read()); 

  Serial.println("AT"); 

  delay(1000); 

  Serial.println("AT+CPIN?"); 

  delay(1000); 

  Serial.println("AT+CREG?"); 

  delay(1000); 

  Serial.println("AT+CGATT?"); 

  delay(1000); 

  Serial.println("AT+CIPSHUT"); 

  delay(1000); 

  Serial.println("AT+CIPSTATUS"); 

  delay(2000); 

  Serial.println("AT+CIPMUX=0"); 

  delay(2000); 

  ShowSerialData(); 

  Serial.println("AT+CSTT=\"internet\"");//start task and setting the APN, 
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  delay(1000); 

  ShowSerialData(); 

  Serial.println("AT+CIICR");//bring up wireless connection 

  delay(3000); 

  ShowSerialData(); 

  Serial.println("AT+CIFSR");//get local IP adress 

  delay(2000); 

  ShowSerialData(); 

  Serial.println("AT+CIPSPRT=0"); 

  delay(3000); 

  ShowSerialData(); 

Serial.println("AT+CIPSTART=\"TCP\",\"api.thingspeak.com\",\"80\"");//start 

up the connection 

  delay(6000); 

  ShowSerialData(); 

  Serial.println("AT+CIPSEND");//begin send data to remote server 

  delay(4000); 

  ShowSerialData(); 

  String str="GET 

https://api.thingspeak.com/update?api_key=MODKP7S8SPA2E0R9&field1=" 

+ String(Veff) +"&field2="+String(gps.location.lat(), 

6)+"&field3="+String(gps.location.lng(), 6); 

  Serial.println(str); 

  Serial.println(str);//begin send data to remote server 

  delay(4000); 
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  ShowSerialData(); 

  Serial.println((char)26);//sending 

  delay(5000);//waitting for reply, important! the time is base on the condition 

of internet  

  Serial.println(); 

  ShowSerialData(); 

  Serial.println("AT+CIPSHUT");//close the connection 

  delay(100); 

  ShowSerialData(); 

}  

void ShowSerialData() 

{ 

  //while(Serial.available()!=0) 

  //Serial.write(Serial.read()); 

 // delay(5000);   

} 
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Appendix IV: Voltage measured in the sample population 

 

Point Location Time of day Voltage 

reading (v) 

Distance from 

transformer direct 

line 

1. X: 0.45333, Y: 32.673 8:00 am 253.0 150m 

2. X: 0.45, Y: 32.67775 8:05 am 248.8 220m 

3. X: 0.6941667, Y: 32.6878 8:14 am 257.4 050m 

4. X: 0.668611, Y: 32.73861 8:28 am 235.0 490m 

5. X: 0.6863889, Y: 

32.769445 

8:42 am 242.0 520m 

6. X: 0.6819444, Y: 

32.794722 

8:50 am 242.0 620m 

7. X:0.6955556: Y: 

32.8113889 

9:00 am 252.0 650m 

8. X: 0.698889 Y: 

32.7316667 

9:41 am 231.0 290m 

 

No Time  Voltage  Coordinates  

 

 

UMEA transformer   

1 2:03pm 238.8 N 00.269436 

E 032.38226 

2 2:06pm 241.2 N 00.26904 
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E 032.38231 

3 2:13pm 248.5 N 00.26808 

E 032.38.210 

4 2:25pm 233.6 N 00.26.771 

E 032.38260 

5 2:29pm 245.5 N 00.26746 

E 032.38.274 

6 2:34pm 255.3 N 00.26745 

E 032.38.229 

7 2:38pm 251.9 N 00.26735 

E 032.38.265 

8 2:46pm 238.6 N 00.26.680 

E 032.38.241 

9 2:50pm 236.5 N 00.26.681 

E 032.38.254 

10 2:58pm 237.5 N 00.28633 

E 032.38.254 

11 3:05pm 237.2 N 00.26.709 

E 032.38.383 

12 3:11pm 221.5 N 00.26.809 

E 032.38.446 

13 3:13pm 228.3 N 00.26.828 

E 032.38.448 
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14 3:19pm 234.5 N 00.26.846 

