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Objective: The purpose of this study was to investigate the relative angles and cross-correlation
between body segments and ski among four alpine ski turning techniques.

Method: 19 alpine ski instructors participated in this study. Each skier asked to perform 4-

types of turning technique, classified by radius and level. 8 inertial measurement units were
used to measure orientation angle of segment and ski on the anteroposterior and vertical axis.

Results: Significant differences were found between types of turning in the segments-ski relative
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types of turning.

applied differently.

angle on the anteroposterior and vertical axis (p<.05). Although, cross-correlation showed a
high correlation between angles of segment and ski, there were significant differences between

Conclusion: Based on our results, the relative movement and timing between each segment
and ski is different according to the turning techniques, so the training methods should be

Keywords: Alpine ski, Turning technique, Angular kinematic, Cross-correlation
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(ground reaction force)= S7tA|7{0F 5L, O|2 Qld
x| (kinetic energy) & Tt ZFH £ (trajectory) 7t Hat
E203RACt 8t Hirano (2006), Tada2t Hirano (2002)=
Zte 80 OfL|2} OB Zt= (attack angle)?t 2H HME!
HUaL A7 ALO|Q| OHEO| HAY EFEL{E7F F0j51
HtZ40| ZOlZICt ENSIRCt OfRZtz = AT|O| £
(velocity vecton) 2Lt A7[o] WEE || QHZEO 2 &
80 AF|0] HHOZ ALO|E £2}0|E(side sliding)0| &
A sts 71&02 A7|YE(skidding tur)dlAl & &= U
O|Ct. ChM2 AZ|YHE FFJ{EE 2| BHE7| M0
7|X7|&0|A Bo] 2851 RACKKIous, Miller & Schwameder,
2012). B2 SFEEEE £0(7] /8 AtO|E £2t0|H0] Y

o Mo

_,_
fu

o oz O JE ot 4y 2 11 o

r

X Mmoo od B2

b

o o

r

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



206 Joo-Nyeon Kim

LEX| QA gFste 7|22 7 H(carving turn)2 O{EHZtE
x| A2t5t0], 27|29 2[0{El(bending)dl| 2lsf ¥ &= 7|5t
4 ZME 3|HEH O 2 $HCHFederolf Roos, Lithi & Dual,
einrich, Mdssner, Kaps & Nachbauer, 2010). [H2FA] 7}
2 HE S22 g A0 2EF A7|9| 3ojEeR
oMetdES ZEOF 57| ME0f, ¥87|e2 2FECL

| K| =Xt W (Korea Ski Instructor Association, KSIA)O|
Me 2|Hetgat 7|&9| Ho|=of wat ul 7tX| REo| 2|H
712 275y J|egdE Qe 710|E 2tels MAlsi_
ACHKSIA, 2019). HA 2[FEHZ0 2t S H(long turn)zt 2=
El(short turn)2 2 B8/3lD, 7|&o| Ho|=of et A7|ES
0|28} X Hzoz %2,56}% H1|o|7<I E1(baSIC turn) 2t 9#%'
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- OIEf(Lmd & Sanders, 2003). H2tA F=TIHS
[t SE0| 7 E[X| &oH, =¥ (propulsion)2 #/2+ SZH0]
HI3{ XS (breaking)2| &S ZESI=0 7|&2| SX0| ALK
%, |IXOHX 2R H Metz= 280UHXIE e (dissipation)
A7 Rt HE{Q| 2TS THEO{LHOF 37| MHEO0i(Supej,
2008), 2| (external force)S O|&3}7| It CHYSH HEfO| &
0| 2FEICHGilgien, Sporri, Chardonnens, Kréll & Miiller,
2013). 27(0{7} 2|HY I 7k 2 A= HE5= A2
At AF| ALO|S] BH2(ski-snow reaction force)0|1, O] Ht
H2 AF|0{9 XtM|0f [} CHfeh HENZ HSHEICE Mt
XEAMlof oot I:H—'?'—':'O| 27| 80l 270 Tt 2INEE
O 2 EHEICKLeMaster, 2010; Lind & Sanders,
OEA=E S7HAZ17] &let =& SE2=
W2 2j|0| M(knee angulation)O|Lt & ¥=Z2j0|
M(hip angulation)y2 HZHE0| =22 HHr|= HO FF
= REAAE D} %“E;J_',;F H Z= 2 2| EICHReid, 2010; Supsj,
2010). &, 27|29 M= Z(anteroposterior axis)of| Cigt 222
Ho| B2 YUO| HFUEE ATt FE SHAULE LIEIL

