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Research on Facial Micro-Expression Recognition

Based on Deep Learning

ABSTRACT

Micro-expression is a kind of spontaneous muscle action that occurs
in the localized area of human face, which is extremely transient and hard
to detect, and is often difficult to control and cannot be hidden. Micro-
expressions have the function of revealing an individual's true emotions
and intentions, and are of great significance in the fields of psychology,
education, medical care, and criminal investigation. However, manual
recognition of micro-expressions requires specific learning and research
experience and is difficult to apply universally. With the development of
computer vision technology, it has become a research hotspot to
automatically recognize micro-expressions using deep learning methods.
Deep learning automatically extracts feature representations in images and
reduces the dependence on specialized micro-expression knowledge,
making micro-expression scale recognition and application possible. In
this paper, micro-expression recognition based on deep learning is studied
in depth, and the image preprocessing technology and feature extraction
network model are studied, and the main research contents are as follows:

Firstly, the image enhancement, feature extraction and other aspects
of face micro-expression image preprocessing technology are studied.
Based on the LLFormer network, the Convolutional Block Attention
Module (CBAM) is introduced to enhance the ability of the network to
extract important features in the shallow layer. Experiments on LOL

datasets verify the effectiveness of the algorithm for low-light image
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enhancement; In addition, the Total Variation L1-norm (TVL1) optical
flow features and optical flow strain features are fused as feature
representations of micro-expressions, and Support Vector Machine (SVM)
is used as a classifier to carry out experiments. Experiments prove the
effectiveness of the fused optical flow feature.

Secondly, a facial micro-expression recognition network based on
MobileViT and Coordinate Attention (CA) is discussed. On the basis of
MobileViT-V3 lightweight network, lightweight CA attention is introduced
to calculate feature weights, which pays attention to important features and
suppresses unimportant features; ReLLU6 activation function is replaced by
SiLU activation function to further enhance the nonlinear expression
ability of the network; Focus Loss function is used as training loss function
to alleviate the problem of class imbalance; Through the ablation
experiment and contrast experiment on CASME and CASME 11 data sets,
the effectiveness of the network for micro-expression recognition is
verified.

Then, a facial micro-expression recognition network based on
residual network and two attention mechanisms is studied. Combining
Global Attention Mechanism (GAM) and Dual Attention (DA) with
shallow residual network, it can strengthen the attention of local important
features, extract key information and reduce the risk of over-fitting. The
superiority of the proposed model is verified by experiments on public data
sets, and the recognition performance of the model is verified by
experiments on self-built data sets.

Finally, a micro-expression recognition system based on deep

learning is designed. Based on the analysis of software system
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requirements, PostgreSQL database is used to store information, Pycharm
software is used to add PyQt5 library and QT-Designer tools to realize Ul
interface and interface logic control respectively. The system includes
login verification, video capture, micro-expression recognition, viewing
history records and displaying results, etc., which can display the
recognition results intuitively.

In summary, this paper uses deep learning method to systematically
study face micro-expression recognition, which provides important
reference value for theoretical research and practical application of micro-

expression recognition.

Tang Shaoyu(Control Science and Engineering)

Supervised by Wei Lisheng
Key words: Micro-expression recognition; Deep learning; Transformer;
MobileViT; Residual network; Attention mechanism; Micro-expression

recognition system
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FAERAER .

g b, s NS R FE B TR 2 MmN, R TR A ST
FAE VR ) B B B PR 2 S EURE A o B I ) A S TR RFAIE o 2% 8 B BCR 1B R AE N )
BRI R, X AEAAS R B R R EE AR A —FE . A BOR MR,
ARPREH LA G IR AN, BT TS5 G S LA ) ph 22 X 2 AR
IR PR NG OCHAE BRE /7, e 0 B A 1o B HE R 2

1.3 FEHRAR

TERAE & — MR . s B DA 1 26 RA T 20, 8RR (R R K
AE Loy 2 —Fb, SRS Ay 42 i) BBk KR 1, P DA AN N %) B S 4 J
PRI, TRAE RN AE NBRAT I 1 48 S8 DA B 2 4 Mot 428 56 0 T 0 R AT 7 2 11 17
F R o ARSOR [ SR 18 TRAL BB A KA IS W R FFaRF 78, & 5k, A
$5F Transformer [ HE 538 550 X 28 S 0 o o o AR, 68 P A T A B
ARPAFAECRAFE: FOR, R RE SRR, RICREE = I
il PRy 22 X 2 AR R R A IR R, s B Jm R R IR 7 1 9 28 B e Tl R 15
WA, SRR B SZR N o« 4 SCH 5 B0 70 8 R HESE DL e 25 554
ZAFE 1-1 Pros, BARETT 24T

