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= AH2 ALEXIS| &7|2tE H|IC|R- QL HAE AHOZRH () = &
ZF EH2|(Facial Action Units, FAU), (i) 3 22 £ & (Prosodic Features,

FO-shimmer:jitter-pitch contour), (iii) FIAE HA =(Sentiment Polarity)=

MNAGRE =E5t0, M| Z=2|E| ZH A|ZF X[ A (lag) X Exot 45 XA
(cross-correlation)- 23| 21 A (coherence)- 58 A7t QIE(DTW)CE AEBHG,
EA X2 7tel A7t =X i H(ofl. 0|~ & d

ol Z-E43180f 7 2.0/ N
S2 AN AEE 3 Y 3 AIAH0| B Aol

HiH &
2 &H 20f

LY OhE 28 "M HFEY (Multi-Modal Affective Computing), &4 A2| %

o
= O
X X (Clinical Diagnostic Aid), 2|3 X|'s CH2} A| AR 2Ok SotCt O XX

=

r

UYBSHHAE AT %
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mjo
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By JEE A
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r

= Al

e FACS (Facial Action Coding System): Ekman2| B3 25 M| 7|, 447 5%} e
(AU)

 Speech Prosody Analysis: FO (7| 23=1t=), Jitter, Shimmer, Energy contour
Sentiment Analysis: E|AE /4.2 5% 24 (Transformer 7|2t BERT, RoBERTa)

Time Series Analysis: Cross-correlation, Coherence, Dynamic Time Warping
(DTW)

Clinical Psychology: 7} 2& (masked depression), 2= A|E|O| O}, sli2], H A

T}



03 HiE 7|=

| 3.1 xt71=00) shAIQr AR Al

A dElgtoM 7HE 2efE 2M S Stit= e X7 EAshs Aot A w| e
rof n|2[O0|tt. ChE2 ¥ =20| YA Eot= At7| A ohA| Abe:
e 7} 28 (Masked Depression): "M &0t "2t Lokt O[N] EFH1 S-40]

M 22 A2 (Goldney 1989)
o UHA[E|DO|O}: X[AIO| HME QO 2}SHA| ZSH= & EH (Sifneos 1973)
o AHOUE B O|ALL 3™ B AS/AT0| 0.2-0.5%2] 2= AU (Ekman 2003)

o SHE|H X7|RA: 2 BAF A S FEEMBA AE2E ME (van der
Kolk 2014)

o AMZIH 7|Ci B X2 RO A "E X|HCP D Hots & AS (Edwards 1957)

3.2 Ekman O|M2H A

Paul Ekman 2tAF(1969-2003)2] €& 2| A= Q1ZH0] oA X o= SKSH7| 022

Al
0.04-0.2= ZO0|o| OJMEHO| ZI™st HME EHCt= WS USAMLE FACS(Facial
C

2
Action Coding System)& 44712| &% CHR{(AU)E BEHEEZ 24l5tH, £ AU =2

U7t SME 2 = AL

= =

AU1 s =4 =8 8 T2
AU4 =N 22 =, I35
AU6 = =& (Duchenne) 27 oj2
AU12 2z 2 04

AU15 gma| LfE =5
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1. 3-Channel A|A|E FZ7| (TSE): S7|3}t=l HIC|Q.LL|QHAEZEE FAU2E-

¥

<A
ail

M =43 AlA

1A DTWE 22 2| E|

ERE

AtD
O -

2. wXt 2 ™MEHI| (CMA): X}

==
=

—

A
(el

(0-100)

ol

E
it

Ef £77] (LSC): 87 & X AMEf SefjA=z

2t ZF (CNM):

4o

1
RO

<0

ol

AR Z=1p Al

=
10

0lA] 5= OILH FAH SEf B A

ol &
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o AMAIZFHE: AEZ|Q

| 6.1 202 cilolg 573

e Video: 30 fps, 720p+ resolution, &= Y A= + D& (face detection +

alignment)



e Audio: 44.1 kHz sampling, mono PCM, && M7 + 2tAt 22

Ll

e Text: ASR(Automatic Speech Recognition) EE= AFEX} AF 13, CH| ~F E}

Ol AEHII
Oo—o—

3ME2 &3 AlZt=(timestamp) 210 EE/0f Of 100ms OEt 57| S5 st

Ct.