E 032.38.443 

15 3:22pm 236.3 N 00.26.865 

 

E 032.38.458 

16 3:28pm 242.8 N 00.26.854 

E 032.38.425 

17 3:28pm 238.4 N 00.25.856 

E 032.38.403 

18 3:32pm 253.6 N 00.26.889 

E 032.38.426 

19 3:36pm 249.3 N 00.26.912 

E 032.38.477 

20 3:41pm 251.4 N 00.26.864 

E 032.38.491 

21 3:49pm 250.3 N 00.26.895 

E 032.38.493 

22 3:52pm 245.9 N 00.26.914 

E 032.38.487 

23 3:54pm 240.9 N 00.26.920 

E 032.38.496 

24 4:09pm 239.8 N 00.26.851 

E 032.38.380 
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25 4:12pm 246.1 N 00.26.861 

E 032.38.380 

26 4:17pm 245.3 N 00.26.882 

E 032.38.380 

27 4:22pm 240.6 N 00.26.882 

E 032.38.292 

28 4:36pm 245.9 N 00.26.927 

E 032.38.212 

29 4:38pm 251.2 N 00.26.925 

E 032.38.210 

30 4:41pm 249.1 N 00.26.944 

E 032.38.206 

31 4:56pm 246.3 N 00.26.929 

E 032.38.187 

32 5:00pm 244.6 N 00.26.903 

E 032.38.112 

33 5:18pm 236.7 N 00.26.928 

E 032.38.060 

34 5:30pm 243.7 N 0026.975 

 

E 032.38.143 

35 5:43pm 243.1 N 00.26.951 

E 032.38.221 
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36 5:30pm 240.8 N 00.27.014 

E 032.38.249 

 

 

 

KITYO’S TRANSFORMER    

1 18:04pm – 6:04pm 244.5 N 0027.167 

E 032.37.962 

2 6:09pm 248.7 N 0027.166 

E 032.37.971 

 Umea Transformer    

3 5:22pm 241.6 N 00.27.054 

E 032.381.232 

4 5:50pm 256.6 N 00.27.010 

E 032.38.146 

5 5:53pm 242.7 N 00.27.018 

E 032.38.127 

6 5:57pm 256.2 N 00.27.030 

E 032.38.120 

7 6:07pm 254.9 N 00.27.038 

E 032.38.103 

8 6:13pm 246.2 N 00.27.035 

E 032.38.086 

9 6:21pm 239.4 N 00.27.060 
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E 032.38.047 

10 6:31pm 235.6 N 00.27.056 

E 032.38.064 

11 6:40pm 231.6 N 00.27.056 

E 032.38.064 

12 6:59pm 102.3 N 00.27.045 

E 032.38.045 

 22/11/2023    

1 4:28pm 237.4 N 00.27.117 

E 032.38.044 

2 4:42pm 236.9 N 00.27.216 

E 032.38.079 

3 4:45pm 239.2 N 00.27.226 

E 032.38.079 

4 4:49pm 237.8 N 00.27.226 

E 00.27.226 

5 4:53pm 241.9 N 00.27.226 

E 032.38.046 

6 4:59pm 243.2 N 00.27.308 

E 032.38.078 

7 5:01pm 252.6 N 00.27.308 

E 032.38.087 

8 5:05pm 246.8 N 00.27.315 
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E 032.38.114 

9 5:09pm 240.8 N 00.27.273 

E 032.38.072 

10 5:15pm 247.5 N 00.26.963 

E 032.38.204 

11 5:19pm 244.3 N 00.26.938 

E 032.38.227 

12 4:38pm 252.7 N 00.26.804 

E 032.38.212 

13 5:40pm 251.6 N 00.36.805 

E 032.38.215 

14 5:54pm 249.5 N 00.26.815 

E 032.38.245 

15 5:58pm 242.3 N 00.26.904 

E 032.38.232 

16 6:09pm 235.1 N 00.26.771 

E 032.38.262 
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Appendix V. Peak hour voltage readings using developed prototype 

 

 Time vs Minimum Voltage 

 

 

 

 

 

 

Voltage 

Time of Day 
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