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Abstract: The paper presents a ballroom dance figure classification method by extracting motion charac-
teristics of dances using vision sensor, accelerometer, and gyroscope. It is difficult for intermediate students
to practice figures, as they have tremendous types and movements. Thus enabling automatic recognition of
the figure will help their exercises by letting dancers grasp themselves objectively. On the other hand, it
is difficult to apply the existing activity recognition method as ballroom dance performance has a variety
of movements in pairs of dancers. In this paper, we developed the dance figure recognition method robust
to complex movement and occlusion by considering the characteristics of the dance. In this study, we first
implement a general activity recognition method as a baseline method, then we proposed and realized a
method of feature extraction utilizes the posture and motion characteristics of ballroom dance and evaluated
both methods. As a result, we showed that the proposed method is 0.06 better than the baseline method in
the F1 score and has robustness against occlusions.
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1 74 #%—=®—fl (Fan)
Fig. 1 An example of dance figures (Fan).
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Fig. 2 Data processing overview of the baseline method.
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Fig. 3 Dance figures and movements with respect to music counts.
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£ 1 WY FoEH

Table 1 Height and experience of dancers.

SE  RBEER
WyTF1| 173 17
WyTF2 | 176 5
WYF3 | 182 1
WOF 4| 160 1
WOF5 | 171 4
WYFe6 | 175 3
WoFET7 | 177 5
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sensor

M4 feehmzo 1 (Emrs)
Fig. 4 Shooting direction 1.

Wearable
sensor

5 #EEhEo 2 (BOodinges)
Fig. 5 Shooting direction 2.
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Fig. 6 Skeletal positions acquired.

Algorithm 1 BEjEE ORI
1: for each keypoint_x,y of the 25 keypoints in each frame
do

2:  keypoint.x — = Neck_x
3:  keypoint.y — = Neck_y
4: end for

Algorithm 2 & & - HifOERAL

1: for each keypoint_x,y of the 25 keypoints in each frame
do
2:  keypoint_.x = keypoint_z X

distance(Neck,keypoint)
Neck,MidHip

distance(Neck,keypoint)
Neck,MidHip

3 keypointy = keypoint_y X
4: end for
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O HEETEH LE T2 & T, FENBEIC L 5 HED
R TR

T2, ML AT —=%ioTwTd, W Tk
DRKEESHEAT B L, ROKEA O ERIFRIZ D E A
AFENDL. ThEMIET 5FEE LT, Algorithm2 % v
TERTOEY FORDE O LED A r—1) ¥ 7D
T—xAr-o 7.

3.4.2 BEEmE

CITENR=AT4 T LT, 74ﬁ~§*t’$
Yl - pEEER RIS T 5. —HIIZY = A F v EIfEDRR
T@ﬁ%7v%/7kﬂ~lbﬁﬁﬁﬁ%ﬁ5Hm#,ﬁ
LEADKNZT T T AN A VIXEEOHHE - S
PIEFITE C, SHICEAMTEFEICIES2E0H L 2 L
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MR TH A ETFHEINL, ¥, BHiCTHE/ITHE)
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SHEE, fHEE, 25 B AT ORDOENL D 2 RKICHEAE DRI ZAE

IZ2oWT, TNEIWEWIE - iz EE L, € o Dfi

TETNNDASET B, LBHEEIZ L B ERIELFv

TR R O, FREmTH IR [18]) @ L) I

T =5 B ATINZT B ENEZHNED, SlldhsH

TALD S BT — % %D 7280, DKL, fMf3EE % w7247

By & FARIPIE L pEiE 2 FIH S 5. RSN

WEEUTIZEED A,

o NIFREEB X MM | 2NN DAL O K DRE
FOEK LT 4 =3 OREMZELIZD VT, FME, 5
Bl (A 72 )

o FIENIE | BHRALO 2 RICHIEZENFND 1 7 4 I —
G ORFHZALIZOWT, SPIfE, sl (G5 100 H5H)

3.5 N—=XF7A4FKICELD7 1+ H—BHER

TEREE - R % 728 8am I X 2 531200
TEii§ 5. w2757ty FoEEMEREME LTH
T 56 WHZENENUIOWTHE (FE) 2L 7-d 0
EFR21CFE0D. BWERXT ST LA MW,
T AT —=R=AD 5 FEZ LM L Y B Sz b DT
HbH. BELHBTL L, BICEELGAEORE LIRS
KEGFEEOZIMR SN LD o7, RIZ, BHEAMEIC X
LOEREEFEEICEEDIIZT, 72T T Tk A
DB & BHENE & DMETIZ L BBEIZOVWTE2 A
FIWCEEOE, YT I TNV FOREE LT 5 &,
EAEAIE S L BRI 0.74 LRV 2 L ATHERR S 7.