W1 FE: EARREMHAY RMES, i AR BE Bt A
AN AR TR EE BRI S AR

2 2 RN RS AT . RFCHET Transformer 1 E1E G
ST AlE TVLL JGIRADGHR AR RFESE I T4, 4 thAH B 556 A gh
ST BEIRFET LBP (CEEMUERU 4. FET MTCNN I RERH %, NE
SR T W BIRIF FE 3R L EE 10 At

38 U FhEL A MobileVIT Al CA 17 A ML 158 B AL 1 1 1R i A
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Mo R MR AR LR, A ARBIR AN IR 7 BGAR R AR RS AL SR R
Be. SRR . RPE R S E DL KR R R R, ZJESKREL CASME A
CASME II P/~ 4 B Rl &5 6 it A e AT I AR R AT R A U S 56, ik
17 ) 28 A PR Xt Bl 1 VR PR AT 21

> WlE e [ W T 5 S AT ST ELR
[ SooATERWEm | |
s ) ! LLFomerW?@%@#igﬁﬁj\fﬁ :
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PRI AR | TETTVL UG |
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S P A R | RS R 7 5 e
ST | fECASMEAICASME 11
TR ! Bt Fit AT see S b

%;‘l L J
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i ! GAM-Res-DAT] !
i ! (e A !
K : JT GAM-Res-DAT !
4% ROk | PR AR T 5 90 |
R S oL | CR — | ! |
NI R | FECASMEMICASME II !
i iﬁﬁ%ti&fi%%ﬁj\*ﬁ !
| AR TT |
] EAT I |

ARG reslit 5L
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|
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ORI | ARG ;
|
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SEE L F-U LT L R . Hk
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B, AR RS b, AR TRZE I ZE L. GAM i DL K DA #itk,
Z )5 KHL CASME A1 CASME 11 4™ #4054 i Rl 5 Y IRLAE 9 A I 2 A5 B 34T
TG R A S5, SEERAE W BT ik SR Y R A RO AE T R B v, R AE B @k
AR SEIS R B AR R 7 M R

%5 E: Wb RETIREEIRHERE RN RS . HAA T REH K,
FkhE KRG TR, WG EPEH S Thae, &/a# TR R G ae,
SEP AR PO B S H

%6 F: MAHRE. MAHH A BTSSR 2
AL, R E R T A .

1.4 ZE /NG

ATH B TR IR T R S EZ NI E G BRI
TR A TRAL R B AR AN S PN 7 10K 348 [ P SR ROBIE FEBLIR s s Ja i 423
WEFHESRHEATMEAG A 20, R IR T D E TR EENE, NESEH TR
(HGHEE
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£ 28 AEHRFEGRAAERAK

%éEAﬁj

TR — RPN (R R . A2 SR /N T IS
R SRR TG O, B LR S ST P0IE

gy, SkEBIRE B AR BT
AT AP A RN

e P I b E RUBREE X T R AME 75 e B AR AR MR AR IR BE A 22 A
BN, RS R K AETE NGRS ZNE, BT LA B 5 N RHE B - G5 i)
A5 D AN (B A5 A, IR AT DL KR B 3 B R A 1 LA v B 1 1R
AR o AT 2% BRI D i v R 1 R A 2 8 T O TRAL BB, 035 R 1 i
WHOHE W, RO, FRIESEH 4 D IR, RS AR R P B AR A A 2-1

BTz

2.1 E{&R i

% L8 B RCR T

TR MG OE H 2 R IR BBk, Bl ae WEEAR . X bE BEAAT

C )

| R y 1
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| $i4 R IEHE BRI |
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o
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SPRRACTESTEISEH W
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X G2 B K s e TR AR R HERf 2 . TR IR e i H Y, AT T
—FhZET CBAM-LLFormer HVR B 2% SJ G R SG 98 07V
2.1.1 CBAM-LLFormer {i& 5 B8 [E {5 158 M 48 45 Y

CBAM-LLFormer M#5 75 i CBAM & JJBLEL. Transformer BLHUAIES )2
RGBS . 7E LLFormer W 281215 i 43 [ 25 W 2 RO BB LB 5 A T
T EmS AR B, SINEE K CBAM & 1N xd % 2 B BERHIE ) ¢
F:J% . CBAM-LLFormer fiG)t B4 5 X 26 BORL U] 2-2 o

g Y

HxWxC 1 )
Transformerf&i Transformerfei b Transformerf&Ei —
HXWxCT T HxWxC
- T " " s N
Transformerf £ Transformerf&it — [ SO J Transformerf&i
TWACT i l H/ bW/ x ) T HxWxC
XO ' ™)\
Transformerfi £ Transformerfkii
L ) Transformerf st — Transformerf®#t | |L )
}M“MCT .
CBAMIE: & H l H/4xkW/4x16C
A J Xl
Transformerf&t —
[ Transformerf&ii J
J H/8xW/8x64C
X2
Transformerf& Ht
1 H/16xW/16x256C
TP X3 i

