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27 A4S %t ResNet18 ZES /i meejele] oz Agsiolon, 7 RdoA 4&H 7 S8 FXE
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Abstract This study proposes and empirically evaluates a multimodal emotion recognition-based Al
psychological counseling system that integrates speech, text, and facial expressions, aiming to address
the rapidly increasing demand for mental health services in modern society and the limitations of
conventional text-based counseling chatbots in capturing nonverbal cues. From a technical perspective,
Wav2Vec2 was employed for Korean speech recognition, KoBERT for textual context analysis, and
ResNetl8 for real-time facial expression recognition, each serving as the backbone model for its
respective modality. The emotion probability distributions generated from each model were integrated
using a decision-level late fusion approach. Experimental results demonstrate that the proposed system
improves the consistency and accuracy of emotional state recognition compared to single-modality
approaches, while also significantly enhancing the understanding of counseling context. In particular,
the integrated emotion analysis combining speech, text, and facial expression data enables more
precise reflection of users’ emotional changes during the counseling process, thereby confirming its

potential as a supportive tool for assisting counselors in decision-making.

Key Words : Multimodal, Emotion recognition, Digital healthcare, Large Language Model (LLM), Affective
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7IEAE ALSH 7S gHoE B3 3 E ERE A4
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g S A St e EEE A5l B3 PAg E
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2.1 84 718 2% B2 9 8 U D€} Yo
Wav2Vec2E ME(Backbone) 02 AREdl= §h=to]
=3 4 YA(SER) EE9] 5 AT} kS ARt
o Al ZE2 MFCC(Mel-Frequency Cepstral
Coefficients, W-Fot4 FAEH At 29 o
W3 (Log-Mel Filterbank)®} 72 24 & =&
(Hand-crafted Feature Extraction) 7§ §lo] ¥4
24 IFRaw Waveform)C2HE A 23F EAS
SH59= EH7HEnd-to-End) TS A3ttt olE
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Features)¥} 'H8} 274 9] thofdo] amtAog tigska
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9] ZH(Window)d} 1x29] AEZI|=(Stride)Z %@F—]
7] 9&4(Long-term Dependency)S 531,
Z &3 A|FAE Global Average Poolin % 9]
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5}, VAD(Voice Activity Detection)& &3 £ T+
& AARY. E3L w3 S8%(Peak Clipping) ¥
AEd AE AAE &9l dolgy A& #esiy, 7-8
YA G o1& S-S AR vigste] REo B
= =9k g5 HHEE 9ISl AdamW ZE|HROlA,
OneCycleLR 2718, FP16 &% JUT g5, o]
& AFd(Label Smoothing), 181 1AE =
Y(Gradient Clipping)e &&3tt F2 Ao&
z_audio, ZA(logits), E(probabilities)¥} A A]
7k 7t (t_start, t_end) FEE Eoto] B HLiE
2ol F718= A5k, Temperature ScalingS S3
nd 29 89 A==E 2A3it
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e G 2 5 Y] 7H] o JAR R HIsitt
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7+ Z}TJO] 585k WY oA WS wav2vec2-
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&4 T2 E OF A ER0 242 Cross-

Entropy LossE, BH7} AEZE FET(Accuracy)s
AgSERITh FEHlo| A= AdamWE Hstlon st
FEZ 5e-58 Ao, A% YAME 0.1) olF At
A AAEHE FESIUt Wi A7]= 04, oE =
58 £, EFORR HlE-E 0.52 A4t E3 1
YPOAE g2 Y & 1.022 Agsiicth
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&5tal, Dataloaderg &9l PIUMAIE +d5k= A2
2 ARG w1 o Enit) 35 HiolH R RE TSRS
Gule|E(FAmhst, A% HolHE 452 Bt
YTt 7P B2 40 RdS T AE d AR,

KoBERT 7]4t 244 &5 Et,i_% FE 9A0IA 4
ol izt &4 2A3kE &ttt 99| T Linear
Layer= 7t 7173 ?41"01] Eﬂs 23] (Logit)e 4AH&EohH
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Network) 7]9F9] ResNet18& &-&513ict. Zd &%
of= Kaggle®2] FER-2013(Facial Expression Recognition
2013)[19] HlojEAlS & oH, AH|IA AG A 25
o] & ZHAE ot EEHYL Eol7]| sl 771 7
E ZH(angry, disgust, fear, happy, sad, surprise,
neutral) & 4] 571 S A(angry, happy, depressed,
surprised, neutra)@ AT/JsIAtt. o|d FER-2013
9] ‘sad’ 2P AH|A 2 B9 DA ARESHE A
A AEMOTIONS = [‘happy’, ‘depressed’, ‘surprised’,
‘angry’, ‘neutral )¢} YIS W=7] 9l ‘depressed
2 wjgsto] ARgSIAT
FER-20132 48x48 37|19 ZHi(face-cropped)
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((224, 224), interpolation=InterpolationMode.BICUBIC)
2 4" Z7E At 5, ToTensor() wWHE}
Normalize(mean=[0.5]*3, std=[0.5]*3) 35 A&
sto] 2 QY x5 MYslellth. B3 sy el
Ae 2Ha E439 %S d3etar 59
‘depressed’ @} o] AHFog Aol Fe ZAI
AAEZ W8] Slsl, o SdA F49 HolH &
Z(Data Augmentation)= 733t tHES- 514, 34
5). °ol& B9l dolE WIS Fol1 AA| THA 9
#7 W3l o3t AdE =3

