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Abstract

Abstract

In order to achieve realistic virtual human interaction, this paper explores the speech-
driven gesture generation. This study aims to enable vitual agents to exhibit body ges-
tures while speaking. This will enhance their expressive capabilities, improve virtual

agent interactions, and augment user immersion.

Existing methods for generating gesture from audio mainly use encoder-decoder
structures. These methods evaluate the performance of generated action sequences us-
ing metrics such as sequence quality, diversity and semantic relevance. In order to im-
prove the quality of generated action sequences, previous researchers introduce discrim-
inators and train generative adversarial networks to make the generated action sequences
realistic. To improve the semantics and diversity of actions, some works introduce mo-
tion style and transcribe text from audio as inputs to the encoder along with audio. How-
ever, the results of the speech-driven gesture generation competition show that existing
methods still perform poorly in terms of action quality and semantic relevance, com-
pared to motion capture systems. In addition, existing methods mainly evaluate the
generated action sequences by combining subjective ratings from users with objective
evaluation metrics. However, subjective ratings are difficult to reproduce in experimen-
tal results, and the objective evaluation metrics used in existing methods have no unified

standards, making it difficult to compare different methods.
To address the above problems, this paper focuses on the following two tasks:

First, this paper investigates data-driven methods for virtual human skeletal anima-
tion based on motion capture data and video generation data. Based on the exploration
of these methods, this paper clarifies the relevant knowledge of driving processes, ani-

mation data representation and skeleton animation storage.

Second, this paper proposes to use speech to generate skeleton animation. This ap-
proach overcomes the limitations of motion capture that restrict actors to specific actions
within a recording system and thus improves the interactivity of virtual characters. To
address the drawbacks of current methods in action quality and semantic relevance, this
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paper presents a novel model for generating skeleton animation with speech. In terms
of action quality, the model improves the realism of the action sequence by introducing
an action quality discriminator. As for action diversity, the model utilizes speaker in-
formation to specify the action style and enhances the diversity of the action sequence.
In terms of semantic relevance, the model improves the semantic information of the
generated action sequence by introducing a semantic discriminator. Additionally, the
semantic discriminator can objectively evaluate the semantic relevance of the action.
In comparative experiments with other methods, our proposed model outperformed the
second best method by 14.71% in terms of action quality. In addition, in terms of the
objective evaluation metric based on the proposed semantic discriminator, our model
achieved a 7% performance improvement over the second best method in comparative
experiments. In terms of subjective evaluation, the proposed model also achieved com-

petitive results.

Key Words: Speech-driven Gesture Generation, Skeletal Animation, Virtual Humans,

Semantic Discriminator
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Figure 1.1 Skeleton animation generation of virtual human
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A 2.1 GENEA Challenge 2020 ¥ 45 3£ (Kucherenko 4, 2021)

Figure 2.1 Evaluation results of GENEA Challenge 2020(Kucherenko 25, 2021)
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gender location

female | male unknown UK IE USA CAN | AUS NZ
Human- Full-body 60 60 1 110 3 4 2 2
likeness  I"ypper-body | 74 75 1 134 |4 11 , 1
Appropriat | Full-body 137 107 3 211 10 8 13 3 2
eness Upper-body | 127 173 4 256 1 35 10 2

K] 2.2 GENEA Challenge 2022 ¥1ZiXZ 58

Figure 2.2 Voter information for GENEA Challenge 2022



2 mE ARBRER

HEBE28 0 T E Al B E R AU IS A (Human-likeness) B, #BR T 3540, H
B2 AR E Y R R I BV E AT il A ) B AR B i, FITiZ a1 = A 15
HRNEWENE. W 2.3 fios, SRS HARES, AEITETAENZ
ANENE, 2 TEX IS #3475 PR TR 0-100, #4y
RS NEG, IR TS (Excellent)s R4F (Good). —#M% (Fair). #Z (Poor).
# (Bad). f— U 8 A0S, HE&amEdE, HThEira. BT 3
R BIBA FEE RS HR, BRI BR R B ZE0F 434 100,

y

[

Page 1 of 10

How human-like does the gesture motion appear?

How human-like does the gesture motion appear?

Videa 1 Wideo 2 Video 3 Video 4 Video 5 Video & Video 7 Video B

Reload
video Play Play Play Play Play Play Play Play

Excellent

Good

Fair

Bad

2.3 GENEA Challenge 2022 H3{E R & HIPAE S (Yoon 55, 2022)
Figure 2.3 Evaluation interface of movement quality in GENEA Challenge 2022(Yoon 45,
2022)
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P, IR TR — A7k, Bk T RAN SRR AR, (H2H A —A )
TEEAMICAS, 55— NEEEAICE . RN, — ANk KA AR 48 M
HANE B, i B X e, HBI P B S S E b B e DA AN T
FCRIR . —JLaf@oR 40 01, R SORMAER — TURME 28, B, B0k
RUCECH, B P AR IT 5

Page 1 of 40

Please indicate which character’s motion best matches the speech, both in terms of rhythm and intonation and in terms of meaning

The character in the video on the left

The character in the video on the right

They are equal

Report as broken

&l 2.4 GENEA Challenge 2022 Hi& SCHSR LIPS FHE (Yoon 55, 2022)
Figure 2.4 Evaluation interface for speech relevance in GENEA Challenge 2022(Yoon %5,
2022)

N TR AEA SR AT, R STRE THER NS, RERES
KAENEE IR ERSZREF R £ EMAURBU LD S < H I =
HNRERE RN M TRAENTMS, s tiIl” Atention! You must rate
the video NN, NN JEH 4 (5, 95), 52k 00 A0 2l 1 B 21 A1 S )48 HLAE 107
28 (NN-3, NN+3), AfeildiEg s, s HHcuEmams, Fes
IIL” Attention!Please report this video as broken” , 52183 75 2 s i #%41” Report as
broken”, PLEIFE A X THE AR 2 IR UL ERSZFE, Hx
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JS2 BRIV 73 K 2 B B o
FtF GENEA Challenge 2020(Kucherenko %5, 2021), GENEA Challenge 2022(Yoon

5, 2022) PSS RS D . B ANIMEM S, A% AR e s 7
AEEEEE, WK 2.5 n (BRI RS300E, W TEALGHE, HahRoR3k
AR, FNA FoREEEE (Lee 2%, 2019), FSA £ —AJ71% Gesture-
Master(Zhou %5, 2022), HH P vE7r RIEME C A ol 1 shid Bl H1E 0 2318 -
A A S, Wl 2.6 Fios,  HBGEEE J7 5 IVE o e s #dis,  HIL

M TTVE V53 5 Bl IV A ZE UK

1004

Full body human-lkeness rating
—_
I I
F——[ 1 -4
i
——
-
- --
-
-
Hi - —
| | | |

1

" FSA  FNA  FSC FSI FSF FSG FSH  FSD FSB  FBT

+_
.'_
_l__
+_

& 2.5 GENEA Challenge 2022 1 3h{EFR &R B (Yoon &5, 2022)

Figure 2.5 Evaluation results of movements quality in GENEA Challenge 2022(Yoon 2%,
2022)

= =7} &

Preference for matched motion

bo

FNA FSH FSA FSslI F5G FSB FsSC FSF FBT FSD

& 2.6 GENEA Challenge 2022 HiE SUH SRS &5 R (Yoon %%, 2022)

Figure 2.6 Evaluation results of speech relevance in GENEA Challenge 2022(Yoon %5, 2022)

#4%E GENEA Challenge 2022(Yoon %, 2022) 45 #, FATAT LA T f# 214 5
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1 SCAE T B AU T Wi B S0 LA S A 5 B AN s A 51 B A SRk . sl A
RIS, HEIR FSA(Zhou %%, 2022) 45 R T HMERM IR RS, HHITFH Y
VP ZREA K BEAh, ARIEVE RN, X ARSI S T R A E
SR, RN B0 —E Z#E . FSA(Zhou %%, 2022) #&— AT 12 B
2, BRI SR EI R R, — AN SRR A T B ) — gk kAR . IXANTT
IEA BT EAPRMOB T S EE, BARE BT IIEIE. 5 FSA(Zhou 4%, 2022),
FNA(Lee 5%, 2019) AHEL, HABTVEAEZNE S VF 0 ERIMZEEROR . s &4
KU E, WAINERE LS8, BT shil R4, Bk, 32
= BN AN B A 5 3 A DG P AT R R R SR B B — . kAL,
GENEA Challenge 2022(Yoon 4%, 2022) fEHARSCHEH, 2 N IHMAE B2 1%
SRR 55— N R SR TT 1H) 6

B 78 CANEE R RS, TR I3t U 5 — KRBl H BT
B AU TH SR IR AR [R5 R B S A B AN T4 A, HRZ O F 1 4 9
B, AR & — A F A5 SRS FIRiEsh mEdE . BERHaME
W ARG, ST F4ashH i FH R L % . GENEA Challenge 2022(Yoon 4,
2022) SRALBERE T A S TR EEIE, Al TFRIEHRRE, RES
PR R T 4R 123

222 WIEE
BmEE S
| | | |
SEEE FERK FTER A&
— EEHIEE — BEMBIESE — 2D{uBHiEE B AEHEIRSE
28HiRE WihERE 3D{UEHIRE = 2 AMhEEIRSE

3DhEEEIRE

B 2.7 ERIEED K

Figure 2.7 Classification of action datasets

AP BRI A RS g, XM A - B R IE S R AR
W73 SRR Va L AE R AR SRS T7 SRR SR U] Fr
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2 mE ARBRER

FREZATHE (i 2.7,

22.2.1 shESERE

(a) (h) (c)

Bl 2.8 ZWERIEHIRT RTEH . (a) A 2d A E AR EES3E (Xu 45, 2022) (b) A 3d
P BERR A G ENE (Kucherenko £, 2019) (c) F 3d fesER R L 93)1E
(Yoon %, 2020)
Figure 2.8 Joint range of action data.(a)Upper body movements represented by 2d position
values(Xu %%, 2022) (b)Full body motion represented by 3d position values(Kucherenko
%%, 2019) (c)Upper body movements represented by 3d rotation values(Yoon Z%, 2020)