[ sphmeats [] 368 [] BB FRE tLRE © HEERE

K 2-2 CBAM-LLFormer i 18 1] 4% 1 55 kX 25 4 754 [

B, I 3x3 BARERER PO BRI ERAE, #5I CBAM R
JIRECEEAIEE R, HIK, 8id =4 Transformer BT RHESZEL, B =k
SEARFAL BM 5 R A AL il 5 B R e o R AR 1 s RS, X 8 R A P o
M unshuffle #AFREAT U T KA, FHEH] shuffle BRAFREAT YR FRAE, B K
G, HATIERIRERE, JHEH 1< 1 BRI ER B, BB IRE
B F I NFE RS BE, 40 =A> Transformer BLHUHHATRHESEEL, FAF
FHES 2 R AL il S A B 2B S s Rl - R L, JFHH 3x 3 B AR A 2R A5 1 o
Ja B
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2.1.2 CBAM #&Etk

CBAM & — P e 2 [A] RIS SE P AN 4EFE B EATVE R 48R v = AL 30,
HARGEHME 2-3 Fim. B, BIEERIEYICEHRNRHE F BAT AT IR
WAL FIF St A B, FHRAE F RO RN AT A RO K/NEREE; FE
W, 2 Z IR AT RIS, R AN A R A R)E, A
Sigmoid FACRIFEIEF S E M. . 2R S0 4 88 = B
PeAb J5 B R RE R F,, Je AT ORI AP i A R R AE F, AR
KANAZ A ROYKNIRHE, 238 Concat BRAEHHEERMERAE, T8 F 5 Ak
ITRHESEEG: )5, (8 Sigmoid eR%CRAR 2 A1 EAUE M o HHILAT AAS H
N CBAM VERAJIFEA

F=M_(F)®F @-1)
F,=M(F))®K (2-2)
4 AT AR h
7 ‘ S Sigmoid
oML @D -»@-» T

~
It J z%z%?%n%%j‘@') EIBFEREMC

\iﬁ NFFEF FEgihie

J
WNRHEF = 2==——g ===~ SEyEEes RAFFEF,

' )

|

: Sigmoid :
|

i — s — O~ |

K |

' )

ERE oA,
\_%@@1___;fﬁwa&1 _______ TREEMs

K| 2-3 CBAM %51

2.1.3 Transformer &3k

Transformer MBS AERFAL A v A1 98 B3 AT EVE RN, DU TR R
7% FEAR AR AR SR 8 B A ALLBE AR AIE R AR AR AR & o UL, AR BVERE LS
et T AR BT TP RT B R 2%, T2 4 SR FH XU TR AL SR O AT T B R AE

11



RT3

Transformer FEHL 25K U & 2-4 FioR

ZREEN

XU THI B 2%

»

v
VAR
\J

N

v
& 2-4 Transformer B 455 B

e FE N 2 S BT E e X 4 € KANA R RHE X, FRATA R = 1x1
GRRBRAE MR X FIRHERE M 3 A 3% 3 BIREE A] 40 S B AR S BUR) SR iR 3K
B=MRHEQ . K Vs HIRW O\ KT reshape #A4FE M S B ESRAG AL EH 5B
[iEs SRIE XV AT reshape #RAE A A REAHIE, P8 reshape A 1x1 HAHRAE
P A AR . B Pl A T SRR AR A = AR SR AL . A BVR BT 0 B AR A
W 2-5 fios, B IEE &R 9 NIRE & (Depthwise Convolution, DW)AIIZ 5 4

A EE 7 o

HRXS FRAE K5

XU TR S A 2-6 s o 9 SBLm BRF AR e e, ST AU T AL
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RURRBAE B, R T RO TR . XX TR hLE, 5,
TERI AR A2 1R 1x 1 B RURI 33 BRI B AR B RIS s SR, R
W GELU BORITE 2Bk (5 BB (ORI i, R TE 2 R
SR I B

N

— -

i s

Lo —— o[-
TLE SR SRAN H

P 2-6 KU1 TH 1t o0 25 235 44 J]
214 EEFEIMAER

<+ «
=

5 2 R TR A A 208 = A Transformer 437 H AR v 72 J0 B A A
SR . PSRRI IR AR K 2-7 Fros. B8, ¥ 3 DNHEREE
reshape N R RSFRIRHIE F, , B 1x1 BRIRERE SR B RN P EE -
T Hk, 33 IRESREAERAERO, KMV SR, f#H reshape ¥
QM K 73 e ]y R¥MCRIR™CS 1) —EFERE,  FRE I FEREIE T RN A 33
EEACERE RS o, BV eLlE SR EENE. IR AR F, F 31T
Ix1 B R EIRAG I 2t

3xHxWxC
:_I
HxWx3C
L reshape
HxWxC
:_I
i Fou

3xHWC

B 2-7 5 JRVE R R SR A B
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2.1.5 LG Hh

