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0] ¢I7= diyo| 7|=2=Xt = T2t HiEA(grand battement)2] ZALSHS QJ5H AX|Q| Q7N ZAS EMsk=
Ag SXNOE | MKt 8HO| SAS SHGIUCH, WindowsE SPSS 18.02 Sdll +testE Aot BMZu=
CHSdt 2L & 83(9| ¢4 O3 HiTd & 71E 83HQI (R0 200t 718 KASH 8i(zl4 2| &0 Tatd

2T = -8.60+6.01(=-4.047, p=.005)°| Q2|0|5t X[O|7} LIEK HiH TIHA X[ ZSE=
LIEMACH=.117, p=.910). T2 HIERO| FAlASH A| Et=(tendu) 7742 X|HEIZI0| 18.81+18.79N A3l
7tH¥l(degagé) TL2te| W BF METIt 243.02+245.29mm/sec H2RICE & HILAO| |1 242 0|f= 72t
OiM= X[X[sk= Ch2|o| X|HEI0| SI= -66.66+34.49N 0|Sotdl, FAH= -146.43+66.42N ZAGHH, AXSA
9| =0l= 11.97+5.68mm ARSSICH 2 HICAlO| Z[CH-£|A 22 0|2= MEQ| 1A A0y 2z DHE =Xt
AR AIHE Zu) FAaEH A| 2ZI0|= C2|9] 220| 31.13+30.19mm, AHIESA0| 4.87+3.69mm X|X|5}
£ Of2] ZO=Z 0S5, ARISAC =0 11.98+5.65mm A ASot= ZOZ LIENCH A2Xoz T2t
HIEO| ZpeliS Qoiis X LE MEE, X|HEE 3 MASd ZEN 20 382 AM88 |R7I1K¢
SAU0| 2ot 2H9 & SAS #Aols| floids LFsE 014
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oA 87EE ey anel A4E Hoiie 71ed wRdo] wtof st U 9] 7|655H
& olgfotA] £ o= oEA 7S & oof =4 olaf5t7] o|HrHRyman & Ranney, 1978). 11
F="(grand battement) 3HA9] o FA43 L ol&3ta] &2 RS L35k L9

2o g, ket Hl3YS gt §9] o] "t 1% #l4 < FE2'(grand jeté en tournan))?] &
g B4 dFo] w2y, 529 AAE F LE2E gEE ALEEs I7 vy 5219 &3t 9
| H&EE Ueple, =9F o] A& tE|7t FFolA i e BEIOHAN, AFE, 1BF,
ARG, 2015). olAE A 17 HAw(grand jeté), 1 FE= Fgrand rond de jambe), IF &
T HkAd(grand saut de basque) 53 o] 7|& FAOA TS YA A& e EUEEE SRR
A HZYH o] o]FojAt, I7) HIEO] thElE A= 79 92 dE kofehs HAYOoR g
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3, P Aol A=A &= H —;‘%ﬁ% o A8 HEo] 28, &8y, 4344 5ol P

o] A+t= I v o 8 ThsolA YIE= 4AAY §714 TAE B4t AS HHoE,
< 839 A% I Bz F 7MY A Zﬂ Nl -’F & 2D 7P AZRS YA ZDE o|F= AEY o
HE 7+ ¥ 524 ks BASHIT. F7H o o] At AL E o|f= &t A4 A W3}
£ BA4517] floto], & ol v HE YXet A&k, 1] Awe &L, A|A|oh= 9] Awyt
g, 171 AASAHY A 5 B4l 789 HIY2 AR 33 o]24 dP 1Y Aort A
Zeto] ¢17] wW&of|(Hinson, Buckman, Tate & Sherrill, 1977), §d43 238, «4d, 43747 59 =
3= F8 = ot I HIETGY 44 290 EA5ke At O B2y S At AFEA 77}
U= ACE ARmEHH

o. |9+4

1. G+ o

£ A7) TS A1g 2419) 3 thete] e AT AT X3h) WA 51, o4 5ol & 109L Wl
A sto] 2AseTt. 1o f—‘iﬂrﬂfﬁl/ﬂ 4 199 dole] £A% Qlste] u2t Aeio] o4 18 Aelsh
4 49, o4 40 & 9L o s FHEAS AR W) Bad B4 ket 2tk