RGNV ER IR MVEE AR, HE Lm0 0v-F S8R d A 4 S84 (i
K 2.8), - G Hd 4@ LU ST (Hips) N4 A4k, AUE R ULIER B2 5 1)3)
18, A58 S RBEARII AL RS o 1 4 B A 4R 25 e FIT A SR 70 A, B9 A 51 s
e iz sh Al B A BRI M 3. 8 THaahiE 515 R EM R, HiTIA 3
PR, TRAR IR TRz a5 8, PR B % E TR RS —
WE o

2222 REFR

MEHEREER)TT N, BT 70y H € SO S AN Hah 4L

H € SCEUE R AR B 08 AN B R an fi 1 55 5408, IR . Ak
RAT R L B3 A5 b D RS B AR AR . IX R B Al A A
ARG R S AT S A 3, DASGHY R B AR R R R B 751 .
Hr, W I 2D AR sk U S 045 OpenPose(Cao 45, 2017), JF# FH T-#494
Speech2Gesture Dataset(Ginosar %5, 2019), TED Gesture Dataset(Yoon %5, 2019) 254§
JE4E . Speech2Gesture Dataset {12 49 4™ 2 4Ef) -2 5 535 55, i 504 4~ YouTube

11



BT ERM AR AR

MA#3 5] . TED Gesture Dataset 1 A 05 FE 5515 £, H1 1295 4> TED i1
F. R 3D ARSI AR VideoPose3D(Pavllo %5, 2019) . TED Gesture
Dataset(Yoon 4%, 2020) /& — > RAE L5 k1 s S-aE8dELE, M 1766
AN TED #UAI A AL BRAF 2], VR4 Yo 2D AR LA BVERG 1S 2] 2D AR 2
A, FHEIE VideoPose3D W H AR A 3D AMMALRES Ao AIST++(Li, Yang %5, 2021)
e M EIR-ZRIREESE, JRT AIST #9E4E (Tsuchida %%, 2019), $2H 1 55— HMoks
2D NRBAS Ry 3D NRRAS R 5% AIST BUE Skl 1 #R G e 2
ML A FAINL T BREE SRR B SR A . ATIST++01F % 56 2D AR 284 2%
SRV A T EEIEANPEN 2D 5, JFiEd LT % (Bundle Adjustment) 3
1SHNLSHL, F 2D rifE N 3D mi. ARJEIEIE iR ZE (MSE) 4 SMPL HLAY4)
AIXLL 3D £, MR BT SR . AIST+EHRER S &5, HAE
EERLE S

TEALFE [ 78 SCEHE 4 DA SR I B TR B A 7 B, BBl M DL 4
(T R o iR R AL T PR 77 925 R A5 P IR 2 R . 6 FH 10018 38k 2% B 4% Hodrrick-
Prescott(Hp) JE % %% (Li, Yang %%, 2021), Savitzky-Golay JEJ% #% (Zhou %5, 2022).
A LT TR 2 FRIE AR A, Banse A 1 BROCIESE A K bR/ BEEh, Y
B JE T AT B KR B9 AL 4% Slerp H1E (Zhou 45, 2022)(Athanasiou 2%,
2022)(Shoemake, 1985).

) Fil B B A2 48 H Bl AR $2 B0 4 S5 1) 30 i V5 08 6 VB VT B T O I 10 B4t
£5, U Talking With Hands 16.2M(Lee %%, 2019), gesture-speech dataset(Takeuchi 5%,
2017), Trinity Gesture Dataset(Ferstl £, 2018) 518 5 - T3 ¥4 . Speech2Gesture
Dataset(Ginosar %, 2019), TED Gesture Dataset(Yoon %, 2019), TED Gesture Dataset(Yoon
55, 2020) FIASIORIE T- W 2% , FAAEAE B kA M, 1 BUANIE TS e, DR kA 345
B NVIENETE B 2 SR b2 5 061 e A X Fp b 3107 AR, TR
REALFRABITE £, B RMEHIEEE . 1 AIST++(Li, Yang 25, 2021) Rz s 518
AR LA, R L AR RIEEE SR, X HEE M XN, Bt
— A BN N SIETE BN A S AT . BT AIST++IKH T B 1 S5 AU
Bk, DI HAE T
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2223 RERER

RAEENEREE R SRS 2E, BiTCA NSRS 28 “2D 187, “3D
P, “3D et =2, Hp, “2D A B 7 SRR STEEME L 2D A B
TR HEEIRA, W FreeMo(Xu 2%, 2022). “3D A8 7 FA8 18 577 s AE = 4k Ak
PR AR R E RN HBVEIRAS, W DanceNet(Zhuang %%, 2020) F1 TriModal(Yoon
5, 2020)0 X PISREORE S 3 Bl TN 4 A2 T R« AR sksn il
ER) P EERS  IX PRI TR BRI AT A, AR T1E & R %5
EHE RS . SR, AEBLSEARTE T, AC TR — 07 B WA b T e A 11
AR, FESERRRAS T REAN R, PR 0k FH @ 1 2 483k M A 3 1) e A% B v ity 3k I
TERE—B ZIHPRAS, TAE— @R kG UM “3D Wt ” 24RO A%
FE=YEARAR 2R e RS A R s AN VERTS, BN B B 3l 2 NIRIE 3, Fir b
A DARREE E 1138 3 22 5 A ST s ie e A 3R 3D L& . Bl oA
“3D et " BEHEA AIST++(Li, Yang %%, 2021), Talking With Hands 16.2M(Lee

%, 2019), Gesture-speech dataset(Takeuchi %5, 2017), Trinity Gesture Dataset(Ferstl

48

2018).

AIST++52 — P& R BRI ECR S, A H 2 M ALA AR AL SRER I A EAT 140
. HAMPRYE “2DAIE” R “3D 7B RN E AL D IR, AHE
DR B3R 15 5 ITE 2R Wb S B R R iE A0 0 Fir Ac 8 380 ) AL 47 04 1)
B RARERAEUEIE N B A 2D G A AR ER SR AR Hh B A\
BRIIOCAT s Bt E—BIRIEE R, wE RS ke, WAL Hodrick-Prescott Ji&
WAt (Hodrick 4%, 1997) &£ INEMBRFHE: 1 fmpeg JRECEH I @id )
JiRZENE NIRRT, 75 SMPL #A (Loper %%, 2015) A4 —WiE 8% &A1
ALE, TR BI5CTT SRR — Wi e A 2 .

55 AIST++¥ 54 (31 B 7 20AS [H], Talking With Hands 16.2 M. Gesture-speech
dataset F1 Trinity Gesture Dataset +2 1 2 4 #1& 2 Gt 3% ) 0 i B s 35 45 1) o Tak-
ing With Hands 16.2 M J& LXK & 1) 77 Ak il 2|, (5 2 S izsh M THeiz
), HBANERLAKIL 10 708, SBKLN 50 NN . ZEHR IRt
H 318 S R T RS BI SCAR . BiiE A ID LA LA BVH #% R L1 3 1 4k
W5, H B S R 9E . Gesture-speech dataset 425K H LA V5 2 BEAT X5 1)
HANFIEdEEE, &85 & M BVH 3)/E 4. Trinity Gesture Dataset J&— > K #i

]

13



BT ERM AR AR

BOE & BT A& B, 105 T AP HIsrm I AR 2 A R R,
Bl HEEsh5% . 28R IR ILEE S, IE8dE S BVH M FBX W
FiJE0. Trinity Gesture Dataset ®LFE N FHdl4E, — MRS 23 -3,
A BELAKIE 10 70580, B34 240 08 B—NEIREQE 25 A 30, B4
AELZKIE 10 2 20 7r8f, ESHL2) 370 7.

2224 AB

MRIEEAR NI A, o] LUK BB 70 9 BN TEAN 22 AR S . FEAL R KL
YEENS, APIRE LY R J7 3 — R a3 E O OIS E K R s E
P, o PhORARYE SO A A D) BB A T N A B AF B8l (Saleh, 2022). 4 Saleh
(2022) Frid, A [ e B /M) BB R RE 2 WG DDA A R 1k B
FHOE L ERAESE,

223 WMENRGE

W 2.9 Fios, ARETTR NN LR PGB, BRI B OC R AR
R BB T S UE T A 2R

Audio2Gesture5iEH 3

I | I I |

PILEEEE PR EiEEA [l =S KA
I~ Seq2Seq \— Transformer — & —J—
GAN — RNN — & - iz
- EmE CNN I B
Hity — S+ A+ ERAS
— Freeform
DeepMotion

B29 FBHERFHRTESR

Figure 2.9 Classification of methods for generating gestures from audio
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2.2.3.1 MBLEH

