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HS(artifac) 22 QI3 SIA7F UAACH, &= © W2 CIOERL Hudt AAE 7|H 2
A

o
AE 226l S HFALEE HS tSHC=E #38 £ Us A2=E 7|HE0h

FR0| - HAARX 2HL MEWY WA 71F ©E, BEUMIMU), AEHTHLIL(CRP)

I. A&
WAAT 2= JY T dA7F FEUE o]Fo] 220 B ARl & 7e2 EHSIe, eyt &5 71<ol
At BA Ax=zolt, WAAT RN ZF FHOA Fo7 2o gFo] A, SHA], J5 T AlA| o= &
4o] Fuegt 8 HEY 7] F3 ol A7 d4 /4= AgolH, A Frlox AFHHoE JTF
< v]AtKBlising et al., 2012; Krasnow & Wilmerding, 2015).

HAAAT 2 ZZ0] Al Q4 71| shuks EEy) Zuk 2o A Aust Aojet I-&
(2019)2 HEIWAC] S8t & B8 BAst0], &R}l Hl&ERt 719] BE-Tuk §-80] 3% 279 u}
o3t mjEl& Holckal B syt Egh Jarv1s Smith, Kulig(2014)Z &HH 7852 S
o8 st 3 HAYS BAlol| FHl= 50| HolSZ WHoH, A7t F3HEE-=Whol A=
FF= "AE A 84US 74'25}
A0l EopllAE v T %Lo—a A A Atso] Eie] o]FojFltt E9] HY, diAAxE= AR

Q E4o] g7 & E= EHHoR EF
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38 019! - UG

Sh= Aol a5ttt F3olft R4 3ol Hojols $ES AREE B OE FAsto] B Qo Fts
= ! o= W HE YASH= HAHor AHoEtHBernstein, 1967; Schmidt & Lee, 2011). T
g B2 AAIY AR 719 A S Y FER AHolot A (Turvey, 1990), T Zolut o] QhojlA] o
A3} 180] & 7]sok= dutd oz AW E-&(intralimb coordination)¥ A2 thE ARA] 7] 7154
=07 Ve t= A7 E-S(interlimb coordinatio) 22 UE7|% SHEHZARL, 2015; Kelso, Southatd &
Goodman, 1979). &gt @& /NE2 Sadt 4 Ale]9] A F&o& 4 4= 9lon, Yopr} HAAZ=
oA d fEY 7+ 414 49 4548 olsfsl= ok #-8d 4 Utk

3L At sp7] Yol WEFY(vector coding), YA ZHrelative phase angle), A2 (cross-
correlations) 7| 50| ARLEICHe] A, 79T, 2019; Hamill, Haddad & McDermott, 2000; Seay, Van
Emmerik & Hamill, 2011). ol 7|2 F £40] st TAd 5718t=0] 22 HFo s FZoj= A
5 Hin-phase), A& E2|=|o] Bhf) WFo g Aol AL FHVdanti-phase) 2 & JoJste] FFHoE 3
3 & A F olF F9l AR} BlEHERte] 8 A Aolg FESHAY, % 589 Bl
AREE SEH

F o= QA 219 =451 ¢ o] TAAIA(inertial measurement unit sensor, IMU)9] &8%7}
A F7¥skL itk ®AAE 7HlEE 71RE Q4 24 AlAH0] Hsl Bl-&o] A=hstal, HR|9F S50l ZHHsit
= A4o] itk B2 AT A7 BAoA 9] oy A HAo] BRsit= HAE EASHAIRL, 7]&4] iAol
AGEHA A= Ax= F2Z HIRE Tt QIXE 22 SAF EA40f g &85 ItHZEA7], 2013).