B O dNE £4

i

o H8(n=4) 048(n=4)
i A BEHA i BEHA
7 180.0cm 4.967 167.75cm 6.551
E5A 69kg 7.848 51.3kg 5.560
o] 244 4.690 24.54] 9.000
738 114 5.802 134 10.392
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event A : Tendu 3t
- Working Leg®] &2 A At A&%(X Toe Velocity)2} 1 £7+9] X8 (Force Plate X-Y-7)
- UE AW o A& XoJARE 727129 AQAI7Hframe/sec)

event B . Dégagé 3t

- Working Leg® &% Zd A& %(Z Toe Velocity)?F 1 <7t9] A|HHFE|(Force Plate X-Y-7)
- 9 Y FHg A4x Zo|ARE 13E FHd ZET271K]9] A8 A 7Hframe/sec)

- g AW Y AT ZoARE 13 o Z4T7kR] 9] A8 AKframe/sec)

event C : Grand Battement 77t
- 13 o Ko RE 13d Hdf Z&7kR] 9] A8 A7Hframe/sec)

48 Hd| Z=Hip Joint Angle)@t 1 &7+ XHEHE(Force Plate X-Y-7)
4 ) ZHZ=(Hip Joint Angle Velocity)
e o oA RE AAFAH FH=el(2)7HAY 28 A7Hframe/sec)
AEA4 FHdl=ol(Center of Mass Z2)2F 1 47Fo] AHute(Force Plate X-Y-7)

]:I

%l-j]]ﬂ

|

¢

22} B4 : Grand Battement X184 FHd 4= ZHE

- Working Leg®| Y¥&/F5/4% o Z=(Hip-Joint/Knee/Ankle Angle)
- Working Leg® TE 9X(Heel/Toe Position X-Y-7)

- Standing Leg9] AlA|E4] 9X|(Center of Mass X-Y-7)

54 Z457] 98 B Cortex 6,09 W4 14 ZR RS AMgslgit Aulo) THL et Lok

o o
=5 T a2 HIZAb
A g 7Het 1 Raptor-E 6d s
A Fiefet 2 Osprey 49} movement Analysis
48 ATEQ Cortex(Ver. 6) 1o orp-,
AHerey Ay Force Platform ORG-6-5 19 AMTI, USA

o] Atol|A] Ak&% 7|RAE, Raptor-E Digital Camera 65, Osprey Digital Camera 4™ (movementAnalysis
Corp., USA)olH, A|H ¥ Q1o A7E F5ot7] 3t A ¥t 7](9286BA, Kistler, Swiss) 1tho]t}.
tlolg A 9 TA7 2L Cortex 6.0 HZ(movementAnalysis Corp., USA)O] ARE-E| it} dlog 7Y
A M9 9Jste] Helen Hayse Static Marker set& AREsto] F 3R} AXlo] 297 ufAE FHZsho]
Static & Foll= 2571 vHAE ARESIIAL, oA AR|ZE 12.7mmeold. 7iHERe] ME AT EE 1/1000

