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[Abstract]

The application of generative Al in animation has expanded to the generation of facial expressions; however, conveying subtle
and complex emotions remains a challenge. This study examines the recognition accuracy and effectiveness of Al-generated facial
expressions based on Paul Ekman’s Facial Action Coding System and Plutchik's emotion wheel. Using a consistent 3D character
style, 24 facial expressions (six basic and six complex emotions) were generated and evaluated via an online survey (N = 205,
valid = 201, 98.0%). The results showed that joy (76.6%), anger (75.6%), and sadness (70.7%) achieved high recognition
accuracy, whereas surprise (43.4%), fear (4.4%), and disgust (4.4%) were poorly recognized. Among complex emotions, contempt
(68.8%) and despair (59.0%) were moderately recognized, whereas envy (12.2%) and disapproval (10.2%) showed extremely low
recognition. These findings indicate that generative Al is effective in generating clear emotions but limited in expressing subtle,

context-dependent affect, highlighting the need for structured prompt design and intensity control in animation practice.
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Table 1. Experimental emotion types

Emotions Core AU Combination
Jo AUB6 Cheek Raiser + AU12 Lip Corner
4 Puller, + AU25 Lips Part
Sadness AU1 Inner Brow Raiser + AU4 Brow Lowerer
+ AU15 Lip Corner Depressor
AU4 Brow Lowerer + AU7 Lid Tightener +
Anger

AU23 Lip Tightener

AU1+ 2 Brow Raise + AU4 Brow Lowerer +
Fear AUS5 Upper Lid Raiser + AU20 Lip Stretcher
+ AU26 Jaw Drop

AU1+ 2 Brow Raise + AU5 Upper Lid Raiser

Surprise + AU26 Jaw Drop

AU9 Nose Wrinkler + AU15 Lip Corner

Disgust Depressor + AU16 Lower Lip Depressor

AU1+ 2 Brow Raise + AU5 Upper Lid Raiser

Awe=FeartSurprise | ", A (20 Lip Stretcher + AU26 Jaw Drop

AU1+ 2 Brow Raise + AU5 Upper Lid Raiser
+ AU15 Lip Corner Depressor + AU26 Jaw
Drop

Disapproval=
Sadness+Surprise

AU4 Brow Lowerer + AU7 Lid Tightener +
AU9 Nose Wrinkler + AU15 Lip Corner
Depressor + AU16 Lower Lip Depressor

Contempt=Disgust+
Anger

AU1+ 2 Brow Raise + AU4 Brow Lowerer +
Despair=Fear+Sadn | AU5 Upper Lid Raiser + AU15 Lip Corner

ess Depressor + AU20 Lip Stretcher+ AU26 Jaw
Drop

AU1 Inner Brow Raiser + AU4 Brow Lowerer
+ AU7 Lid Tightener + AU15 Lip Corner
Depressor + AU23 Lip Tightener

Envy=Anger+Sadnes
s

AU4 Brow Lowerer + AU6 Cheek Raiser +
AU7 Lid Tightener + AU12 Lip Corner Puller
+ AU23 Lip Tightener

Pride=Anger+Joy
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Table 2. Joy expression (low/medium/high)

Emotions Prompts

a 3D animated man with a soft, subtle smile, lips
slightly pulled back at the corners (AU12), cheeks
gently lifted(AUB), eyes relaxed with faint narrowing,
eyebrows in a neutral position, gentle joyful
expression, shoulders visible

a 3D animated man smiling broadly with lips pulled
back upper teeth slightly visible (AU12), cheeks raised
prominently (AU6), eyes narrowed with visible crow’s

feet, chin relaxed, eyebrows softly curved in neutral

position

a 3D animated man showing big happiness with lips
strongly pulled upward (AU12), lips fully pulled back
exposing upper teeth, cheeks strongly raised creating
deep smile lines (AUB), eyes narrowed with strong
wrinkling around the corners, chin slightly lifted,
eyebrows with neutral curve

ee] ¢ wop sk WA A FAR N,
53] ofgk Aol N 49 Arwe] F3o] Q17te] B wH
)i} S Rsick

#3. 2o o5/
Table 3. Anger expression (low/medium/high)

