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FES5ANNLT YD) - TAFK (LA 24

B
$7 &3 4R Foe 29EYS BASD o|sh BAH $9 ATE 9% )
2ARE AHE Aol 1 B gtk AFE 9130 et B Satol A%
Foln] 22&q0)9) WRIE A FANG 992 RFHAHAT velel A5
F4% 2% ANE +50gel ZAWAE A 3% M= AAKistler Type

8766A)01™, 6250Hz2] sampling rate& o]ule] 7}&H oA 71& % HolEE 4
Aok +4E Hsl dHolelZt FE 7 2EFH0] FH ol +=HEH A2
A SRS 7R ol 1 A, U AV EQEE #A¢E5K (e 335
1779, (k=375 + 2317, AS3(y) O3k 1.54 £ 0417, O3k -1.05
+ 0374, 502 OFEE: 430 £ 1.238, (OWak -4.42 + 1.272, resultant: 5.75 +
17198 Yepyty 13594910Hz ~ 20Hpol that A sutelel AR H7)(g2MH)E

$-2(x): 0.453 + 0.3519, A3=(y): 0.045 + 0.0220, F3(2): 0.591 + 0.2576,
resultant: 0.160 + 0.0928°]%1 o™, 1FRFHA Hujae7t dysh= Fa
AAEHz)S 95 135 + 3.26, A53(y): 138 + 344, $=(2): 16.9 + 2.08,
resultant: 23.6 + 13.05°.2 UEeRTH

FAO - HAE, BEAR, 34, M5, 43, Fo 29EY
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I.A &

2%z Ao F FHOE I3 A e HIUE Fol o A
= goksiAl FdElo] YohCournoyer & Hoshizaki, 2019; Fogarty et al,
2019; Kang et al., 2013; Leeds, D’ Lauro, & Johnson, 2019; Post et al., 2017,
Potvin et al., 2019). 1% EAolv 2ej7]et o] &< ke AAAA 7
Hx0g Bk S4Eo| ve7tA A2Ee= F43Kshock wave)gs A
A7l 52 AL HAEse oA 7 54 A3 AhE S4 &30
gk A7) 3] W o] ghtiCournoyer & Hoshizaki, 2019; Edwards et
al,, 2012; Gruber, Boyer, Derrick, & Hamill, 2014; Lake & Greenhalgh, 2005;
Lee et al., 2017; Mizrahi, Verbitsky, & Isakov, 2000; Neidecker et al., 2019;
Post, Blaine Hoshizaki, Gilchrist, & Cusimano, 2017; Sheerin et al., 2019
Winslow & Shorten, 1989). ¢l= AAZ AGE = AF T /M A7 I
< HA& 8810 F4olH, ¥ < Wl v 2% 3 Az I

3 53} e By Y & A5,

bt
e
ofy
N

d
o
o iz
bu o
[P\
=
_0|£
N
2
A
o
X
ol
o
X

200D. 53], A71zte] Z2A HE A9 54 &de AAA 2
A FAAJN G A AR HuFHo glom, Wz Ax
& Hrepetitive mild traumatic brain injury, rmTBDe] ¥d¢le 2 d&A ok

(Derrick et al., 1998; Edwards et al., 2012; Gruber et al, 2014; Hamill,
Derrick, & Holt, 1995; Hyun Bae Kang et al., 2013).

B9, BAE AL ORE A27] 2 A7) A1 FAs] dAw 247
o) 7% B2 TN WAL ATk AFAA BHT FHL WRI I

AR Zes, A9 Jlsietd W), W A 2448 T dAUS
o] Z=3H(Boyer & Nigg, 2007; Cole, Nigg, van Den Bogert, & Gerritsen,
199), 1 A, 2 H157] AHe FAREEL 54T A& AP

