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Effects of improvement of fishing operating system on a coastal improved

stow net fishing vessel on the work safety and workload of seafarers

Min-Son Kiv, Ho-Young CuaNG and Bo-Kyu Hwanc*

Professor, Marine Production System Major, Kunsan National University, Jeonbuk 54150, Korea

This paper is the result of a comparative analysis of crew members' workloads using the EMG and OWAS methods according
to the fishing process before and after the improvement of the operating system of the experimental vessel, with the aim
of improving operational efficiency and safety work of coastal improved stow net fishing vessels. The target crew members
were three people with at least five years of experience on board the same fishing vessel as the experimental vessel. After
improving the operating system, such as installing a power block crane and two capstans, change the location of the ball-roller,
the time required for setting and hauling work decreased (p < .01), and the evaluation results by OWAS showed that the
overall workload for setting and hauling net work decreased. The results of muscle activity analysis showed a decrease in
lashing anchor work (p < .01) in the case of hauling net and in anchor dropping work in the case of setting net (p < .001).

It is judged that the use of ball rollers in net handling has been reduced; consequently, work safety has been improved.
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Table 1. Demographics details of participants

Grou Career Height Weight BMI
P (yrs) (cm) (kg) Index
N=3 5.48+2.54 172.48+4.54 63.42+5.8 15.47+7.94
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(© Dropping ready deploy device

Dropping deploy device

@ Dropping net

Fig. 1. Hauling (D~®) and setting net (®~@) event classification.
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Table 2. Work load levels for assessing the effect of working posture on the musculoskeletal system (KOSHA, 2021)

Working posture level Assessment contents

No action required

Level 1 No harm to the musculoskeletal system
Level 2 Acftion required in the near future
Slight harm to the musculoskeletal system
Level 3 Af:tion required as soon as possible
Direct harm to the musculoskeletal system
Level 4 Action required immediately

Causes very serious harm to the musculoskeletal system

APAIE T2 Ale]) w21 9ol uhe} Table 20 Uil

4 ghek. 24} SolA] 33}
2 £ 29l e Wist
Aelow ke 490
7/\

JtHKOSHA, 2021).

+
M
o
o il
i
:1m

EMG 24
28 E BX42 EMG (Noraxon MR 3.0, Noraxon
Inc., USA)E AREslYl o, (2% A5+ 21 1,500
Hz= 35keleh S4%H 4% 29-HolE = 10~350
Hz=: 9=} ZE|%(bandpas filter) 2! A F(rectifcation)

= AABRH e 542 A9 ko] = (noise) 2]
2043512 918 ARt AR Ae 5, o)k
4 AAS Slelo] Ak How AT it s B

23, AT AlA] SHLY] A HSHES

o

2]

e 2

mlo 4E
Ni
Oll

FHATE o =22y & | I(latisimus dorsi),
zs| 2 L(erector spinae) & 42L9]
watalolt(Fig. 2). AR lolelo] o)
T+ 2H(normalization)S |8 =% +7ke] 2
42912 S AHX L4 (Maximum Voluntary Isomeric
Contraction: MVIC)S. & A 315 AAISFATHA (1)).
1714 EMGNomaiizations= T-A52] 73712} £, EMGyiaimum
& Fvf 1 sfele] A= ZE EMGraa> <578 AFSlollAl
O %= 7F Y EMGres> 541 AEfoll A o] = 7k

ot} B4 Aol A= 2 wrEA o] 2k A|7RS thA)
O 7 AI15}E Skch(Lawrence and De Luca, 1983; Yang
and Winter, 1983).

#}27]

EMG:&ask B EMGRest 1
EMG]V[(whrLum - EMGRest ( )

EM G]Vormalization =
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Fig. 3. System fishing of experimental fishing vessel
previous(a) & post(b) of improvement, D, @ and @ of
(a) show anchor, anchor recess, bollard, @, ®, ® and
@ fore and aft rollers, fore fishing post, cargo line, pulley,
®, @, ©® and @ aft fishing post, ball roller, side roller
and stern ball roller, D, @ and @ of (b) show anchor,
anchor recess, bollard, @, ®, ® and @ capstan(port and
starboard), ball roller, crane, power block, ®, @, @ and
@, crane control unit box, fishing post, pulley, cargo line,
® and @ side roller and stern ball roller.
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(©
Fig. 4. System of crane (a), power block (b) & capstan (c).
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Table 3. Hauling net time required
. M(sec)+SD
Variables t p
pre post

