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e K N
Symbol Sequence Tagging
o HElA BN0|E S8 A AJ-A Het
. 323 AAC A S Haith 28 ol
« Bt d AAC AEO| CHE 2l0|S BHES &3 A-A 7 EY
N b

AAC &7 o{%|/oto[C| A|AA - $t=0] 27 CIO|E{4 (N:M)

—

[ AAC &7 o{2]/oto|C| A|AA - 50| 2F 1:N OHY J

[ AAC &3 A|ZA ofo|c| 7| ojo| x| of & J

max_sequence_length <=4 max_sequence_length <=6

-~ N ~
Image Concatenation (2X2) Image Concatenation (3X2)

e |le
[wow] ) B

! !

Dataset 1 Dataset 2

(29 13] AAC 44 olv s - @] B3 dolgA 75 34



AA ARz B A AR oA T T 3744 #ge AR

« AAC 4 of#l/clolt] AAz-dTo] £3 LN WY
NE AT dolEHAe 49 ARzt Bgol NM #AE 2t 93
Helel & atiE Abgsel S, Bk delEE Reldt A% 59 47
Ao el Serdt 5e mE FRE) HBE, JIE Grsk o FolA
oyt B ATAE 4HF BAR s 49 Adx% B3 LN

VA E gkl

B otelHE A olm AR wEsiglon, of HgoA AR A AlEs
of daf FAE AA Ee Frrsiddvh WA, 71 delHAe AAC 3 Al
AZE @d9is dElE S Eeeta A ook, [ 313 #Zo] o5 FE <
AACE AA Aoz Aztsto] Adzel Frhatgltt. dE 5o, 3% 54T
= sl f8 9, -, golf’ dAom FAstefoR dhARt, A

SAE el w4 WE ahe] EAskA 2tk

- 2 -
-3 -4 -
Lol CRAU EE
-shd el RA
s - S
il -HAE Az
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AAC B4 A ez Al Aolo] whg deolgAl £ 3 4 olv# Wit
s o 2 Al f s A o7t 491 A9 69 AR U olnAlE
gotar 7 A HelHAS st 1S dHolHAle] 4 Al
I7HHE 20707441 €] G o' g Hol )tk AAl AAC AHEAFE 7L
S0 wet UG Wele Adow AfxAs FAsH, A4 olw
stitel olm A= Wsts ul shube] Aol AAEE Fo
olmA] 54 FFo] ofelg F AUk whekA, Hd AlEx Lot

o} 691 A= o] Zb7t 2x2, 3x29] Y= JHE Hgsdoen [
4= 2 oAleltt. ol Z+ A AAE uEhdr] fls) Ao A
(bounding box)& F7}38t%)

Mo B B oR
wo g b

)
rlo
o,

o

Max Sequence Length = 4 Max Sequence Length = 6
2X2 3X2
] =]

% 133

(23 14] Ho) 33 Al dolo wpg ojvA] ¥ A3}
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i

HEzHog F=3 dolg Al (Dataset 1, 2)= [F 419 2o} Ho) A|E~ 2

o] 7} 491 dHleolg Ml (Dataset 1)= 17078 4717141 o] G oz 49 A Al

T+ % 669317001tk Ho A

Az Aozl 6 dolEHAl(Datset 2)2> 1715E 67074A19] dAHo=z FA4%
A A B dharo] B4 dlolE o], F 118,3507) o] th.

S~

N

Aznsh Bie] BAS TS, 44 A= 7]

[ 4] HF del"Al 7hea

A AR HO 2o tlolg
Dataset 1 4 66,931
Dataset 2 6 118,350
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2. o]z dud FEFL 93 Visual Encoder

AAC 4 A= ojvx]e] 5X wW(feature map)s F=3517] 93l
Lo

ImageNet[31]02 Al gFd AZFAY $AAH A% g5 Visual
Encoder® @83}t ResNet[11], Inception[12, 32], EfficientNet[13] =22
olm|#] BF #PS T3 gEe Ed = upx] 9 Convolution Layer=Z5-H
om g oju|x] 5 WMHE FET T Utk & FolA = onHA 5H FE7I

.

