2023 S FE S E = 3

Residual Self—Attention Cross Fusion Network (RSA—CFN):

F5 gl 7IRkg HERE o8 FH AT

oldF, AR wAY
F47rei 3, SK C&C, 4%
gusghl510@gmail.com, zerojin0502@gmail.com, pjt.jwl101@gmail.com

Residual Self—Attention Cross Fusion Network (RSA—CFN):

Multimodal Architecture Fusion based on Interaction

Hyeon—Ho Lee, Young—Jin Lim, Ji—Won Bae
KakaoBank, SK C&C, Independent Scholar

o o
2 AFelA s ghmo] 7N "dERYE 7 doHA(KEMDy20) & €

H(Text) & AF8l A4S &7

Architecture Fusion< oj2] H3d RdS

Aol e5s Syt WHolth # Aol A= Early Fusion, Late Fusion®] R @<

w2l Wk 091 ugk A FFE Ue 4714 2E FxE AAYT, B

gaol, wahrel

Architecture Fusion

[«

_._4

Be= ¥l

2ol e AE dAE

SIS

<7 (Speech) % th3} A
WHES X—i%ﬁﬂ Ry s MAste 2as AAH
Astsle] shbe] mdlg sty 7t nde] EAs Fgste] B a3y

olF, 7I&

Self—Attention Cross Fusion Network (RSA- CFN)E

89.3% % A3 AT (MLP—Mixer) [1] tH] 53 A%

1.A &

44 AHE S dle theFst AU asith 2 ATt
/= KEMDy20 HlolH [2]5 &-&3to], s} dadelM 285 7
7}X]E TReHE "WEREY RE”S Ayt A+ o U

< o7 gt
1) Early Fusion¥ Late Fusion A% BH|ZE 3],
Architecture Fusion WHES A3 3k

2) 71¥ Architecture Fusions 7§43t tjekst mdlg AA5ta
g vlmwset

3) Self—Attentions F3] &2 E] 7+ FZz24s Ao

2. #E AT

el g W Eef dist o E
AR T3 Sk thekst ZEE|E
o] B4 AxE =Eshd woh ggsk 7
ot olel 3

olmz| g} BAE L
gE 1 #AE THE A5 2E 01]"1 *Eoi E‘ﬂa‘ao 3te] ofm]

g} 4 wjHES 93t MultiModality Cross Attention
NetworkS A<t (3] sld Zdolxs= zF RagjE o AR
Tk ozt ojm X P T3 o] ko] mYEE 1 AAE &
g3ato] olu|x| e} 2 wiAE S8 ARE Rgeta e 5 9l
c}.

o2 AFoM= o8] AlFolA  ‘Fusion Bottlenecks’ & A
St EWAAEH 7|RES] o}FElxE APt [4] ol 7]E
Self—Attention¥} ]} HE o RegE 7k FRot
T WE AAE SHsEE to] ZF R EA I PR

4 0 ek Wew YnE PHHES frdn

-
b3

-

i B Lo

1 #3= Residual

Aerstt), g mdo TS Weighted F1—Score”}

& ot

3. AT

2 =olAe dEkl iy AR 33l dlo]EjAll KEMDy20
A}%ﬁﬂﬁ} sﬂﬂ doles 7709 ddG (FH, 718, s, =
&, Bl 89)9 Z3A 2479 HE7H ePEE o]FoiA
on, FHo| F 82%F AAt: EAY dlolEt o3t B
LAE estetaar T3 M doly TS ARt

Pt
y =

oft ¥2 ol flo

31 AXN" ¢ 53 F2
3.1.1 AAY (T3 F&9)

587 Al AA doleAle] 80%ell adshE HolElE <5
of ARg-8kaL 20%2] HolEE 7ol AHEFT ol e o]
A shgdlolE ef FrHolHE 28 o rHA wlolE A2l ue
B7F AR dll=o] ol Folx A grE Pk Ed HolHE B
FESE WHoRE $3 FEHUS ARk, BEd Ud gk
ul .1:17}_ Al g]EE ioﬂrjr.

