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ABSTRACT

The purpose of this study was to compare pflugbogen's biomechanical characteristics between on the ski simulator and snowed
ski slope to develop interactive ski simulator. Nine ski instructors(sex: male, age: 29.6+5.4 yrs, height: 176.0+£5.6 cm, body mass:
76.0+£14.0 kg) belong to Korean Ski Instructors Association participated in this research. 24 Infrared cameras for snowed ski slope
experiment and 13 infrared camera for ski simulator experiment were installed near by path of pflugbogen. The participants did
pflugbogen on the snowed ski slope and the ski simulator both. During the experiment, the participants weared motion capture
suit with infrared reflective makers on it, and plantar pressure sensors in ski boots, so that ski motion and plantar pressure data
were collected together. Displacement of COG(center of gravity) movements, trunk flexion/extension angle, adduction/abduction
angle, and plantar pressure data were significantly different between on the simulator and ski slope. However, percentage of time
of COG movement in the phases during medial/lateral and anterior/posterior movement were not significantly different. Findings

indicate that the difference between two groups occurred because the ski simulator's drive mechanism is different from ski motion

on the slope. In order to develop the ski simulator more interactively for pflugbogen, the ski simulator's drive mechanism need
to be reflected 3D motion data of pflugbogen on the slope that were purposed in this research.
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ol #Ag A7 Beol A=A JATHKim, 1998; Lee,
Kim, & Roh, 2012; Woznica & Zawadzki, 2013). thi
Al £7] AlEdolHe &8 mid] B3 AFL=EHA,
Kim(1998y 7] AlEd|olHE 53 &7] 719 ShFoll
AN 71E TS A JAY Fetx et S
Hole ATE YAt 2 A9 AF Aldde] St

3] Sigre] ABBFE T2 §HYo] AN Ao

-

7] AledelHe] el we a3e] xolE s
A (Woznica & Zawadzki, 2013)= A=, 2 A

=

He 2] g K G829 ABdelHE 28
do] 7p7pe] AgHolEE FE & A4 A8Ae) 2= @
R of|l Fol7t WAsHE A|E Avngl 15 A
HolA] T f3e) ABHIE} 2] e = BYEE u
ol w2} AElES T BEa] AsNE 37}

Aol A4 A77} Bashrha AL,

7] AEHelE M 2 )2 olge Fan Buw
A wek ohje) g A SIg 7] ABdole] @
& 7F540) UE A7E FYEA Lee B (2012)S
29 5 A E 913 AgEelEe £5 ATl tiE

£ &
AT 5 o A7Eo] FRE ghedls EFeka, |
A7EA] g AlEEHOIHES dAT de &7 AFS
Agshks Aol A173s] HA7F AUTth(Lee et al, 2012). A
AZ HjelellA /i giFte] 7] AlEdolHES A
Aolgtar stk 29 22U Aok F2Rke] 7t
== AAEo] dtkNam & Woo, 2007). Wb &
7] 25 A elElA Bgs] Flsh] 2k
7] 71z gk FES BFE LAo] o] FojF ok
sttt 3t A7) Ve edE s dAYS]
t27] w58 548 vzt vl ofHoh
(Lee & Hyun, 2003). 28|22 ALgx}e] $F3} 7%
258 Fzto] e = JEE AJEYolEr} AztE o
ofF &}, wSEH o= &gal7] fEiie 2H 7IENHE
IF71E7A Tdgt AlEdeld 3] Jhssllor sttt
(Koo et al., 2013).
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et al, 2014; Nakazato 2013; Lee et al, 2013)%= &
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A7t o]Fojzof gt} wEbA B Ao TR
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2 AT AF A TR E=AA O] Level2
opde] AEARAZF AR, F 9HAIE: B, Het <
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76.0£14.0 kg)e] AR Eo] 27] T2 Ao FHdsi3l
o} AR obd 2 BEE 9sle] 2% 7|F A
F2 9193 (IRB)2] 51 (NRC-2013-04-041)S WHe 5 2
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MaE A8 A7) ABolH B3 Ale] ZZInA
A gAY RS EY R0 WA
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Jste] A3t 27 AlEElolH 5 A8 EFa870 F
P HolEHE 32K 2 24 SAY 24 AHE FA
o 7433t