Emotions Prompts

a stylized 3D animation character showing mild anger,
eyebrows slightly pulled down and closer together
(AU4), eyes open with slight lid tightening (AU7), lips
gently pressed together (AU23), subtle frown, light
muscle tension in the face, controlled and restrained
expression

a stylized 3D animation character showing moderate
anger, eyebrows clearly pulled down and drawn
together (AU4), eyes narrowed with noticeable lid
tension (AU7), lips pressed tightly together (AU23),
visible frown lines, noticeable muscle tension in the

face
) a stylized 3D animation character showing intense
anger, eyebrows sharply pulled down and strongly knit
MF‘ together (AU4), eyes wide with intense hard stare
A (AU7), lips tightly pressed and jaw visibly tense

h (AU23), deep frown lines on forehead, strong overall
facial tension

Bt 7] w55 #18] Midjourney 714k
o, “Es AU S w7 240

e AITHEE A2 AP EEHO| e ALSREe| 247 2l Aof Tigh AT

2 e 5 ok AEE Al Rae dEdeA B
U O HolE NS o S5E, of el
glelelol v A1g A A sile] A4 Aol wede 5
SATH16). olefd 92 mel@ w, vitlo] @404 FE
© 23 Bl olnHe] AAle Edo] AA o B S

Rl )

malo] oAlEl &% WS e dEw Feeks W] W

3L =
A& 7ol )

E4. sE0| HE2L

Table 4. Sad expression (low/medium/high)

Emotions Prompts

= a stylized 3D animation character with inner eyebrows

= pulled upward and drawn together (AU1), upper
= | evelids slightly drooped with eyes looking down (AU4),
A | lios gently parted with corners lowered (AU15), subtle
Sad(L) tearful expression

in the middle (AU1)and furrowed together (AU4), eyes
half-closed with visible moisture or beginning tears, lip
corners strongly pulled downward (AU15), mouth
slightly trembling as if holding back sobs, expressive
sadness

= b | a stylized 3D animation character crying intensely with
- inner brows raised (AU1) and pulled together (AU4),
A

/?E a stylized 3D animation character with eyebrows raised
a

eyes squeezed shut with strong tension with tears
streaming down, lip corners deeply depressed (AU15)
Sad(H) | and mouth open in sobbing, highly expressive sorrow
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Table 5. Surprise, fear, disgust expression (low/medium/high)

6. Sy

Table 6. Complex emotion expression

Emotions Prompts

Emotions Prompts

a stylized 3D animation character with eyebrows
slightly raised (AU1+2), upper eyelids gently lifted with
eyes widened subtly (AU5), jaw barely lowered with
lips softly parted (AU26), mild startled expression with
light facial tension

a stylized 3D animation character with eyebrows
clearly raised but not frowning (AU1+2), eyes fully
widened with upper eyelids lifted (AU5), jaw dropped
moderately open as if gasping (AU26), visible facial
tension, startled expression

Surprise
(M)

a stylized 3D animation character with eyebrows
strongly raised high but not drawn together (AU1+ 2),
eyes wide open with upper eyelids fully lifted (AU5),
jaw dropped wide open showing teeth (AU26), intense
startled expression with full facial tension

Surprise
(H)

P a stylized 3D animation character with slightly widened

eyes, upper eyelids raised (AU5), lower eyelids lightly

tensed, eyebrows raised and drawn slightly together
(AU1+2), jaw slightly lowered (AU26), lips gently
pressed or faintly parted, subtle tension (AU20)

