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Abstract

The purpose of this study was to film up computerized analyses for both kinematic posture {film an-
alysis) and muscle dynamics (EMG) during a weight-lifting motion, {Snatch, Clean and Jerk)

Using & motor drive camera (3,5 frames/sec) and a Location Analvzer, motion tracks of 13 landma-
rks, which were attached to the major joints, during the motion were converted into digital values. At
the same time, EMG amplitudes from 11 major muscle groups were recorded.

Recorded data were processed via analeg/hybrid computer (ADAC 480) and digital computer (PDP 1]
/44). Landmark locations and EMG amplitude were integrated by a computerized routine.

Computer output included graphic reproductions on sepuential dislocations of body segments, center of
gravity of body segments and the associated changes on EMG amplitude such as % EMG" s of major
muscle group during a weight lifting motion,

The results strongly suggest that the computerized motion-EMG integration can provide a further
working knowledge in selection and in training of workers and athletes.

Suggestions for a further study include additional device for velocity measurement, expansion of the

link model for biomechanical analysis and other implementations necessary for athletic application,
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1.F R

DiEE e B8 dAz EF Hil A
Fdu fA—8 FBFdAd=E £RNI2E (Biome-
chanical), S PEEER (Muscle Physiological) S8 £
o] WA @Add da o &F0 A EER &
Aok zeiEz HESHC BEN ALS BE #H
Bl S BHE BEO £ B Y &
Rx BEEslanl ojs} ¥{Tle] & Birs REIL
A = Srirs o Eislolelk nigaat R E
W 4+ 9ok 4,5).

B e BRI F EEol B HAW BEL
S -ER - e B4 BEsE BAY 2o
FHERS JiRE oz, BFEHEEY FR &
R ETH LAKLZ BERFS A &
TiEERE HEY e £BIEH TL HFas
BE Hofeln ML BERFRA REsl
gon (10), d= i) FERGHE £4 el (4,
5].

weld k& WRe Ame

AA, TS A8 T (biomechanical
variables) 5% BRANY Hxs 546 @A
Rroll 72 + e BRAFEL2A, HE
¥ (film analysis)ell 213} RIFFEEE (on-line
experiment) H#E 2] BFE,

EF o HALEEERN B (nusculoskeletal
variables) 54 &% ¥ EMG (EHR:

electromyography) 72 58 &It (quantifica-

tion),

AA,
FH S i BTHEME BB (mode) 2l fF
%,

FRSH W EMGHIE BHES HAM

i, s &49 Bkl LA R
wol g EARHN BE, Fo ok

UEs 2o BEHEEE BT Sk B
Bo| o|FolANozR TEENER R £% #
Hel BEES Sl olFolA 4 Yo, HitH o
We A R ERCl %% =% (graph), X
(table), HZHEH (raio) B2 2 vehd £ 9ok o
eha MEERES] 2 3 EFol A} RPEAAD

22 59 4

2. MRS wR

BESW 2 EMGHEIE S FHHER #E
FE g FMKHERS FIRse HEo=H
NESE BES Bhc o5 2o

2-1. RRSH(Fim Analysis) _

BERY Y FHHES AREHY R
e (Bl o2 RS SR WEA,
Eea, FABEL %15 R0 g HEaz A
REre SRSz BEsld BES T (frame)
ANz e e HEkolch (8,9,11,14,19,22). <
TES AR kBN REERZA AEFs B
EF o EW#S sl B, BRYT I¥
2 ABEEL FBEs e el BEsUS (3,5,
o] H#%e FifFel Zim (frame) P FHfcl HHEY B
ol glont SHEEHIo] el BEslY o|AxtA #
BRIl BFE Holz Ut

2 - 2. EMG B (Measurement of EMG)