3.1.2 AAE (FolE 573)

278 o] B delH e A, TR A EAshks 27

Aol HAS T 9 FHORE X3kl Label Transform<
FHTE 53] g5 ol o] diaiAe dAEste] ol &4
S FHi3EIAAE F7F vlolE ] AA #EE 9l duar ot
A o]F ks HolEl= 10,8747 02, HAg o] 10,262
A ov] 612719] dlojg] FAko] o]FofFith
1 Label Transforme] W& g5 dlo]g +3E W3}
sk dlolE 7} "ol

A=g] o]-
Neutral 8,896 (86.69%)

A olF
8,896 (81.81%)

2,224 (86.67%)

2139



2023 A FEIFE

geteds] =23

Happy 946 (9.22%) 1291(11.87%) 237(9.24%)
Angry 115(1.12%) 198(1.82%) 29(1.13%)
Surprise  125(1.22%) 181(1.66%) 31(1.21%)
Sad 97 (0.95%) 168(1.54%) 24(0.94%)
Fear 34(0.33%) 51(0.47%) 9(0.35%)
Disgust 49(0.48%) 89(0.82%) 12(0.47%)
A 10,262 10,874 2,566

3.1.3 &4 F&

Fusion W& 4§ o]d, 4 9 9AE =g 1+ 54
& 98 AFEERAS AREATE Sl st AMsG B
S Hx SOTA X9l Facebook? wav2vec 2.0[5]& Al
. g9AE dolEeE= RoBERTa AlYd F vzo] x4
XLM—RoBERTa¢$} $t=ro] £3} R&d KLUE-RoBERTaE At
L3k[6] AsE sy A AYPoA a8dS $1d] Base:
Z12oz AP oy} 54 doJE oA Base EEE A Fof
Large 5&-& AHE-FiTt

5 4

= [l

o

o X

3.2 Early Fusion & Late Fusion
2= ATelA &3t st=ro] o3l dlo|E| Al 3t
Fusion ®WHEd Adss Aoy o4& I8 S4¥rzEe
Cross—Entropy Loss® AM-3th Ae H71e] A 243 d
olglollA H7} X EE 2*o]= Weighted F1—ScoreE ARE-FTH
[ Classifier

SoftVoting |

e >

Norm )

i /[ " / \
text_vec | | wav_vec Concatenation | Classifier |
(feature)
o wav_vec |
- T

f \
S\
XLM-RoBERTa ‘wav2vec 2.0
Base Large
T ......

text wave

[ RN
P

| Classifier |

text w

1% 1 Early Fusion 7% (&) ¢} Late Fusion 7% (%)

Early Fusion< A2 th& 2EgE Q] dolHE A3t skt
o] &% 9E] (Feature Vector) & W= 5 o]& Rdleo] Qlgog
ARSE o] EEEEE Al aEste] shEshe o] A,
Late Fusione R EE B9 oS AIE AFsh Ao
Z R 1f 50 Uid JRE RES, 2] A
fFastehs Fol Sl

3 2 Architecture Fusion #1884 249 A%
Early Fusion
0.89021

Late Fusion
0.8882

F1-Score (W)

3o 3} "lo]gAlefA= Early Fusion®] Late Fusion®.th
B £ H%5S 7IHE Ao ® Yehwth Early Fusiond theksh
RIEE Y ARE sk ol AgstEE 7} R Ao
€5 £ 49 addez 53 & UARE Late Fusion 2t &
el o] EAS HHAOR g5 & o]lE AR A
2-go] gt shro] Ay oz HEHslth oo £ Aol
Early Fusiong 7]¥to® & tv] a¥&el 2dS gAalsly 7
o},