Fear(L) around the mouth, expression of quiet unease
a stylized 3D animation character showing clear fear,
& eyes wide open with raised upper eyelids (AU5) and
G tensed lower eyelids, eyebrows lifted high and pulled
f slightly inward (AU1+ 2), jaw lowered (AU26) with
jL mouth slightly open as if gasping (AU25),lips
Fear(M) stretched horizontally with visible tension in cheeks

and jawline (AU20), startled and alert expression

a stylized 3D animation character in extreme terror,
eyes wide open with raised upper eyelids (AU5) and
strongly tensed lower eyelids, eyebrows raised high
and pulled tightly together (AU1+ 2), jaw dropped wide
open (AU26) with lips stretched horizontally backward
as if screaming (AU20) but not excessively wide,
showing full fear and neck tension

a stylized 3D animation character showing mild
disgust, eyebrows slightly lowered, subtle wrinkling on
the nose bridge (AU9), lip cormners slightly pulled
downward (AU15), lower lip gently depressed (AU16),
expression of quiet aversion

Disgust
(L)

a stylized 3D animation character with nose visibly
wrinkled (AU9), upper lip raised in an inverted “U”
shape (AU15) and lower lip slightly protruding (AU16),
eyebrows lowered and drawn inward, eyes narrowed in
discomfort, clear expression of rejection or dislike

Disgust
(M)

a stylized 3D animation character in intense disgust,
face twisted in revulsion, nose tightly wrinkled (AU9),
lip corners strongly pulled downward (AU15), lower lip
deeply depressed and tense (AU16), eyebrows
strongly pulled down, eyes squinting or turning away,
mouth partly open with gagging tension, strong overall
facial contraction

Disgust
(H)

http://dx.doi.org/10.9728/dcs.2026.27.4.1037
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a stylized 3D animation character with an expression
of awe, eyes wide open with fixed upward gaze,
upper eyelids fully raised (AU5) while lower lids
remain neutral, eyebrows raised but not drawn

together (AU1+ 2), mouth slightly open in sort jaw
drop (AU26) and faint lateral lip tension (AU20),

facial muscles tense but still and absorbed in
overwhelming emotion

a stylized 3D animation character expressing
contempt, eyebrows lowered (AU4) showing a
unilateral sneer, eyes narrowed with lid tension
(AU7), and a slightly wrinkled nose (AU9), and the
lower lip pulled downward (AU16) with lip corner
depressed (AU15) tightened with tension,
conveying a mixture of disgust and anger.

Contempt

a stylized 3D animation character showing a jealous
expression, eyes narrowed slightly with a side
glance (AU7), inner eyebrows lowered (AU1) and
drawn together (AU4), lower eyelids slightly raised
showing subtle tension, lips pressed with the
corners slightly pulled downward in tension (AU15),
subtle frown (AU23), visibly upset and conflicted
expression combining anger and sadness

a stylized 3D animation character with a
disappointed expression, eyes slightly widened
(AU5), mouth slightly open then closed with lips
turned down (AU15)with little jaw drop (AU26),

eyebrows raised (AU1+2)with subtle frown,
expression showing crushed expectations

Disapproval

a stylized 3D animation character showing
devastation, with eyebrows raised (AU1+2) but
slightly drawn together by a mild (AU4) activation,
upper eyelids lifted (AU5) with tears streaming down
and frozen in shock, lip corners subtly depressed
(AU15) while the mouth is stretched and dropped
open (AU20 + AU26), facial muscles collapsed in
grief and fear

Despair

a stylized 3D animation character with a proud
expression, eyebrows slightly raised and firm (AU4),
tight confident eyes looking forward (AU7), cheeks

lifted with gentle tension (AU6), mouth forming a
subtle satisfied smile (AU12), jaw slightly tightened
to convey self-assurance (AU23), expression
combining confidence and joy
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Table 7. Participant characteristics