NGB FC R B 2 SR TG IR R A T AT I, SRR T S N E#
AN BRI RIS B, PSR = IO B R R S5 2047 R 1
SEBCRIMN, FLSCIREE T AR ARG IR R A 3T J5 an ] 2-8 Tz . I W]
w, it BURIGSRIG, Ret A 8o E R B HL AT DUOR BN G BRI i) %

BAMAEERE, AT RS E R

(e EG

| AA

(b)Y 58 5 4
2-8 G HE (4 1 5 X Ll

o9 50 25 W 23 b PG G s AR SR, 36 FH 04 {5 W LK (Peak Signal-to-Noise
Ratio, PSNR) 145 #4 i 1Lhf (Structural Similarity index, SSIM){E 4 B 5 & 1FA 35
bre PSNR 2% A UG R 4 55 085 5 T = VP4, PSNR AL dB,
HUHBRRR R EE/N, SREL PSNR 5 H (175 202 i 35 75 17 % (Mean Squared
Error, MSE)K 15 . ik EGH BAA R e 4it, F—ikEE EREREAR
SRIIME R R, XEMNJE R R T S A E S . by DU PR
5K BB 45 R AR AT SR P AN MR R B AR B, FON SR ARABA I o S5 AR BL PR U
T 0 2 1, BTk MERARAL, ) SSIM [MERRIEIT 1. WP FE AR I
THEAXWT:

1 H W . .2
MSE_WZilej:l(X(l’])_Y(l’]))

@1y (2-3)
PSNR =101 —
0g;,( MSE )

(y + py + )0y +07 +6))
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Her, x My onl#nRaniBGEMSEEE, 7w iR BIE R EA6E,
X, )Y, j) s EE x MERY ERES, nRREMERM R
u B REBBEVFME, o RRBEBEBERERTE, o RARWITE, ¢ M, ®oR
F R4 FrAR T 1 2L
NIRRT TR B 2 SRS e FR S s v R e S, TE AT LOL £l 4144
TR ES . LOL HdE4EH 500 SR UG R IE 8 B4R, ISR
485 xFEI&, MR 15 XEMEG, HEGRE SN, BRI HEN
600x400 . NIFEEZ M) E N XE R, #HH128x128 FIKEIf4 patch £ LOL % ¥
£ L334T 100 epochs USRS ; AT PRI SR ALRIPE N 4 PERE, i A %R
KIFRA 8 W ZRid AR 2% 2] 2 IF8 F B PRI SmoothL 1 Loss 9™ 48 Il 2Rt
(AR R FERE AR B T A T TG IR B G s th (1) 5 FhEEEAT
b, BARZE R R 2-1 Fon, KPR R ER.
# 2-1 LOL 4 AR IOt Mg s gt X Lh 3

WARrA PSNR SSIM
LIME“!] 16.7586 0.4449
BIMEF45) 13.8752 0.5950
KinDI4e] 17.6476 0.7715
Uformer(47] 18.5479 0.7212
LLFormer!#2l 20.7429 0.8035
AR FE T 21.3476 0.8323

M 2-1 7] L HAS Z AT 5 3T Transformer FOVR 2% =) 77 13:4F LOL 4%
£ FHAF 7 B t) PSNR A1 SSIM,  HUISE R A RE . SEIGUERA T AR E 1AL T
HAtR L, AR it s EG R E, REEZHTNER.

2.2 XEMTHEEL

TR 2 MG AR AR, FERCR S LT 51 i R A T 4 (8 — ot
WRR ke haion, A LA IS Bl o e e B AR WP D T s o, T LA AL
e W BIRA SIIR S AR — Wi ARy At oot e rp TR RTEC AR, 99 2 I 1) [R]
L ELTH P 22 S B N I, i DA T 7 3 B DG RARFALE e % 3 B RO R 1 . B4
TR FDCI AT ZE AL AW, Br N TARESL,  HH B 3 T siE 7 75
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e TR LBP SCHAMIE, FH MU S I EE — Wi (5] LBP fH ¥ 2 1E,
i b YN S VR (B SRR SY i

b LBP & —FP i 5 H s A R i SRR E R IR 5 7, B e AR
IKFEAARNE, W] LAME— R BV RRG IR A R iy sgm . Fouh Bad AR ek
G IIREEE, fERERERRIH—3<3 MG EXE, FER 8 MEE
EAP OB REFELE, MABGREERTHOEERE, WhZE RSB
FICN 1, MRMARE N 0. OB R LBP H R B T A% 2 F [ X 381 SO
Bo TR RGIWE 2-9 Bk,

33 43 27 1 1 1

~fifk
39 20 10 S 0 |——(11100011)
28 16 13 1 0 0

K 2-9 LBP i+ 5~ 51K

MBI ATI M B SR IBUR B an &l 2-10 o, BFOMEE AN AREIGTHE
A, JE AR 2 SEEE SR R SR S g T, A A IR B COARTE (RS 4 it
AT i 1

00000

(A7 51 (b)LBPJF 5| (o) 55 —mi PG I LBPZEH

B 2-10 T it =R o 451 1]