Hoisting purse line 211.33+4.16 245.67+9.81 -4.556 .045 *

Hoisting deploy device 257.33+7.76 95.00+£28.79 13.309 .006 **

Hoisting body net 263.67+9.50 417.67+50.46 -6.081 .026 *

Hoisting four forked line 69.3345.13 77.67+6.42 -1.502 272

Hoisting two forked line 118.00+2.64 70.00+2.00 18.142 .003 *x

Hoisting anchor rope 502.99+31.64 336.66+10.69 8.333 .014 *

Lashing anchor 48.67+16.50 0.00+0.00 -.664 .036 *

Total 1,470.33+47.01 1,242.66+.107.57 2.633 115
Table 4. Setting net time required
M +SD
Variables (sec) t p
pre post

Dropping anchor 26.33+4.93 127.00+11.53 -24.824 .002 wx

Dropping ready deploy device 178.7+8.62 89.66+16.80 14.000 .005 wx

Dropping deploy device 187.42+9.01 138.01£31.43 2.176 .161

Dropping net 186.11+£10.53 63.12426.15 12.120 272

Total 578.31£16.62 417.66+13.86 -10.221 .007
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Table S. OWAS during hauling net

Hauling net

Variables

Lumber

Arm Leg Weight Working posture level

Hoisting purse line 4
Hoisting deploy device
Hoisting body net

pre Hoisting four forked line
Hoisting two forked line
Hoisting anchor rope
Lashing anchor

2 2

Hoisting purse line
Hoisting deploy device
Hoisting body net

post Hoisting four forked line
Hoisting two forked line
Hoisting anchor rope

N D = = = = NN R RN D W

Lashing anchor

[ NG T NG YRS U R S NG TN G YRS G VP U
AW DR DN R D W
W — = = = = — W W =
BN — = = = N PR NN W~

Table 6. OWAS during setting net

Setting net

Variables

Lumber

Arm Leg Weight Working posture level

Dropping anchor 1
Dropping ready deploy device
pre . .
Dropping deploy device

Dropping net

1

Dropping anchor

Dropping ready deploy device
post . .
Dropping deploy device

W o= N NN = N

Dropping net

NN = =W = = N
F VS BV VR N - )
A= WA NN W

3
3
3
1
3
3
3

(15555), 1 FAd(@r) 2R % } 7:‘47} Lt
ForARl(eE

A 390), AW &=
6]’31]“01141(2‘1“1‘—’1—/1\—%), T Bl dp) & Bt

EECIRBISIStoN

oA 2 A5 BAl Zyul= Table 77 2
o thebgleh. BE QlFRl A A A 1608004
MA Z 11.94F2 A4 25.7%p Tax(p>.05), A7RAA] <1k
2ol A= A A 1530004 A T 11.91F2A4]
22.2%p 2x(p>.05), TLEQ1AFd ol A= 7 %] 21.38
ol A WAl & 24392 4] 14.1%p 57}, U] ZElE Q1FA)

ol A= A A 25.950 4 7R F 229124 11.7%p

80 | The Korean Society of Fisheries and Ocean Technology

daglon, 717 SAA = {3k Zpol= LHERLA]
L UTHp>.05).

T A QA oA = JHA A 32.1700A
A 327,692 4] 13.9%p ZHA(p>.05), S ¢loFzke]of

L A A 2452004 R B 23230 8 4] 13.9%p
Hazsto] SAA R Fogh Zpol= YEUA] ¢k
(p>.05). & arEpARQ o A= ZHAL A 24.200 4 7HA %
16.1124] 33.5%p A on EA o8 805 2jo]
7F LEFTEHP<.01).