F2 N—ATACFECLLMEEE (F )

Table 2 Classification accuracy with the baseline method.

TR BREE N 7)o
FERE 0.87 0.92
JEH 0.86 0.90
JiME 0.80 074 088
FijL 0.83 ' 090
il 0.85 0.91
ey 0.79 0.88
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BIEWDH D DD, FIEOT7 4 H— L OMEfREICL 5E)
VEREZALIC X Wit D 7 14— LB EN Db DL LY
Thotz. TITRETIEIHRY VA, $RI2T7 707 2
HYDOR=2 7T A H—OFEEERL NS OHREE
SORR T R 20 i A RN 5.

4.1 HTE L 2D 1= OEEERET
HEHTAMIERE 2T, 12HD [T 1+ 71—
2B BK7 47— OBWER LER], b9 122% [EHi
DEMERFE] Th 5.

411 EETAH-ICBTEET 1« H—DOEEE(LIER
WS ACBIF LK T 4 W —EFNENEE O L
REE, FYFOBEEFEoTWE, IS IIHMO T ¢
=L LTHONLEZELDHLD, £ OLEITHIHICHE
%57 AT —HEE SN THED 7 4 77— % i L THl
SNB. COWE, HEOT7 14 T —OMEICEDbET T4
H—=D2% ERIH 72555 OMIEREICZILSE TN
b, COOBERHIZHILEHE2 74T —1Iblzo T
T 5720, B 7TITRTEIIICET 4 T =120 TEDH]
BUIATORSIDT =Y 2 G0 6T DT — 5 ZEH 4
T, Tz [RiD7 4 H—=h 0BRSS, [HEDT 1
H—EAEGT], D74 I —~OEBELG] O 321245
B L CHIM 24T . 7272 LIIEREE - M % V724
HCITHER L7 4 F—HOBHAERH T Y AN Aho
72720, OB B E RIS L GEFT 5.
4.1.2 AXEOEMEIFH

1 2HOEMESMIE, 7y b T2 v aroiftbhb s A

RORFvTRET
ZAoEE)
ZAELEL

RIDRF T RET
ZiHo7E B)

EXo# 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3

OpenBasic FootChange Fan

Bt

X7 T 40— O

Fig. 7 An example of how continuous figures are connected.
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IUTTHH. WY ADT 4 H =12, EANROE
GOMRIEDH LDV ELFAET L0, EELORE LY
DIAI VT TERSELLZHE LELAOS & 2 XY
L. PEELTEENEFND 7 4 F—=FlitkOEDF 1 3
7T S MEREE 25 { 2 L L 722 2 B3 5.

Ty N7 7Y a YPUANTHR Y ADH) & OFRE L
TELEHRIL, RO LOELAEOERNEDH L. 1,
MRS P ADTT T A I IBIFE) - FT7—0L T
V=7 =L [6] DFEICE D THD. V- FT7 -4k
FRESTEEEL T THY, T4 TRl
MERFEPRLRD., 7)=T—L,LE)—-FT—LT%h
WIE)DOTTHY, Bh LHICHERRE D IEEvwb o0
BigET 5 & —ZOHMUNMEA R END, Ts OF %I
Wy 572012, (1) EAFE - -BORET 2ME (0L
DAFE), 2)HELELRE - NoEsAE BOIA4 hb
KT O L3 BA) OfiZfl, BLO3) FEOEIH
WRELDLIYA IV TOERIET S,

3OHOERIIEAKORETH L., 74 4 —DHE
6], [7, 8 WAL, ENEFNDT 4 T —1IDnT
ROMfZERLZDIY A IV 7, MEFRESINTVWL I L
Wb, 2T, EARD 2 KICHEEEFIH L CE M
D=2y Nfr BB L, £OMHEEL2r 5RO MR
EAEWEIUST 5. COfElX, B FrEEHNIIH LT
FE ST Z N TWDIGEITRAD, FATHRZ AN TN 5
BEIlRRELDZEND, RoRiiE TR TfEL LT
EHTAZENTES.