2.3 RET#

EUIR R AREAME S R A T A 0B B S A, R S T AR T L,
(075 55 B BRI W BE TE T, RS R RIS S, Ea s
4% 2 5 BT S B, AT PR IR M R T R . S T 7T DL rh 22 5] 5 %
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T AL AP oG B A N B A R, AR SRR T A N RS 45 il 2 B s, S 1
MTCNNMI5E B it 12 45 o A9 N DX 3k 0 A0 A J: S B s Rl AR 40 A i 5%
RS BT AR S IR I A R, LR R 2 RIVEHH RS
MTCNN  AJ LA [R] I 52 RS Je G 00 A0 S B s er I PN 55 5 i tH N A AR 2
TR LA L AR, BEAMNEE AR AR ST MR LR YA TR
B R A ARARAE S o A2 NS AT S B s A AL A 1] 2-11 B

PN

A 4

" i AR
B& 47 H» P Net 5
v

- S S 0

B RNet gy

P> O Net

TN FAE

B )9 ] 2 &

KEAE R

2-11 MTCNN A JGAS I R0 S48 p S I i

HARBRERAR T kk#iﬂﬂﬁ)\ﬁ"ﬂﬁﬁ‘%$¢ﬁ@Tgﬁiﬁﬁﬁ%?iﬁﬁ%fﬁ(iﬁﬁ
— RIIRJEAR ) 5 8K 1T 28 EHR & 7 55 N 3 2 UM 2% (Proposal
Network, P-Net), 1% /2 M 225 AT = IR G M — IR R AL 1, 8
i N Aar 0 28 S 2 A N, 0 AT N 2 SR N JIG: X 45 8 32 T 1 R 57
o] U ) o, A AR OB S & O i B B e e, i s IS e SR 22 1
fBEIEAE: 55 =Dl FIAR AL 4% (Refine Network, R-Net)2: K =9 N RAHE,
SERITE P-Net (RN EXGIN 1AL Z M ER)Z, MR 7E P-Net JZ4E 2%
RZENIG X IBE D gae e g — 20 F 4 th 2% (Output Network, O-Net)fE
R-Net W %% 5 Al F@E T EASAHAIALEE, 5 R-Net WZ5MAHEL 2 1 &R 2 Flithik
=, DsEIRBURAE,  HEAT ARG DI E , NG DX G 8 R Al
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FRABAEN B A5 B o AR AN B s A &5 SRl 2-12 Frow, A 1 4y
W8 CASME 11 1 CASME ##s 4R A, A AEE A NEE .

()it N &

a

(b) NS A A 72 a7 J R
B 2-12 NS A5 N 5 Az = 491 &

LY 22 IR R 035 L, 0T SR IE W B B E AR 5 7
WEE A1 RE, AR DA Sk SHE S 241 5 R A M (T 2 77 IR B
ARG b, W A B A R A SR Q-5) BT . SR RAR A R AR
O AR, RN NI RAE, 5 R 2413,
o=arctan[(v, — )/ (x, ~x,)] (2-5)

F, ) A (g ) AT K S e 455 £ 2 B A IR FI A b o 6
R SR B G 7

—

() N XS 5% i B A&

(b)) Ny 5 B 1%

B 2-13 N Ml 5 B S5 3T i
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2.4 FFEHRER

ST T B T U 1 AR ) RBRER SR S5 . kIR
% 38 VAR TE BAG F T AR RIS BRI R, 7T LS AT P 15 £y
1, 65 T I FRR I AN AS 0045 6, BRI T LR A 90 46 A0 3 B R 3
e LA N T L A BRI BN, e RS BT L AL i T B
BRI, BT LA TS J RN TR
2.4.1 TVLI JEHR4HE
SRR B A FEA M Gl o S — A — WU o (1 2 P 1 52 A,
RUR A IR R R A UG A IR AR, R AT LUK 3 1 R B A
R RBE SN St S B FE B FIE BN, Rk AT LAY PR 2 ]
IR B AR AR IR BRI . 3 TG T s V28, Hod TVLL ok
U PRI T A R DS T, S R — AR R ROk
FHI R MR S HIZ S, TSR A RQ-6) TR . FVE A 45 SR AR
SERTITZ )R P (AR M, 8 L1 T SO A AR R 2 2 2 1) (56 e A
PR, DRAIEXS YGRS (AT 7 B i ) B s 1, AN FEFH OpenCV E DualTVL1O
ptical-Flow it 5 8 SR I PG OGRS GE 1]«
E(F(X) = [ {21 [,(X)~L(X +F(X)|+|VF(X) | }d, (2-6)