B,
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B A7Ae FAE Fdske Aol 4 7EHE g8 4s 1F
© =1k HEdd Ad 2ol e d4s HEY  qdslen, o, 4
AAow Qs WA SFARE Qs 2 4 £37F AEE Aolge
AF7HEE AASAT ole 27| A o] AW HEse &3 En o
glo] WAlEE W2 7ho] 22 49 Yo Hushs MedTe] A
3l (Bobbert et al., 1991; Derrick et al., 1998, Edwards et al, 2012; Hamill
et al,, 1995; Shorten & Winslow, 1989), 7149 A& $8) EA 52 5 7F
B NEE PR FAEIE F9Y b YR dEde Asd
A9 A7E THEE AAE olgste S48, o U T AR
A8t ath

nebd B a7 AL gis FEAEY] A HYE AgHE 247145
- < 71€sta, HAZ FA A A
A¢k #Ag F Ao gt LA )24

. 47+

L 7=

2 a7 g Kjgha Bas shabol A3t 91 200 Wby 9w
= A5l o4 FARAA 3 A0l Sl eEE F ApEoR
2

B 49S §4 408 FERIRA
a7do] gl A Aold Assge.
W) BONE gL, AT A

i&_\ﬂ
i
w ¥
=%

_[N
Jmt
)

- 241 -



e Roets @ ool M4 M1S(EH HM3R3F)

1. AR

A (yrs.) 217 (em) A5 (kg) BMI ¥ (yrs.)
21.4+2.30 171.7£5.11 66.3+8.17 224217 13.3+3.97
Mean+SD.

2E ATUAAE BEAZIE A8 Sda 247 AAE 249

o FFA7IE ARAe] Hol Ao BEAZAE FYslel A4
53 2ol VAN 1 AAR B Tikel o] fE=

of A71AAG] weh wAEE BEY 27] Saze o 9%

R
2 BAT 4 Ak B¥ARAE eEFroR 33 SRsgon, oY U
> B
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o] fRHE £ 02 Aston, ol sl 400HzE A478E Oqus 3+
(Qualisys AB, Sweden) 7Hil2t2 52 G448 F93 & JAHolHY &
tlolElE AlTte] thste] 718132 EA4 7%t sdete 7tEE vlolH

g FZ39nh
2 71EE AA

HY2 HEHe SAVMEEE S8 Hd AEE SR AlAe
Kistler Type 8766A (Kistler Group, Switzerland)e]™ 125 mm x 125 mm X
125 mme| =719} 6.4g9] AFE 7HRITKIYE 2. AlA = 35 diste A
20KHz9] %Z-&(sampling rate)? +50g (Ig = 9.80665 m/s) ¥ o] A7} 2
T A AT o gz yAgY AlA(ntegrated Electronics
Piezo-Electric, [EPE) ¥4 0.2 253},

21 2. 7EEEMIA 213 MM 2=

AA7E B2 AL 28 D3 o] ofuke] Foolv] 13e] gale] o
& AFEARE Hage] S8 dAS DHolze BARS HAL e

sto] AastA 1Tk vEEA A AAA AA Y] 2 23wl A9
#3EA(local coordinate system, LCS) 7 7+ Zo] Hujg UststA AEd
ALE TGk olw, AA Y y=S AAHTA Y AES(y=), A9 z
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ALSTAL H$E6E), AHS x5S AGRTAY FH@ O 4
ANl ARRE Aolge Hele dgow wARY 5L F3E

7145 HolHe Y =(Kistler LabAmp Type 51654,
Kistler Group, Switzerland)E 3 6250Hz¢] sampling rateZ 3FRNoH,
ANZz=He] F4L& <1y Ho} 2.

IEPE Sensor and Kistler LabAmp

Measuring Connecting Amplifying Acquiring Analyzing
Type 8766A... Types 1734A..., 1756C... Typ e 5165A... Ethernet Cable Notebook with LabAmp GUI
17848..K03 (4 pin neg. to “onditioning and Data Acqui =
3x BNC pos) y
0C —— @ T T T

Type 1511

L — 5 s % Analog Output £10 V.

