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Highlights
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Ryota Tanaka, Tomohiro Suzuki, Keisuke Fujii

o We introduce a new framework for temporal action segmentation using
VIFSS (View-Invariant and Figure Skating-Specific) pose representa-
tions.

o We construct FS-Jump3D, the first publicly available 3D pose dataset
for figure skating jumps.

» We propose a fine-grained annotation strategy to capture precise jump
procedures.

o Our VIFSS approach achieves superior performance on figure skating
TAS tasks over 2D pose and 3D pose features.
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PRARAUA 09 NRBIME R — W R4, BHAT 2N HERE, NEE
FHER, WERAEFEHE, FEREO, WHREHEEERR. B33
FIGAN G rp PR AL S 4 B P AR . R ALk, |
TERER T E BB AR Ze P, A A AR A v sk, H Y,
TEREI VKB TP43 B2 BRI T R L SR B A E O N bRy, A4 1
FEF T A H BRI SRR BRI L X AR TR B % Il T R AH 24 %
(IR FIRG 77 . A T fRpexX Se bk i, AR T —Fh B s ik ik & &
g, @ EEBIVE A E] (TAS) M HEALE H R AN FEAE I DK B R 1 ZE B A
BfHL. TAS 1 B s kA oy R 4 E BGE W S ERR S . A TAS
HAMER R FE MR TSI AR, AR, AR KA
Ho XSO EAE M AR BN S E, Blan A" 0 FTHIKAE",
HlZE TAS BIZUH X SURE P ikt . — AN 32 00 IF BT 0 7 v 2 1
TAS {E550 AP Hr B BRI [A)RRAE BT SE R 4 BBV . HEEURR
TER B RS A B RE, AR B — A R EZ R R . AR
HER TAS 245, ok Bk el T H MW R 55 E B TR B8 7E.
I, R A 3D-CNNs $eEUR 3T B R9FFHE, 113D (Carreira and
Zisserman, 2017) o XM, PARE & THMARFUKSIERIBFS  (Liu et al.,
2021; Hong et al., 2021) $&H, “HERESEm A B SER TR E T BI©
FVERAE S B EE . X RO T AE R Uk A — A PABIAE Ry Fh U AT 55 B AR
I, HdiH RSz 8l LR I R sl i s AN s o B, RSN, ek
T UKBIAEAS BT & =4Ey, e 3 A A S AL S e . R =
PSR BB A AN RS ER, XS RAE TS NIRRT .
SRTT, JCRIBCA MR ET 3D BR&ERMT TAS AR teah, an
E 7?7 (a) P, MU TIERENT UK TAS #F%% (Liu et al., 2021; Gan
et al., 2024) FEAREBRERES R EIEA (MR ) SCERB B, BT TAS &8
BTEF S e AR, IR e B R Bk AR, R BEA B B
I, REA BT AENEE .

TEATSCH, FRATIRE TRy TAS HEZL, ZHEZLFH T — Rl A
AARACFERUKERE (VIFSS) WRESFRRZFEI T, W ?? R, %%
PR TEAE I VKSR =2k r e . e, AU E ISR — R Rk
WK ffe e bR )8, R M EF X AR UK TAS AR 55 8A T 340 09 Bk BR it
o FANTEHFSE TR AZ BRI VKR E 1Y 3D BTN TAS #izl
MR . N T RRAE TAS WS A IEREIE K SV = 2450 pir il 2] fd
i, FATFIAT VIEFSS, %7 S S ARHE A & B A E
2D 8 3D KATAEAR. BARIEUR AT ARFR AT DU LA R SR, (HEA A
Bl = X0 S AR R SRR, I ] BE RS AE A R S iz Ak . S T e R
SRR, FRATERE TR I B e, B, FRATTHE 3D RS ARE
AT baE SIS g AT T 25, DRI R KR . 2R,

2

www.xueshuxiangzi.com



FRATTAE 3 10 AR AE T UK S Y B A 43 20 A A s A T O o R R
AR R Y -5 SRR R O 45, FRATTA 7 A BR YR Z A T 1Y
MR, AAEREE UK TAS $24t 7 AR R G 1R Ra2 2 .

RAEHTHESFRI ] RAEATE R 3D B8 REN I,
SO T R 2 M, (HIA R 3D BE R4 n] PAE—2 nd I
HvmaE ) R . SR, K24 3D S R 2L A H W3, 1k
i 22ik  (Tonescu et al., 2013; Joo et al., 2015; Von Marcard et al., 2018;
Sigal et al., 2010) , MATRER 3D BEEHEE (Ingwersen et al., 2023;
Nibali et al., 2021; Suzuki et al., 2025) 739K A KR AN, HEFRATATHR, HBl
WA AT 3D LS HIRE RIS AL IKizsh . A TR —=
H, FATET FS-Jump3D, X H MM RHERE I vk kR R 3D 235
BimsE, ML ERRE R AR . 38R FS-Jump3D 5 HAt 3D #3854
PE4E  (Tonescu et al., 2013; Mehta et al., 2017; Li et al., 2021) £ 35—
PIYIAESE , FRATREGE A 85 > i T eI vk A% 2h iz sl ) B35
f%/%o AW B AR EAEFE I UK BRER B TAS REGEAE AR ) G RN 7 Hks
/Lo

AR FEETTRR AN T -

L 3RATEH T — R VIFSS MR Bey JHEZE T TAS, iZHEZLS,

;g TXFEE IO ZRAIBIAE 2 SER0R], DASEBUAERETE UK R L A AN B T 4T
FHHRA -

2. A TN EEESE, PAFI R UK (1) FS-Jump3D,
— AR KRR = 4E S8 E , PAM (i) — KGNy TAS ¥
RO, HARBRERAL AR DA B L BRI 5 i X RS B N )

3. FRATTHAT T AT L, PABIERTR 1 0 T TR AL VK TAS 155
AR

FS-Jump3D Fide /@ A TP HE, PASCRAAEREIG IRIF SIS A F 12

AT FATIE AT T R BRI AR RUR T TAS R LA ST B2 H i) 9 [y
BB FoR SRR SE R I H A . FRATIE T — R VIFSS Jr kg
TAS e, AT TR ISR G LT, ¥R TIRNMZ A 2T &
X (Tanaka et al., 2024)

1. MR IAE

1.1. ARF AIRIL AR

TEA R FGz T, EEIPihssh iR 2 XEEM.
I, FMFRAE S, DARRMRIA T I i N ZRBME, BFE3IER
M (Honda et al., 2022; Kaneko et al., 2024; Ibh et al., 2024) , ZH/EIRH (4
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2%)  (Held et al., 2023; Zhu et al., 2022; Deyzel and Theart, 2023; Chappa
et al., 2023; Askari et al., 2023, 2024; Ibh et al., 2023; Nonaka et al., 2024)
, ERIZIAEREI  (Nonaka et al., 2022; Santra et al., 2025; Giancola et al.,
2023; Cabado et al., 2024; Xarles et al., 2024) , FVEFETEAS (Pirsiavash
et al., 2014; Parmar and Morris, 2019a,b; Okamoto and Parmar, 2024) , DA
M TAS (Liu et al., 2021; Gan et al., 2024) .

A% G5 )7 YEAE IX BT 55 Hh i o A i O S AR & W 48 BOG T (Carreira
and Zisserman, 2017; Giancola et al., 2018; Sanford et al., 2020; Piergiovanni
and Ryoo, 2018; Shim et al., 2018) $EHUA EGFHE. SR, 4k, BT
YRR (Redmon et al., 2016; Jocher et al., 2023) . #J&HREE (Aharon
et al., 2022; Zhang et al., 2022) F1 2D/3D &4kt (Yeung et al., 2024;
Deyzel and Theart, 2023; Ibh et al., 2023, 2024) #5752 N MAR ST H 42
Hump 55 B . XS ET BMRIRHEAR, BN a8 acm
BBALA BT e eE, e a ot nl A N, BTz, ik
AR R B8 75 B A Pk

T h R NSRSV E SR S e R IE A Z 474 (Chappa
et al., 2023; Askari et al., 2023, 2024) . MAZ W BIVE K KATENZ (Suzuki
et al., 2024; Tanaka et al., 2023a) , DA Kz 0Bk 2 B H Ath 3% % 109 4 14 5
it (Van Zandycke and De Vleeschouwer, 2022; Nakabayashi et al., 2024;
Gossard et al., 2024; Vandeghen et al., 2022; Liu and Wang, 2022) . [H i,
BARAGIN PR BRI ASAG TS5 BRI HE2D R e 25 4 v Je 2R B o
bk, AR T WA AT 55 B BE (R ML RE

TEAEFEI KT RN, CEts T 2MES, UfEsifERs]. BRshfE
R SERTRPEAL AT TAS. T ARG VG2 — TP R R BRI R 3R
MEHAEZS), 2R BB, —FE W 72 gk
TR 27 ST AU DA F AN 1 25 LU v AR R 38 ) A B [ U R 4 4325
IR, X 8 0 31 g 7 ¥ 3 5 0 = s I P AR P A, (A5 X DAL A 2 o
fIPPAL AR A BB AR T