VAR, I TR A B E R SR 7R R B TR I BOR, o K 2
I 2 45797 Seq2Seq. GAN. 12 EMHEAhLER . FET Seq2Seq HIJ5i% (Yoon
2% 2019)(Kucherenko 2%, 2019)(Windle 2%, 2022)(Ghorbani %%, 2022)(Saleh, 2022)
BN T — AL 73 SN ZE N R E GRS 25, SR 5 RN W 2% 43 ¢
W I RHERR S AE L, VARSI, R AR AR BENE 41, W (Yoon
%% 2019)(Kucherenko %%, 2019)(Ghorbani %, 2022)(Saleh, 2022)(Windle %%, 2022).
T GAN 1775 (Yoon 48, 2020) FFRINT-55 5 4 MM 28 AR s, 1PAL B0 1R
JoER (R EE AR B, 2 R B R ) s 2 TR AT X eI S, AR i A it
AERESEF BTG 1. 2T 23 B 51 Kovar 45 (2008)Zhou 45 (2022) 4
TEEBARMGE S — M A B, R R RoR, RRER A&, &
AL E KR A B E R e T A8 B Mk o & BRI BN AR e 510 82 T3 3 1 A i —
SRR, SRR ML, AT DU Zh S R AR AR X S 7). Gesture-
Master(Zhou %%, 2022) £ GENEA Challenge 2022(Yoon %%, 2022) H138158 T &AL
g, & H T AITE R S AR TF RIS RE SR T (R E T
FAMAFAE—LEBRIE, Kovar &5 (2008) AT H 77 B sk 2 s AR IR ANBE P A~ 1Y
I, GestureMaster(Zhou 45, 2022) i FEAH &R BN1E V] Flaliz H Slerp ffifE, 18 H]
Savitzky-Golay ¥ & LHIZNE P F ok 13X AN . SR 3h B 5 s 2 s
PIA S IR GEIRE, BEREM R S B mst B, R EdEE
AL/ ElCE B SR TP S EAEAE R B S5 0], 4 3 805 T 45 S OR B X 28 )
AR B B, MIAE i3 ER, G RNEIER I TE 248, Hi2 27 Rk
RIIE [EeAS, AR T IERHE A . teah, & RIsiE R 5125 F 2z s)
B i) — A AT, PR el e A B &R, JFA R R I BhE.
AR 710 R B Seq2Seq. GAN. iZ 5 KIX 45 ¥y . DeepMotion(Lu
A5, 2022) 1AL B AR RS A AR AR A AN TE . ESE, AUINZRBIAE R4 HU
W TTHAEE, IR VQ-VAE B FX S E I B BURMER TR . A5, R4S
VQ-VAE B8, HGHAENF ARG, B TRATMFR . B MSORRHE, 3]
Transformer T AN ICF-HE F—MNFHAPIME I EHEE, A TR
EAE A RINZFEE, A2 HERFRER Rm e, T2 RT k MR R S 1
NEPBENLE S — . Freeform(Xu %5, 2022) K535 40 AE BIVE 2 AN 1L FE . &
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o6, R ENE ST Z AT R R S E . A, B TEE 0 SR
EMHIEN A2, R Z A B A B e 2R RN AT B A 20 52 1
B E .

2.23.2 MLZIEHR

TETE2 A5 B sh/E 40k 3 22 FH 21 ) I 25 455 CNNs(Ghorbani %%, 2022), Trans-
formers(Vaswani 25, 2017)(Li %%, 2020)(Li, Yang %%, 2021)(Saleh, 2022)(Lu %%, 2022),
RNNs(Saleh, 2022)(Windle %%, 2022)(Chang %%, 2022). REEF L L, RNNs Al
Transformers 5 i& &4 MK 751, (H—LH5T (Aksan 25, 2020) K, 251548
RECE I, 2 ISR R 45 B SEIE I A @ . Kundu 55 (2020) $& HAE I
SRIN, R 2 B0 AR D N R i 2K R) 8. RNNs 1 Transformers {1 | —
WA HIEAT —RERTN, HFEEING, B FBERERIT, L
Sk PRI, R I 01K G X 2% I 30 K FH 5 ) 0°7: (Teacher forcing) SRB& SR AN
WINGR, RIS B Sehnerh RN BN T RSN (Hi2, 7EHE
B, TR SRR, HEERH M E—REHH, <SR LW ZE
(Exposure Bias), $ #5458 7E I 25 AN HE L I 1 P BER I 22 FEAR K, JoikBH R4S 1%
3 o b4 S EUE I 9 A AT SS, NLEBERE, 18 SRR R (Beam
Search) Hilig, RIXFEZR s —A Bia] K PIME R PAT IR, A e Mk i 4
Ao XM R R IR, AT ME R ZR i BT B e R 2 57 . 1B
AT HAERUES S, BT E M — e, B EN S — R 5E
For, W RIFAEH T IS . Saleh (2022) SRH T AR5 2] %8 (Curriculum
Learning) SRAFRIXAN A PREE S 2] SRu& @ IS T RIRFE (Scheduled Sampling)
(Bengio %%, 2015) KBt zE, BN BATE R LS FIMENT —
AN, TSR p PE 2 BT 2 A5 5 ) 07 g b e i AR | — b
FEAE R, XA p o B IEARIE G N IZ T A, Bengio 45 (2015) &
ET 3R p FEIA T eI (Linear decay), F8#(%E i (Exponential decay),
Sz 1] Sigmoid ZEJK (Inverse sigmoid decay). Dou %5 (2021) #&H T 5 —"MNEH T X
FHEEE AR (Text To Speech, fiFx TTS) W7k, I/ HARFFFIE W, BIXT
H bR FIBEAT TR . BT TTS ISR Fe 5 AR A ot b AR 2 4 H SEfl,  Hox A4
WA LA T X KT 15 . &15%F Transformer )11 25 H 4 FH 58 1) 2027 18 21 1O R 6
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fZ A @, Mihaylova 55 (2019) #&H T —MA R MR TTE, RISGE IS iS40
FH 9 1) B0 SRS AT BB RS T, SR 5 3 SO AR Y P VR A 15 21— /N )
P51, s FLR R N RS 2% 77 A i T

2233 BEEMA

SENERRANTT S B ARSI 7 51 ) SE SR N LU —,
T A AE B 781 (Kucherenko %%, 2019), 383 SCA A lizh 1 FE 51l (Yoon 4%,
2019). PN ITVEI IS S ADA8 04 N BEAT G A4S B (B RRAE, SRS AR N RS 2
RIS BINPEFF A1 . B RS MSCAREEA — il UE R, Bk 7 ahiERE
b, — M2 ER A R BPEAETE X F RN G . SR AR Y GENEA Challenge
2022(Yoon 4%, 2022) HI&5R,  H AT TS5 i A KIS E RER It R 4 1938 XAE
Bo —AATRER R B A 5 & - T AR LY, — A SRR B 115 & 5
H AR BOFBA IR SRE SUE B o X T MceNeill (1992) #2 H B PYZE T H——r5
EMTFH BREHETHA . fBRETFSA TS, BIE A RN ENET
F. e T AR RE T, IREMTTZEE KM 2T ELhRgnR
BT, FFAREORIEPTA T AR A E LT, TS B8 8
FEVR A BRTE UM . TEACH(Athanasiou 2%, 2022), TEMOS(Petrovich 2, 2022) &/
AN SCA A AR A B S, L REAR Y SO A A R AT 4R E S U B AR
FEo, H ARG I SCAR RIS BA SR ZLA NG R o T A 18 & s UK
THRMAE, AR s HaEE R TR, EEUREDEFRCAR, HIkE
JiETT U675 iR IR I 18 5 AR A A E 741 (Lu 4%, 2022)(Korzun 45, 2022), LA
AR A A S VR 8 UM . Trimodal(Yoon 2, 2020) #2H T ANE A IPERSAS—
B, GRS I N BRI BE R BEEC/N, PR SR I N SR IR FE T REROR, BRItk
ANTEN N UOAE [R5 I T S E T REA —HE, RSN T 3005 AR AR ¥
Ao fE£ Trimodal(Yoon %%, 2020) 1, FI#7 ID f8/€ diih A, MZgiEd KL B
FAG T AN B A R R U SR b A U N RS BRI A (), JE a4 1
IARR AR 3% AN RAE 2R BRIP4 B0 0015 AL KU o B4R KU AS IR 305 A
FRiRX —fE R 7R, 7E GestureMaster(Zhou £, 2022), IVI Lab(Chang 2%, 2022),
Forgerons(Ghorbani %%, 2022), UEA Digital Humans(Windle 45, 2022) iX & /5%,
A R E B HAR IR - GestureMaster(Zhou 25, 2022) 818 28 SRA51E 5 (1K) UK AFAE
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WL EERF AR L L AR PR RN SR KA HFAE . TVI Lab(Chang
45, 2022) ¥ UtiE N ID Fon kT HFA R & (One-Hot Vector). Forgerons(Ghorbani
, 2022) RN 25 € — BURBIBEY) Fr, KA bt ds 2 I B ) Fr b 2 31 3))
VERAG, SRIGAE B2 4 528 . UEA Digital Humans(Windle %5, 2022) 1238 9 1
N ID #85E Ui idi A, &N 1E A ID #nT DU B3 235 15 Ak A\ (Speaker Embedding)
PRSI RURE RFAIE o

4

2234 BREFXHR

ZHTIOGT B A B E s 1) TAE R i s, — KRR e
B, SEEL T ESAENAE AR IR R, B N AH (R (0 AR s AR O (R R B R e
% (Ren %%, 2020)(Kucherenko %, 2019). A —SRAEME A, SR WiE S
PRANZEN1F Fr F1 1) — X 2 (I9C & (Yu 5%, 2020)(Li, Yang 5%, 2021)(Li 55, 2020) - |
SEREEE LT UM 5 R, 8T VAE 8 — MR (Qian 2%, 2021)(Li,
Kang %5, 2021)(Lu %%, 2022)(Ghorbani %, 2022)(Yang %5, 2022), it fE 5 A\ i
BEALEE S (Li, Kang %5, 2021), 3 0H 55N B 80N SIS FHAE R E s 7E XUk (Zhou
&, 2022)(Xu 4%, 2022), 1A 45 € — BOAEY) vk AL R sh 7R 1 RS
(Ghorbani %, 2022)(Li, Yang %5, 2021).

