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A study on machine learning-based anomaly detection algorithm using
current data of fish-farm pump motor
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ABSTRACT

In line with the 4th Industrial Revolution, facility maintenance technologies for building smart factories are receiving affention and
are being advanced. In addition, technology is being applied to smart farms and smart fisheries following smart factories. Among them,
in the case of a recirculating aquaculture system, there is a motor pump that circulates water for a stable quality environment in the
tank. Motor pump maintenance activities for recirculating aguaculture system are carried out based on preventive mainfenance and
data obtained from vibration sensor. Preventive maintenance cannot cope with abnormalities that occur before prior planning, and
vibration sensors are affected by the external environment. This paper proposes an anomaly detection algorithm that utilizes ADTK, a
Python open source, for motor pump anomaly detection based on datfa collected through current sensors that are less affected by
the external environment than noise, temperature and vibration sensors.

= keyword : Recirculafing aquaculture system, electric pump, current, Anomaly detection, ADTK

1.4 £
1 Division of Information and Telecommunication Engineering, 424 A ey waky AnlEd gl digh At
) Hoseo University, Asans-si, 31499, Korea gurs) Ao wel 710l 1EET 9tk ol s Wt
Quantum Solution, Jeju, 63208, Korea. B .
* Corresponding author (tachoim@hoseo.edu) Sl ZrpEZER|o] o]o] AntER, AnfEkAAY
[Received 06 February 2023, Reviewed 02 March 2023, Accepted ZFo] A ZPNA =Y, oJPeE 9oL Hrt Yok
09 March 2003 =8 Aol £BoIAA FALL AT E & Auk

w0 E=EE 20024 G ALOR gt ER

2900] A9S Ho} 2-aF AT RGN AL AN o I 13} 22 s8] o2 ge] A9 55 9
= ZTEE};LZLH]H”?? BaE 3 AEA 4NN e 9w 998 A4 392 AR ol A
7% 8 ZT, ZA 7 ,20Q004482) 2 8190 = o
% o] EEL 2039 B e P & &S At Bl clgsts da gAelH. &
590] AU Wol 2-aF AT~ EGEEA FAA ST FAE FoEN A&AA HHHYS T3 29
A AL, 20210636). A& AASL kS AR FHE {FAFOEAN &F
Yo B A7E RT3 ARFAVIEHMEY o . o= < 5
HCTE PRSI AP SHTE A ofipel AT BA AT G TRl ns G
(LITP-2023-2018-08-01417). QA M= B 48 98 = FE BHO 1AL F
Journal of Internet Computing and Services(JICS) 2023. Apr.: 24(2): 37-45 37

http://dx.doi.org/10.7472/jksii.2023.24.2.37



ADTKE EE3H =E0IT UMY Iz

2B HF HIO[E 7|gh ol ZA[of 2+

ror

Foip

iy

2
o
rir
£

of

t71 BT AbAA gel 5t gHlE K3
A5 Fstal dtk sHARE $l9f 2
o] AA| FHHET ojHe| FFS WA
Z REE JHlH He TAEE 7t
H] 717k o] dol LA sl Al
= AR ES 2 dck ol st A
(Down Time) S LAYAIA o172 et
b 9lo] o] ohEl S WA
(Predictive Maintenance) [1] 244 °]t}. [2]
M= HAFHQL ek w2l X
AAE FPgth AT s 975
W) wEol] AlAEle] FEEA]
o] Ao AAEgo] EAg) webk
< 9 v AF delHE F3l dA
o} AAE Feste] drh B =X
Fastr] S8l e T2 FAAg AA
R E (Heatexchanger_pump), 2~7|™ ¥ K ¥ (Skimmer_p
ump), A28 HEZ FE (System_pumpl), A28 FHiZ
K B2 (System_pump2) oA AF HolBE F5ske] Pyth
on 2= Anomaly Detection ToolKit(ADTK) & 24
3t 45 AvE A gk

o%

[kl ox
|o
b o

3

e o
23
Ir

2
|6 M O o2 o fo o> mQ M S S HH X

4o Lo Z
o

fo =
>

o r

Gl
A

i o

S onst
oo
oo
H,

i)

[e)