R, e B S AAEREE DK 20 AT 58 TR R U8 1)k B e 20 2R A
PHATHR . SXAAEBRER AL 424 (Liu et al., 2020; Hong et al., 2021) . 7J4%
A 1 (Tanaka et al., 2023b,a) FIAS R HEFERM (HIROSAWA, 2020) .
AN, TAS, X R B 551 R AT H WS VR AR 0 A 5T, DAR 31
FERETE UK T A R BR AT e sh A o

5VFZ s i A S A B AR B R HAZ S AR, AR vKEAR R AR

VI G A D VA I K L S B I A AR R G T IERR R 70 (R )20 o ix
ERE N T BB E 2L, I Bk R i) B EAAA T
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AR T AT vCE Ak . 4k 8h1E. FSD-10 (Liu et al., 2020) >R
TR A R SATT Y T 10 Rl WBERA RS R A 0 AT 55, WF5R
R, R RATRAAAE AT AMGERLAPERE. MCFS  (Liu et al., 2021)
T AT RS AUAE R S AR AIE St B o Bk BRI e s A AT 55 o B ME R 1
XEERFGY R, BT IRSHEHE, R E AT 8 s s IR SE AR B EHIE, B
BT AR VKRR ) PR AR

AR 2D BSEHERSE A C 28 8AE, (HRETHEARZER 3D B4
WA IR TE R R . BN, TEANUE S AN IE Hu B B i kR B e &
ST iR B BEER AR ) B . SR, HEIeE — N IE AR UK
TAS LR TiX S RE . FEX W TAEF, AR T —Fagts
HHYE, eGSR ICE, IR T I AR B LSRR H T IER
vk TAS WG

1.2, 9D BHT B RY AR

MLIAAR S al DA PR 2 2R SE B HARAT 3D B uisy
> EEGSHITEAEHRA o

T 3D BT, FEAAWRE IR — R ERA R HAhT 3D
B, A MR 2D BRI 3D, XM IEgEh 2D ] 3D
$eTt. BEE R 2D LML, JF—MOrik& 2 R, M DLEE
LT 2D 2 3D Wy . XA ORI R B TR
PBE. 1% SimpleBaseline (Martinez et al., 2017) . SemGCN (Zhao et al.,
2019) F11 JointFormer (Lutz et al., 2022) £ 5 vEHEH T ET 8 2D 3| 3D
T 3D BAMIEAL. M2 F, MotionBERT (Zhu et al., 2023)
MotionAGFormer (Mehraban et al., 2024) ¥4 7 3% H 24~ 7% 22 Wi I (8]
AT 2D F 3D #8271, AKX LEm A AL e g St L HERG ) 3D A
ﬁ]{,/ﬁ;ﬂj”’[{ﬂ‘]?ﬁ?fi%ﬁﬂﬁ&i@iﬁfﬁ%‘@% 5, HACR T [ B B iy
SIVE BN o

LR H, AR R ESHA S —MEE= [T, RZHOME
FIFERH 2D BSAE A . Pr-VIPE (Sun et al., 2020; Liu et al., 2022)
FIAT —FhET = SCAHBUR RS, DA~ — AN BERE AR A AN AL 1 7 XA
PRESAHIE R TE S 8]l Sl as A 2D 2355 A AR BUR ZES R A T
SR BRI 57 2 N AL 55 IEF AR CV-MIM (Zhao et al., 2021) $i&
7 — R R AR B R a2 R, A 2D ST 5
AV F ML 7R o I AR5 SRAE S $8 Ay 7 IR I oy 8 R i D T
R, H— RGBTSR R B B AT AL ARAE . L,
ANTEFEF 2] B A AR SRR AL A2 75 RE S HE R SR AN [+] 4L P 22 18] A R R AL
P
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RZBIA N =4 NSRS, W Human3.6M  (Ionescu et al.,
2013) . 3DPW (Von Marcard et al., 2018) . MPI-INF-3DHP (Mehta et al.,
2017) il HumanEva-I (Sigal et al., 2010) , {&K¥iTYeFbric FsIERIHE &R
4, HERASIOENETS N, RAX R G M R B ER,
(HEATARERR S B R0 Sk, HAKE Gtz shf 2 sh .

N T X — R R I, — SR B RAREE R A T AR IE s I R STk
WS BTG S, 3 Rk EAEEkILEk  (Ingwersen et al., 2023) |
BRERAIFEBR  (Nibali et al., 2021) . PAKFEREZRE (Li et al., 2021) . ixX4E
%:%i‘é%%fﬂ%T 3D ST (e Ge Bt gk R RER B m sl 5 o

I

RGOS T IXegtRE, HRNEBCA ATFRIEREB B EE , AEREIR UK
s — I [ IHEVK XA MR R AT s gl . FE0K b, 3ok A AR I
FES ORI T R B 2R MBS s A, X LS HoAthom 3l b 1 s /A
BEANFE. HIE, A REIREA R AR S AR A 1 55

N THEANX—2H, OIS T FS-Jump3D, X258 — LT ek
UK BRERIY 3D BSHHRE . IR E 2K B R [R5 1 238k
BCEATCARCE R R Gk, 20t 7ok B Lliiikizsh Ry sk E 3D
BRERENVEEE . A KA EAAE R TR LR, 52 W2 i BOe SO iR
1

2. Jitk

AW B VIFSS (MEIAAS HARE TR IK) BHRERIE
ANFHIE A TIEAE I VK BRER D TAS. JERTAIFST (Liu et al., 2021) E2UERA,
HTZEHBWHEMR 2D XS TRE TR T, BB MIAE
tb (nARBE S 5t) AIRABUR. SR, TERRIEVKEEAS R g =4y, 1
T YRR =Y SRR B B R T, HEE R T g AL R
AR BHEET 3D LHRMrEmlmm S Pk ik (1) TAS S
FERHE T 3D BT R, A (2) MR T AR R il i =
P Az s SR T

AT R B, FRATER N T RO YA, A D s ) —
A Z LSRR TN G — LS, AR A AR AE 1 B A
TN R S i B 5 7 — DI RE T UK R 9 Sh VR 0 54T 45 L T idom, B
PRI ANE R RNE TAS AE55 005 ARHIE. FRATPEH MRS FRRFS
AR A 1 Frs .

T X Fe2E S T I A A RS R R FE D EERN 3D B
PadE. SR, REZHINEEIEE (Tonescu et al., 2013; Mehta et al., 2017;
Von Marcard et al., 2018; Sigal et al., 2010) 4+ H ¥ iEsl, Gt=1ER0T
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STEP 1. Pre-training (View-Invariant Representation)

' Pose
- —
’Dh Contrastive
Learnin
9
L — —_—
3D Pose Encoder

Dataset
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Figure 1: FFXFIEREE UK E H 1) BAFRF M Witk . 758 —Frie, Fixt 3D 2880
&£ (FS-Jump3D Fil (Ionescu et al., 2013; Mehta et al., 2017; Li et al., 2021) ) X}
23], AT ZR— A8 Hmta s, 1% dn a8 BEASTEVE 78 23 [B) oRF ok B S [RIIE A AR LS
WL BT AL . RS BB, AEIUKaNVE 2 R4 SkatingVerse Gan et al. (2024)
RN DAy, PAEL T SRR, TR vk a1

SkatingVerse
Dataset

ol e AB R AT O g 3RSl Y S E B S 2R AN B S s . SRR, H
S A TF ] L e vCE il Y 3D BESHmde . o 1 axX A~ IR
i, FATTIA FS-Jump3D, X2 — SR KBRS 1R 3D
LRI, AR AR C s BOARICSRAE vk B = R BEER

FATUE— B T —FhEEXT TAS B AIARIE SRS, 2RI 18 1 ek
T UKBERARE P51 . T TAS BEALE R S AE ) NREEmey, it
XoF AR DK Bk R 1) 1 2 A3 il B BLIEA T AR vl DA | S 28 B Gy Al 2 Bk R
Wz srsl.

FE A VIFSS BHERERY TAS fEZUR B R # Ry FS-Jump3D
WA — MO PRI 5, %7 BB T AERRNT UK BRER I AR 45
g, 77 AN T FS-Jump3D asE. )R, 77 WA T RARRE TBkER
) TAS peEiik. o, 2.1 Wik 7 i fral i A2 EE IR e R
T VKRR S TR AL P T BEHE SR 272 2] B VIFSS BEHRRAE

N TSR UK BRER R 2 By h s, A6 Jehnicizshiififie &
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4t (Theia3D, Theia) #H T4~ 3D BE&EIESE, FS-Jump3D. FEllise
SEIE At AR W UK R ) 12 SRR R s s e AL (Miqus Video,
Qualisys) #EATI. XAPECE ST DATE 36 R0 X3, AN HE Bk ER i) 25
BB, RERE A (&) MIERSIE, XEEXTT TAS L5 2 X EHEL,
TeARIC B E AR VFR oK I TR ERE BRER , 4G =Bk, HoANSH SVERR I,
] B PRF R R BRE B . RATIESE T U256 F & AR ks (FRh
HvkE A 3 D) BRERAOEE, A AT SFRZRB A BR T T 10 YRI5
I, FS-Jump3D HEEME T 253 MERFS), FAFFEEERE 12 4
BB AL 0 [F) 25 52 AR ) 3D B8 EE. %S 83 NATHY
3D ARFRAEAE (SK¥R: 16, HXT: 16, T 30, B#: 34), REMSUEATIEAN
W) 15 M. 2T FS-Jump3D W20, THIEE 2% Z I .

