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Kk 22 b A7 B 2 F TR O o YT 32 U A R AF A A
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Fig. 1 Facial key points
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Fig. 2 Flow chart of interactive genetic algorithm
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Fig. 3 Changing process of an expression animation
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Fig.4 Whole changing process of the first target expression
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Fig. 5 Four movement processes for one target expression (Taking mouth as an example)
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(C1 ™ ey~ cars ~ C3 1 Cugy ~ Cago ) 5Tl WETBI:FR
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C1: Gene segment of the static expression 1
C2: Gene segment of the frames number of expression 1's changing process

C3: Gene segment of the static expression 2
C4: Gene segment of the frames number of expression 2's changing process

C1: 37 bits C2: 30 bits C3: 37 bits C4: 30 bits
Brow(Left) Brow(Right) Eye(Left) Eye(Right) Mouth Head
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Brow(Left)Brow(Right) Eye(Left) Eye(Right) Mouth Head
cz/c4 [T TITAT T TOO0T T T
5 bits 5 bits 5 bits 5 bits 5 bits 5 bits

6 AR shim g e RS

Fig. 6 Chromosomal structure of expression animation individuals
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T ANGAFRAL A 8] 2 45 il {57 “Return or not”,
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P e KT FR A, e il 4 A S/l R i ot g5 1Y
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“Return or not” JL{E & 0 1% 1,

g5 b, — o8 B0 R G AR bk B 0 g i 2
67 fii (C1+C2 5, C3+C4 KK Bt ), C1 fil C3, C2 fi
C4 i BE B R], B & AN, JrL—AFR 1
Sy A A A S RS A BBk ST ) RS AR AT R
kAT 67x2 =134 LA,
23 EfERHES

B X AR SC AT Bl 0 44 1A i A R0, AR SCw) A
TE T 2 IA by (8 - 2H 58 1O 38 5 AR S5 W SR
= (2) P, IS AR EEAE B — A, 1R
P4y PR Wit BTL 7 8 PR S AROx iz Ay i PR =2 [, 28 X
— WA - KWL 5 1, %
éﬁiéﬁﬁ%ﬂ\] I, ={ca,ca,* Cats* sCarza) s T ={cp,
Chas= " sChis " sCp13a) » U ﬂ‘:’ 0~1 ZIETJEI‘J%M%I, C;- j‘??

21 BAAFRE BARRNE 1 gL
Table 1 Coding rules of a single static expression
Facial part Meaning of gene locus Number of gene locus
Brow (Left) Coordinate increments: Ax;,Ay;,i = 1,2,3;Ax;,Ay; € [-1,1] Cat ~ Cas/Cass ~ Car
. Coordinate increments: Ax;,Ay;,i = 4,5,6;Ax;,Ay; € [-1,1] ;
Brow (Right) Ca7 ~ Ca13/Cara ~ Caso
Symmetrical or not for brown
Amplitude of turn up-down; Amplitude of turn left-right;
Eye (Left) X Cata ~ Cais/Casi ~ Cass
Degree of eyelid closure
) Amplitude of turn up-down; Amplitude of turn left-right;
Eye (Right) . . Ca17 ~ Ca20/ Caga ~ Cag?
Degree of eyelid closure; Symmetrical or not for eye
Coordinate increments: Ax;,Ay;,i =7,8,9,10;Az,i=9,10;
Mouth Ax;, Ay;, Az € [-1,1],y10 € [-1,0.5]; Caa1 ~ Ca31/Cass ~ Caos
Symmetrical or not for mouth
Turn up-down or not; Turn left-right or not; Tilt or not;
Head Ca3 ~ Ca37/Ca99 ~ Caroa

Amplitude of turn up-down; Amplitude of turn left-right; Amplitude of tilt
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Table 2 Coding rules of frame number information of four movement processes in various parts

Facial part Pl-s Pl-m P2-s P2-m Return or not
Brow (Left) Cazs/ Caros Ca39/ Car06 Cato/ Car07 Caar [ Caros Catz/Car109
Brow (Right) Catz/Car10 Cata/Carn Cats/Carn2 Cats/Car13 Caa1/Cara
Eye (Left) Caas/Caris Cat9/Caris Caso/ Car17 Cast/Caris Cas2/Car19
Eye (Right) Cas3/Car20 Casa/ Carn1 Cass/Cain2 Case/Car23 Cas7/Car24
Mouth Cass/Carns Cas9/ Car26 Cag0/ Car27 Cas1 [ Cars Cag2/Car29
Head Cat3/ Car20 Cast/ Cara1 Cass/ Carz2 Cass/ Ca133 Cas7/Carza
YA . _ 1
FRER i AL B sim(ly, 1)) = ———————=
1 + e*lO(SlmUJ,*O.S)
, . ]
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PRI %) BRUAE 91 Bl P9 B LA B — 1 ¢ B
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b FBRIE, r RIZIER A A R A

¢/ =lo;+ (up,—lo;)) xr;, r; ~U[0,1] 3)