Hrh, ERRFERIAERERE, QRNBEANEURE, 1,801 R0 5wl
B, XET (y) BB ER—MRES, £ HHSERIE SRS,
F(X)FRTE X L RPERS A S & ERR R ERKERRAE, VF(X) &R
TIHTE X AR
242 KRBT

JEI R AP R F(X) TR 26, B ¥ 2 2E 7K ST F 3 B 7 1)
FETRAEA AL B ARG Dl o 8 SR EORH B2 SRS Wl PG 25 ) s B A R, D
FSETAT TR AR R 2 . ARQ-7) IR ) Hessian FiFE .

ou 1{ou ov
£, =— E =—| —+—

Ox Y20y ox
e= (2-7)

, (o o) o
_)’X 2 ax ay w 8}7
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Hoh, o RPN, &, Mo, FTCRMERBRPNANE, o Me, Fr
TR RGNS, IS RIT RS = [e2 +e), + &2 +el, HHIRE A
RiAE KN
243 REEAR

TE V5 HRE A LR A4 WU TV 10 2B B YRV AE P . KT e P
KM AR 5, 48 H Python # numpy FEH ) stack pREMES —FHAFMER, 3K
AU E R AR . B IR AN R SR U M = R TR E 1)
(R G PR B AL B YA, R = A S 3R Al A e T
1. FRHLEL S HHE R AR AR I -

AR5 SR G SR AE A

import numpy as np

from PIL import Image
#ARBOKOLIR U EEDGIR V MDGHRN AL S B
imagel = Image.open('U-path').convert("L")

image2 = Image.open('V-path').convert("L")

image3 = Image.open('S-path').convert("L")

#IL R R X

arrayl = np.array(imagel)

array2 = np.array(image2)

array3 = np.array(image3)

#IES =B IE A

combined array = np.stack((arrayl, array2, array3), axis=2)

2.4.4 SEEG 3 Hf

NIAIEB A G AL A Bk, SREU CASME 11 B 5 i &AL AS 197K T
M EEIETL SETN AR FIRL AR IRAE B, I B AR AL I 301 g L )
I NINGREERTIASE, P SVM 73 2888 EAT IR0 5256, R FHHERf % (Accuracy,
ACOWEN AN LI IVEN FE bR, ACCIHFHE AR WQ2-8)FT7R. A [FIHFFAE ]
R ER 2-2 Fiow.

_ TP+IN
TP+TN + FP+FN

(2-3)
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Hrp, TPRAMEMEE, TV 2ERAENEE, FPREMIEMSE, FNZ

HIAM R B
F 2-2 A[AHFIEIR B 45 Bxt tb 2%

FINFEIE ACC
KPR 0.4032
E =R} 0.5645
SRR AR 0.5000
&R 0.5968

MRYEE 2-2 PRIRGER, DUMOGRERESE SVM 73 28285 Hh Blva 6 U0 3L
R, BHACFFEER R Pt (HAEH SVM 73388 1R J5 1% 1) 2 A7
RIHER R A R, PO 28— b ot NI R R i

FERN BUTR PP X 28 AR T, 5 Y BE AL AT 2 SR8 A 8 )1 2R 1)
ol PRI IZGIGE KR, $Rm M ZEPERE . fla ek E SRR B 1 s2oR
BNk 2-14 P IZREEAE I AU R

Rl SEIER G5 S 11

from torchvision import transforms
transform_train = transforms.Compose([

transforms.RandomHorizontalFlip(),

transforms.ToTensor(),

transforms.Normalize((0.4914, 0.4822, 0.4465), (0.2023, 0.1994, 0.2010)),])
transform_test = transforms.Compose([

transforms.ToTensor(),

transforms.Normalize((0.4914, 0.4822, 0.4465), (0.2023, 0.1994, 0.2010)),])

HEDLI

TVLI)
%

I

(3,

P 2-14 Rl 5 ik PSR BRI K 18 5t 51 14
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2.5 AT/

ARE R T T 5 m R 1 RO A R 1 R T B EOR, B R 4 ok
BOR L RBEMUR R A . RZ AR AR S IER o 32 22 3 5 8 i A
FRAESE IR Ak, 25 8 2R G R R L b MG &L, BEFT 1 —Fhd
T Transformer (GIRGSR G BRI 51 777%, £ LLFormer £z b, FIA
CBAM {EE ), INomxiikEHeE 1 EEE BOGERE, 7E LOL Btk LI 17
VR M RRAESR IS AR TVLL DG im A Ak BB Al b 51 A G N AR RFAEVE Ay 4b
78, I SEAR S EE YR O SRR R E R 5, R IR S G IR AT PR

H

R A IR HER A, e SRR AT TSR A B

22
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58 3 E @& MobileViT FERNHBIHI AR RIFRA