2 At ZH o et dA F5 7R SRRl BHRE B4 tieE AASISith BHke LYl fol’t g
T S5 A BES 5HOE she Folth 59] 3xe R Fito] 3Hske it 2 (Cuban motion)E
FA0 7 o]FojA A7t Aol FEF A= &0t Centrone, Viglialoro, Pietro & Puccio, 2024). ©|#{3t &
22 ot THHY] Futt 8 o HAET, AlAH ofgthE} 71ed YRS 2= ST 84E:
AR, T8y olet E8 S0 gt ATA +4 Ak A5 FE53 Aol

ES AAAEZE= Y AE 719 2OER FA UL B HHo|] SAIE7] dizel, HEUAY 7Rk F3 &
Az FQoitt I8y AF7HAY iR e 9 A9 23 4o 23E wEglon, dy 1+ B4

o

AGE BA% A7 8T 094, AFB02NE Bk AS 7 HEVAle] I e i

Copyright© 2025 by the Korean Society of Dance Science



HIHME EES FH & SHUM 1 HM 55-2E S HE Bl 39

=0 o

£ A9 fEAks dAAE= Y 59 o)) S3d FAH0B Y A7 10822 49H F 10A4E(20%)0]
Aot BE A7 22 19 ol A=t 2 o] ti3lof 7Igt o]=o] glom, 3 33] o|4, 3T 2417t ©]
4] TEE 1*6}31 S{lh AAATZ %iE’_ diAjolct, o] FHF ol Ahl ZRRAL, Aol Ak EdY 5
A< ERota Qirh oA deky 542 <E DI Zrh
22 A A FE6] AT &, ALY FAE AET HPAETS WdeE
AT 3 3}Mdf ”WX} B} AT Ante] Al Adtista A8a-2 912 (Institutional Review Board,
IRB)9] A& AX SA=AHIRB 5U™S: 1040198-210409-HR-048-01).

H 1 OT CHARE Qb £4 (M<£SD)
7 EL il
AHA) 23.3+4.7 22.5+4.7
A7 cm) 173.7+5.5 156.1+5.4
AZ(kg) 68.5+6.0 46.3+4.4
2. 58+

£ Aoals A (Physilog®, Gait-up, Switzerland) 4718 AR5t gof diAl9] BBt Z9He] 23
AL St 4 A 3EEGEES S IS WP 7T A(accelerometer)?t ZFEEA
(gyroscope)g Wdstal 9lom, o +16g9] 7I&% 9 £2000°/s9] Z4&EE AST & Sl

HoA & df g dA] &5 19 ST ¢ A= posterior superior iliac spine) 5%
ol MAE 22t Bafsiglon, sgxiuitt sjiehs 7o 2 FUSH X0 YA sHAtKIE 1. A). =4t
%311%1-4 Oﬂi % 7182 B9 o2 2" 1. B).

B Z(mediolateral axis) W3Oz ZHto] THPGANE ] QH+)9] 4E (S +)
: *7‘1—-1—(long1tudmal axis) WFoR Zhto] HAJ|HT o A+ A& +)
% Z(anteroposterior axis) WFO R F=07 FHto] oFe o K+)9] L= (T +)

o|9} 7+ BA 9x0lo] & Ao EE HAo| BxlE AL £ ALo] it

m 552

>
w

J 1. " UMl RAE MMl IX|(A)2H St BEMIM 359] Hl(B)
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9] oHE(E)7} 2o 1719] i"tﬂ(P)ol E]M‘:}. 47]H =P that Q‘;}.
* P1(E1~EG): 2E H|o|Z] FLEHE(open basic movement) =z 7ko 2 Iz} Y4y} oz} 9 E40] A
3 AR AR i H-3706k= 2 (EA ”1741 %)
* P2(E7~E12): @& 9 EQAE(open hip twist) 58 710 &2 HE3 &5 |ARE AHolA GA7E o=t
£ A o E Ftsto] ofxE gAF dHoE Hui= 52
* P3(E13~E18): 3}7] 28 (hockey stick) 52 7702 FE3SE £2 QA51HA IR TS E0] o7&
HAA o Eele &
* P4(E19~E24): A}o1c ~H (side step) 52 -TL7LE HU7E A QE &2 w3 AR vl H gos
AH] o= FAH(ER 7SR 5

EERER.
i

P1

QE H|0|%] FEHE (Open Basic Movement)

BESE ORI

E7 E12

| P2

RE &l EQAE (Open Hip wist)

SRR EE

E13 E14 E15 E16 E17

P3

57| AEl (Hockey Stick)

Copyright© 2025 by the Korean Society of Dance Science



YMME BES St F SN HU BAS SS-B¢ B IE B 41

E20 E21 E22 E23

P4

E19 E24

AIO|E AE! (Side Step)

ag 2. &8 SH0| Cfet OfME H =H

4. X=x2| ¥ 24

ZA-E T glolEE Matlab®(R2015b, MathWorks, USA) E3014 A2 @ BAEich HA|, X359
23S AAH] Yol 27 HE 4%} Butterworth %3} €H(bandpass fileter)(0.5-10 Hz)E &-&sfo] A
A2E 55kt olF, &k AIAE dlolElof Hilbert H18RS: #-&3lo] $AZHphase angle)S =311, &
M9 Ae-Z4% I E(phase diagram)olAl $1dZHphase angle)S AXLSE &, &= 289] 947t o]
A A (relative phase angle)& AJASFATHKIH 3).

