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ABSTRACT

Fire emergencies pose significant risks to human safety, with delayed evacuation due to
obstructed or inaccessible exit ways contributing to high casualty rates. Traditional
emergency exit systems, reliant on manual operations and basic alarms, often fail to address
dynamic fire conditions, leading to inefficiencies in evacuation. This project proposes a smart
door system integrated with fire flame and smoke sensors to enhance the timely clearance of
emergency exit ways. The system employs real-time hazard detection to trigger automated
door operations, ensuring rapid and unobstructed access to escape routes. By designing and
testing a prototype in simulated fire scenarios, the project evaluates the system’s effectiveness
in reducing evacuation times and improving safety in high-occupancy buildings such as
schools and commercial complexes. The significance of this work lies in its potential to save
lives, align with modern fire safety standards, and contribute to the advancement of smart

building technologies.

il



APPROVAL
5. 3 ; — using smart
This is to certify that the project titled “Timely clearance of emergency exit ways 8

» w R—— 155100,
door system™ has been done under my supervision and is now ready for submis
Main Supervisor

Mr. Patrick Mugwanya B
Signature: }\/ )\f)/‘Q(; g
Date: ?‘3)3/] M )&
Co-supervisor

Eng. Kilama George

Signature:

Date: H,"IQ,S

Department of Electrical Engineering

v



DEDICATION

I dedicate this work to the Almighty God who gave me wisdom, strength, provision and above

all life.

I dedicate this report to my dear guardian\ sponsor AWOR JOY OPONDO, my parents and
the family members who helped and supported me financially, spiritually and materially

during this project.

I dedicated this report to my friend with whom we worked and researched together with this
project that is Mazira Jacquline Kanzo, Ekochu Joseph and Dickson Adonga and all the entire
diploma class members who always challenged me to get wider knowledge concerning the

project.

Further dedication is to my main supervisors Mr. Patrick Mugwanya and the co supervisor

Eng. Kilama George who guided me and molded me during project work at Campus.

Finally, with a lot of appreciation I dedicate this report to all the staff and department of
electrical department Busitema University who gave us an opportunity to come up with
project ideas and accepted me to take it on as my final year projects. May the Almighty God
bless you abundantly.



TABLE OF CONTENTS

DECLARATION ...ttt Error! Bookmark not defined.
ACKNOWLEDGEMENT ....ooiiiiiiieiieitee ettt sttt ettt snee s enaeeneeseeenes il
ABSTRACT ...ttt et a ettt s bttt et e e bt et et e sbe et e et e sbeenteeaee e il
APPROVAL ..ot Error! Bookmark not defined.
DEDICATION......ccuttiiestteie ettt ettt et et e st e ete et e st e eteesee s st enseeneesseenseeneesseenseensesseensesnsenseenss \
LSt OF FIGUIES ..ottt ettt et ettt et e ebae e st eesbeessaeenseessseenseesssesnsaenseeans ix
LISt OF ACTOMYIMS ...ceuetieiiieeiieeieeeiie ettt ettt ettt e et e et eesbeesaeeesseessaeesbeessseenseensseenseensseenseensseenns X
CHAPTER ONE: INTRODUCTION .....occiiiiiiieieeieeeie ettt sttt snee e enne e 1
1.1 BaCK@IOUNA ...ttt et ettt et e et 1
1.2 PROBLEM STATEMENT .....ooiiiiitiiiietee ettt sttt 1
1.3 OBJIECTIVE ...ttt sttt sttt e sae e e enaessaenseeneanseensens 2
1.3.1 MAJOR OBJECTIVE ..ottt 2
1.3.2 SPESIFIC OBJECTIVES ... .ttt e 2

