ExpML

Fruit Image Classification



Unser Projekt

e . . Unser Datenset; Fruit-30
e Task: Klassifiziere Bilder von Obst

o Welches Obst ist auf dem Bild? e

e COriginaldaten: = Fruit-262 (Kagale)
o 262 Obstsorten
o 225 640 Bilder von Fruchten dev

e Unser Datensatz: e
o 30 Obstsorten
o 29430 Bilder

train
70,0%



https://www.kaggle.com/datasets/aelchimminut/fruits262

Ein Blick in die Daten

Histogram of Image Distribution Across Classes in Entire Dataset
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Ein Blick in die Daten

Nt

A ripe banana

Unripe banana cluster, outside Ripe banana bunches on supermarket shelf
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Features

Original

Resize

50x50

= 50*50*3=7500
Werte pro Bild

Gray

Canny edge
detection

Sobel

HSV




Related Work

e Fruit-262: “Creating a Dataset and Models Based on Convolutional Neural

Networks to Improve Fruit Classification” (Minut & Iftene, 2021)
o CNN = beste Ergebnisse mit RGB & RGB + HSV + Grayscale
e Fruit-360: “Fruit recognition from images using deep learning” (Muresan &
Oltean, 2018)

o CNN, Experimente mit Filtern = beste Ergebnisse mit RGB



Verwendete ML Algorithmen

e Gaussian Naive Bayes: numerische Features
e Decision Tree pixel 87 = 150

class = kiwi

e Random Forest

pixel 70 = 240 pixel 42 = 127
class = banana class = apple

class = kiwi class = banana class = cherry class = apple




Verwendete ML Algorithmen

Convolutional Neural Network
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https://towardsdatascience.com/convolutional-neural-network-feature-map-and-filter-visualization-f75012a5a49c¢c




Metriken

Accuracy: Wie viele der Bilder wurden richtig klassifiziert?
Recall: Wie viele aller Bananen wurden richtig vorhergesagt?

Precision: Wie viele der Bilder, die als Bananen vorhergesagt wurden, sind auch
Bananen?

F1-Score: Kombination aus Precision und Recall
Macro averaging: Jede Klasse wird gleich stark gewichtet.

Micro averaging: Jedes Bild wird gleich stark gewichtet, egal welche Klasse

10



Evaluation: Metriken

- Accuracy

=+ Allgemeine Performance unserer Modelle

- Macro F1-Score

= jede Klasse ist uns gleich wichtig und keine Fokus auf Precision oder Recall

1



Evaluation: Baselines

train

accuracy
precision_macro

precision_micro
0.040 recall_macro
recall_micro
= fl_macro
- f1_micro
0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

Random/Stratified (Custom) Majority (Custom)

Score
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MEAN ACCURACY

Evaluation: Naive Bayes

Score per parameter

Features:
50x50, HSV + Sobel

1

default
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mm) beste Accuracy mit den gefundenen Parametern: 018

13



Evaluation: Naive Bayes

e Confusion Matrix fur beste
Parameter (HSV + Sobel

e mm) Bias: Aprikose, Jostabeere,
Passionsfrucht

True label

Confusion matrix for GaussianNB classifier on 50x50_hsv_sobel images

apple
apricot
banana
blueberry
buddha's hand
cherry

coconut

date
dragonfruit
durian

fig

fime
lychee
mandarine
mango
nectarine
orange
passion fruit
pear
pineapple
pomegranate
raspberry
redcurrant
strawberry

watermelon

apricot
buddha's hand
dragonfruit
jostaberry
lemon

lychee
mandarine
nectarine
passion fruit
pineapple
pomegranate
redcurrant

Predicted label

80
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MEAN ACCURACY

Evaluation: Decision Tree
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Score per parameter

Features:
50x50, HSV + Sobel
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MEAN ACCURACY

Features:

Evaluation: Random Forest 50x50, HSV

Score per parameter
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Confusion matrix for RandomForestClassifier classifier on 50x50_hsv images

Evaluation: Random Forest

e Confusion Matrix fur beste ——
Parameter (HSV e

durian

True label

lime
lychee
mandarine
mango
nectarine
orange
passion fruit
pear
pineapple
pomegranate
raspberry
redcurrant
strawberry

watermelon

buddha's hand
dragonfruit
durian

grape
grapefruit
jostaberry
mandarine
mango
passion fruit
pineapple
pomegranate
redcurrant
strawberry
watermelon

Predicted label

120
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Evaluation: CNN

® Learning curve

Loss Over Epochs (full) Accuracy Over Epochs (full)
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Confusion Matrix - Test
apple B2 3105 4131012185117 092 03100123 01 1
apricot-5H6 0 1 01 0000014035 3111607 05160000
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E0 0000043040000010000010003
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grape-4 0 515121 1 3 1 6 1M1 8
grapefruit—767040200110023190550409010002

date-0 2 5 02 462 233001004200110610000
jostaberry-0 0 0 4 01 01 0 0 36 0

chery-4 0 0 0 110 4 0 01 11202000101100081320
dragonfruit-1 0 0 0 2 2 1 O»A0 00 111115020001752011

coconut-3 0 4 1 3 OESI4 047520113 30260024400002

durian-0 0 4 0 1 0 8 O O &S

: CNN

Confusion matrix

Evaluation

kiwi-0 35 010400223103 75020004020001
lemon-2 27 28 0101201190 17 0440108210001
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lime -
lychee =3 3601 0.0 3> 2 3E11'0 2.0 0 2 2 1 X BE 0 0 00 3 0 0 3741 (6 :0

