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ABSTRACT

It is necessary to quantitatively evaluate the workload of workers in order to improve the level of safety and efficiency as
well as to prevent workers from musculoskeletal disorders. The purpose of this study is to introduce biomechanical methods
that are largely used to quantitatively evaluate workload. The biomechanical methods use kinematics and kinetics to analyze
the movement and force of biomechanical body. Motion analysis, joint angle measurement, ground reaction force,
mathematical model, and electromyography (EMG) were introduced as a tool or device for biomechanical evaluation. In
this study, the special feature of each method was emphasized and important tips for field measurement were summarized.
The information and technique disclosed in this summary can be used to evaluate and design the workplace better by
effectively control the workload of field workers.
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(kmematlcs) +598 (kinetics) &2 FE-ETH 1% 1].

FEFAT e EAWAD Y s AAY #E A=

el AlE osta, 2 hdsta mEA e 9 A7, EEu 5L, HEEY SRR AW 7
2 3p7] SIBiAE Al digk AAZE vl¢- FQ3tth o]y Arboltt, o]#fst ARE FE3] e w2
3 AAAAS e r= 2elS AgA o7 FHrlsl= Ao (motion analyzer), 87 %=#417] (joint angle analyzer),
- =938l Antrow 2L Az o7 Hrslr] 9 LMM (umbar motion monitor or goniometer), SPM
M= A, =34, Al o] ARg-Ft (spine pelvis monitor) 8} 22 57307} AH8-€th &%
o] & AAEAQ] HrP e AYF-EkE A8 Ui et A EA (A & WFolA BAEE= P} 25|
2Rl o w AQle] el BA e Aot st A Zgehe s kst A8k Woltt ol#sh 3
T, At Aot FREE 548 7 < F4s7] siMe B, 25, F7o #Agske I8
AAEtA HrpEe EA(QIAE 288 *5A) & 247 e AR 5437 8 AHnky 2417]
=9 o wet F e (statics) I 598 (dynamics) & (force plate), A28 52 (biomechanical model), %
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a# 1.

REIEEEICE]

= (electromyography) 5°] AH-EtH(Winter, 2005).

F424 Hrpyo®ZE= RPE(Rating of Perceived
Exertion) 2%, NASA—-TLX (task load index), SWAT

(Subjective Workload Assessment Technique) 5°] )
t}. RPE 7P de ARE I Sl T AdRet
APPHER Borg(1982)7F S04 458 37k
A8l Aeteity. RPES] 3%, 4% RPE Fkel 10u&
Fahe] 2ol A] Aups
=]

z] T =
s

QEEe) AR S BoiF) nhizel 4

1988; Sanders and McCormick, 1992).
AE) A Hop o ZFojpol Al ol zhejeke]| wh
27515 Aul(heart rate), AR & (oxygen
consumption), %% (electromyography) 3 72 A3
g4 WS FAste] Bk oItk (Astrand and
Rodahl, 1986; Soderberg, 1992; Waters, et al., 1994, v}
A4 5, 1996). Hutgel AbhaR e 259 quUA
Atell #HoJstr] wiiel A4 Foll AHlEE uA S s
< 31t} (Astrand and Rodahl, 1986; Powers and
Howley, 1993). Aurel AbA4 R [l 241S H7)
sh7]elle w9 83kAIRE =4 &5 (local muscle) 9] F-
ske W7tk Al AEskA 7] wiel ol A

=

i;ﬂ-&L 2=

S$ole ZHEE olg3lo] AAREE st (Astrand
and Rodahl, 1986). 4 EE 289 AFE o] (muscle

on—off), &5 A (muscle activity), <5 3|2 (muscle
fatigue) JEE SAY 5 7] Wl 55 2% 24
e SREE Frlehe WHoE f-88H AMEEA 9l
tH(Soderberg, 1992; Oberg, 1995; Strimpakos, et al.,
2005).