1t fo olo rob Rl dil oZ U
N
AN

>
- -
0
2w rr
fr 2 oo 4o 2
>
A o

_|>4_‘

=

2oy
Looweg oo

1o g
e
N o
o

l-]j:_u
2 to 4

%
L

i, N [ of ot oot

e 2

e rlr
Bl
;

wzey | [ =em
v Lomag [T omag [T~
AT
=21 QFAIA X
Alﬁ%} oTL
Nt e B
e AAE

[
(3B 1) £HOIY BN A2

(Figure 1) Recirculating aquaculture system
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(Figure 2) Noise elimination through average calculation
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(Table 1) ADTK detector

ThresholdAD

ADTK QuantileAD
A7 InterQuartileRange AD(IQR)
DoubleRollingAggregate+IQR
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(Figure 3) InterQuartileRangeAD Principal

3.2.4 DoubleRollingAggregate and QR
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crease ¥ B9l 4= IQR3} DoubleRollingAggregate+IQR 7+ |25 [ 021 [ 0o | o3
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2-5901 A1 fl_score 09113 09755 L& F AUSATE Pulse 59 | 2> | 079 | 097 | 087
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e M= ¢ IQR¥} DoubleRollingAggregate+IQR 74|
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ol A f1_score 0.85} 0910 €< 4 ATt Noise T E o]
A= IQRANA ¢ = 4-6914 0.8699] fl_scoreE VS 5= )
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(Table 4) Increase pattern Experiment Results
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%13. DoubleRollingAggregate+IQRI 4] agg= var, ¢ = 5-9, A7) high low |precision| recall |fl score
. = 015 2 g9 ThresholdAD |avg + 02| avg - 02| 05 0.944 0.525
window = 6-9°141 0.8399] fl_scoreE A& = AATE T QuantileAD | 0.9 001 0187 | 055 | 0229
9 Increase T © ol A= DoubleRollingAggregate+IQR ]| A1 HA71 C precision| recall | fI_score
o 9] U] 3 1 SOCOI'C‘% ?:4 ] _/': (}3}]\%1 IQR 71’%] ]Oﬂ }\1 E,l_ InterQuartile 1-3 0.560 1 0.602
. = 016 2~ o0 RangeADIQR) | 46 0833 | 0814 | 0823
c=4- 60“ H 0.823 ] fl_scores €= T MME}- 7Z+A) 7] C window | precision| recall | fl_score
13 14 0310 | 0824 | 032%
= - = 59 0310 | 0824 | 032
(% 3) Decrease &l A% Zn} PersistAD
14 0625 | 0187 | 0230
(Table 3) Decrease pattern Experiment Results 47
P P 59 0625 | 0187 | 0230
A7 high Tow el A7) agg ¢ | window |precision| recall | fl_score
ThresholdAD |avg + 02 | avg - 02| 1 1 1 14 |25 | 0350 | 0569 | 0541
QuantileAD | 0.99 001 01 1 019 mean gg g;g; g'ig g-ﬁg
icialid € precision| recall | fl score 59 oo o500 | 0434 | 0ded
InterQuartile 1-3 0.293 1 0.402 2'5 0‘ o1 0‘52 5 0‘ 1
RangeAD(IQR) | 46 0.861 1 0911 e T o3 | 040 | 036
A7) C window |precision| recall | fl_score median 25 0500 0418 0453
13 14 032 | 07 | 035 > 69 [ 050 | 0405 | o047
Persist AD 59 0322 | 075 | 0354 25 [ 030 |05 | 0
o7 14 1 075 | 0833 wum 69 | 0354 | 0493 | 0380
59 1 075 | 0837 ! 5o |25 05 | 0427 | 0459
A7) agg | c |window |precision| recall |fl score g 69 05 0434 | 0464
14 25 0525 1 0.5% DoubleRolling 14 25 0346 0421 0.351
e 69 | 049 1 0.564 N o ) 69 | 0327 | 0319 | 0292
