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index_df. head()
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path class_id train-valid

0 marvel/0001/001 jpg 1

1 marvel/0001/002 jpg 1

2 marvel/0001/003 jpg 1

3 marvel/0001/004 jpg 1

4  marvel/0001/005 jpg 1

YEE metadata. csv

meta_df = pd read_csvipath+ metadata. cav’ )

meta_df. head()

= W M

class_id lego_ids
1 [76115] ['Spider Mech vs. Venom']
2 [76115] ['Spider Mech vs. Venom']
3 [76115] ['Spider Mech vs. Venom']
4 [76115] ['Spider Mech vs. Venom']
5 [75208] ["Yoda's Hut"]

H # Google Z =3 /v3¥ Colaboratory

pd. read_cav ( drive/MyDrive/Lego/index. cav’ )

lego_names minifigure_name

SPIDER-MAN
VENOM

AUNT MAY
GHOST SPIDER
YODA
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#ifindex. metadataff{EERESHEIE, S8 E join(path¥class_1d/minifigure_nams)

data_df = pd mergelindex_df, meta_df[[ class id, ' minifigure_name’ 1], on= class_id )}
data_df

path class_id train-wvalid minifigure_name

0 marvel/0001/001.jpg 1 train SPIDER-MAN
1 marvel/0001/002.jpg 1 valid SPIDER-MAN
2 marvel/0001/003.jpg 1 train SPIDER-MAN
3 marvel/0001/004.jpg 1 train SPIDER-MAN
4 marvel/0001/005.jpg 1 train SPIDER-MAN
235 marvel/0010/010.jpg 22 train TASKMASTER
236 marvel/0010/011 jpg 22 valid TASKMASTER
237 marvel/0010/012.jpg 22 valid TASKMASTER
238 marvel/0010/013.jpg 22 train TASKMASTER
239 marvel/0010/014. jpg 22 train TASKMASTER

ETENEERE

data_df. iznull (). sumi)

path ]
class_id ]
train-valid 0
minifigure name 0
dtype: int6d
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plt. figure(figsize=(10, 10))
1=0
for i in range(20):
plt.subplot(4, 5, i+1)
plt. grid(False)
img=load_imeg( drive/MyDrive/Lego/ +sample_df [ path’ 1. values[il)
plt. imshow(img)
fiplt. axis(“off")
plt. xlabel (sample df [ minifigure name’ ].values[i])
i += 1
plt. show()

0 200 400 0 200 400
CARA DUNE HARRY POTTER - TASKMASTER

200 400
FIREFIGHTER

(5) #-FAA 23 RE - HE

Index Fd f @ e = o REf B R R S RE C%EE 2 e
it 52% > Bkiw & ik 48% o
HEERS BIE. REE

train set = data df[data_df[“train-valid”] == ’train’]
validation_set = data_dfldata df[“train-valid”] == "walid ]

(6) i * OpenCV i B~ & p¥ » Beincd if "5 & &_BGR > 4 AU¥-l ffl 5 RGB :
?‘7}—9: ¢k 4Bl < o) 5 (512*512) 0 {8 ’iﬂ‘%—’# DenseNet121 /& & /* {% 2
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import ov2

H#Training Data Preprocessing

#lonverted the plxels of the imaze data to  array
train_Data = np.zeros((train_set.shapel[0], 224, 224, 3))
for 1 in range(train set. shapel[0]):

image = ov2 imread( drive/MyDrive/Lezo/” + train_set["path”].values[il)

#Converting BGRE to RGB
image = ov2 evtColor(image, cv2. COLOR_BGRZRGE)

#Resizing image
image = cvZoresizel(image, (224, 224))

#lormalizing pixel walues to [0, 1]
train Datali]l = image / 2BE.0

trainlLabel = np.array(train set["class_id"])-1
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(1) HAEH
¢ * Pre-trained Model DenseNet121 ¥ % #-7) -
from tensorflow. keras. applications import DenseNetl121

from tensorflow keras.models import MNodel
from tensorflow. keras. optimizers import Adam

dense_net = tf.keras.applications. DenseNet121()
dense_net_layer=Dropout (0. 5) (dense_net. layers[-2]. output)

mmber_of classes = lenf{data_df[ class id ].unique())

last_layer = Densel(number_of_classes, activation="sizmoid”)(dense_net_layer)
model = Model (dense_net. input, last_layer)

(2) S#k T
#EFE5  Adam

model. compile(loss=" sparse_categorical crossentropy ,
optimizer=Adami0. 0001,
metrics=[" accuracy ])