(1" 3)9 AAolA AAE AANE S5} =5 719 #4 7F F-S(inter-segmental coordination)& ¢
91 Continuous Relative Phase, CRP) 7"| & motsloitt. CRP= F #4 71 91329 Zol& A7t
S50 th AEH o R Akehs WHOE, & AFoAe S 29 249 35(x, v, 2)°] Wl CRP AIAIE
= AArSHAH.

ZF FHP1~PAoIA F53 28] Bt CRP g2 4AM&Eshy, B HEHS thadt 2ol Al ¥FE &5t Al
7 4 HE(%)S TEol9rh

* 594Kin-phase): |CRP| < 67.5°

* 3 intermediate): 67.5° < |CRP| { 112.5°

* Uk X (anti-phase): |CRP| = 112.5°

olg} Z& HWF 7E2 van Emmerik, Wagenaar(1996)2] <dtolA <9F 110° FHZojA HEA)
(out-of-phase) F-& #glo] e Mg Fsto] AAsiGict 4 dike 1089 AE tolHE 7I&FA=
ottt Bt CRP # 8 #39 ARF 4 vl w4 g1z z AZ3fsto] AAISHAHKIE 3).

£ Band-pass ZE
C> Hilbert &2t

Relative Phase (mean = 34.5°): In-phase

o A

o

1o 1B

285 +3zW)

Filtered Angular Velocity Signals

eS8z ga

U2l & @ntPh) %

S9/4nPh) % Time (9

33 3. Hlo|H 24 2rY9l S5 oAl (C5 #Z K HiAf phase 2)

Official Journal of Korean Society of Dance Science, Vol.42, No.3
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1. =78 2 GAIt Ok} HAQ =52

JELE

21

a

g

S
o

. A+ 23

=
=
=4t
yz2q| -326° | -334° | 71.6°
Phase 1 =
O gz 1200 8.4° A7
=
o
«s=+| 384° | -289° | 15.6°
X(RE+) y(&e+) zZ(FE+)
ra |
=4t
2s2s| 1020 | -256° | 72.6°
=
Phase 2 E yerws|  42.6° -10.9° 34.0°
o
xzay| 51.4° | -486° | -57.0°
MREY)  yHEY) 2AFE)
51
=4t
2zen|  11.4° 2.5° 80.7°
==}
Phase 3 E | 36.7° 8.0° 47.2°
o
xzav| 49.4° | -269° | -58.5°
X(PE+) (&) zZ(ZY+)

Copyright© 2025 by the Korean Society of Dance Science
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=20 =1
™= fu.

g

AATL=

Oix}
-
=48t
42.3° 7.2° 59.7°
-7.3° 25.9° 22.3°
30.2° 31.7° -20.4°
X(RE+) Y& Z(FY+)
ra
=48t
0.9° 31.4° 103.9°
-26.1° 24162 24.4°
72.9° -17.3° -34.6°
X(P5+) y(&et) z(F )
aH
=4t
-30.4° 46.1° 99.2°
73.0° 20.6° 23.7°
-33.8° 39.2° 39.6°
X(R5+) V(&) Z(Z )

s
A%

o Al
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HIHME EES FH & SHUM 1 HM 55-2E S HE Bl 43

o1 ru
=4t =4t
zz+)| -28.5° 16.5° 104.7° =gy A27° 31.6° 94.1°
= =
Phase 4 0O ywus)| 2530 18.7° 63.4° 0 yaw|  34.2 16.3 48.8
= 1=
o o
xz=4| 56.2° | -13.4° | -18.2° eEn|  11.0° 5.4° 47.8°
XP=+) y(Argt) 2(Z ) X(P=1) y(&E) Z(FE)
O3 4. 2018 U HA| B5-3U B3 CRP T
* S2M(in-phase): |CRP| < 67.5°, £ZI|&(intermediate): 67.5° { |[CRP| { 112.5°, #2A(anti-phase): |[CRP| > 112.5°
Y & 78 IF (XX, Y-Y, Z-2)2 24 2HO| 3Y diE s|IMg UEUD, ZXE 22 Y £ 7t HF CRPUS AlAXez 718

a¥ &&= AT oA 359 553 25 7F CRP o4 245 3% 7|&0% I (Phase)@ & H| w3t
Z2IE HojEr)