YT TAS B, FRATEH Tk B iz S At R EngEn B A&+
BATH)TE SRS, XWETE A KA VKR ER A SR S AR AT R A 5
R YE (Hong et al., 2021) A1 (Santra et al., 2025) . ZEHE4E Sk
B 371 AR

ZHI XTI VKR B TAS BFE — ARl (Liu et al., 2021; Gan
et al., 2024) &, MATHIFRTERIGEA 5 BRI FE P B B (BIVE & A5 H
SfE) . HAMACKUL, FEiXEe TAS FEMEH, AUChE B ElFl % b ) LA
MWIFREE T BE—BIERRZE (B “2Axel”) . XFERIFRIEEARDE] T & By Hmy
WAYIRIAL, B2 {5 EoRHS B TAS FBUH BBk ER S E R 74548 . AETERENT
vk, AP EY ) BRERES A R I HE RS SV E AP AR R A T R o S (5
ggfﬁﬁ@lﬁﬁﬁ%i?éigo [FFE, VBBl VE S 75 i ZIHR 4L T E 2

R T RPN RS, AR T MR T R, SRR R VKRR 43

H=APrEe:

L Z%H: BBk s R,
2. Rk AGEBEE] VA IS S BB
3. Fhli: HHE SRS,

AR B MR A=A BRI iR r i, Hor 2PER” Hoe Oohi%
T IR T RR AL S5 ARk . FE RGP BLUG T 0K J) B koK T e, AR TR UK
FAEH MG TR S AT RS04 T o 0 ARRZERTS TS Fh gk R 2 84 ) &
— AR IR (Blan, ‘P ZE/RIEANT, “BERFUENT), MEMRELE
A BEER 2T v 2 a8 I 1

A2 Ji0g TAE (Liu et al., 2021; Gan et al., 2024) , FATE LT —H
I RIIFREELGEM), DA HIAEREIT UK TAS RS MR, RS EIEES
FHRTCREBANIRTE . FEEED, BEABREARE A (Flan,” fw

8
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SR 7 BER ) BB R —. ORI T EAIORE
JeA7 23 MR, I T BRI RIBERE R (10, 3 BTSEIE/R 7 4 5
Tk ). TEIOES TAMPE, OISR RSB, 6
FERITER IR

SEBRBRB BEARS 5 5 AR SIS &, e OISR 13 8
B, AETCRGUIA 30 MR, SIETBRBC KGN (BIAniEss . 27
WEFRVES “NONE”.

2.1. MAREMAAER AF T LS5 RTF]

ZHIHEEREI VKB VE IR B (Hong et al., 2021) Fil TAS (Liu et al., 2021)
W TAERE LR, BG4 AR ESAE i A Ui 13D (Car-
reira and Zisserman, 2017) $2BU5 5 IR G EFIE BESRAS A £ 8. Bk
Y SIS SRS A B Eds (e T AP A A A B R ARk
BMEUR. N T X8, A TAE  (Tanaka et al., 2024) $2H 7T
— Mk, R 4B S AARME M IEREE UK P TAS A . BARIX
P EFERGOK T R T — @ Eae e, (H =481 rg Enf v
R —ASE, X R L A B I T =4 AR PRI o A DASE A e R
T UKEER = J 1

T ORGPk, FRATER T R A AN AR ELAUE R R RS A Y
o, T SRS B EITIO, EH —ah E 2 4R I T
W, WE 1R, SRS G IETA Y B

LGl by ) HEA T IO SR AIR AL A AN AL R AR
2. MPERE VKBRS SRIEAT 000, DATE R RE LA 2 R e A B AE R UK
FrE

ETNER B, AR T —FhXT e2f ST HESE i HE QAL PR [RI A A
TR AH R LA 3D B T 4E SN HH B 2F > SO 2 L AH AL
ISR o TERARY B, FRATTETRIAERE I UK SR 5 AT 55 DL AL T 257
LAy, ARG R i as i AR I VK S ER BE T

PATR JUAS/ ISR T A8 P2 2 >0 A0 728 R SR 252
AR

ZAEHI TAER B %, W Pr-VIPE (Sun et al., 2020; Liu et al., 2022) I
CV-MIM (Zhao et al., 2021) , FATRH T —XF Ho2E S REZE R 223 4
EIARAS I e fEXT 222, DA SimCLR - (Chen et al., 2020) #il
BYOL (Grill et al., 2020) ki, “S[R] A 3G5E 7398 B T 6] — AN FEAS SRk A
A B RN B SO . IR . daidaepk IR R
TR S T SR 3 i A 25 B B AR . B AR LT RUR A AT 55 3l 1 P 1 a0
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. ERe . B ECRLZ RTINS, FRATPRAX — R N T =4 AR
AT G Eﬁiﬂéﬁﬁ FAVE R AHPLAERENLAR 25 A B 3D BB 24
2D 55 . XL MERY 2D BHERRN AN G r - BT

ST RESHwEeE, FAIRMA T Jointformer, X 2—FET Transformer
) 3D NARZESAG TR, T A%W 2D 2 3D WA mixit. BT A
[¥) FS-Jump3D ##4E, FATAEEE TILANFEEN 3D AR R SH 5%
Human3.6M., MPI-INF-3DHP #1 AIST++., Human3.6M 7 H %153
FENRE, M MPI-INF-3DHP W@ HEE N HEIMEME /NG . AIST++
N KRB E NSRRI ER R S . TEAREIE KA kR, S HE & Fh 4%
FERIBIAE. T3 A gt 25 18 A I F i PR HE AR vk, FRATTR
HESEAR R I ZRoReng, i gnidan e A AR LS.

T 3D BASFHRER AL LT, A el X AR AR T AT %
BERBCE. SRAERAY, SRR R ESH BN E L. TR,
FATY XTI —ARRST, PAE XA 3D BaSm—BUE R R AL 1
ii,jﬁﬁﬂﬁﬁllﬁﬁﬁﬁﬁi PATTHEA T AL 5 DARE 8 FH T be2# 29 ) 2D
% /LH\X‘ °

YT 3D BHXFFF, FATESeHE RANSAC (Fischler and Bolles, 1981)
WE 2 Frs, fTFHiE T, R 3D BEWE ISR 2 e &’
TIHERA BB PR AR 2 AbR, TR e AR 1 50 % X [ 3] 5%
PR, A TAY 50 Y% BN R EE. RIEMRIEIZ B RANSAC
flivt—AHUA T . R 3D B elt, fiHAL TRy F s vy F
M. B, FRAT#E—2 5  MhieieR 2y, DM E E8mmE—F
i, R 3 FR: Zefi RS RIE o B, GRS R o Bl

A B AR R A LA O B LT P R C T, BRI
PR Le, AR T 5 S B B DA S M BRI 2 SR BE B 2 FISE T 0.4,
KA, oA = GE T AR PR 4 B LA LA HER 1 TR A .

Byt om0 45 68 DL TRENL —4E80 5 . AP EIEL . BLalFIiEEs.,
FERUAHMLUAR XS T PASE S A O ) 4B RS E AL, A £180° H
REE, MM £30° FREE, BEEM [5, 10] JEFE H R L.

ﬁﬁiﬁm&%/\kﬁ/l\@M?ﬂu)ﬁﬁiﬁi—/l\:iﬁﬁﬁo KR R AER 2
HIH AR =45« ARARIEDA —1 SRECEL . hshid A Z= R 0.01
1) 25 3 (L ey S0 7 1) g > 2 O SR S B . HE I PP 15 g o — 4 ST AR
By 1% A (0,0) o sXSUIESRELE TR Z e, (2 T EREAERR
(P24, 358 T X S5 b 4B AT A MR AR AT

A 475 4. %3] CV-MIM (Zhao et al., 2021) (K, Bk PLEIA
ARSSFIR, FAHR T — AL B AR, A OURBUX R ASEHE, i
) P T RE S VK T 0 PEAF A
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(a) Before ground plane alignment (b) After ground plane alignment

Figure 2: i} RANSAC #EATHITE FHIX 57 FATTERTA 3D KESHRAR st f T -
XIFF, R AR AR GERY 2 RS E TS, fEET RANSAC H-FHEiAa I .

