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AZdE #A Afolo] A ¥ W AFe] #A Atolo] #AE FHE F vk, 1Euh ST-GON 7I%F e A g
Lo Hl3] B2 o] Agte] Hasirh= Wo] St

ZA3}7] ¢8] Cheng €.+ Shift Graph Convolutional NetworkZ A¢tgch. o] WHe AL o
224 dial A F3F ol% Y= Ay 7P S point-wise HEFHOR FAH yF 04 M
o] &A@t} (Cheng, K.; Zhang, Y.; He, X.; Chen, W.; Cheng, J.; Lu, H. Skeleton-Based Action
Recognition with Shift Graph Convolutional Network. In Proceedings of the 2020 IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR), virtual, 14-19 June 2020; pp. 183-192.). Zhang 9|.+&
8249 SGNS Aottt (Zhang, P.; Lan, C.; Zeng, W.:; Xing, J.; Xue, J.; Zheng, N. Semantics—Guided
Neural Networks for Efficient Skeleton-Based Human Action Recognition. In Proceedings of the 2020
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), virtual, 14-19 June 2020; pp.
1112-1121.). o] WHeld= 54 &3 8 FA717] A8 22 5o dd oua(d: ¥4 #§9) ==
=z daAa(ZaY )7t AAEEATE. Cai 9. & JOLO-GONolgh o]F 2~ER GNAA Azt £= 43} 7
F Hd T4 AEE gEoE ARgs] % AE 0 ZHdAaE AS#H(Cai, J.; Jiang, N.; Han, X.;
Jia, K.; Lu, J. JOLO-GCN: Mining Joint-Centered Light-Weight Information for Skeleton-Based Action
Recognition. In Proceedings of the 2021 IEEE/CVF Winter Conference on Applications of Computer Vision
(WACV), virtual, 5-9 January 2021; pp. 2735-2744.). ©< =7 7]¥ W3} v|usle], o] sfolHg|= -
WA e AL @ dEy eHEHEE fFRAEHA AeS EH R PHATIE AeR JFHAT. Mazzia
9l AT AEFA, vHT B FC(attention) #HelolE AEE O @At A7]-F0 4 op7|HIAQ] &
37| (transformer)E Attt (Mazzia, V.; Angarano, S.; Salvetti, F.; Angelini, F.; Chiaberge, M.
Action Transformer: A Self-Attention Model for Short-Time Pose-Based Human Action Recognition. Pattern
Recognit. 2022, 124, 1-11. doi: 10.1016/j.patcog.2021.108487.). o] W& 2+ EFY =9 oA 2D

il

o

2 E8H 2o A A7 EFAE ALgete] AXzE = 7k @ Q2SS JlsskA ko] % oAle] Fa
gk 2 5 Y
o]9} 78 GCN(Graph Convolutional Network, L AEFH Y ESLZ) 7|4 P& A2 =74 7|4 P& <

Xel
A $5F AHS HAFAW, AT MU AAZTE AR iAW thE HE P A E A
w9t wEs 53 F/A71E Wil A,

=
Moo Aglel R A4S FEse U ASHE MEYAsE AER, AL FEH] A% BEd o
E9a8 992 ¥, @, F /4 o/F 548 A¥sm 4% A48 A% herEY YEYAE B8
2 ok, webd e MEND Baae 98 as4e 945 @A Ao

gbdo], &= 2 B & 3o mAJE wpe} e F o] dAAjde] mE A et A% ofv-fE AAFEE o
&3 At e A AT 100)2, ov-FE AFE(SN) I AE HlE o’ (SHA) o] 23S VIwte R &=
ZHRaL e e Y daelgor, A SRE7E va viziRerE AL 849 A 1A mdojy. 1
o FAFoE, 7R SGNlA 9 =4 AdaE 2RIE HE(A, 3D #Fx, £2)3 Zyd d@E(3E 73
2z les) REE o] Pdu Al AgEn. T e FAR REE FAE 7] el ALt
=7 B2 2 vy Zesit. B drdA s, 7] SN QIE f EES o A2 A9
o] a3 SHAZ thAfeeHn A & FAHEAM AL & S & F . st =, = 2

_11_
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, £ A= O FeE B A 2 A0 Ed g, AL} 7]
S, AR oML GV A AE ojune WY, A%

249 44T 5 Aoh. woh FARNoR, % 5o wAH vheh o], zelE-gu
(12002, 4709 W5 FC, $A4E F5 2 o] vEADS Tga #AD 5 om, ou B4 ¥4

m
=

N

{
A
o,
N

>
o
o
2
r o
2
o
R
K-
iyl

o

= AW, 71K, (W Al 714 Ads ARgste] 99 EZ(

S . Edzaxne d=r gy o Fo(odld)E shgetal olE Agtel]
ol Fo| ¥AS A8 F JEE HE J= ofeld(Multi-Head Attention, MHA)S Abg3ch. 18y, HE]
= T dRnte] Efaxme Fo| Ao dFE mAa, I dee EGag Fid FYE Vedve
o] A=HAYWMichel, P.; Levy, 0.; Neubig, G. Are Sixteen Heads Really Better than One?. In
Proceedings of the 2019 Annual Conference on Neural Information Processing Systems (NeurIPS),
Vancouver, BC, Canada, 2019, 8-14 December 2019; pp. 1-11.). uwglA E Wgojx = 7]E SGN Rdo =
A 2JAE G 25 hAl, EAAE] MHAS SHAR thAls] ZUE-UW RE(120)S 7FAskITh. MHA
21 SHARE ARgstiete S a3k #ds Axete o4 54& s F Qi 718 SGNET A2 o] wiyfds
o gt AL BHEE & Fzaho] B ool olE-g WE(120)9] %
JNE-# &2 54