B 2
[ |

= Z40|Ch(Kim, 2018). EESE AF|O] £=X|Z=(vertical axis) =2
ol chet 2fI2Eel 320 w2t LiZkrotation position),
& XtMl(neutral position) 2|1 2|2 XtA|(counter rotation
position)2 F2|EICkYoon et al, 2017). 3| Yutel A7|0{0]
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A HzEes ¥ AtMle
QF MHEA 7|27|(center of mass inclination [COM inclin-
ation]), FE1t & A2 0| SIHA|ZICtY k[ QUCE
(Greenwald, Senner & Swanson, 2001; Miiller et al, 1998). S}X|

o|Hol Edots FUoM ERE

-ErJX|X| ALY, —rnol'—f °1E| 7FO| l:’“%’—|°40|
H Ee QHEE0 CHsiM2E 245 A7] T 0l(Kim, Jeon et
al,, 2014; Sporri, Kréll, Haid, Fasel & Miiller, 2015), YT}l A7|
Aol LESIAZ|7] sl F=IHE QI s 40| @ ATk

2Ol A7\t 20| 2|=0[ZHsH F2 0| BEXHoZ O|F
e 2800Me 3 ¢ diizel 37| ojdez 3 7t9
71E Y(inter-segment coupling)2| 240 CHsH ZEE|D R
Ch 2598 S90M 2 10| HEY2 HSHHL & (con-
tinuous relative phase)& AF&dH k-2t FH0AM S|
9| FAHY HEl(in-phase or anti-phase)E 45| 7 LKKim, 201
At AR M(cross-correlation analysis)2 S8l RAHS| =&
(coefficient)t A|Zt X|H(time-lag)2 E42ICHHoran & Kavanagh,
2012; Pouliquen et al, 2018). YL}tQl A7|0|M s = 40|
Mzl 2= 2H0| s Yooz UEXOo 2 3|Mdl= [FA
ot AEl(in-phase)& Etlle 2222 EaE|1 UK THKim,
2018), 22 7t SR YUQ| A|ZHATE 2HT|=0]| O]X|= S
Cieh ZA= ORIX|X| RIRUC

&Il 719 BH'd M7L|E(turning mechanism)dt $EH0]|
MOl m=t 134°”° [[H QIFEH| ALt ﬁ9|01| EH?J
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At 19%(age: 33.27+6.53 yrs, body mass: 76.42+5.88 kg, height:

176.33£6.19 cm, career: 13.71+4.13)0] &SI}t 2E CHAKL
Ao #ojstr| M Aol het XpMst dHE =
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QUL BE CYAE CHEA7 X =AY =2 E2 01

(demonstration)t E|&(teaching) AlES Sl MEHsH= 71
=2 g2 HZUAKlevel 3) RHHHZ AR XIEA, HO|F &
B, 7td S, Ho| £H, 71 =HZ HEAEYOIM &

T A= ZAE ML

Il A7| ZT7|&0f WE Yol

2 HAISH| 2ll], 2-d4lA myoMOTION, Noraxon,
USA) 8XiES AMBSERICE 2 AFOIM AR ZHEMM=
XO|2A 3 I (gyroscopes), 7+ E Al (accelerometers), Xt7| 2|
(magnetometers)?t ZEeHe|O| QUCEH O7|A X2\ A = X[+ Kt

A7l0jo] 2t o 2

7| ZH(earth magnetic field)0ll CHEH AIA{Q| Blakg ZHstn, 7t
-‘-571|" THS Yot 3XtRo| MIEE FHYHH, of Y
S2 XO|ZAAZOM HEE|0f MEE 2HddMel Watzts