Eisol BAH T (maximum strength)-2 BRshe
N L2 E#ol A= # EEBAY (motor units)
) Bk M#EREY) (maximum voluntary contraction ;
MVC)el 712 EER #BEq otk Hie Bk Kk
BN EHHE A B ERRE (rectified
EMG amplitude) ot Z#ie 2t #EL + 3slov
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(15), & fEA=] BB (strength exertion), J|KX
FHMVC), FEHE (muscle fatipue) F& SR
HrgE ) (isometric contractile force) o] Mol ul
zt EMGiR#ge] sl E28 MR E o#Hdexn
¥ [EfEs #ESL 4 < (10, 16),

2 - 3. nEgEe BF
THE= iR EHE 24 QA (Snatch) 3 L4 CL-
ean and Jerk)oll X Sol-&8l FAo & 2ls Mfx
7} REE = Hiolel ol 7] #@Ee  aA
Foi L7 (Ist pull), A 437 @nd pull), oo}
7] (lock out), Lol 7] (stand up} 2] 41 E¥flE2 B
oo (2,3].
TEFERE S BRSO EY ERiges EEd
BHE
A, BT 4 BRge] BEel & 42 @EEAla K
Reoll] £- T2 2Relx EHHEA 50l
o2, JHi (sagittal plane) ol 2] EE 3ol
H 55,

RESY -2 S-S BEd o=y @Y &
23 AR HY BESH T € 5 v
o|9} zlo| gL EEI REIV B (ass-
umption, simplification) §lol ##iel "HEs=, HE
o BE o MEARC o & EEHEEA tdl BS
3t7] wiEoll & B3R HRo 2 EEE G
EMGHIE el JHBEH M 48 Bha4E

AH, BFe BRHHMVC)2 EMGIRIE(EMG am-

plitude) 7] BRFRE ATz, & EF

JuE7E #2 e o] Feol = EEelnz,

iRl 714 & BWE oA BREA (imi-
ting muscle) & BRI D (limiting muscle for-
ce) & BT 4+ Un(15), |

. EF FHIESA EMCEBLE RByYdoz
4 EF 9 A (e g distribution of mot-
or units} & BEIS EF e BEH A<k (gi-
agonosis) 2 BASLE (individualized) P
BT Y 5 A7) wiFold (16,17, 18).

3. EM R

TR FHE AR KBS Birel shel @rsol
ETe e BESH B8 EMGIIR 8oz Hy
Heh

3 - 1. MESH (Landmarks and Electrodes)

HIE (sagittal plane) o4l FA3 HEB/FL 138
WE ERES (L) EETez & yehd 4 9
ot (Table 18M8). BESHL o 13 Hal %
¥ (landmarks) & FiEsled BAE B¥Y 3, &
2 BE (fim) & FA e LEEY GRS X-Y
B (Location Analyzer} & fIE shaich,

EMGa#& 2% MERSRL DESRKe Ty
{primary muscle groups)®l S 3 £ 118 H%H
ofl (2] EEEME (surface electrodes) 2 FiF 14
(Figure 1 28) 8] Il BE=E BEL M
E3tadch

Table 1. Locations of Landmarks

=4 | 715 % =1 k #4 | 715 o A =
t |RH o= Zx B 8 | RF & 5l ot
2 |RW &5 &% 34 9 ICB L
3 |RE S BFA Ay 10 [CH w2 34
4 |rS L2 ol B 11 [LK 3% 75 234
5 [HP o= 3z 7| 12 (LA A% 4% 14
& |RK £ Bz 3y 13 |LF #E 1494 $ri7 ¥
7 |[RA 2 45 od




(15), & fEA=] BB (strength exertion), J|KX
FHMVC), FEHE (muscle fatipue) F& SR
HrgE ) (isometric contractile force) o] Mol ul
zt EMGiR#ge] sl E28 MR E o#Hdexn
¥ [EfEs #ESL 4 < (10, 16),