MY fEDE IGA 1Y /N RE AR R i) M Z2 A1

I R )8, A SO TS AR R T S5 A
AR S SR, o3 SRl o i IX 8] (1 345148 5 (Uniform
mutation with exclusion zones) DA 3L 5248 7 5 1) 34 5]
A% 5 (Uniform mutation with shared mutation points).
T AR AL, J5 3 456 da b i) 52 PR Stk
FEAS S B2 8 J7 20 AR SO A G i J22 T 25
Al A Ta] A A U DT 2 A i DR 2 AR, R
PSR ] S 5 AR UM ey, R W] 2 RE M BRAR. R,
AR SCHE P BAN () A2 S5 B3 TE RAR P P4 7 4 AR B2
(Intra-population similarity)!"*! 75 1] A 55R:
231 MEAFHAAME  H T SCh R 2 REEA
AR Y 0 2t ) e 52 A () ) DR IR 0 R 38 0 i P
AR T 0-1 Gaih Y 77 20K s AN [F] Y T e, o 45 [ml
02 AN R A0 2 S A5, WO 8 R A T AR AR B 348 A 2
V4B AR AL 5 2 (R ECE AR AT Rl &5 OF B T g
T B, A M ) i 55 A5 31 2 Ah B,
PAAS SCAS A [ RH RLRE 35 T3 B B2 46 1 i 5, 46X
(4) lﬂ:ﬁ?ﬂ‘ﬁo /ﬁ\:'ﬁ Sima,b jﬂ/l\ﬁ: I, ={cu,cas " Ca3a}
AT, = {cpi. o+ oz ZIRIARLE; 1=134,
AR EE D i A BE 5wy SR | HERYAE, w, > 1,
wi BUE RS, 565 i 4EXTHTHR S5 R o . FEASC
o, i ER S E AR RN A 3 RS X L A wy {EAE X A
INe 8 (cacp) B BTGB T A5 IR A5 K 1 It 22,
MR P AENAGT IR, H ey # o B, 6 (e cp) =05 HA
ez, O(cancri) =15

0, if ¢, # ¢;; and ¢, 3 € {0, 1}
1, others

0 (Cais Coi) = {

“

T3Ab, BT G B 0 B AR A R o, A )

BRI AL sim,, KZHEHPLE 0.5 ML, A3 T

R AN [] A ABL B 22 6] B9 22 5%, 5 X sim,, 9E AT

sigmoid i 4 , £ 2445 % sim(1,,,1,) H F 5 & K 1,

5 1, ZIE BRI o BrRL LA T = {1, 0, D)

PR AT RS S, WRREE N F- BIAR LR siml A]
H120 (5) TR .

2 N-1 N
NV >0 simd,, 1) )

232 AR EEH TR FERX B O R
REUSZ 300 Ao 3B T D5 e DAL R 30T 194 1 D $E v A [) 195 3
I P e (e PR 2 R 1 22 Sk . e s Rl an 18] 7 B, 78
JRIEA ¢ B2 P4 — B N d BBk IX
li], A5 5 5 45 21 B 3 BEALIE 7E [lo,d_1ULd,, up,] 1,
o 5 S AE B X 8] Z 40 . Rk X R K 4 EEH
siml APYFARFIIEZ R .

l Rz, |

lo, I d ¢ d.

sim/ =

7 BREIXE]

Fig. 7 Exclusion zones
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544

A AR T TR 2 O SRR D

514

BEZ RS bn o = (7) B2, 24 div(e) B2 1
A, PR o A s
w3 (- ©
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3D Facial Expression Animation Generation Based on Interactive
Evolutionary Algorithm

ZHANG Wenting, LIU Mandan, ZHU Baoxu, XIE Lizhi
(School of Information Science and Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Three-dimensional facial expression animation has been widely integrated into people's daily lives, but
most existing expression generation techniques have not taken into account the end-user preferences. These methods
mostly rely on pre-defined psychological archetypes, limiting their potential to generate rich and expressive facial
expressions. Aiming at the above issues, this paper proposes a novel encoding scheme for individual facial expression
animations, and uses Interactive Genetic Algorithm (IGA) to achieve automatic evolution of facial expression
animations. During decoding, the Dirichlet Free-Form Deformation (DFFD) algorithm is used to control the
deformation of the entire facial mesh. By introducing human evaluation and generating the initial population randomly,
the aforementioned issues are effectively resolved. Additionally, to maintain the diversity of the facial expression
animation population, two mutation operators are designed: Uniform Mutation with Exclusion Zones introduces the
concept of exclusion zones, and Uniform Mutation with Shared Mutation Points considers the actual meaning of
chromosomes and employs the same mutation points for gene segments that control the same parts. Finally, the
experimental results show that these two operators effectively reduce the similarity within the population during the
evolution process. The actual user participation experiments further validate the feasibility of the proposed approach in
generating various facial expression animations that meet user preferences.

Key words: facial expression animation; IGA; user evaluation; mutation operators; population diversity
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