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[0088]
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~

e
<

"

Frank(Z, W) = o (W28 (W1Z))

S

[0092]



[0093]
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[0100]

[0101]

[0102]
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[0105]
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[0108]
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&= RELU ¢} Sigmoid 34E ojn|sit},

Zm — ;?I, ITI, . m

A0 nilA Bo)e] 27 BF Azl 4252l o gan 9ol 2eran

7914 2

: Z" =Fers(Z, W)=WZ

olela u) Mg a9 2 wose 2 &L BT D g e saas wag 2 g

#2143
~m m m
i = Fycale (Z; esi) =83

A% W4 WYS Bo ANE A ot o (344 4)sh o] EHW & Aok oA Lk gro

AtE RAUZF A84 o= AFSH Y& [48H4] 5] o] Aol H3hs A3 wxak dERy &4 55 FHa
3}l Fok 7k W2l (end-to-end manner) o2 g5 4= ).

84 5

LGLFEN = ZZ LIP(F () =i | %:.0p) 5yl

b [

o]714q b E7|(branch)9] e, T2 Y Egold AES MEZS wdsla PE QAES LAE A

F delole] miZiReE YEkd 5 A,

< GLFEN &4 >

ESR(Ensemble with Shared Representation)®}¢] v]X

ESR¥} GLFEN Alololli= o 3] 2.8 xfo]Ho] t}. ESRS GEMSRE] U=k Algd 4= Qlt},

AA, 949 olw ARk ALgSh= ESR¥ HlalEke] GLFENS U &gk FER o5& 2487] 98 F8 22 J 9l
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M 24 545 7R 58 5 v

S#, GLFENS Z 2% AR 27 ARE ATsle] AR RIS BAS T B gL =9 4
ATt

AR, oA Ras ARToRN THAAY of AR duE sk Wl ksl E 4 3l Wb ESR2 o
QA mas agshx] 7] wZel dAl = 7R ovAlE AYss T Aol F4 v & Y
RAU(Rank Attention Unit)E AM&ate] oAl AA F3olA Aoy FaAdol e on e 7MEXE 35

steg 9o TAE ¢3ts 4 9l

Z2 92

A A7+ HCI (Human-Computer Interaction)& “=&3}7] 91l WIEHA AL wizia=ot At v]-&2 34 Aot

£ g2 ESR(Ensembles with Shared Representation)= 7]RFS.2 GEMSRS T+ 3hi=dl, GEMSRY] Z=go= <
e UEY ALY - deolofrt vzt ALt Bl&S Folv d =g E 4 .

gbdo] LPMe]l HIE A 7FeAl= vzl s Sol7] fls Al 7k#] ROIOIA &re .

4 gato] RS
2717} B4 e v

i
N

o]

Fola A H]E"JEH S5 wEe wgan. A
357} AA 1

, T #Holo]= &85} GEMSR-42]

< 27 7 SRkl wel Sk Aleln. e af dlolojdl os dE AV=
=3tk AFAA o R HEFAQ GFE UEHI Hl& Ak Hl&o] EolE Aoltt.
2 48 ABI} EEEy] uio d=el A 7Fx] F8 ROIA 2E ARE &
ey skas ffEl Al e A Z71E ARgetd UES A vz 7F 7 oajh dn
Al MEA A AP A715 FA87] Al 71l 5ol 58 ROIZE LPMellA

2 odlgo]l o AA|o|& | in-the-lab datasetoZ FHsly AT 4 Ad=d, 2 5 CK+ 2 JAFFES] % dHl9]
E7F B33 shd 138 9 Ayt A on A& AlFety] wtel Aol vtk S-S wEAasA A9
T Ao,

H ool o AA A2, CK+ 2 JAFFES] H7tel A LPMoA 5719 ABFA #olo]E AM&3tar, Z; #olo] Hol
= 7 WixE G 2 BARS o] 838l Aafstet vl A7 sk (Batch Norm) #oloje} HAFES(RelU) 7} WM&
=

2 o] o Ao 2, gt dolElAl FER+ ¥ RAF-DBY] 54 & vHS HA1717] f38) 71E5FA #elo
o 8 WIE 549 F Ao, ¥d=E 24 JHo] %Oe]f& LPM 7tsA& 3fF3l2s sto] UEHA UH7HtE o]
s A 24 5 do
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aelF 12 g% GLFEN ¢1g|E$S HolFr).

Algorithm 1 Training GLFEN.