2.2.3.5 KR

AR BB IR BT 5 . — Sk E BRI R A RS E RS BARshiE
FRAI S, & F P40 2% R B -~ 2 4ot 2 2451 2% (Mean Absolute Error, MAE)
(Saleh, 2022). #77#% % (Mean Squared Error, MSE) (Kucherenko %%, 2019) Al
Huber Loss. 7Effi ] MAE YIZRtf& M2y, —ANEER) RS, HEREIHZAIR
K, XA BT EEAE B B T B R AT B AL ZRINy 3 DALE e /ME AL 1)1
Zro MHELZF, fIH MSE BTSN, BEEDURAEROT R /ME, B 2B
/N, BRICEE IR . Huber Loss B A W= 2.1 Bz, ATl 22 /N 6 15, SR
PR, MR ZE R T 6 B, SRR ZE . AT s ZaerZ =,
Huber Loss FEAIS 1700 B H0m O E T FEEE, DA Huber Loss [F]I 2.4 MSE A1 MAE
X P A K R AR A, — M R SR I B 3451 2K R 4. {H Huber Loss tH £ 7E
—NA R, AIRERREI R SR, XA R EANKTE . FreeForm(Xu %%, 2022)

18



2 mE ARBRER

Ta i, o AR 2575 1R 22 S5 400 R pR BBl A B R B s B L, XA T VA i TR
A 75 8B AU RAEPAT SIE I B AR Hr 5, 2 S BUE U s 1F SR
%2, BRI EARTE, I B ENE & UL A G R, 05 R AR50
SR B B B LR 4 B R TRE R R4 . Text2motion(Yoon %5, 2019) H (#1453 25 8 i
Lonse> Leontinuity~ Loariance =TI L eoinuiry FI T HARIERDELAE ) Lygriance
FHE N EIEMU S Z 1 6UE, T8 28 A4 il 8245 180 /E . Forgerons(Ghorbani 2%,
2022) 455K bR E KL R AT B 45 2R PR 0 ARG, A KL HUZAE A — A0
SR Ij 2 KON Forgerons H1 A 7 VAE MENEY) Fr b2 2 S XU, B 451 2R Hh o6 5%
WRAALE . R AR L E AT T 1ElH . UEA Digital Humans(Windle %%,
2022) MR R RN B RS 7 o0 piiede . ALE . IEE . EE . MBI,

HOESIEN for |y — f(x)| <6
Ls(y, f(x)) = .. 2.

o(ly— f(x)]| - g), otherwise

2.2.4 THEIEER

FHEIEIT

aHEESE EESEEE iBEEXH
L ES U L FITE | ES VLT
— BT EMiTH — BTG
’» FID L - IfEFFIh R E TEXE
TR RA—EELRNARUIFEE BN
HIGTHIIES

B 2.10 PPAETRAR

Figure 2.10 Evaluation metrics

GENEA Challenge 2022(Yoon 25, 2022) $i H i AT AF-7E () — 4 1] S PR 45
PRHARGE —, BRGSO R I B CRTER RIS A WAL A 20, FECRNE T
e LLEAT Hb 3 . GENEA Challenge A ik 2l (19 3 S FIZ0 A 5538 & AR G 1>k
PHLENE . B TNEEENSER R 2R 5SRO RIE =07 VR AR
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I TFABE, X ZT5TH PG T 5 AR WA A PPl (&1 2.10). Bl
T3 F B AWM T A RO BT E 8. BV E 2R AR
B R TSR B E PR B VE 3, T HIWT S EAE SR 22 e A 2 AH
KMk BRI TS T BB TR R G F I A, THER, (A
ARV S e B T B A A — o, BUA PRAL 2 2 i 45 R W REANHERA . ok ]
M — AN PR BRI O VE S R A 1. 94, Jd i B B R B0 AR T A
5 BSE R A B B R e SRR TR, U BB AR NS, BB E R R AR
(B FRERCIABNVE I 2RI . WUERFEANSIELE Z R DT TR IR G, B0 1R &,
A REA BN B B L R 2B A, NI S EBOL SRR EARC. PR
TR A RBERTE R, AL TR PG A, HA R E B (E, HEHBE
TSRS A v HL SR S5 A 5 E

AR B TP S E I ELSeE o Freeform(Xu %%, 2022) #2H T IlZ%—4—
GrRAEITIE, HT M AONE R E R P 71 S SRR AT, T A ok,
B 5 . Audio2Gestures(Li, Kang %%, 2021) #&H 7 W FhPEAL A4 T 34 0 &
O P 8 W= K | B SR R VA= W L RS Sy VA N I P i ER P T B = ]
L1 JeHscs L2 Jadt. 53— Fhoid, SeleE A, & BNy SO sk
R AR BR R BN TR AN A, WA AZ R s S IR A, TH B IR DG
HIEEH . 52 5 T R A BAT 55 W P-4 77 7 FID(Frechet Inception Distance), Al
Choreographer(Li, Yang %%, 2021) Trimodal(Yoon %%, 2020). DAE(Kucherenko %%,
2019) %5772 )i 3 v 5 AR p sl A AN 3 S Bl A LR RFAE 25 8] 1) PR B9 R VA4 38 30 it
. Al Choreographer(Li, Yang %%, 2021) 7> BIFRHCT SHE IR . INis 53045
REHE AT JLART4F4E « Trimodal (Yoon %%, 2020) M2 F A 4B Il 5 T — MEFAE 2
B o

ENVERI Z REVE T NN IR THEEAT P4l . — 7 T ARE B0 1E B A — X 2 fak
BRR, Bl—BOEE T VAR E AN AFEIE. ik, Al Choreographer(Li, Yang
2 2021)+ Freeform(Xu %%, 2022). Audio2Gestures(Li, Kang 2%, 2021) 25 72l T
—AEHAERL T ZANAREERF S, ISR LR 51 2 6] (P AR RS, R
Ky WA B E RS o 53— J7 1, E 2RI AT LUK 51 AN 6] 5
TERIEE R PPAL . 250 T RNN A [ BB 1008, I P Lo A7 7R R e R T 1
s, FECERIENEZE I TEASE. Bk, Audio2Gestures(Li, Kang %%,
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2021) ¥4 A B BNAE P 50K 43 AN | 1 B, Rl TSR 8y BTy L SR
VPR 51 b= A AN R B R 2

A TR RE T AR ITE B 5 & A 19 22 AR DG b, AR 405 & 43 )
ST M T, R DR ITE BN AR SR D b, il B
MNFRAGERBIETHERIBME Lo 155 RAERIRRIIR, 2 15340 M
B RS ILAS, 1l 2.11 FizR, Al Choreographer(Li, Yang %%, 2021) il i
VBB B0 TS 411 (R UC T BE PP 7 2 (R AR DG . T BV E T 40 A RE 1
Rl MER IR, EAMTT AT LA Librosa BE (McFee %%, 2015) #2H0. H A1
RIEDA H R o 21 & PP 2 2R VPl B AR IR SR 51

—Kkinetic velocity music beats kinematic beats
\f\m‘ff\”\ M\ N\
VA (VAN B
: ¥
' time

B 211 THEISMERHEMETMTHAER (L, Yang 55, 2021)

Figure 2.11 Distance calculation between motion beats and audio beats(Li, Yang %5, 2021)

YT AR VAL 7735, H AT S ZARE T 52 E N TR filan,
Freeform(Xu 4%, 2022) KM T M B SERE . EFSERGFEE . sifERI )%+
bR, iLH P =R EF 5. Audio2Gestures(Li, Kang 2, 2021) W@ 3 &
o) 5 A7 20, WA S SRR S B w i AR B . R B 4 AN HIAS[F) U7
A2 B 20s HORRAR, EAURIE, FH P ARSI E R B Se k. SR T+ 8 1R
. MESZHROVLEC R e br, %08 5 NER i (best). I (fine). —
M (notbad). # (bad). fZ% (worst) }XTARSNIHEITIES . DAE(Kucherenko 45,
2019) KM 7RI RS AL T, XS ER BAREE . I 7 — B AE X —2
PEWE T 3 AN, i 212 fos, AR PEEEDN 12 7, 06N T2
SO AR FIE Z]. kAN, GENEA Challenge 7£ 2020 4FA11 2022 4F [ b 28t 2%
H 7 H P WA RIS 3845 R . Hrh, GENEA Challenge 2022 B 1+
ML 75, R AL RIS, PR ESY 2.2.1.
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Scale Statement (translated from Japanese)

Naturalness Gesture was natural
Gesture was smooth
Gesture was comfortable

Time Gesture timing was matched to speech
consistency  Gesture speed was matched to speech
Gesture pace was matched to speech

Semantic Gesture was matched to speech content
consistency  Gesture well described speech content
Gesture helped me understand the content

K 2.12 DAE H3fEFE FIAE K A& (Kucherenko %, 2019)

Figure 2.12 Issues related to gesture evaluation in DAE(Kucherenko %%, 2019)

2.2.5 HNFHIE

JRIE UG 52— PSS T, HAEN AR EAR 22N . Wi i

8 € R FE RN JR AR5 5 BT KA, AT S — s 5. A, BiE S
AL RE AL &S, U0 Librosa J&E (McFee %5, 2015) FPERI KA R & 22,050, H]
Is RFE 22,050 M RA AL B BAHKIE L8P, TSRAE S 2 B 2 3R T K
N TS B TUARAE S, DA 7RI 2 e S BOE I FE AR AR, X S
BRAFAE S N B IR 28 2 ) o 5 DL B AR R A 1 2K 284511 2228 (Meel Frequency
Cepstral Coefficients, MFCCs), Ml Il (Spectrogram), #)#4RFE (Prosodic features),
i (Pitch),

2.2.5.1 HRIRENERE

HE IR AR 301 R AR — P T & 45 5 A BRI U V. e e —FhidE

T N R USRI SR U 2, B Bl N RS 55 . L
MFCC FHERIEFEWTR : Sl S s S AT TN, A0 MUR N g4 . X — i
(45 5 3k 47 bRk BLIH- A5 ¥ (Fast Fourier Transform, FET), BI85 5 84 iy 47
BAE T BT NEX A E SRS PR IR, DR 7 S A A 2R D8
FRAURABAYN B BT SRR X T AN IR A I RE B, B %, 152010
25 PR Mg R A B0 R A 0 TR R AR B R, AT R A
¢ (Discrete Cosine Tranform, DCT), #3%| MFCCs. MFCC FHiEan & 2.13 i,
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BRI 8], RS MECC 2%, Bl &namE. A FTEE MFCC 2%
&, PIAK Librosa /£, python_speech_features [ il At B HEEL 35 47 i MFCC
k. Freeform(Xu %%, 2022) 420 1 &4 MECC FHE/E B ESN A 11284 1k
GF SR o

a3

MFCCs

l 100

ro

F—100
F—200
F—300

I -400

‘—500

0:00 0:10 0:20 0:30 0:40 0:50
Time

& 2.13 MFCCs B34k

Figure 2.13 Visualization of MFCCs

2.2.52 SMiEE

Spectrogram

+0dB
-10d8
-20 dB
1024 ¥ [ | 3048
2 o512 i | | g -40 dB
256 YR ek M 1 Itk N § -50 dB
128 -60 dB