2 383 ResNet, Inception, EfficientNete] 7W\d 3 x5 A3t}

1) ResNet(Deep Residual Network)

FAF A4 wAe YEND dol7t Aol A5 oluA e Hitd el
549 o APAeR S5 5 ou, 2l Zolsl Fhde] wel 4]

= 7]1%7] 22 (Gradient Vanishing) ¥#7} vebdc,

o
&
o
N

ResNet[11]2 o]2]d 7]&7] &4 ZAE |28t Al dolE Y =
=

g Zlol 23S stFo] [2% 1519 22 Residual Blocks AlQFahad

Residual Blocke ol F9 48 x& @A F9 &9d dste ak A4
(Skip Connection)e &3l 3tsF #AGodA kx5 aelstA o dap d49
ARE 7= AR 2y 2K 717 #ws wate] ghgol Ay wi
o, IE= Fo] ZoAAtet= 7[&75 LA ¥ E3AQ Stgo] 7t

3t

olr



Y

weight layer
F(x) "relu «
weight layer identity

il

4y
il
oy 2

256-d

[ ixi, 64
¢ relu

| 3x3, 64 |
o relu

| 1x1, 256

dlo] zlojol Z9o] 4o we}l ResNet-18, ResNet-34, ResNet-50 & T}

Fe melo] glow], B AFelAE ouA MY Aol Fz AEHE
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2) Inception(GoogLeNet)

Inception[12, 32] 3slute] A

2 AAs e theke Av)e] EAS H Ao dh4slE ®do|t) Inception B

ol
=
=2,
>,
v
o2
ro
u
N
1o,

= 3
A=

i}

HE

ok
i)

rok

[Z2¥ 17]& Inception =2¢] a4 RES ekl 2ot} 1x1, 3x3, 5%5
719 FAdw EHE 3 AFAdA BERE A&t g 2 5AS I

Filter concatenation

S —

3X3 convolutions 5X5 convolutions 1X1 convolutions
1X1 convolutions ? ? T
1X1 convolutions 1X1 convolutions 3X3 max pooling

Previous layer

[2"] 17] Inception X &[32]
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3) EfficientNet

EfficientNet[13]2 7]& A4 AAYW 2do] YEYIS EAH Q-7 %A

st WA Z AFHo stk AE EA Aol BEe AeS FAAT7] A

1# 3= Compound Scaling W2)S Atsldt. [
1812 [13]19] =wolA Eds 38 o udsts HsE A433 slow
71 dAae EEY A S s dEA=ZY (huHl(width), (c)Zleo]
(depth), (d)&)d = (resolution)S Z+zF ¥ 3t 1 om, EfficientNet= (e)2}

wol AAA 84E BF ;e

é
]
=

- - layer_i
.

L higher
H} resolution HxW

resolution

—
#channels j
jmm A V oo wider 3
deeper
E

higher
|+ resolution

—m

(a) baseline (b) width scaling (c) depth scaling (d) resolution scaling (e) compound scaling



EfficientNet-> Al 7}4]

o], Yule] wel B0 RENE B7 27X

m_mo

3o

are

At

5

ek

=
=

EfficientNet-B3
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3. AAC 23 33 ANE29 5o &3 A4 2d 47

‘ <sos> + Korean Sentence (Mecab Tokenization) ‘

AAC Symbol Image Sequence l \]/ \1/ \1’ ‘1’ \1’
\L \l/ \L [ Embedding

Visual Encoder

Image Concatenation [, E
& . |
\]/ \L \]/ E '3 N E | Text
Image Resizing § N N N Decoder
© '
]
'S

W W WV A4 W
Attention

v ¥ b b d

| Korean Sentence (Mecab Tokenization) + <€0s>

(o

Al

lo

[ 19] AAC 719 4 AR o] o] B4 44

= AgelA AR 2 (29 1919k 2o Hol dolvt 491 AAC EF

pE

N2k A Zolsk 691 AR~ F 2R olesle] Qon], k7t 47

o
o

oA & 2x2, 3x2¢] ¥ = YFElE W 3}(Image Concatenation)st=
AR oW A& 7hR(width) 299% 4, A & (height) 299¥] 4, 3719 A4
(channel) 2 =7]E %% (Image Resizing)3tt}. Visual Encoderz= AF# 8hs3

