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ABSTRACT
Electricity generation and distribution began many centuries-ago. The problem of power blackout
is still a'chai'leng'efto many developing countries in the world. Though many measures.or methods
have been carried outto curb this effect, like the use of automated generators and power monitoring

systems, power blackout has still remained a threat.

This powér blackout is mainly caused due to Spikes (voltage variations), Transformer failure,

Weather and then handling errors.

The purpose (main objective) of this project is to design and deveiop a web-based power
monitoring and reconnection system for a smart energy grid. This system establishes the

availability and uninterrupted power supply to the consumers,

Reviewing-of literature, observation and consultations are some of the methods that were used to
gather data in order to formulate the requirements 'of the system including functional and non-
functional requirements.

The system design uses the custom developed voltage sensors to read the voltages, wherein the
microcontroller analyses the data and the grid voltages can be logged in MySQL database, using
a PHP script with CSS lines, the web browser displays the MySQL data at auto refresh, The web
data is accessible through an HTTP request using an IP address as the URL for the system control.

The system was designed successfully though with some challenges. Testing of the full system
performance was hard since the appropriate components for inter-switching were hard to get. More
research is required to make it more effective and to use more parameters like current which can

enable one detect the LOAD on the grids.

Page | v



2.3.3 Quality of service (QOS) Routing in Smart Grid
Quality of service (QoS) Routing in Smart Grid. .......
2.4 Proposed system........... S resirrena e enans tbrnire

CHAPTER THREE «oeeeeeereeeoveeeeeseecesecesseeneasens

METHODOLOGY v rerrenrererieans reraonrarasas rreurrasrans
3.1 Introduction. ........cne-.. s suensonben erereseetene e enesreantaas
3.2 Requirement Gathering. .....ocoeeeeeveeeerarevecenncs

3.2.]1 Literature REVIEW. ..ocvvceevevivesinsrssssmvsssnramsras
3.2.2 ConSulations. ... eammecrcinmeimin o
3.2.3 ObServation.....ivenaeriaissssesacesmirnssmrrainesss
3.3 Requiremient ARAIYSIS. .o iosseresessescrrmcesionmiorssassveissssss ssnesoisaassasnssssnsrmanssnassares
3.4 Systerm DeSIE e ercinrvacnserrer e sssissteconraasmnssnasans
3.4.1 Tools Used to Implement the System. ............

3.5 System Implementation. .o iet s s s et

CHAPTER POUR oo ior s e veviessernssssmmsanasans

SYSTEM DESIGN AND ANALYSIS. ... errtcess e ssrssernressssssseessserer
4.1 TETOQUCHON. «coeeerereeee et ec s ereessvtsscrvsssasesssmmsensemern
4.2 Functional analysis.......ccccecvcaniennns fenvrrneenenenenanrene
4.3 Requirement Analysis. .......coocvemiioiresocivommeeione

4.3.1 Functional requirements. ............ rreeavesnnismrns
4.3.2 Non-functional reQUITEMEATS. .....cvrvrever o cesioneriitrassssssssrsscrmenseassseaas sacmmrssasssnsissarsanrans

4.4 System Desight. c.omreereacreninnen eeemens SO

4.4.1 Logical design of the system. ....

L LLTTE T PRI
...................... SO
Cnaneiss e b ner e prveresseeeeseneres 9
..,.,..........a_.....“....._.....'..u-;.u..'._. ................. maws 9
ettearisncabr st ath b e s e ae e e e A aeanese s e e ba s e s 9
......... e EET EE Atk Bemddd AP ARE T AT At T b 9
ersnrevessasrasesersess eereemet et re e eanaE b Y

P S g rpere i [J

....... L A PP ]-3

e 10

................ R L L T L LT T L LT T T e 10
..... T T T Y 10

W12

wer 13

Ty ST T TT L T T TP rTP P
.............................................................. ]3

4,42 PRYSICA] QESIBI uerrireireccreerinrsmvensrersessiisssans s seiesatasase s s nasamssns e s s ab st np e s e
4.5 Coniponents. Used in Hardware DeSIZIL oo eceve oo einncerenecssesniones s semsasacsssssnes

4.5 Circuit Diagrams. .......... — eretesesir e bbb eh s s s reresasmsntbeararanss v 18

CHAPTER FIVE oot eese s vemrerssvnsaans

IMPLEMENTATION AND TESTING cooncveereemrrnrcreeene
5.1 IHTOQUCHON. veveceecevreacee e iaenecee e eens rvvesnvisrensentere
5.2 Development Platforms. ..oceeveeen.. censiereererivaraansenes

5.2.1 Arduino.. e reeercrresarntennresarerenns

5.2.2 PIOLUS. coecviirrreetis s revansovin s sbarissresssonesssnirnes

Page | vii

B R LU I LI T LL T Ty I 20

B T T L LT LT ST T Py T P Y P T 20
............ T LT T T T 20



5.3.1 Voltage Sensor Code. ....ormmerrveveeressesene- reteee et earnasnien venere st es nsnanseseneenn
5.3.2 Ethernet Shield Code: v mrrreecesvesceersersenssssrenses e rotanttt s saeaenen bt en s etan et sn e baee
54 Testing. .ccveeveeeee. cresaesas, rtvsrmsastetre st snsn b s rnerars b raraneons N
5.4.1 Unit teSting. ..s.orveen et e et et e et s et e