T2l 4, JIET MAL-HI AJAE

3. AaAg

F3% 7H45E dlolEl= Matlab 2016a(MathWorks, Inc., USA)S AH-&-3te
AFAHEDC offset)S AAsFAL 434 butterworth A G534 EHP L 39
o} olu] cut-off frequency= 60HzZ 3}9] . ™(Hennig & Lafortune, 1991),
detrendE 433t 2159 M8 7]&7](linear trend)E 43Tt

D Hd) F471&=

Ao FANEEE ATNIAE BEAZ19 ) FANSE gHpeak g
vaue)sl BFOE AEAY A FAMEEE A FK v, 2 D A 5

e $4 e 2geeestant, ROE AN, 2 Fo i 7h
SEol e w9 ' = TRadT
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%) 273 &3 A8y A¥EY U%

7y, D) 8 A Fo B4 EO OE 4 43 4ES B

218l fast fourier transform (FFT) g4 o] &3l 7145 dlo] T}
] ]°l(domam)gi W33l & rectangular window 3E A8ate] e
EE,* t”_‘E(power spectral density)& AF=sHTHGruber et al., 2014). 4

T Q82 10Hz o)de 133 Yol it /ﬂifﬂr%ﬂ =7](signal
power magmtude)E Zste] Agsletgion, Fu g W Aol (peak
powen)7} BAS= Fa4 RS @19 thBobbert et al,, 1991; Derrick et
al., 1998, Edwards et al, 2012, Hennig & Lafortune, 1991; Shorten &
Winslow, 1992).
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_&_VE, rlllo
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rkﬂ _l_

m 9+23

o
o%
>

<
N
—

+ 3.35 = 1.779 154 + 0417 430 = 1.238
- =375 £ 2317 -105 + 0374 442 £ 1272

5.75 = 1719

x: mediolateral axis, y: anteroposterior axis, z: longitudinal axis, R: resultant, Mean+SD.
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A ¥(frequency components)S UERYH,
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[ =)

Frequency Components (y)
T

Amplitude (g)
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Frequency (Hz)

O3 7. ofel2 MYsE SAVKSES| PRy B T4 42

05

Frequency Components (z)

Amplitude (g)
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Frequency (Hz)
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100 Acceleration Spectral Density (R)
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Acceleration Spectral Density (y)
* .

100

Amplitude (gZ/Hz)
3
N

<«
N
!

103 L &
0 5 10 15

Frequency (Hz)

T2, DE|= MEsls S27ESE0 e TS Ey) Fuk Rl B AHEH

N
S

25 30

Acceleration Spectral Density (z)
SR m e mmmp m e mom wy

100+

# B
# L
¥ L
g B
# L

—_ 1 f L

N0 - 8 ' 1

2 " '

° [

E ! '

£ " '

= i Y

Zi02- . " 1
# L
¥ L
g B
# L
# L
g B

103 I 8 [ g o |
0 5 10 15 20 25 30
Frequency (Hz)

22 12, ofel2 MYsl £27K0 et 550) Fak M0l TR AR Uc
<E e 1% GH0Hz ~ 20He) tHeF NE59)9] =7)(ntegral signal

power magnitude, iSPM)%F F3k= G W Heiut]7p BAs= Faa AL
(peak power frequency, PPF)& YEeRJITE
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E 3. IFTAA(I0Hz ~ 20HZ)0f CHEE ASaiplol 7|9} Achutrt LMlsl= =
o
X y Y/ R
o (2 0453 + 005 + 0591 * 0160 +
ISPM (g7H2) 03519 0.0220 0.2576 00928

PPF (H2) 135 + 326 138 + 344 169 + 208 236 + 13.05

iSPM:  § signal power magnitude of high frequency range,
PPF: peak power frequency in high frequency range,
x: mediolateral axis, y: anteroposterior axis, z: longitudinal axis, R: resultant,

Mean+SD.