1.5 SIGNIFICANCE OF THIS
IMPLEMENTED PROJECT........cootiitiiiitieieetesteete ettt ettt e 3
1.6 SCOPE OF THIS STUDY ..ttt ettt sttt 3
1.6.1 TeChNICal SCOPE......cuiiiiiiiiieieee ettt ettt st 3
1.6. GEOGraphiCal SCOPE......uviieiiiieiiieceeee ettt e e e e snveeeaaeas 3
1.6.3 TIME SCOPC ..cuvvieeiiieeiiieeiie ettt ettt e ettt e et e e et e e st eeeabeeessbeeessseeesseessnseeensseesnnseesnsseeans 3
CHARPTER TWO: LITERATURE REVIEW ......ocoiiiiiiiiieeiecteeeee et 4
2.1 INEEOAUCTION L.ttt ettt et e et e et e e st e sabeesbeeenbeesseeenbeesneeenne 4
A o) A ] 011 1RSSR 4
2.2.1 SMArt dOOT SYSEEIM ...cueiriiiiiriiiieeieete ettt ettt sr e nes 4
2.2.2 SEIVO TNOTOT ..cutieiiiieeitte et te ettt e ettt e ettt e ettt e ettt e eabee e e bt eesabeeesabeeesabeeesbeesbbeesnseesnneenas 5
B T B ) D BRSSPSR 5
2. 2.4 ATAUINO ....eitieeiieeiee ettt ettt et e et e et e st e e bteeab e e seeenbe e st e enbeesaseenseenneeenne 6
2.2.5 SMOKE AELECTOT .....eiiiiiitieiiesitete ettt sttt e 6
2.2.6 Fire flame SEINSOT ....cc..eiiuiiiiiiiieiiteeite ettt et sttt ettt st e s 7
2.3 Related WOTKS ..ottt st 7
2.4 Existing Systems COMPATISON.........eeruiirrieriieeiieniieeteereteeteeseeeeseesseesseessaeeseesssesnseesnseenne 8
CHAPTER THREE: METHODOLOGY ....ocutiitteiieiieieeie ettt 9
3.0 INTODUGCTION ....ooiiiiieiiieiteieetteie ettt ettt ettt te st e e et e s teeseeneesseenseeseesseensesnsenseensens 9
3.1 Data ColIECtION.....cc.eitiiiiiiieiieieeteete ettt sttt s 9

vi



3.2 Data QNALYSIS 1oouvvieeieieeiiiieeiieeetee e eiee et e et e et e et e e e sbaeetaeeetaeeeaaeesbaeeesbeeeabaeennreeenraeans 9
3.2.1 Entity-Relationship Diagrams

(ERD) ettt ettt et sttt et h et ettt at e a et 9
3.3.1 System BIock diagrams ...........ccecuiiiiiiiiiiiiieiiieeciee ettt 10
3.3.2 System integration and fabriCation............c.cceeeeeriieriieniieiierie e 11
333 T00LS ettt ettt st sa et she et et 13

R B A 1<) 14 7] 210V 14
34,1 UNIE EESTINE .veevieeniieeiieeiieeeie et et ettt et e et e et e sateesbeesaaeenseessseenseessseenseensseenseenssennne 14
3.4.2 INteEration tESTINZ. ... .eevuieeieeiieeiieiieeieeteeeteeteeseteebeesateeseessseenseessseesseenssesnseenseeenns 14
3.4.3 SYSEEIM LESHINE .eeevvvieiiiieeiiieeieeeeiteeesteeesteeesteeessaeeasaeessseesseeessseeessseeessseeensseesnsseeans 15
3.5, IMPIEMENTATION. ... uiiiiiiieiiieectie et tee et e e e e e te e e ebaeeebaeeesbeeessseeessseeensseeenseas 16