EvpRRAof ulE 18 B4 A3l Table 83 7
of utebytth & FEolAofl A= 7HA A 19.82014] 7
A T 10.830. 4] 453%p (Faste] BAF O Solat
Aol 7F UER e (P<.001). “Lefar A7) 2] o) =H]4)
ol A= 74 A 22,9000 4 THA T 21,660 A] 5.4%p
ax(p>.05), A=) Fshatdlol A= 7hA A 18.760]



Table 7. EMG during hauling net

. M(%mvic)£SD
Variables t p
pre post
Hoisting purse line 16.08+6.64 11.9443.85 1.806 .085
Hoisting deploy device 15.31+4.92 11.91+4.28 1.805 .085
Hoisting body net 21.38+4.43 24.39+4.79 -1.595 125
Hoisting four forked line 25.95+13.28 22.91+£8.92 .657 518
Hoisting two forked line 32.17£16.245 27.70+11.61 176 446
Hoisting anchor rope 24.2546.233 23.234£5.12 438 .666
Lashing anchor 24.21£7.22 16.114£5.75 3.040 .006 *x
Table 8. EMG during setting net
Variables M(%omvic)+SD t P
pre post
Dropping anchor 19.8245.42 10.83+2.51 5.210 .000 ok
Dropping ready deploy device 22.90+5.64 21.65+5.71 .536 597
Dropping deploy device 18.76+6.98 18.57+5.62 .072 .943
Dropping net 15.74+5.31 17.90+6.48 -.894 381

A N B 18,5724 1.0%p 1hAa(p>.05), 1% =52t

SJof| A= R4 A 157404 A =

17.90=2 4] 13.7%p

S7Fo SAA R fFoldt Atol= UERA] ekt

(p>.05).
i

2 Alad A A RS AR Al Ao
1,470.33+47.01 secE <F 2450] AQE= Ao e}
=i, 2% AlAE R & ke A 28 AR
1,242.67+£107.67 sec= <F 2050 A 17%p Ax=
st Ao Ut 4RA171e) EXSIPARS
L ST AR 2 el o 09
24el, st aeratelel A v & EoE
prElo R uA, BEeo] oS M WAl B
25 7h, AlRl7)7) Bolaha, =i 2ol W B
2l Zgiol A EIgon, solEs a2l ofgt
2 17 Aol AAANS FHAPIE felow By

o}, Bkl e 2ol A A8 R A AA] 28 A7F
105 Eo]— X]—Cﬂ 0 Al/\]o = Ao

578.31+16.62 sec=
= e, A 3

Lo 12 2

.

[e}
O 417.66+13.86 sec® OF 7TH O & 29%p 7“\0] Aoz
5 AelAEol

ﬂ of W &8

o L P IEX PAPSC

A9le] &of & FElES Adshe

] ke

[o

0

i A—

29 A7H

;

AIRES] F717) hebgtaL, 419l AN o)

Zujzre, R Fota, 1 Fakaelas

2 AZES] g7t vebgek o)A e SFarelat $s)

A A% W2 2 sholRs Fd el o 2x A

2pgjo] weabElo] Lt futE Woldl
OWAS 7} A}, %3] A28 A4 A 9 tgz}

% APAARR), WA

FHYGFE), Ul 2RE U

i
_|>i
Q
>
N
(¢}
re nm

[

o

2o gl
00 2

2

(15

AN 2 = 7
(ZTT’____ s T Fay

= 1l
%), 5 YA R)

RE o

_{

119_
’Q
>

i, HN

~{

NI U
o

5

N

2

=

-

N 1‘“—1
N>

,ﬂ
2 ofl
N
N

>
HN
rlo
N
(iGN i

A
04 /\]/\Eﬂ /H/\d_ ;c? oobﬂ /\]
TE y %j_7H;( i] C‘)_OO]ZX]—

o b
%), Hl ARE AFAY

2
-
ln

N
e

MY A
)
e m
N
+
@4 L
o
Hl
EL

P
RS AN
1=

o

0,

o

0,

N

o

1S

[e}
) S AFAAQTE),

AL

o
Q.
O

N
iy
)
~
iy
N
3L
iy
Ny
r? F
>,
[
T
4 o
oO
By
0 2
V)
&
riN

{ o0
»
2
G
_{
1
g
iy
=
1
YL o
1 N

), % 9% R
(A=—243)0

gof A= HlEE 2ol 25%p HAagih ”—é’oﬂ/\ﬂ%
Aotel Fatol 19.6%p THac chelol A
FAro0] 12.5%p, A3-52F0] 12.5%p 43 T+
o) S15- 1414 4 sich SHEOIAL 20 kg o
o Ao A 61.9%p fHaxstRl o, 30 kg o)2] A