nd 37t gAofA = S5 AIAQIEE ZEF &
(model.load_state_dict), HIAE dHo|EAlS vz o
Y= FEol] AZEWA SFE FRE ARESHAL
(torch.softmax), 9= ZAHE CSVE AAst] 2 &
o dA A 28 7HsTES SIel). ol E TE2 A
H|A T oA ii;q 49, 44 &g &9, 24 715/

A" 35L& Fgo] ATy, 8 41& &4 JAHE
8 Ell 2 B A3 §EY)ol A dET 5
A9 73»} AA XqﬂEﬂ— Macro F1-score oA
AR = gHsIleH, 53] Holy $4< &
OH 715— FER-2013041 Jidog FHokslA Uehtr]
< ‘depressed’ A0 EF 45 FolulstA 7N
HO} Aot 1 23, A4 £5 459 +30] FHEA
1, e 5] oA $8% -2 Td 459 4
g £ HF AE EX A& P E 3HE
o= 7]ofsieith
FFoli= AffectNet'RAF-DB &5 thvti I5AE o
OolEAl-S F71%t Ao| Sk5(Transfer Learning)S 4-&
sto] 37 3@ oA AALS B ZEA 54l
713, A He HAE VIR EU0EN v B
£ % 3T deHEE 2d9 453 A&FH R 3
= ATH201.

Q7o) §% AL 9.8 TAO- % 22 ol 53
o AustetA or], HE 2UE 54 @ e
o et T Bn Yz AR ol o) e
A7t g wFE FEspl] SgEe 2 WAk,

iy @(@XHQ AA) AHE A 58 B dACIA
Fe = UEE AT

T8 ZH|A Late Fusion &2 ZF LEEZE
= 44 gE 9EE 97 AIRE 71 B4t HE
(buffer)o] +A3t = A= 7H&(nterval)rltt o=
Bt Wer R AW EHaE
EMOTIONS = [happy’, 'depressed’, 'surprised’,
‘angry', 'neutral']l®] 5712 ¥FE HolEHW, Z+ =g
gy 22 U3 SHA A0 dSoke g WH
£ 23t 42 2adEes 97 9] 7|wte g ]
WA E2 RE(QF 10 FPOE X&H o= FEE| o] HH
of ==Y, 341 HAEE ARARY] WSt HAH
= T¥t oflE 7|§to g FEEo] W] 271H &
A A-ols 72t B2 ¥ W 2952 e (mean) &
[OKE F, AR FYE 2Y VSRS H89) B &
E2 AR

Hg 75X dojgko] opde, 7 By Bdo] Y5
(3gz)Z HtdoleE HAASIT & AL d=
(74%), 2465%), HAEGO%)S e ARE AREsH
o A% vlEl 7FKA(performance-proportional
weights)E A4relal, £ o] HYEHR| F=S o
5 7F5XI(equal weights)g 3 4l sto|B2E A
S Hgaldt. FAHOR ¢=0.6202 HAAsl A
718k 60% + w5 40% & AT 7HEAE AFESIR L
o, HFHoE F=F=0.350, &48=0.323, HAE=
0.3269] 7F5A7F AkzEth. 83k thaat 2ol 34
ot (1) 22 vy g SES Ak, (2) ofd &2
g 7RAE F9 FAYS Aok, 3) AR 2E
FA FYHOoE Htslete] EE ol 10] H=g A%

. olF HF A 2 B gE BN M E
S 2= X (argmax)2 A5, AE dA0A
= A9 APE ol HA gE EXE ) 285t
£ AAsl}lH.