4.2 E#E

RECREHEORE T, BIOY A =7 v A2
DT 4 H—EROBE TN ¥ 7 HFEIZOVWTERS.
4.2.1 HEHEDEE

T Lo, #EET A T— 2B 5% 7 1 H— 0%t
A% & &R 2Rt 24T . HELTWwA 74 7=
FLCETISREND LB (RO T A F =005 OB
G, [BUHED 7 4 FF—[EAE], [0 7 4 T —~DER
o] ZNENoMaERY B L, KEHEAEDORERZAL
(x FEAR F 7203 y FEAZ % feh, BRI 2R e 5 2) 1S LT
PHE L HUE E FH RS 5.

WNTTy b7 72 a yOMtiE TH. ¥4I 07120
WCIAERHIZEE LY 27 5 7Vt 30 3 il
Mo IVLEEEL, 574 H—D 288 T IVHTED
EDRRELRDBME (o Fy 7 A, 155 288 FHDOW
TN R A, BEH L ZILOBT IOV TIES
OG5 OFIY: 144 > 7 (B & L oshfEMmE) %%
NENHRBEL L, HRETEUGT 5.

RIZHRH OE2 AEOMEEZT) . 1 ZLOIZE»H A
72N OVE S I B EBRORE, NoEEEL Zzheh
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Shoulder(z,y) = Sh(z,y), Elbow(z,y) = El(x,y)

L LTS (1) 1Dk D EHET 5.

(Sh(x’ y) ) El(ﬂ:, y))
([Sh(z, )l x [[El(z, y)I])

Z Z T Shoulder, Elbow 3 F NN 6 D & 9 |2 Open-
Pose |2 & 1) B & 415 R(L)Shoulder, R(L)Elbow % $579".
TAH—HNDET L —LIZONWTIOAER ATFL, A
DOIFZALICH L CTOiEixRHE T 5.

I OR & BEOMEZITERIMERROE, N, T8
DHEERE A FNEN

elbow_angle =

Shoulder(z,y) = Sh(x,y), Elbow(z,y) = El(x,y),

Wrist(xz,y) = Wr(z,y)
ELT, K@) EETS.

arm_angle

([(Sh(z, y) — El(z,y))|| X |[[(Sh(z,y) = Wr(z,y))|])
2

Z 2T Wrist 13 OpenPose |2 & V) Jtf% 215 R(L)Wrist
AT, INETAT—HNOKZET L —LII20WTRD, A
BEORMZENE AFT 5. £0%, AT LIAEOREHZE
{LDRIFET 2 HILEL L, ZORKEIIET 5.

HWTFEHOBEPRKE LD A IV T2t 57
&, OpenPose |2 X %5 RWrist, LWrist ® 1 7 1 '—, 288
P TNG D y RO ZALIZ O W T IR & 7% B A
YTy ARG A,

R\ EARDO RIS 2 MR E UGS 5. BHEAED
)L, TJE DML

RShoulder(z,y) = RSh(z,y),

LShoulder(z,y) = LSh(z,y)
LT, EAREOHEEEZX 3) 12X VEHHT .

chest_distance

3
= \/(WL@" - m,:z:)Z + (mz,y — L—Sf;,y)Q ?
CORBMOHHE 7 4 A —HNOKT L —LIID0WTRD,
Bt ORI Z b2 AT T 4. 2 L TEL 2R bIcx)
LT, Gt & i iS5 5.
4.2.2 BEINUT
HUE S NIz T =51, BEDY A7 4 7 —hhEfi
L7ZIREETHUS SN TV A, ZhiE, IUESNDL 74 47—
O ENL L, TRTEHE—CTHRIET 50K ET
HolldTHAH, HETIIET—5 2 ARTHRL TS
N ¥ T ETo 720, WEEETT— 213 2FMM EIcB &
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Fig. 8 Automatic figure labeling.

O, 5HBEBIIT—IVRMETLIEA2EZDL L ZOFE
BIEHENTH A, 22Ty T7 I TNV FDOTF—5 L
Bl 7 — 5 ZNENORIEEE Y Y v 7B ) FEEIL
729 2T, #2714 —F— &1 L TEEO BPM
EET AN —DOFOH ) RLNEESEFHW-HEFN
)y I FERXDTOFIRTIT) (K 8 ).

(1) B9 %747 —DFOWMOKEHL (4ENTT

TA4TL 747 —).