W HELSAN x e RPN HAG N AT, dulidnti oAk A 2 € R
o 1?’#'}\&]&@\ ﬁr/\% Zpose € deose ﬂlﬁu@*ﬁﬂéﬁ Zyiew € Rdvmw QE‘JJE
.JLK d deSe + dVIEW o
O TE— N RS S ILEREXT, & 2 Bl 2/ A3 eI . R T s
?}L,%T SHIFRES, A Barlow Twins #1428 (Zbontar et al., 2021)
é/u\j& 96 »Cpose :

— 1 I
Lpose = BarlowTwins(2pose; Zpose)

Barlow Twins #i 2% )8/ 14 /& FIEARA Z AT AR, FEA RIS SR AR 1Y
T UL N S 2 FEAIAMT R AR, AT i SRR

N T2 AR R RFE, FATE LT — P ARE Liew o 2 vc Al
ve A3 BRI R (BB P ) B 58 SR IE WLl 4 R SRR LAY BRLASE 1) B
WT;&’%@FH%?Z?FHUE%M@??@%% (MSE) & 3h:

Liew = MSE(cossim(zyiew, 2. cossim(v,, v.))

view ) ’

XA FRFAI XS FIH— AL FIX 517 3D BeHF—E0E P PR B AL T 1 44
AF Hiw. BB B PO S AR BB RIE, X SERMIETE AR SR
TR P AN

e, R T B IR BRI AR 2 & B A e RIS A S A Y
ZRVE, ATSIA T —NIENMLTL Lr o R PER AL — TR
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Lilr 2 . “ ﬂ . ‘? |

(a) Before pose alignment

(b) After pose alignment

Figure 3: MASKIH . T HAHY 3D WASKHRAE, Fell LA — b 05— B A5 Xt
H o AHAERATE A R T ) R

FRAE T 223 AARE 0frgee B2, VAR — -0 Hi 01 TE AL R 322
AT KL Bk -

Ly = VarianceLoss(z)+ VarianceLoss(z')+KLUniformLoss(z)+KLUniformLoss(z")
XA R E ST
d

1
VarianceLoss(z) = p Z (0?(2) - U?arget)Q

i=1
KLUniformLoss(z == Z zilogzi + (1 — z)log(1 — z;))

TERATH LI H , BATRHITZBRBE 0fpe = 1.0
BT B NE, B AR IR Har ] R A O R 0E SR -

Etotal = Wpose * *Cpose + Wyiew * Eview + WR - ER

: ,\EP Wpose » Wyiew H wr AR AR IUAAE . FERANTLH A, FAT
WRE Wpose = 1.0+ Wyiew = 10.0 Fl wr = 1.0
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Figure 4: FALIE A EHLHES . RESLBHRAURDG T XS A — 10y 3D BRIy (H
JEU) ENL. BRBALALE— A BRI AR RTE I N BEPLRAE : D5 fifoR B £180° , RHMFR
H £30° , HEEMIEH [5,10] BJ5 . AR RS BHE LI [ AR 55

TEAS X L2y 2T X S i 2 HEA T 7 25 PASRAS AR A AN A8 B 7S i
i, AT g Es BEA TR, L T TR AR UK B E . X2
TE— MR TR VKB B2 4155 AT I 2ok SE R

WTEE 2RSS, WAEH T SkatingVerse £ 4, %% 4
TR e T DR BRER AN e 5% i A By 5, 93k 28 BRI, Hor,
23 NIRRT 7S Ak R 2 A (Axel, Salchow, Toe Loop. Loop. Flip
Lutz) FIPUANGEREZESE (B, M. =. PU). PN T2 BIA03E DU Fh et
KAl (Camel Spin, Sit Spin. Upright Spin FIHAMGERS ), PAL—PHTA
B 5 BB IR B “NONE” 251,

ERAERRHL T 1,687 ANE AR KA RO AR, 2B T 19,993 ANl
25 Befl 8,586 AN B, B BrER AR AR s VR E T T S AR
ic.

BT ROE A T AR UK E - 2 S gmts ey, AR T—Mz 2wl
WFFE I & B I ] @ A5 584 (Hong et al., 2021) , ZZEHF 5T BiGRU 1y
FP AR B PN 25 S gt s . BEARZER AN 5 R

258 WNEE ISR 1T 2D B A, BASgmiL A H— B S
FIFA o X Eeim A AR— )2 BiIGRU Hr, Hi i 1o i 1] £ o
TR G . WAL G EMESR Gl — A dropout I EERZ, #E

AZ
o
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— 4 ReLU Ji%, 75— dropout 2, EJae—NaiEEZ, PATII 28
A EVES A%

WS 7 (o FH 0 o 0 AN S o2 > T R A W) i A . A
WA AEBVE A FAT 55 L) A2 SO R AT 3o - LTI oA 2 BB 0 2 1o
TR b2 > 3 S AR UK S E R R I s

Pose encoder
2-layer BiGRU

o
=
©
0
5
x
(]
=

Fully Connected layer
Fully Connected layer

Figure 5: 1 Ji¥)2 BiGRU BghE/- JRRUMRIA . AR AL i FE AR vk B 1 20 R AT 55
BTN SRR R A A i -

3.

3.1. %
3.1.1. FS-Jump3D # 3B %

FS-Jump3D ({5 &4 m e HOo sk M. IA i Bda 4k 3 B2 e 23
P NS T UEER, Heansems =3R5s, OF H A DHCRTE AR, H
FS-Jump3D @TER K hsfilnyg, X2 —Mm L baRss. SiaEn
%ﬁ%ﬁxﬁ,@W%ﬁ@%%%%ﬁﬁﬂﬁﬁﬁﬁ%bﬁ%@ﬁﬁﬁ%
IE .

T3 A RARFHE 2 0 ToAniciz shifi$e kil sk m MERE B, 046 =8
ko TEREI UK BEEOW BRI AR R, IF R SR B XU R, K
Tk BRI UG B B AR, AR T —Mehric RS, X Ryl
ﬁg%%ﬁﬁﬂﬁi%%ﬁﬁﬁ,ﬁﬁﬁﬁﬁﬁ@,WK%%%&%%E
7K
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BeAh, FS-Jump3D S22 ]+ 6 € H ez shiift B yLic Ry, X
BHUE AR LT RE . T AR vk b BRER S VR AR e, R[] 25
X DBl BARBILE) 94 P 17 85 5 M S BOR ) 25 [ E A R R %, ()
BREYLCRL T RS M, XA ] RER AR AL UK RS AE
T R ) TR [ A

M1 T ERE UK BRER Y TAS Bdle s, 6N A5 Ry
IR IAT TR AR RS 371 Bok A E PR L2 E HITH 1Y
JURERIL, EAF Rz (2010, 2014, 2018) M AERETE UK AR 3%
(2017-2019), 55 T 5B TR T HBETH

PRI 4,265 T, FApoR 2y 382 Mt (1 8.96 % ) A EhfiAR
&5, XoF B MBIk IRIE N 3] 35 i ) IR TR ) B o XD 1 5 L S B T AR T UK
Feffrf TAS MREIA PR, FErpalr iRy i B0 b AU —/ N

Kl 6 s 1T RREE PRSI . ARG (a) 1, AFBLR R
JLE, X AT RE S A EATRE AT DAME D S g kiR b B, o m AP v
SR Bk L. BTSSR KBRS0 R L, OB T B AR S LY H A
HRLE TCR AL .

TESVETCRZ T, S WA BEER @ =4 Toe Loop (HIZRmivkik), K5
=JH Lutz (j59cHk), Pk Axel (PUsdgE/Rik), FI=J Axel. Axel BEH
AR AR FEBE P i i P A — B, BRI l J Axel, T
HWRZH BTN Axele = Lutz R & A BLA (i 11 32 00U
FHECZ TR X LS g ) DU S Bk A S P (B, ey = Jol i ] g B ]
ORI AR AR, X SRS T R R TE S T R B T R B
KA, FIE MR TR UKEORSEE B (TAS) BB

N T VTN TR R PP BAR T VAR A R, BATE LT — 4 Ak
EYMbPE” BEL . TEXNRLT, A R AR AR AR e
“To7 bR, HAABKRSIERRSE (G40, “Salchow”, “Axel”) ZWiknit. i
BERY; T MCFS (Liu et al., 2021) BUARHERAS, SRVFEEATAF LR, [F
IR T 5 TR BRERAR 7 [ BEH 2210

3.2. WHE WML
3.2.1. LKA TAS AP oy bER

AT BRUE TR R AE SO, AT T T — RV SE . e, &
AT A LA 45 AP 2 BY G i A RRAE R PPA T3 1 1) VIFSS BASRREXT TAS
PERERI S . BLAh, FRATEAEA A ) SE B0 3 E R PEAL TAS PEaERIFT
FS-Jump3D 4. Fri syt ik AR IRATR P I Br L S n 22 > HE
ZREGAS DT

AT BRI UK Bk ERH TAS B9 AR R, FRATHE DT PUFp
SFHE, AFERAIE -
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> N . y o Q- NN o & ..
F8 388 7 ISP EPSIIICTI IS SF 36
& v S § P A S LTSI IIITY LI LS &9
& 3 A ”'/9/@,,;?0,'?"" A A" 0;? v‘o»?~
m L2 S ~ & ~
(a) Set-level (b) Element-level

Figure 6: #f1] TAS $lladk PAERRITUKBRERBIARESE T, TR IR ERIREL R ICE LR
BEHATAE B F B IR A AT o

THESERIE (B
SHERIRE  (Tanaka et al., 2024)
VIFSS F#iE ($2H)

scratch-FSS #¢PE (Ji45iH)

YERMELZ, FRATRA 2D BAFHE, XAEIEFEI vk S VR 5 b g il
M (Liu et al., 2021) o 3% 285238 X R MBI T 2D 238 Ah T B Rk
150 2D AedR. FEFRATSEBLF, FAIEH T DWPose (Yang et al., 2023)
, EEAAE COCO-Wholebody #4848 EilbAT THUNS:, HHIEEATT L
i, FXRIGH 2D KATARARIATIH— L AL B

3D ZASFRE SRR 2D A THE] 3D H N E A AE
U — A A2 B, B A AT 1a) — 3R 5 ). FRATT A MotionAG-
Former (Mehraban et al., 2024) #47 3D &4, FHAEH T4 B g
Ky VIFSS ZSEERA R BEEE T, abh, 78RS 55 A il )
3D Jieht i B — A I 55X 55 B S AR PR IR T BV RRAE , (53R fig
PREE BT ER NS/ &R A x 3D BSFEA PR AR FH £
4075, AP 2BOE . (Tanaka et al., 2024) .