PloA FAL 72(HE=)0A CRP BHgto] 71.6°2 7P =0}, 7 intermediate) 88 ®3ol o
o AT SR YA oA 7 BEo] AR FRE ML= AR xFH(FA5, IAH)H yH(E@FHSS)
2 Z¥7F 38.1°, 12.0°2 E5F 59 (in-phase) ¥l &5tof, 34 9 SH FZolA= B8 224U Aol
ARRERSS BoE) o442 25 59.7°, yv& 25.9°, x5 30.2°% Al & EF S Ho] ZEoH,
Joll Blsl CRP gro] ARty oz vol F&3t Zxto] Hrp dAghd ¥3-S HArh

P2oA= FAT oA BF FolA =2 2 E=T, o442 103.9°, B2 72.6°% UEHTh o442 2
FollA S ARl 7P @2 Hol, 3A & oA AlF olsel Xt o] PhaseollA HE 229
e At ERke) EdAo] FE6HA 7R AR @82 ofds] sFolAe 8 HIKHT2.69, xF
(51.4°), y5(42.6°9)0Hx 5 ®F Yol 31t 29 8= FA6IA 94482 x5(72.99% 25(103.99)

oA S, vEHQ21.60)0IM = THELE, SR o W 1Y EEE Hth

P39A= z&olA H4(80.7°), ©143(99.2°) B S ol &b, AT 2ol Azt Exte] H
571421 A8ol ALKESNRZ HofEth xFolAe B4 49.4°, 94 -33.8°E BF 9, yE= 94 8.0°
o 20.6°% GA| T HFol AFE U, 5] oA 2589 ofl2} yFolAE &2 CRP @ Ko, 34
AR o & %31]‘?:101]*15 a0l 7tk Aol TEE I

P4ol A= FAT o IF zEoA 7HY =2 CRP 2 7IEs9 oM (4 104.7°, o34 94.19), ol A%
=2 doA Az ZHE HQHO] o] Phaseoll M= Z5HA FAE == UEHdTh xFollAe= d4 56.2°, o4
11.0°2 & Aol& Hoed, o442 5948 382 & wadt Ivte] dAIgkd vh, dAS S0 sE &
AR HFS A&kl Ak y=olAE B4 18.7°, o4 16.3°2 BF F94 32 Aokt

Official Journal of Korean Society of Dance Science, Vol.42, No.3



0 | OX| . ZI1}
T o
=2\ 0]

prul | I- aH |-

= = =
@) @330 o @401 @) o (79%) o 10451

won s )
g | e warior o200 7 [ o

o oo 0%
inPh (38.1%) kP (150%) nPh (38.7%) i (B0 nPh (320%)
e T ey o oo ey
=3 T e i=1 - e 040 waon o)

Phase 1 =y | e =y wen o

ooz

E oo ez o s 1= e w@s%) nen(ss2%)
=) nonaasn) S

oz ot g2y @) D e ot @0
. won uon)

x | e wen e o an) X [ won )
) nPh (39.2%) nPh (37.3%) Pn (21.5%) Ph (34.1%) nPh (42.8%)

X z

y

X 4

g .| I' aH I-
= = = =
antPh (42.8%) anPh (0.0%) antPh (418%) 7 aniPh (29.5%) antPh (46.7%)
Z Ph (44.8%) inPh (57.0%)
inPh (33.4%) LoF (4.1 inPh (33.4%) ¢ inPh (20.0%)
M (23.3%) M (21.1%) i (21.2%) it (23.3%) M (17.6%) M (208%)
= e 000 po
Phase 2 = R o =] p—
ase E - E vy
inPh (68.9%)
ontPh (40.0%) antPh (35.1%) @a0%) X P (6.5%) antPh (41.8%)
inth @0.7%) L oh (236%) (36.8%)

