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32 3= &4

A= (Electromyography, EMG) £ AlA] 5% Al T§ofA] Aot
oAk A7) ASE &4, 715, BEAstE o o8& & St (Figure 4).
wol A BEASH AS7 288 2ol #H9 @9+ Motor unit 22 U

B 4 itk 2A9E PAsE AEE wEw wg KR glon] A

mo YRo 9R e oo BFYY BEAo|R 8] -80mV HE=o] A
A% WA W, ol% FA W9 (resting potential) 2 ATk ol

oj29] EFygs BZE= ANZ% ion pump & 3] AZ UFe 20|
=7 52 AHE fAEH *F A7 (motor nerve) & &3 A0
TEAlZE HYEH Az URel 2JRo) of2o] waA wEHA 7
A7 -80mV oA +30mV 2 F479| Wstol= g8 (depolarization)

o] dojutAl Ht} o]F ion pump 7t AEgol w2t FA]719] HAJAAE I

J
_o|£
e
)
Mo

= (repolarization) ©] Lojdtt (Figure 5). °]& st ALA}te

ol
b
<t
E
|
Ir

ol= &% A9 (Action potential) &+ 3t=d], 2§ 3o wWE

= A9 2HYH ATE A= (EMG) 2t skt (Konrad, P., 2005).
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TEAZO GEZT QBT Alo]Fo] ol FAFe BHE ukgt A7) A
=4+ (electric dipole) Z3El7} olsst WAiSHA Hoh o] wf, ME tE Z]
Ao Bztd M2 OgZ2 F HIFo2RE 7Aoo ut AArE S4E =,

tt (Figure 6). I¥o HA=+g Baslo] vH|Z<5

=

O] bipolar electrode =t

Hog EHAE =H5t = W ZAZ (surface EMG, sEMG)
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>
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23]

eta sh=dl, A= 7re ulAigt AAAE 5008l 1000817kA] F-355tod
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(noise) o AT = 7] Wil ol& HHE (filter) & T3 HAISHA olF

=2

3 2 9ltt (Konrad, P., 2005; ©]9Z. 2012).
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EMG A%9] &7 ¥ (P. Konrad, 2005)

SAFOIA EASHE 24A4E (EMG) AlZ9 A7l &8°] Ule

ot

9
A71¢F vlFEshes ¥4e Holetl, 9 A7e TAol Bolste 2R
ot vlEsty] wWigol] &5 A7 FHE Uehds Aoz d7A o
(Figure 7) (Lawrence, H., 1983). %3 Luca (1997) o @29, <59 &
& A&cIE ul, H2=rt Z71etl we 2A= (EMG) Az F3¢

T B3R FFHol Aastes A2 YEgt(Figure 8). 3% (EMG)
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Aol wrEd, BAS BAS EX AL AWtL 21 olF Al AAXE
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-58| & LRI E A}F9 AA (Eliminate stooped work postures)

- AFEA AlAlo] %= A Fo] HAA  (Handwork height adjust to
worker)

-2AE E71& == A 74 (Eliminate or minimize lifting heavy
materials)

-E7& olzAl7lE AR AA  (Eliminate or minimize height
differences when moving materials manually)

-&s dste FH) BEof tigk 4] (Attach proper guards to the
dangerous moving parts of machines)
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Table 11. &% 8 IEMG &4 23t (F9 oW - s)

o 9
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E 1608.77
R. TR w9l HhH 1493.69
E T 2468.85
L. ES 9] uhy 1087.23
E 2567.31
R ES 9] uhy 1188.46
E T 879.38
L. RF 9] uhy 356.42
7]% 1:101‘1:]1;]] 767.69
R RF o] up 298.21
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FHe Z D
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Abstract

Ergonomic work evaluation, in terms of industrial safety and health, is
conducted to improving work procedures to reduce the possibility of safety
accidents and musculoskeletal disorders as well as to improve work efficiency
by analyzing and evaluating work operations and procedures performed in
industrial sites. A checklist—type tool that evaluates the risk according to the
task posture classification is designed to allow the administrator to easily
classify risk behaviors or postures through observation. Physiological signals
such as EMG and heartrate increase as physical activities become more active,

therefore it is an appropriate indicator used in the evaluation of work burden.

The results of the preliminary study on the source of impact in the greenhouse
revealed that manual work, including lifting heavy boxes during harvesting
operations, not only affects fruit freshness but also increases the possibility of
developing musculoskeletal diseases as heavy loads are frequently applied to the
worker's body. Using the NIOSH's and ILO’s ergonomic checklists for
agriculture, a newly developed greenhouse trolley that includes an automatic
rotating device was developed (developed equipment). This developed

equipment eliminates the need to stoop or bend low.



A simulation of the actual harvesting environment was constructed to verify
the intended effects that could be expected when using the developed equipment
in the field. A simulated harvesting task was performed using both the existing
equipment and developed equipment, and the EMG, heartrate, and perceived
work intensity were measured concurrently. The video of the simulated task
was evaluated using the work posture checklist evaluation tools (OWAS, RULA
and REBA). After the simulated task was completed, a cycle ergometer test was

performed to obtain a model of the subject's heartrate and power output.

The mean and maximum heartrate corresponding to the physiological signals
were lowered to a meaningful level (p <0.05) in the simulation using the
developed equipment as compared to the simulation using the existing
equipment. The EMG and IEMG values in all the muscles except the upper
trapezius decreased significantly (p <0.05) when using the developed equipment,
thereby meaning that the muscle burden was reduced. The level of perceived

exertion of the work using the developed equipment also decreased by 36.92%.

The model equation was obtained by a regression analysis of the heartrate
and power output data obtained from the cycling ergometer, and the estimated
watt of each task was calculated using the average heartrate. There was a

significant difference (p <0.05) between the estimates of each method, and the



estimate using the developed equipment as compared to the existing equipment
showed a decrease of 2.57%. The heartrate—power output regression model
using the cycling ergometer can be used to estimate the burden of the task and

evaluate the work in terms of energy efficiency.

As aresult of the evaluation of the sampling based on the checklist evaluation
tools, it was found that simulated tasks performed using the existing equipment
included high risk level postures as depicted in the checklists. On the other hand,
simulated tasks conducted using the developed equipment did not include any
high risk level postures. Using the videos of the simulations, the time taken to
complete the task was measured and analyzed accordingly, and it was revealed
that time taken to complete the task when using the developed equipment was

reduced by 23.3% as compared to when using the existing equipment.

Summarizing the results of this study, it can be seen that the developed
greenhouse working equipment can reduce the physical burden of the worker
and improve the efficiency of the harvesting work, and can be expected to
prevent musculoskeletal diseases in addition to preserving the freshness of

fruits.
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