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Q=dl, 23le] Fololth FAgHA F FolE UMl AgIE AL Flolam s,
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7h Hand Pose Estimation

Hand Pose Estimation& £2] ®oFS QlAslE QlFA| %5 7|&olt) o] AFdAEs 729 o
2 2 Y9 A2 MediapipeE ©] 83t =1l Mediapipee 41 ¢] Hand Pose Estimation®] 2}
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21 o 23 2o WA BlazePalmolgte Held ZdS o] &35t Eulge] X E ol
I % 39 dadgEe o8 29 £ 544 HARE Hohe nde T &9 5AA
= Fropdth
127
8 *16 0. WRIST 11. MIDDLE_FINGER_DIP
T | 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
e |15 2. THUMB_MCP 13. RING_FINGER_MCP
6y 107 ¢4 /20 3 THUMEP 14 RING_FINGER_PIP
d h—o 19 4 THUMBTIP 15. RING_FINGER_DIP
4 e 8 S 18 5. INDEX_FINGER_MGCP 16. RING_FINGER_TIP
3 17 6. INDEX_FINGER_PIP  17. PINKY_MCP
Je 7. INDEX_FINGER_DIP  18. PINKY_PIP
8. INDEX_FINGER_TIP 19 PINKY_DIP
1= 9. MIDDLE_FINGER_MCP  20. PINKY_TIP
Lo 10. MIDDLE_FINGER_PIP
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A WAE AAsty 15 FgFAITH

h) Word Embedding

Aol E HEdoll AHRSHY] Sl ©olE oA &2 HEE v #go] B astth ol
AA& Embeddingeleta gt old YWl JHOoEE AY Wo] 2oy ALE
Word2Vectore} GloVe, FastText7} Q=8 £ AFAAE Sh5EHA e Tojo] tesiA= FAF
=5 Zlolf = FastTextES A& Ao|t}

3 P W4T FF

7} CNN

Convolution Neural Network(CNN =i+ ConvNet)2 o]u]z], v, H2E, AlLE 5& O E
o @ol AMEEH= Had daglFoltt olm A9t e 23 HolHE tE W 7€ HAYE
3t o|u| A& flatten 3t 1At o R FHEo] SFAIFAET, o|2A 34 HeolHY A94, F
A EAo]l AAET] Wl shgo] & MPHA Fes 5 ATk old ZAE WA S
a9tE A o] CNNojt},

Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected
a9 2 CNN
NN <18 259 e walo g RE&r) olux7t So]o™ filter(E- kerne)E o] 1] A
3*-“3’3‘ 3to] feature maps Y=rtt ©]# g feature map% 7]& olml x| o] FZA, APA EX
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Ag T AER, AF A4 fFYA AT Lo AA A4 HFE wHo] WL FHofo
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1}) RNN

Recurrent Neural Network(z=3-2 74+ SA4olU, B4, AA A&, @4 ol & <=3 d
olHY AAIE HIolHE U&E W FE ALE3te HHd dagFolth

RrEe MALe FAs) g
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HelHE o5
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19 3 RNN

thH GRU

RNN¢] 73-%- input shapeZ} & 73 AL AALD AlA2=9 FREY 7bEx e AFE AAL
AN A2 HolE Y] ZFEA 7t Zobal dlolE o]l AAE A ShFol FEA] EA7F Atk e
A ol ZE3ly] e mdo] wo| ST tlEAQ T 7}A7} LSTM(Long Short Term
Memory), 18]a1 GRU°|t}. LSTME 7]& RNNoj| “wzZ} olgts 7% S F713 Ao 2, 23X
22 s WP ESE SgE« Aol 2FHEY LSTMES 7]& RNNY &3S sidgdloy @
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A3 5 A& Aot} reset gatedl s r=0 (W, « [h,—1, z, NE AH 42 rZ o]Ag
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7H Z1ZRJIE 7IHE o] AIZF W 5 AI- "&A] 7Y

A Ao A= Mediapipe2 FE3+ FA A5 7)1ZJES] HEF WHEE 7|wto g 3} I
3 A e BASE FAES AASAT Ovt dg AdFE U] vt £3E Aol A
NAAS EAeke 7IHo =, o] 7o o7l A& FdaAY Az & o
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1}) Watch only once: An end-to-end video action detection framework®