B
AL
0,
og
2

“o
mu
\1
>
2
o
T
:12
i)
LU
i
=)
i
)

—lEJ
Hi o

—L
_aisﬁjmﬁ

ox M do @ O

Journal of the Korean Society of Fisheries and Ocean Technology | 81



[]
oy
g
rx
0x
fols
02
o
HT
41

o4 15.5%p 7145 OWAS 3|29} thejo] *als
a7l 4 ek meb 2] Al Ale] et
A #Qs] ghio] B8-S i Aow ghekE)

o]
H
FUAY Al A9 S 9 RHUIEED, D
A

)
5
@
e
é
o3
P
m

el
o
AN
=
2
2
>
¥
iy
r>~1
=
oN
R
m

ol
o

e

5
o
[
il
m
P‘E
5
1A
=
>
ey
N[O
o
oy
B>
9#

r{r
0o
m
QL
N
2
o
Y Lo
3
ofi
o
Ir
B
ox

7 57k ©f
A A9 ThelesE 1A
oA 2fAEe] A9l A S
el Zlo2 sk B

= HIEH FAo] 10%p {Fasklen,
3.3%p fasto] o] AfRelE
o 2L, Ho A ol el 4t

[}

-1w
HUHVZ
M AL
T
=)
o ﬁg
ool |
oo 9l [ o
o o 2 o

ol

off
30 2 o K

3 o >

Fol AJHsts A 4= ek theloAl= gt
Hr2 4] F2to] 18.3%p 74stoltt. shaoll A= 20 kg
ool FAIA 36.7%p {48t oL 30 kg o]/
A= 53.3%p S7F5FATE ShaollA] 30 kg o]/
FAZE Skt A2 Fdlol| eSS AX|skaL, |
Zddk= dollA] WA Ao R RIS TeES
& Hot 7k 0}1 Al A 4= 9l o] gt
wojof & Zlo® yhehEc)

TEAE %S_—*—i Ay i?j Ali@ WA & Fgarel

o

551, 5E PRI, soapel Eﬁw OR
A Zha7) vebdh et 2 A
O] F7H7L 14.1%pE UEF =T ] Sl
A 1B aHeES] ARlshe A9l % w9Es
& ARl 25k 249 agollA 28] oLt 3
215 5o Ashs $4h Tm SRS ol viaL ol
she &%) FEE o F1R st UmAl Tlas Hol
B 4 e ES oY e s e E

L

o

82 | The Korean Society of Fisheries and Ocean Technology

Stephen et al. (2007)1} Ebaugh et al. (2006)-— 0177H L
ol g4t Aee A% Al %ol A Ak Witk
gou], o7 -80) TR 5]tz 80 Hla) w2
ket k. whekA Shelee Heele] ik

= 7 1—04 J_]__rJ_‘i ] pwR=NCE ALO]O]_L xLo‘joﬂ/q 017/}1
80 e Tt A el 29 dolme] Aol
dash Zlor wekEnh e A S Aol A2l
& 2F9 A A, of ) A 28 A7)
7P e, Az 7t el E%WEE 7

ok =3512191(45.3%p) S

ol AR st 2282 (5.4%p), AR BEFA)

(L0%p)oll Al B gharh epgon) A4 om
Ot Hpolt LrEPLbA] Spoleh SRAES] Ak %
o) Al AL A S EatARlolA] Lebeisd, o] e
L2

H4=0] Bjeg o] gstel Fhmetolon o A5 Ho] &
2] 7] QI5k Aol A Fa=A] AkQlo] YA O 2 ThA|H
UL, BIF A oAl 2L oF2 ARAf|ofl A
Loz 2uZ2 JAGE 2 So] QoA T, thed]

e ol ¢ Folgtol wet ALE9] 43 e
Azt vepd Ze= gehEch

Y ~ L
4, wEel 911 WA 5 2 AR e Hat Tl
AARsRE JgHor Bl Aste] Leiak Bt
7149 %) skl OWAS 7] W e =S o g5tol
9] F91 HUES] IRstE vw Pt L4 Az
& e e

