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ABSTRACT (ABSTRACT TITLE)

Rotten fruits are a reality in the fruit and vegetable industry. Rotten fruits need to be
removed immediately or it will infect the other fruits. If the fruit is big like for example
watermelon or melon it's easy to detect and remove. But if the fruit is small and comes in large
groups like oranges it can be a problem to find and remove. To do this I propose the use of CNN
algorithm to make object detection, because CNN can be used to classify images and can be
trained with images. It will help determine and find the rotten oranges. Doing this will help the
fruit seller to remove the rotten oranges so it can’t infect other oranges and cause a loss. The
results of the object detection will be an image orange that has been predicted by the object
detection to find the orange and determine whether it's rotten or fresh. Then the object detection
gets evaluated using MAP (Mean Average Prediction) to determine how good and accurate the
object detection that uses the CNN is.

Keyword: Rotten Orange, Object Detection, CNN,MAP

vi



TABLE OF CONTENTS

COVER ....cuiriiriinuinsnisnicsississssstsssissssessisssisssisssssstesssssstsssisssssssesssssstssstesstssssssssssssssssssssnssenes i
ABSTRACT (Abstract Title)........ ceesersssnstesssntiesssssssnnnsssttssssssnes v
CHAPTER 1 INTRODUCTION. ctesstesstesstssesasesatesstesatsssesaseatsesensessssssesanssenes 10
| B 7 Te) [ e (o] 11 T O PP PPPRRN 10
1.2. Problem FOrmulation.........cccoeiieiiiiiiiiieie ettt et e eeeeeenneee e 11
1.3, SCOPE...uvvercrrerenen i, I ..o ovveeeenreeeeeeennnrrinneeneeeeesesses 11
1.4. Objective.. . .. ... T & % R B e 11
CHAPTER 2 LITERATURE STUDY.. i v cooesnnsiioesssnrssneofie Bhesennessssnresannsessranssanas 12
CHAPTER 3 RESEARCH METHODOLOGY c..ccccceeericssnnrcscnriossnsesssnsssssssssssssssssssssssssssssans 16
S iterdture Studya............... 0 SSSUN I, LY L T 16
3.28Data AcquiSition............... L SN = N_—_A e E 16
3.3. Data Processing...... 7 AN L | S N C 0 AW 16
3. 48 Analysis..... R.... LI SE— N o PN AR 16
CHAPTER 4 ANALYSIS AND DESIGN......cccccesiisnissnissnnsnisessuisssicssnsssissesssssssssescsssssssasssns 17
4.1. Data Acquisition and PreproCeSSINg..........euieruemeerieniieitiiiie sttt ettt 17
4.2. DeSighing .......... ... My K e g e W 19
4.2.1. TrainTig BNN.... ¥ e Bieenecteneeeee e gl e, 20

V0 3 @ oY [=Yot dl 1= =T ot n (o] o T PP 21

T 3 T AV 1 [VE- ) o T o D s OO OP PR 23
CHAPTER 5 IMPLEMENTATION AND RESULTS........ cetesstessisnissssasssasenasene 26
5.1, IMPIEMENLALION. ......iiiiiiiiieeiieetee et et esit e et eeteeebeeesbeestbeesebeeseseessseessaeasseesssseeesssssseeeannses 26
o0 N I I = 11 T 1 TSP P PP PP TPPPPPPIR 26
LT 7 2R 0] o T T=Tox fl 1= ot [0 o TN 27

5.2 RESULIES. ¢ttt ettt bttt ettt e st e e e e e bbbt e e e e nbaeeeeeaaas 41

vil



LT B 0] o1 T<Tor fl D<) o <Tox [ o TSRS

5.2.2. MAP

CHAPTER 6 CONCLUSION.......... ceressssessseesanessaesssessaseeansaessssnnannasns

viii



LIST OF FIGURE

Figure 1: RESEAICH SteP....ccuviiiiiiiiiie ettt et e et eette e e e e e nsaaaaeeeennns 19
Figure 2: CNN Training FIOWCRAIT.........c.ccocviiiiiiiiieiiecieeiecce ettt 20
Figure 3: Object Detection FIOWCRATT..........ccccuiiiiiiiiiiicie et 21
Figure 4: NIMS EXAMPIC....ccccuiiiiiiiiiiieeiie ettt et eeate e e e e s aeeesaeeesnseesesnsnnneeeeennnns 22
Figure 5: Evaluation Process FIOWChATt..........couoiiiiiieiiiiiieiieceeee et 23
Figure 6: IoU Formula......... g  commemmemet...............  Scomwemormmmm W oo cvoeeerveeeeieeressisneeessrssssnnes 24
Figure7: Precision Foaiiyale®™......... 6 .. B .. 0 o e o M o eeneceenneenees 24
Figure8: Recall Fogimillla.... A s.... .. ... s o e A R, 24
Figure 9: Pinterpfigfmula..... g#f............ A0/ SSSEEEREN L, . .. ...... M. N M, 24
Figure10: Average Precision FOrmula........oocueeciiiiiiieiiicceeccee sttt e reee e e 25
Figurell: MAP|Formulay.......... <l . ». 5 B ... 8 LR 25
Figure 12: Object Detection Results With NIMS..........cociiiiiiiiiiiiiiiicccie e 42
Figure 13: Object Detection Results Without NMS........cocciiiiiiiiiiiiiiiiiiieceeee e 43
Figure 14: MAR Result WithWM S ... et gl cgveecoeeneoesode B e 44
Figure 15: MAPResplts Without NS, St . T, 44

X



Table 1: Ground Truth Data Table

LIST OF TABLE



	CHAPTER 1 INTRODUCTION
	1.1. Background
	1.2. Problem Formulation
	1.3. Scope
	1.4. Objective

	CHAPTER 2 LITERATURE STUDY
	CHAPTER 3 RESEARCH METHODOLOGY
	3.1. Literature study
	3.2. Data Acquisition
	3.3. Data Processing
	3.4. Analysis

	CHAPTER 4 ANALYSIS AND DESIGN
	4.1. Data Acquisition and Preprocessing
	4.2. Design
	4.2.1. Training CNN
	4.2.2. Object Detection
	4.2.3. Evaluation


	CHAPTER 5 IMPLEMENTATION AND RESULTS
	5.1. Implementation
	5.1.1. Train CNN
	5.1.2. Object Detection

	5.2. Results
	5.2.1. Object Detection
	5.2.2. MAP


	CHAPTER 6 CONCLUSION