¥ CNN 24l ResNet-101, Inception-v3, EfficientNet-B3Z &8s}, 7}

mdol wixut A F S (Convolutional Layer) .2 FE] o]u|x] 52 W
(Feature Maps)E& &%t} [# 5]% Visual Encodere] =&W Q=& o]n|X]
A7), &4 W A7), 24| vehug ol

’
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[3 5] Visual Encoder®] 229 &4 =7] 9 ygtv]g 4

Input Shape Output Shape Parameters
Model .
(HxWxC) (HxWxC) (Millions)
ResNet-101 10x10%x2048 445
Inception-v3 299x299% 3 8x8x2048 27.2
EfficientNet-B3 9x9x1536 12

RNN¢!  LSTM, GRUE &3 =0l &£&s AASaL, Attention

Mechanisms #4830l &2 74 @olg A= Al T3 oA

HFAoR F FTFH dolgAMel da) A ndd

A 2 7HA, o AW 2 27EH e 2o r & 6 RdS 4

NO. Visual Encoder Text Decoder
1 GRU with Attention
Inception-v3
2 LSTM with Attention
3 GRU with Attention
ResNet-101
4 LSTM with Attention
5 GRU with Attention
EfficientNet-B3
6 LSTM with Attention
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1) g tolH

dolH e 44 Az Aol 42 B9k 691 ASE F FR/ Ak &

e,
&
oy
i)
o
N

X
il
Ho
%
=
o,
v
S,
o
=5

%,

i)

i
o,

01 M g® UrlTh A
ARz ZH) Aoz} 49 HolE AL s dolE 602387, W7} HlolE 6603
Mol ol W shtel 44 Zvlel W mes] A%e @rss) g4 4
A Az Ao Aozt 62 Aol dANE 42 A5 vl o Wi
o] A& (Sampling)3te] AH4Th st BYL AEer] dF olEe

gt dlolE 9 10%E FE35Fo] AFE 3T

[ 8] HF dHelHA 7hea

A NEE o .
20l AA wely = | S HOlH F B7F "oy
4 66,931 60,238 6,693
6 118,350 60,238 6,693
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2) 2d <5

kA Mgt 271 dlolE|Ale] Wl 671#] Rdz A EAT). oln X 5A
ZF%7]¢ ResNet-101, Inception-v3, EfficientNet-B3+ ImageNet© & A}#

PN

5

A4 29e F7} 8 glol alE Agsar. @R B3 Jua o

o
ot
i
rlu
oty
rot
ot

Keras Embedding[20]= &3] F=%+ 256299 whof
WE S AlE3t 4 #47]% Pythone d=fo] xtddo] A s 7] 9l
KoNLPY[33]¢] Mecabs AF&stAth wix] =7+ 642 s, 43t
(Optimizer) ¢85 Adam, £2A3%(Loss Function):=  Sparse
Categorical Cross EntropyES Al&3t3 o, st&5E2 0.001= A A} Hb
B st 3l4(epoch)= 5002 AAstgon, #}AgE WAty s 54 <

% Loss ko] /MAEA] &+ A% ga5s 9 F A=SE 7] T8
(Early Stopping) 71'H<& A &3t9th [® 9

4, 631 ©lolEAlel tigh melo] sk Ajoltt,

[32 9] &) Al Zol7h 490 vlolg Aol gk mele] o< A}

Train Valid
Model
Loss Accuracy Loss Accuracy
Inception-v3+GRU 0.032 0.960 0.171 0.941
Inception-v3+LSTM 0.019 0.964 0.143 0.951
ResNet-101+GRU 0.028 0.969 0.144 0.947
ResNet-101+LSTM 0.022 0.964 0.116 0.944
EfficientNet-B3+GRU 0.027 0.962 0.164 0.944
EfficientNet-B3+LSTM 0.018 0.965 0.137 0.949
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[ 10] Aol ARz Z2ol7k 62 HolE Aol g wee] &% A3
Train Valid
Model
Loss Accuracy Loss Accuracy
Inception-v3+GRU 0.028 0.953 0.166 0.936
Inception-v3+LSTM 0.020 0.957 0.133 0.944
ResNet-101+GRU 0.025 0.955 0.137 0.941
ResNet-101+LSTM 0.014 0.959 0.118 0.947
EfficientNet-B3+GRU 0.025 0.955 0.169 0.938
EfficientNet-B3+LSTM 0.014 0.958 0.136 0.945
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3. 749 H7}

