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[Abstract]

In this paper, we propose a decision tree-based machine learning model that leads to food exchange
table renewal by classifying food groups through machine learning for existing food and food data found
by web crawling. The food exchange table is the standard for food exchange intake when composing a diet
such as diet and diet, as well as patients who need nutritional management. The food exchange table,
which is the standard for the composition of the diet, takes a lot of manpower and time in the process of
revision through the National Health and Nutrition Survey, making it difficult to quickly reflect food
changes according to new foods or trends. Since the proposed technique classifies newly added foods based
on the existing food group, it is possible to organize a rapid food exchange table reflecting the trend of
food. As a result of classifying food into the proposed model in the study, the accuracy of the food group
in the food exchange table was 97.45%, so this food classification model is expected to be highly utilized

for the composition of a diet that suits your taste in hospitals and nursing homes.

» Key words: Artificial Intelligence, Machine Learning, Decision Tree, Food Exchange Table,
Random Search
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2.1 Food Exchange Table and Units
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2.2 Decision Tree Model
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UFOR L ojXY ABE

sugar <= -0.239
gini = 0.367
samples = 5197
value = [1258, 3939]

& A

sugar <= -0.802
gini = 0.481
samples = 2922
value = [1177, 1745]

./ \. ./ \.

Fig. 1. Decision Tree of Machine Learning

sugar <= 0.204
gini = 0.069
samples = 2275
value = [81, 2194]

III. Food Data Pre-processing and
Machine Learning Model
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Table 1. Food Exchange Table and Exchange Units

Groups | Grain Cow Fat FiShrj”sd iaTeat High Far | Vegetable Fruit Milk Fat
Cc;?CI;ed Chicken(meat) BleezfrESit::aoei?' Bacon Cabbage Banana Gf:ﬁlzal Sesame
(70g) (409) ribs) (40g) (409) (709) (509) (200g) (89)
Plain . . Sesame Lactose Peanut
oreag | Oried croaker | Fgo - Besfribs | Tyt | Pear i puter
(359) (409) (2009) (89)

Foods Potato Small octopus Mackerel S\gijg:;e Bellflower Mandarin Sor):i)ﬁ(an Margarin
(1409) (100g) (509) (40g) (409) (1209) (200g) (59)
(er?:: Abalone Saury Canned tuna mﬁz:::c?m Pine apple Po:vnc:;ekred Butter
(700) (709) (509) (509) (70q) (200g) (250) (59)
FS);Z(:; Lobstar Sf;:zzzn Cheese Seeweed Grape f;::jzlta Mayonnaisewl
(709) (509) (209) (309) (709) (809) (250) (59)
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Table 2. Morphological Analysis

Step Contents

Diabetes patients should avoid rice and

nten .
Sentence eat alternative foods.

Tokens Diabetes, Patients, Rice, Foods, Eat

Noun Rice
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Table 3. Pre-processing of food data
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Data Pre-processing

Food Data
(Food ingredient table
+ Food Category)

Missing Values
(replace with 0.0)

Normalization
(Calory-based)

Low-Importance Categories:

1

i
Mixing data for learning i
(shuffle) .

T !
Configuring Decision Tree i
Model i

I i

Data division: i
Train+Validation+Test Data | |
I i
1

1

1

1

1

1

1

1

1

1

a

1

1

1

1

1

1

1

1

1

1

1
1
1
1
1
1
1
1
1
1
1
|
1
I
:
1
! Decision Tree Model
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1

Validation
1|
Decision Tree Model

‘etc’ .
Learning
| (include validation data)
Integration of milk group v

general and low fat
exchange group

Model-based food group
classification

Fig. 2. Data Pre-processing and Model Configuration

IV. Food Classification Model and
Evaluation

Energy Protein Fat Carbohydrate | Total sugar | Dietary fiber Food

Foods (keal) () () (@) (@) Category | Group

Oats, Outer oats, | 400 | 3000000 | 0.059701 22507463 0.0 4029857 | cerealand |
Mowed, Raw Product

Oats, Oatmeal 1000 | 2.688312 | 0.103896 22.584416 0.0 2077922 | Cereal and | o
Product

Tomato sauce, 100.0 | 11.780822 | 0.753425 36.438356 0.0 0000000 | 13VOring |6 in
Ketchup matter
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Hole & &3 HlolElet HAE HoJEE 80%2} 20%=2
F8st 7ol o] AZE 95l train60sub_inputdt
valid20_inputo2 st ¥ o JL&Esieith QJAMAA Eg]

g2 14300l Ao Zlo] max_depthS 152 75t
o 2 gAe 1893 2o] 60%e] 2 TolEjet 2
S o Hagelgion] Reo) AEL 19-203 2
o] selstoct.

Table 4. Classification Model Development Envirionment

Item Contents
CPU Intel Xeon Silver 4114 2.20GHz * 2EA
RAM 128GB
GPU RTX 2080 Ti * 2EA
Language Python (Jupyter Notebook)

0S LINUX Ubuntu
scikit-learn(Machin Learning),

Libraries KoNLPy(Morpheme analysis)

Learnin Food Exchange Table(2010), National
9 standard food composition table(2022),

Data set

Total food items: 1,192.