(3) % B
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from tensorflow. keras. callbacks import MNodelCheckpolint
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checkpoint = ModelCheckpoint(filepath= model.h5’, monitor="wval_accuracy”, save_best_only=True, verbose=1)

4. B
v epoch % 10 ; batchsize % 4 4 2" H3] » LT RESE -
#E R |4

hist=model. fit(
train_Data,
trainlabel,
epochs=10,
validation data=(valid Data, walidlLabel),
shuffle=True,
batch size=d,
callbacks=checkpoint
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print (hist. history. keys())

plt.plotthist. history[“loss"], 1label = “Train Loss”)
plt.plotthist. history[“val_loss™], label = “Validation Loss™)
plt. legend()

plt. show()

plt. figure ()

plt.plot(hist. history[ accuracy™], label = “Train Accuracy’)
plt.plot(hist. history["val_accuracy”], label = “Validation Accuracy”)
plt. legend()
plt. show()
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(1) Image Data Generator

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

data = img_to_array(ime)
samples = expand dims(data, ()
datagen = ImageDataGenerator(rotation range=120)
it = datagen. flow(samples, batch_size=1)
for 1 in ranze(9):
pyplot. subplot (330 + 1 + 1)
batch = it.next()
image = batch[0].astype( uintd )
pyplot. imshow(imaze)
pyplot. show()
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Model 1 738 B 47

Last layer Dense Learning | Optimizer Epoch Accuracy
activation Rate
Model 1 sigmoid 0.0001 Adam 10 0.7632




Model 2 733K & 4-7F

Last layer Dense Learning Optimizer Epoch Accuracy
activation Rate
Model 2 sigmoid 0.001 Adam 10 0.1930
Epoch 1/10
9/9 [ 1 - 1155 13s/step - loss: 4 2077 - accuracy: 0.0318 - val_loss: 3.5997 - val_accuracy: 0.0614
Epoch 00001: vwal_accuracy improved from —-inf to 0. 06140, saving model to modell.hb
Epoch 2/10
9/9 [ ] - 1025 1ls/step - loss: 3.3584 - accuracy: 0.0841 - val_loss: 3.1919 - val_accuracy: 0. 1404
Epoch 00002: vwal_accuracy improved from 0. 06140 to 0. 14035, saving model to modell.h&
Epoch 3/10
9/9 [ ] - 101s 13s/step - loss: 3. 2365 - accuracy: (. 1318 - wal_loss: 2.8819 - val_accuracy: 0. 1842
Epoch 00003: val_accuracy improved from (. 14035 to 0. 13421, saving model to modell.hb
Epoch 4/10
9/9 [ ] - 104s 12s/step - loss: 2.5815 - accuracy: (L2912 - val loss: 2.5141 - wval_accuracy: 0. 2458
Epoch 00004: val_acouracy improved from 0. 18421 to 0. 24561, =zaving model to modell.hb
Epoch /10
o/9 [ 1 - 1065 13s/step - loss: 2. 4448 - accuracy: 0.3239 - val_loss: 2. 1510 - val_accuracy: 0. 3860
Epoch 00005: val_acouracy improved from 0. 24561 to 0, 38596, =aving model to modell.h&
Fpoch 6/10
9/9 [ 1 - 1055 12s/step - loss: 17994 - accuracy: (.5291 - val_loss: 1.8188 - val_accuracy: 0.5175
Epoch 00006: val_accuracy improved from 0. 38596 to 0.51754, saving model to modell.h®
Epoch 7/10
9/9 [ 1 - 107s 12s/step - loss: 18322 - accuracy: (.5463 - val_loss: 1,4994 - val_accuracy: 0.5877
Epoch 00007: val_accuracy improved from 0. 51754 to 0.58772, saving model to modell.h®
Epoch 2/10
9/9 [ ] - 103s 1ls/step - loss: 1.4440 - accuracy: 0.5980 - val_loss: 1.3273 - val_accuracy: 0.6754
Epoch 00008: vwal_accuracy improved from 0. 58772 to 0.67544, saving model to modell.hB
Epoch 9/10
9/9 [ ] - 1025 1ls/step - loss: 11690 - accuracy: 0. 7160 - val_loss: 1. 1874 - val_accuracy: 0. 7368
Epoch 00009: val_accuracy improved from (. 67544 to 0. 73684, saving model to modell.hb
Epoch 10410
9/9 [ ] - 108s 12s/step - loss: 12770 - accuracy: 0LGE16 - val loss: 1.1021 - wal_accuracy: 0. 7632
Epoch 00010: val_acouracy improved from 0. 73684 to 0. 76316, =aving model to modell.hb
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Model 3 733K & 4-7F