2
1o
rd"
oL‘
N
N,
,
L
I
m
n
o
L
O
Tr‘
E
N
>
11
_\9
r_>i
r&
)
o
il

HOF Uekon, 2 1



(p<01), 18 Q1oFHRlel 4] 14.1%p SV Lhebt
o] gole welEEe wAs] Sl 5els
el B e ghe B4 9 ugiERe] 18
AR $1ske] o) 912 WS Sof Selk ol
SE A o] QaFS v Ao A7 Fare] 4
o= 5t EpARlol A g4 At Lrebeth(p<.001).
o TS o] MEILE A9l W 4 71E A,
55 AR Foolq Hsre] 9% WA Fof 29
A2 Ale] % ol 9 2L FhFe] S48 Folt
I, T Q19 F WA QlAbae] §191S Al E s
B2t 18 el AHREX Feo K 919
f47} ARPET SAle] A Ego] AE L, AUE
o] #poJsish el Y-S oF 4 ok et
B QAT B FRelA Zieks 1%]0] AgAle] 3t
g @o] glek. Eat, u)EE el Mxjsha
o o]F AlZsglol oat 4Ams} wop ofef nh el
SO BAIT 4 Golth webd 25 Aol A4
£l Aol HiEk Sl v17ke] AV 3 AE Havt
olom], o e AU AUS tAfoR A7I7ke] 34
A1 o A7) Bad Aow o
Ab At
o] 1=He 20201 B AR A 0= eyt
a}7) AT U] A el W QA A
T AL$1(20200509)°9] 2] 21E ol 4=aEl 21 el]
o Hlt e B ofge AeRat Ade] 4T B
=

Sl 41 445 A ol AEA Al qhh

2yt

-

References

Ahn KY, and Park RG. 2006. The relationship between safety
climate and safety participation in construction industry.
J Korea Saf Manag Sci 8, 41-53.

Chang HY, Kim MS, Hwang BK and Oh JC 2021. Analysis
of the basic items and safety accidents occurring during
the fishing operation in coastal improved stow net fishery
by the questionnaire survey. J Korean Soc Fish Technol
57, 57-68. https://doi.org/10.3796/KSFOT.2021.57.1.057.

Cho SK, Park CD, Kim HY, Kim IO and Cha BJ. 2010. Catch
comparison according to the codend mesh size of stow

net on anchor in the West Sea of Korea. J Korean Soc
Fish Technol 46, 1-9. https://doi.org/10.3796/KSFT.2010.
46.1.001.

Cho SK, Cha BJ and Kim HY. 2011. Catches of mesh species
and by catch according to the codend mesh sizes of stow
net on anchor in the West Sea of Korea. J Korean Soc
Fish Technol 47, 88-98. https://doi.org/10.3796/KSFT.
2011.47.2.088.

Ebaugha DD, McClure PW and Kardunac AR. 2006. Effects
of shoulder muscle fatigue caused by repetitive overhead
activities on scapulothoracic and glenohumeral kinematics.
I Electromyogr Kinesiol 16, 224-235. https://doi.org/
10.1016/j.jelekin.2005.06.015.

Hwang BK, Chang HY and Kim MS. 2018. Operating status
of Korean coastal composite fishing boats by the
questionnaire survey. Journal Korean Soc Fish Ocean
Technol 54, 324-332. https://doi.org/10.3796/KSFOT.2018.
54.4.324.

Hyun YK, Kim HS and Lee YW. 2020a. Risk evaluation of
fisher’s safety on stow net fishing vessel. J Korean Soc
Fish Ocean Technol 56, 138-146. https://doi.org/10.3796/
KSFOT.2020.56.2.138.

Hyun YK, Kim HS and Lee YW. 2020b. Risk awareness
survey of fisher on stow net fishing vessel using a
questionnaire. J Korean Soc Fish Ocean Technol 56,
147-154. https://doi.org/10.3796/KSFOT.2020.56.2.147.

Jeong SJ, An HC, Kim IO and Park CD. 2017. Improvement
of resistance performance of the 4.99 ton class fishing
boat. J Korean Soc Fish Technol 53, 446-455.
https://doi.org/10.3796/KSFT.2017.53.4.446.