ZANERY 7= %E( llision) Al ZAo] MEHE Al g %
g a4) ol o 2 A(Flanagan, 2014), 2= G HoA= m]d
ke SAVMERY ArE T & e AE Hmdlcator)i 28

e Cournoyer & Hoshizaki, 2019).

B A9 2AAE FaA HdE FAY FHAZE FHH 249 B
A ZE0] o|FAAA FARY, FHE FASA BFH B 4 rapid
deceleration)o] FEo] dold wio} FA F43 AF
T AUAApTk ol FHo] HFm LAY wARgHo] NA 2 HLE of(Sheerin
et al, 2019), He7AA A2 H FATIEEE <E DAA9F Zo] 575 &
1.719g0] o2& Ao Z YEelGt. o= Gruber et al. (2014)2] AFollA R

S8 $HHAAE sk 2] Ageol ¥ 34Tmse £EE EE
m AHORRE FTo] e H F47KEE 5.07 + 149gRTH =4 yet
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wom, Sinclair et al. (2013)9] Aol HQPSE 41 50m/se] £=2 ¥
o AEo] AEHe A FA7MEEANM £ 1L14gRT =4 b}EP’LE}
AEE A9 HAUFATEEE 552 AA HEE A2He FH 4
101 £ 0.24g2 = SUARL A&KH R w38 79 o]Zlo] ZAAH
sjdelo] & 4 i Rusta JATHGruber et al, 2014). o] Axo} B
7o AHAE Blusty, sFA FFAZYE FHske A FA ATE
of meglo] 5H] ol FAVMEEVF HEHI te As & F 3
Ratcliffe & Holt (1997 AAR Hgd FA7EE7 AME 53l fﬂili
Agss B¢t 4% Vv F4E&S et 4t HEAE VeSS
8 HAgE FAL ol E T3 HElE AYEnt Ratcliffe & Holt (1997)¢]

_I_4

an

O

&
ATFAE BFo] Wl & Ao ta A7t AR, wEA=2
g s8] 48T sA7KEET) rER deHL e 97| A= vE
o, #EAE7Ie BHste] FALH T4 FrEH 2ol T4 #d
g oo $EA77E 2asiva AR,

=3 BFAEYE F¥shs ¢ vgdl dEd A FAVEEE A5
Wkl A 3.35g ~ -3.75g, Aol A 1.54g ~ -1.05g, *0‘3} ‘%Oﬂ/‘i 4.30g ~

AT 2.50g, ek 8720 o2& ALoE UEh} Uiﬂi ‘é_"ﬂ
r B A

A5 FA9 o] ATUY B el B B9 Wgolx Frejd

s ”401] 2 e A

Yzt 2492 A= 9 TR} 1
ABRE ~HEY EAS golgtogn wrl AFsty A 4 AR
& dS & Utk ~HEY B2 A% (motion)o]y F-(resonance)el] 2
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3 T FANE FES]
1989).

g 5 ~ <Y L 74 HolHE 34 Trdoz W)
T Tdke Fud 2715 JUehd g Zolth giwAe @
TolA AR whagH o) ofs) BAYH FAR} AA O FFe A= 4
£3 AES 10 ~ 20Hz 999 F3 ARo|gly R sl tEdwards et al,
2012; Lake & Greenhalgh, 2005; Lee et al., 2017, Winslow & Shorten, 1989).
o Bz & dFIAE di" F9o Fu AR 1 A7) FE5A
ok <O" DA & 5 UAxo] B AFolAE 30 ~ 40Hz Atole] Fat+ 4
Ho| nlwz A yehgtedl, o]& Edwards et al (20122} Gruber et al.
2014)8] A7ollA Bargk Zlol| Hs) o5 & Gl sigsh= Fa+ A&
ot} o]} & AL IF 6 ~ <IY Y Fo] 7t WIH Fup AR

ot

WHog AQTHWinslow & Shorten,

A% etk B AT oHe tistel A FAMEESE Aol
9 Ao B (1Y 6 ~ <1 ol UErd 2 B FANEE
o F3he AR} CE Dol Uehd 2 W A FAMEES vasing
o AFEY A AN D717} 4

