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Anomaly detection of photovoltaic systems installed

in renewable energy housing support project sites by analyzing power generation data

Da Won Kim

Department of Energy Resource Engineering, The Graduate School,

Pukyong National University

Abstract

In this study, we proposed a new method to detect the abnormalities among photovoltaic
(PV) systems installed in renewable energy housing support project sites by analyzing
power generation data. The site at the north side of Gakbuk-myeon, Cheongdo-gun,
Gyeongsangbuk-do, Korea was selected as a study area where 63 PV systems have been
installed and operated. By considering the factors related to system design and surrounding
environment, the 63 PV systems were clustered into 6 groups using the K-means clustering
method which is an unsupervised machine learning algorithm. The power production data
from the PV systems for each group was analyzed and set as an abnormal value if it
deviates from the range of +2.58 times the standard deviation from the mean (assuming a
normal distribution and 99% confidence level confidence interval). As a result, several
abnormalities among PV systems were detected during November 2020. The cause of
abnormalities was confirmed through a site investigation. It is expected that the proposed
method can be effectively used for fast problem diagnosis of PV systems in renewable

energy housing support project sites.
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Fig 1. Aerial view of the study area (Gakbuk-myeon, Cheongdo—gun, Gyeongsangbuk-do, Korea)
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Fig 2. Criterion for detecting the abnormalities when assuming a normal distribution

_10_



23

4,

;IIH

<
i

—

0

ﬁo
)
coal
N~

B AR AR gkl whel Ee] i

B
Jo

olo
T

&
Gl

o
)A

ﬂDvO

_—

<]

B
T

3t Sun map¥ View

3} oAE dapeke] mAE 19

_11_

3l A& AXMlAM dArge] vA= 19

6378 PV Al =gl of
S 77 2489 49 WAd) W Fig 33 2o 479 B

=

o

&

&

8714
o]

2o
=

o

X2 7

pyA

Zbe] WA o=
ArcGIS



The number of pixels

on the left
Type 1: Left? Right | 1 Type 2: Left? Right 1
\ 817 32 13
., The number of pixels
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€1 87 284 148

Fig 3. Four types of the intersections between Sun map and View map
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Table 1. PSF and R? value according to the number of clusters for selecting the
optimal number of clusters

Number of clusters PSF R?
6 427 0.81
5 31.8 0.76
4 316 0.68
3 251 0.50
2 213 0.28
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A Mps T ARAEFS Ak mAls oA dds dY des
doletdtt. ZF PV Alz=glo] Hel Bid sjdats 3t S~ A3
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g
of
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Fig 4. Location of PV systems installed in the study area. Different colors and symbols were used for each group
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Table 2 Selected variables and clustering results for PV systems in the study area

D Total installed Height Left Right D Total installed Height Left Right

Production (kW) Offset (m)  Pixels  Pixels Production (kW)  Offset (m) Pixels Pixels
PV_01 3.12 3 710 914 5 PV_34 3.12 5 952 720 5
PV_02 3.12 4 746 8638 5 PV_35 3.12 2 962 730 5
PV_03 2.08 4 284 1485 1 PV_36 3.12 2 1093 988 5
PV_04 3.12 4 297 1272 2 PVv_37 3.12 4 903 745 5
PV_05 3.12 2 303 1294 2 PV_38 2.6 3 946 730 4
PV_06 3.12 4 295 1351 2 PV_39 3.12 6 1171 455 6
PV_07 3.12 3 319 1286 2 PV_40 3.12 3 1060 540 6
PV_08 3.12 4 440 1131 2 PV_41 3.12 3 1037 727 5
PV_09 3.12 3 633 1158 2 PV_42 3.12 3 1163 468 6
PV_10 3.12 6 1421 1041 3 PV_43 2.08 4 298 1316 1
PV_11 2.08 4 1227 764 4 PV_44 2.08 5 956 838 4
PV_12 2.6 4 1296 756 4 PV_45 2.6 5 687 902 4
PV_13 2.6 4 1327 1040 4 PV_46 3.12 4 291 1451 2
PV_14 3.12 4 1235 1350 3 PV_47 3.12 4 1314 1316 3
PV_15 3.12 4 1327 1040 3 PV_48 3.12 4 1332 1336 3
PV_16 3.12 6 2585 817 3 PV_49 3.12 4 803 920 5
PV_17 3.12 4 1419 1040 3 PV_50 3.12 6 1300 1224 3
PV_18 3.12 4 1544 728 5 PV_51 3.12 2 1338 1031 3
PV_19 2.08 4 1110 791 4 PV_52 3.12 4 1210 1448 3
PV_20 3.12 4 1117 793 5 PV_53 3.12 4 1399 1253 3
PV_21 3.12 5 842 900 5 PV_54 3.12 6 1076 532 6
PV_22A 3.12 4 861 870 5 PV_55 3.12 4 1042 709 5
PV_22B 3.12 4 861 870 5 PV_56 3.12 2 625 977 5
PV_23 2.6 4 912 849 4 PV_57 3.12 4 1521 1002 3
PV_24 3.12 4 955 860 5 PV_58 3.12 4 1427 1258 3
PV_25 3.12 4 954 809 5 PV_59 3.12 4 384 1149 2
PV_26 3.12 4 964 840 5 PV_60 3.12 4 1165 690 5
PV_27 3.12 4 1153 788 5 PV_61 3.12 4 459 68 6
PV_28 3.12 3 1110 793 5 PV_62 3.12 4 1435 1034 3
PV_31 3.12 6 1140 1414 3 PV_63 3.12 4 1402 1039 3
PV_32 3.12 4 1106 867 5 PV_64 3.12 4 332 1234 2
PV_33 3.12 4 1003 778 5
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Table 3 Statistical values of daily power generation data from PV systems at each group

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

number of PV system 2 9 16 8 23 5
min 0 0 0 0 0 0

Qt 5.80 7.78 8.65 6.45 7.92 7.54

median 9.15 12.88 13.46 10.10 12.94 11.75

mean 8.39 11.96 12.50 9.38 12.25 11.13

Q3 1.3 16.38 16.75 12.61 16.56 15.08

max 14.60 21.98 22.11 16.51 139.86 20.2

Standard Deviation 3.72 5.64 5.53 415 9.05 5.07
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Fig 6. View of PV systems detected as abnormalities: (@) PV_16. (b) PV_51. (c) PV_20. (d) PV_26
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