Journal of the Korea Institute of Information and
Communication Engineering

2™ HEAISHS| =2 X]| Vol 25, No, 7: 903~909, Jul, 2021

A Method for the Classification of Water Pollutants using Machine Learning
Model with Swimming Activities Videos of Caenorhabditis elegans

Seung-Ho Kang' - In-Seon Jeong’ - Hyeong-Seok Lim®"

'Associate Professor, Department of Information Security, Dongshin University, Naju, 58245 Korea
?PostDoc, Department of Software Engineering, Chonnam National University, Gwangju, 61186 Korea
*Professor, Department of Software Engineering, Chonnam National University, Gwangju, 61186 Korea

2 o

ol W71} Z(Caenorhabditis elegans) S A7) A Fo] 43| B2 ZE&E S-HA} 7] ‘g l:,'_/g' ERHE =
ChFRE A Eofoll ARE-E= t 2 2Q) g% Folt}. LES S-S o8-8l o] 2 o F-5 WEsly| fijt Hiol e
HU B Al2Fo tieh of2] AFt5o] AT 2 =22 5H Y =l 2. o] o] He= Q‘U]'E' A2 A7) 9

3 A5 =9 Feol E& 7 AE HolF7] 3l 71AIsks 715k vio] @ U E ] AARS ARt A%

9] =4 A= t#dl| faf A= A& 714 4ol %’\Vé(BraﬂCh Length Similarity) QI E = 1]E AA4HIc}

231 BLS ol E R 1] o] %310 BLS dlE 23] i 2.3 4 712 DEl o2 933}

stof dlof8 Y Y=tk 0.1ppm 528 Z5Y T OlE, Hilxi‘ %—‘jﬁoﬂol 7'(47PE] olglutol A A5 =9 P52
d5ta 7st 5]1& ukE = Hd(Hidden Markov Model: HMM) 9] Al %S 7 Z=31c)

ABSTRACT

Caenorhabditis elegans whose DNA sequence was completely identified is a representative species used in various
research fields such as gene functional analysis and animal behavioral research. In the mean time, many researches on the
bio-monitoring system to determine whether water is contaminated or not by using the swimming activities of nematodes.
In this paper, we show the possibility of using the swimming activities of C. elegans in the development of a machine
learning based bio-monitoring system which identifies chemicals that cause water pollution. To characterize swimming
activities of nematode, BLS entropy is computed for the nematode in a frame. And, BLS entropy profile, an assembly of
entropies, are classified into several patterns using clustering algorithms. Finally these patterns are used to construct data
sets. We recorded images of swimming behavior of nematodes in the arenas in which formaldehyde, benzene and toluene
were added at a concentration of 0.1 ppm, respectively, and evaluate the performance of the developed HMM.

FI9IE : upol 2 U e R A|l2El, o|®marnlAE, 38 nlnE mE, 7| Alss, £ 0o
Keywords : Bio-monitoring system, Caenorhabditis elegans, Hidden Markov model, Machine learning, Water pollution

Received 9 June 2021, Revised 11 June 2021, Accepted 23 June 2021

* Corresponding Author Hyeong-Seok Lim(E-mail:hslim@chonnam.ac.kr, Tel:+82-62-530-3426)
Professor, Department of Software Engineering, Chonnam National University, Gwangju, 61186 Korea

http://doi.org/10.6109/jkiice.2021.25.7.903 print ISSN: 2234-4772 online ISSN: 2288-4165

€ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/ by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



I HEAISS|=2X| Vol 25, No, 7: 903-909, Jul, 2021

oe.
2
fu)
<
rJ
>
Mo 4
U
rH
in
ol
N
Y Rl
o
a
m
ol
ro, M1
z
AN

A thFofAfof o /‘PO}OWE OP’%
T 2 H4E o d 249 FRY o whet bt
FEE 7HA17] dlizoll o5 2 1] A Z/\l i
s717F A4 k. 53] 2 28 FRY
7Fe Rt ol & AlZE ¢toll g 2ts] 54 A|ojofF w3 S
Z|ao)shal A - A oF TA A A5 HEs| &

