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Training data

Validation data
(Testing data)



PlantVillageART
5 classes:
drawing, engraving, iconography, painting, sculpture

Training: 7,000 imgs
Validation: 1,000 imgs

38 classes:
spieces and diseases

Training: 43,444 imgs
Validation: 10,336 imgs

IMAGE DATASETS
Source: https://www.kaggle.com/datasets/thedownhill/art-images-drawings-painting-sculpture-engraving, 

https://www.kaggle.com/datasets/abdallahalidev/plantvillage-dataset

https://www.kaggle.com/datasets/thedownhill/art-images-drawings-painting-sculpture-engraving
https://www.kaggle.com/datasets/abdallahalidev/plantvillage-dataset


GRAYSCALE
COLOUR TRANSFORMATION

ART PlantVillage

original 77.45 % 91.76 %

grayscale 44.47 % 20.80 %



METHODS PERFORMANCE
ART

Scaling-up 77.86 %
Mirroring 77.57 %

Original 77.45 %
K-Means (K = 12) 76.51 %
K-Means (K = 13) 76.16 %

K-Means (K = 9) 75.93 %
Scaling-down 75.58 %

K-Means (K = 15) 75.23 %
Gaussian Blur 75.12 %

Bilateral Filter 75.00 %
Face detection 73.83 %

Brightening 71.14 %
Flipping upside down 70.33 %

K-Means (K = 3) 69.16 %
Darkening 64.25 %

Histogram equalisation 52.80 %
Face detection 51.29 %

Grayscale 44.47 %
Histogram equalisation (grayscale) 42.40 %

Sharpening 40.77 %
Adaptive histogram equalisation 31.77 %

Inverting colours 27.22 %

PlantVillage
Insect adding 94.01 %
Gaussian blur 93.45 %

Original 91.76 %
Bilateral filter 89.30 %

K-Means (K = 5) 86.84 %
Averaging 76.77 %

Mirroring 59.97 %

Histogram equalization 56.79 %
Background change 26.84 %

Grayscale 20.80 %
Segmented 10.02 %

Background change 8.38 %

Background change 5.65 %
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ART
Original 77.45 %