2 - 3. nEgEe BF
THE= iR EHE 24 QA (Snatch) 3 L4 CL-
ean and Jerk)oll X Sol-&8l FAo & 2ls Mfx
7} REE = Hiolel ol 7] #@Ee  aA
Foi L7 (Ist pull), A 437 @nd pull), oo}
7] (lock out), Lol 7] (stand up} 2] 41 E¥flE2 B
oo (2,3].
TEFERE S BRSO EY ERiges EEd
BHE
A, BT 4 BRge] BEel & 42 @EEAla K
Reoll] £- T2 2Relx EHHEA 50l
o2, JHi (sagittal plane) ol 2] EE 3ol
H 55,

RESY -2 S-S BEd o=y @Y &
23 AR HY BESH T € 5 v
o|9} zlo| gL EEI REIV B (ass-
umption, simplification) §lol ##iel "HEs=, HE
o BE o MEARC o & EEHEEA tdl BS
3t7] wiEoll & B3R HRo 2 EEE G
EMGHIE el JHBEH M 48 Bha4E

AH, BFe BRHHMVC)2 EMGIRIE(EMG am-

plitude) 7] BRFRE ATz, & EF

JuE7E #2 e o] Feol = EEelnz,

iRl 714 & BWE oA BREA (imi-
ting muscle) & BRI D (limiting muscle for-
ce) & BT 4+ Un(15), |

. EF FHIESA EMCEBLE RByYdoz
4 EF 9 A (e g distribution of mot-
or units} & BEIS EF e BEH A<k (gi-
agonosis) 2 BASLE (individualized) P
BT Y 5 A7) wiFold (16,17, 18).

3. EM R

TR FHE AR KBS Birel shel @rsol
ETe e BESH B8 EMGIIR 8oz Hy
Heh

3 - 1. MESH (Landmarks and Electrodes)

HIE (sagittal plane) o4l FA3 HEB/FL 138
WE ERES (L) EETez & yehd 4 9
ot (Table 18M8). BESHL o 13 Hal %
¥ (landmarks) & FiEsled BAE B¥Y 3, &
2 BE (fim) & FA e LEEY GRS X-Y
B (Location Analyzer} & fIE shaich,

EMGa#& 2% MERSRL DESRKe Ty
{primary muscle groups)®l S 3 £ 118 H%H
ofl (2] EEEME (surface electrodes) 2 FiF 14
(Figure 1 28) 8] Il BE=E BEL M
E3tadch

Table 1. Locations of Landmarks

=4 | 715 % =1 k #4 | 715 o A =
t |RH o= Zx B 8 | RF & 5l ot
2 |RW &5 &% 34 9 ICB L
3 |RE S BFA Ay 10 [CH w2 34
4 |rS L2 ol B 11 [LK 3% 75 234
5 [HP o= 3z 7| 12 (LA A% 4% 14
& |RK £ Bz 3y 13 |LF #E 1494 $ri7 ¥
7 |[RA 2 45 od




V'l

Posture

L4
coordinates

Analysis

——

TP 11/44

\

Analog-Digital
Signal

Lecation Amalyzer

bubject /

Hugcle
Contractioms |

EMG-Analog /Hybrid Computer 1, I

Calcomp Plattor

Figure 2, Layout of Equipment
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Figure 3. Flow Dizgram

3 - 3. EMGS#{Analysis of EMG)

ZEEES 117] FHAS] SO (muscle belly) ol
WHsE, & HAWe) K BHEE (base amplitude),
BIERELE E (calibration), B 6K (amplification
factor) & Aslach EMGEE HEWEE &
Al e =) Jels BHMR L AMESE
H< s geE=dch

Els BEM BEds TEEZE B2 ol
71 st BB A M KAMES
B2 PR (aging of clectrode: #3043} ol %£47F
Hlen] HEH BRERMY BEBS 3o Lies