Aaf 27| FARA S W B RES] ZFA SEIA A
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21914 7 EHVICON T20, UK)S Akl i atsich
(Figure 1). 27| AlE#olg X FFAR 522 F
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Figure 1. Cameras and turn targets set up on the ski slope
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Figure 3. Cameras set up and motion path on the simulator
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skt AlE# ool A o] AJZRAIA 2
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719 Aqtsls 918 &3 dHolEE H.7k(interpolation)s}
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100%= A8tk 7 & 7] | 77 W 7 WIS
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3R FAEA Al RE YRR (raw dataye AEE2]
FA|3}(labeling)E AA$H & (Vicon Nexus 1.8.5), c3d I}
A xgog AFEIY] visual 3d EZZE 13(C-Motion,
USAYS AREete] AREEAS AAET 1 A5
o|ze}t Ak o] HH 748 913k W& (smoothing)= 6
Hz2] WE92~ 2953 DE (buterworth lowpass filter)S
ARESEe] 2251l o™, vlo]F(vicon)el| A A|g-5= Plug-
in-Gait 2H-& ARg-sle] AAE 2 st & A7
F9 BEAHAL Miiller 5 (1998)2] A+E Husle] =
FaRA 2 Al AAF A (center of gravity)2] ©]F
fle} ol ARy, AT, a3 FAYG A Wl 5o
2 dAsir

AAFA ] ol FHe= AT Wl AAlFA Y] A
T, 2, et AU R skl &

Aale] BAS AT AAFA ] 2 o)lF A7 ©
g 2ASA] A 29 o5 ARHTAE
= 1(Phase 1), AAFA ] o 29 o5 A|FFE €9
ulEe] AJH7IAE = 2(Phase 2)2 TSI 4lA] H2F

o|S BB AlAFA L AF o) Al ©
T AREE AT Al AS o5 ARTAE
= 1, 2AATA] HA DS o5 AIFRE FHA oFAl
e =14 2, AAFAHL] HA o)F AIFNE " v
NA7IA S = 3(Phase 3)Q] Al THHO2 FEEl] Al
T2t M <l ol EAIBIGITE AATA L] A
3} o]F Al '] =9 AIFRE AASA L] F) st
o]y AIFZIAE = 1, AR HA st ol AlAE
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Figure 4. Structure of foot and determination of masks

A== A F3F/AA Z=(trunk  flextion/
extension angle), -S4 e] FF/AIA 7= (knee flextion/
extension angle), &2l WA /2)A Ztx, shEe] Ulx/e1x
Zhes AT Ak B Zhwe] 49 HHe &

== -
Astal zF #-de] 7Fs H$l(range of motion [ROM])E
= A=

A% SAHolE = <Figure 4>¢F o] 27] ©1 &%

o] E4E& Est ¥ WEA|(Heel), 55 4FH
(Midfoot_Inner), % BM2ZE (Midfoot Side), Al 155=
(Metl), A2~A45Z(Met2-4), A5FZZ(Met5), FA]
(Hallux), #2457 (Toes) & % 87H¢] ¥ (mask) 22 1+
o] AT

A AREE HiE 27) | oA Tl A7
o] P9 HotH (peak pressure), HH=E o] LAY
(instant of peak pressure), %+ F(mean force), F+H
Z|(mean area) 2= ATt

73R8 52 A 27] AlEgolE et AldellA 7t W
i ztoleol gk froldS ASslr] S8 T8 ~ZE
9oJ(SPSS Statistics 21, IBM, USA)S Alg-ate] <%
2 737 (Paired t-testyS AAISIH oM o] folrEd
052 AAsAt