— d

| AFoAE Transformere] Attention 71-& 83t oA PEo] ANzRAHH} ZH
< Ze 7S dsith

3. A7 23

AT gy 2 A%

D AT+ &4 +=

ATolA Held stse sl AFERE st=dlolel Az ES o] AR & 1o AEFo] Atk

CPU Intel Core 19-10900K Processor

GPU Nvidia GeFore RTX3080 LHR 10G

Memory DDR4 64GB

OS Ubuntu 22.04

Python 3.10

Software TensorFlow 2.9.2, CUDA 11.8, cuDNN 8.6.0

1 AT 273

2) HolH AE t&2E 9 AE

o] M-S A= 2 20 e Fdol e 77 ) dolE FAAE 3 dolH AMES]

AAMth Korean Sign Language Dataset) € ©| &3t B 9742 12807720 =Z7|HeH, 4

el Aole AAZolAt S5S sl B FHol AU AHE HAY HA &Fv FEE

< AAsA T

A EFE flAe BAAEESIJPAS FestdolA A&7 vlFA7E 7Fe s &
=

e} Al sk,

-

3) AR, 2AA, ABE ABA, A7iwk (2023). J|EJNE 7]6F o] Al Fg Al "X 7).
AR ers] HFR AA =54, 29(4), 184-189.

4) Shoufa Chen, Peize Sun, Enze Xie, Chongjian Ge, Jiannan Wu, Lan Ma, Jiajun Shen, Ping
Luo; Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2021,
pp. 8178-8187
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zde python3 ¢ TensorflowE &3 73t}

=
Fo (10, 3x128)¢] Heje] &
B¢} (10, 3x42) Feo 43" Hand Po Keypointse|th. F 8- E7j9 J%”&% wek X
P  talAd st FToE AN T oAl DA FUHEd F
o] g3l dwd H YJ=dE 9} 22 2003 HEE oSS

¢

h ERL A4 RESN PAROE PRI 474% =Y

E o2 (50, 50, 3) A71¢] ARzle] Eo]2®™ CNN F& AA o] Arzle] o&
0 #HEH3Ith 54, 2d H7F 529 5304 FAS BdS A3 & lossES =9
i (o)

4. A7 A3

7} mde] T

1) &3 AZL 45t wol= Mlss A%
HE
HA AAE AHE Az D29 A 128719 10=8Y ¢ x, y, zFol e Wi d
El(F 10x384)2 wrol input_face o2 dHdtt 28 Axy FAHLS AR dEo &

202 217D 107 Z#EY st x, y, z Fol thig HY vHolH(E 10x126)05 who
input_hand o2 J=dt}.
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Ztzbe] A& 64709 unitS 7} many-to-many GRU layerE A3 64x102+9¢] &lA 2 v}
At 1 & many-to-one simple RNNE A 32 =7]e] WEE Z#H3Io 1 F batch
normalizationg A <59 ¢HAA HAI HAFT WAS It 1 T Ikl FCN(Fully
Connected Layer)S #x]a. 3 ©] batch normalization2 a5 & 37012 FCNS A A 2002+
o MY E deth aga &3 dE 449 AAWY AFl 20034 HE F HE Yl
H O FOCNS AXH HFZA =L &™3th GRUS SimpleRNNSS A|£]gk FCN 52 &
A3l F4=Z LeakyReLUE AHg3tal HF S8 FolAE E43 42 linearg AMg3H. o
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input face | jpout. | [(None, 10, 384)] input hand | j;0u5. | [(None, 10, 126)]
InputLayer InputLayer
float32 output: | [(None, 10, 384)] float32 output: | [(None, 10, 126)]
gru input: | (None, 10, 384) gru_2 input: | (None, 10, 126)
GRU | tanh GRU | tanh
float32 output: | (None, 10, 64) float32 output: | (None, 10, 64)
simple_mn input: | (None, 10, 64) simplo ron_2 input: | (None, 10, 64)
SimpleRNN | tanh SimpleRNN | tanh
floailz output: (None, 32) float32 output: (None, 32)
batch_normal face 1 input: | (None, 32) batch_normal hand 1 input: | (None, 32)
BatchNormalization BatchNormalization
float32 output: | (None, 32) float32 output: | (None, 32)
flatten_face input: | (None, 32) flatten_hand input: | (None, 32)
Flatten Flatten
float32 output: | (None, 32) float32 output: | (None, 32)
h face 1 input: | (None, 32) h_hand 1 input: | (None, 32)
Dense | leaky_relu Dense | leaky relu
float32 output: | (None, 64) float32 output: | (None, 64)
batch_normal face 2 input: | (None, 64) batch_normal hand 2 input: | (None, 64)
BatchNormalization BatchNormalization
float32 output: [ (None, 64) float32 output: | (None, 64)
h_face_2 input: | (None, 64) h_hand_2 input: | (None, 64)
Dense | leaky relu Dense | leaky relu
float32 output: [ (None, 64) float32 output: | (None, 64)
h_face_3 input: | (None, 64) h_hand_3 input: | (None, 64)
Dense J leaky_relu Dense ] leaky_relu
float32 output: | (None, 128) float32 output: | (None, 128)
h_face 4 input: | (None, 128) h_hand_4 input: | (None, 128)
Dense I leaky_relu Dense I leaky relu
float32 output: | (None, 256) foat32 output: | (None, 256)
output_face input: | (None, 256) otfpmns hand input: | (None, 256)
Dense l leaky relu Dense I leaky relu
float32 output: | (None, 200) float32 output: | (None, 200)
combine | jpput: | [(None, 200), (None, 200)]
Add
float32 output: (Nane, 200)
main_output | jouse | (None, 200)
Dense ] linear
float32 output: | (None, 200)
"9
A==
2) ol Y =4