X z

y

X z

y

= = =
oz a0 sz T s %)
i 147
s 25030
. wen s15%
z anPh @6.7%) oL P 45 z antPh (423%)
oy o 60.1%)
oo
inPh (39.7%) Lol d inPh (30.3%) inPh (32.8%)
o 25.5%) M (20.5%) M (21.4%) i (22.9%) 1590 it (25 0%)
= o 07 %) e 169%) =2 e— e
Phase 3 =y ane @52%) = vy
oo 101
= won 755 oo ) = e -
(=) inPh (30.3%) (=)
23087 ey P 20 a0 e
X . anPh (@35.7%) aniPh (20.8%) X PR, b (47 7%) anPh@3.2%)
r oo 9% : o s
inPh (30.2%) IF (406%) dsow) ET) inPh (0 8%) Ph (33.2%)

X 4

y

X z

y

=14 |- aH |-
= =
int (22.3%) intM (26.5%) intM (25.7%) intM (24.0%) intM (19.3%) intM (26.1%)
S
Z " inPh (85.5%)
iy wen ) — ey o
intM (23.2%) intM (18.9%) intM (22.2%) E inthA (94 2%) intM (16.3%) intM (21.5%)
e
= e 17.2) e e (157%) o ()
Ph 4 anPh (36.0%) = ann @1.7%)
ase = E
. ey
E Y om0 e y ey
o} ey [=} oo %)
o aneh(37.5%) aneh 8.4 X . anPh @7.7%) aneh 367
inPh (40.9%) inPh (37.2%) inPh (41.0%) inPh (38.0%)
e o

X z

y

X z

y

77 5. 2 LY WMo| S5-It HS CRP R HI8

* SY(nPh, Z2A B2, |CRP| < 67.5%), BZY(ntM, =24 22, 67.5° ¢ |CRPI ¢ 112,59, ¥elantPh, 24 2, [CRP]
> 112592 TR, 442 2t 82 Q3| HIS(HS LER. S 5 2 F8 (XX, Y-V, 222 2 230 5Y 93 &/HS et
O, 2EE M2 5 & 7 BF CRPYUZ AIHoR 723
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HEAMME &8t B & SHUM HH UM SS-Stt €3 IHH H|uw 45

(a9 59 Z FH(Phase 1~4)°14 9 WA 9 F&3+ Iut 7+ &8 HES Al 7FA 53(in-phase,
intermediate, anti-phase)0.& JLEslo] EA435F AiME HojF)

P1oA @9 A% YA 2F)olA 54 Hlgol 7MY =390 H(52.2%), X534 ZEoIA % 53 EHY
= T vlgo] AEoR =OTHX: 47.1%, Z: 42.9%). 932 YZoA & Hlel 7MY =A YL
(62.8%), X5(58.1%) ZF(48.6%)> BV HlEo] LA, 53] o2 Al & HFolA BHAY HlEol &
AT o =4 UEsT.

P2oA A2 YE0IA T4 BlEo] 7FY =90 (53.5%), X5(48.6%)1 Z=(41.8%)°4= RHA Bl&o]
A veldth 94 FA YEOIA Sl SAISHAI68.9%), XET Z=olAe= BHe Hlgo] 7+t 56.5%,
46.7%=% 7V =4 Uetdlth. AAZ o R P2oAs 8 BT ZS5ET XFo0|A vHed 80l o st verd
ol E4A o]t

P3= B2 YSoIA 594 Bl&ol 7 =A UEHEA(57.5%), X35(46.3%) Z5(44.4%)01 4= BHVdol
SABIATE AL YEA e =2 A Hle(76.4%)S BERoH, X&3 7% JA] vHIAN52.7%, 42.3%)
Hl&o| 27} 71} =94t E9] o2 P3olA Y5 Sl AA =9 5 7P =4 UEET

P4oA 3L YE(63.9%)°14 7 =2 S HIEE B, XF5(58.4%) 75(46.0%)2 HH1A Hl&o]
SAsEATE o4 FAl YE(68.0%)°14 7FE =2 s B8 Elom, XF(55.3%)T Z5(39.3%)°1A= 1t
Aol 7HY =2 HIEE ARSI ARPH O R Phd= P39 FAFSHA YEOIA B4, X-ZF00A BEeldo] A
HiAQl FFZ H