64 -70 dB

-80 dB

T T v T T T
0:00 0:10 0:20 0:30 0:40 0:50
Time

K214 FHPUEE TN

Figure 2.14 Audio spectrogram visualization

WS (Spectrogram) 1K 2.14 fra, BRI E, MR & K5
A, PR RS LI AR T M5 5 RE R BGRE  SeR15 5 7 8]l 1) 70 7
— BCBUNI R R, ARSI TR AT (8 B AR, R R A I [R] B G L AT
WSS RPHR R " 4E BB RITT S R0 & 35 20210 5 TP i kA 11 5 54
R E AR T RN AT DL SR B AE B E R 2 AFAE S R R
EEEE ST, AREZEE LR HREEN G AR GER D B
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IHTIEEE SRR LR R ATEOL, AT A BRI [F) & S AR . B,
T8 H/p/ R B 7o/ 75 AT iR BN IR 72 A2 B B AT AN [, DL e A A% P el A
A B EAHEA R PIR LA AR RER DA B IXRTT30 TEUREA RS R
FRIERABE S E S P S E R WK Z N TE S B R,
B3 BT S A

2.2.53 BYERIHE

FIEYRHIE (Prosodic features) s2f5iE &5 5 M HITE . 1925, TEBSEHRHE.
AR E AR . el K, 1HE 5. T (Fundamental Frequency,
FO) $R1GE15 5 B, RIS S Rs0 A IR 1% 08w T RIE i A
R, THRGEE RS . feR (Energy) fRIBEHE TP RERE, BT 15
HE TR RN K (Duration) F81HE S5 5 EHCEE, KB 7&K & KEF
ZEmp(A], E# (Speaking Rate) Fi5 1 1 AN AF 70 b i o O B IR B el 5 8. AR5 2R
S5O7I, S B ERRHE RS L RFE (Chroma). HAMIE(E (Peak). &40
1 (Beat) 5. CULRFAEREIR | AN [F) 5 S8 5 2R AR 9 BE AT 70 AT o 5 AR A
Fe B E T EORIE A, T RR S A S . SRR S R
FEATMETZEEK, U T EE RREEN T ZRE. &R E T RIS
G GREAE —ERE ERABR, E I E S S S S e EH T DUH T
FEIRAE 5 (R 0e B B 5, AT 40 AN AR T DL T R (5 5 T AR
FEPFN L SR AE A e i T S04

2254 E5

B AR 215 PR, BRI, AR, PR RE &S, B
TR NI AR, U B i A A ) SR B E R
e EEMRHEZ —, YO T & RWERIFIFANE . f£E0E S, & sl
BTN . BUE A & PR & RSy, B ENEE AR . &
TN, MEIRARBNE R % (MFCCs) 0 n] LA T3R8 & " . MFCCs 1] LK &
UG T ¥ — H R, KRR REO N AE — BN RN &R BEMAEE
ISR . B T MFCCs, FHAthan YIN &k, HiGMNiEf51h (Adaptive Spectral
Estimation, ASE) £J73E#(A] DL T2 HUE 905 5 (1) & SR «

|

3
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Pitch

8192 4

+3500 Hz
4096

2048 +3000 Hz
1024 +2500 Hz
¥ 5124 +2000 Hz
256 +1500 Hz
128 A +1000 Hz

64 +500 Hz

0 T T T T +0 Hz
0:00 0:50 1:40 2:30 3:20

Time

B 215 EHHEERHT

Figure 2.15 Pitch of audio

2255 SIS AEERH

E Forgerons(Ghorbani %%, 2022) H, K H 50ms ¥ 7 & H A1 12.5ms i (Hop
Length) FRHUIMIE &, KI5 BIME/RAMAZI L, FFA0 B 10 38 o e 2
7£ IVI Lab(Chang %%, 2022) 1, f# FME/R 1 & (Mel-Spectrograms)~ H /R 51 % 5]
i R 2 (MFCCs) B AR AR & A B AR AR, B SR A L 455 5 A5
(Intensity)~ & 51 S X BT S H . M Freeform(Xu %%, 2022) HAdi ] MFCC 1F &%
BIURFAIE - DSI(Saleh, 2022) W\ Jy MECC {4k 7 —MiliE & LR a s, 1555 518
B E— AR, BIICRH —Fr 290 B 2 01 N R RINE B F#1E . UEA Dig-
ital Humans(Windle %%, 2022) {# /] PASE(Ravanelli %%, 2020)(The problem-agnostic
speech encoder, [A] TG R IE & gl sy ) e A4FE. PASE 2 —F T £ /1NH
BT SS HE & R R SRR, X EEAT 25 22 A A1 B TR SO SR BCH IS
B AR REATAT DL 3] 3 ) UG 5C IR TE & A AE (problem-agnostic feature). AHX T
248 115 B RFE W MFCC, PASE [FRHIE AT DL B 52 M B e o 7E GestureMas-
ter(Zhou %5, 2022) H, A5 HE A B MK 2R B AT 40 o AEF R AR PRI, AL
Choreographer(Li, Yang %5, 2021) H 2| 7 H 4. MFCC. 4 FFE (Chroma).
BEARUEAE . AT I SR

DAE(Kucherenko &, 2019) S50 560 0F T #F/RANRBI0E 240, ik . 3
FREVE N 284 AN RSCR o SRS, ESE B TP 2 R T /T 20Hz 2K T 8000Hz
IR, DR X SR 4% 07 18 S B> . BIERHEME A T & s MaE R, X
SRR M5 B R A BACHI L RE R, AR BLX M E AT Bin], E T i — Le
WENTARSRMEER . RARINEERE 2.16 Piox, MFECCs SEIL [
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K APE, {H 2 A0 bE T4 RR4E 7= 42 1 58 K A5 . APE (Average
Position Error) 15 1 Tl 7 41) ) 5¢ 88 55 A0 B0 S 7 41 5 B i 2 8] ) ~F- 2 BRR QR
=, sk 2.2, Hd T RO AR EREENT ], D RaREEIER4EE, n Ry
&5,

Model/feature APE Acceleration Jerk
Static mean pose 8.95 0 0
Prosodic 8.56+0.2 0.90+0.03 1.52+0.07
Spectrogram 8.27+0.4 0.51+0.07  0.85+0.12
Spectr. + Pros. 8.11+0.3 0.57+0.08 0.95+0.12
MFCC 7.66+0.2 0.53+0.03 0.91+0.05
MFCC + Pros. 7.65+0.2 0.58+0.06 0.97+0.11

Baseline [13] (MFCC) 8.07+0.1  1.50+0.03  2.62+0.05

Ground truth 0 0.38 0.54

K216 MFCC, #itFE, EERHMENE (Kucherenko 5, 2019)

Figure 2.16 MFCC, Spectrogram, Prosodic feature comparison

T D

n 1 N

APEGg. &)= 2= 3, > llg — &l . (22)
t=1 d=1

22.6 FHMERT

XFTANTH ) 3 4E R ABEAL ) 2D )4k 5241 F1 3D B AE Fr 51138 A8 B 5% 715 A
fr BEHISEALRA. SR, £ 3D Z(ald, RS PR Ar B Hik NI A 4 2 i
A, I T B BRI e, A07E R — AN B YA TT R A TR B )
KT R H IR A DUoeH. T AE RS TNER R

R r A A2 80 = AT ) B R TR e i e I T o 3R = AT £ 2 53 3
NG X KA (RolD, Z2Y HhiME (Pitch) F%e Z i ME (Yaw), &4
FEERITEH Y 0 21 360 FE. AFReH T2 3804 RAE, WEA 3 FAE ML
SE, NN XYZ ZYX FI YXZ. B, BB Ca, B,y) Rndase Z #iles: v f
FE, Fi5eY MilEE: p A, BEse X el o . BARBRRLMAILECEMN, 5
TERAEATRTRAL, EJR HAEAE T 1A A e, BUERELSRR RIS DL R, AN BR L A
RN e 2 A AR R

VU TCHR —Fh s DU SEROR RN e RS 1T BATKIERCS (w, X, y,
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z), HiwR—NE, x. y Mz 2B, TURRN w+ xi+ yj+ zk. I4IT
HOr] LAk ) B Y Aok SE L ER A DY e B R R, B DY o eT DL S el T
NIRZET 5 A @S AT o DU T HOnT AW BR 3 e 4 0] j, 3 mT DL T 2R 1 ek
##1E (Spherical linear interpolation, Slerp) (Shoemake, 1985).

JRRIFEFERE R — M 3 x 3 SEFERF R BTk, K17 (8
—H)) ORI JE AR o R R AT DAROR e A e, HLURERE I A 2 5
Mg 5, B RFEREIE FARR S . WEFE R MEAI DY o R, RRR A AT AR Bl .
n, XTRREBLA Ca, B,y), ORI AERE AT AR R A 2.3 X T DUTeH (w,
X, Y, 2), FX e AR R R AR 2.4,

R=R_(y) * R,(p) * Ry(a) .. (2.3)

1 -2y =222 2xy-2wz 2xz + 2wy
R=| 2xy+2wz 1-2x*-2z> 2yz-2wx - (24

2xz — 2wy 2yz+2wx 1-— 2x% — 2y2

TR, PURERAIES IR, Zhou 25 (2019) N RES RN S
B 5 IIARIES:, AR TR . TeE i M B R E L RN, H
FHERITURFHE, T2 Zhou 55 (2019) ##H T 6D gk, RISk MR
FoAth 2R 07 L4 i) 3 x 3 eREHE R, P EDUE 4 A6 K 0 1 P SIMELAE s A 3
TR o

2.3 KB

AREAH T RSP I NS H A R T BRI XTSRS P 41 A
W T EM s WEFUTEL W SR RN R IR E AR TSI, AR
MEHELSE . BHIUERRTFH T RIS S IURAE RS &R S 7 T3t AT 1