AT H 1y VIFSS FRAES FRATE BT o8 o 1Y scratch-FSS F¢fiE
AT T IR, X H, “VIFSS” FoR&EHgmtdas i So vt s > il
5, DIRISFILEIAAEM 3R, R JEFEACRE I VKR sh VR 0 54T 45 L Tl
e MHZT, scratch-FSS FFEE M —MUFESNED FEAE 55 B IIZRR
s eI, EA SRR IR B R IR AT AE S &

Ll e
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AR I L 1 T 1 5 R o) 2 > 1) 5 R I R B D iR

FATPEAG T &Rl ABFEFR R 3T TAS AR, 8 TIRATHZ K
URLREVERE, RS G T IR BkER AP IR .

Fe 2 w5 TAERSEE 7% (Hong et al., 2021) , 2018 44 ZE Hiz 2 il
A AERE I UK B AR S BT A 3 = M s e e . R B T 45
Hr 20 % B9 gRctin PR B T H0AE. X X148 PR A 7] EE SRAEA 1) A
ARl BUAE N R SRR AR, AT BEAS PPAR AR 2R X6 R L 2o i A0 4%
Bz ALRE Ty, BN E . WA RIS s 1 A8 1k

R T VAL TR A R TR SRRSO, FATRA FACT (Lu and
Elhamifar, 2024) {4 TAS ##, FACT 2 —FpiET Transformer [{ZR44
FIH A2 SUYE 7 ML S ] 27 2] g fN s VER R . FEZ N HEE TAS Bl
4E (Kuehne et al., 2014; Stein and McKenna, 2013; Fathi et al., 2011; Damen
et al., 2022) | ER/R st r 2oL

FATESE TAS SCHERH AR TP MY (Ding et al., 2022) , T2
HERRRAM F1@ { 10, 25, 50, 75, 90 } 4. X LESRIMERTA SR EITHL,
HEBR “A3g7, “HBE” I8 FR%k. BRIERR R S AL IE bR iC i L
FlQk AR\ iR B 5%t i B B 2 b S HRK W k % , Wi
T BOZ BRI, HAERA S B AT ARG 0 A Bl 28 PR RS (8

4. g5

AR FRA TR B AN UK BRER TAS 7 vALE & Pl i & N7 T4
TPl . RS 4.1 35, FRATR L T PRI T Y TAS PERE: G
PIMICERG A R, FAAEPIRARESON_ B T A TEE A VIFSS #
AR T H AR AR . B GO R PEA ST RAE SR 77 A
5 4.2 TP TR, 4.3 Tl RS A S FS-Jump3D HilEs
R A TSR, BF9E T iR s, FE26 77 3, Ff it S5H
AR EE, PRAG T HATREANRY . BRERIE AR BORARTE T R AL, SR
TEHR A R B RS S PR P VR . RS, 5F 4.4 WROR T — I R
I, BHPTERAL THEA [ BB N AN AR TN SRR Tk, el s
HAR MBS P e s

4.1. BAEBA FaEBR TAS EF LR

# 1 s TR vKBRER Y TAS 4558, AR ARIE HLag T4
GBRMICEBIRTZ BIPER. £ la il 1b WK E/R, TTERHEHTH
FbEE Al BBk . FEX PR E N, F1Qo0 iy 2% F1Q10
F| F1Q75 {5040, FEFRATR) OB RS, BRERME BRI -
FRLEmfa] 2l 16.25 Wi, 7E F1@Q90 F&ET, Wl R AESHELEEEY

17

www.xueshuxiangzi.com



15 MU A A IR, AL 12 2 WiiRZE. M2 R, F1a75 fEE
TORZY 12 Wi ESR, AFRAMDIRRE (RITEBREREE4PID) . 75X
M F1Q75 JERTR, AR R B BOL SRR I 1) VIFSS FHIEAE
EEPNICRGAL 5 HANEE] Tl 90 %.

FATHIERE T S BEAE ARG A PO MG Rl I E] . 24 F1@90 fR iy
KSR LRRES, IZin—im F1Q75 155 @n T i R R 1 bR A 3L
P

Feature Acc F1@10 F1@25 F1@50 F1Q75 F1@90
2D pose (Baseline) 78.55 85.12 84.93 84.17 81.52 35.83
3D pose (Tanaka et al., 2024) 79.89 87.13 86.94 86.56 82.36  33.36
VIFSS 89.91 95.44 95.44 94.68 93.16 51.71
scratch-FSS 86.38  92.48 92.29 91.72 88.87 42.44

(a) SEBZLNN TAS 455%,

Feature Acc F1@10 F1@25 F1@50 F1@75 F1@90
2D pose (Baseline) 71.34 7897 7897 7878  75.74  35.39
3D pose (Tanaka et al., 2024) 70.17 77.71  77.33  76.57  71.62  29.52
VIFSS 85.82  92.75 92.75 92.56 90.65 49.62
scratch-FSS 82.72  89.65 89.65 89.65 86.42 41.03

(b) JCEZ TAS 4558

Table 1: FEA FIARERLE KT TAS PEREHEL .

W la iR, VIFSS il scratch-FSS FRIEESE AR TAS LRI
TRLT k. Hofr, VIFSS RpE el 1 e B R PERE . X 2L 45 R K],
It AL RS R FE TN S5 RO G2 A T — A SRR A ) A P MRS I
MTTHE 38 1B X AERE T DR 2 SRR Rl A E 2Rtk fg . AT 4R Sy
MLY% S5 T B S, (HEANDhiE TR "R RS b, SUA
ME, XLERRY], I REAER LSRN, FrlEPriilay VIFSS
RHIE, XTI A FON A BEER BRI A L2 A 2 .

4.2. TUEB TAS M4t

2% 1b JB/R THER ARIERBIE ST R A TAS 458, SEEL 5
)AL —30, BSIRARRE . VIFSS # scratch-FSS AR H 4. JLH
f&, VIFSS £-EAfE F1@50 FABid T 92 %. #HELZ F, 3D BSEEETE
FANm R NEEL R 2D BSEHE. XFRW, Uit TESmAW
PRI Be2f S REZR [l RS T AR B R T R E] . [RIEF, 3D BASHFIE
PN B T BN TR R 2 ief s sh 55
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3D BFHMEFE TR YN L HERE R AT RE 2 B T 3D BT
ARG R R HAERU, A5 3D BT MotionAG-
Former (Mehraban et al., 2024) J&—M 2D ZEFHHM 3D LA
TR . SR, N 2R 4 B 500 1) ek () 4 1k 22 S AR WT e s ) 1 MR .
FS-Jump3D JIIZ5da4E E 5 B f1 C 2 E A THORUBRFT A 2134 647
)= Bd . AR, M HERRR T R0 e & =Bt 2 k. Ah, &
9K FS-Jump3D HHa£EM 60fps T RAEF| 30fps #EAT IR, (B OS2 A
25fps S o X BEAE e USRI 255 4 2w i ) B TR 1) 25 5 VT g
A S e s sl ae 1 LR R .

