Since the neural network had a validation loss of 6.4028 with a validation accuracy of 0.58769, I changed the
optimizer from rms_prop back to adam and reduced the 2D Maxpool size from (8,8) to (4,4). There was no problem
loading the dataset of 1,000 images per each shape, with a total of 4,000 images. During the loading of the second half
of the dataset, a callback function in keras called early stopping will stop the learning of the network to prevent
overfitting. The convolutional neural network stopped at the 8/20 epoch in the loading of the second half of the dataset,
which I think is too early for the neural network to stop. It might have stopped because the dataset is insufficient, I will
increase the dataset by twice as much as the previous dataset after incorporating the cropping function in Keras. The
validation loss is at 4.8 percent with a validation accuracy of 67.5%.
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Test loss: 4.8990672636
Test accuracy 0.675

Clean up finished.

-0 Task completed successfully

Tearing down TensorFlow.

Finished tearing down TensorFlow.

Job completed successfully.

I made changes to the architecture of the network where I won’t incorporate dropout during the beginning of the
convolutional extractions. This is because it is important to retain as much important information about the shapes since
I will be incorporating a cropping function either as a unified data generator as a callback parameter or ask a layer mask
between the convolution layer. Dropout will occur after the convolutional layers are flattened and in between the 2-
layer network. The network will still use stochastic learning since it’s convenient and generates good learning rates.
Below are the diagrams that explains the two modified designs of the neural network:

Module completed: cleaning up.
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Fully Connected Layer

Dropout (0.25
Dropout (0.35|
Dropout (D.35|

In order to make the convolutional neural network learn better, I
created a cropping function that finds the boundaries of the shapes
and crops accordingly. This cropping function will be applied as a
parameter in the data_generator in the convolutional neural network

loader file. This function is needed because the unnecessary .
background data that does not contain the pixels of the shapes will
create more noise in the neural network during the convolutional 2D grayscale cropped_image
process of image extraction. The cropping function will make the P
neural network focus on the shapes in background instead of
extracting colors of backgrounds with no important features in them
besides colors. The function uses the cv2 module which is having
problem with dependencies from python 2 to python 3 in the
anaconda installations. The module works in python 3 but not in
python 2 so adjustment to fix this issue will be needed. The procedure of the program is to use the sobel algorithm to
detect the contours of the edges. The images have to be in grayscale beforehand, but the convolutional neural network
extract grayscale images because the function will return the coordinates necessary for cropping. The function will
create a boundary rectangle around the found contours and crop as necessary. Here are the black and white outputs of
the cropped images:

Fully Connected Layer

Dropout (0.25

Criginal sobelx




[ | cnncopy.py pickletestcats.py 2 sobel_copy.py draw.py

1 new
2 Created on Sun Nov 12 18:41:03 2017

3 Program finds contours and creates a rectangular boundary around it

4 This program will be implemented in the cnn loader file

5 @author: maggie

g e

7 import cv2

& from matplotlib import pyplot as plt

9 import scipy.misc

10

11 """code to get boundaries of contour shapes and crops the images based on the lpcation of the edges"""
12 def get edges(image path):

13 img l:\.r2 :Lmreadtlmage path}

14 #regu rarera] e

| grayscale = cv2 cvt[olor{lmg, cv2 CULOR BGR2GRAY)
16

17 £ Gaussian to re

18 img l:v2 GausslanBlur(grayscale {3 3} BI

19 # Edge hi

20 sohelx = cv2 Sobel(lmg cv2 C‘uf ﬁtlF 1 G kSlZE- 5]
21 sobely = cv2.Schel{img,cv2.CV 64F, B.l,ksue 5)

cv2.convertScalefbs (sobelx)
cv2. convertScaleAbs (sobely)

22 gradient x
23 gradlent v

25 gradlent 't = (':Qé'.adziwe.ig-;-l"ll't.ec.!{gradient_x, 0.5, gradient y, 0.5, 0}

27 1L old

- — s—cv2. THRESH BINAR

30 1m2 contnurs hlerarchy cv2 flnd[nntours(gradlent t, cv2 RETR TREE, ch CHAIN APPROX SIMPLE}
31 cv2.drawContours(gradient_t,contours,@,(8,0,255),2)