A Aeet B % EAoR AHgH

O

g 478 AR S s AYEeE B & Qe = AAGER 1 Adyet FrpS ARy, 1 549
W o7 ol AL2-E 1 Qlth(Sanders and McCormick, oA A8 Al =8 JS AR A STk
1992; Kroemer, et al., 1990). & o= A& ol 7HH ol& Fslo &3t Jéﬂ Al B} Agsty FYs =3
3HA =4 3l7] 95k RPE 1594 A =S 109HAZ < 3§ e WHES AAsk A s
43 CR-10& AFE37|% &t (Borg, 1982; Astrand
and Rodahl, 1986). NASA—-TLX+= AA1A Q- (mental
demand), SA1%4 Q7 (physical demand), /\]{}7—‘1 o 2. My At~ 7haH
(temporal demand), <=3 % (performance), =9 (effort),
247}  (frustration) 8] 6714 Aol tfst =84 o4&
H7bekch(Hart, et al, 1988). SWATE AlZHE o+ AA A FrpHE 2558 waRel BAHstel
(temporal load), 417 =3 (mental effort), A2]%] AE et o2 e = 9low, AR Frh e st
2~ (psychological stress) & 3 7}3} (Reid and Nygren, Mo a3 298 o] veRd 4= Qo) ¥ 2% A4 9
1
gany [ az |D[asme|C[zres |OD[snes |  [muss|  [wam s ]
| uzme 289 AB0iE | BEO| A uyzege | | Fpmes OIS
ME (N 2R, &% 8% LRt =
A EEIEE] _ ' _ aE=
TEO| FEEEE AH I RRE UE, 4T (Ol LA %I CHAR)
oz ¥ OO E(Nm) $C, 450 | ATHE, EE,
1 =B, ZpE Zof o=
MH I RE CHS: S=E Mo
HEC, ZRE |
| L wem ssa
| O RN Ac
=gl 2a CAFZAAY WD AAH L x@Estg 2a)| . Sxbza)| | *RPE + HR monitor
+ o [ = A
=T MM spy ¢ ERZERMT] | - NASATIX Aagar|
« LM : + SWAT s O D A AE
+ SPM !
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g o 7HE Alztslo] Ezbo] vhAE wrlx] o T2 1A
Zoz el uk zF gAE ZF @AY ARE
g AEk] g EAW, S 9 BA T A4 H
Atk g A gl B ow v Falt
3), AlE)sha Balol g E BAWS: =4 1l BT

£ AAsATh

2.1 2553l 87t

-

e
OFN °

AA L] FE 25 AL Aol 2t ]U{ Sl
(electromyography; EMG) = 24 259 Al Al

Az & 5 oy 2AEE 2459 recruitment ¥}
firing rateoll oJ8l YEh= 58] AR o, AR, T2
o] YRE A|Fstch(Winter, 2005).

L 9

2.1.1 sl

738} (normalization) &= 711 7H &5 7 poleo] wh&

S5 Al ApolE Foln THE 49 AFAE Fol

7] {18t ARgshes He il Welh 4A s
oA Aarst WHoE Mg deEl AMSEHE X
(maximum voluntary contraction) & 7|02 4139 3
715 75k Aotk (Soderberg, 1992).

MVCE 71&°o % Assl= 9L e 72}
EMG,,, — EMG
EMGNm‘malizatiain = GTH&k Rest (1)
EMGMaximum - EMGR”,

EMGNormalization: -
EMGMaximum : ﬂ

EMGT'ASR : —:;781 1}?:—] 01]}\19’] %@E g)k
EMGRest : '?F}_\Jl }\O]'Eﬂoﬂj\“‘o/] E‘@E %}\_
A ARl 2 WA A AL o A

113 st} (Lawrence and De Luca, 1983; Yang and
Winter, 1983).