<Table 1>& AAFAHE] 245, AF, ake] NS b
B Zolth, AAFAL) 25 wsle] Aol T
BA A AAFAS] B WL Aol vls) AEEolE
oA FelsPl 2 Ao UeRdthp<05). AR A
o) A5 w919} s wglel ol A Bl ]

3 AlEElolEolA frofsiAl 22 ZloZ YERdTH(p<.05).
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Table 1. Displacement of COG movement (unit: m/height) Table 5. % Time of Anterior/Posterior COG (unit: %)
Medial/ Anterior/ Superior/ Group Phase 1 Phase2 Phase3
Group Lateral Posterior Inferior
Slope 25.97+16.16 50.95+11.97 23.08+18.75
Slope  0.0420.02 0.10£0.020.07+0.02 Simulator  18.00£10.02  5840£15.63  23.5946.79
Simulator  0.12+0.04 0.02+0.01 0.05+0.02 p 1250 -1.055 -069
t -4.922 11.401 -3.693 » 247 322 047
P .001 .000 .006
Table 6. Time of Superior/Inferior COG (unit: sec)
Table 2. Time of Medial/Lateral COG (unit: sec) Group Phase 1 Phase2
Giroup Phase 1 Phase2 Slope 2612052 1.1120.70
Slope 1.86+1.24 1.861.23 Simulator 095022 1.17£031
Simulator 0.99+0.31 1.13+0.96 ; 7713 -220
t 2.256 1.873 » 000 832
p 054 098
Table 7. % Time of Superior/Inferior COG (unit: %)
Table 3. % Time of Medial/Lateral COG (unit: %) Group Phase 1 Phase 2
Giroup Phase | Phase2 Slope 7155:14.58 2845£14.58
Slope >0.01:£29.89 49.99+29.89 Simulator 4522+11.29 54.78£11.29
Simulator 46.64+13.71 53.36+13.72 ; 3561 3.561
t 361 =361 » 007 007
p 727 727
Table 8. Joint ROM (unit: deg)
Table 4. Time of Anterior/Posterior COG (unit: sec) -
Trunk flex/ Knee flex/  Thigh ad/ Shank
Group Phase 1 Phase2 Phase3 Group extension  extension abduction ad/abduction
Slope 0.96+0.65 1.89+0.55 0.87+0.74 Slope  48.83+16.43 30.71+15.20 41.67+5.58 51.48+8.77
Simulator  0.40+0.26 1.22+0.30 0.51+0.19 Simulator 13.75+5.63 10.14+4.79 14.05£6.50 20.74+6.13
t 2430 2978 1333 t 5.732 3.788 12940 12072
P 041 018 219 p 000 005 000 000

2. MAIBHe 0|F AlZt

AT 2, A, st olsell A8E ARE
1 P& <Table 2>00] AASISTE AAIFA 9] 25 o5
Akl gk AelA= | AIZF 7Y AAIFA Y] H
o 9 HAZEA ] 7R = 13 H o)F He] A
AHE "] mrg] A7EA Y] Pk folgh zlol
7F YERER] ekl o5 AA] 7kl tigk A7k Hj& R
ke Aol ME A Folgh Aol Qe AR e
W TH(Table 3).

AAFA L] AT o5 A7 <Table 4> #A|Agh ulel
7ol ®lo] =9 AFRE A4 Ho AF olF Al
A9 =1 13, o] AFHEE HA HAF olF ARZA
= 29 A AlEHolEA|A ] o]F Al7ko] Aol
HJ3) folatA e AR YERTh(p<.05). sHAIRF A%
of gt HE AZF HlgoX = folgh Ajole AT
S TH(Table 5).

it %2

<Table 6>l A|AIE AAFA ] st o]F A7l thak
AFoXe AlEgolHA e =9 AREFE AlAF4A €
Hd) g3t olF A7 HH 10] sl @Al YEr
YTHp<.05).

