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A study on the Improvement of the Food Waste Discharge
System through the Classification on Foreign Substances

ol A X *
I%E ’ 7=I°I—

b

Yongil Kim', Seungcheon Kim

2 o Agste dHor S4E 9 2] WiEgel & - ololl AR 7S QIAIskAL ol F &0
A RO R 2 St Sl I AEOE A FFAS =UE P =Y 7] ofF ARt AT
20 ~ 30%9] #F AIE HolFA olnt. ot AX2 SAE FTATE ARl =i 9les FAISkL ek shAE
12} #7014 22 #A3gE 3 Ao oM A &8 A ol2dR I Hs)7h EAYsta 3t ool
2 AFolAE ol EAME TRH R sdstudt A AsE HEsto] AR Pt SAE2H7] S @
2 o|uAE Foledls 0}7417} 1ol CNNZ 7|ite g gt ofe] g H ﬂ%}@l °l& o4 dlolH &7/ &, CNN 7%t

2S04 £ olE Aol et shse A F sto] du| Hoot o2l 722
Al FAs= 9 & FAES et AL skl

LI
ol
ox
ok
H1
_\‘l_‘
oltH‘
rlo
H
ifin}
il
%

Abstract With the development of industrialization, the amount of food and waste is rapidly increasing.
Accordingly, the government is aware of the seriousness and is making efforts in various ways to reduce
it. As a part of that, the volume-based food system was introduced, and although there were several
trials and errors at the beginning of the introduction, it shows a reduction effect of 20 to 30%. These
results suggest that the volume-based food system is being established. However, the waste is caused by
foreign substances in the process of recycling resources by collecting them from the 1st collection to
the 2nd collection process. Therefore, in this study, to solve these problems fundamentally, artificial
intelligence is applied to classify foreign substances and improve them. Due to the nature of food waste,
there is a limit to obtaining many images, so we compare several models based on CNNs and classify
them as abnormal data, that is, CNN-based models are trained on various types of foreign substances,
and then models with high accuracy are selected. We intend to prepare improvement measures for

maintenance, such as manpower input to protect equipment and classify foreign substances by applying it.
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Fig. 1. Process of disposing of food waste in a collecting
area
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Fig. 3. VGG-16 Model
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model_vgg = models.Sequential()

# For training from scratch change kernel_initializer to e.g.'VarianceScaling’
model_vgg.add(layers.ZeroPadding2D(padding = (2,2), input_shape = (28, 28 ,3)))
model_vgg. add (VGG16_model)

model_vgg.add(layers.Flatten())

model_vgg.add(layers.Dense(256, activation='relu’))
model_vgg.add(layers.Dense (128, activation='relu’))
model_vgg.add(layers.Dense(4, activation="softmax’))

model_vgg.compile(optimizer="Adam",
loss="categorical_crossentropy’,
metrics=["acc'])
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Fig. 6. VGG-16 Model
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2 model_res = models.Sequential()
3 # For training from scratch change kernel initializer to e.g.'VarianceScaling'

4 model_res.add(layers.ZeroPadding2D(padding = (2,2), input_shape = (28, 28, 3)))
5 model_res.add(ResNet5©_MODEL)

6 model_res.add(layers.Flatten())

7 model_res.add(layers.Dense (256, activation='relu'))

8 model_res.add(layers.Dense (128, activation='relu'))

9 model_res.add(layers.Dense (4, activation="'softmax'))

10

11 v model_res.compile(optimizer="Adam’,

12 loss="categorical_crossentropy’,
13 metrics=['acc'])
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Fig. 7. ResNet Model

% 6, 72 S & Al /&2 7= Aok Ax
Ne 242t AF(RelU) 843} 5 AMSole &
256712t & 128702 =0} QUL vix]d WS
LE Pl ATNEWA g5 FE Eotal it
£AGEE ARBSTo] 13 Zho ' 7|27 Felal HE
AaAAD9] gE(w, b)E shgoll o2 st
A AAst7] A3 o g ‘Adam's ARSIt
o] SAE AMBStLL -3 /1FY ZIpt SEEER
* categorical crossentropy = £A4%4E ARE5F

1Y 82 7]¥ ®Y CNN 7239l Base, VGG,
ResNetd} o]& HEES 9F7F HIFSH CNN2, VGG2,
Res2 BE& ARESHo] 07HA] R AMGSHRITE 2 &
oA AY &2 =Y gZ Fokal 1o thSsh=
Loss@Z rotal Aiagks A2kl

oj7]e] wtEoldl BElE ARESte] o] gl HolH
9] S Az}t GAF 2 (Pseudo-Labeling)S AF
&5t3it.

rlo e 4

voting loss_score = 0
voting [

for i

X4 = x_squeeze_ing va_test([1].reshape(1, 28, 28, 3)
y = Y_test[].reshape(1, 4)

res_scoret = test_model (model voting res, x_: x.a)
res_scorez = test_model (nodel voting res2, x 1 X 1 x 3 x.4)

veg_scorel

bagging_loss_score = 0

bagging_acc_score = ©

for i in range(len(x_squeeze_img_vi_test)):
X_1 = x_squeeze_img_v1_test[i].reshape(1, 28, 28, 3)
X_2 = x_squeeze_img_v2_test[i].reshape(1, 28, 28, 3)
X_3 = x_squeeze_img_v3_test[i].reshape(1, 28, 28, 3)
X_4 = x_squeeze_img_v4_test[i].reshape(1, 28, 28, 3)

y = Y_test[i].reshape(1, 4)

vgg_scorel = test_model(model_bagging vggl, x 1, x 2, x_3, x_4)
vgg_score2 = test_model(model_bagging vgg2, X_1, X 2, X_3, X_4)
vgg_score3 = test_model (nodel_bagging veg3, X_1, X_2, X_3, X_4)

total_array = np.array([vgg_scorel, vgg_score2, vgg_score3])
index_loss, index_acc = np.argmax(total_array, axis=0)

loss = total_array[index_acc][e]
acc = total_array[index_acc][1]

bagging_loss_score += loss
bagging_acc_score += acc

3% 8. Ensemble Voting, Bagging 2
Fig. 8. Ensemble Voting, Bagging Model
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