(2) T %40 BPM ##~<% (4[iE BPM = 100).
(3)14 10048, 2F 0 2507 1 F—28HT 5 DT,

60(second) x 120(samples per second)-+25(figures)
=288(samples per figure)

FEIMEL, 1 74 T —50% v 7IVE R EH
(4) DT 4 =G EINLHOMRG- 2, ETRHES
NBY Y TN LT 4 H—%50E
(5) 74 W=D 5 EEEZ G252 L THFHIZI N
) VT ERAT.
COMBIZE N KT 4 H -1 A, 288 2 TLDT—
FHEY B THNS.
5. &
KETRWOIZIEOFEH TN V7 e 4BOHBT N
VTN EBR=AF A4 v FE e BB EO %
TV, HEI TN 2 712X 25 8BE OR T AR RE T
HbHIEERY. MR ET AW 7 4 7 — ok
Bl REFETH LY ADOREZE L EHEEH
WA R A B LRI 5. S 512, HER Y Y AR
K2ANTHONLELDTHEI EEEEL, BRMETER
D—f % KA S W7 RECHEBE 2 B LG+ 5.

5.1 BEISANY 2 J O

F# N v FEHB TN S ENENEFWT, N—
ATA O E T W oEE TR AR 3 I2F
LD, FER, BAEALEIZ L DEBE I b F N
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£ 3 HE - FEIN) Y FILLBR=AT 1 VFEORE I
Table 3 Comparison of the accuracies between manual and au-

tomatic labeling.

o | P

FE&  HE

TEREE - fHEE (AAEE) | 0.87  0.84
[EEE 0.74 0.74

NA Ty R 0.92 0.91

F, MEEE - AEEL HENAL Ty FIZOonTHEFR
FNHRAK 005 DF O TICE EFE o7, HEMETL
R, FETNY 7 OBEEE) FOEEOHN S
FTHTHi o TWwa ([2) Oo#EDb ) BHTHDLRE
T4 =D, ko [3] oicizAaE LTSN TLED
%A ICOEY FOHEICAEDETERKICT NV E
ozl L, HEITNY 7 Cld—/FIig TN g
XY o 72728, AP DI LIZRGHRD T 4 77— F X
VICEINT LE o2& 2z6N5. L2 LA
FERTICRES hh o270, KR TIISHRIZZOH
BoN) 7 FE2RH LAERNICT N 7R T, &
SIZFF TN Y ZICEDPUSETE TV T EOEN 5T
N8 & 24 £ O iFtaet b Big 4.

5.2 %t L 2 4EHE O
KIFFROHMIE, 74 =15z H\7tt28 sy > 26
TEVATLOWETH L., T2 TT74 H—B#ICBIT5
ZERALAR - KEEEL LT, v AHWRIC X B 7 1 7 — iRk K
ERREE T4, BRICBIA 1HORSIE15 208
HETHY, sz ificr—71 0% 1.5 25 2 FfE
BEITALEIENRLNWIEDNL, FUVANV—T 14 VIEBLE
45 5 1 RERE, 74 F—HIZ LT 18 205 24 & 1R
HTHEMETE L, FAZETD DB 78T % 5
E1RON—F 4 &) DT 4 H—DB|BHIZ 1M FET
Iz oNBEERHE, FEIZLT, 17/18(0.944) 205
23/24(0.958) EDSLETH A, Z T TRFHETIX, FE
0.958 * HEEDIREL T 5.

5.2.1 SA0OEEF

N=AF A U ERBELREFEILIBEZS 7 1
=, BEXOEF L b0EF 9 IcTLnd, K6, £7
DHEVATHITREN S L 912, NEE - AEEIC X 555
FEEEDT 0.09, HHEALE Z V720 RS A FET 0.1 L5
LTBY, REFEICLVBEIRES M ET S 2 L%
a7z FRICE Z OB L 72 HockyStick & Alemana |2
DVTIERN=AT A VRETIEIFEIRETH > 72—,
WRETETIIM ML & 5 2 CEMICHHTE I L
oahbh. F, RELCEHEERGT ZHWI N 7)Y
FREGEOAEIEIZ 097 TH Y, TNIEY ¥ AZAC X 2 5%
FEEORIEE L CIRE L 72 0.958 % L D4R & o7z
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Fig. 9 A comparison of baseline and proposal method for each sensor modality.
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E’ﬁ’b\ THFNFNOEMEDEEE IZOWTHIET 5. Table 4 Feature importance of acceleration and angular veloc-
’i4’%énéMLF-ﬁLﬁ%%wt7zyA i
71bx%‘@%®%ﬁ§?ﬁ%ﬁ§?é& 120> y i EEE B B
F4RIE O P TEBIRE O RIED A > 7 7 Ly WAREOTHE
ABZENENL A5 AR, DAL, 1R . xgﬁiifiﬁgj:iyii
SN s y Pl RPN b
LBROROBENIIE 5 4 3 > 745l e rei 2 Rl
FEATHIERES I, % &8 FIPFEL, £7 4 6y AEIED 1 KO
H—=DAT v TTEHAPED LN TWD, T2, £O 7y WIEEO 1 KEPORE
SAIVTTELLORFBDPENDI DS T 4 H—T & 8y WAREOTIHE
9z WAL O