212 N &M 2HE 24

39 (frequency domain) oA 412 4= glon A
7t °§4°ﬂ"11’ <5 -4 /\P& °4—r9} sy Add g, F

(1) Az 99X el F71

AR oA AR BAE Y3l FE AMEEHE W
+= IEMG (integrated EMG) 2} RMS (root mean square)
oltk. I1¥ 3(a) 8t (b & 27 Ak 5 W& IEMG,
RMS k8] H3lE Ayt

(7} Integrated EMG

IEMG (integrated EMG) = +5%9] AR oJF-9} L50]
3shs 35 Fak] Qe el AR Sl WEEA,
HAA1% (raw signal) o XLLV*E(qu wave rectification)
HHE AR F FE53 A5 d48E Axke glolth [EMG
= A= 2L tg3 Zth(Basmajian and De Luca,
1985; Soderberg, 1992).

HEMG(0)} = [| EMG(t) |t ©)
0
EMG®): 94159 2% 37| (mV Ei= 4 V).

9l Ao 2HE [EMG: 7 A5 %:itﬁﬁk—% FAEk] A
Akl Azke] B8 wel Zrlehs AS &
=7 A= AR ATE AR 77 1 27tom Hals)
o] [EMG #& Atshs WS F2 ARSI

(tb Root Mean Square

RMS (root mean square):i= A7k &5 g} 3¢
3719 Aol E=A YERE WFEH, %o
NS E WA s 7Rl o A AL
A& AHo] Qth RMS #e Altehs Wi ofdiet
2t} (Basmajian and De Luca, 1985; Soderberg, 1992).

t+T 1/2
RMS{EMG(t)} = [ jEMG (t)dt} 3)
EMG®): 94159 % 71 (mV =5 4« V)
T Alg ol B3 F7](s or ms).
RMSE F2 #39 23E A58 9oz vhr &
z}z}e) RMS e Tk =

“
of w2 I AR WkE BEd

(2) T3 FY90lA el B7PIH
AlRE gee] A=
transform)% Agshd Fuld oo A
o2 FE ZHE A3Fe vE ARE FEF F 9

E}. uli/l Hrt A gy AMeEE
power frequency) £} MNF (median frequency)©|t}. 1

W= MPF (mean
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Time domain

Frequency domain
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E Fourier 3 0.02
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2 > %
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<5 Transform £
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time (s5) frequency (Hz)
0.4
o —
W YA TN A w ™
E o /f "‘\-\HJ A J‘M f— f{ \
£ 02 / § / |
(@) ¢ / € § /
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/f : AN
/ S~
0.0 Y. | —
tims (s) MNE MPE frequency (Hz)
3.0
25 T
M~ =
= 20 # £y B
h A ]
E 1 -~ after fatigue
(b) § = )‘ (d) :E | ——befare fatigue
& 10 B )
= H

tims (s)

I8 3. AlZH FY(time domain) 2t FIke P9 (frequency domain)dilA 2R E ANSE 2M3517| 2

(a) IEMG (integral EMG)

(c) MPF(mean power frequency)2t MNF(median frequency)

4 3003 F35 AAEGN 9] MPF, MNFE HAHshs

1) zoly)

oD Foi AdEy B
Felol MBS Ba A7k Jolo] TAE AFE Fu
golo] Fap sdEgow MekE & ok 14 Feol
=
K

W3} (fast Fourier transform)-< F#]ol] Wk

g AHMEY ] Fof Fukp gloR Tk AFER ]
T4 AAE Uehl= HEE AREEHI itk 53] o] F
Nl M= 2% 927 BTl wet nFstelx] A5}
2 o)F3le Sy o] (frequency shift) A4S e
a1, AZre] EFel| wE MPF, MNF2| Hgs #zgon
A T2 WskE AYE ok 2d 3(d)].