011‘4—

oo ojRo] 47 2.9 Thilo] AHEEIT 3
Shobd S 2 B o] W2 ol Asiey 4
LFHBOD)o|Y 3}8H4] Aka 8 H-HCOD)S A7t
7], zx4 11—11]% o]ﬁ_gH goﬂ oq u= LE}Q}E}L x%oﬂ/e]
Yot gl 08l B4 Bk Aol Be A
b AU apoka heriel B i

b7} siek

wheb oleler stbd 374 el 9
91 A2 274 o) Bae] A7s)
Sk sfergalel ds) eteia djnsh
S520] Gl ol R{I3N Ark4], BRI
A (bio-indicator) 2 AR5} BUEHSI HFE
St vl Ul Al o 471 2

w r{r

r°" r\' _IIN'

SN

J
ofr

)

XN

=
2
|

10
o 2

oY
mE mlm e oy

]_

XM %23} W(SOM: Self-
F2jof] ¥2H2D FFD)
3= o] HIlE F0l5kc) [2]= EW
E&o A AE T A|(Danio rerio)2] =%
o 57 st 1% A58 SRS, (6]
< =54 B skl tigt S Y(Lumbriculus
variegatus) 2] B-Zo] W3 = o] 83 42 2 oHE

organizaing map)¥} 22} w2
S o) 83| =9
A7} Eofgl

Y= o] 8-

E3] AT 7Y ° X%XI—?— 7} et A ofj
T1ulAZ(Caenorhabditis Elegance)-2- -3- AR} =50]| 4]
W 27 S A ol B glon, 37

sfalEzle] dar W AA AR Aol ot
T E2 TS EYY o oln[7-9]. 9= EY
H oEmupdFe] 9 FES WA SE Hidden
Markov Model(HMM)2 AF&-310] = 0.1ppm?Ql Z&
&d) 3] =(Formaldehyde) ] 2. o1& sHHs}= oA+
2 2gato] A2S o]4at uo] o mUEE A]AE 9]
N 7R e molglel,

ohk, [915 HIEE o] -
S Rl 7
oAt wabd 2 B
9] 35 Hlolof gt A= 1] HVE & EHOl‘ﬂ ol
2a17] 9t 71 Aske A ARHSo] RAke Ml
Zro}r 7] 6‘15041:]-

-
e 3% Aol e B8 h Ao 12
(Branch Length Similarity: BLS) AIEZ 3] & 0]
Ao 223 5 HMMS o] 83l aH53h%Th
 ie5e] TAL Tt 2 244 54
Argstar 3ol A= 7712 AMR HMME 4
o} 43304 AE B Al B4S A 81T 5ol A

e} gL
L

o

m 2 gk
r ﬂllo r

r
flo
PR

=
I, 53

i
W

2 A A= T 2170H| 9] BRI ZH(C. elegans)
o] ARGE| =t 20T QlFHolEf oA i+t H o]

2 Y& HED HAA viFsteict |H] 4.0mm, 2
0] 2.0mm¢l Y& o} W circular arena)ol| SHTE A

$-31 0.1ppm 5o EEUH =, WA, ERAS ¥

T g2 Zb7E 7709 ofutel ol & F 21709] ofHut
ol 17§14 RS @11 CCD 71| 2h= o] R3] 1|7 &kl
SHEATH ™ 1). 123 TS 12T 428 AN H

904



sfo] WA % 14,400 o Q9] S R}k

Fig. 1 An image of C. elegans swimming in an arena
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Fig. 2 A UBN composed of the 13 points placed at
equal intervals along the length of C. elegans
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Fig. 3 Samples of 13 dimension BLS entropy vectors
obtained from a experiment using formaldehyde
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Table. 1 The meaning of elements in 5-tuple
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the number of hidden states

the number of observation symbols in a state

the probability distribution of the state transition

the probability distribution of the observation symbol
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Table. 2 The composition of experiment data set

observation time (seconds) | 30 | 60 | 90 | 120 | 150 | 180

Input vector length 120 | 240 | 360 | 480 | 600 | 720

the number of training data | 419 | 209 | 139 | 104 | 83 | 69

the number of test data | 105 | 53 | 35 | 27 | 21 18
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Table. 3 The best accuracy with the number of patterns
and observation time for classification problems
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Vvs. Vvs. To ien Benzen
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Fig. 4 The accuracy of the monitoring system over the
test data with observation time varying from 30 to 180
seconds under state number 7 and pattern number 7
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Fig. 5 The accuracy of the monitoring system over the
test data with observation time varying from 30 to 180
seconds under state number 5 and pattern number 5
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