I|’_,* Moz #Hot=0 AMESIICHKriger & Edelmann-Nusser,
2010). Zt YN = LF Dfoot), SHEl(shank), CHE|(thigh) 1
1 Zdhpelvis)at &S (trunk)0l| FEHSHCHFigure 1). 27|
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Figure 1. The attachment position of 8 Inertial measurement unit and measurement set-up.
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3. XI2 N2

AtEXE|= Matlab R2016a (The mathworks, USA)S A
UL ZF 2d7|22 25 N& F 2da Omx| e &
et ALE Chd Ho| 3|H0o|| LSt AR HME|E MA

=] o
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>

otS St HZZ A7t 2EHO
A et al, 2014). YmQl A7|0|A FE
AZEl= W=Z2f0|M(@ngulation)t 2|ZF(counter rotation)= 11
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(orientation angle)
Ho| MriztE LHE5t0] Hln2A SERATHKIm,

24
2018). AIMME &
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2
Ol M 2t @XHnoise)E %|A2}5H7| {8l Butterworth 2nd

order low-pass filterS A3

KFEEEIb (cut-off fre-
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quency)= 6 Hz2 7SI RACHSpori et al, 2015).

SEZOA LIEHHS Wekztol kgt
24

S477ke A7|o)

(tpeak value)2 FE

7t Edstof of old

X|HOA £7[0f eto] HHY 7| HFMX|] F T
|

Initiation phase, Z|CHAAMM (fall-line)7HX| 2| 27

=
o™

Of HOILIX] G AR 788
Of O mugtof A Ol mAZINKIE & F7I(@ cycle)2
FBtUCHKim, 2018). 2 22t 27| Zhe| YriZ2 2|2

gof wet 47K IHez Ly 2M3RAC B, REE

x|
HEX|M(neutral position: & HI} AT

—_

1

o K Jm nx

[

=
bl

e

Steering phase 1, Z|[LHBARIRE Chg ZHMd12h T FIHA|
9| Steering phase 2, $|H0| BLtD Ct2 FEZE ZX| MK
9| Completion phaseZ2 2477t2 ™SI RACHReid, 2010;
Sporri, Kroll, Schwameder, Schiefermiller & Muller, 2012).

2 2 2719 A Y 2| FAFSsimilarity) g HE 5|

Table 1. Mean + SD of segments-ski angle on the anteroposterior axis and one-way repeated ANOVA results (unit: deg)
Types of turning
Anteroppsterior ) - - ) Fvalue Post hoc
axis Basic Carving Basic Carving (p-value)
long long short short

Initiation phase
Trunk-ski 6.59+2.38 8.11+3.97 -6.06+5.53 4.35+832 26.739 (.000) BS < CS/BL/CL
Pelvis-ski 7.96+1.77 11.63+£3.39 1.38+4.09 9.91+4.97 30.452 (.000) BS < BL/CS/CL, BL < CL
Thigh-ski 8.02+1.85 12.93+2.94 -0.24+5.59 7.87+5.25 33.629 (.000) BS < CS/BL <CL
Shank-ski 4.19+1.29 1.66+1.41 1.81+2.35 1.70+£1.74 9.246 (.000) CL/CS/BS < BL

Steering phase 1
Trunk-ski 5431275 18.58+3.71 9.45+5.04 21.69+6.74 54.890 (.000) BL/BS < CL/CS
Pelvis-ski 6.57+2.60 21414329 17111424 27.01+4.87 113.520 (.000) BL < BS < CL < CS
Thigh-ski 6.39+2.17 17.19+£2.37 11.00£3.32 18.67+4.11 56.993 (.000) BL < BS <CL/CS
Shank-ski 1.98+1.28 1.09+1.38 2.10£2.16 242+1.99 1.954 (.132) -

Steering phase 2
Trunk-ski 10.86+3.34 21.49+3.93 18.03+3.92 2642+5.36 44.165 (.000) BL < BS/CL < CS
Pelvis-ski 11.25+£2.64 23.6413.21 24.77+4.24 30.29+3.63 122.636 (.000) BL < CL/BS < CS
Thigh-ski 5431235 19.10+2.22 15.92+3.26 18.09+4.22 70.626 (.000) BL < BS/CS/CL, BS < CL
Shank-ski 2.29+1.82 0.46+1.40 2.06+1.89 1.86+£1.97 4.015 (.012) CL < BS/BL