EEXT ARG OGAFE NI, SVM 43 838 AR 1 TR HER 2 R AR 1)
o), ARFWTE RS CAER IHLH]I A MobileViT-V3 ] CA-MobileViT #F
TEF I 26 Y DL 58 BURFAESE IR R 5 1503 . CA-MobileViT 7£ MobileViT-V3 ¥
LA AT . e, PO IERIE K AE N R E R R, SIN CA
TR GRS RFE R IE R /. ok, (ER ISP SILU # e ReLU6 BUH
A, RS IRALEE YT ARG, BB TE BAREFEAAN 4, M Focal
loss i 2 B BUCR FRAR S A R sg e ;s feJo, #£ CASME #1 CASME 11 %4
£ L HHTSRI0 A A O i B, S AR SE T %O IR A R R AT

3.1 CA-MobileViT $HE{2 BN 4E 401 31

3.1.1 BRMEIER

N T A DL R HREURGERAE Y6 B A e BE RS B, 7E MobileViT-V3-small
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Bo& 1x 1 BRI A B Oy 5 ey 4 AR AE B — R B 2 SR 5 W TE T 1)Ky
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TF)9/NEIRFAE patches J5, MobileVIT 1) H 3 & Sl Rz £AH R4 B R R
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AW AR B PSR ST N RO (e e ], B KN 1< AR
AR P AT 8 48 P AR SN R (S AR s e, IR 28 4R FERE T 4
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SERG S e BEAT A0 N A N GRS B R SR A A R AR TR TR A AT 56 2
T MTCNN SRR AR AT KN A 224 %224 B IET G S, TR #
Z 18] TVL1 SR GI N AR HE B B 3 I8 38 Bl A YRR IR A I 28 SN o

SZU8 BT A8 P4 TiC O 64 47 Windows 11 &4t, 16GB N 171 Intel Core i7-
12700H CPU, 6GB & 77/) NVIDIA GEFORCE RTX 3060 GPU, 11.2 fRAHK]
CUDA. MZINESEEBEW R: f#H Pycharm {4 PyTorch 424444 2 W 45 457,
SR Adam LSS, FRSERECA Focal Loss $25 BR%L, SRIRALALEE K/NA 8,
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MR, BARRAE R VOR — AL 32 5 ARyl s, HAl 32l 1
FEARGEAR NN gREE, INZRas Rm B85 — A 32 ol PR AR S el a4k,
B S BRI T 2 BRGS0 4ED). LOSO B8 e T ik L 952 T 4
BB WG 0L N e M B, XA S S R B, S HER PRl
B2 AL RE 7T, & T/ IMEAR SRR

NVAE I EERE, 51 AN TRV R B A FE s SE B0 &N 0 RE R
SEI 3 M SRS T A IR SR S BRI HE R B, TRIEFERE S 1 3-8 i
w~, BRSSP R AR R SEPMENIE, BIMEREONIE; TN Z2HAMER
ANSEBME N, WA ROy Fr R R R RSB E Y T, BNAE R Oy
s FN RABRMER R SEhME v Ik, NS ROu .

FEAE
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FLHH
1EZ(T) TP FN
HI(F) FP TN

K 3-8 TRIEFEFEEE A

SRR ACC PR NSRRI 48R,  FAUE R 73 R IERAEAS &
FEAHILLA, P DAYHE A 20 0 B v R WA B AR OB 07 o %5 8 B B B e A 2031
AN, RIS SN A A INAL F1 43 $(Unweighted F1-score, UF1){E N
PR RS, BORBUE N 1, &S/NBUEN 0, HEUEBOR SRS R AR Y . 52
B f i sklearn.metrics B2 HH ) f1_score BREREL UF1. P PEFEAR U5 A SR
T

i TP’ + FP/
ACC= 2 2 Tpr TN+ FET V) 3-4)
J
Flj _ Zk 2T])l

i=1 J J J
2TP’ + FP’ + FN: (3-5)

l «c
UF1= Ezjlelj

Sl CHRFAIM, kRTHRE NI, [ R KRR, I RERIERE
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FEAMEMRREE, TP+ TN. FP. FN %Z%0E L FNRERMESHE Lo
3.2.3 HAASCY

1) B84IF Focal Loss BRALHIA Rt

NIAEA T ELIL T Focal Loss 451 5% bR EUA R, A8 42 AL i 3b AT I 2H.
KA. PSS A R B BN R, BB IS H0R B S 3.2.2 TR
Ao SR PZH SIS L, EhASE Focal Loss 35 2K bR AR AE SO H 2K bR 00 2 06 A
BRI, SRR RANER 3-3 BN

% 3-2 ffi F Focal Loss FI15Z SCJH 457 2% o 21 45 Fnt H 2

CASME CASME 11

AP NS EaTi]
ACC (%) F1 154> ACC (%) F1 184y
e 75.75 0.7571 78.05 0.7442
Focal Loss 76.36 0.7710 78.86 0.7633