F

=
e

3.3 Model Architecture 27|

Stack REL @Y F77|E T3l AdASst= Aol oivg v
7159 AS5s &8st 2= AR, Residual 2E2
Skip Connections &3l Jgiks 4kl g3l &8st 7=
2 A3t} Residual Self—Attention (°]3F RSA) Rd-&
naEEzte]  Aagy T3 FE=371 4
Self—Attentiong A3 1 o]F 2= Residual® A3k W
o w2 AA

Residual ~ Self—Attention Cross Fusion Network (¢]3}
RAS-CFN) 22 7} mag|ele] 45z8-S sh5Al7]7] S8l
45 FE9 Fusion WACRE MAAZI, ol Yy 1 4%
Zhe-& Ashsta dErgd EAS FEIE a%E Bk

F

gole
=1

1> 8 N

| Fciayer | \
AE— Classifier

msx‘ vee | | wav_vec | | Concatenation
SEENA0 & (feature)

=]

XLM-RoBERTa wav2vec 2.0
Base Large
Ao

.....

\‘i"'{—ﬂ‘ ""a"—ﬁ‘ :;sature) ;

XLM-RoBERTa wav2vec 2.0
Base Large
t P Freese

text wave

a9 2 AA 2d 2

Hybrid Fusion T%+ XYgEHd
Fusion®.Z 3231, Y4+ Late Fusion®® *
£ Soft Votings &3 &3t o]=fst W
2 Fdol A FdA1717] S8l A

Ez]OS olH -
—175)]3 E]Tt_

L

[}

A
N,
o
=
)
_0‘1_!‘

N

%
o o
tlo

0;

4. Experiments
41 4% 874

g5 ulolE €] Batch sizevw FUEEE 16, EEEE 67 4
Z 855 28I Optimizers AdamWE AR S Learning
Ratet= wav2vec 2.0 le—4, RoBERTa W HE|ZEo] 799
+ le—-5% AELP & 23S RTX 3090 Ao &g},

42 A8 A=
4.2.1 AHAEE thgo] Bl stxo 2 7F vl

5 ¥ 3914 RSA-CFNE 7|#2 =% Fl-scores AAMEIS
w $hro] Abdshy B9l (KLUE-RoBERTa) o] thare] ARl
R XLM—RoBERTa) Bt} Ftd oz A-so] 7o, o]
st Axl= RSA-CEN #ut oflve}l fyre 9 & HErgdy
H e A= A3 Yebstth

¥ 3 PLM "l
RSA-CFN RSA-CFN
(XLM—RoBERTa) (KLUE—RoBERTa)
F1—-Score(W) 0.89043 0.89254

2140



2023 =7 FE

THGedd =4

X 4 29 As grt Ay
F1—Score Bin—Count ) Label
Model (W) Neutral Happy Angry Surprise Sad Fear Disgust Fusion Transform

Uni—Modal

@ Wav2Vec 2.0(Wav) 0.87966 2,336 224 0 0 0 0 0 - True
@ KLUE-ROBERTa(Text) 087552 2,283 232 10 12 8 10 5 = True
Multi—Modal

@ Late Fusion 0.88820 2,328 195 11 6 12 4 4 Late True
@ Early Fusion 0.89021 2297 189 22 8 .. 18 o9 Early True
Fusion Arch

® MLP—Mixer 0.88520 2,287 199 28 16 14 8 8 Early True

® Stack 0.89107 2,307 191 22 5 15 16 4 Early True

@ Residual 0.89149 2,257 233 20 20 12 5 13 Early True

RSA 0.89165 2,244 247 30 13 9 13 4 Early True

@ RSA-CFN 0.89043 2,338 186 11 5 14 0 6 Early False
_ORSA-CFN 089254 2310 193 17 12 11 2 15 Barly True
Hybrid (@+®+®@+00)