6.2 RYZIE|E MAHEB EF =&

(@) €= X2 (Facial Action Units)

OpenFace = && 2t0|E2{2[=2 Of =0T 177§ =HA AU ZE=(0-5) AH=:

F(t) = [AU1, AU2, AU4, AU5, AU6, AU7, AU9, AU1@, AU12, AU14, AU15,
AU17, AU20, AU23, AU25, AU26, AU45] at time t (sampled @ 30 fps)

(b) 2 x§2 (Prosodic Features)

10ms =2 2M + 100ms CrME:

V(t) = [F@_mean, F@_variance, FO_slope, Jitter, Shimmer, Energy,

Pitch_contour, Speech rate, Pause ratio]

(c) HAE *'2 (Sentiment + Semantics)

Transformer 7|2t (BERT/RoBERTa) tHO{ =& 2AM CHO| EFQJAEHI O Of &:

T(t) = [Sentiment polarity (-1..+1), Sentiment intensity (©..1),
Emotion_anger, Emotion_sadness, Emotion_ joy, Emotion_fear,

Word _negation, Self reference]

6.3 WAt B AZF XA

Ik

3 K BHF-V, F-T, V-T)O|| CH3H mXpAFEHSES=(cross-correlation)S Al AHSED, X|cH )

_V’ F
?X|(lag)E FEHC}:

—



R xy(t) = 2 t [ x(t) - y(t+t) ] / sgrt(zx? - Zy2?) lag xy = argmax_t
|[R_xy(t)|, where t € [-2.0s, +2.0s]

o de EjoiM= 2EElE| ZF lagZt +200ms O[LH. Z X} & EHO| M= lag”Zt
+ ZDSALE B2t T2 LEEFHCE (O MAE &g + €= 89 04

=
=
Mg - ofeh),

6.4 2£x3} 58 A4 (ICS: Incongruence Composite Score)

-

(@)

n
1l

w FV - |1 - R_FV(Q)|-exp(|lag FV|/t @) + w FT - |1 - R_FT(Q)]
-exp(|lag_FT|/t @) + w VT - |1 - R.VT(Q)|-exp(|lag_VT|/t_0) where:
R_xy(@) = correlation at zero lag (synchronicity) lag_xy = optimal lag
from Equation 1 t_0 = scale (200 ms = normal congruence threshold) w_*
= empirically calibrated weights, sum = 1 ICS range: @ (perfect

congruence) - 100 (extreme incongruence)

| 6.5 8 ZX| AlE} 28

# R AER EX| Z e ICS
L1 7I'H R BIAE (+4) + €2 AUT+AUT5 + 28 FO | -Energy | >45
12 olotsl B HAE ST + AU4AU23 > 200ms M &l >40

2| =™ x7| &

L3 o ™ EH + 28 SR U2 2 HH (Flat Affect) >50
L4 L AIE[D[O} got d=/58 M + HAE EAM o7 £ >35
L5 Alg™ 5% BIAE (+) + AU14 (deceptive smile) + S8 &3 >30
e =%/ HIAE B8 + AU45 t + 24 jitter 1 >30

L7 o|EX AHNZ F-T lag > 500ms + 28 &X| 1t >55



CRURCL A o

r Ao /1" Al HAE B2 + AUTS+AUT7 28 + S8 FO 0
>
el dramatic drop

£_

"

L8 el Al Al = AILE2 AS22 Y +HBIOIM0A SA| BLE 2

=
=
SotH, 2t & T2 E =S 2 delott). Ol A7rE 1 78 A|A”0] FX]|
2 7
=

Boston Neuromind &4+ HO|E{Al (N>500)2 2 A=EsH |ICS HA 2x0f Cish z-H ==

2oLt

Z ICS = (ICS_observed - p_normal) / o_normal Threshold: Z < +1.0 -

v

Normal congruence +1.0 < Z < +2.0 -» Mild incongruence +2.0 < Z < +3.0

> Moderate incongruence (alert) Z 2 +3.0 » Severe incongruence

(immediate alert + supervisor)

6.7 MA|Zt X 2| mo|=2}Ql

1. 2E2|Y 2= =4l (video/audio/ASR text)
2.3 Mg 100ms £l 37| 2L

3.5 £2i0|d =250 ¥E)HM EE F=
4. 0Of 12200t ICS AA, X B 27

5. RIAK =1 Al ¥ B0 EE (5= O|H)




Video Channel A )
30fps, face detection
Cross-Correlation - Coherence - DTW
. J
vy