CHAPTER FOUR: TESTING, RESULTS

AND DISCUSSION......coitieteietee ettt ettt sttt et e e estesseeseessesseenseensesseenseensesssenses 17
4.1 TNEPOAUCTION: ..ttt ettt ettt b ettt e s et et e e st e e bt e sbeentesseesseennean 17
4.2 Development Platforms. ......ccuiiiiiiiieiieeie ettt et se e beeseaeenaea 17
4.2.1 Arduino (micro CONLIOIIET) ....c.uiiiieiiieiiiecie e e e 17
4.3 COAC DIESIZNS...cccuvieiieeiiieiieeiieeitee et et e eteesteesteebeestaeeseessseessaessseenseesssessaessseenseessseenseens 17
A4 TESTINE. .vveeeiieiieeie et ettt ettt e et e e bt e eae e beesabeesseeesaeesseessseessaeasseenseessseensaessseanseenssennsaens 17
447 UNIE TESTNG. .ottt ettt sttt et sbe et et saeesae e 17
4.4.2 Integration TESTINE. .....c.eieiiieeiiieeeieeesee et ettt eee e st e e e beeesebeeeenaeeesaeeenaeeenneeas 18
4.4.3 SyStemM TESHINE. ..ecuveeeeiiieiiie et eciee et e et e e e e e steeeebeeessbeeesnreeesseesnseesnneas 19
4.4.4 System VErifICAtION. ....cceeeiiiriiiiiieiie ettt ettt ettt et eeabeessaeeareens 19
4.4.5 System Validation. .........cccecuiiiiiiiiiiiieeieesee ettt sttt 20
I A 15310 W 0 o <) 218 10 o RS 20
4.0 RESUILS ...ttt ettt ettt et e s et et eeat e et e e ate et e e snbeenbeennaeenean 20
4.6.1 System INTEGIatioN: .......ccceevuiriiriiiiiiere ettt ettt 21
4.6.2 Sensor PerfOormance: ...........coiiiiiiiiiiiiiiicecce e 21
4.6.3 DOOT ACEUALION: ..c.eutiiieiieieeiteste ettt ettt ettt ettt st ettt et e sbe et e saeenaeenaens 21
4.6.4 USET INtEITACE: ...oviiiiiiiiiiieicct ettt st 22
4.6.5 Power and Reliability: ........ccoviiiiiiiiiiie et 22
4.6.6 TEStING OULCOIMES: ...eeuviieeiiieeriiieeriieeeiieeestteeeseteeesteeaseeessseeeesseeessseeessseesssseesssseesnsses 22
4.7 DISCUSSION ..ttt sttt ettt sttt ettt e bt et sate st e et e et b e sbeeteeabesbee bt eaeesbeenbeentesaeenseennens 22
g BN 5 (441 o LTS 23
4772 LIMIEALIONS ...eiitiiniieiieeiie ettt ettt et sttt ettt st e e bt e e bt e bt e st e e bt e enbeesbeeeareens 23
4.8 Comparison with EXisting SOIULIONS ........cccueeiiiiiiiiniieiieeie et 23



B 0301 o] Uo7 5 ) 4 T3 SRR 24
CHAPTER FIVE: CONCLUSION AND

RECOMMENDATIONS ... .ottt sttt ettt sttt saee e 25
I O 613 (0T L1 o1 5 e OO RPORUS U PSRUP 25
5.2 Summary of WOrk dOMNE. .......cooiiiiiiiiiiiieeie e 25
5.3 Critical Analysis / Appraisal of the
WOTK et ettt et et e bt e e et e e bt e e et e e bt e ea bt e bt e et e e bt e et e e bt e enteenneeenne 25
5.4 CONCIUSION. ...ttt ettt ettt e b et st e bt et et esbeeaeeane e 25
5.5 RECOMMENAATION. ....cuuiiiiiiiiieiie ettt ettt ettt et e bt e et e bt e e beesaee e 25

