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Research on Outlier and Missing Value Correction Methods
to Improve Smart Farm Data Quality
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ABSTRACT

This study aims to address the issues of outliers and missing values in Al-based smart farming to improve data
quality and enhance the accuracy of agricultural predictive activities. By utilizing real data provided by the Rural
Development Administration (RDA) and the Korea Agency of Education, Promotion, and Information Service in Food,
Agriculture, Forestry, and Fisheries (EPIS), outlier detection and missing value imputation techniques were applied to
collect and manage high—quality data. For successful smart farm operations, an IoT-based Al automatic growth
measurement model is essential, and achieving a high data quality index through stable data preprocessing is crucial. In
this study, various methods for correcting outliers and imputing missing values in growth data were applied, and the
proposed preprocessing  strategies were validated using machine learning performance evaluation indices. The results
showed significant improvements in model performance, with high predictive accuracy observed in key evaluation metrics
such as ROC and AUC.
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Performance Improvement After Preprocessing

Metric

: R2_Improvement

. RMSE_Improvement
ﬁ

Model

N
S

Improvement (%)
% 8

o

a7 3 MAE = HMs A
Fig. 3 Performance Improvement After Preprocessing

32 AAY ¥y 2d A5 A

e AFE Fuste, dolgAle] B ukeh
ksl Ay WHES AR 4 gty ¥ F
(Standardization) 2+ ﬂﬂhg} Normalization)& %83}
o] doly A2 HAANA o] dAE 2dstal, HI}

B9 P54 iy e Fe 4wl
)\é‘—a—% 7H/H61— H]—O]- qu}_ EH:] = ‘l‘]f’_ﬁ .j_E]

= XM X(Grid Search)t} #% A X](Random Search)
& ARgslo] A 9] stolsmeinEE B8t uA}
A% (Cross-validation) S &3 29 AsS Hr) <
gAoE Wt & Stk o9k A, B F8%
(Feature Importance) S l"?—*—’[ ate] dFo b & 4
T HAE WFEE gobste Aol 7hssith

g 49 Oy 55 GAE 719 (Ensemble
Methods)& AH&ate] o2 RE9 o AWRE AP
oz o U2 e odF IS =53 AEHE
HolgEth s 7IME A8 A¥, 3% =
AIEE A& F AUk

N

iy
P ol

(R R44.1 - C/wd/BAY EDFEY )
tions)A2) /

+ sum((data_processed$Z 04 - mean(data_processed$<ili£:))A2)
> results <- rbind(results, data.frame(Model = "Ensemble",

+ RMSE_Before = NA, R2_Befo
re = NA,

+ RMSE_After = ensemble_rms
e, R2_After = ensemble_r2))
> # 2 29

AHE 93% HEE
> print(results)

Mode1 RMSE_Before R2_Before RMSE_After
1 rf 2.463951 0.8049015
2 xgb 2.537374 0.7931009
3 lasso 3.528507 0.5998971
4
5

R2_After
0.3713157 0.8779448
0.4147327 0.8477328
0.4866148 0.7903762
0.3996644_0.8585963
0.2694863_0.9307212 !

svm 2.886708_0.7322093
Ensemble NA NA

a8 4. z2F g g1eE
Fig. 4 Final fitting algorithm accuracy

yae

1032

R-squared Comparison Before and After Preprocessing

075
Time
050
| 5
B oo
025
000

3
&
P

R-squared

Model

a7 5 gate 2Y X7t M5 o =
Fig. 5 Ensemble model additional performance
evaluation graph

33 dole FAA4s A% 2 459 #A
2 A7) vhge Asteld, AAe A% doly
A% oE wY 4 o] A AT A,

-
™
a5 3 T g Ao yehto
o, g 7Y Be EFAASE 282 AAY
ol otk olgd AnEs nwigow "doly ¥
AAG7} o s BEA] o mye] HEgEr)
EolAE AL otk ARg EEE 4+ AT
[10]. =2 o) thiah Zo] F23 4 vt

D A R 5 40 dolHE, d3ad

2) A5kl e AUAA AR dolE = A
overfitting) & 2 4 Utk o= A AA
wol=el MFEAS WhdskA] kA FHol mdol A

&
e o
v e
)
e ot
Wl
o
ot
rlo

tlo
o

il

o

BN

ot

X

o x2
m;‘T ]\30 o 4

= b

2 9 o &

=2 8

=

of

o



sobEg dole B4 A4S A% o4 2 AZA w4 Pael B AT

6) #xo| ity At A
Fulo] Qi B9, FAATE BHTE A% 45 4
s 4 gtk olst @ol, dolE FAAFE dole]
54 Z0e Bk o S8, o mae 4%
2wt FUF 4wt B 5 9es ¥ ATE A
Apsta gk dlele] AAst FA pelw ohl
w8 75 Al FFAQ Hze] Bast