Category Subcategory N %
Male 94 45.9
Gender Female 108 52.7
Other 3 1.4
10-19 7 3.5
20-29 66 32.2
Age 30-39 63 30.7
40-49 37 18
50+ 32 15.6
Employed 114 55.6
Student 38 18.5
Homemaker 12 5.9
Occupation Self-employed/business owner 2.9
Professional 5 2.5
Freelance 2.9
Public sector employee 2.9
Unemployed 18 8.8
Animation Yes 41 20
Career related
Experience No 164 80
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Table 8. Basic emotion expression (N=201)
Emotions | Recognition Rate (%) Emotion Recognition Cues Key Reasons for Judgment Level | Intensity | Naturalness | Clarity
2.94 2 2
Lip Corner Movement (72.2%) | 1. Upturned lips L 9 3.26 3.2
Joy 76.6% Eye and Eyebrows (57.6%) 2. Feeling of looking happy M 2.94 3.27 3.20
X o -
Overall Muscle Tension (29.8%) | 2. Eyes and mouth are smiling H 402 314 3.79
L 2.90 3.19 3.19
Eye and Eyebrows (68.3%) 1. Drooping eyebrows
Sadness 70.7% Lip Corner Movement (39.5%) | 2. Shape and direction of eyes | M 3.20 3.46 3.40
Overall Muscle Tension (35.6%) | 3. Sad mood H 337 336 3.43
2.87 12 .
4.4% Eye and Eyebrows (62.9%) 1.Furrowed glabella L 8 3 3.06
Disgust Surprise (35.1%) Overall Muscle Tension (46.8%) | 2. Widened eyes M 3.51 3.43 3.44
: o - A i
Mixed (31.2%) Lip Corner Movement (39%) | 3. Unclear emotion H 320 328 301
2. A7 .
Eye and Eyebrows (59.5%) 1. Strong mouth movement L 93 3 3.06
Anger 75.6% Lip Corner Movement (55.6%) |2. Furrowed eyebrows M 3.46 3.48 3.50
Overall Muscle Tension (50.7%) | 3. Facial tension H 397 3.50 3.83
) L 2.88 3.17 2.95
43.4% Eye and Eyebrows (62%) 1. Widened eyes
Surprise Mixed (32.2%) Overall Muscle Tension(50.7%) | 2. Unclear Emotion M 3.27 3.25 3.22
Unclear(18%) Lip Corner Movement (46.3%) | 3. Facial Tension H 374 3 31 3.49
2.82 .04 2.
4.4% Eye and Eyebrows (58.1%) 1. Complex Appearance L 8 3.0 93
Fear Mixed (31.7%) Overall Muscle Tension (44.9%) | 2. Sad and shaky eyes M 3.04 3.17 3.00
Unclear(27.3%) Lip Corner Movement (40%) | 3. Suppression of lip muscles N 333 312 307
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Table 9. Complex emotion expression (N=201)
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Emotions Recognition Rate (%) Inferred Compositon Key Reasons for Judgment Naturalness | Clarity
Surprise (77.6%) 1. Gaze expansion and pupil movement
Awe 36.6% Sadness (32.7%) 2. Eyebrow changes and furrowing 3.45 3.35
Fear (14.1%) 3. Mouth opened and mouth corner changes
1. Eyes closed and head lowered
(o)
Disapproval 10.2% Sadngss (64'90@ 2. Shape of eyebrows 3.45 3.40
Surprise (44.4%)
3. Head movement
o 1. Furrowed glabella
Contempt 68.8% Anger (89.3%) 2. Teeth exposed or clenched 3.57 4.28
Disgust (44.9%) . . )
3. Facial contraction and crumpling
Sadness (91.2% 1. Tearful expression
Despair 59.0% Anger (13.2%) 2. Downward mouth corners and distortion 3.61 4.30
Fear (6.8%) 3. Body gesture (shoulder, head)
Cannot Identify (49.3%) | 1. Direction of eye gaze
Envy 12.2% Surprise (23.4%) 2. Lips protruding forward 3.25 3.04
Sadness (11.7%) 3. Many "cannot identify" responses
Joy (47.3%) 1. Mouth smiling but eyebrows negative
Pride 29.8% Surprise (19.5%) 2. Confusion from facial expression change 3.26 3.32
Anger (14.6%) 3. Inferred intentional expression
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