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Abstract Recently, loT-linked services have been used in various environments, and IoT and artificial
intelligence technologies are being fused. However, since technologies that process IoT data stably are not
fully supported, research is needed for this. In this paper, we propose a processing technique that can
optimize [oT data after generating embedded vectors based on machine learning for IoT data. In the
proposed technique, for processing efficiency, embedded vectorization is performed based on QR such as
index of IoT data, collection location (binary values of X and Y axis coordinates), group index, type, and
type. In addition, data generated by various IoT devices are integrated and managed so that load balancing
can be performed in the IoT data collection process to asymmetrically link IoT data. The proposed
technique processes IoT data to be orthogonalized based on hash so that IoT data can be asymmetrically
grouped. In addition, interference between IoT data may be minimized because it is periodically generated
and grouped according to IoT data types and characteristics. Future research plans to compare and
evaluate proposed techniques in various environments that provide IoT services.
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Fig. 3. Detection of missing values of loT data
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A|g 8o 84S Table 29 2t} ABH oL
VMware 7M€ AHgStel AT ABdel4
of A dlojel A WAL A Google
ColabollAl shol4l, Aol e, ek, dsto] Jel
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Table 2. Simulation environment

Specification
oS Windows 10 Professional
CPU AMD Ryzen 5500X

VMware Workstation 16

VMware 0s Windows 10 Home
Workstation CPU 4 core
RAM/HDD 8GB / 100GB
Language Python 3.9.8
Tool Google Colab
Library Scikit-learn, pandas, numpy, matplot, etc

42 NZHo|M 27 o

AlEdo] oA AMGE HlolE Al [14, 15]04]
25,00071& $=3stlom, 44 Holes AAIE E
#HY dlolBl(raw data)2W & Ho]E(train set)2}
HAE Eo[E(test set)?] HIEE 822 [AISHATE
B0 AFgE &4 178)&2 LR(Logistic Regression),
MLP(Multi-layer ~ Perceptron),  SVM(Support
Vector Machine)ol™, 3ol AMH FaejE2
KNN(K-nearest neighbors), RF(Random Forest)
olth. 7|4 sh&< ol 57HA AEE EAQIEA, &
A AAXEH Y& 39 o]zgh), I& dd9A, B9,
TF 93 23gsto] BdE st m4leld
& Hdof| AMgE= ¢ugjEE mheulE g2 Table
33 2ot

Table 3004 SVM ¥112]&9] S 43} metn|
El(Regularization parameter(C))= [0.001, 0.01,
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0.1, 1, 5, 10, 25, 50, 100]1°.& ZtZ+ B7lel% o,
1 Ay Hydor A3t mtetv]E| (Regularization
parameter(C))7} 109 497t 7HE £& 455 7
ot KNN €12839 A< o9 #= (1, 3, 5, 7.
10102 B7lot5e A9 B8 02 57t 7P £2 4

s< 7M.

Table 3. Parameter values of machine learning

Algorithm Parameter Value

Regularization strength(C) : 10
LR Solver : Ibfgs
penalty : 12

Hidden_layer : 100
Activation : relu

Weight optimization : adam
Learning rate : 0.001

MLP

Regularization parameter(C) : 0.001, 001, 0.1, 1,
5, 10, 25, 50, 100

Kemel : rbf

Probability : true

SWM

Number of neighbors : 5

KNN Weights : uniform

RF number of trees : 100

43 85 Wt A
4% BAOIA AL ABOIA A5 B A=

< 4 0)~4 ) & 20

A ~ TP+ TN B
ceuracy = rpy TN+ FP+ FN
.. TP
Precision = TP FP )
TP
Recall = W (8)
Fl— Seore = 2% Precision X Recall ©)

Precision + Recall

44 Zut J 24

AR 719 587t A= Table 49 2t
Table 49| “35%7= 4e=e F1 23019 Hagh
< Z2E o] w2t Bl st Table 49 234 H,
ARt 712 Al ok BEo] ARREE daEE
of =3 IoT Hlo[8lE #4¢ 23 o8 542 A
3t 10T Hlol87F ©d 542 A= ToT HlojgEot
2 23S EALL IoT HolHY g2, 3 A

(XE% Y3 HEY o1, 1§ A2, B, FF
S9 2T A B Aol FUY AL WA
% qlglt 290, A E4 2/FS VL 23 3
9 =
& =5-

4 A= MLP(Multi-layer Perceptron)?} 7F
22 o= B, A F4 Fo= RF(Random
Forest)7} 2 A& B3t IoT 4 dlolg9] £
o mZ k5 YIloAE [oT dlo]g Y 30| S
4%  LR(logistic = Regression) Yilg&}
SVM(Support Vector Machine) &ilg]&0| 4J50]
Zoton,  [oT dHeolH APl IEsesE
KNN(K-nearest neighbors) @118]&9] 50| 4
B7FESIT [oT 4 dlol8 9 4 5 2019
o] AsL  MLPMulti-layer  Perceptron)2}
RF(Random Forest)’} £& A5S HYL).

Table 4. Performance result unit: %

CN 1 2 3 4 5 6
A | 8452 | 838.75 | 86.75 | 89.79 | 90.01 | 91.75
R LT | 0.008 | 0.007 | 0.011 | 0.009 | 0.012 | 0.01
F1 | 80.85 | 84.26 | 8237 | 86.63 | 83.81 | 88.05
CN 1 2 3 4 5 6
A | 9449 | 91.87 | 9347 | 92.89 | 93.63 | 94.47
MLP LT | 0.007 | 0.005 | 0.003 | 0.001 | 0.003 | 0.004
F1 | 9317 | 91.24 | 89.82 | 90.71 | 88.58 | 92.41
CN 1 2 3 4 5 6
A | 87.28 | 83835 | 87.37 | 89.24 | 90.21 | 88.01
SVM LT | 0.008 | 0.009 | 0.008 | 0.007 | 0.006 | 0.005
F1 | 86.49 | 90.17 | 8834 | 89.02 | 87.07 | 91.57
CN 1 2 3 4 5 6
A | 8721 | 88.74 | 87.98 | 91.14 | 90.11 | 89.72
KN LT | 0.002 | 0005 | 0.004 | 0.005 | 0.006 | 0.005
F1 | 82.28 | 86.07 | 83.28 | 88.73 | 86.47 | 89.17
CN 1 2 3 4 5 6
A | 90.92 | 91.75 | 89.41 | 9252 | 93.71 | 91.87
AE LT | 0.003 | 0.005 | 0.004 | 0.003 | 0.004 | 0.005
F1 | 89.39 | 88.27 | 90.69 | 93.06 | 90.77 | 92.14

CN : The Count number of simulations
LT : Learning Time A : Accuracy F1 : F1-Score

5. 42
ASAs 713 [oT 7leol 4= et &
AAZx, 38, HE, EF78 )14 IoT AHl27t
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AMUIAE A heh7] et walEd 719k ToT Hlol
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& A= AudlsteE Aottt 4587, [oT Hol
HO A F4 A/Fo| wEt JY F4 Hole
MLP(Multi-layer Perceptron)7} Al &4 Joj=
RF(Random Forest)7} £ A5 Eth [oT dlo]
ol sk HrlolAE [oT dlolEde] ZHow
LR(Logistic Regression) ¥18]&# SVM(Support
Vector Machine) ¥12]&0] £9toH, [oT dlo|H
o] 571842 KNN(K-nearest neighbors) &
1FE Asol $A B7HEUY. FF AfoH = A+
23S 7I8IO R [oT AR|AE AlFshe o2 2
A v G7kE T Agolth
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