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Overview

CIFAR-10 dataset

60000 32x32 color images in
10 classes (d = 3072)

6000 images per class

50000 training images, 5000
of each class

10000 test images, 1000 of
each class

Objective: Build a classifier

Figure: 10 images from each class:
Learning Multiple Layers of Features
from Tiny Images, Alex Krizhevsky,
2009.

1 Support Vector Machine

2 Convolutional Neural Network

3 Convolutional Neural Network + SVM
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Support Vector Machine

Normalization: Normalized data to [0, 1]

Dimensionality Reduction: PCA with q = 380 principal components

Explained variance: 97.49%

Classification: Linear Support Vector Machine with one vs all
classification

Penalty Parameter: C = 0.01

Accuracy on test data: 40.73%
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Support Vector Machine

All possible incorrect classifications occur

Cats more likely to be classified as dogs than as cats

Table: Confusion Matrix SVM

Figure: Two cats
classified
as dogs

There is room for improvement!
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Neural Network Architecture: 6 convolutional layers

Convolution-Layer: 16 filters, (3, 3) kernel, relu-activation, padding

BatchNormalization

Convolution-Layer: 32 filters, (3, 3) kernel, elu-activation, padding

BatchNormalization

MaxPooling: (2, 2) pool

Dropout: p = 0.25

Convolution-Layer: 64 filters, (3, 3) kernel, elu-activation, padding

BatchNormalization

Convolution-Layer: 64 filters, (3, 3) kernel, elu-activation, padding

BatchNormalization

MaxPooling: (2, 2) pool

Dropout: p = 0.35

Convolution-Layer: 128 filters, (3, 3) kernel, elu-activation, padding

BatchNormalization

Convolution-Layer: 128 filters, (3, 3) kernel, elu-activation, padding

BatchNormalization

MaxPooling: (2, 2) pool

Dropout: p = 0.45

Flatten

Dense: 10 outputs, softmax-activation
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Neural Network Parameters: 296 810

t Layer (type) Output Shape Param
conv2d 1 (Conv2D) (None, 16, 32, 32) 448
conv2d 2 (Conv2D) (None, 16, 32, 32) 9248
max pooling2d 1 (MaxPooling2D) (None, 8, 16, 32) 0
dropout 1 (Dropout) (None, 8, 16, 32) 0
conv2d 3 (Conv2D) (None, 8, 16, 64) 18496
conv2d 4 (Conv2D) (None, 8, 16, 64) 36928
max pooling2d 2 (MaxPooling2D) (None, 4, 8, 64) 0
dropout 2 (Dropout) (None, 4, 8, 64) 0
conv2d 5 (Conv2D) (None, 4, 8, 128) 73856
conv2d 6 (Conv2D) (None, 4, 8, 128) 147584
max pooling2d 3 (MaxPooling2D) (None, 2, 4, 128) 0
dropout 3 (Dropout) (None, 2, 4, 128) 0
flatten 1 (Flatten) (None, 1024) 0
dense 1 (Dense) (None, 10) 10250

t Total params: 296,810
Trainable params: 296,810
Non-trainable params: 0

6 / 10



Neural Network Results

130 epochs

77.24% accuracy on test data (much better than SVM)

Table: Confusion Matrix CNN

Figure: Accuracy and loss of
the neural network
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Some misclassified images by the CNN
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Neural Network and Support Vector Machine

Using the outputs of the neural network after the flattening-layer as
inputs

68.95% accuracy with 800 principal components

Not as good as the neural network

Table: Confusion Matrix CNN +
SVM:
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