Completion phase
Trunk-ski 10.95+2.76 14.97+2.87 15.73+£3.22 17.24+6.74 7.086 (.000) BL< CL/BS/CS
Pelvis-ski 1048+2.62 15.58+2.94 21.03+3.74 1945+3.54 44.022 (.000) BL < CL <CS/BS
Thigh-ski 4.23+2.27 13.22+£2.19 12.37+£3.00 7.76+5.21 26.808 (.000) BL/CS < BS/CL
Shank-ski 0.91+1.75 -046+1.49 1.77+£1.65 046+1.75 6.441 (.001) CL < BL/BS

Note. Bold: a significant difference at p<.05. BL: basic long turn, CL: carving long turn, BS: basic short turn, CS: carving short turn
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Table 2. Mean + SD of segments-ski angle on the vertical axis and one-way repeated ANOVA results (unit: deg)
Types of turning
Vertical axis Basic Carving Basic Carving (;\\/,Z:LLJ;) Post hoc
long long short short

Initiation phase
Trunk-ski 6.32+5.54 5.38+7.21 8.28+4.03 6.09+4.29 950 (423) -
Pelvis-ski 2.64+5.92 8.73+4.34 11.49+3.69 10.64+4.03 13.196 (.000) BL < CL/CS/BS
Thigh-ski 8.83+4.97 14.58+5.35 18.18+5.81 20.18+5.47 15.179 (.000) BL < BS/CS
Shank-ski 7.28+4.46 5.55+4.75 4.67+2.71 4.02+2.81 2.681 (119) -

Steering phase 1
Trunk-ski -5.03+6.12 -15.69+8.16 -7.21+4.10 -7.32+4.27 11.738 (.000) CL < BL/BS/CS
Pelvis-ski -3.78+5.76 -0.98+4.91 1.98+3.79 2.50+3.45 7.420 (.000) BL < BS/CS
Thigh-ski 6.43+4.90 14.01+5.59 19.27+4.76 23.05+4.08 40.984 (.000) BL < CL/BS < CS
Shank-ski 6.50+4.32 2.79+5.74 442+2.80 4174348 2.518 (.068) -

Steering phase 2
Trunk-ski -22.83+5.67 -21.25+£7.17 -20.89+3.48 -17.05+4.38 3.953 (.013) BL < BS/CS
Pelvis-ski -11.13+6.41 -4.63+4.39 -9.89+3.35 -7.93+3.27 6.973 (.000) BL/BS < CL
Thigh-ski 11.41+5.43 12.92+5.46 12.53+4.43 14.62+3.59 1.318 (.278) -
Shank-ski 6.79+4.37 4.71+5.52 4.79+3.24 3954392 1.506 (.223) -

Completion phase
Trunk-ski -21.87+6.11 -15.11+6.06 -25.11+£3.48 -18.05+4.52 13.438 (.000) BS < CS/CL,BL < CL
Pelvis-ski -14.57+5.75 -10.39+3.67 -17.08+3.08 -1447+3.13 8.343 (.000) BS<CS<CL
Thigh-ski 7.65+5.60 1.86+5.00 2.8514.76 1141349 6.524 (.001) CS/CL < BL
Shank-ski 11.91+4.40 8.58+5.14 5.58+3.31 3.53+3.58 15.124 (.000) CS < BS/CL/BL, CL< BL

Note. Bold: a significant difference at p<.05. BL: basic long turn, CL: carving long turn, BS: basic short turn, CS: carving short turn

dl, A A2 A (cross-correlation)2 AF2SH0] B AL
=]

é!ﬂ._W:II—.—(cross correlation coequent)% MESH 7

4. SHANE

E7XHE|= SPSS 23.0 (IBM, USA)S At23SISCE 4| 7tX| 3
M7= =8 Al LiEILHE 24 23--27| 7+ HOfzel Xtol|&