K-Means (K = 3) 69.16 %
Darkening 64.25 %

Histogram equalisation 52.80 %
Face detection 51.29 %

Grayscale 44.47 %
Histogram equalisation 

(grayscale)
42.40 %

Sharpening 40.77 %

PlantVillage
Original 91.76 %

Bilateral filter 89.30 %
K-Means 86.84 %

Averaging 76.77 %
Mirroring 59.97 %

Histogram equalization 56.79 %



ART
Original 77.45 %

Adaptive histogram equalisation 31.77 %
Inverting colours 27.22 %

PlantVillage
Original 91.76 %

Background change 26.84 %
Grayscale 20.80 %

Segmented 10.02 %
Background change 8.38 %
Background change 5.65 %



ART PlantVillage

original 77.45 % 91.76 %

scaled-up 77.86 % -

scaled-down 75.58 % -

mirrored 77.57 % 59.97  %

flipped (upside-sown) 70.33 % -

COMPRESSION,
GEOMETRIC TRANSFORMATIONS

TRANSFORMATIONS

↑

↑



ART PlantVillage

original 77.45 % 91.76 %

histogram equalised 52.80 % 56.79 %

grayscale 44.47 % -

histogram equalised 42.40 % -

adaptive hist. equalised 31.77 % -

HISTOGRAM 
EQUALISATION

ENHANCEMENT



SHARPNESS, BLUR

FILTERING

ART PlantVillage

original 77.45 % 91.76 %

Bilateral filter 75.00 % 89.30 %

Gaussian blur 75.15 % 93.45 %

Averaging - 76.77 %

Sharpness 40.77 % -

↑



SHARPNESS

FILTERING

ART PlantVillage

original 77.45 % 91.76 %

Bilateral filter 75.00 % 89.30 %

Gaussian blur 75.15 % 93.45 %

Averaging - 76.77 %

Sharpness 40.77 % -

↑



PlantVillage

original 91.76 %

segmented 10.02 %

bg: hand over grass 8.38 %

bg:  hand over gray 26.84 %

bg: dark green leaves 5.65 %

SEGMENTATION,
BACKGROUND 
REPLACEMENT

IMAGE COMPOSITING

Graph-cutHSV-basedcolour-basedoriginal

original

segmented



PlantVillage

original 91.76 %

segmented 10.02 %

bg: hand over grass 8.38 %

bg:  hand over gray 26.84 %

bg: dark green leaves 5.65 %

SEGMENTATION,
BACKGROUND 
REPLACEMENT

IMAGE COMPOSITING

Graph-cutHSV-basedcolour-basedoriginal

original

segmented

original segmented Graph-cut



PlantVillage

original 91.76 %

segmented 10.02 %

bg: hand over grass 8.38 %

bg:  hand over gray 26.84 %

Bg: dark green leaves 5.65 %

SEGMENTATION,
BACKGROUND 
REPLACEMENT

IMAGE COMPOSITING



PlantVillage

original 91.76 %

segmented 10.02 %

bg: hand over grass 8.38 %

bg:  hand over gray 26.84 %

Bg: dark green leaves 5.65 %

SEGMENTATION,
BACKGROUND 
REPLACEMENT

IMAGE COMPOSITING



PlantVillage

original 91.76 %

insect added 94.01 %

hand added 85.28 %

IMAGE OVERLAY

IMAGE COMPOSITING

↑





K-MEANS

K-MEANS

PlantVillage

original 91.76 %

K = 5 86.84 %

ART

original 77.45 %

K = 3 69.16 %

K = 9 75.93 %

K = 12 76.51 %

K = 13 76.16 %

K = 15 75.23 %

original

original K = 5

K = 3 K = 15K = 9 K = 12 K = 13



K-MEANS

original

K = 13original



K-MEANS

original

K = 5original



FACE DETECTION
Haar features

Front + profile view

FEATURES

ART

Original 77.45 %

Yellow frame 73.83 %

Coloured face 51.29 %



OTHER

OTHER METHODS 

Image whitening

Noise addition
   Poison, Salt&Pepper
   Gaussian, Quantization

Combining methods

↑



OTHER
(insufficient)

OTHER METHODS 

Hough Transform



USE CASES



IMAGE 
COLOURISATION

Caffe model

USE CASE

ART accuracy

original 77.45 %

grayscale 44.47 %

colorized 67.76 % ↑



ART

Original 77.45 %

Salt&Pepper noise 78.27 %

Salt&Pepper denoise 62.01 %

Poisson noise 64.00 %

Poisson denoise 64.23 %

NOISE & 
DENOISING

USE CASE

↑

Salt&Pepper – Median filter
Poison – Non-local Means



Filtering
Colour information interfered

ART PlantVillage



NEUTRAL NEGATIVE
Brightness adjustment
Filtering – blur
K-Means

Grayscale
Sharpness
Histogram equalisation
Operations with colour



CONCLUSION

• unable to find a single method that improves the results for both classification tasks

• some of the methods had no significant effect on classification accuracy

• Hypothesis: Colour plays an important role in classification tasks utilised.

The impact of the methods depends on the dataset and the specific neural network.



Thank you!



QUESTIONS



Je možné na základe realizovaných experimentov formulovať 
hypotézu, podľa akých kritérii spomínané neurónové siete realizovali 

klasifikáciu? 
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Evaluácia bola vykonaná na dvoch datasetoch/klasifikačných úlohách. 
Ak by týchto vybraných datasetov a k nim prislúchajúcich modelov 

malo byť viac, aké typy datasetov by bolo vhodné vybrať pre 
dosiahnutie rozmanitejších výsledkov?

CIFAR-10



Existuje klasifikačná úloha (dataset, model), ktorá by po prevode na 
šedotónový obrázok nevykazovala významné zhoršenie presnosti, t.j., 

model by neklasifikoval primárne na základe farby?



Existuje klasifikačná úloha (dataset, model), ktorá by po prevode na 
šedotónový obrázok nevykazovala významné zhoršenie presnosti, t.j., 

model by neklasifikoval primárne na základe farby?



Ako si autorka vysvetľuje, že pri kombinácii dvoch najúspešnejších 
metód (Tabuľka 6) nedošlo k zlepšeniu? Nie je problém v postupnosti 

použitia transformácií?

ART

Original 77.45 %

Scale-up 77.86 %

Mirror 77.57 %

Scale-up + mirror 74.44 %



Ako si autorka vysvetľuje, že pri kombinácii dvoch najúspešnejších 
metód (Tabuľka 6) nedošlo k zlepšeniu? Nie je problém v postupnosti 

použitia transformácií?

PlantVillage

Original 91.76 %

Insect 94.01 %

Gaussian blur 93.45 %

Insect + Gaussian blur 83.24 %

Gaussian blur + insect 82.79 %
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