olF H&E W3t AxE AR, AgolAe] wH
2 AlEYolEA fFelsHl BAl vEeRd v, AAEA
o] A st olF AIFFE "o npEe] AT =
W 20 FolsH 71 Ao Z YERSTHp<.05, Table 7).
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<Table 8>M= EFIHA 2 A 55 2 3 &
o] 7Fs WHelol digk 235 AAISkL Tt WA A
o] FFAIA Z4xe] s Sl= Aldel vis] AlEdolE
AN FeletAl 22 Ao Yebdthp<.05). 223l &
Ao FHAIA 59 THsHS IA A=
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Figure 5. Peak pressure in full ski turn cycle
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Figure 6. Mean force in full ski turn cycle

30.71£15.20°, AlEHOIENME 10.1444.79°Z F2]8F 2}

o7} A= Aoz YeRdth(p<.05). e} slE 2] /21
7 AA] AgelA el szl Hls| AlEHOlEMA 2]
sHAl 2> AR LEFHTHp<.05).
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Z{cher

EF3RA 52 Al 27] AlEgolE el AL b
ol E ®w3 Ay}, F=H o (Midfoot Inner), T4
v (Midfoot_Side), Zﬂ IZ5Z(Metl PIA BAIZCZ &
oIzt zpol7} Q= Ao YERITHp<.05, Figure 5).

5. Z[cHfso| WA

27 Aol el A4 27 | %44 Hojr o] o
A disk AR E v|wet A3}, BE FoddA 5AH
oz fFogt zpolzt giglon tiiE ﬂEHﬁAW" At
o] 921 60% °lF FHtHr ol UebtTH(Figure 6). wHEHA]

& K
& ¢ * p<0.05, ** p<0.01

Figure 7. Mean force in full ski turn cycle
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Figure 8. Mean area in full ski turn cycle
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<Figure 7>14, 2=7] AlEZolE e}t A ~7] © 53
o Het 3 dHolHE Hlud AAE AvEH, g
FANA AelM o] Htgle]l F AR YEPIAIT
ogk Aolgtal B = UAUTH FAIFLE folgh Afol=
A (Hallux)ol| A 7F YEFETHp<.05).
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e
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27 AlEgolE e} A4 7] | s2he] HaHE o]
EE vt A3, RE njaTox AR R §o)3t 2}
o7} SIS tHFigure 8). THF 227] AlEH|oEIol|A ] o
mAo] Agnth Aoks e & F YA TAFHoR
frolsiAl= gkt
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CHFigure 9). ©]21gh Azt vepd 21 A 24 =
7lollM = 71sel wet AA F4le] - o)s diEle] o
A YeRA R AlEg ol Eo e WEEEs 98] ae
WA7Zbe] WalE ARESH] wiitel] dulFoz A
T Aol A veRt ZoF e
AAFAL] AF olF WL 79 Adelxe] A
A2 © HyHioll= AAFAe] Ao g it |
olF FHo g olgshz HHS B THFigure 10).
EHolHoM = 25 FH AT dojur] wiizol
o m & AA F4le] olse YERA] %k
o} webr] AlEEo oA et fARE 2AUS T
7] SlBlM= "ol o]Foix|= Bt B o] i o
T o]Fo] FutEojof & Zlow kel
Miiller (1994y= 27]9] 71% © E2h&
A " AR AL A F s AATAE S
wet Al o= -3 olFaleiof & g
oA 2lAlSAle] HAHG o]F-S AFSIE, £ AT
o AlEgolElN = AAFAe A FAUe AL, &
G0 ARt A vebstth wEkA o]H gk AlEg olE
oxe] F2F e AA] Agelae] ATl o5
88 s PPt & 5 gl Aol
SEAIRE 27] 7PE 52 Al WSk drag forceoll
gt Supej 5 (2013)¢] AFAM =, &7] AFEe] AT
Ao g2]le] #9-o dAg HES I S S
ste] 1A (pendulum) EH-S 7] Aol AR IE 3
Tk 2 AellA] YeRd AlEFolE ol 9] AT 2
A& 93]7 o]9} o] A} mde] 7i7ke- AlA|
SAlY] £AYS Bl Aog dAdkH)
T WLl g AxE AuEd, 4l
AsAel st olF Wl vl A3 oF 0.02 m/height
Azl a7} e AR yehsd), ol diks F
Zpo] FAE M WollA o] FoA 3 Qlokar AE = Q)
2717} "th(Figure 11). Hyun (2000)2] 7o wl=
EFAEL] B Znke] 4 F2o] et o]F
T2OZ o]oAH AAFAS Fol7b AR R
B AAlEAe] =o] Wsht WA e &%
o} BATo] Aol AAdolE "] Zubie AAF
Aol EolRm AxpH oz Golx|= Mo FIs 2
7} Rt RHE AlEgolHoX = 28] FhiE ']
SRR AASAe] Fol7t Yol HEs B
olgjgh A= Aelrs EFARANL 3)xo] A7 A