5.5 System testing. ....coavevian T VOO
5.6 8ystem VerifICation. ... ecvees i et rcs s asca s s s e ras et st be s bt s ars s b s
5.7 Validation of the System. .....c.cccvvrvemne euteterrnearereassnieetansianrerannntreans etrebeeieeiseasessear et anains
5.8 System EVAIUALION. ..ottt ree it vasnsssimainses s s ecetorasorna s siana sreasassesescanr b rnn e etassson
CHAPTER SIX oo ectcrrassnesnsonsaesss s stasssasscaisvesssssemessons et enersaraerae et nnes e ransneey reserrans
DISCUSSION AND RECOMMENDATIONS. ..o cveeerecearsnsens
6.1 INLEOGUCHION. coeeeviiicimrin s aeismrsemeeesontssrassssranssns sssssanmeneminnbonss
REFERENCES ... vvcirevrcnsree e smrersnssssaresvssssssessssneressssens eraeserzmssasseisenansnrrsran rernieereren reveneens

APPENDICES wvvoveeeceevreeemaommsensessoneonsens N eeeservesseae s eringrioeesonsseens s eeerenemesenesereiees,

Voltage Sensor Code. .....cvvaen. everesesatasee st eseenae s et et ryesae et enbeeraansnntatrrne renrensatesianseaseesenrarneneras
Ethernet Shield Code.....o st innssmis st v s sems st s ma s nara s i snses

LAPCUIE EAZIAUTIS 1 ieeravcneivresrrsairtesurantorismmiramsrsbesssianssonessnsssrassassessisasassissssassonsasnes rereramrebrerreuraias

Page | viii

20
2]

20
5.4.2 Integration testing, ....c.oeen.. SSUOEUPRO eenaet oot era s errerarasares iaererareraresnsenseonnn :

.27

28

v 28

29
29

trieeren 29

34




LIST OT FIGURES

Figure 1 Flowchart of the Systém. .....cccoo.vveean reenacnnnnnses arvackoarsasiude s ravard aeaenea e s R e e
Figure 2 System design block diagrami ...t s e
Figure 3 Arduino Board ..., trFimnse e et st eesras s R i rrrareeee s sarsvanaad sicisereaiennr
Figure 4 Arduino Ethernet SHEIel ........ .o i s garassmssnsinsssens rasesestnsssosenssaesconesion
Figire S JUIPEE WEFES. ..o vvirmrneremm et itstrst s st s s e e et sk s e vr s b emabe e Rt b4 HR S s ursmarm b sh vt b
Figure 6 The Circuit diagrams .....vvwnnesinimminencnno
Figure 7 Testing the Ethernet shield ... i brss s s sreerrenssss susscescsriovansens
Figure 8 The control web application. ..............

Page | ix

i5

cerere 16

17

17
.18
s 19
26
w27



CHAPTER ONE
INTROBDUCTION

1.1 Background.
How to produce, distribute, install, and vse ¢lectricity and the devices it powers is the calmination

of nearly 300 years of research and development.

Efforts to understand, capture, and tame electricity began in the 18" century. For the last 150 years,
dozens of "natural scientists” in BEngland, Europe, colonial America, and later the United States

ainalyzed electricity in nature, but producing it outside of nature was ancther matter.
That didn't happen onany large scale unitil the Jate 19th century[1, 2].

The electricity demand globally is expected to increase more than two-thirds by the vear of 2035
according to the International Energy A’g_ency[?}]; Such increase in efectricity demand puis a hi gher
burden on the current outdated and overstressed power infrastructure in Uganda. In addition, it
causes. serious network congestion problems and degrade the quality of the transferred power.
Therefore, there is a discussion on how the existing power distribution grid in Uganda suffers from

unreliability due to the lack of efficient monitoring, fault diagnostic, and automation techniques{4].

The term “Smart Grid” refers to a completely modemnized eleciricity delivery system which
manitors, protects and optimizes the operation of its interconnected elements from end to end[5].
The system includes a variety of operational and energy measures including smart mefers, smart
appliances, renewable energy resources, and energy efficient resources: Electronic power
conditioning and control of the production and distribution of electricity are important aspects of the

smart grid[6, 7].

Supervisory Control and Data Acquisition (SCADA) is the core of decision making in the smart
grid. They are used to apply real-time monitoring and contro! over the power grids. it alse enables
and helps in managing the power flow throughout the entire: network to achieve high reliability[4,
8]. However, the fast growth rate in the technology of SCADA system has not yet been highly
embraced in Uganda[9]. Currently most distribution lines are manually monitored after a certain
interval of time and cannot reconnect online, this therefore may leave a given area in a power

blackout for a long time.
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