Bl 7a 1 T A3 IR TS RS P LB AN A ) Bk ER e s 3D EASAh
TG B Ta R E— AU, XTE FS-Jump3D JIIZEHSE T
RIF#on (BEMER AR C M), HRAR ThekizshiEs 3D Z&hit.
Mz, B 7 B —uER, XTENGSIR T Rca s, S8
VIR ez dl . [FRE, X —SeBkERSh /e TR AL T A 59 L B 1)
TEOL, BINDBUE 25 S50 58 B = BB ER, i WS B G M. X 23R
Y, HE] 3D AT ALY A M REAEAR RAREE BB T U1 % 3D #8545
LR Z R, B R RYE A JE 4L TAS 155 Bl

MHHZ T, B A T PR AR I AR T X w25
Wy B B AR 2 AL T I (R P A W RS 6, R e 8 2052 31 Bk ER e e
KN FHERREm . HeAk, SR BT BSOS T 38 5 X AR AR 3D 3SR
AR TR SO S O SE . B, B TR m BT
RH TAS {155, EHTIRAB T EMRA G LS TR RE

N x ¥ ey 3 = — g ‘ ’ . “‘) =

EEBE BB e

(a) ZE) BT H RS2 B = 4 35T I HZ A Ef b g — A = LT

S BB R

(b) A6 SEOLIS X VUG RBRIG 3D BRI, BURAR BB Bzl , BT R T IR
i S e -

Figure 7: " MU P R BRTER: 1) = 4k B SAG VTR0 . (a) R T— A HENZEBL, 1 (b)
WSR T — ARG B0, AT AR T I ZRECE ARG B B 3.
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4.8. FS-Jump3D 3t TAS M AE849750m

2 WK Tl gad R 2 A A FS-Jump3D Bdusent, il 3D %
SRR VIFSS FHAESE A TAS 2. 45 RE/R, X TR,
HEER FS-Jump3D itk & EUr EIMERERY R . FS-Jump3D d7Esen
B (VK3 FHIRMAEFER VKBRS RN, X 5124500 3D BB BIREAR
AR XLEEIREN, FS-Jump3D FEHERHRHIAEA I K R BEREh 1F
JrHGEF CHAEN SR THO TAS AT 55 A H 24

Feature Acc F1@l10 F1@25 F1@50 F1@Q75 F1@90
3D pose (Tanaka et al., 2024) 79.89 87.13 86.94 86.56  82.36  33.36
3D pose (w/o FS-Jump3D) 75.76  83.08 82.89 82.51 77.57  31.18
VIFSS 89.91 9544 9544 9468 93.16 51.71
VIFSS (w/o FS-Jump3D) 87.53  93.16 92.97 92.78 91.25 46.01

Table 2: FEAFIBLA FS-Jump3D HREEFRM T Set Z¢51 TAS 4554,

PUAFST i RO SERE v B R RAR P A B (EARIEREIBE) RO
PHERAF] TAS AR A M F5 B2 o b 3R kR A 2R AR, 36 3
BR TIAE T BCEREAE R 2 ] TAS 145 A& R, AT
8, I TR S AR Rl B B < B BT BR S h “None”
PR, QI T — MRS ERE, R BRERARSAE A RO S VES. (Y
PR PR 2 F1Q50, X2 TAS Ffcss HTEhR.

R, AR ARSI ARE A BT AR ) TAS PERE. BRT N
PRSP B AT AR B A B AR AL, B B AR A ] B8 3 1 R B 22 i
Be A = PR R AR R RE T . BTG, FEMmS AR, HA 1.50 %
[P TA WRE 2 E T S VERRZE ((UBRER) , TIFERR H bRydHr, 8.96 % nimiwk
FRie MEhERRZE (HEA . BEEREERE ) . SVEFRZE LB iX Fh 25 3800, #E
B 4 s ) 8 L Y 3R T S T Ay A2 B R AE AR VK B BR. TAS PEREI)
—PNEEEE,

4.4 LA T BI04 H 20k

B8 s T —IUHEME S AR, I A 1IN T VIFSS %
AERTPTBT B TR AP O Gy s i JRATT LB T HESR T IR G50
TAS 155 A JoXF LU IO ZRAA Y . 7250 B BURRI Iy, AR sl 47336
Bm R 3B 100 % . 50 % . 10 % FI 1 % , FHAEH F1@50 PAGHEEE.
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Feature Proposed Coarse

2D pose (baseline) 84.17 76.42
3D pose (Tanaka et al., 2024) 86.56 72.78
VIFSS 94.68 93.93

Table 3: BT F1Q50 HEAZ TAS T th AR vE S AR AR Z T HUEL

GURRN, GG MR LRI 25 ] DAZEPS 2 100 _EAe e ik = TAS
LK. (EBEENE, FEMORESIE R, BIZRA A28 15 55 i
o EEN 1% Bampiom ol T, BA IR a Toiky ) A m X
PSR, B TAS RIJLFAE. M2 T, SamilgmBiaifesg
FIZH LI TR 70 % F1@50 pyRI, feongRZ MmN T 60 %.

XL PRI T A TN RS R TP A Ak B RS
ﬁﬁ%ﬁ%ﬁﬁﬁﬂﬂﬁl‘ﬁ% LT, BAEHE & 32 > FERE I DK 1Y) Sk H i
W ISR o

(a) FEEAYS L, FHAANEARAANZHFINZGR  (b) TTERHIN F1Q50, 435 AL S E AR 1) Fil
F1@50, k.

Figure 8: PRSI NS IR BN ZRRA [ LG OR Bt ™ TAS PERERI SN . (EM
AIRER AT, BNGFrEdd s TAS PhAE, JCHRAEMREEE &0 TS BT

5. 5B

T T A, JRITHR T VIFSS WRSEHE, JERER T HAE TR Ik
BRI FH P A A . FRNESIA T — FhBRAO AR VE MG , M A T Bk
BRRLF, R T FS-Jump3D, R EANAFE AL HIAEREE K 3D %A
WA, A4 = Bk
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RESLHGRY], @3} e > W GRS i e B S, It
TEAERE UK AT 55 EVEATIO , WA ST TAS FELAGHRAMITER
PAPERE . IXEEEURRET, SEIENIA 3D AT SARBRATEL , AR E SR
B SR RS SRR AL T ORI RIS PEAHE R  BeSh, SRS bRt
Y EERUESE T FA RS PP AR ARy TAS S0 5 =R 5 Ao B B
BAG SIS IHRWTFOAUESE T RATHRI M BL VIFSS 22 2] 07 iksif
Ty SCFFAE LY., R R IR 5

BT AEAERETE oKk EUE B AL A AN A2 HE T R0 45 2 A 55 A B 28
R, ARRA AR R IRATIY ¥k 2 H A BRI UK Sl A e e A A0 7 91
HIBEARZNEZ R . BA RIS AL AR 7 U B AR S 1 AT 55
s M, B PIRUERATPriR I A R AR R A 2 T B

6.

PEE TR TS 3085 FS-Jump3D FLry Q@A , H-25 T HIFH
AT KF B AP MR 1otk B /R R i a4t ie
TR

7.

Hgt ARTAESR T HARSEARIENS (JSPS) TiH 45 21H05300 F1
23H03282, PALK JST PRESTO i H 42 JPMJPR20CA Ry B). WBY H#E
gt BRlcsE . b, BRfERR sl A SCTF R R S Thisa KHEVEH .

8.

AR AACAS T HPE AR VIFSS BRI F ] AR TAS FiEsEtn
VEFEAC I AR & W AE https://github.com/ryota-skating/VIFSS /3y
AR
9.

SofrAlan PR 1R PR B Rl sk 5

References

Aharon, N., Orfaig, R., Bobrovsky, B.Z., 2022. Bot-sort: Robust associations
multi-pedestrian tracking. ArXiv abs/2206.14651. URL: https://api.
semanticscholar.org/CorpusID:250113384.

22

www.xueshuxiangzi.com



Askari, F., Jiang, R., Li, Z., Niu, J., Shi, Y., Clark, J.J., 2023. Self-supervised
video interaction classification using image representation of skeleton data,
in: Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) Workshops, pp. 5229-5238.

Askari, F., Yared, C., Ramaprasad, R., Garg, D., Hu, A., Clark, J.J., 2024.
Video interaction recognition using an attention augmented relational net-
work and skeleton data, in: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) Workshops, pp. 3225
3234.

Cabado, B., Cioppa, A., Giancola, S., Villa, A., Guijarro-Berdinas, B.,
Padréon, E.J., Ghanem, B., Van Droogenbroeck, M., 2024. Beyond the
premier: Assessing action spotting transfer capability across diverse do-
mains, in: Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR) Workshops, pp. 3386-3398.

Carreira, J., Zisserman, A., 2017. Quo vadis, action recognition? a new
model and the kinetics dataset, in: proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, pp. 6299-6308.

Chappa, N.V.R., Nguyen, P.; Nelson, A.H., Seo, H.S., Li, X., Dobbs, P.D.,
Luu, K., 2023. Spartan: Self-supervised spatiotemporal transformers ap-
proach to group activity recognition, in: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR) Work-
shops, pp. 5158-5168.

Chen, T., Kornblith, S., Norouzi, M., Hinton, G., 2020. A simple framework
for contrastive learning of visual representations, in: Proceedings of the
37th International Conference on Machine Learning, JMLR.org. pp. 1597—
1607.

Damen, D., Doughty, H., Farinella, G.M., Furnari, A., Kazakos, E., Ma, J.,
Moltisanti, D., Munro, J., Perrett, T., Price, W., et al., 2022. Rescaling
egocentric vision: Collection, pipeline and challenges for epic-kitchens-100.
International Journal of Computer Vision , 1-23.