A\ HT
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BIF EUAER

- N
T e \
O am \
BVH FBX
{4 Mt e an EEER
SDK
FIERNE

FSED
HEE

Socket

LiveLink

BE HEEE

N Blendshape EEEaIHE /

B 3.1 BN ARZRE

Figure 3.1 Virtual human-driven processes

AT SRR B B SR A2 B, AR SO T T RN (B AR
B 3.1 SR AR SCAT SR i N DR BIRRE o ARFH  BEA  € BE LR
2, BEARGEN T IRANEDEOE . AR A R TR Y, TESE 4
o ARFTEESLIL RS iE (Blendshape) FUIKZN, X SLHL T & %3 H
ERBN . Hor B B3N 2R A T SIS UK A . R 3.1 BOR
R AR, B RSN ISR E) AR AR KB L, B e sk m &, S8 )5 k4T
2y I Fh AR IR 58 BB B S EE, K ShEEE L Socket KRG REL) I, M
%) 518585 Livelink i {1 5 SCHCHE A5 FH 20 5 P4 0 T 45 48 o€ KB 115
B H AR . B KB AT ) (1 3 X E T B R SRR A —
13/ UK 5 i B VE T Biovision Hierarchy (BVH) (411 Filmbox (FBX) X f#,
XA SCAF T T AR B0 2500 o ST 2 (0 5 D T RIS, e R RS
itk OGS RURTIN &5 A B B S S m B . A R IRED . B IREN B
% AR B = A5 AT 21
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B3E ENAES

3.1 RRERIKES

R AL T 3 2 15 30 % ] T Blendshape %K . Blendshape tHFR 974K 4
fE Z i (Shape Interpolation Aniamtion), & —FpJET JLAAHMIHA, W HT
R O RGLN . ESLBR TR, SRR 3 E — 2%
AL TR AR RIGE . FERL)T1 5T, XL fiEUEIE RNy
0-1, RN & X BIREE, WA IRME BN 0 I, RoRAT IR 5¢ 4 Hfr
H CanlE 3.2 fir), MMEBRCN 0.5 B, oA ERFEIT (i NE 33 fs), 4fE
WE 1R, RRAIRTEAM L CGnE 3.4 Fim).

[~ 2% )W ) (57 ) @ ) ooman 10 TEm] v o] v )@ o) ¢

B 3.2 ZHRA KR HRE

Figure 3.2 Facial expression when all morph targets are 0

G ﬁmm I ,
.

& 3.3 eyeBlinkRight=0.5 i [l 2315

Figure 3.3 Facial expression when eyeBlinkRight=0.5
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TR R E B AR A R
.‘GDIBE
b4 .

N

Ol »

Bl 3.4 eyeBlinkRight=1 i[R3R FIE

Figure 3.4 Facial expression when eyeBlinkRight=1

A BSOSl 1 g AR S B, R B SEIE I LiveLink fi AR KR B HoAth
FEFP IS Kl IR X e A 4 =€ 17 B985 A A br B MEL) 5138 i
LiveLink 3/ /& — M S I Hea 4 S AN 3L 2 W3 o e 1 32 20E 2Rk B 41
FS LA I SE N RS EE A A B L) 51 B rh, SRR 20 51 5 R DASK I 1 s Bk 3K
SRR A . ML) 51 B ) P R A g A L, H 2 AT R AL
BRI RACR PR AR sl p B0 33X h R UL T #8 h  fr)  E Gn  3.5
B

SRETHER

WilkiE B

Bl 3.5 BRah R T S0 K

Figure 3.5 A blueprint for driving virtual human facial animation
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32 FhiBIEhE S

Xt HEAUN SR SRR T i 8 s R o B 3h | (Skeletal Animation) &
AT E R AIEOR, BRMCTSIm K TR SR — . fEREL] 5%
B, BN E B E N 3.6 o, FLE SRAE R B AR B, R RS
SRR AR R, AR A — ML EE . TR EMGE, XL R E
TIRAS KA AL AT ZI AR o 14024 56 5O B RO e B, S SR RS
B 3.7 P o B RSB B A2 B AN S AL B h 2 i, RS SRAT AL
B e G XS Y Z = EIEE A - skshmih sk, R TR EAE
ANFE T R BmE A, Het XL Y Z SRR =TT RIS s) . LTSI AL
KA RIWRE RS, — A2 A GRSl 7 e —ME. Ik, RSB
B ES SRR A, L OCHR I — D B R Bl h L A e e 2 I Bh A X
K3.8), BIFEERT RAARR. R AEE KT AT 2106 BAE . e (A
AeToME . AR BHEIEIRE . IR AIE 15 & s, AR TRANEAE,
B SR s i, ARy e 2 A% o, O SEEL R SRS R o 3R
B dia e ks A shm A J5, & 208 0BT Socket KIXLT BTG5, HEAI5 %
L LiveLink i W 20 HARRE 7 A& B s m £, 98 )5 T 2 ) PR X 2
) I 5 A L TR B R ) O s o Sl R R S R A R, A
U A8 A s 2 . TSRS RE AN i sl ) 20 i R A 3.9 B

= o gy e gl e | v L T
i_) it

Bl 3.6 BRINEREH

Figure 3.6 Default skeleton structure
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B 3.7 Rotation (Right Arm) = 40 B Xt RLH B BIRE

Figure 3.7 The bone state when Rotation,(Right Arm) = 40

B 3.8 FEHINELCEGE

Anim Data

{

“Name”: joint name,

“Parent”; the index of parent bone,
“Location™: [x,y,z],

“Rotation”: [0, 0y, 8,],

“Scale”: [Sy» Sy, 2]

Figure 3.8 The process of skeletal animation

B 3.9 DREhE BEhiE K3 E

Figure 3.9 Animation blueprint that drive skeletal animations
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3.2.1 mhE{EIRER

FESERR N A, BVH SCHF FBX SUHAE A7 fifs B % 20 i 5 1 s =X
FERNH XS AE T, 75 EE A QAT & T A AL (Software Development Kit,
SDK) M S A s B 21 2 i 4

BVH & — M H 117 it B 8% 20 H 800 1 SO R 20, eloh 1Ak i s 4
(Motion Capture) #1111t . BVH X LASCAE SAe 6, B8 T EBIZE XK
S R RAEEAS S B I) EH% M1 2 o AE BVH U, B BE I J2 IR G e a0 4 i3k Rk
TR, BB AR SCERR AR M R . BVH SCHFIIAR 2
SRR, 5 T SCAR G s 34T 9w, 07 (R e s M AT (E
B RIS A AN SRR AT Al PO R A JE AT N 1 88 At A B it AN S sl i ) 52
FLE (Skin Weight) 25 = 20 Thfg .

HIERARCHY

ROOT Hips

{
OFFSET 11.883895874023438 83.49174880981445 -17.31802749633789
CHANNELS 6 Xposition Yposition Zposition Zrotation Xrotation Yrotation
JOINT RightUpLeg
{

OFFSET -11.883895874023438 0.0 0.0
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT RightLeg

{

OFFSET 0.0 -40.196685791015625 0.0
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT RightFoot
{
OFFSET 0.0 -43.29506301879883 0.0
CHANNELS 3 Zrotation Xrotation Yrotation
End Site
{
OFFSET 0.0 0.0 17.31802749633789
}
}
}
H

}

MOTION

Frames: 199

Frame Time: 0.03333333333333333

-0.0 83.83618927001953 0.0 -1.668219474048889 -4.831458422548677 -40.14683288491714 7..
-0.02509155310690403 83.83618927001953 0.20021668076515198 -1.794467368246954 -5.051
-0.07304687798023224 83.83618927001953 0.1479644775390625 -1.888470238871281 -5.1394
-0.09923095256090164 83.83618927001953 0.03290100023150444 -1.9200611405688468 -5.14
-0.095367431640625 83.83618927001953 0.06017303839325905 -1.9651039453757755 -5.1693
-0.11008300632238388 83.83618927001953 -0.09192809462547302 -2.05890507893023 -5.205

& 3.10 BVH X5l

Figure 3.10 Example BVH file

BVH 4% R & 3.10 fros. —> BVH A8 % &4 HIERARCHY,
ROOT, JOINT, OFFSET, CHANNELS, MOTION, FRAMES, FRAME TIME
S5 CEE Y . HIERARCHY A T8 @ shEEUE B B8 454 . ROOT AT 5 %
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FOAR TS i, RIEEANE 2045 M HE . JOINT Fi T 58 SCE BT A, ATl 24
JOINT A& 2E4i K. OFFSET 187E 1 4Rl & 8% 19 U T HACH R B &,
PAXYZ iy 542, CHANNELS 5€ X 1 &AM E B8 5 BT AN iz 2 i8iE, 4
FEER AL RS, SRR B 8% S IZ 5. MOTION #0088 1 shiE st , H
TR R R B[R] AR A B e i AN R (5 B . FRAMES 878 T s /FE 50 1
¥, FRAME TIME #585€ 14— i K .

FbxScene -Contains
1
1 -Contains
g *
0.

FbxAnimStack FbxAnimCurve FbxObject
1 -Contains -Curve(s) are connected. ., 1.° -Contains 1
1.° -... Via a curve node... 1. 0."
FbxAnimLayer| 1 1.7 FbxAnimCurveNode -... lo a property FbxProperty
-Contains 1 1

& 3.11 FBX H3JHELEFRR (Autodesk, n.d.)

Figure 3.11 Animation element relationship in FBX(Autodesk, n.d.)

FBX f& H1 Autodesk JT & () —Fh3CAEA% 30, DL b dil % A7 il ml DAAY fi
HES S AR S sl A 2 A SR (B H s . AHEE T BVH SO,
B SCAE R/ANER R, ANME T SCAR G B 3R B AT J B A &85 . FBX JCfR
FIREIRGE R A KE SN IO B B 45 o B T AR 4k, AR R — A
PR R, MBI RAT IR B . R R RS B R R A
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Anim Data:
{
“Name”: joint name,
“Parent”™: the index of parent bone,
“Location”: [xy,z],
“Rotation”: [0, 8y, 6;].