T+2= 19 108 2o 94"
Mel 3x3 kernel& AF&3t= C
|

= Convolution
. featureo] Y& ] o]

zde
o}
o] =
=

XlooL

=0

o =

10 -

02 50x500.2 resize® & mono ©|H|AE

Yo

A2 48x48x3 Aol =9] feature map<
MaxPooling& ©]-&3l] subsamplinggttt. 1 %

S flatten &



S AA 1Y 9HZ wE3 R B FCN layero| A o] Apzle] &Y &S o =317 ¢
03 1 Apole] ~ZetZ o =3F+= sigmoid activation functiong AF&3] 1 =Z7]e] WMEHE =
Ekia=y

conv2d input | jppug: | [(None, 50, 50, 1)]
InputLayer
float32 output: | [(None, 50, 50, 1)]
convad input: | (None, 50, 50, 1)
Conv2D | relu
float32 output: | (None, 50, 50, 8)

max_pooling2d input: | (None, 50, 50, 8)
MaxPooling2D
float32 output: | (None, 25, 25, 8)
flatten

input: | (None, 25, 25, 8)

Flatten
float32 | output: (None, 5000)

dense input: | (None, 5000)

Dense | sigmoid
float32 output: | (None, 1)

19 10

2do] s Ax 19 113 o] train data®} validation data =50l A loss7} 5243 A3}
I FAEHE BE

S BT dx=vF dojFgoe g Qs <Fzte] overfittingo] A MA T HF
validation loss7} ¢F 0.0004A % 993, ZE ol 3] olF =& HIEE Holx= &9
Zqp “rjmE gt 5o gojEof taiAE AME WHE o] G HEeiAE =& HAEEE W

gtk 1000 AEI2E Aste] S5 WAL We A4 o] BAYFH 500 o £A7%
2 58 A5t L 2E =P}

model loss

0.30 1 -
—— train
test

0.25

0.20 1

loss

0.10 4

0.05 1

0 100 200 300 400 500
epoch

— 1]7 —
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A 2L HA o] Y4 T 0= dvtS mer] fEo HA| o YAl od FES
ol Yolop A& Ayt e =A= ARl HA sokt & 4 Atk skAInE A¥ AT
2l A= o] T A FA AdTE Tl olE HEY  Ae ALz Agsa FF 42
& oot} EJ ol T of Rdle] E¥& Adxde 2HLE W] H

8. 1 A5 %W I8 =X
[1] HTTP//keras.io/api/layers/recurrent_layers/gru/

[2] https://www.tensorflow.org/api_docs/python/tf/keras/layers/GRU

[3] A2, ALE. (202]). B&d 7]¥F OpenPoseE o] &3+ = 3 T2 QAo #A3 A
T U AE - =33 =5A], 22(4), 681-687.

[4] 4% (2016). ol Fzsh ofml zhe] A4 1. dolzstel T, 76, 151-173

[5] &% and AW3s}k (2004). F=3te] HlFA L et dojshd B4 AT EFnsA
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