mandarine-0100 0 1 0 0 1 0 0 003 00101 OFEEJ2 02213 000 O0O00O0
orange-0 9 0 0 6 0 01 00002 003 002g2 OFE 00310000

passionfruit-1 2 2 02 1522122112297 2202W0201001

mango-10117 01 1 4103 315 028 9 3 3.49

nectarine-5 1 0 0 03 00 0000000002 12120
strawberry-0 0 0 0 07 035 01000000900000O0T1T1 0138EO0

raspberry-1 0 0 0 0 9 016 000000O0O05000O00O00O0 0 2111133
redcurrant-1 0 1 0 01200 1 000000002 0010002 0 78130
watermelon-1 0 2 1 00 3 0 01 101 111230100006 221 4;
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Evaluation: CNN

- example classified wrong

Pred: blueberry
True: grape

-

Pred: lemon

True: grapefruit Pred: watermelon
True: passion fruit

Pred: orange
True: mandarine

Pred: orange
True: pear
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Wie viele Daten reichen aus?

pro Klasse random x% fur Trainingsset ausgewahlt

Lernkurve, Datenreduktion

Accuracy (Dev Set)
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@® Random Forest @ CNN
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20%

40%
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Trainingsdaten
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Feature Importance

wie erwartet: Mitte des Bildes ist
wichtiger als der Rand

Pixel

F 0.00050
Feature importances for RandomForestClassifier classifier on 50x50_hsv images
+ 0.00045

I 0.00040

- 0.00035

0.00030

0.00025

0.00020

0.00015

0.00010

Pixel
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Evaluation: Vergleich

B DevsSet [ TestSet

0,8

0,6

0,4

Accuracy

0,2

0,0
Baseline Naive Bayes Decision Tree Random Forest CNN
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Schwierigkeiten

e speicherintensiv & lange Rechenzeit
o 450 MB Datenset
o 3,3 GB fur pickle-File mit Features flur 50x50, HSV + Sobel
o Abwagen zwischen Machbarkeit & Informationsverlust
m  Bild mit 250x250 Pixel hatte 187 500 Features
o CNN: Komplexitat

e Bilder auch fur das menschliche Auge nicht immer eindeutig

=+ ahnliche Obstsorten

® Fruchte in versch. Formen

24



Ausblick

Was fehlt noch:

e CNN-Architektur anpassen = weitere
Verbesserung?

Was man noch machen konnte:

e Datenset komplett nehmen (>200 Klassen)
e Anwendung: Fruit-Detector App; z.B. im
Supermarkt Waage eintippen

25




Thank you berry much for your attention! @ 89

Any questions?
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Resizing

100x100




Evaluation: Random Forest

e HSV features

Grid search results for random forest classifier
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Decision Tree

Decision Tree trained on 50x50 images

pixel_4258 <= 49.5
samples = 20590
value = [842.0, 788.0, 813.0, 701.0, 700.0, 702.0, 716.0, 701.0
724.0, 718.0, 708.0, 723.0, 708.0, 366.0, 707.0, 707.0
707.0, 705.0, 710.0, 717.0, 179.0, 574.0, 719.0, 704.0
725.0, 709.0, 708.0, 711.0, 701.0, 697.0]
class = apple

pixel_3515 <= 127.5 pixel_3527 <= 214.5
samples = 4198 samples = 16392
value = [181, 94, 78, 127, 50, 339, 82, 248, 237, 44, 181 value = [661, 694, 735, 574, 650, 363, 634, 453, 487, 674
153, 79, 134, 42, 64, 48, 172, 94, 73, 65, 56 527, 570, 629, 232, 665, 643, 659, 533, 616, 644
87, 58, 96, 257, 357, 322, 293, 87] 114, 518, 632, 646, 629, 452, 351, 389, 408, 610]
class = raspberry class = banana
samples = 1811 samples = 2387 samples = 11711 samples = 4681
value = [140.0, 58.0, 48.0, 18.0, 20.0, 160.0, 29.0, 111.0|value = [450.0, 429.0, 341.0, 544.0, 433.0, 238.0, 528.0, 382{value = [211.0, 265.0, 394.0, 30.0, 217.0, 125.0, 106.0, 71.0

value = [41, 36, 30, 109, 30, 179, 53, 137, 49, 27, 100

116, 43 101 30, 45. 35. 77, 40 28, 16, 28. 44 188.0, 17.0, 81.0, 37.0, 36.0, 33.0, 12.0, 19.0, 13.0 319.0, 528.0, 432.0, 518.0, 392.0, 224.0, 598.0, 420.0 168.0, 146.0, 95.0, 52.0, 237.0, 8.0, 67.0, 223.0
" " 73160, 65. 66, 97, 67, 31'] e 95.0, 54.0, 45.0, 49.0, 28.0, 43.0, 27.0, 36.0, 192.0 580.0, 359.0, 333.0, 406.0, 81.0, 176.0, 406.0, 445.0 79.0, 174.0, 283.0, 238.0, 33.0, 342.0, 226.0, 201.0
S i o 291.0, 225.0, 226.0, 56.0] 551.0, 304.0, 237.0, 311.0, 304.0, 442.0] 78.0, 148.0, 114.0, 78.0, 104.0, 168.0]

class = cherry class = raspberry class = kiwi class = banana