Last layer Dense | Learning | Optimizer Epoch Accuracy
activation Rate
Model 3 softmax 0.0001 Adam 10 0.7018

Epoch 1/10
/9 [ 1 - 100s 1ls/step - loss: 3.8834 - accuracy: 0.0301 - val_loss: 3.3156 - val_accuracy: 0.0702
Fpoch 00001: wal_accuracy improved from -inf to 0. 07018, saving model to model(. h%
Epoch 2/10
/9 [ ] - 88s 10s/step - loss: 3.4830 - accuracy: 0.1155 - wal_loss: 3.0194 - val_accuracy: 0, 1228
Fpoch 00002: wal_accuracy improved from 0. 07018 to 0. 12281, saving model to model(. hb
Epoch 3/10
g/0 [ ] - 8= 10s/step - loss: 3.0184 - accuracy: 0.1224 - wal loss: 260870 - val_accuracy: 0. 2105
Fpoch 00003: wal_accuracy improved from 0. 12281 to 0. 21053, saving model to model(. hb
Epoch 4/10
5/0 [ ] - 8= Os/step - loss: 2. 7646 - accuracy: 0.1229 - val_loss: 2. 3587 - val_accuracy: 0. 3070
Fpoch 00004: wal_accuracy improved from 0. 21053 ta 0. 30702, saving model to model(. hb
Epoch 5/10
5/0 [ ] - 8= Os/step - loss: 25371 - accuracy: 0.2823 - val_loss: 2. 0578 - val_accouracy: 0.3772
Epoch 00005: wal_accuracy improved from 0. 30702 to 0, 37719, saving model to model(l hB
Epoch 6/10
5/0 [ ] - 84s Gs/step - loss: 20901 - accuracy: 0.3371 - val_loss: 18712 - val_accuracy: 0. 4208
Epoch 00006: wal_accuracy improved from 0. 37719 to 0, 42982, saving model to model(l kB
Epoch 7/10
5/0 [ ] - 8= Os/step - loss: 16158 - accuracy: 0.5386 - val_loss: 1. 7542 - val_accouracy: 0. 4211
Epoch 00007: wal_accuracy did not improve from 0. 42032
Epoch B/10
3/9 [ ] - B4s 9s/step - loss: 14979 - accuracy: (L5697 - val_loss: 1. 4247 - val_accuracy: 0.5263
Epoch 00008: wal_accuracy improved from 0. 42982 <o 0, 52632, saving model to model(l hB
Epoch 3/10
/9 [ ] - 855 9s/step - loss: 13629 - accuracy: (L5857 - wal_loss: 1. 2098 - wal_accuracy: 0.A316

Epoch 00009: wal_accuracy improved from 0. 52632 to 0, 63158, saving model to model(l kB
Epoch 10/10
/9 [ ] - 84s 9s/step - loss: 10772 - accuracy: 0. 7069 - val_loss:

=

0226 - wal_accuracy: 0.7018

Epoch 00010: wal accuracy improved from 0. 63158 to 0. 70175, saving model to model(l hS
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Model 4 733K & 4-7F

Last layer Dense Learning Optimizer Epoch Accuracy
activation Rate
Model 4 softmax 0.0001 Adam 25 0.9123
Epoch 00018 val_accuracy improved from 0. 81579 to 0. 83333, saving model to model(. b5
Epoch 19/25
g/9 [ ] - 75z 8z/step - loss: 0.4926 - accuracy: 0, 8716 - wal_loss: 0.5810 - val_accuracy: 0. 2684
Fpoch 0001%: val_accuracy improved from 0. 83233 to 0.86842, saving model to model(. h5
Epoch 20/25
g/9 [ ] - 7hs 8s/step - loss: 0.5940 - accuracy: 0.8772 - wal_loss: 0.5053 - val_accuracy: 0. 9035
Fpoch 00020: val_accuracy improved from 0. 86242 to 0.90351, saving model to model(. h5
Epoch 21/25
9/9 [ ] - Ths Bafstep - loss: 0.4537 - accuracy: 0.9242 - wal_loss: 0.5155 - wal_accuracy: 0.8772
Epoch 00021: wal_accuracy did not improve from 0. 90351
Epoch 22/25
G/ [ ] - Tz Bs/step - loss: 0.5341 - accuracy: 0.8605 - wal_loss: 0.5102 - val_accuracy: 0. 3047
Epoch 00022: val_accuracy did not improve from 0. 90351
Epoch 23/25
g/9 [ ] - 75z 8s/step - loss: 0.3640 - accuracy: 0,9263 - wal_loss: 0.4715 - val_accuracy: 0.9123
Epoch 00023 val_accuracy improved from 0. 90351 to 0, 91228, saving model to model(. b5
Epoch 24/25
g/9 [ ] - Ths 9=/step - loss: 0. 7858 - accuracy: 0, 8056 - wal_loss: 0. 4669 - val_accuracy: 0.9123
Fpoch 00024: val_accuracy did not improve from 0. 91228
Epoch 25/25
g/9 [ ] - 7hs 8s/step - loss: 0.3192 - accuracy: 0.9408 - wal_loss: 0.4336 - val_accuracy: 0.9123
Fpoch 00025: val_accuracy did not improve from 0. 91228
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R 2