% 2

Fert doka #gth

A3 G900 ~ 20Hpl st A59k9] 9] =7|(integral signal power
magnitude, ISPM)¢} Fuk FY U Hdius)7h BAsks Fak A R(peak
power frequency, PPF)& <& >3} <18 9 ~ <1F 120X 9} Zo] vehyt
o uFy G998 <Y 9 ~ (Y 109 e AL ddets F7to]
o <FE Do A} Hsd Fakg Y90 ~ 20Hno] AEnkelel 27](0.048
+ 0.024gH)E B33 Gruber et al. (014)9] A<} vimshd FA) A4E
oA A&d ANzutelel =7](0.160 + 0.0928¢7Hz)7 oF 3.3u)7} & Ato]
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o T3 Hoar)t B 34 *él“ir% 236 =+ 13.05HzZ Gruber et

al. (2014)¢] A3K12.7 + 1.7HZ)9]' 2tol &

159 G99 AEHee FTQAME X fH 751 A==t P Kl o 4 P
3}

0 43 WA FETRE EAS FAT 5 YTk B AP

2.0
T X

% k)

orpgro Ao Azvtele] =7 0453 + 0.3519¢°/Hz, %6}%*5&-3— 0.591
+ (2576 H.2 AEHAET, o dmjse] 52 DalE ko] AZolA
249 uF5 A559e 370422 + 0.155gHz)9k w3 £330 2 e
WTHWinslow & Shorten, 1989).

A Fske A3 s wE F4e TR A9 2de o, 1= <
g GFo] WA A&7 A < lvka ARtk wEbM g 7]
=] "R Ao WELEA FAe Aok st FHEE WEAHoR
ANG o FANE & AFHOE Fiato v R ALHe F4E &4t
AE Bart ok =9, FA s AAE Ede T e g9
e WA, A w2 AFe FA A Basta ot Tlee A
0}71 AR ALAR] FANEH ol that A AF 9 iy HE 5o

go] a7d
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ABSTRACT

Spectral Analysis of Shock Frequency Components During Taekwondo
Momtong-Jireugi

Koo, Bon-Ho(Kyung Hee Univ.) « Jo, Im-Hyung(Yong-In Univ.)

The purpose of this study was to analyze the peak acceleration and shock
frequency components spectrum delivered to the head during taekwondo
momtong-jiruegi and to provide basic data for subsequent studies. Nine elite male
poomsae players, who are currently enrolled in the Taekwondo Department at K
University, were collected by stratified sampling. The acceleration sensor that
measured the vibration and shock of the head was Kistler Type 8766A which has
+50g capacity for 3-axis. Sampling rate was 6250Hz. Data collected for analysis
ranged from the moment the right fist moved to the moment of completion of the
movement. The result of peak acceleration of mediolateral axis (+) direction:
3.35+1.779, (-) direction: -3.75+2.317, anteroposterior axis (+) direction:
1.54+0.417, (-) direction: -1.05+0.374, longitudinal axis (+) direction: 4.30+1.238, (-)
direction: -4.42+1.272, and resultant: 5.75+1.719. The result of Integral size of
signal power (g2/Hz) for high frequency range (10~20Hz) of mediolateral axis:
0.453+0.3519, anteroposterior axis: 0.045+0.0220, longitudinal axis: 0.591+0.2576,
and resultant: 0.160+0.0928. The result of Frequency component where maximum
power occurs in high frequency range (Hz) of mediolateral axis: 13.5%3.26,
anteroposterior axis: 13.8+3.44, longitudinal axis: 16.94+2.08, and resultant:
23.6+13.05.

Key words: Taekwondo, Momtong-Jireugi, Shock, Acceleration, Frequency, Power
Spectral Density
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