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path = " drive/MyDrive/Lego/’

PEEEHR  index. cov #EE metadata. cev

index_df = pd read csv( drive/MyDrive/Lego/index. csv’ ) meta_df = pd.read csv(patht metadata. csv’ )

index_df. head() meta_df. head()

path class_id train-valid class_id lego_ids lego_names minifigure_name

0 marvel/0001/001 jpg 1 train 0 1 [76115] ['Spider Mech vs. Venom')] SPIDER-MAN
1 marvel/0001/002 jpg 1 valid 1 2 [76115] ['Spider Mech vs. Venom'] VENOM
2 marvel/0001/003.jpg 1 train 2 3 [76115] ['Spider Mech vs. Venom'] AUNT MAY
3 marvel/0001/004 jpg 1 train 3 4 [76115] [Spider Mechvs. Venom] GHOST SPIDER
4 marvel/0001/005 jpg 1 train - Lo [ UIEEE L] YODA
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#ifindex. metadataf{EEHIES{HETE, £4HE joinlpath¥fclass id/minifizure name)

data_df = pd.mergelindex df, meta df[[ class id', ‘minifiguwre name’]], on= class_id )
data_df

path class_id train-valid minifigure_name

S RE N BRI E

0 marvel/0001/001 jpg 1 train SPIDER-MAN
1 marvel/0001/002 jpg 1 valid SPIDER-MAN
2 marvel/0001/003 jpa 1 train SPIDER-MAN YEEENAERE
_ _ data_df. isnull (J. sum()
3 marvel/0001/004 jpg 1 train SPIDER-MAN
4  marvel/0001/005.jpg 1 train SPIDER-MAN path 0
class_id 0
train—valid 0
235 marvel/0010/010.jpg i) train TASKMASTER mlnlflgEEB_namB 0
dtype: inthd
236 marvel/0010/011 jpa 22 valid TASKMASTER
237 marvel/0010/012 jpa 22 valid TASKMASTER
238 marvel/0010/013 jpa 22 train TASKMASTER

239 marvel/0010/014.jpa 22 train TASKMASTER
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train_set = data_df(data_df[“train-valid”] == ’train’ ]
validation set = data_df[data df[“train-valid”] == ’walid ]
import  ovi

#Training Data Preprocessing
#Converted the pixels of the Image data to

train Data = np.zeros{(train_set.shape[0], 224

for i in range(train_set. shapel[0]):

image = cv2. imread( drive/MyDrive/Lezo/

array

224, 3))

+ train_set["path”].values[i]}

Hlornwerting BGRE to BGE

image = cv2. cvtColor{image, cv2.COLOR_BGRZRGE)

HResizing imaze
image = covZ.resize(image, (224, 224))

Hormalizing pixel walues to [0, 1]
train Datali]l = image / 255.0

trainLabel = np.arrayitrain set[“class_id"])-1
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{tf FHPre-trained Model-DenseNet121/F Fi5 Ay

from tensorflow. keras. applications
from tensorflow. keras. models
from tensorflow. keras. optimizers

import DenselNet1Z21
import MNodel
import Adam

dense_net = tf.keras.applications. Denselletl121()
dense_net_laver=Dropout (0. 5) (dense_net. layvers[-2]. output)
mumber_of_classes = len(data_df[ class id ].unique())

last_layer = Dense(number_of_classes,

model =

HEINEE  Adam

Nodel (dense_net. input,

activation="softmax”) (dense_net_layer)
last_layer)

model. compile(loss=" sparse_categorical crossentropy .

HETFEL

from tensorflow. keras. callbacks

checkpoint = MNodelCheckpoint (filepath= model.hs ,

optimizer=Adam(0. 0001],
metrics=[" accuracy’ 1)

import MNodelCheckpoint

. _u P
moni tor="val_accuracy ,

save_best_only=True,

Nodel: “model_20"

Layer (type) Cutput Shaps Param # Connected to

input_ 18 (InputLayer) [(Hone, 224, 224, 3) 0

zero_padding?d 34 (FercPadding? (None, 230, 230, 3} 0 input_18[0][0]

convl/conv  (ConvaD) (None, 112, 112, &4) 9408 zero_padding?d_34[0] [0]
convl/bn (BatchNormalization) (Nome, 112, 112, 64) 256 conv 1/ canv [0] [0]
conwl/relu (fctivation) (None, 112, 112, &4) 0 conw 1/n[0] [0]
zero_padding?d 35 (ZercPadding? (None, 114, 114, 64) 0 conw 1/relul0] [0]

pooll (MaxPooling?D) (None, 56, 56, 64) 0 zero_padding2d_35[0] [0]
conv2_blockl_0_bn (Batchlormali (None, 56, 56, 64) 256 pool1[0][0]
conv2_klockl_0_relu (Activation (None, 56, 56, 64) 0 conv2_blockl_0_knl[0][0]
conv?_blockl_1_conv (ConvZD) (Wone, 56, 56, 128) 8152 conv?_blockl 0_relul0][0]
conv?_blockl 1 bn (BatchNormali (None, 56, 56, 128) 512 conw?_blockl_1_conv[0][0]
conv?_blockl 1 relu (Activation (None, 56, 56, 128) 0 conw?_block1_1_bn[0][0]
conv2_blockl_2_conv (ConvZD) (None, 56, 56, 32) 36864 conv2_blockl_1_relul0][0]
conv? blockl concat (Concatenat (None, 56, BB, 96) 0O pooll[0] [0]