Input: Incoming facial images and key regions data D, the current branch index m,
the saved network GL F EN,,,_; (if exist);
Output: Accuracy on training and validation data:
Divide the incoming data D into the validation data D, and training data D,
Set up the hyper-parameters, such as learning rate, optimal parameters ;
Initial the sharing layers of GEMSR and LPM with random parameters;
for m ranges from 0 to maximum branch idex do
if m = ( then
| Initial the ensemble branch with random parameters;
else
| Initial the branches with the saved network GLFEN,,_1;
end
Add a new branch to the network ;
Randomly sample a subset D™ from training data D, ;
for each batch in the subset D™ do
Initialize the loss function GLFEN,, to 0;
Perform the forward phase:
for each existed branch Branch,, in the ensemble do
Compute the current loss Lg‘ achieved by each branch Branch,,;
Add the current loss to GLFE Ny,
end
Perform the backpropagation algorithm;
Optimize the G L F E N, with the forzen layers;

end
Apply the trained network on validation data D, with the above training method;
Save the current training network to GLFEN,,;

end

= =
10788 E=2 stal, 7 =0l Fu 12709 =Al9k 131709 L= ojmA7t Ad 4 3t

GEMSR-40l A28 AEFH E7]E& F7I £ GEMSR4 g5ES 0(=
o

G452 FASE 99 mdol g5 el WA bsHel wrh. Eat S
B 0.98 A1gale] 84rE0] 0.59 (250 epochrlt) Fadeh. AR W, vl WA, 49 A1, olv
A HAG0E) D A7) A4S B A4 BAZ Tol7] 99 oy FE Az 4899

I 18 & K+ WEYA 77], HAE A= (%) 2 A3 A7t(ms)S vjw gk Ao},

_14_



[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]
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¥ 1
Method Network size Accuracy Running time (ms)
Single Network 131.21k 855+35% 0.1835
Traditional Ensemble 524.83k 89.2+1.2% 0.2248
ESR-4 Lv.3 (Baseline) [42] 355.10k 894 +22% 0.1921
GLFEN-4 Lv.3 487.03k 92.5+1.9% 0.2216

F oAM=, HAE G SHoA single HIEA AL A= g Al 74 FdE WHEG 4 dop ¢
% Ade dehlar, ymA Al 7hA PdES vad ) GLFEN-4 Lv.39] HAE A7}t

¥ 19 A3 AIZF Hrle] tis] @ NVIDIA 2080 GPUE AF&3}e] CK+ dlo]E] A Eo|A] PyTorchz WEHAE €|
2Egth, Aos Adksts ol A J A7 Aol 0.22msE AR FH(ZHY &&= 24fps)el A8
T ASS e

= 8 10709 E=E wEo| wak 7= (10-fold Cross Validation)shs ALz WELIS} 7154 (baseline)
Abolel ZF 2= (fold)9] Hy AT (%)E Wad Ao},

% 88 107 (fold) ®x} 7=o]A GLFEN-4 Lv.33} ESR-4 Lv.3 Alo]e] ZF Z=(fold)9 o= AIEE vigdl
t}. GLFEN-4 Lv.39] HI2E BZ%7} 7} o)X ESR4 Lv.3& 23S & 5 gvh. ol LPNI} RAUY % o]
@3] AEFA golo]E B Aol olyet 423 BF AdE Id& 5 o AdH oyt i),
YES T 37] ZWo|A GLFEN-4 Lv.3S =37k 37](487K)0)t}. 71243 vlasle] LPNe] 2= wd Y EYT
oh T A7]olnR YESA mi/Wge] S7hs of 131Kl et #1d 4 3o

FE 204 =, 87HA el g CK+ J8%(%) WlaEs YeEbdt.

#Z 2
Method Avg Acc (8 class)
KNN-Chi-Square [28] 94.18%
GLFEN-4 92.54%
SVM-Chi-Square [28] 90.48%
RBF-Chi-Square [28] 90.38%
VGG-16 (Fine-Tune) [8] 89.90%
DSAE [50] 89.84%
ESR-4 (Baseline) [42] 89.43%
VGG-16 (From scratch) [8] 88.70%