(h) 2d= 2% g4 37}

SRR AT FI JRE FE37] g Fed A
3 7S AMES] HelidE EAEkE s Ale) e o]
ofo} gtrl= 7S whEdlok do}(Blanco, et al., 1995;
Oppenheim and Schafer, 1999). 24 % A% 9] oHgAL
At AT AE YelA Hat, AL, Tk wigk

frequency (Hz)

A
g

ol

(b) RMS(root mean square)
(d) Zuts MO &(frequency shift)

7} Ve ok Ao E o]F Hrtslr] Qs HrpHos
RT (runs test), RAT (reverse arrangements test), MRAT
(modified reverse arrangements test) 7} A% 31 It}
(Sugimoto, et al., 1977; Inbar and Noujaim, 1984; Inbar,
et al., 1986; Paiss and Inbar, 1987; Shankar, et al,,
1989; Bilodeau, et al., 1997; Beck, et al., 2005a, b; =%
3 AR, 2010). ARk o2 A5 o] bdAdo] HAE
oF I EAA Bl thgk 22AE grE = gtk

213 S8 &M ZHE 2N

o 1 o l I
Aol FHAE AT e I ES uEY 18y 54 A
oMo 2HE A5 UiF-E 8174 (nonstationarity)
AAE AYaL Q7] dligel 32 24 Al AR ke
BabHo| thek o] 28 et Qs 7 Abgo
q

o] AYL AT PHS BA YR Ao A
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a7 ojdek. olelat wAEES sk $Ial A9 Aol =
%9 Fa 2AEYS FEs 49 Fo 280 Fos
SAEYS FEse] A Hlashe PHE AHEE 5 ot

(Gomer, et al., 1987; Schoenmarklin and Marras, 1989).

(2) ANz=F3 ¥4

YA S AU Qe Aot g2 AlEe] F1iellA
=P A4S Y= A9 B old A 9%
T A7E 24ste] #4o] 7esth (Sugimoto, et al,
1977; Webber, et al., 1995). 181} AA|Z o]e] #Hol
A A Eol AREEAE gErh BE ASelAE
A5 PgAdel tish 7ol et o Al —F Ik
FAUHE A4 5= 9tk T o) d B E 1
A gl Al ojggo® Qe I AMEET A= gt
(Farina and Merletti, 2000).

] (ligaments) W 57 34 2] nlzoll A
Aol <zl A e
EE AR FAE el 598k e
Cl Lol gaiA EAskE 99
RAlES} Zo] thekstA 44 4 itk (Winter, 2005).

Hule 24 (ground reaction force analysis)& %
A (kinetic) FAHOZ EAof Zg3hH= S| 9
sto] Aol Zg-sh= WS Sk Wolth Q1A
of Z-&3t= 3 FolA 7HE Eol A Hi= 2 A A
v Ag wf 2hg-she Ankeolt). oA AA7} o] F-
Aol 7¥sh= golvt wiak-g-eo] 283k uf, A|H o 25 E

Wake AuaE e S350 B¢ FFHoZ BASH 1

-

=}

Wolt}, 7o}, Awutee] ojslo] dojxl 289 HulE
(moment) = BI—AA I8k Eax] Aoz AAlE

grol7] miell, b el 2Hgehs folut o] Welshe
& AgslA =Hsk= AL By (Winter, 2005).
ARk 5471 aeEo R Adete AT ()= 1714
A Az R vehfo] 3xkd W] ARk e 54
olgate] Hi F& el

A8k 2dl (biomechanical model) & ZFAAFE] Q1A

2 Al

=3} 0131@ rag NIOSH £7] ¥4 ifting equation)
(Waters, et al., 1994), 3DSSPP (three dimension static
strength prediction program) (Feyen, et al., 2000) ©]

9] AF8E) 3 e,

NIOSH £7] #3212 ¢ldo g 57 2] 3= 5
QF w4 9l SA14 A RslE HEE Y, AR e,
ARG e A5 st Frtske otk 571 A9
< Vsl A 7P R o R AMEEE HrhHelA
ok 7] @717 9 A ok 5], a9 9] 5o
teFst 71 AAE aHEA] Xoke RS 7H A vk
(Waters, et al.,, 1994). 3DSSPP+ vw]= u]A|7t tfstue