%, Y £5= 29 12029(120FPS) 2.2 FFsH3t

5. Xt=2xf2]

go ]E1 Az NE ‘Qiﬂ(codmg) i & 24S 9sto] SPSS/PC 18.0 Version SAZZIHE o]&a}
Ak & 839 AL I w4 } -4 2] AEC] diste] EHEE HF(paired r-test)
= AAstgleH, & A7 54 04 pLO5E A5
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2% vl 7o) 83] A 48 5, TP ABAR 2@ D3 AP Az SES D ol
AES] ofdE 77 ¥ $4 WIS 3 2ok
H 3. O Hi=Y OHIE 7t H S&F HolH
EventZZt ZXQA S "t e EFMWXt t~value 0
Toe Vel. X -12.1435491 208.2593835 -.165 .874
Force Plate_X-X -1.906880625 9.949237309 -542 605
Tendu Force Plate_X-Y 3.26239025 8.70226958 1.060 .324
Force Plate_X-7 18.8107201 18.7956017 2.831 .025*
X to Z Frame -.375 1.506 -.704 504
Toe Vel. Z 243.0240088 245.2904533 2.802 026 *
Force Plate_Z-X 16.037480875  49.896203925 909 394
D . Force Plate_Z-Y 2.735851625  16.042791828 482 644
€838°  Torce Plate 77 16.2177114 45.7126213 1.003 349
Z to HJ_Ag.Vel. frame 6.500 7.329 2.508 .040 *
7 to HJ_Ag. frame 3.000 2.138 3,969 .005*
HJ_Ag.Vel. to HJ_Ag. frame -3.500 7.928 -1.249 252
Hip Joint_Ag. -8.6072549 6.0152234 -4.047 .005 **
Force Plate HJ-X -66.660061375  34.494834581 -5.466  .001 ***
Force Plate_HJ-Y 21.807552125  29.149447682 2.116  .072
Grand Force Plate_HJ-7Z -146.4354715 66.4292051 -6.235  .000 ™
5 ttran . Hip Joint Ag. Vel 3.5661780 86.4563450 117 910
AREMEnt Ty Agl 1o C.O.M. -.125 835 -424 685
C.O.M. Z 11.97525250 5.68686915 5.956 L0071 e
Force Plate. COM-X 13.54515575 57.63952970 .665 528
Force Plate. COM-Y 2.986145375 25.496737248 331 .750
Force Plate. COM-7Z 36.96654137  157.02715888 666 527
*X.05, **X.01
% 8319 A& I HiEY F 7MY AR e3E W D MY AR £PE A ZHE o]F= AEY
1 g ZH=(Hip Joint Ag)7F -8.60+6.01(:=-4.047, p=.005)"9] §-2ju|gt zto|7} vpepd wid, u3
A A Z<%=(Hip Joint Ag. Vel )= Zo|7h gl A0R Uedth=.117, p=910). 73t & & ol
< AW 2 Zy}, A WA oME 7] HR(tendu) 529 429 A] ¥Eo| AAFAC2RE ol A
HOl A& %(Toe Vel. X)olM= Rt Zpo|7t UeptA] gorot whgo] o X A& g ol o AH

Ht(Force Plate_X-7)2 A9

55 A 18.81+18.79(=2.831, p=.025)N A&dl= ZAoa Uehgth T

A olHIE 711 H7HA(degagé) 22| =9 Al, WEo] AHAA HolA FFOE 5ol I A&E
(Toe Vel. 7)== 243.02+245.29(=2.802, p=.026)mm/sec A Al o Eetr= 7oz Yepyitt, 3t
HEo] FFOR Sl AU AKEE o|F = o E I3 vl Y Eol& tEE 50 =Y Y
e RAEZR] AQAE Hg4dY Al B 4A Uergth Al 9 oHE 7oA 17 vhErge] X 7t
olg wf, Y Al AA k= o9 A ¥ (Force Plate_HJ-X)°] F&E -66.66+34.49(=-5.466,
p=.001)N o531, £F 07 F2&= HulE(Force Plate_HJ-7)2 -146.43+66.42(1=-6.235, p=.000)N
Zashe, AAFA9 £0](C.O.M._7)E 11.97+5.68(5.956, p=.001)mm AF53H= A02 UeRdT,

o
=
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Z 8319 A& I v F 7Y AR S3EY D P AR FYEF A 2D o]F= AEY
DT A 2k oluie Holoh e wE, R A A4EE Aol gl A0E Ukt whet
A FAdos Twd Y 4% REd AR 949 Wskke R4S, 1 A chewt gt
B4 DB A 2T Qe 53t Hafy

EHRA S B S EFEWMA} t-value D

Hip Joint_Ag. -8.6072549 6.0152234 -4.047 .005 **
Knee Joint_Ag. .7645369 2.5157557 .860 418
Ankle Joint_Ag. -.2774774 2.4725449 -317 760
Toe Position_X -113.1645583 51.3654591 -6.231 .000 ***
Toe Position_Y 31.1367904 30.1967382 2.916 022 **
Toe Position_Z 128.7058103 59.4440274 6.124 .000
Heel Position_X -76.1583557 37.6327127 -5.724 .00 **
Heel Position_Y 10.5309618 15.6089862 1.908 .098
Heel Position_Z 118.5960694 52.9419621 6.336 .000 ***
C.O.M._X -6.1077145 11.1307468 -1.552 165
C.OM._Y 4.8751640 3.6934081 3.733 .007 **
C.OM._7Z 11.9837418 5.6539637 5.995 .001 **
*X.05, **X.01