Hybrid 0.88477 2,224 227 24 50 15 12 8 Cross Modality True
4.2.2 Architecture Fusion & Bl ol F38 FHe A9l Text Vector’} B BAIEHT

e ® 4014 847 gAE HlolE Z]i Fusion BEES ¥ o] opd 7ol EAlsH: Aol Wav Vector7} B #43HH
w3 AF ARE HolFrh = E T A% o= % Zéol *§7]‘1‘ Aol H4E] & Wav Ho]

A

FUREe A "dAE nd(Q)RT} &4
87.97%% ¢ Hkorm HEJERES ALE3F Early Fusion(@),
Late Fusion(@)©°] ZZ 89.02%, 88.82%% F+UXRY Hr} 4
& Aes Bk olF Sl fFUReRt HEEES &83t

VA .

Architecture Fusion 49 A&o] 43 A& BojF)

2@ 9 4dsel

w3l Early Fusion 2o 7]4l3k E]'%k‘?l Architecture
Fusion R4S vlwe] ¥ Ay Label Transform=s Z£3t

RSA—CFN(10) 9] **iﬂ 89.25%% TE EHEo| nld i3
o7 AY 58 Ass BAFh o]E F3] RSA-CFNe| dE
LS i R S ”37\13]"—:* Cross Fusion Layer$} %z} 14
(Residual/Skip Connection) WH&o] Fujsitl= AS A5

ot

npRgto g 7)1E 1Yl £ o] $3d 2dE(Q+@+@+1W)
o] A7= Soft Voting 3F Hybrid 292 t}2 eS| H]3)] A
iy or Adeo] WEARE 7 FRel st thdo] Hold A&

skl ik,

4.2.3 HE| 52 A35&E A 73t

1:].% _—j_al 301]/\1 OAJJ/]. B AE BJ]E-] 7k A
A R7] 93] Self—Attention WeightE AlZba}gict. i
& Wavel Textd] Z4Ez-8-& AuR7] H8) ASHolgE
T dlo] Self—Attention WeightE F%3

FEo ¢ Y 4
HWHE FH7S FHPDL Vector H UEZOEN SHUS AR

ooooo

Text Vector

ooooo

* Wav Vector size : 1024, Text Vector Size : 768

1% 3 Self—Attention Weight

(31

.28
HomRoA Algreta 9= RSA-CENS RaE]d wE o
)3t Fusion®Z  9]& (Cross Product) ¥ 2z} A4 (Skip
Connection) & 288024 7t Rdg|g 118 A% 3.9”0 =t
sleta JRENS FAete 2s FEA ol & = 4%

&l
3h= Architecture FusionEXU} A8 o2 &2 45 Zj%é}i

&

SN, S S W gasvt destEg % o
opIHAE aEHoR AAlst ¥ AYstd REle

AR S W S e Bo® e,

-
2
R

7isl

%‘31—%

ﬁ.@
ot

5, A3, o]xd, 7-¢ ¢ (2022) MLP—Mixer 73
& gzt Ao HE|R S 7+ 014 s ¥ )83
Fx=74,0,2288-2290.

K. J. Noh and H. Jeong, &KEMDyZ20,&
https://nanum.etri.re.kr/share/kjnoh/KEMDy 20?lang=ko_KR
[3] Wei, Xi, et al. "Multi—modality cross attention network
for image and sentence matching." Proceedings of the
IEEE/CVF conference on computer vision and pattern
recognition. (2020).

Nagrani, Arsha, et al. "Attention bottlenecks for
multimodal fusion." Advances in Neural Information
Processing Systems 34 (2021): 14200—14213.
"wav2vec 2.0: A framework for

o o o,

M}
&8
&

(2]

Baevski, Alexei, et al.
self—supervised learning of speech representations."
Advances in neural information processing systems 33
(2020): 12449-12460.

Liu, Yinhan, et al. "Roberta: A robustly optimized bert
pretraining approach." arXiv preprint arXiv:1907.11692
(2019).

2141



	Main
	Return