I3t Late Fusion BES §% Zue} g7 AA=
ol AHSE Yy 9 7t HgoA RHE A A
5 A 7I1SATHEZ NA, =78 MA, ElAE KIH).
o= /‘&:,_ 17t Au|A S04 EX 1Y Qlgjo] BESH
B v, d= A4 Al 5)F 79kl LM
A SH A Al A BEo] EX oRE A AT
sto] A 7hs T AE8s w=ole Hl 71o%tth 8%t
°] AaEd HEE 27|36t o F7loA AEA
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3. AAH M7l ¥ AHA B

E AFoAe HERYE 7 4] AYE 7Htoz
AREAL BHEY AE SRS /35 ol tiE Qo] &
dLIM)E &3t LML HElRY dolHE ZH
Agsts £t ofdzEl, g 14 BE(Wav2Vec2,
KoBERT, ResNet18)°4 E&d ¥ A4 =g <
goZ dlo} o] A S-S Aot IS 49

oud O

st 2T 4 Eolge Z:i*é st ol& %E* GRS
ZEet g LLMe] 4 ZEDER A3} o T

i Z9] g7} ofEl, A ABRS Hkdst
3 Felz AAEHI

3.1 A28 OF7|®X ! GIO|E| Ifo|Z2tel
2 Ao Abshs Alage § 7HE AAIRE AT A
23 ciEeAelder, AMEARel dF EA(Face),
=7(Voice), BIAE(Text) 4125 SF4 2 L85}
w7 e F451L, olE TIve R A A" 88
= AT 7€ HAE FH A A2 AREAR
Hldold P4 A2(®Y, 4 BE S&s] vgs]
olFth= A Atk ool & ofEeiAelde UEHE
1:1- 71-7(4 HH ﬁ_‘,}_ 7ﬂ;g /\Z _‘6,‘_7] R ]'(Late Fu51or1)
WioR ERh, 1 A7E AAeE Azt
FAIo Akt s} A4 3] A wdslEs: A
Stk 53l A A B B A o 9
1, 571 3 S 2A(happy, depressed, surprised,
angry, neutralol Tiet SHE B el fAIRO A
B30l 7+ AME SosHq maAsith
A2Ee] ZA g2 (1) Hl= AARE 27 B4 A
vl A, (2) 4 dlole AXIZE AEY, (3) A st
APL % 89 A4, (49 ZEEJE= UI/UX9] ¥ F22
2 o|Z2ojAt}, W= Python 7|19 Flask ZTHY
Qa=z FdEgon, Y BEAL Wik E AFEo
A AEHoR SRt $2 weelEe] 9 97 o
& °F 10 FPSE sto] 37 7|0 27 &E8 58
5tal o] Late Fusion H{To] F&3it. 333 H]IAE
R el ARARY] et oHIE(SA] <14 23 2
T g9AE Xﬂd\_) 2 Al BAo] £y 7k 84
714 nda gAE 744 mdo] 28 M8 =3t =
SYPUER N R R R g

op

Al A" AAE g9 AR FEolAe 23)uttt
ygog Qort
) E—aﬂ HAZE 1A
g 2xd
gt ozt g3kl /\]'-Q-EI E‘:"‘ﬂ‘ﬂ—J iﬁ—ﬂ' 4 A
(face N7H, voice M7H, text K7/N)E &7 7|23, A
Azt oA B By o] BARt A4S

2otar Axt 5]1*49] EF4dE =30

Ay 8742 Ubuntu Linux +9AA, Framework
= PyTorch, Flask (Backend), React (Frontend), 2t
o]E&#2]& Transformers (KoBERT, Wav2Vec2),
OpenCV  (ResNetl8), API:= OpenAl GPT-4o
(Chat), Web Speech API (STT)E A&ttt

AANTE AEA AlTE Fs A A Hdole
SSE(Server-Sent Events) #4]& &85ttt Hd=E=
Late Fusion©] 32 wjujtt 24 278 235 7ol A
Aetal, AEFY AT=IXQIE(/api/emotions/stream)
E3] ZTlo|QER A|&A 07 ALl TEEQE
EventSource® &9 2EHZ F=5to] 44 TlolH
s, ¢AE gE ghol wet 38 37 BAIY
g I ZE AAZEC R FAIRT) o] oA Hk
o] 213 Qo] 7Y Exy) x&FoF urdrong,
AR A U3t Sl AHA1e] A HEL oj2A|
SR J=AE JTHoR T 4= Sk

e | m{ru

3.2 EélElEEEI' géul- 7|I:||- AlCH %I:_I' AHA

A dist 7152 /api/chat A=EJEE
TFAELH IAE 2o AL i E5lof tigt 9AE
7 B4 ANE Late Fusion HHo| F&slar, 4l
% ATE Ve R AE S A48Tt &4 94F

7

PAA, AR st -8t Wi e Bl 1

23t _g_ A A 8-S ATt ol Late Fusion
2ol ol XA ThaE Z8EH, 2T B=

ol %i»t— wgHEst E4T B olF BASIES 1F
1S FASHe] gt g4 WHAsHTh

olf uo{:
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