: N A 4

Audio Channel TSE . )

44.1 kHz, prosody Time-Series Extractor
L ) Incongruence Composite Score

) : v ‘

Text Channel

LSC: 8 Latent States

ASR + sentiment
L y L1-L8 classification
" J
s ™
CN RTA: Real-Time Alert
Z-score vs N>500 normative Z > +2 — Supervisor alert
& J

Clinical Decision Support

Latent state alert + clinical notes + supervisor handoff

£ 1. 348 2% (Video/Audio/Text) — TSE — CMA — ISC — LSC - CNM — RTA — &/
& oJAZE A2,

Temporal Lag Pattern: Masked Depression Example
Lag = 1.4s (> 200ms)

>
'

TEXT H
"I'm fing, really"

sentimént +0.7

VOICE
E E FO |, Energy |
FACE
' AU1+AU15
H sadness AU @ +1.4s
t=0 1s 2s 3s 4s

2. 7HH PEWLT) EA Ol "HFOIR" (HLE +07) HE S8 F0 &0+ 14X 2 =
AU SE - ICS>5072>25— 710 282 FejA=2 EZ

Ol
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AFERLS| HIQIOIH TA &t HENE Ats B XS, ARFH 7o YHEH=N:
(a) AIEXZRE AtHC = 57|3tE H|C L, 2O S HAEO[ 3 2H |
=22 F=A5k= BHA;

(b) HIC|L MMEZEE S0 €= 52 th|(Facial Action Units, FAUs)2| &
EE MAGE =551, QL) EERH =2 28 SH(FO, jitter,
shimmer, energy)2 AlAI@2 FEIH, HAE XHEE2EH N FEZE A
ALEE =5t EHA;

(o ==E 3 X2 A/A G0 CHsh xiE W H=E WA 2hera=(cross-
correlation)E | 4tSt 0 Z(CH 2240l SiYSt= AlZt X[H(lag)2 AHESH= B

A

20 HHAE|DC, AIR|Y S, 20 fIF, 228 AXNZ & Afa 2 Ald

I =
22 Z5t= 871 T &Ef SeiA T StLtE 275k BHA; 2
H 27 SN JEf7t Ao o ZRTOH Z-8 > +20 ¢ 8% 294 8
1E EE5t= BHA|
£ Zot= W
7% 2 (35

K 10 YA, THA| (b)Q] L2 S CHl= MO{E AUT, AU4, AU6,
AU12, AU15, AU17, AU23 B! AU45E

1
£ 30 fps O| &2 2 FESHE AS EXCR 8l W,
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HAg 10 UM, A ()] A2 XA -2.0& LHX| +2.0= HE| LHO
M A=, A Meh QAKX = +200ms0| D, MCHZ 200msS X 1}d6H=

AlZt X|Qle Ex31 A|DERE 2REEe A2 STY2E st WH

—

HE 10 AN, THA d)2 Fx2t e = TS A0 25 tHEE
EYOR St B ICS = I_(pE(FV, FT, VT) w_p - |1 - R_p(0)| -

/T.0), H7|1M R_p(0)= 0 X|HO| Q| 2f2tgk, Iag p= ME & p

O X|& AlZE XA, 1.0= 200ms 2H Y, w_pe 20| 12 ZA 75X Q.

]
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Mg 10 JAOM, EHA (@) 25 T At 2™ A2 Sefjas HAE
Mol W2t M B, 2= XHL*OI AU15 3 AU179| 43t SA| 23,
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127 84 Kf'i2ol Fo YBtel e WEO) ofof AEEE XS SYO
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ek 10 AN, 52 =210|d [ =0 A O 12200k BA (b) LHX] (e)
H

2Bt QA K| Xt = 5% O|LHO|| THA| (f)
2

HIY 8 (SUY — Alaw)
7 1 WX 7 5 o= of &9
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FDA 510(k) Class Il 2|27|7| == De Novo C|X|E X|E2X|(DTx) 2 HE 7ts. &
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A2 &%t PMA(Premarket Approval) ¢ & Tt EX A2 A A& AHE 7t
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