RIEL 3-3 g RmT a0, 8 F A SO0 2k e B S B 25 B A 8T Focal
Loss BREUIE 40 R BRI SR 00 45 AT . 8 Ja # /E NPk i e CASME %4l
££ | ACC #1 F1 184373 42 55 0.61%F1 0.0139; 7 CASME 11 ¥#i4E - ACC A1
F1 135557 Al 0.81%7F1 0.0191. UFHH T Focal Loss 412k B # AT LLTE R 1% IR
Il AR 55 P sk /D Al 2 155 508 6 23 A AN 253468 I s oK FR) 7 T S0

2) BRGNS B A Rk

NEAEARTEIETIN CA TR IINHIFIA RN, £/ LOSO &8 XEHIEETE
CASME Al CASME 11 WM 5 EadkAT SEge, SRIRRRl-& G i g 15 7Y
N 4% FH Focal Loss #2 2% B EL I SRR Y o e 25 [R] X 285 235 1) 14 R 1 245 SR Gn 3% 3-
4 B o

2 3-3 DI I 4% i AR LU 45 SR EL

CASME CASME 11
DA 2% 25 )

ACC (%) F1 37 ACC (%) F1 8%

MobileViT-V3 75.58 0.7572 77.23 0.7463

AR 76.36 0.7710 78.86 0.7633

WAEL 3-4 K RTTLIE L, EIN CA FE S G W fe R T R
MobileViT-V3 M55 it 5. 1E CASME 3324 I ACC 255 0.78%, F1 154041
=7 0.0138; fF CASME II ¥4 I ACC #2& T 1.63%, Fl 182015 0.017.
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N IR A TR T BRI A AL, 5 2 PR B E SR £ CASME A
CASME I _E R &5 RBEAT R E o 72 P Eedli 85 _EAN[R) B ) SE56 70 2R 45 R 4
F 3-5 F13 3-6 . RHFIEYKH F1 280 ACC 1B MRS IR AT REE 25
VPN FE bR, R LBP-SIPR7), LCBPPIE KT LBP M 1 F THHER B IE,
MDMOPAAI Sparse MDMOPOE 7% & 2 T 4 i 1 F T RF£iF 1 3 7% 5 3D-
FCNNDB7, TSCNN-IIP®, Dual-ResNet!®02: 3 T~ R 48 X 45 (95 B 2 ) v
LCBP-STGCN®), Graph-TCNI®', AU-GCNIO212 fifi i P 35 B b 448 X 4% 1 U 5 2
2 T7i

% 3-4 R[EJTIAE CASME $d £ 11 45 SR xo Lb 2%

7 ACC (%) F1 5%
LBP-SIP[2"] 43.56 0.3300
LCBPI28] 76.39 0.6603
MDMOPB2] 56.29 0.5551
Sparse MDMOP®! 74.83 0.7490

3D-FCNN[7! 54.44 -
TSCNN-II558] 73.88 0.7270
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% 3-5 R[EJTIEAE CASME 1 B3 2 1) 45 Fnt b
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Sparse MDMOI*6! 66.95 0.6911
Dual-ResNet[®0] 69.19 0.6624
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JER I SEIR 45 R, AR B EEAE N B S TR IS TR R A R (E
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BRI RIMAIEAT 2 5 T REFERAEFVID FRESREG, AR BUG RS A
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Wit PREEEE R b [A] W 25 BB S NS I B 4 b, AT R 2 TT DL )
KT HNFH P IR R R, BRI 2R FE A H I0E B 3 2 Ak B AR ME )
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T B R ST (1 D REACRS AN SIS Bl T RE R A e, TR DD RE
PRI SB[ S T R AL
Aol P 2 S R A

fRA%: {FH PostgreSQL &7 F 7 Hudh
P* RN RAGAT TR 5 A g +/
create table users (accounts varchar (10),passwords varchar(20));
AE VN €10
insert into users values('datal’,'data2");
AN e eR Ciih]

select * from users;

& bt FLH Python A :

ARG Bl 5

import psycopg2
from LoginUi import * # & it 5 {3 Mt 5 [
from interMERUi import * # R 4: + 51
from PyQt5.QtWidgets import QApplication, QMainWindow
#E SCE Rl R A
def login_in(self):
account = self.ui.lineEdit_L._account.text()
password = self.ui.lineEdit L password.text()# 3% 5t I i A\ K 5 A1 25 5
account_list =]
password_list =[]
# 7 17 B dfs e
conn =psycopg2.connect(database="#{ % %', user="postgres', password= '123456",
host="127.0.0.1", port='5432")
cur = conn.cursor()
cur.execute("select * from users") #7x#] users %
rows = cur.fechall()
for row in rows:
account_list.append(row[0])
password_list.append(row[1])
conn.commit()

conn.close()
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for i in range(len(account_list)):
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elif account == account _list[i] and password ==password _list[i]:
self.win = MainWindow()

self.close() # RPHEMEF M, FTFF5 M

else:

self.ui.stackedWidget.setCurrentIndex(2) # $2/~ K 5 5L & i A IE 1
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