OJAFA7] ErfoflA] Zlol'd et max_depthg ¥
Aot =elstoion] Erjo] Zlo|7t 14 off, &4 Ho]
Ele} H|lAE floJeje] Aekwrt 742F 0.757, 0.7372 ata
Aoz YEpGT o7t S71d4E &4 HojgY 4
g g2gfot HAE floje9] Agetwet xjo|7t o
2 o A Bt}

# train and test date
train80_input, test20_input
, train8@_target, test20_target
= train_test_split(data, target, test_size=0.2
, random_state=55)

# train and validation data
# The ratio is 60 vs 20 from train86_1input data
train6@sub_input, valid2@_input
, train6e@sub_target, valid20_target
= train_test_split(train80_input, train80_target
, test_size=0.2
, random_state=55)
dtree = DecisionTreeClassifier(max_depth=15
, random_state=55)

ONO UV WN R

PR R PR R R
NoOuhWNR OO

# training with train data
dtree.fit(train6@sub_input, train6@sub_target)
print(dt.score(train6@sub_input, train6@sub_target))
print(dt.score(valid20_input, valid2e_target))

N R
® © ©

Fig. 3. Decision Tree Learning Model for Food
Classification
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mc}

ol

Score

5 10 15 20 25 30
# of depth

Fig. 4. Scores in Depth of Decision Tree
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dotdlon 7F =t Ato]o] 7] 34 FAL ginig AR
stct. splitter= 7F = EO|A 233 Ad=ish= O] ALY
+ Aol T(leaf) = E0] |4 HlolE A& & 10]
.}, A]4A E4% min_impurity_decrease= 0.00]0 E
2]0] MAFS WAL QAX] min_impurity_split= 00]c}.
AL MR E AMESH 73 m2fo]E= Table 63} Zo]
A1385t9l 0™ Fig. 5 75“’1 n_iter H0flA 1509 ‘?_}%

£ agelgint. oY wy & ar mwmau Hmgre
max_depth: 40, min_impurity_decrease: 0.00042167,
min_samples_leaf: 7, min_samples_split: 152 AJATE]
Ut oAAR wee £dH stolmutetulelo] w2} &)

FU 5 4ERR A8

Table 5. Decision Tree Model Parameters

Parameter Value
criterion gini
splitter best
max_depth 15
min_samples_split 2
min_samples_leaf 1
min_weight_fraction_leaf 0.0
max_features None
random_state 55
max_leaf_nodes None
min_impurity_decrease 0.0
min_impurity_split 0
class_weight None
presort deprecated
ccp_alpha 0.0

Table 6. Random Search Tunning Parameter

Value
0.0001~0.01

Parameter

min_impurity_decrease

max_depth 1~50
min_samples_split 2~30
min_samples_leaf 1~30

params
= {"min_impurity_decrease': uniform(0.0001, 0.01),
‘max_depth': randint(1, 50),
'min_samples_split': randint(2, 30),
'min_samples_leaf': randint(1, 30),
}
rs_tree = RandomizedSearchCV(
DecisionTreeClassifier(
random_state=55), params, n_iter=150
, Nn_jobs=-1, random_state=55)
rs_tree.fit(traing80_input, train80_target)

PO WOVWKONOUTAWNPR

==

Fig. 5. Training Model with Random Search

8
= A Hdolle AlY IR, Eadte, % Aol
TR R ALY dES ARSI s date 4
AZO| Hieh AlEwez EREHAS
AET £RE YT AR EE 7IE AF 11927)
AlFoz Adstalon B2l 41742 Fig. 6t A
Fig. 50flA 2|A ] m2tu]ES A7) ¢k RandomSe

archCV()9] n_tierg Fig. 71} o] 10~1607}X] 75t
Aaet 243 1509 W2 ) Hjxjo] metole] o] At

9lon njelulElS % A8t o|& ALl 97.45%2 LIE}
ot
wR7F BESHAl Reh 2.55%0] A2 AEdmet

1
of jolo] et £57} oF © oz B

Vegetables
<=05

Carbohydrate
<= 8.252

Protein <=
6.555

Protein <= Protein

<= 3207

Carbohydrate
13.387 <= 25458

Fig. 6. Decision Process of Decision Tree
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Table 7. Food Group and Categorized Foods
0.97 -
0.96 4 No Food Groups Cnt.
0.95 1 Grain 43
' 2 Fruit 31
g 0-941 3 Fishes&Meat/Low Fat 35
g 0.934 4 Fishes&Meat/Mid Fat 18
0.92 1 5 Fishes&Meat/High Fat 14
00 6 Milk 4
1 7 Fat 29
0.90 A 8 Vegetable 64
0.89 i . . ; . . . .
20 40 60 80 100 120 140 160
n_tier
Fig. 7. n_tier of Random Search .
V. Conclusions
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Table 8. Food Groups Classification Results
Foods Protein Fat Carbohydrate | Total sugar | Dietary fiber Cetmery Food Predicted
() (9) (9) (9) (9) Group Group
Cooked glutinous | 4 o;3,0, | 065789 21.84211 0 o | Cerealand | i Grain
rice, White rice Product
Rice with Cereal and
glutinous rice, 1.976048 0.11976 22.33533 0 0 ereal a Grain Grain
) Product
Brown rice
Rice porridge, Cereal and . .
White rice 1.971831 0 21.97183 0 0 Product Grain Grain
Glutinous rice, Cereal and . .
White rice, Raw 1.763085 | 0.110193 21.90083 0 0 Product Grain Grain
E;‘:}'ts cocktail. | 5753333 0.04 24.69333 252 16| Fruit Fruit Fruit
Peach, White 0.430769 | 0.030769 2067692 | 2187692 | 3230769 |  Fruit Fruit Fruit
peach, can
Peach, Yellow 0.382716 | 0.024691 24.62963 | 23.22222 3.08642 Fruit Fruit Fruit
peach, can
E(';I‘iz a:apr:e, 0.397436 | 0.051282 2458974 | 2026923 | 2.179487 Fruit Fruit Fruit
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