REFERENCE ..ottt ettt sttt ettt ste st e s s e e s e et e enaesseenseensesneenseeneenns 27

viii



List of figures

Figure 1. door MEChANISIMN .......coiiiiiiiiiieiiecie e ettt e eneeeaae e 4
FIGUIE 2. SETVO IMOTOT .....viiiiiiieiiie ettt ettt e e e et e e st e e s taeesaseeessseeesnseeenseeennseeennseeennes 5
FIGUIE 3. LCD oottt ettt ettt ettt e et eetae et e e s st e e st e e sabeenbeensaeenbeenaaeenns 5
Figure 4. SMOKE dEtECLOT ......vviiiiieeiiie ettt et e e e e s e e e er e e e aaeeeeseeenseeennns 6
Figure 5. Fire flame SENSOT.......cccuiiiiiiiiieiieeieeiee ettt ettt eteeseae e e seeeesteeseaeenseessneenseesnseenne 7
Figure 6.010Ck dia@ramm ..........ccocuiiiiiiiiiie ettt e e e e enneeens 10
Figure 7: CIrCUIt dIAGIAIMN ......oouiiiiieiiiieiieeie ettt ettt et ete et e esbeesseeenbaesaaeenseenenas 11
FIgUIE 8. LCD teSTINE ... uviiiiiiieiiieciee et eetee et et e et e e e tee e s te e e s beeeesbeeessseeessseeesseeensseeennseeans 14
Figure 9.5ub SYStem INTEGTAtION ........cevuieriieiiieiiieiieeieerite e eieeeteeseeesteesteeesseesseesnsaesseeenseensnas 15
Figure 10.SYSteIM tESTINEG .. .ccvvieiiiieiiieesiee et e et e ete e et e e e teeeebeeesbeeeesbeeessseeessseeesseessseesnsseenns 15

X



List of Acronyms

LCD Liquid Crystal Display

ERD Entity Relation Diagram

LED Light Emitting Diode

IDE Integrated Development Environment
GND Ground

12C Inter Integrated Circuit

NFPA National Fire Protection Association
PWM Pulse Width Modulation

SDA Serial Data

SCL Serial Clock

VCC Voltage Common Collector




10.

11.
12.

13.

14.

15.

16.

REFERENCE

. Bates, M. (2019). Interfacing PIC Microcontrollers: Embedded Design by Interactive Simulation

(2nd Ed.). Newnes.

Bolton, W. (2020). Mechatronics: Electronic Control Systems in Mechanical and Electrical
Engineering (7th Ed.). Pearson.

Boylestad, R. L., & Nashelsky, L. (2020). Electronic Devices and Circuit Theory (11th Ed.).
Pearson.

Dorf, R. C., & Bishop, R. H. (2016). Modern Control Systems (13th Ed.). Pearson.

. Hughes, A., & Drury, B. (2019). Electric Motors and Drives: Fundamentals, Types and

Applications (5th Ed.). Newnes.

Ibrahim, D. (2014). Microcontroller-Based Temperature Monitoring and Control. Newnes.
Marston, R. M. (2013). Arduino: A Beginner’s Guide to Programming Electronics. Wiley.
National Fire Protection Association. (2022). NFPA 72: National Fire Alarm and Signaling Code
(2022 Ed.). NFPA.

Purdum, J. (2015). Beginning C for Arduino: Learn C Programming for the Arduino (2nd Ed.).
Apress.

Scherz, P., & Monk, S. (2016). Practical Electronics for Inventors (4th Ed.). McGraw-Hill
Education.

Storey, N. (2017). Electronics: A Systems Approach (6th Ed.). Pearson

Bolton, W. (2020). Mechatronics: Electronic Control Systems in Mechanical and Electrical

Engineering (7th Ed.). Pearson.

Tomsone Electronics. (2025). 16X2 LCD display module with [2cinterface. Retrieved from

https://www.tomsoneelectronics.com

Electropeak. (2025). MQ-2Smoke sensor module for Arduino. Retrievedfrom

https://electropeak.com.

Sunroom. (2025). SG90 Micro servo motor (product code: 4201). Retrieved from

https://www.sunrom.com

Amazon. (2025).KY-026 Flame Sensor Module IR sensor Detector, 3-pack. Retrieved from

https://www.amazon.com

27


https://www.tomsoneelectronics.com/
https://electropeak.com/
https://www.sunrom.com/