verbose=1)

conv?_blockl 2 conw [0] [0]
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hist=model. £fit(

train Data,
trainlabel,
epochs=10,

validation data=(valid Data

shuffle=True,
batch_size=4

callbacks=checkpoint

validlakel),

Epoch
32/32

Epoch
Epoch
32/32

Epach
Epach
3z/32

Epoch
Epoch
32/32

Epoch
Epoch
32/32

Epoch
Epoch
32/32

Epoch
Epoch
32/32

Epach
Epach
32/32

Epoch
Epoch
32/32

1/10

[

00001:
2/10
[

val_aceuracy

improved

] - 119s 3s/step - loss: 3.7883 - accuracy: 0. 0484

from -inf to 0.20175, saving model to model.hS

00002:
3710
&

val_acouracy

improved

] - 1055 3s/step - loss: 23197 - accuracy: (. 2079

from 0. 20175 to 0. 35965, saving model to model.h5

00003
4/10
[

val_accuracy

impraved

1 - 102s 3s/step - loss: 13081 - accuracy: 0.7553

from 0. 35965 to 0.63158, saving model to model.hS

00004:
5/10

val_accuracy

improved

1 - 104s 3s/step - loss: 1.0641 - accuracy: 0.8207

from 0. 63168 to 0.689298, saving model to model.hb

[

00005:
6/10
[

val_accuracy

improved

] - 107s 3s/step - loss: 0.7741 - accuracy: 0. 7837

from 0.69298 to 079825, saving model to model.hS

00006:
70
&

val_accuracy

improved

] - 106s 3s/step - loss: 0.5472 - accuracy: 0.9218

from 0. 79825 to (. 85965, saving model to model.hb

00007:
2/10
[

val_accuracy

improved

1 - 103s 3s/step - loss: 0. 4118 - accuracy: (.9325

from 0. 85965 to 0. 92105, saving model to model.hb

00003:
9/10

val_accuracy

1 - 1085 3s/step - loss: 04006 - accuracy: 0. 9267

did not improve from 0. 92105

[

] - 102s 3s/step - loss: 0.2434 - accuracy: 0. 9839

val_loss:

val loss:

val loss:

val_loss:

val_loss:

val_loss:

val loss:

val_loss:

val_loss:

2.

2.

1

1.

0.

0.

0.

0.

0.

8153

0940

5132

1745

3343

7365

6363

5452

5389

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

val_accuracy:

0.

0.

. 2018

. 3596

6318

6920

. 7932

. 8596

9211

9035

. 5035
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print(hist. history. keys())
plt.plotthist. history[“loss”], label = “Train Loss™)

plt.plotthist. history[“val_loss"], label

plt. legend()
plt. show()

plt. figure()

plt.plotthist. history[Tacouracy™], label

plt.plotthist. history[“val_accuracy”™], label =
plt. legend()
plt. show()

= Tain Loss
35 4 Validation Loss 0.7 4
304 0.6
251 05 A
201 04
154 03
10 A 024
0.5 1 01

A*7 L

“Validation Loss™)

T g @
Train Accuracy’)

“Validation Accuracy”)

= Tain acc
Validation acc
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Step 6 = 1A1%

Image Data Generator-#I| ]t E & - /45 -

imz = load img( drive/MyDrive/Lego/marvel /0007 /008, jpg’ )

data = img_to_array(img)
samples = expand dimsf(data, 0)
datagen = ImageDataGenerator(rotation ranse=120)
it = datagen. flow(samples, batch size=1)
for 1 in range(9):
pyplot. subplot(330 + 1 + i)
batch = it.next()
image = batch[0]. astype( uintd )
pyplot. imshow (image)
pyplot. show()
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Step 6 =S

PREE SR BUE iy - B2 - Epoch
Last layer Dense Learning .
activation Rate Optimizer Epoch Accuracy
Model 2 sigmoid 0.001 Adam 10 0.1930
0.7 { — Tain acc

Validation acc

0.6 4

0.5 4

0.4 1

0.3 4

0.2 4

0.1
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Step 6 = 1A1%

SRR SR T - 2

=

7/

22 ~ Epoch

Validation acc

Last layer Dense Learning I
activation Rate Optimizer Epoch Accuracy
Model 3 softmax 0.0001 Adam 10 0.7018
0.7 4 = Tain acc
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Step 6 =S

PSR- HOE e - 535 - Epoch

7/

Last layer Dense Learning I
activation Rate Optimizer Epoch Accuracy
Model 4 softmax 0.0001 Adam 25 0.9213

= Train acc
Validation acc

0.8

0.6 1

0.4 4

0.2 4
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A RS - (TS 2 B DT S By softmax - B
2% 10,0007 = (B LA i A e 1591.23% -

Last layer Dense

Model activation Learning Rate Epoch Accuracy
1 sigmoid 0.0001 10 0.7632
2 sigmoid 0.001 10 0.1930
3 softmax 0.0001 10 0.7018
4 softmax 0.0001 25 0.9123
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