[
o

do 2 fr

g
012 -
o P
‘a 01 l/ \\
< " ’ N
E oo £ ~
E ’ \
@ 006 C4 \
£ 4 \
o /
2 004 N
3 7
’ \
= o, 7 N
= — \
[e] o e
3 =5 e W R B DR SRE W G S
NNNNNNNNNNNN BB RELTD 5 g
-0.02 =
Time(%)
—Slope = = Simulator

Figure 9. Medial/lateral movement of COG during Pflugbogen
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AMHA AlZE= v, AlEEolE e AAE Ml9joF
Fo] o]FojA = HIAUEA o] wfiel] Epd AR
Azt & AelAe] FRARMNE 279 71eS vt
BOZ o] AR AlgHEolH = 7MY TES o=
AZr= 4710 ThE2A] VR Zlo 2 ddE )

<Figure 12>= AASAHE] o5 A7k glolde] Az
ojth. AAFA ] 25 olF Elo|WH AHG Aol =,
3R] Fg olFAIZe] ¥ 37 Elo|W-g Hluws)
Ae uf Aexe I AIZHES] 27t YERES
wh, AlEFOIE s 7 W A7 &Rl A e
2 AA Yepdth AT < 2.5 % Jxe] zlolojnz
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Figure 12. COG movement time in the phases
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Figure 14. Knee flexion/extension angle during Pflugbogen

3} 4lde] gFlo]l YRt olEg Ade AlE# ol
E9] 7% AAPT 9197] wiEe] e AF 2o
2= Aoz HRth &, AlEHCIHAA = 3]x0]
A== 5 Ao AF F2 o] A9 AL wh,
AgeME "o AREEA AaF Ao g 2ot '
o] o]FZl F thA] $Ho R FHol= HES HTh
o] A= AAFAL] AFolsH ol gk Aele &
o] e Aoz e} AT A7 A7
LS Haslehs Zlo] W2y F=ge 33 Kot
Freetns Adolxe] dAFHTE 7] AlEdolE A 9
Ago] Fzte] AFslo] £e-S = Zow dAvkdn
T2l F333) 2l77bee] Hel= <Figure 14>
I} o] ettt Al olE e} A7) SR AAF
o] A% AL ztelo] tist Aol FARH Y
Elyit), olgjgt AAe FERde] FIRIA Zhwe) Wel
7} AAFA 0] AS/Ae s A 7145 s o
ol et o2 sttt Hyun (2003)9] A+ A3
of WEW FFARA A A 72kt 30 o= 2
+Z o] Yepd i, FE23Ee 140 Hro| 7o)
et £ B2 57 Al dok 53 A9 £4
ool § = oJeke wi=rlw B %) ST B A7
A= Ak SRS A Yol FAl] dojue Fo=
e 2 Ao Aajel o] RS A A &

30

P
” /” \ ““
15 - =
10 \ =
5
0
1 5 © 1317 21 25 29 33 37 41 45 49 53 57 61 65 60 73 77 8 7 101

-10

Angle(degree)

Time(%)
—Slope = - Simulator
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