R G D, 72218, R—=2A5 4 VFEICBWTHHE?N

10y A O 1 KM DR

#ETd o 72 HockyStick/Alemana OFLIZ BT 5 EIfEDOFRT
(M 10 2) 2H12 L, KERZFELEEOK TROLED

EHEOM
MEPRRLDLZEDGHDE. ZOL) REHIIOVWT, % B

B2 NENONRE S VAP TRKRE R DI A IV T2 Bt
THIET, [EL5DRN, WO, EONFAIZEI 2%
RELRZLIENTEREEZOND, ,
5.2.3 BIRAE & B -8 E O /" Hockystick

RIZEK 5 ICF L OO N FREMEERTY FI1C L7255

HEIZOWT, RODBUCHG L2DIIEFLFD y HEE,
ThHbLbLEEDRKMED A Ty 7 ATH 7. SHDOF

He b B L — 1O 7 F 7 — 5 % o TR S L7 [~ Aemana
728, ARD LTI ERAL DM 2 7 ERE b AR 2§ < ERDEEHRDEL EFEEIFH214I T DEL

hole T, 74 0= OFOH S ELIRE I

MBS L CEEREAT ot b EALND, F7, BI10 RO

Fig. 10 Examples of the key feature values.

U*“*&(‘s%@)®E$ﬂU—b7—Akﬁih,

LHOBEAEE, FMTAREAE-TVE. 20 L ERTV2 (8. AHATEOE S ORAMEARHR

720, EFO yHEESERELRDBIA I T ERHIHT 22 Lt@mabf,()ﬁ%ﬁ&#%%'*iéﬂfw&w
T, TP BUOBROT 2 CHIMEREL T 1 =12 7 =T —LEEICBWT, &7 1 H— O EI R
BWC [EDF A IV I TREPHOTE <5 L9 I10E ALz (2) 7= S PUEICS I L 72 ) FAE L 5 > A
W] v ERERGTE L EZLNS, —h, HAD 5 TH > 72720, BVFEIAHEELL L TWwizm 2 ff

v
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NTBLT, TECADETHRIIHAT I EAHE LY 2WBAEES 52 L a L, AT SELO
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=5 HEMEOFHMEOEEE
Table 5 Feature importance of the body joints.

K6 N—ATA4 L DORIBICK D ILE

Table 6 Comparison of the baseline results with occlusion.

EERE (A e W (F &)
1 EFy BEEORKEDA VT 7 A V<t FEREONHEEE - fidfE JRAE A7)y F
2 LFy EEORKEDA T 7 A L 0.74 0.91
3 Bx FERED T 4 A — [ T 0 s EE LRG| 0.71 0.84
4 KMy BEEEO 7 1 A — A B O sl e G 0.84 0.72 0.84
5 JiAiTH O HEED 53U #i 3/4 KI5 0.64 0.84
6 B x D T 1 A — EAE S O i K 3/4 KIE 0.61 0.84
7 B S RTER O OS5
8 KEEH y EEDRT 4 T — BB O K7 REFLOKEICL B LK
9 fE x HEEED 7 4 I —E A O E Table 7 Comparison of the proposed method with occlusion.
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ETHREAEICL 25 HBEIKE KT LTV 20104
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i (F i
KAH FEJEE ONELE - fAEE BRE A7) v N

f

%L 0.85 0.97
LRG| 0.78 0.94
e BRI 0.93 0.77 0.94
i 3/4 KiE 0.63 0.93
7t 3/4 K18 0.59 0.93
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