=E) ra) =2 LFT— 5o o
2. 7 H S0 S| e JA-0At *$8 24
Of X} Oof X}
2ze| 424 60.9° 29.0 2=z24|  -10.0 33.4 -20.7°
L} L}
Phase 1 O yews| 95° 31.4° 6.3° O yaue| -606° | 67.0° | 27.9°
At Xt
x2a4| 06 8.1 1.5 xe=+)| 288 52.2 76.4
MRE)  yAEY A3 MREY)  yEEy S
Oof X} Of X}
2z24)|  20.0° 94.1° 69.9° 2z2y|  -50.3° 59.0° 3.2°
Lt Lt
Phase 2 O yews| -36.0° | 43.3° 9.7° O yews| -80.7° | 38.7° 38.7°
Xt Xt
X(R5+) 9.0 37.8 9.3 X(25+) 7.0 37.6 -41.0'
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46 019! - UG

Of <t Of <t

z(=%+)  14.0° -31.5° -44.2° (=) -20.2° 5.6° -4.4°
Lt Lt
Phase 3 Oy 770 -6.8° -37.4° 0O yees -16.2° -101.3° -10.8°
At At
X(25+)| -24.9° -15.3° -32.4° X254 11.5° -0.4° -38.3°
X(RE+) y(&d+) zZ(FE+) X(R5+) y(&e+) zZ(F2+)

Of At Of At

asun| 443> | 886> | -103.4° wsun| 2780 | 2890 | 320
L} L}

Phase 4 O yeus| 7600 | 649° | -48.9° Oy 565 | -100.6° | -75.7°
Xt Xt

x(25+)| -12.4° 34.7° 9.3° X(RE+) 9.4° 10.5° 35.3°

2= yEYn  HFEe XREY) yEEy)  AFEe)

J2 6. ZHE 3 S0 ME HA-0Xt CRP R¥E HIE
4 (in—phase): |CRP| < 67.5°, £ZIM(intermediate): 67.5° { |[CRP| { 112.5°, BI?|M(anti-phase): |CRP| > 112.5°
o

S8 5 2 T8 (0K, Y-V, 7202 2 X9} OfXle] 52 W SIS UEIDY, 258 42 59 5 7 B2 CRPUE ARHOR 7%
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ABSTRACT

Comparison of Trunk-Pelvis Coordination Patterns
between Male and Female Dancers in Rumba Using Inertial
Sensors

Woojin Lee* * Youngkwan Kim** Chonnam National University

This study aimed to investigate gender- and role-based differences in trunk coordination strategies by
comparing male and female dancers during couple performances of the Rumba in dancesport. Ten
experienced dance couples (n = 20, with over five years of training) performed a standardized Rumba
routine, which was divided into four phases (P1-P4) for repeated execution. Three-axis angular velocity
data were collected from the trunk (T1) and pelvis (PSIS) using inertial measurement units (IMUs).
Continuous Relative Phase (CRP) values were computed by applying a Hilbert transform to the angular
velocity signals, and coordination types were classified based on phase angle ranges: in-phase (£67.5°),
intermediate—phase (67.5°-112.5°), and anti-phase (>112.5°). The results revealed that despite
performing identical movements, male and female dancers exhibited distinct coordination strategies. Male
dancers tended to maintain segmented coordination (anti-phase dominant) of the trunk and pelvis during
rotation and forward-backward movements, demonstrating clear control as leaders. In contrast, female
dancers generally adopted more integrated in—phase coordination, facilitating flexible transitions and
responsiveness in their follower role. These findings reflect technical expression differences by gender
within partner dancing. This study serves as an initial attempt to analyze both intra—individual and
inter—partner coordination in dancesport, and it is expected to contribute foundational data for developing
objective performance evaluation criteria. However, limitations include the use of descriptive-level
analysis and potential measurement artifacts inherent to IMU data. Future studies applying more
sophisticated time-series analysis methods with larger datasets may provide deeper insights into
coordination mechanisms.

Key words : Dance sport, Rumba, Partnership Dance, Couple Coordination, Inertial Measurement
Unit(IMU), Continuous Relative Phase(CRP)
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