¥ 204+, GLFEN-4¢} t2 A+ Wil KNN-Chi-Square, RBF-Chi-Square, SVM-Chi-Square, VGG- 16, DSAE,
ESR-4 5 FAFel wu A¥E yeEha Qa, UEYA GLFEN-4E 715 AeS 89.4%4 92.5%%
=
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[0142] KNN-Chi-Square”t 7bg & AS=E debdAw, s oy HEe] Fels Bade 2 A% F g KW
(A4 o) FnFS AGhn, L I BFF T AT AEse] dolH AE(AE 59, FERt

off AE)eIA HLE A5 B4T 5 A

[0143] F 394, JAFFE o] AES Hi A (%) BwS ek,

X 3
Method Avg Acc (7 class)
GLFEN-4 96.26 %
AutoFER [1] 94.97 %
HDNN [15] 94.91%
STRNN [53] 94.89%
EMS-CNN [17] 92.85%
AFER [48] 92.69%
ESR-4 (Baseline) [42] 92.48%
GSP-KNN [29] 88.57%
[0144]
[0145] A7 GaElE 19 F- whAlo] whE} GLEFN-49] &7/ Ade & 39 vt vk, i# 3dAE 7 EE gRel
AutoFER, HDNN®} GLEFN-49] 4J5& w®lwsh=H|, GLEFN-47} 96.26%2] fr2¢ FER AS=s DAt S 8
Q8 % gith. AutoFER¥} H]aate] GLEEN-4= ASEE oF 1.3% FAAZITh. GLFEN-49] A& ESR-

4(Baseline)ol H]38l 3.8% -$-5=3}c}.

[0146] X 4N E, duEF 12 BE 2718 A §, FER+Y] A (9) vuE vedY,
F 4

Method Acc
GLFEN-9 (Fine-tune) 88.77 £ 0.1%
GLFEN-9 (From scratch) 88.64 +0.2%
SCN-ResNetl8 [46] 88.01%
ResNet+VGG [13] 87.4%
ESR-9 (Baseline) [42] 87.15+0.1%
SHCNN [30] 86.54%
VGG16-PLD [2] 84.99 + 0.4%
TFE-JL [22] 84.3%
ResNet18 + FC [22] 83.4%

[0147]

_16_
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[0148] FERtol| A 8h53ldA] UE TS a&Ae sy 8 5¥3 va3 e
AL B% 3|z olu|z|o|3 F7]E 48X48¢|1}, GLFEN-99] AE-FM golojg}
2 96X96 A2 %A g
Z+ 0.9, 0.1 AA" F 9
=

[0149] GEMSR-99] whe o= <l sh8E 4o <5 (10 epochmtth)= 0.75%2 F7Hch. <35 918 F71d B
A& 0.029] 7] SEER ALHor fado]=Hlt

[0150] GLFEN-9(From scratch)© ©& Hlo]H HEC] tfst wxl A AeF gloje g HHEG 53 dad =g
st 4 9lom, ol E do] Y3l Uutksl 88 JHA I S-S eI

[0151] GLFEN 9(Fine-tune)®] ¢ HAE AL = 88 77%0|H T HAXE 0.1%2 H|wF ), o]Ad &% 7%
T YE7F BEE AAH Q1 2] bl AFgE F ormg A shrE UESAE AFESHE A oFEH g
FE FAHEY £55 2ol ¢ Y2 d5S 94T & U

[0152] Baseline¥} W] 2 &}e] GLFEN-9(Fine-tune)”} 1.62% © $-=alt}. 2t shkol of
HENA T2 d3E dgo=x ENIZE { sttt A8E 5

[0153] % 9% FERte] uigh s =o] Ay3le AFH wlEZ A (confusion matrix)ES YEFAT, baseline ESR-
9(Fine-tune) 9} wjusto] 2 w2 747} 31,25%9] 73“33 AZI} 61.67%2] FXE AES SulEA AT, vhd
wWlo] ~e}le 747} 2099} 45.3%% A gT).

2
i

[0154] T3k g5, &£F, 599 FS UE A HFY HEEE BT UEAE o: HE zIget. B Uy
56.25%2] A AZ3 36%2 FQ MEZS TH L B2 IR BEFsEd, ddE % ¥ wFdE 151 2
1577 AET o] By FA7F G 5= Qo).