72 mae BAERE
L R e

= 3lols 2=~ 0] ‘a 38 = [e)] Ao - o] A
2 e & dvh H o= A deAerets 2] A oA o
s 5 = I © 5 © = Sl= = KeN =35} o3 L5 ‘O’ A
EH H% T’:Xo]—“’]' ‘IT/\]"(?} AU] = ]H 01—1_. T’:Xo]_e o:ﬂ"l o]—}\}\l:]-_ -qu' =7 O}XJ
o] o = =% S =] [ A== KeN 2= o
o] ou & WkYgste] ghmo] £ o] gEwoeR AAE AS B v
AAC #3 A|AA oz 2% AAC &3 A|AA olx 2%
[Inception-v3 + GRU, [Inception-v3 + GRU]
\\ [’ ResNet-101 + LSTM, <f Of=| Azt Ol & AlZH O] @ 7} X|
EfficientNet-B3 + LSTM] I
LEME € 0l Inception-v3 + LSTM,
=T ResNet-101 + LSTM,
= [Inception-v3 + LSTM] EfficientNet-B3 + LSTM]
E7l 7t ¥ olg off o|&A| Alzt ol ot 7 X|
[ResNet -101+GRU] [ResNet -101+GRU]
E7)| = DEAM o7t CHA| Lot ZEnte
[EfficientNet-B3 + GRU] [EfficientNet-B3 + GRU]
BEVE ol Enl =¥ oe off ol A AlZt O] o JtX gt ol
[Inception-v3 + GRU]
HAEU =AJA=AHJALR
P
bty ) [Inception-v3 + LSTM,
e EfficientNet-B3 + GRU]
HEA =AU
[ZE]
ol = A2 2 ©ola [ResNet -101+GRU]
@ HAE AN E=AUMR
3 [ResNet-101 + LSTM]
% & oAl x| ¢4 ot
ko e g = EfficientNet-B3 + LSTM
otz = B2 2 ol Ao UM et b e

[2¥ 20] Ho) AE=

Aol7} 421 wlolE Aol @ =

i
lo

_34_



Hol Zol7t 621 AAC 4 AEx9 4 dF A= (19 2113 2
‘AFE st ool gk A Az giEiE ulg FHEA g &
ol Ao, FE Aol AfidFE oly3 AIAE KA 3x29
au= Weow s sty Aol ApAet= olm A FYo] kA Zol
Ao, oln A F kel HmakA By wiEel &2 Hole Al olnA
gl AR ool vnA o]y 9t WhH, ResNet-101, EfficientNet-B3E
AREEE EdoA HFH AAe #HEd doE =¥ AHRE Sl
Inception-v3E.t} ResNet-101, EfficientNet-B3Z A}-&3F ®do] z& o|n] %]
FY9s WA o HAFsivdes Aes SIS 5 Avk Holrh 3 ol A
Az diajAls BE R Ay o s e Mo Hes Bt

AAC &% AjZA 0% 2% AAC &3 A& oz =28

GRU]

i 3+
Yook st = dla

[Inception-v3 + LSTM]
Jghe Chi R Mok iR

[ResNet -101+GRU]
MENMHE DL o

[ResNet -101+LSTM]
ARE st MR

[EfflctentNet 33 +GRU]
HREEH A

[EfflclentNet B3 + LSTM]
St ol F MR

[Inception-v3 + GRU,
ResNet-101 + LSTM,
EfficientNet-B3 + GRU,
EfficientNet-B3 + LSTM]
O AFERE

[Inceptxon -v3 + LSTM]