& Ay dely FEAS7) o5 28 L

Ao AR, O AA R w2 o AReE

Fete 228 AAEsith a3l o
= oy Fd FFERE ofyeh

g, daeE A, 2dl

Zgo] THHOR o] Folxof Pt

e Tl dolE o] Akl Fdo

=2 o g oo fo
(RO e I RO
PUREN ol X

1> O&,

O

Loy 2

o ot <>

ofk

50
N Py
g
to iy

[\

1o tn
32
e o
T E
it
ol
i
\
M
=
5T
{u
X
[]N
ol b
o
2
=,

o )y T, rx lo i
o
0
ft ©
R
o
N
Y
2
it
o -
td
e}
R
hurpd
2
ol
o

!
ng, M
oX,

Ir

e
2
rJ
e o
)

o2 (B O X o o

[o
=
A
fui

oM E YR dugSod A
21t} Random Forest, XGBoost, SVM
oA RMSEZ} 7+A43}al R-squared ko] Z7}3}

~N
==

tl, o]&= Lasso7} olH| 54 A9 755 WA
of AAzlel odas d Woky] wEoz FAHHD 4
e mde P Ee 4TS B, kit mde]
A8E AFshe Aol A YS sk
W Sk #4 Ad, 2, 95, =7 F7)
5o WL Al dFel T3 9Es s A
o2 vehgth o s v A dXsE A
Wz mde] AzAS SEhE Fag Wt
THHoR, B Ao FdE dAe FAHL b
olt] FAI mdl AT P AL dFE A

ZAtel 2

=
e AR I |E RS 9] Ader A

RN/ EH71e] XS ol e3E X955}

References

[1] A. B. B. Torres, A. R. da Rocha, T. L. Coelho
da Silva, J. N. de Souza, and R. S. Gondim,
"Multilevel data fusion for the internet of
things in smart agriculture," Computers and
Electronics in Agriculture, vol. 171, 2020, pp.
105309.

[2] S. Mandi¢-Rajcevi¢ and C. Colosio, "Methods for
the Identification of Outliers and Their Influence
on Exposure Assessment in  Agricultural
Pesticide Applicators: A Proposed Approach and
Validation Using Biological Monitoring," Toxics,
vol. 7, no. 3, 2019, pp. 37.

DOI: 10.3390/ toxics7030037.

[3] M. Ester, H-P. Kriegel, ]J. Sander, and X. Xu, "A
Density-Based ~ Algorithm  for ~ Discovering
Clusters in Large Spatial Databases with Noise,"
in Proc. 2nd Int. Conf. Knowledge Discovery and
Data Mining (KDD-96), 1996.

DOI: 10.5555/3001460.3001507.

[4] S. Kim, "Efficiency of Imputation Methods in
Generalized Estimating Equations," Agriculture,
vol. 7, no. 3, , Aug. 2018, pp. 56-59.

[5] K-R. Shon, "Research of Quality Improvement by
Factors Analysis Data Quality Problem: Focus
on National R&D Information Linking
Structure,"  Journal ~of the Korea  Contents
Association, vol. 9, no. 1, 2009, pp. 23-28.

[6] S. Lee, "Comparison of Algorithms for the
Missing Data Imputation Methods," Report, 2020,
pp. 44-45.

1033



JKIECS, vol. 19, no. 05, 1027-1034, 2024

[7] Kakao, "Kakao AI Report," Report, Oct. 2017, pp.
1-15.

[8] J. Yu, K Jung, Y. Chung, and C. Lee, "A Study
on the Prediction Model of the Radius of
Curvature of the Subtle Feature of the
Automotive  Parts  for  Different = Forming
Conditions," ]. Korean Soc. Precis. Eng., vol. 40,
no. 1, 2023, pp. 49-55.

DOIL: 10.7736/JKSPE.022.101.

[91 W. Chung, O. Moon, S. Park, and E. Hwang,
"An Electrical Load Forecasting Model based on
GNN Considering Spectral Similarity and Priori
Relationship," in  Proc. ~ Korean  DataBase
Conference, 2022, pp. 3-6.
https:/ /www.dbsociety.kr/kdbc/kdbc2022/KDBC2
022_Proceedings.pdif.

[10] S. K. Natarajan, P. Shanmurthy, D. Arockiam, B.
Balusamy, and S. Selvarajan, "Optimized
machine learning model for air quality index
prediction in major cities in India," Scientific
Reports, vol. 14, Article no. 6795, 2024.

DOI: 10.1038/541598-024-54807-1.

XA 271

0| MZH(Sung-Jae Lee)

2337 AA AWk AnlEsd
A A

1999~ & A () el A

w PRk 1 ArbER, AFAS

A8 (Hyun Sim)

2002 =ddistal AFE Y
Z (o] A AN

20099 =g g #
et (0] shukAL)
20207 A X Usta vt EEd S B
202337 A A =Y AR AL
20217 A Ut Ay wS e
20213~ & A HyperAi&ESGAZSAAIA T+ 4 2%
¥ o QFAE, 2vtER ESG

%

3}

B
k)

b

1034