% Bhrge] Hoff- A g o|F= AEY 13 Hdf 2t RHES AA| X9 HslkE AWE Fit
Zd Z%=(Hip Joint Ag.)7} -8.60+6.01(1=-4.047, p=.005)"2] F-oJu|gt i}om et 7 884l
o g 3t 7P ARSE £ A 7t HlmolA, FFol= the]] UEF} FEX| $1A(Toe/Heel
Position)®] X 73t & ALt Eol9] WakF ojn] 1 ZtLo] Aolg AAR 5] wiEo] p=.000,
p=.0019 SAZALE FIvgt A0& AT 4= gict. 1= I35 Al FFol= oY HE ¢ A
(Toe Position_Y)7} AX3H= the] Z0& 31.13+30.19(:=2.916, p=.022)mm °J53h= S-oJu]gt 2jo]7} 1t
Efgt JA5d Al AASAY A TS AR ok= thE] Z(COM_Y)22 4.87+3.69(=3.733, p=.007)mm

o]5stH, AAEAS #=Cl(COM_2)% 11.98+5.65(6=5.995, p=.001)mm | A5dh= A= UEyith

y 5 7P A3AQ FR3ED 2D 7H AxRS (A DS olF =
/\ﬂEJ O]“ﬂE :rL7]’ ! 53} %fﬂfao}‘% H]i’-@ A3}, IEo] AAFAA oA = —fv_\‘ KToe Vel _X)9] st
HToe Vel _2)9] o A&7t IFE vt 22y 489 &
ofm| gk /ﬂé:—l:._ ‘ﬂﬂﬂ% 9] 1HEe] s Fough ZpolE HolA| 2ttt ol2et A, 117 HiET
= YT o 29 AR T80 AlA 2T Aol wet thefet 11 Aol F-849] £ W o
Eol ou] =] Qe AAA FHo] JFE wiRltke A3t et d7HKrasnow, Ambegaonkar,
Virginia, Stecyk, Koutedakis & Wyon, 2012)& HFFO& AT 4= IS Aot} U sAXE A= o
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gE EYF0R 5o] 8= &7HHQl ¥ Woks <Eo] ofn| PAEo] e YA Hlkdt 79 ¥
= T 7 e 5ol ZFA 7] e, o] A+ AN 1yE o AELrt & JFE HAA &
2 Z0= SNHEH. X3l sHE FE5E2 I HIEY Al BE 244 1ES 9 Id & "-okS
SAEH= AoE YeRd A AT Bronner & Ojofeitimi, 2011)2FE 72 WekogAj o] o719 AL HHy
oA 845= &2 SHEA FPT 5= Sl AT o9 AAA o] ofn] FA4E /o = U =d
AEZ e E BA5IeS AAR sfofF & Aol

TS o 44k HHEARE 1 Mo 4L E o|F= HHEZR AQAIZRE |-ou|gk Z}o]

U A] gk Wi, 9Eo] Hd ZASE RUERY 1 o 5% RUESf vikd o 4k

Aol S Fe GElo] e £ A6l 1T BAT A02 U Winter(19999] 97 2749
Qxgch. w3k o] Hf 24 olF HHES] Aunlold Xgtat Zglo] nloluAR WS e

2age) 28 A) A Thelo) BAPE Rl ol5ske SA0] H AHAAE AL ofulsl] ol AAEA
o] %0|(C.O.M_Z)7 fof3t Xfol % Lehl 2 = A4 A AAF ol A5shs Anel Axet web
a7 dhEge] HYSBS AL o) 24 oS &7t AAY 5A o FIZ ol5sHs FAl], A1)
F4lo] FUAA g Aol Fasitt

I H]'E Ll %1—}94 83] & 3 F, 7MY A5AQ & D 2 7P AxRS A S
54 WIS vt Ay I ASE, AHEH, AASAS B5 FofRet Zol7t