A7 A
ol =g 377t
A4

Plotting

for the Film Analysis

shedet

BEE® EMG 8 94 FHEHSH A% =13
722 A/D converter 5 E5ted FHBk (digitize) 5l
o] BTFEENY disk o) EFEEe] o) Fo Al

olg} 7o HikE ER Ao Efe (1) DEETF
9} 13/ ExeEL Hz xl=lof E¥(link segment
model) & FlIFFY EM JERMFS BR{L(graphic re-
presentation} (Figure 4 B28), (2)11/8 #HH2] EMG
BENE 3 M ESE 2 & HA Y EMG
HLAEE (Figure 5 B8 7} 447, BRL=A
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Figure 4. Graphic Representation of a Weight Lifting Sequence
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Figure 5. Transitions of EMG Amplitnde with Time.
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Figure 5. (Continued)
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4. 4 W

DEEE A= 1E HEM (Figure 1 218)
2] EMGEE S F#isto, JEdhiFe & %3 £
% (primary muscle at a specific posture)?l 45
%ﬁ(ﬁﬁﬂﬂﬁ p<0.1)€ F&ted EEBEU Tt (Table 2
BHE). fIF Sl ﬁiﬁﬁ'f’ﬁ# ekl 0~ 100
msec, A|-°1°ﬂ._ LB 34 (Biceps), A% (Peci-
oralis major) 3 BEIEHS (Gastrocnemius) %o . =z
BA= 2 3 4 Aok & o] Table o 93l
NEBES TS RiED) BARES BEY 4
et

UM ERY ¢ U BRI B FhiFel4
& BT EMH <0 1€ BHHH Table3 &
A}, fiE B9, $ARE7102nd pul) & Yoia
{stand up) Btfifoll 4] 7}7} W2 HEEe] #HE=
UL 4 & U=t (LEmEE MBS, K,
FREHA, o4, KEESR SAES BKES =
g =A% (Deltoid), LWMTHEF (Triceps), BHH
{Latissimus dorsi)oll H3ted {81885 (Trapezius), b
BE_HARH (Biceps} ol JESHR A 717t FEG
BEE HEde IBHYL 4 5 oot

00

& BElolA BT v EMGC BREKXE BESH
o] k¥ BB L &) A3 E%old HHll
T 4+ 9 BXEMCEE(BRAHH BB 2 L
gotd, BEY BIFEWdd & Hle B\BEse
ﬁﬁﬁﬁ HES #EY 5 Jdoh (Figure 6 28).

I8 ol Figure 6-acll Welyt ulelzre) ®hfesiss
1%1&0.57131?7} At Bffoll= €42 (Extensor ca-
pri} ol &KX EMGEE (11.54mV} 2 84%o 3% 5} =
9.68mV-E JEl | (Figure 6-22 LER®ES), =
B+ BEREEA 7 g
ot B o] &8y Mol EES AR o
b A RAEDA Bi#Ed s AT s4-Fold
' AL #EYT 5 ek 2 HEEoz BFRELL
% 0.857H7) B8% LI KEHHE (Rectus fem-
oris) ¢l BEHA =z 2S¢ & 4 9k (Fig-
ure 6-b2] DETIE).

oj}zte] EMGERE 2 = e |BAMS, BIEH,
BHE S HEdoezy RE oodofiale) &
Holl B3 LM, £EN BENEel TEMoz
BiEE + slod, volsta: £l §& EFY
WARTE KB o2 4 TREE THE 88

a
AEFE S+ 9

e

B, BBE Fd & W% BdEE 4 ol
=3t EMC & (electrodes) £ 3538  $ERE
Table 3. Significant Muscles in EachLifting Stage

=49 A Lol 7] 7 H3] 7] olytz] L B

4 7 =

Ao rz

Ag}elF &} © ©

5 2 © @} © ©

¥ © ©

F oW 2

5 & 2 @}

L F © )}

SE A © ©

R o - ©

W 8 2 O ©
Q= +g #A(p<0.1)E b
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Table 2. Primal Muscle Groups during Clean and Jerk Mation