34 edge list x = []
35 edge list y = [1]

36 for ¢ in contours:

37 X, y, width, height = cv2.boundingRect(c)

38 cv2.rectangle(grayscale, (x,y), (x+width, y+height), (®,255,0), 2} #
39 edge list x.append(x)

40 edge 1list y.append(y)

41 edge list x.append(x+width)

42 edge_list_y.append(y+height)
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67 if _ name ==

68
69

]

smallest x = min{edge list x)
smallest y = min (edge list y)
largest x = max{edge list x)
largest_y = max{edge list y)

offset = 5

crop_image = grayscale [smallest y + offset:largest y + offset,
smallest x + offset:largest x + offset]

plt.subplot(2,2,1),plt.imshow(img)

plt.title{'0Original'), plt.xticks([1}, plt.yticks([1)
plt.subplot(2,2,2),plt.imshow(sobelx)

plt.title( 'sobelx'), plt.xticks([1), plt.yticks([])
plt.subplot(2,2,3),plt.imshow(grayscale)

plt.title( 'grayscale’), plt.xticks([1), plt.yticks([1)
plt.subplot(2,2,4),plt.imshow{crop_image)

plt.title( 'cropped image'}, plt.xticks([]), plt.yticks([])

return crop_image

main
crop = get_edges(“test images/circlelfl.jpg”)
scipy.misc.imsave("circle7.jpg", crop)

cnn_copy_sobel.py sobel_copy.py

55
56

classifier.add(Conv2D(32, (3, 3), input shape = (308, 300, 3), activation

classifier.add(MaxPooling2D({pool_size = (4, 4)))

classifier.add(Conv2D(32, (3, 3), activation = 'relu’))

classifier.add(MaxPooling2D(pool size = (4, 4)})

classifier.add(Flatten())

classifier.add(Dense(units = 128, activation = 'relu’))
classifier.add(Dropout({0.25)})

classifier.add(Dense(units = 128, activation = 'relu’))
classifier.add(Dropout(0.35})

classifier.add(Dense(units = 4, activation = 'softmax'))

classifier.compile{optimizer = ‘adam’,

loss = 'categorical crossentropy',
metrics = ["accuracy'])

‘relu'))



1682 datagen = ImageDataGenerator(featurewise center = True,

163 featurewise std normalization = True,

18 rescale = 1./255,

85 shear _range = 0.2,

186 Zoom_range = 0.2,

a7 horizontal flip = True)

168 preprocessing_function = get edges(train_shape dataset))

111 validate datagen = ImageDataGenerator{rescale = 1./255)
116 validate datagen.fit(validate shape dataset)
117 validate generator = datagen.flow(validate shape dataset,

118 validate y dataset,
119 batch size = 32)

31 datagen.fit(train shape dataset)

134 train generator = datagen.flow(train shape dataset,

35 train y dataset,

136 batch_size = 32)

37 classifier.fit generator(train generator,

38 steps_per_epoch = len(train_shape dataset) / 32,
139 epochs = 28,

140 validation data = wvalidate generator,

The ImageDataGenerator will be normalized via featurewise_center and featurewise_std_normalization in order to
make the convolutional neural network gather features that have equal significance. Sometimes the shapes blend with
the background environment, so normalizing the data will make the unfilled and filled shapes the same. In this code,
the cropping function of data shapes will be incorporated as a function in data generator of keras. This means that the
images will be cropped before being fed into the network. To maintain the original images of the network, I can use the
cropping as a layer mask in between the 2D convolution architecture by using Kera’s 2D cropping:

classifier.add(Conv2D(32, (3, 3), input_shape = (300, 300, 3), activation = 'relu"))

classifier.add(MaxPooling2D(pool_size = (4, 4)))

# Adding a second convolutional layer, which is the same as the first one

classifier.add(Conv2D(32, (3, 3), activation = 'relu'))

# change pool size from (2,2) to (8,8)

classifier.add(MaxPooling2D(pool_size = (4, 4)))

# Dropout layers at the second convolutional layer before flattening

keras.layers.Cropping2D(cropping=get_edges(train_shape_dataset), data_format=None)

# Step 3: Flattening the convolutional layers for input into a fully

# connected layer

classifier.add(Flatten())