Karhu O, Kansi P and Kuorinka 1. 1977. Correcting working
postures in industry: A practical method for analysis.
Applied Ergonomics 4, 199-201. https://doi.org/10.1016/
0003-6870(77)90164-8.

Kim YH and Ko KS. 1980. An Experiment of improved stow
net — Characteristics of upthrust float and shearing hood.
Bull Korean Fish Tech Soc 16, 61-67.

Kim DA and Ko KS. 1985. A study for designing the zonal
canvas type of stow net. Bull Korean Fish Soc 18, 1-7.

Kim JK and Yoon GD. 1999. A study on the design of the
stern stow net. Bull Korean Soc Fish Tech 35, 343-352.

Kim PK, Lee KH, Kim DH, Lee GH, An HC, Kim SH and
Yang YS. 2015. Estimation of fishing power and fishing

Journal of the Korean Society of Fisheries and Ocean Technology | 83



oy
re
rx
0x
fol
082
ot
H
4

capacity on coastal stow net fishery in Korean waters.
J Korean Soc Fish Ocean Technol 51, 583-591.
https://doi.org/10.3796/KSFT.2015.51.4.583.

Kim WS, Hyun YK and Lee YW. 2020. Risk factors of fisher
on stow net fishing vessel using analysis of adjudication.
J Korean Soc Fish Ocean Technol 56, 155-162.
https://doi.org/10.3796/KSFOT.2020.56.2.155.

Korea Occupational Safety & Health Agency. 2021. Ergonomic
precision evaluation tool, OWAS (Ovako Working-posture
Analysis System). Retrieved from https://www.kosha.or.kr/
kosha/businessmusculoskeletal ¢ d.do. Accessed 15 Dec
2022.

Lawrence JH and DE Luca CJ. 1983. Myoelectric signal versus
force relationship in different human muscles. J Appl
Physiol Respir Environ Exerc Physio 54, 1653-1659.
https://doi.org/10.1152/jappl.1983.54.6.1653.

Lee BG, Kim JK and Lee JH. 1988. Study on the improvement
of stow net fishing technique and the enlargement of
fishing ground to the distant waters -1. Model experiment
of the net. Bull Korean Fish Tech Soc 24, 55-64.

Lee BG, Kim JK and Lee JH. 1989a. Study on the
improvement of stow net fishing technique and the
enlargement of fishing ground to the distant waters -2.
Model experiment on the newly designed gear. Bull
Korean Fish Tech Soc 25, 6-11.

Lee BG, Kim JK, Kim SG and Kang IK. 1989b. Study on

84 | The Korean Society of Fisheries and Ocean Technology

the improvement of stow net fishing technique and the
enlargement of fishing ground to the distant waters-3.
Field experiment on the efficiency of newly designed net.
Bull Korean Fish Tech Soc 25, 75-81.

Moon DH, Yang JH, Lee IY and Yang JW. 1998. General
situations and reform measure of stow-net fishing system.
Bull Korean Soc Fish Tech 34, 352-357.

Moon DH, Yang JH, Lee IY and Yang JW. 1999. Design of
unification of power device of stow-net fishing system
unification of power device by hydraulic power. Bull
Korean Soc Fish Tech 35, 65-76.

Park JW and Lee HS. 1997. A study on the hull-dimension
of 89 ton class stow-net vessel with stern-fishing. Bull
Korean Soc Fish Tech 33, 159-165.

Stephen M, Colin AE, Tim LU, and Terry RM. 2007. EMG
analysis of shoulder muscle fatigue during resisted
isometric shoulder elevation. J Electromyogr Kinesiol 17,
153-159. https://doi.org/10.1016/j.jelekin.2006.01.008.

Yang JF and Winter DA. 1983. Electromyography reliability
in maximal and submaximal contractions. Arch Phys
Med Rehabil 64, 417-420.

Yoon SC, Jeong YK, Zhang CI, Yang JH, Choi KH and Lee
DW. 2014. Characteristics of Korean coastal fisheries.
Kor J Fish Aquat Sci 47, 1037-1054. https://doi.org/
10.5657/KFAS.2014.1037.