LLLLL

[ResNet -101+GRU]

ol 2FE %

Ol $HHE ol

A2t 4oz Folg

3 + GRU]
HEeEAZ R

Q’.’_“E_

[Inception-v3 + LSTM]
2t wA oz Zote

[ResNet -101+GRU,
EfficientNet-B3 + GRU,
EfficientNet-B3 + LSTM]
7t 4 ol= F ot

[ResNet-101 + LSTM]
AL+l ATt E A 0l”

[Inception-v3 + GRU]
OZEEZYE+U0R

[Inception-v3 + LSTM,
ResNet -101+GRU,

ResNet-101 + LSTM,
EfficientNet-B3 + LSTM]

0| RE = X3 ¢ 22t st =3
A =da

[EfficientNet-B3 + GRU]
0| ZE =X2 Y 22t otH =3

=

2o

[2% 21] H e Zol7t 621 dlolElAlell thgh el o] 24 o 23}
(29 22]& Edo] 7} Tdol& oS3t Alddd 3w (Attention)d o]H]| A
G AZse Aotk Aul Lol7t 421 AAxe oo djs) 27



A HE A AET dael drke gL AAdn
£0| ot ASAHERD Ao,

=2k 2001, Ofo|A of|2|Ft-0f| HE M0 o{FMI2.
ofo|& ato|

[ 22] 2 &of A AR o] olm A HF 99
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2) BLEU H7} A3

m, wo] 2ol fA4, B4 589 AA4E 472 W7ksk7] S8l BLEU-,
BLEU-2, BLEU-3, BLEU-4& &7 =43ttt BLEUY H 342 [34]&
#aselh.

(23 23] o= A3l il BLEU A& H7hsk 4ol
o] (max_seq_length)7} 49 W, Inception-v39} GRU +%& & L
69.3130.2 7H¢ v A5 vUEllen, ResNet-1013% LSTM 9]
& 716312 7Hd =2 WY AeS Bt olgd A HY AlEx
7k 621 tlolEjAlell e = FdEA HErdT

T —

74
2
70
68
66
64
62
60 ‘ —

A
R
S~

]

oko
ol
)
o

el
i)

—
BN

(NS

o]

W max_seq_length=4

Inceptlon -v3 + Inceptlon -v3 + ResNet-101 + ResNet-101 + EfficientNet-B3 + EfficientNﬁ3 +
GRU LSTM GRU LST™M GRU LST™M

B max_seq_length=4| 69.313 | 75.402 [ 75.691 | 77.631 | 7492 74.806
max_seq_length=6 66.953 \ 69.537 | 73.696 | 78232 | 71233 76.97

[z1¥ 23] =& BLEU 37} 23
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1A+ Text Decodere] GRU

[

o

Inception-v37} Visual Encoder®! X @ oj

~a

T

B

el
JJo

14 LSTMe| 2% ALg

Aol7k 621 "oy Aol tf

F71 219

A A4

°©

FNHoz A

=

=

gl o] &

gk ojm A

4 o

9]

2=

ol

I e, LSTMe]

Bt} ResNet-101, LSTM
F el Mol e AnE w

=

=

e 7%

Z}

2

.

gl of g o]

-

R

&t

S

a4

A5k, B R ng|

2|
A

=
B3

=

ResNet-101, GRU
o

ol mj |

5
ResNet-101 Edo] ojm| A&

]

8
P

3

0
TO
)

A

@

28 =

ResNet-101

g
ole] Alizsol o

T

vy

i

283

=
=

EfficientNet-B3

=

==

&A= GRU, LSTM

9

BLEU-1, BLEU-2, BLEU-3, BLEU-4=%
lo| A o] =9 l-gramS 2 A%

o

1=
o =

3

7.