Y T e e L L A T A L A T TR A N A R A L idd

¥+ SIONIFICANT WUSCLES th EacM YIRE 3¢ (P ( 0.1 )
TR R RNV RN RN R E R T O R DR R TE TR RV R RN TR L RE BN L TSRV ARENS

FINE )} LE. T | T F L R E. FRF 'V [}
ORISR RS ISR IR L TR UR RN SRR C AR SR EURNERTERN DAL NL 1113
o msec - 100 wsec o o 1 o 1t o o o o o 1D
100 mswc - 250 msec e ¢ 9 1 o o 1 1 1 o 1TR
200 mawe - 300 msec 6 o ¢ 1 ¢ 9 ¢ 1 o o ob
I sewe -~ AR waeg o 0 1 1 % 1 0 ¥ 1 0 %
400 msez - 500 msec ¢ o 1 1 3 1 o o o o ofP
500 msec = &G0 wmec e ¢ 1 o 0 -3 1 o & 0 l:
400 nsec - 700 asec o o 1 o 1 4 o 1 ¢ o ofR
760 meec = 8OO msws o © 1 6 o a o o o 1t ofF
840 maec - FO0 asec 0 ¢ 1 -] ] ¢ 1 1 ¢ L) [ RE
00 asec - 1000 mser ¢ o & & 0 0 1 1 1 ¢ 0 v
1000 asee - 1106 wsec 6 O © t o0 0 t o o o o0
1100 eswr = 1200 asec e & 1 T 0 0 0 O 1 9 0
1200 msec = 1300 muec -] 0 1 o ] L o 1 1 L) @&
1300 ssec - 1400 meet 2 0 -] 1 o ¢ 0 1 1 ¢ @
1400 agec - 1560 asee 06 O O 1 O 0 O 1 1 & ©®
156¢ mame -~ 14600 msec ° o 1 1 e o o & 0 i L)
1600 msec - 1790 asac ¢ 0 @ 1 ¢ 0 i o @& i 1
1700 mser - 1800 ssec ¢ 0 1 6 0@ o o o o 3 1
1909 asec - 1900 saec o & 0 t ¢ o o o & 1 1
1900 asec - 2000 asme 1 L] o 1 L - I i 1 i
2000 mimc = 2100 asel 1 o ¢ 1 & L+ o ¢ 6 1 O
2100 assc - 2200 msec o & o o 1 L] ¢ o i 1 i
2200 asec ~ 2300 asec 2 ¢ & ¢ o 9o 0o & Q 1 1
2300 wswc - 2400 mzwc o ¢ o ¢ o 1 1 © 1 1 1%
2400 aswc ~ 2300 mner e o o O 1 o o 9 1 0 1
2500 szec - 2400 asec a e 0 1 1 ¢ © 0 1 o 1
2400 ssmc - 2700 e T ¢ o 1 1 0o © 1 1 & &
2700 msec = 2000 pyec 1 [ o 0 i o ] 1 [ o 1
2000 pixc ~ 2900 asac o 0 1 P & 1 o 1 o ¢ 1
2900 nsac - 000 miec ] 1 1 L] 1 e 0 & & 0 1
3000 mamc - J100 muac LI ] 1 ¢ 1 o o0 & 4 0o 1
3100 nsec - 3200 musar ¢ 0o 0 1 Tt & 0 0 1 1 1
31200 atee = 3300 asec o o 0 1 1 o o © 0o 1 1
33100 pawe - 400 muwc 1 L] o 1 ] L] ] ] ] @ 1
J40¢ msec - JH0 amec o o ¢ 1 @ 1 ¢ o 0 1 0
1500 ssec - 3400 asec o ¢ @ 1 9 o 1 e 1 )
4 5 TERRTEENEEREY 113111

1:42 (45 &%
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CLEAN AND JERK ( g8.571 secy : 1lst pull