“Scale”: [Sy, Sy, Sz]
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Figure 3.12 Animation data format for driving avatars
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Figure 3.13 Joint coordinate system
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Figure 3.14 The process of generating animation value from video

PN 32 28 eIl KE N RISV RAAAE — 2B o B — ks 2 JL A
= AR R AT E S TR AR Sk ARSI LSRR, X
WIARL R 7R L IBROR N Fok 228 mdey . ik, HAA—ENRE
BRYE, SR R SR R R IE CR IS sl, B AR EEA S Br E is

37



T R A RS R

2, (HRADSCE T, NRisaliZARE L ME LR, A Lisshnl fe ikl
HERATIE . BLAh, i Tahi R GUIE 75 2 € IR [ R AL B Hchs O 2R s, X
BWE NS E ] BESATHEIR, ToikSEBLSEm R it

Target

16 1.ek
\ )
it () 10 Head
20 | wrist
\ \ 9. Neck
O Bikd | C
Romp h ' \
Lo - 11, LeftArm /W ) 14 RightArm
) S () 8. Spine3
| ! |
L ke () ) 5 Linee - ) 7. Spine )
‘ T 12. LeftForeArm () () 15. RightForeArm
s L
7 1_ankle | ) 8 Lanke C)1 0 Hps
> 13 LeftHand C 7 ) {0 16 RightHand
10.1_foot C D 1 oot
esa 123 0. nose 17. left_pinky
"""2"'" 1. left_eye_inner 18. right_pinky 4. LeftUpLleg O D o1 RightUpLeg
P, 2. left_eye 19. left_index )
oo w 3. left_eye_outer 20. right_index
p n
. 2 4. right_eye_inner  21. left_thumb
5. right_eye 22, right_thumb p N
6. right_eye_outer 23, left_hip 5. lefileg O () 2. RightLeg
7. left_ear 24, right_hip
8. right_ear 25. left_knee —
9. mouth_left 26. right_knee
10. mouth_right 27. left_ankle 6. LeftFoot () O htF
11. left_shoulder 28. right_ankle - ) 3. RightFoot
| 12. right_shoulder 29. left_heel
13. left_elbow 30. right_heel
14. right_elbow 31. left_foot_index
15. left_wrist 32. right_foot_index
H e 16. right_wrist
Mediapipe

B 315 EREEM

Figure 3.15 Bone retargeting
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Figure 3.16 The result 1 of video driven
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Figure 3.17 The result 2 of video driven
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Figure 4.1 The network structure proposed in this paper
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KL #{/% (Kullback-Leibler divergence) 72 FH K5 & P M BE 2R 73 A7 2 8] 22 7 1)
FEE 7 e i KL SO A UOE N A5 — A RS RHE S ], i B5ME p FIbs
HEZ o RFIRIXAN3T (H PRI ¥ KL BUE W% 5010 BB b IE RS
i (H 0 %), HX TR A A 4.6 FI 4.7,

n P(i

Ly = Dgr(PIlO) = ) P(i)log £ ... (4.6)
= (i)

0=N(O,1) .. (4.7

Joi B ) s T o AR R B AR e A HEAT 23 2%, FIIT R v B R B R e A1 ik
AR ESNERFS, Mt & 4.6 s, BEFREERKHE T — 4 HMN
A3 SR RS IR 28 S5 ke, 73 ) F T S BB VR Re AE AN B Vi P SR AIE . B4 s B e
FHARPIMIBAE Fe 21 i Z 435K o BRI I B 1 3 A AR #R 42 i 1. Transformer
R 22 S B AL IS R AT R 758 P 8 A SR ), S AR BILEREDN (0 bs, D
PIRFIE R R o FESRHURFEfS, J8it 42 )5 33tk 2 (Global Average Pooling, GAP)
FEEUH AR 2 RS B, ey R 4E R, SR Ja KAk 5 i) 2 R SR RrAE Al 4=
JE I EERFEE R 4E R LG, 1A Softmax EHVHIAN, A5 2IBhEF 51437
J& TP R R 2 o 155 B 0 o) e BT st Y P 48 2K R 3809 — e A8 SR A5 % R
%1 (Binary Cross-Entropy Loss, BCE), ¥ zh{E i & mbs2s i 1, sifER &K
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Figure 4.6 Quality discriminator structure

BCE(y,y) = —ylog(y) — (1 = y)log(1 = y) .. (4.8)

... (4.9)

L = BCE(l, $)

quality
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d, 333 ENERRYEE
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Figure 4.7 Semantic discriminator structure

Wav2Lip(Prajwal %%, 2020) F1 SyncNet(Chung 25, 2017) 38544 8] 5 (1) 3 4 1
TUES AL — SE MR, AR AN [0 10 & 000 R e B, R4 FH 28 A I 2% A B4
Serb ol iy 3, (AR EE I E A D B IERE BARAT, ANIR A g
RHIERE BT . ZE R T1XA A, ARSeihis i ax foy 205 =) —ANE U S,
HETMT PR = SR A5 0K A 5514 . GENEA Challenge 2022 ()45 5220, ) ik
WWNIE A B 7E 1 SOM OGP 7 T R B, T oA AR RO 5 7E A S 1 U7 T
SIZG RS AAIE R . Bk, TEARSCH, B 1 S S 14
o IR SRR 5 S L — i MR, MG TR SO ARG I SRS . BT
=, BAEREE BRI A W 10 70, A TS US EERIAL T 300 M. 15 X
FIR B BT IR SR AN 4.7 iR W48 Sk FoR FZEAE M 458, {8 T AR
7 R AR AE PR B AR PR U SRR AE . ZIAERRAE . RRMESRINES R T Transformer [
Sy R BRI X 25 B, R T Speech2Templates(Qian %%, 2021) 1%
P B 2% 45 KK SIURFAE T R A 2 5 S AE 7 51 CEOR 7] 1K R o 2K B BCR H
T XA (Contrastive Loss), ‘& MTFRE AR W 4.10, HA y RIRABMEAR
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2, d RoRFEART Z B PR R, margin Rond2 iR S8, T IEHAR LA
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TEFF A B —mifE, $etteh TR, SR, 58400 FH Sl 0% I SR Al vl e
S PR IR 2 BT R, DR AR R A A TR T 5 A SR AR
Bl , TAZSERTTRINEE R N T xS n) @, ABTFRA T Mihaylova 45
(2019) 4 Transformer Bt HITHRIRFE AR . il 4.8 . BARTI S, B mx
R A A, DA— 8 MR [l R 28 AL 32 1 AR B S0 s, A R R Sy
FUEAE AT — W, IXFEA] DLLE — @ R BE LR AR 1 i i) 805 SR 3 3 iR 22 SR it
i) 25

VEANDBRANS o 8 S50 5 4 FR ik 1) 280 S, g L SERI BN AE PR AR g i
wrEON, ERE RTINS . B, DA BRI G B SE B E R A AR
TR e 3, AERORE A RGP I FRAL N RIS 35, A s 24 IR Tl i e
TESEHLH, S RREZRRME Y 0.5, KT, JLRaALA B iE 2 2k 1,
JUIASE FH JL S S AR T RS 28 BN 75 DA FE T — A s 50 245 S0 114 3 A i 4
HHIN

N T REAERENEF IR RS, RSN (GAN) NI,
K VMRS SR N L s, KBRS e VE R o, H A A i (145 2% bR
Hn 4.1.5 TATRERARE, )0 E8 R o0 A ORI R s A . I A AR
F 50 35 DA B0 ST 1 757 A ELARAL, DAk AR s 2B i 3 7R 7 51 R T R b B8 4%
T SLHIENEF Ao [FR, ZRTHRBIE CH St 2 5 B R et it f b, f
FIRRSNA5 RAR w5 £ AR 7 41 R 2 18] (R ARALLFE

43 HEIE

FENZRd R, BT EME SR, X T B A = TS 38 w1 Y
AERF, PRI A] DA — R M43 335 5506] N 1) BT A Sl VR e BT {HL 2 2E AR S0
I, Z AT EWUA fe AR Aok, BRI T s R RE i A s E P 1

WIGRIS Sy 7S A AR Y st () Ao BB 1 V0 R R e e P 3R s Y B — B30, X LAl 17 0
Ao FERR BT A AT RIS E P8, 7 SR AR o B AR RS 2 RSk HE
WHEEIAN . RAX 412 BFRT S E, eps iEH 1e-8, HH mean_pose Fix
WEE P ERIIE, max_pose F R IR o 2 1E HI O E

pose = pose * (max_pose — mean_pose + eps) + mean_pose ... (4.12)
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A EEF D e e 7~ K FH & pose6d, 75 EE4G HAL 3 Wk h A o L A
T EH e T B AR, TR 22550 pose6d i i i e FE R o b T —4H pose6d
e o, AT IR 3 4ER) AR ay, ay, RO R ATt RF 1R 524k
(Schmidt Orthogonalization), X 3453 £| 3 AMbRAER IEAS W) EAE A MEFHFE R 1)
JiTRIFI S by, by, by IPEISFEM 4.13, 414, K415, 416, X417, 3K
WA T, BT 45 1 BVH U TR iR He Iy 2 ZXTY, 7 20 42 I s
SRR 5% W 5 4 B BR R AR (s a0 B0 o T EEEFE PRI B ME D& AR 2, 7T
PIMRHE S iEY) Carctan), [21FE5% Carcsin) BRI A1153) v, ay po £ BVH XX,
Wihr 1 B A A, AR ER I A . TP RN 4,18, 0 4.19, K
T R (a)s R(H)~ R,(y) MiHE AN 5.2, 53, 54,

a

b, = ... (4.13)
P llay

b <dpbi>,, (4.14)

=ay— ———— .. (4

2 2 < by,b; >

b, = 2 (4.15)

27 I, T
b3:b1><b2 (416)
R:[blyb2,b3] (417)
R =R, (y) * R\(a) * R(B) = [by, by, b3] ... (4.18)

cosycosa — sinysinfsina —cosfsiny cosysina + cosasinysinf

R = cosasiny + cosysinfsina  cosycosp sinysina — cosycosasinf| ... (4.19)

—cosfsina sinfl cosficosa

LA A AR B S VR SR BN L8, ASCE R T SiHE R sl E 7 S £
Zie . SFRI R T 2. FEAX 420, HAdp, q 25K
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AR AR T SO S, « RONTEE R, RN 0 B 1 2. SfERIIEE:
K T BRI ZNMEARIE (Slerp)o Slerp /& —FhE Y o H s (8] HPATHRAE ) 75,
T AE TSR % TR AT Bl (1 e % A0 5 [l . Slerp fiE @ I 7E 1Y o
HF TR 1 e i 7 8] Hh W A BRI R AT 3R AT 2 VRS (8 R v 5508 1 DU o 250 [a] o ]
. XABRMEAR —DNAERT BN, B 7 AU e B RER e 4% .
Slerp HHAEARIE T 7EX AN BRI K AR F AP I, SR AT DA JGE G HA 30 e 4% 0 7 B
FLalffy i @i. Slerp FRME AR WX 4.21, Hp, q £FHANVUICE,  ZIHE R,
B0 B 1 208, 042 p, q A, EARSLHT, EERPREES N
PAUR AR ok, (A IUCEBCR BRI S S, SREX Y e 8o AT IH— kb
H, JFEH Slerp fli{A 7113 BTN o B, KAGHEA R0 Y o H0a—1k,
TR FL o e R R, 55 e 2 A6 MR S 4 R o O T ORIEAG B S (R B 1
WK 5 RGBT 7 FIMCECR R, BDRRAE S BRI B0 7 AT REX B2 245 1 i 1) 1Y)
B B, AR AEHE TR I RERE 5 WA AN VESCRR ML, T AEAH B A T
FEME 4 Wi. BT NENRFEAERERTNRRBL A, H/R B e Y e B0 AT 4 i
XFT ZXY WP BRRL A Crsa, B, FHXT BBV it 507 K 4.22, 5K 4.23,
424, X425, XFTFVUTTE (w, x,y,2), HXTN R e A R 2.4.