Model Last layer Dense | Learning Rate Epoch Accuracy
activation
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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final_result = pd.merge(test_df[[ minifigure_name , path' 1], results[[ path’, “Predictions 1], on=" path )
final_result

minifigure_name path Predictions
0 TASKMASTER marvel/0010/014 jpg TASKMASTER
1 GHOST SPIDER marvel/0004/007 jpg GHOST SPIDER
2 KYLO REN star-wars/0006/003 jpg KYLO REN
3 GENERAL GRIEVOUS star-wars/0005/005 jpg  GENERAL GRIEVOUS
4 MACE WINDU  star-wars/0004/012 jpg MACE WINDU

for 1 in ranze(B):

cv?. imread( drive/MyDrive/Lego/ +final_result[ path’]. values[i])

image cv?, resize(image, dsize=(512,512))

image = cvZ. cvtColorfimagze, ovZ. COLOR_BGRZRGE) /255

plt. imshow (image)

plt. xlabel (final_result[ minifigure name’ ].values[i]+ ###+" +final_result[ Predictions’ ].wvalues[i])
plt. show()

image
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DenseNet-121 https://www.kaggle.com/pytorch/densenet121 -~
https://medium.com/%E5%AD%B8%E4%BB%A5%ES5%BB%A3%E6%89%8D/dense-
cnn-%E5%AD%B8%E7%BF%92%E5%BF%83%E5%BE%97-
%E6%8C%81%E7%BA%8C%E6%IBY%BA%E6%96%B0-8cd8c65a6f3f
Lego Minifigures Dataset https://www.kaggle.com/ihelon/lego-minifigures-

classification
Lego Transfer-CNN Classification https://www.kaggle.com/drfrank/lego-transfer-cnn-

classification
Tensorflow #& 7 #573] $-¥#c https://ithelp.ithome.com.tw/articles/10187786
Using Pre-Trained Models https://keras.rstudio.com/articles/applications.html

Geoff Pleiss et al. Memory-Efficient Implementation of DenseNets, Cornell University,
2017 https://arxiv.org/abs/1707.06990
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https://www.kaggle.com/pytorch/densenet121
https://medium.com/%E5%AD%B8%E4%BB%A5%E5%BB%A3%E6%89%8D/dense-cnn-%E5%AD%B8%E7%BF%92%E5%BF%83%E5%BE%97-%E6%8C%81%E7%BA%8C%E6%9B%B4%E6%96%B0-8cd8c65a6f3f
https://medium.com/%E5%AD%B8%E4%BB%A5%E5%BB%A3%E6%89%8D/dense-cnn-%E5%AD%B8%E7%BF%92%E5%BF%83%E5%BE%97-%E6%8C%81%E7%BA%8C%E6%9B%B4%E6%96%B0-8cd8c65a6f3f
https://medium.com/%E5%AD%B8%E4%BB%A5%E5%BB%A3%E6%89%8D/dense-cnn-%E5%AD%B8%E7%BF%92%E5%BF%83%E5%BE%97-%E6%8C%81%E7%BA%8C%E6%9B%B4%E6%96%B0-8cd8c65a6f3f
https://www.kaggle.com/ihelon/lego-minifigures-classification
https://www.kaggle.com/ihelon/lego-minifigures-classification
https://www.kaggle.com/drfrank/lego-transfer-cnn-classification
https://www.kaggle.com/drfrank/lego-transfer-cnn-classification
https://ithelp.ithome.com.tw/articles/10187786
https://keras.rstudio.com/articles/applications.html
https://arxiv.org/abs/1707.06990