‘/}E}"} ‘?_}Eﬂ T&@Q ) &= Aol7h Qe A2 & U TH=.117, p=.910). SAAL} B &
) dZ(grand rond de jambe en 1'air) 39 5354 Z}o]E H|w3t o] W=,
%R} 159 A9 ZHRE AREol= AZH(via a pelvic strategy)©] 583 202 YERFTHWilson, Lim &
Kwon, 2004). WebA o] AtofA= 15 HiEo] -4 7hS olF o vd Hof 2 HHES &
Q] HolgE F7HH 0 R AWEoaH AA9 /714 AUS FPstaAt ottt 1 Ay}, 13 o
71 BHEOA UEY ¢ #A(Toe Position_Y)7t §2Ju|gk Zpo]& QI Aol uf-$- Su|Fth 23 &4
A= ojul 1E Hd ZL9 {FYugt Aolg HAR 7] wiwo] HEY FHEA YA(Toe/Heel
Position)9] X} 73k, & A=} w019 ¥ish= AFE Aol Ak, L] -9 X7} #sk A2 FEA|
=97F a3t gaolth A Ao WEW A4 A QEZE the]] HEo] § AEF|ASH: tE )2
2 o]soto] X3t WA, FEAY #-$ YA (Heel Position_Y)= F2ugk 2to]& UehA] i Sl o]
AL I 549 §4 5 skl EZ(en pointe) ¥ HHE & Wyt BEA7MA 9 A 4AA RS &
Shz ofF S83% BAE AT 4 Utk E5], WETE] Zt=(Ankle Joint_Ag.) FAl FHIRE AolE
EF A Ztaole el —4’ § AA7F HelRt AL, He £HA A I HIEYS T o o]
A A-Z o|FEE ofu] FH3t Ho%lE RS KotH, oA A =99 AFAME(Krasnow et al.,
2012; Bronner & Ojofeitimi, 2011)}e 22 Wgo g B 4 Qit}. o|Het A& £gote] HH, v
SHUATE 15 g o E S35t Yofide T 9A &, ZS ¥sks W 714 vlAlsHA
A7 ]= F7HR1 o|A7F TS SHoks ACE & 4 vk EoF I v A4 flsiA]

it
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Yef| S& Grand Battement Devant®| Za4lS QI5t UE MEL, DA Z4EKE X|HEE MYSHO

A 2 25

A WEol ol kel ool WL WA AE wiRel B o, AWRAN e 2
230] o]2olX|L Y7kR|e] w7to] I HhEwte] gk 301]*1 he 02 smce;% & % 9t

o2% et o 24g o2k &7 ARFA] g=0 = =
AAsle Bl So2 AASE oIEHORA Fi% I P
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Fe A= AL TF 73 BP0 ﬁ?‘J 7344‘— Soboto] B, 4] I vy 5
Al AAFA 0] A5t AdRtg o] HAastlet. U sz e I HiEY 5249 2554 HE
w3t FUH9] g Ao E, A JHe AAFH AT BAZCE H =4 YXske AR Y
THERE, e, A=-g, FFH, 2004). ol ZFE n|FolE o $HAYSE I vl 54 A
5= O]%Q g 3lom, JAZ o Y 54 8L ok A0E AT & ok B3 7 v
222 7P AREoF shH F&o] o]FojA= F3t AAE AR

= Agd E(Kostrovnskaya & Pisarev, 1995; Vaganova, 1969; @35 &, 20043 235 Fgolo],
T804 ZFolgt A Ao A= Aol ofyzt AAZ =22l HIE 47 434 54 9
Aol v 8% 220U AT 4 Ut

g

ol ﬁ o o

o] A7 1% vhEge] AYSAL AT Al §14 BAS BAske § B4 £ APt L
9 434 8WS oR XS 2ok, Windowss SPSS 18.0% Bl rtests AAT SRR 2
22 ohewt 2

A, 1% vhge] HAgR A o] AWy HoiXe ZHSE F, H7HY Sdo] 7bg & sk
< Uehdch g FelA dbA 7t dds: B wee] 2l 99 IYEA G mAH,
APAY Hef AHERTHE AHAARE H 29 £a470] MaE YehfE Aog bl
a7 vhmge] Hgage A AuTielNe SAURE e Fad adlow gt

A, B2 59 A 539 AL AR Awuo] Ms% g9l Wsls goxirh. wd 1% vhe
o] Hrf 71 o]t w7k AAshe theje] Awuteo] of
Zoli= thele] &} xA|she T x@ﬂa !
1