Chaffin 37} 7Rt AT Egoj2A, PA|dtel 2y
< o435ty 5 #E AARHERE ofd F72 Flo]
duetE QT EE7HE ARHoR JSsta, olF AR
o] s vud ¢ Qe TR o). AASPAIE 9}
2k Al RS 4= gl BEO] Y-S o]gske] ARt
o AAAEA 25 T B LI HE 5F
2] 29 (isometric muscle strength), &% (L5/S1) ol
A7 ¢FE9 (compressive force), A9 Y58 55
=g o= JtH(Feyen, et al., 2000).

i

mZin

23 Sxtus} B}
SERH WL 2B U 49, SUAA L5
2213} ghaso] glom, AF 9 A% W, S, ST
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7v 2FHETE AA FEe] FA 4, WA 3 4, AF
A dd s SRR o Fagh 97t ok ARl
) 5-8-2 ¢l 2] % (landmark) 7} EtH(Winter, 2005).
231 = &M

&% 24 (motion analysis) W2 @40 E o] &3t
of JIAE xFel vekst LAY F19S EYS &, &
PE P o8] FHL A, w2 A7, 4%, &
5 SR TR, R 55 S5k ol &
A dolEe A FEE Bds 48 29, g1y
3 (stick diagram), &A1 o] Fejw Westo] w2
W AFo A AlRe] SRl o R gAabE & Qo) w3 7 gk
55 ddsto] Il FHole= AlAFE9lY] HiEe
A, S 9 7S BASke] WY, 25 BRIE, oyA]
W3} 58 55 B7H 5 T (Winter, 2005). 119 5+=
A2 A F&e gt 52 E49] o5 HolFal glow,

= B 4
52e Boslel 2 A0 A% % BAIL Yo,

b
ry I

rr o

2.3.2 Lumbar Motion Monitor

LMM (lumbar motion monitor) < #52} F-AsE e 2]
AR AAME el FHatal se]e 5 (sagittal
plane), ¥4 (lateral plane) ¥} B 5% W (twisting plane)
= 7IEoR FAYSE sk, S8 7S 1dsto]
A Sk Wlolth o] & Fato] g9l wdd Adk(low
back disorders)& el5shs EE& o]&ate] A4S H7t
3+ 4= 9lt}(Nexgen Ergonomics, 2010). & AFA}50]
FElF-9e 278 84S TV F Qe AYHst

= LMM= o] €319 97313t (Kim, et al., 1996; Marras

and Granata, 1997; Lavender, et al., 2006). 3F4]%F LMM
< 559 24UATS ol g3lA 7o AAHFsE kst
7] Wl EHhs 2Eet sHA 9 w43 AAE Y-S 4

N

.3.3 Spine Pelvis Monitor

SPM (spine pelvis monitor) < &H%3} o] F9of Al
AE Fasty BE FHHRRe %3?3: S5t 4%
(degree), Zt% % (degree/s) @ Z}7}45 % (degree/s?) &
S Lot Fe ZRke] 2= $A|s 2% 7]

7] AIA (tilt sensor) 2 ¥ AlA (gyro sensor) $ %

g olgalol BEY W FW H, ¢ Y 9 w5
52 g8 A 324 A 483 7158 4 9th(Yoon,
etal,, 2008). o] A= Zwdnl Zp&Tel ArlErs

Aol Z7o] FF5aith, LMM#e] 2o gL 2|9} Zito
Zb7b QNS RSt 236 Wil sale v A
o BAg dre 2A% 4 9t AHe /T Qo
g 6], 19 6(b) = w5 e 4Es -10°, 0°,

18 6. Spine Pelvis Monitor(SPM) 2| 22 31 =X 0f (a)2t
Spine Pelvis Monitor(SPM)2| =&l/E AM=9| of (b)
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A8 Z47](goniometer) = AAE A

B _]:IL_‘I
sfol o] 24U SHete] BAlshs myolch $54
AT 247)7 2 AFgEe] gon, Aol A
AT 2471 olgate] Balo) zhwel FAWNE
Aol BAe)E

=
gty FE SHoly B 59 #d
A ARGEE, AX} AHEAE S 7= 3Tl ARl
AF7F A8y Fol vk (Hansson, et al., 1996; Johnson,
et al., 2002; Tatiana, et al., 2009).