7} A

o

pyl
%

0
_ZTI
il

[e)

4-gram

-
o

5t

°

7}

=]

(e}

I
ResNet-1013 LSTM

R

1 BLEU-49] 4 7}

o
R

3k A

g

=

¢l BLEU-1°] 7}

o
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ResNet-101 2.t} EfficientNet-B37}, LSTMEtHE= GRU %7}

itk AAl WY 715 Akl wutd Zzoade] H§87] sl W
q

o

>

olf

, AAb AZE, HEY HES HdH e agste] RdS AAd davt

= fi

N

%2
o
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[¥ 11] BLEU-12,34 %7} A%}

max_seq_
length

Model

BLEU-1

BLEU-2

BLEU-3

BLEU-4

Inception-v3
+GRU with Attention

78.596

74.158

70.425

64.567

Inception-v3
+LSTM with
Attention

82.127

78.879

76.934

71.968

ResNet-101
+GRU with Attention

83.956

80.242

77.096

71.268

ResNet-101
+LSTM with
Attention

84.401

81.294

79.262

73.998

EfficientNet-B3
+GRU with Attention

83.048

79.456

76.430

70.420

EfficientNet-B3
+LSTM with
Attention

82.258

78.600

76.201

71.083

Inception-v3
+GRU with Attention

74.995

70.163

66.839

63.526

Inception-v3
+LSTM with
Attention

75.903

71.520

69.592

67.409

ResNet-101
+GRU with Attention

81.230

77.134

74.027

70.074

ResNet-101
+LSTM with
Attention

84.221

80.761

78.702

75.635

EfficientNet-B3
+GRU with Attention

79.137

74.652

71.347

67.674

EfficientNet-B3
+LSTM with
Attention

83.042

79.333

77.231

74.588
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l Visual EncoderZ

9]

9t} Visual Encoder®

S

s

= A

ol

Ajm
Tor
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X
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=

5

%

2173

Attention Mechanism 7]%Fe] <3¢

-
T

}31, Text Decoder

)

3

o]

el

&olr 7] 913, ResNet-101[11],

FEINE

Inception—-v3[12], EfficientNet-B3[13]
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0

GRUI15],

PN
T
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ABSTRACT

Deep Learning-Based Korean Sentence Generation
from Augmentative and Alternative Communication

Pictorial Symbol Sequences Using Visual Encoders

Jiwon Lee

Department of Future Convergence
Technology Engineering

Graduate School of

Sungshin University

Augmentative and Alternative Communication(AAC) is a communication tool for
people with difficulties in communication. The most representative AAC i1s a
pictorial symbol system. People with language disorder select at least one symbol

to make their own message, which is called an AAC symbol sequence.

Many mobile applications support communication of using AAC, but they are
weak in online communication since they were developed with a focus on
face-to-face communication. As many services such as conversations, meetings,
orders, payments are converted to online services, there are also increasing
difficulties in non-face-to—face communications. To solve these problems,
converting between AAC symbol sequences and Korean sentences is a crucial
feature, and active research is ongoing in this area. However, most of the research

has been done based on the textural information of AAC symbols such as their



expression vocabularies and identifiers.

This paper proposed Korean sentence generation models based on the visual
information (images) of AAC symbol sequences. For training data, the symbol
sequence-Korean sentence dataset from previous studies was utilized. The images
of AAC symbol sequences were merged into a single image to build the symbol
sequence image-Korean sentence dataset. Considering the area occupied by each
symbol in the image of a symbol sequence, the dataset was classified based on
the maximum length of AAC symbol sequences, with cases of length 4 and 6, and
each was combined into grid formats of 2x2 and 3x2. To extract image features,
we used pre-trained convolutional neural networks such as ResNet-101,
Inception-v3 and EfficientNet-B3 as visual encoders. We also used recurrent
neural networks such as LSTM (Long Short Term Memory) and GRU(Gated
Recurrent Unit) as text decoders for generating Korean sentences based on the
image features. An attention mechanism was applied to prioritize key image
regions when generating each text from combined AAC images. A total of six
models were experimented with, combining the three visual encoders and two text
decoders. As an evaluation metric,c we used BLEU(Bilingual Evaluation
Understudy) scores which measures the similarity between machine generated
translations and reference translations. Among the visual encoders, ResNet-101
tended to show the best performance, while in the case of text decoders, models
with LSTM generally outperformed those with GRU. Note that similar results
were observed for both 2x2 and 3x2 combined AAC images in ResNet-101 and
EfficientNet-B3 with LSTM as the text decoder. The proposed six models
achieved BLEU scores ranging from 60 to 80, indicating high—quality translation

performance.
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