Contents

List of Figures. .. ... 3
Listof tables....... ... 5}
List of abbreviations.............. .. ... 6
Nomenclature. ... .. ... 8
ADSTract. .. ... 9
CHAPTER 1 INTRODUCTION ....ccoiieiiie et 10
1.1 Introduction to Power Window SYStEM ........cccceevviinnieiieenieniiesiieneens 10
1.2 Electronic Control UNit.........ccoooiiiiiiiniiniie e 16
1.3 Functions and ECUS Per VehicCle..........ccocoviiiiniiniiieneee e, 17
1.4 TYPES OF ECU....oiiiiiiiice ettt e 18
1.5 ECU DeSign CONCEPL ....ccveieiieeiieiie it sieeeesie et 18
1.6  Research Motivation ..........ccocoiiiiiiiiin e 19
1.7  System ReqUITEMENT .......ooiiiiiiiieeie st 20
1.8 TheSiS OULIING ...cc.eoiiiiiie e e 21
CHAPTER 2 LITERATURE REVIEW ..., 23
2.1 Detailed LIiterature SUIVEY ........cccooiiiiieiie i 23
2.2 Literature REVIEW SUMMAIY ......cccooiiiiiieiieie i 32
2.3 RESEAICN GaPS . .uiiieiiiitie ittt sttt s e 33
2.4 Problem Statement ........ccceiiriiriiiiieee e s 34
2.5 ODJECLIVES ..ottt e s 34
CHAPTER 3 SYSTEM DESCRIPTION.....ccccciiiiiiiiiec e 35
3.1 POWEN WINUOW ......oiiiiiiiiieeeie et s e 35
3.2 Linear Motor Model ..o 37



3.3 Gear Train Model ... 41

3.4 CoNtrol SYSIEM . .o s 42
3.5 Hardware in Loop (HIL) SImulation...........ccccooeieiinniniinicnecee 44
3.6 Test Bench SYSIeM ..o 50
CHAPTER 4 METHODOLOGY AND SYSTEM DESIGN .......cccoviiiinnne. 52
4.1 DC MOtOr MOGEl.......cooiiiiiiiiiec e 52
4.2 MATLAB/SImuUlink Model............coooiiiiiiiiee e, 55
4.3  Software in LOOP TeSHING ...ccueeueiirieieieieeie et 58
4.4  Sensor Calibration Model.............cccoooiiiiiiiiic e, 59
4.5 Flexi force Sensor Calibration Model ..., 64
4.6 Algorithm For Obstacle Detection ..........cccceeeiinveiieenecie e 66
CHAPTER 5 RESULTS AND DISCUSSION.......cccoiiiiiiniieceeeee e 69
5.1 CaliBration........ccooiiiiiiiiice e 69
5.2 Software In The LOOP TeStING ...ccovvererieeieiie e 77
5.3 Decision Tree AlgOrithm.......cccooeiiiiiiiii e 80
5.4 Hardware iN LOOP.....ccoiieueiieiieieiiieese ettt 82
5.5 EXperimental SEtUP .......cooeiiriiiie e 84
CHAPTER 6 CONCLUSION AND FUTURE SCOPE........c.ccoceiiiiiiriee. 89
6.1 CONCIUSION. ...cciiiiiiitiie et 89
6.2 FULUIE SCOPE..... ittt ettt 91
REfEreNCES. ... . 92