WAAE S47]= 7Ho] AHsta, 294137t SA
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o
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s
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X
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Rl @ 2 of o

2
Hrlol= vEA Al A 2 A9 §x9e
L Q7] Wi A% AgAJo] =3

I JH(Kim, et al., 2003). ¥hd], & =)
AR eBE st B A4S
ato] rats Frke 4 e 3P 7P Sk 59

=
b QAEA @I, 7, 28, AF $)o] FA 43
}

)
ek

)
2 4

L K

=2
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ox =
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S
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o
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A5t Fo= Fe 7 3tth(Karlsson, et al., 1999; 373}

TRAEE o]&F PO AVlE FAske MFE [EMGSH
frofsto] ARg-sh= o] Fth IEMG

o o7 BAE A 59 Y T (motor units

firing), %9 ¥]& (firing rate), +% w29 WA (area of
motor unit), A& FF | &l A7 o] o
of cancellation from superposition) Z} #+g/do] E=x]7k
(Basmajian and De Luca, 1985; Loeb and Gans, 1986),
=29} 78 (artifact or noise) o] thdt FEHE 2 &1
Fob7] wiitel] W o] IS FAE we el i
FAE n#d o & Zo]tH(Grieve and Davanagh, 1973;
Basmajian and De Luca, 1985). RMSe| #o g RAlw
A5 [EMGSF 28 JRE AgskAnt 3ol <8 47
= A9 ofoll= PSS K] ¢FO P 2 (Basmajian and De
Luca, 1985) % &5 5E S48t ol WIWs] AH&E 1
ok aEv 2§ 9 Z27F ks Aol 31 A7
e} S8k A (amplitude) ©] ¥ 28k w2} g 4
gorvz 3ol A7E Ao dSstee Aol 4
gtxdo] "Wold 4= Itk (Grieve and Davanagh, 1973).
RS FAT 5 9= MFEE MPF, MNEF7L F2 A}
S5 v AFRE foste] BAsHE Aol Frh Tk

A2 8] Q8 F2 AR BHe Felol wgielw
A

F(amount

Vo] AAlsolof Fe) Al AelN FEHE
BE SAE AFE giew 459 S e 4
o] Wrhsaly] upel AGelH FEHE A% A5 o
P9 AEHI, APYL NG S Y WAL At
wAjaks Zlo] vl o o2 57 Al paw 4
ol 7} AHE(201009) AolE B4 AEs
7] 23% B A5 YL IRT 5 Yk A
2 AN Stk MPPE 24 5531 #isl 229l v
& MYt Q) wiel vze) Z3e] 850l A
% glont 5% Aol disl MNFR #4ke] 7] ek
5 £ s

al

= = gao,

FHQl FFANE FH RN} AR e
2 olek. et M2 S92 Slaie A
3 of AHAOR Felo WHL Ag

T 24, dlolBE (wavelet) 4 5o WY
T o, A A A Ee
A7t Bol F-Fete] F5- A ASHor I
2 bk

SPM &3 22 s 18 ¢ ok 52 249 4%
ZkAzpef Al S F-8tAQl X% (landmark) & F-2ska G4
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A Ao $AYe MY Bz sl 14
ol AgiAe] £49), SE9 TMEE S Askehl 24
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)
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e 7L 3k

= J
AU Ave g, ERy JF HE A 2o A
A ATE Foto] AAHEH 2 Hs) Holel o
3, 35 37 das A9 Al6 A

w4, A57], A, AERg e A 2YgsE
Hl DL 84 ) gr0l 7+ 8181 %, 15(2), 89-98, 1996.
297, AAE, 38 59 TAHAE AT g e] Fulg F

o WA= @AY, bjere/7ie 3l 29(2), 183-188,2010.
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