Linear(p,q,t)=(1—-1)-p+t-q ... (4.20)

sin[(1 —1)0] - p + sin(10) - q

Slerp(p,q,t) = - ... (4.21)
sinf

q, = [cos%, 0,0, sing] ... (4.23)

q, = [cos%, sin%, 0,0] .. (4.24)

qp = [cosg,O’sing,O] ... (4.25)
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A ESAE FH BVH SRR . HAE Blender #01FHh al #4645 2R 4n
4.9 Flizse N T Bl ShAEAE & A G, {7 GENEA Challenge
2022 $RALTE QAR A S E R & B T — MO, anE] 4.10 B

& 4.9 Blender FRI#I4L BVH 344

Figure 4.9 Visualization of BVH file in Blender

F4.10 BEREREHIHE

Figure 4.10 Rendered skeletal animation
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SR, 43 T PR B SRR AE R SCARFAE, i85 RS [ kG 7 2% P s
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5.1 BIREALIE

AT FH 8 42 9 GENEA Challenge 2022 B FH f) Talking With Hands
16.2M HHEEE (Lee 55, 2019) ZBIHEM I N800 IR 4R (293 S 4K
) B UEHE A (40 S HE) FIINNASE S (40 SEE) . I ZREE S AN 9 IE B
RGBT IS SO UEIE AFIEDEEEE, s R R TS, X
A, PiiE N . 211, GENEA Challenge 2022 $24it T firfs 238 J5 ik A il R Gekt 5t
I S A I BN AE P 1, X AT LA T LU AR ST AT H 1 D VR AR I B
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ALURI A5 B o BRSO 2 I SR 5 A B4 T8 D3 B R A8 TR 5 15 R 1) B A 3R
511), Hii% Ay 30fps. GENEA Challenge 2022 it 531 & X 1 T-pose FIE #% L4514 |
BN T EANE, FERREAL T SR AL BRI ], 0K DR A g I P AN U
YHTEANAFERALE -, HINX . GENEA Challenge 2022 $& it T — &k 4b# %Y
PEEMARRS, AFEES BVH SCHF SREUE S HEARHE (1 MFCCs. A1 14 |
BIBRHIESS), ASCRH T# 0. thF it BVH U SIS ARRAE 4515 L
BORERT, AR SCHET L T IX S, ol HARAELE pkl SCHF A DA S 2248

TEINEL AR, 75 BEHEAT 5P SRR T PR T o o SR A U, 7
Xf 2 A PSR, /33 A numpy 30, BRAE T S SRAE AL
PASE AT S SR AEAR I, 155 (f,, 256) Ml E R R, Hi, £, R HrmEL,
256 LN EEMIE SR RFIEAERE o FERRIUCAR SIS, SREUREAN 5 38] 1) FF AR i (8] F1
ZERIN F] o BEHUEHAE SOOI, 1R RILEREN (f,,. 56, 6) KIENEFHIME. Hb, f, &
ANEEFF BRI, 56 Ram G s, 6 KRG mIMALE A% ML, MR
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MIRIN AN . BT BVH SCIFIRRME, BRARTT fAh, A SCHT s/ [F) i )
AL B HE R AR R R, RS A B e TREBIMALE . BRI, T ERRix e
TOARAE R, PR AR A0 B AN AR ST U R AEAE A BNER IR, 1931 T
(frn» 56, 3) B ER IR FRKE BN VEREE b I RR L A S e e i 1) 6D %o (RS
fEIFx N posebd), WAIFHE (f,,. 333) MIENER K. HRHE CSV JuEHE S-SR
TEAFRIN, S X e i - U AR A A pkd SR

W BB A % 4 R pose6d [ EL A SR AN o Sl v B8 RR B A9 5 90 1) Jg 2 R o
T2 B MR Ca, B,y), o FoRGe X FHERE A JE, 0 B & v F 377 20
N 5.2, BERNGEY HNEF ML, MR T AR 53, y BRGZ
SR R AR RE o R R T B O 540 BRBLA Ca, B, y) W R Tiede 4
B R, W R BHEITENR 5.1, ay, ay a3 FoR4EFE A 3x 1 HI5AE. T
ay, ay, ay MEIESS, AR —AF & HERHA AR HSR, SEEHEHER
HAETUARAE B o Posebd TN 5.5 B, R A5 B e 350 I 1) i 5 3

R = R (y) * R)(B) * R (a) = [ay, a, a3] ... (5.1
1 0o o ]
R, (@) =|0 cosa —sina ... (5.2

0 sina cosa

[ cosp O sinﬁ_
RMH=1 0 1 0 ... (5.3)
| —sinf 0 cosf|

cosy —siny O

R (y) =|siny cosy 0 ...(5.4)
0 0 1
posebd = [ay, a] ... (5.5

FE ML BRI & SE ZIMBSE AT ORAF R, JFEAT UL A A HE . AL
X PR B RO IR ARG U) A U7 3 R RE R SCARE B R
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DYVEARRL BB SN Sl . 26 M2 R s & D a0y s BT U A .
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SCRFFAS BRI 6] BUARAT FLAR], 2 805000 & SRR S /R A8 B0 X R A SCAS . i
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W T8 SR B EIR BRI, AR SOk 7 A sh a0 SO
BEAT VI o AR, SeRAE SR WM S (R T 5 M Sh AR R TR . R
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PR R A BN 5 PR A A RIS AT 8] o B & BURAE s NN ny,, EIIER
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FISRXS BB /T 3 4ef s B AR — 1. RIA—ALRS, ShEEEA 3 4ErA &
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t, =2 .. (57)
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pose — mean_pose
pose = ...(5.9
max_pose — mean_pose + eps
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FERFIEZS [A] bk ageifr, RIS SRS /R BORH G, 75 D0 00 35 W & AN S AE AN ARG . 4
ANTTEST A 40 25 BEFF, XX LEHAE 7 I EAL 45 REAME . BT 2Rk
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Figure 5.3 Action quality discriminator score for each method
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Figure 5.4 Action sequence generated by Time Fusion Encoder
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Figure 5.5 Action sequence generated by Feature Fusion Encoder
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Figure 5.6 Time Fusion Encoder:Action frame sequences generated by ablation experiments
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Figure 5.7 Feature Fusion Encoder:Action frame sequences generated by ablation

experiments
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Figure 5.8 The results of user study on motion quality

ARSI 00 R Ll S 86 45 R EAT X b . X EE A U752 GENEA Challenge 2022
W2 T71% . ST F1, 43 R F AN B SE B AR 7 41 1) RR =R B R i
SCHI A ZRAE N FE B A i 2 AN SOM SR B PP Al 77 5. TR Rk 5.6 Fir
7N, HH FNA(Lee 45, 2019) NI %#E, FSA(Zhou %5, 2022) &5 T2 sh K77
1%, FSD(Korzun 7%, 2022) 15 7 & T HHITHIMES, FSI(Lu 45, 2022) £HT
Seq2Seq 177512, Ourl RN [B] @A i a8 50 B0 5725, Our2 R RRIEfl& 2 il

69



BT ERM AR AR

50.0%

25.0% 25.0%

0.0% 0.0% 0.0%

B FNa B Fsa B rsD B rsi Hour Hour2

K 5.9 ENXMHREHPRELSR

Figure 5.9 The results of user study on appropriateness
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Figure 5.10 The results of comparative experiments
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Figure 5.11 Average L1 distance of joint positions
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L1 distance between mocap data and gesture data
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Figure 5.12 Average L1 distance of joint rotation
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Figure 5.13 Average L2 distance of joint positions
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Figure 5.14 Average L2 distance of joint rotation
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Figure 5.15 Classification results of binary classifier for action sequences when the velocity

branch is used
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Figure 5.16 Classification results of action sequences by binary classifier when velocity

branch is not used

75



BT ERM AR AR

N 1
FGD(X, X) = |p, — pg| + Tr(Z, + Z, - 2Z,2,)?) ... (5.12)

#£57 FGDiHMEgER

m FSA FNA FSC FSI FSF FSG FSH FSD FSB FBT

FGD 2e+21 -3e-5 1le+28 758  5e+20 3e+21 874 715 738 929

1eF:GD between mocap data and gesture data

1.0 A

0.8 A

0.6 1

frechet dist

0.4 4

0.2 4

0.0

T T T T T T T T T T
FSA FNA FsC FSI FSF FSG FSH FsD FSB FBT
methods

& 5.17 H FGD iMti& HiEsERERN SR

Figure 5.17 Evaluation of the action quality of comparing method based on FGD
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Figure 5.18 Diversity assessment results
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Figure 5.19 Rhythm dependencies computed by joint positions
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Figure 5.20 Rhythm dependencies computed by joint rotations
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