Deyzel, M., Theart, R.P., 2023. One-shot skeleton-based action recognition
on strength and conditioning exercises, in: Proceedings of the IEEE/CVF

23

www.xueshuxiangzi.com



Conference on Computer Vision and Pattern Recognition (CVPR) Work-
shops, pp. 5169-5178.

Ding, G., Sener, F., Yao, A., 2022. Temporal action segmentation: An analy-
sis of modern techniques. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence 46, 1011-1030. URL: https://api.semanticscholar.
org/CorpusID:252992530.

Fathi, A., Ren, X., Rehg, J.M., 2011. Learning to recognize objects in egocen-
tric activities, in: CVPR 2011, pp. 3281-3288. do0i:10.1109/CVPR.2011.
5995444,

Fischler, M.A., Bolles, R.C., 1981. Random sample consensus: a paradigm
for model fitting with applications to image analysis and automated cartog-
raphy. Commun. ACM 24, 381-395. URL: https://doi.org/10.1145/
358669.358692, doi:10.1145/358669.358692.

Gan, Z., Jin, L., Cheng, Y., Cheng, Y., Teng, Y., Li, Z., Li, Y.,
Yang, W., Zhu, 7., Xing, J., Zhao, J., 2024. Skatingverse:
A large-scale benchmark for comprehensive evaluation on hu-

man action understanding. IET Computer Vision n/a. URL:
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.
1049/cvi2. 12287, doi:https://doi.org/10.1049/cvi2. 12287,

arXiv:https://ietresearch.onlinelibrary.wiley.com/doi/pdf/10.1049/cvi2.12287.

Giancola, S., Amine, M., Dghaily, T., Ghanem, B., 2018. Soccernet: A scal-
able dataset for action spotting in soccer videos, in: 2018 IEEE/CVF
Conference on Computer Vision and Pattern Recognition Workshops
(CVPRW), pp. 1792-179210. doi:10.1109/CVPRW.2018.00223.

Giancola, S., Cioppa, A., Georgieva, J., Billingham, J., Serner, A., Peek,
K., Ghanem, B., Van Droogenbroeck, M., 2023. Towards active learn-
ing for action spotting in association football videos, in: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 5098-5108.

Gossard, T., Krismer, J., Ziegler, A., Tebbe, J., Zell, A., 2024. Table
tennis ball spin estimation with an event camera, in: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 3347-3356.

24

www.xueshuxiangzi.com



Grill, J.B., Strub, F., Altché, F., Tallec, C., Richemond, P., Buchatskaya,
E., Doersch, C., Avila Pires, B., Guo, Z., Gheshlaghi Azar, M., et al., 2020.
Bootstrap your own latent-a new approach to self-supervised learning. Ad-
vances in neural information processing systems 33, 21271-21284.

Held, J., Cioppa, A., Giancola, S., Hamdi, A., Ghanem, B., Van Droogen-
broeck, M., 2023. Vars: Video assistant referee system for automated soc-
cer decision making from multiple views, in: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR) Work-
shops, pp. 5086-5097.

HIROSAWA, S.; 2020. Action quality assessment of figure skating jumps
using machine learning. ICE SPORTS RESEARCH 1.

Honda, Y., Kawakami, R., Yoshihashi, R., Kato, K., Naemura, T., 2022.
Pass receiver prediction in soccer using video and players’ trajectories,
in: Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) Workshops, pp. 3503-3512.

Hong, J., Fisher, M., Gharbi, M., Fatahalian, K., 2021. Video pose dis-
tillation for few-shot, fine-grained sports action recognition, in: 2021
IEEE/CVEF International Conference on Computer Vision (ICCV), pp.
9234-9243. doi:10.1109/ICCV48922.2021.00912.

Ibh, M., Gralhof, S., Hansen, D.W., 2024. A stroke of genius: Predicting the
next move in badminton, in: Proceedings of the IEEE/CVF Conference

on Computer Vision and Pattern Recognition (CVPR) Workshops, pp.
3376-3385.

Ibh, M., Grasshof, S., Witzner, D., Madeleine, P., 2023. Tempose: A new
skeleton-based transformer model designed for fine-grained motion recog-
nition in badminton, in: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) Workshops, pp. 5199
5208.

Ingwersen, C.K., Mikkelstrup, C.M., Jensen, J.N., Hannemose, M.R., Dahl,
A.B., 2023. Sportspose-a dynamic 3d sports pose dataset, in: Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion, pp. 5219-5228.

25

www.xueshuxiangzi.com



Ionescu, C., Papava, D., Olaru, V., Sminchisescu, C., 2013. Human3. 6m:
Large scale datasets and predictive methods for 3d human sensing in nat-
ural environments. IEEE transactions on pattern analysis and machine

intelligence 36, 1325-1339.

Jocher, G., Chaurasia, A., Qiu, J., 2023. Ultralytics YOLO. https://
github.com/ultralytics/ultralytics. Version 8.0.0. Licensed under
AGPL-3.0.

Joo, H., Liu, H., Tan, L., Gui, L., Nabbe, B., Matthews, 1., Kanade, T.,
Nobuhara, S., Sheikh, Y., 2015. Panoptic studio: A massively multiview
system for social motion capture, in: Proceedings of the IEEE Interna-
tional Conference on Computer Vision, pp. 3334-3342.

Kaneko, T., Kawakami, R., Naemura, T., Inoue, N., 2024. Augmenting pass
prediction via imitation learning in soccer simulations, in: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 3194-3203.

Kuehne, H., Arslan, A., Serre, T., 2014. The language of actions: Recovering
the syntax and semantics of goal-directed human activities, in: Proceedings
of the IEEE conference on computer vision and pattern recognition, pp.
780-787.

Li, R., Yang, S., Ross, D.A., Kanazawa, A., 2021. Ai choreographer: Mu-
sic conditioned 3d dance generation with aist++. 2021 IEEE/CVF In-
ternational Conference on Computer Vision (ICCV) , 13381-13392URL:
https://api.semanticscholar.org/CorpusID:236882798.

Liu, P., Wang, J.H., 2022. Monotrack: Shuttle trajectory reconstruction from
monocular badminton video, in: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR) Workshops, pp.
3513-3522.

Liu, S., Liu, X., Huang, G., Qiao, H., Hu, L., Jiang, D., Zhang, A., Liu, Y.,
Guo, G., 2020. Fsd-10: A fine-grained classification dataset for figure skat-
ing. Neurocomputing 413, 360-367. URL: https://www.sciencedirect.
com/science/article/pii/S0925231220310973, doi:https://doi.org/
10.1016/j .neucom.2020.06.108.

26

www.xueshuxiangzi.com



Liu, S., Zhang, A., Li, Y., Zhou, J., Xu, L., Dong, Z., Zhang, R., 2021.
Temporal segmentation of fine-gained semantic action: A motion-centered
figure skating dataset. Proceedings of the AAAI Conference on Artificial
Intelligence 35, 2163-2171. URL: https://ojs.aaai.org/index.php/
AAAT/article/view/16314, doi:10.1609/aaai.v3513.16314.

Liu, T., Sun, J.J., Zhao, L., Zhao, J., Yuan, L., Wang, Y., Chen, L.C.,
Schroff, F., Adam, H., 2022. View-invariant, occlusion-robust probabilistic
embedding for human pose. International Journal of Computer Vision 130,
111-135. doi:10.1007/s11263-021-01529-w.

Lu, 7., Elhamifar, E., 2024. Fact: Frame-action cross-attention tempo-
ral modeling for efficient action segmentation, in: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
18175-18185.

Lutz, S., Blythman, R., Ghosal, K., Moynihan, M., Simms, C., Smolic, A.,
2022. Jointformer: Single-Frame Lifting Transformer with Error Predic-
tion and Refinement for 3D Human Pose Estimation , in: 2022 26th In-
ternational Conference on Pattern Recognition (ICPR), IEEE Computer
Society, Los Alamitos, CA, USA. pp. 1156-1163. URL: https://doi.
ieeecomputersociety.org/10.1109/ICPR56361.2022.9956366, doi:10.
1109/ICPR56361.2022.9956366.

Martinez, J., Hossain, R., Romero, J., Little, J.J., 2017. A simple yet effec-
tive baseline for 3d human pose estimation, in: Proceedings of the IEEE
international conference on computer vision, pp. 2640-2649.

Mehraban, S., Adeli, V., Taati, B., 2024. Motionagformer: Enhancing 3d
human pose estimation with a transformer-genformer network, in: Pro-

ceedings of the IEEE/CVF winter conference on applications of computer
vision, pp. 6920-6930.

Mehta, D., Rhodin, H., Casas, D., Fua, P., Sotnychenko, O., Xu, W.,
Theobalt, C., 2017. Monocular 3d human pose estimation in the wild
using improved cnn supervision, in: 2017 International Conference on 3D
Vision (3DV), pp. 506-516. doi:10.1109/3DV.2017.00064.

Nakabayashi, T., Higa, K., Yamaguchi, M., Fujiwara, R., Saito, H.,
2024. Event-based ball spin estimation in sports, in: Proceedings of

27

www.xueshuxiangzi.com



the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 3367-3375.