M| Qo HEESY LUHZE A (one-way ANOVA with

=
repeated measure)= AHESIYULCE AR ZHE S E Bonferroni cor-
rectiong AN, 2E SA XS ReFFER a=052 4
FSHRALY

HZ=0|M LiEHL= 4
o JIE718 B
leaning) S&& LIEHL = ot (posmve value)2
HO| A7|0f H|s =Z|=0| 7R4A A‘l Ae A2 2lolsta,
9| Zf(negative value)2 20| AF|HLCt $|Ho| otBo2
20 A= AS o|0|stCHFigure 2-A). 2 2|T=H g
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Figure 2. Average and standard deviation curves for the segments-ski relative angle on the anteroposterior axis (A) and on the
vertical axis (B) during a skiing cycle (0~100%).
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Table 3. Cross-correlation coefficient (Ry) and time lags () between segments and ski on the anteroposterior axis
Types of turning
Anteroposterior axis
Basic long Carving long Basic short Carving short
ek Ry 0.974+0.019 0.995+0.003 0.978+0.014 0.964+0.520
Trunk-ski
T 0.033+0.030 0.035+0.021 0.026+0.010 -0.031+0.011
Vis.sk Ry 0.966+0.026 0.994+0.004 0.985+0.016 0.983+0.022
Pelvis-ski
T 0.010+0.017 0.011+0.016 0.007+0.007 0.013+0.009
hiohsk Ry 0.97210.014 0.990+0.007 0.992+0.006 0.993+0.005
Thigh-ski
T -0.008+0.011 -0.008+0.015 0.002+0.005 -0.012+0.008
Ry 0.995+0.002 0.999+0.001 0.998+0.002 0.999+0.001
Shank-ski
T -0.001+0.003 -0.005+0.005 -0.000+0.001 -0.001+0.002
Note. Positive time lag implies that the ski moved earlier than segment. bold: positive time lag
Table 4. Cross-correlation coefficient (Ry) and time lags () between segments and ski on the vertical axis
Types of turning
Vertical axis
Basic long Carving long Basic short Carving short
sk Ry 0.963+0.019 0.910+0.041 0.960+0.009 0.974+0.007
Trunk-ski
T 0.000+0.001 0.000+0.000 0.000+0.000 0.000+0.000
Vis.sk Ry 0.988+0.006 0.982+0.012 0.973+0.012 0.977+0.004
Pelvis-ski
T 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000
hiohsk Ry 0.990+0.008 0.950+0.032 0.994+0.004 0.977+0.010
Thigh-ski
T 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000
Ry 0.994+0.004 0.981+0.022 0.999+0.001 0.999+0.001
Shank-ski
T 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000
2. BH_AF| MjZHEEZ) H=x A A5 a4 ot 22 d=das LERD,
e SNYOIME 2t 2R A7 Zho| AT} 2
FHZ0M LIEILIE ZF 2830 AF] ZHo| Ztes AT|7t B, 215 SHY0Me AIZHAR7E ALK SUACE Te=
g3ots U] Hig 292H20| 2ot A= YetZS LIE It =HF0M LEHE do et 4=t AZtXbE (Table 3)1t
e Ho =z, 49| Zh(positive value)2 2F0| A7[0f H|sl 3 (Table 4)0] Z+2} LtEFRACE
Mol or= g stslE UEk(rotation)2 2/0|8t1, 22| ZHnega-
tive value)2 2EO0| A7|ECt 2O HIZRES &t 2l DISCUSSION

(counter-rotation)& 2|0

=E —
otCHFigure 2-B). Zt 2| =Ho| £4

of wat 2t 2| 7|s 2+ Relgt X0l LIEHI S (p<.05), &
LH

gH7|e 2t M=EE

3. £H.A7I

Z1t= (Table 2) LIEFSHCE,

el A7|= o|HEEn o HAHLIZO w2t 3A )
g7zl 580 wep A7|eF 4
Hoil ChS3t7| fleh 227|012 RtA| Hst
Hrof Y=5 =Fots Eutel
9| Hat HAIA YLl 20|
(@]

et A7[9] ek gieXoz

e re
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