[0155] AFRELS 22 BAHES Holx: HIHQA #AAS =4 Holal, ol A U F3H EAZ olojA 4= Q).
o] Mg EAZ &3}sl7] 98] HAIT AN FTH AZ FE Ao = dy

[0156] e 744 HF e JEY] gy Andd A E wAsy] S8 2 H e wie AdA ZHAH ALY
FER+ol| A Ael® Z o 5000712 &7 MZFo] xgd 4= o)

[0157] ¥ 5ollAi=, RAF-DB "loJEgj Mol that Hi AF3we] A= (%) HuE Yehdc),

# 5
Method Avg Acc

GLFEN-9 (Fine-tune) 84.72%
DLP-CNN [54] 84.13%
pACNN [23] 83.27%
ESR-9 (Baseline) [42] 82.21%

ResNet-PL [35] 81.97%
GAN-Inpainting [49] 81.87%
VGG16 [39] 80.96%
ResiDen [16] 76.54%

[0158]

[(0159]  RAF-DB ®lol8} Al=e] we Q4 olulXi welsteh, o, 2ohm, 55 vhad, &, %, &4 53 2e A
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R
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[0163]

w3 22.35%

F¥lo] FERF HlolE] A=e] Assl &

gl AlE

epie
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=
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i
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T dolE NEJA Agdoz v},
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[0164]
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I
o

vie)

X
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—_

0

o
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o
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=X w RAF-DB(59.92%)°l o

A

Eof A

dlolE Al

FER+(48%) ©lo]E] A|EXT} T}, RAF-DB dlo]EjAl 2

[0166]

k|
=4

570

°|

L

=
RL

7

Ea

=]

7 3

92.7+£3.7%
96.3 £4.4%

o] FER+ Hlo|HAET} @] uf
Acc S

96.3 +4.1%

925+1.9%
87.15+£0.07% 88.56 £0.12% 88.60 £0.04% 88.58 = 0.02% 88.77 & 0.05% 88.75 +0.13%

Acc 4

3L

=

=]

2R
Sl GEMSR-45 Fxsim =z,

1+
=

o
91.0 +2.9%
94.9 + 4.8%
kel

=
Acc 3

1o
6] Aol A e} o] GEMSR-4¢] A% LPMol ol&] oS

w719k 2

=

=

-
It

AU

s d#e] o=zl
i
I,

A
AN

94.8 £4.4%
[e)

Acc 2
91.44+24%

L
L

[e)

571 9]

914+£35%
94.3 £4.9%

Acc 1

Q2 (features)
(ablation experiment)®] 23}

2]

Kok
h=4

]

2
92.5+4.6%

Acc O
89.4+22%

LPM(Local Perception Module)®} RAU(Rank Attention Unit)
Baseline

RAF-DB 82.21 +0.09% 83.88 £ 0.15% 83.83 £0.05% 83.81 £0.08% 84.72 £ 0.07% 84.66 = 0.18%
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CK+
JAFFE
FER+
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Input
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k1
N2
N

]

Output Output
l 1x1xC
Zm
FC 1x1xC
Original CLS result
A
RELU
FC
A,
FC 1x1xC
zm A
Sigmoid
Y
1x1xC
'Zm

CLS result of RAU
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91.0
90.0
89~OI/ s = e \I
88.0
87.0
86.0
————————————————— '3 )
85.0
84.0
LV1 LV2 LV3 LV4
=48
= ESR-4
GLFEN-4
100
804 [\
= A
3 60 g
S
(&)
<
201
Fold-1 Fold-2 Fold-3 Fold-4 Fold-5 Fold-6 Fold-7 Fold-8 Fold-9 Fold-10
=8y
FER+
Neutral LEBE] 3.05 6.69 0,51 0.00 0,00 0.59 0.00
Happy 2.09 E[Mefd 0.35 1.16 0.00 0.00 0.35 0.00 80
sad 15.80 1.72 gieKepd 0.57 0.57 0.29 2.01 0.00
5 Surprise{3:65 1.70 0.241.70 0.00 0.49 0.00 °
& Fear|5.00 0.00 6.67 23.33 1.67 1.67 0.00 w0
Disgust 8.00 0.00 4.00 0.00 0.00 48.0036.00 4.00
Angry 6.92 3.46 4.15 2.08 0.35 0.69@0.00 20
& 0,00 12,50 0.00 0.00 0.00 0.00 31.25




RAF-DB

Neutral EIE3Y 3.85 4.21 217 0.00 112 1.24
80
Happy 1.18 1.14 0.00 0.00 0.00
sadl 9:12 0.00 121 0.52 o0
q&'J‘Surprise 4.74 2.08 EGELE] 1.04 0.00 1.72
K
40
Fear] 7-90 0.00 7.16 22.35 Lyvsl 1.69 3.69
Disqust|12:60 0.00 7.60 0.00 0.00 ﬁls.ss -
Angry 5.04 4,32 1.48 3.14 0.36 4.41 Eiws
> O < Ro 0
£ &P FE TS
& S b,‘)( & v
Prediction
EH]12
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