Nibali, A., Millward, J., He, Z., Morgan, S., 2021. ASPset: An out-
door sports pose video dataset with 3D keypoint annotations. Im-
age and Vision Computing , 104196URL: https://www.sciencedirect.
com/science/article/pii/S0262885621001013, doi:https://doi.org/
10.1016/j.imavis.2021.104196.

Nonaka, N., Fujihira, R., Koshiba, T., Maeda, A., Seita, J., 2024. Rugby
scene classification enhanced by vision language model, in: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 3256-3266.

Nonaka, N., Fujihira, R., Nishio, M., Murakami, H., Tajima, T., Yamada, M.,
Maeda, A., Seita, J., 2022. End-to-end high-risk tackle detection system
for rugby, in: Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR) Workshops, pp. 3550-3559.

Okamoto, L., Parmar, P., 2024. Hierarchical neurosymbolic approach for
comprehensive and explainable action quality assessment, in: Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion (CVPR) Workshops, pp. 3204-3213.

Parmar, P., Morris, B., 2019a. Action quality assessment across multiple
actions, in: 2019 IEEE Winter Conference on Applications of Computer
Vision (WACV), pp. 1468-1476. doi:10.1109/WACV.2019.00161.

Parmar, P., Morris, B.T., 2019b. What and how well you performed? a multi-
task learning approach to action quality assessment, in: 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR), pp.
304-313. doi:10.1109/CVPR.2019.00039.

Piergiovanni, A., Ryoo, M.S., 2018. Fine-grained activity recognition in base-
ball videos, in: 2018 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition Workshops (CVPRW), pp. 1821-18218. doi:10.1109/
CVPRW.2018.00226.

Pirsiavash, H., Vondrick, C., Torralba, A., 2014. Assessing the quality of
actions, in: Fleet, D., Pajdla, T., Schiele, B., Tuytelaars, T. (Eds.), Com-

28

www.xueshuxiangzi.com



puter Vision — ECCV 2014, Springer International Publishing, Cham. pp.
556-571.

Redmon, J., Divvala, S., Girshick, R., Farhadi, A., 2016. You only look once:
Unified, real-time object detection, in: Proceedings of the IEEE conference
on computer vision and pattern recognition, pp. 779-788.

Sanford, R., Gorji, S., Hafemann, L.G., Pourbabaee, B., Javan, M., 2020.
Group activity detection from trajectory and video data in soccer, in:
2020 IEEE/CVF Conference on Computer Vision and Pattern Recognition
Workshops (CVPRW), pp. 3932-3940. doi:10.1109/CVPRW50498.2020.
00457.

Santra, S., Chudasama, V., Wasnik, P., Balasubramanian, V.N., 2025. Pre-
cise event spotting in sports videos: Solving long-range dependency and
class imbalance, in: Proceedings of the Computer Vision and Pattern
Recognition Conference, pp. 3163-3172.

Shim, M., Kim, Y.H., Kim, K., Kim, S.J., 2018. Teaching machines to un-
derstand baseball games: Large-scale baseball video database for multiple
video understanding tasks, in: Ferrari, V., Hebert, M., Sminchisescu, C.,
Weiss, Y. (Eds.), Computer Vision — ECCV 2018, Springer International
Publishing, Cham. pp. 420-437.

Sigal, L., Balan, A.O., Black, M.J., 2010. Humaneva: Synchronized video and
motion capture dataset and baseline algorithm for evaluation of articulated
human motion. International journal of computer vision 87, 4-27.

Stein, S., McKenna, S.J., 2013. Combining embedded accelerometers with
computer vision for recognizing food preparation activities, in: Proceedings
of the 2013 ACM international joint conference on Pervasive and ubiqui-
tous computing, pp. 729-738.

Sun, J.J., Zhao, J., Chen, L.C., Schroft, F., Adam, H., Liu, T., 2020. View-
invariant probabilistic embedding for human pose, in: European Confer-
ence on Computer Vision, Springer. pp. 53-70.

Suzuki, T., Takeda, K., Fujii, K., 2024. Automatic detection of faults in
simulated race walking from a fixed smartphone camera. International
Journal of Computer Science in Sport 23, 22-36. URL: https://doi.
org/10.2478/1jcss-2024-0002, doi:doi:10.2478/1ijcss-2024-0002.

29

www.xueshuxiangzi.com



Suzuki, T., Tanaka, R., Yeung, C., Fujii, K., 2025. Athleticspose: Authen-
tic sports motion dataset on athletic field and evaluation of monocular
3d pose estimation ability. URL: https://arxiv.org/abs/2507.12905,
arXiv:2507.12905.

Tanaka, R., Suzuki, T., Fujii, K., 2024. 3d pose-based temporal action
segmentation for figure skating: A fine-grained and jump procedure-
aware annotation approach, in: Proceedings of the 7th ACM Interna-
tional Workshop on Multimedia Content Analysis in Sports, Association
for Computing Machinery, New York, NY, USA. p. 17-26. URL: https:
//doi.org/10.1145/3689061.3689077, doi:10.1145/3689061 .3689077.

Tanaka, R., Suzuki, T., Takeda, K., Fujii, K., 2023a. Automatic edge error
judgment in figure skating using 3d pose estimation from a monocular
camera and imus, in: Proceedings of the 6th International Workshop on
Multimedia Content Analysis in Sports, pp. 41-48.

Tanaka, R., Suzuki, T., Takeda, K., Fujii, K., 2023b. Automatic edge error
judgment in figure skating using 3d pose estimation from inertial sensors,
in: 2023 IEEE 12th Global Conference on Consumer Electronics (GCCE),
[EEE. pp. 1099-1100.

Van Zandycke, G., De Vleeschouwer, C., 2022. 3d ball localization from a
single calibrated image, in: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) Workshops, pp. 3472
3480.

Vandeghen, R., Cioppa, A., Van Droogenbroeck, M., 2022. Semi-supervised
training to improve player and ball detection in soccer, in: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) Workshops, pp. 3481-3490.

Von Marcard, T., Henschel, R., Black, M.J., Rosenhahn, B., Pons-Moll, G.,
2018. Recovering accurate 3d human pose in the wild using imus and a
moving camera, in: Proceedings of the European conference on computer

vision (ECCV), pp. 601-617.

Xarles, A., Escalera, S., Moeslund, T.B., Clapés, A., 2024. T-deed:
Temporal-discriminability enhancer encoder-decoder for precise event
spotting in sports videos, in: Proceedings of the IEEE/CVF Conference

30

www.xueshuxiangzi.com



on Computer Vision and Pattern Recognition (CVPR) Workshops, pp.
3410-3419.

Yang, Z., Zeng, A., Yuan, C., Li, Y., 2023. Effective whole-body pose es-
timation with two-stages distillation, in: Proceedings of the IEEE/CVF
International Conference on Computer Vision, pp. 4210-4220.

Yeung, C., Ide, K., Fujii, K., 2024. Autosoccerpose: Automated 3d posture
analysis of soccer shot movements, in: Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition (CVPR) Workshops,
pp- 3214-3224.

Zbontar, J., Jing, L., Misra, I., LeCun, Y., Deny, S., 2021. Barlow twins: Self-
supervised learning via redundancy reduction, in: International conference
on machine learning, PMLR. pp. 12310-12320.

Zhang, Y., Sun, P., Jiang, Y., Yu, D., Weng, F., Yuan, Z., Luo, P.,
Liu, W., Wang, X., 2022. Bytetrack: Multi-object tracking by associ-
ating every detection box, in: Computer Vision ~-ECCV 2022: 17th Eu-
ropean Conference, Tel Aviv, Israel, October 23-27, 2022, Proceedings,
Part XXII, Springer-Verlag, Berlin, Heidelberg. p. 1-21. doi:10.1007/
978-3-031-20047-2\ 1.

Zhao, L., Peng, X., Tian, Y., Kapadia, M., Metaxas, D.N., 2019. Se-
mantic graph convolutional networks for 3d human pose regression, in:
2019 IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion (CVPR), pp. 3420-3430. doi:10.1109/CVPR.2019.00354.

Zhao, L., Wang, Y., Zhao, J., Yuan, L., Sun, J.J., Schroff, F., Adam, H.,
Peng, X., Metaxas, D., Liu, T., 2021. Learning view-disentangled hu-
man pose representation by contrastive cross-view mutual information
maximization, in: 2021 IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR), pp. 12788-12797. doi:10.1109/CVPR46437 .
2021.01260.

Zhu, K., Wong, A., McPhee, J., 2022. Fencenet: Fine-grained footwork
recognition in fencing, in: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) Workshops, pp. 3589—
3598.

31

www.xueshuxiangzi.com



Zhu, W., Ma, X., Liu, Z., Liu, L., Wu, W., Wang, Y., 2023. Motionbert:
A unified perspective on learning human motion representations, in: Pro-
ceedings of the IEEE/CVF international conference on computer vision,
pp. 15085-15099.

32

www.xueshuxiangzi.com