GARIN : 1

Trapezius ¢t 48 %

current 7.08 mU

current. 10.66

max | mum 14.64 my max i mum 1%.41

Rectua femoris » 57 % Extansor caprl '

current 6.28 my

max | mum 11.05. muU

Uastus laterallis » S9 %X

currant 7.63 mUJ

max | mLm 12.88 mV

currant B.16

max | mum 14.03

. a. 1sat pull (0.571 sec)
Figure 6. Extended EMG’s vs. Maximum EMG's at 6 Major Mascles during Clean and Jerk Motion
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CLEAN AND JERK ( 9.857 sec)

2nd pull

GAIN : 1

Trapeztus '
current g.00
max ) mum 14,64

Rectus famoris '

current. -3.30

max | mum 11.09

max | mum 12.88 muU

Biceps s 53 3%
curraent. .13 mU
max i mum i13.91 ml

Extensor capri ¢ Bz X

max | mum 11.54 mV

Gastrocnamius 2 B4 %

current 8.99 mU

max | mum 14.03 mV

b. 2nd pull{0.857 sec)
Figure 6.(Continued)
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CLEAN AND JERK ( 1.429 sec? : Lock out

GAIN : 1
Trapezius » 6% . Biceps : BB ¥
current t1.18 mU /, ‘\\n current 9.03 my
max | mum 14.64 mU // / Mm@ | mum 13.41 muU
. / o
N\ / T 3
. \ il =
\ £z
A 4 E
/ / C
. / < B
Ractus faemoris v B3 X / / Extensor caprl e 70 % @ “
.......................... \. / PP
current Z2.02 mlJ ~ - current B.0& mbJ £ g
max | mum 11.08 my . ,\\\\ max i mum 11.54 mV
., -
~, -
N
.
.
Uastus lateralis « 270 X% ,\\\\\\\\W\. e Gastrocnamius 1 S0 %

currant .07 m\

max | mum 12.88 mV . : max | mum 14.03 mu
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CLLEAN AND JERK ( 2.000 sec) :

Stand up

GAIN : 1

current 10.07

max i mum 14,64

currant B8.8S

max | mum 11.08

Vastus lateralis

currant 10.34

max | mum 12.88 mU

Extensor capri v 77X

current, 8.83 my

© max | mum 11.54 mV

current 8.55% mit

max i mum 14,03 my

d. stand wp{2.0 sec)
Figure 6. (Continned)



5. Rl 3 &k HANE

& WM b BESK EMGHITY BREf
KBEES oo o3 22 RS BEHE 5
aich

1) & % &Ry e HEBFEETR )
oA o HBME(BX EMGEE . 338 BiF#
s EMGEE) & #Ed ez, BAHN limiting
muscle) & fRiEo] ATREsLH,

2) Bl T2 RFEM HERF EBHAEMG
WESHL Eobol, —ALEF O BEERY WSSOl
53 Hstat BES BARE RB o) AT

LLbel BRERESRA) el Iy el &
B ERES #sdd

(1) BERTER (e g, Gonometer) 9 FRIREREL
(oscillatory landmark) © S&E 2 MEHES M
Bil BEBY-BH- sl nRHHBES Bt

(2) olo] W& FE4LFEME (on-line experiment] &
o] %] BUBMERI ol MABHC AR W MERS
[ 3 3 S

(3) BHPEE® (lifting posture) o1 8RR NHY FiF
(biomechanical analysis} X 22389} BERE, IERIT
$1F (accelerometer) 5 FEMI % #5A MiEES
71 (speed of shortening vs. muscle force} 2l MR £
BE AA,

4) TE Bime] HEEE 2 3 (reactive torque) 2} R
RE ¢ # (maximum allowable torgue}, PEEE %
L H¥rele, EF BAR BfFe BAEY REE
B, SomESS ¥ REHHEE TS REY &

(5) Ll Lo ABL Kol EAstE, EHe
B A E WS J8 BWRst @l=liok
gk,

2 X K

(1) ez, 282 ol g9 A5 ¥4 (An Anslysis of Human Motion Using Computer-zided Lo-
cation Analyzer), A-Swida LH4ALE =g, 1983,

(2) Fu¥ dz ALzZEAE F4 50, 197 .
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