5o | 26 | 095 | 095 | 0955 ggregaiet | min 59 |25 05 | 0375 | 0425
769 | 085 | 085 | 085 IQR ~ 69 05 | 0319 | 0388
1o |25 [ 0433 | 0781 | 0453 1o |25 [ 0423 | 090 [ 048
g 69 | 0030 | 0281 | 005 o 69 | 0504 | 0968 | 0560
median
DoubleRolling so |25 | 0437 | 0575 | 048 5o éz g;ﬁ; g‘ﬁz gg:
Aoarcoater 69 | 0008 | 0012 | 0010 - . ) )
ggIT i |25 | 0 1 0594 1a |25 034 | 062 | 03
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5 | o507 1 059 a |25 |02 | 098 [ 025
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227 high low  |precision| recall |fl_score A7) high low  |precision| recall |f1 score
ThresholdAD |avg + 02 | avg - 02| 0473 1 0.535 ThresholdAD |avg + 02 | avg -0.2 0.570 0.833 | 0498
QuantileAD 0.9 0.01 0688 | 0711 | 0610 QuantileAD 0.9 0.01 0273 | 0818 | 0332
A7) C precision| recall | f1_score A7) C precision| recall |fl_score
InterQuartile 13 0681 | 0885 | 0721 o 13 0535 1 0.629
€] e
RangeAD(IQR
geAD(IQR) | 4-6 0854 | 0769 | 0.800 RangeADIQR) | 46 0756 1 0569
A7) C window | precision| recall | fl_score
14 0653 | 0753 | 0662 A7) C window |precision| recall |f1 score
13
5-9 0653 | 0753 | 0662 13 14 0294 | 0434 | 0248
PersistAD
14 0879 | 0686 | 0767 PersistAD 59 0294 | 0434 | 0248
&7 14 0607 | 0425 | 0420
5-9 0879 | 0686 | 0767 4y : - :
A7) agg ¢ |window |precision| recall | fl_score >9 0607 | 045 | 0420
25 0676 0.903 0734 A7) agg ¢ |window |precision| recall |fl_score
14
9 oz | os7 | o » 25 0499 | 0809 | 0510
mean
25 0893 | 0805 | 0836 mean 69 053 | 0939 | 059
5-9
6-9 0892 | 0764 | 0797 5.9 b 0739 | 07% | 0738
5 06% | 08 | o0 6-9 0819 | 0931 | 0850
14 : : :
25 0560 | 0.697 | 0511
o 6-9 0643 | 059 | 0552 14
6-9 0430 | 0378 | 0336
5o 25 0924 | 0735 | 0809 median
9 091z | o537 | o6 5o 25 0898 | 0653 | 0.701
25 0676 | 0om | o7 6-9 0625 | 0317 | 0410
» ) ) )
25 0499 | 0809 | 0510
. 6-9 0682 | 0877 | 0717 14
25 0893 | 0805 | 0836 sum 69 053 | 0939 | 059
59 25 | 0793 | 0795 | 0738
6-9 0892 | 0764 | 079% 5.9
25 o7z | osz | oo 6-9 0819 | 0931 | 0850
. 14
DoubleRolling 69 0738 0918 0779 - 14 2-5 0.486 0.718 | 0467
+ i DoubleRolling
Aggregate min 6-9 0557 | 0.835 | 0580
25 0907 | 0767 | 0824 A to+ . - - -
IQR 59 sereEee mm 25 | 0739 | 0704 | 0641
6-9 0893 | 08% | 0885 IQR 59 - : : :
25 0737 | 0886 | 0770 69 0779 | 0828 | 075
14
6-9 0760 | 0931 | 0.803 14 5 0484 | 0446 | 0366
max -
25 0916 | 0827 | 0861 max 69 0245 | 0191 | 0180
59 25 | 0716 | 0373 | 0459
6-9 0921 | 0909 | 0908 59
5 0700 | 000 | 072 6-9 0333 | 0150 | 0.205
14
4 6-9 069 | 0983 | 0783 14 o 0521 | 0819 | 0541
st g
25 | 085 | 0812 | 082 wd 69 | 057 | 0941 | 064
5-9 ]
6-9 0847 | 0935 | 0882 5.9 5 071 | 07% | 075
25 0552 | 095 | e 6-9 0791 | 0937 | 0837
14 25 | 0341 | 0820 | 0391
war 6-9 0599 1 0.708 14
6-9 0477 | 0941 | 0551
5o 25 0865 | 0964 | 0908 var
- 25 0730 | 0819 | 0.720
6-9 0.849 1 0910 5.9
6-9 0791 | 0841 | 0.839
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