Juw
2
e
E=)

rf
1}
il
el
oft
ol
ol
rlr
oft
R
)
>,
2
N
>,
o)
o
o,
>4
ol
e
paus

l
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o2 ofulshe, We £ANA4E WA SAYWORE HEHA 54 So] JFL mAE A
O SHHT 4 Utk weha] 2 S8 SAGE] o] G2 ok BAY 243} Bao] o]Rojrku
aage] W E|AY e Sist ol deieh WA 499 BAS B W) FEY & 4L Ao s
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AAR, 1FE, 10FA, AxFF2015). & I3 HE & F2 (Ballet grand jete en tournant) 52+9] 7| g AlEA
(Kinematic sequence) ©f 3t AL tfetEL5ts]=24, 73(6), 17-31.
JAE S AL FEH(2004). U & T w2 AE o)A Grand Battement Jete a la seconde 52+9] &5+

H I 24, =594, 14(2), 153-166.

Bronner, S., & Ojofeitimi, S. (2011). Pelvis and hip three-dimensional kinematics in grand battement movements. Journal
of Dance Medicine & Science, 15(1), 23-30.

Hinson, M., Buckman, S., Tate, J., & Sherrill, C. (1977). The grand jeté en tournant entrelacé (tour jeté): an analysis through
motion photography. Dance Research Journal, 10(1), 9-13.

Kostrovitskaya,V.,& Pisarev,A.(1995). School of Classical Dance. London: Dance book.

Krasnow, D. (2012). Examination of weight transfer strategies during the execution of grand battement devant at the barre,
in the center, and traveling. Medical problems of performing artists, 27(2), 74.

Krasnow, D., Ambegaonkar, J. P., Virginia Wilmerding, M., Stecyk, S., Koutedakis, Y., & Wyon, M. (2012). Electromyographic
comparison of grand battement devant at the barre, in the center, and traveling. Medical problems of performing
artists, 27(3), 143.

Ryman, R. S., & Ranney, D. A. (1978). A Preliminary Investigation of Two Variations of the Grand Battement Devant. Dance
Research Journal, 11(1-2), 2-11.

Vaganova, A.(1969). Basic Principles of Classical Ballet. New York: Dover Publications.

Wilson, M., Lim, B.-O., & Kwon, Y.-H. (2004). A three-dimensional kinematic analysis of grand rond de jambe en l'air skilled
versus novice ballet dancers. Journal of Dance Medicine & Science, 8(4), 108-115.

Winter, D. A. (1995). Human Balance and Posture Control during Standing and Walking. Gait & Posture 3(4): 193-214.
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ABSTRACT

Analysis of the Relationships among Toe Linear Velocity, Hip Joint
Angular Velocity, Ground Reaction Force and Center of Mass for the
Best Performance of the Ballet Movement Grand Battement Devant

Joonhee Cho* Hanyang University

The purpose of this study was to analyze the organic relationships among body parts for the best
performance of the grand battement among the basic movements of ballet. To that end, the movements of
eight ballet majors were measured and the results were analyzed by conducting #tests through SPSS 18.0
for Windows. The results of the analysis are as follows. Among the eight consecutive grand battements
performed in total, the maximum hip joint angle of the most successful performance(maximum angle) and
that of the least successful performance(minimum angle) were shown to be significantly different by -
8.60+6.01(=-4.047, p=.005)°. During the best performance of grand battement, the ground reaction force
in the tendu section increased by 18.81%+18.79N, and the toe linear velocity in the air in the degagé
section increased by 243.02+245.29mm/sec. In the section where the peak angle of the grand battement
was formed, the ground reaction force of the standing leg moved -66.66+34.49N backward, the weight
decreased by -146.43+66.42N, and the height of the center of mass rose by 11.97+5.68mm. The
amounts of changes in the movement of the hip joint maximum angular moment of the set of grand
battements that formed the maximum and minimum angles were examined. According to the results,
during the best performance, the toe of the working leg moved 31.13+30.19mm toward the standing leg,
the position of the center of mass moved 4.87+3.69mm toward the standing leg, and the height of the
center of mass rose by 11.98+5.65mm. The best performance of the grand battement requires organic
movements using breathing along with ground toe linear velocity, ground reaction force, and body center
control. Since the performance of the best ballet movement should be preceded by muscular strength at
least at a certain level and training for desirable physical conditions, follow-up studies that will apply
diverse movements to skilled and non-skilled persons according to their careers are considered
meaningful.

Key words : ballet movement, grand battement, linear velocity, hip—joint angular velocity, ground
reaction force, center of mass, motion analysis
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