)

S

B3 Qv ol A=,
[e]

[ s
= .
B e A AEsEs s

Tx]»xC,
=R oy wig TERTEIM o mwo) pe

A, §4 10)e1H 89 9 54 B 732 T
Bl e oA 19 5o 29k ol 747 ok K= QP 5

84 1

Q=FCY() ERTXIXC;

84 2

E=FECET) ERT=Ixe

o+ Aak(scaled dot product)S AFE3Fe] AxtE 4 9lon | Softmax G4t 2
_]

84 3

KT
Attention (Q,K) =softmax (Q _)V € RT*Ix]
-y C

L 5o mAlE mpep o] ZQIE-#E RE(120)°] A-&HE SHAMA =,

SN
o
[m
=
[
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i
o
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o 42 A7) 98l the AW(STA) P vw AP FAsT)
glolg AE

oy dAAee] e 4F ATs AF dv-fE AAFS ol §F AY BF A4 AZWA00) L P
of there Bl ujsl W U A Wtk AL W) 919 T Bl Qe 24 deolg A
Eo 43es 490

(1) NTU-RGB+D 60 (NTU60)

NTU-RGB+D 60 dHl°lH MEZ At P& A2S $18 Zeo] 7|uk(depth-based) % RGB 7]HH(RGB-based) 3
2 WX w32 40702 NE IJARRC A =" 56,00070 o] BT AME 4007 A o] 9] T AdS E
ghoh. zlo] W, 3D =74 A 91X, RGB ZHY, A9H AEE 5 M dF ARE AT, o] Hol
MNE = 40719 47441 &5 (daily action), 11719 4% & (mutual action) L 971 17 #H 3
(health-related action)& X&3te] 60702 M= th& 5 e~ (action classes)7t & o] vk, + 7t
A H7y T2EF, & wx-FA(cross-subject, XSub) ® WA-F-(cross-view, XView) ZZEZFS AlE-3H},

=
]

o}n oo o

(2) NTU-RGB+D 120 (NTU120)

NTU RGB+D 1202 NTU 609 &go =, 106719 /¥ FAZFEH FHIY L™ 114,0007] o]4+2] Ht] o A&
800%F 7 o]Ate] ZyolS E@‘?}E}. o] "lo]g A Eo+= NTUGO o]ao = 3wl 120719 thokst % g~
7} Z3Eo] gy, F UMA HrF TREF = XSub TEEF Y wx} AA(cross-setup, XSet) TEEFS A}
|3k},

(3) NW-UCLA DB

NI-UCLA Blole] AIEi= 3708] 7]9E (Kinect) 7Hehg Abgatel SAo] AAE RGB, 2ol % 1%+ 27 dolg]

g ETgan. FAGE 2009 wAst 1979 Wk adse] gk o] deld AEAE W Eow
F1 L mAZ M, el T, e, el 58 mashe

o 4% Aduest £l e,

e g do]EX(Pytorch) ZHYYA7F 0 RTX 2080Ti GPUIA 3=k, FHE ) 1207 | E=
(epoch) &S EE dloly AEd FdatA AL&=HAT. dHeolH MES X A7|= 642 HAAHJT. =EE
FCE v #Holojz2 A=A e ulx] AHt3}, Leaky ReLU % Adam SEJRFe] A7} 0.00052] % 7a(weight
decay) Z AFMEE AT, 7] 858 (learning rate)< NTU Hlo]E] AE<] %< 0.001, UCLA HoJE AE<] 7
£ 0.01902, st5E 2AESHE FJolEX oA AF3S LambdaLA(lr_lambda = lambda, epoch = 0.93 #* epoch)
2 ALt B S 9eiaE wxl dERY &2 (cross—entropy loss)S AH&sHIth.

NTU602] A5 Hlw

g5 Aol ] A&== NIU60 dlolE] AEE AR&ato] SHA
SHAYe] & 124 Aess fFASHA dstd = d5s sEd. 4
Z, = XSub®t XViews AR&3t] Ad5& Husgitt.

B Lol A A]Esk= SGN-
NTUG0S] F 7}A] 7} 22 &
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Hla Ado] A18¥ SoTA B th&a ol 1) ST-GON, 2) 18] AZEFZH(MS-G3D), 3) &g F1H-Azt
(e}

Fo] UESZ(DSTA-Net), 4) olF L#f>= ABFH UELA(Shift-GCN), 5) A7t =4 gt xdE& g5
info-GCN, 6) 5= S7d =4 AF2z2RE ] dix kol 7IWkgk 3S-ainCLR, 7) 7] SGN, % 8) & ¥

ol A A <tE SGN-SHA.

72 NTUGO dlolEjAlo A £ o] dAAdo] & e dl= AF ov-FE AA4HS o] &3 Al AT
21 AJ2E(100) 2 HE3 o2 HA 7149 43 (accuracy), "W Al (Params (M: Million)), A4k
Z+%=(Giga FLOating Point Operation Per Second(GFLOPs))E uEldl Twoltl. of7]A, AHZTE= NTU60L
7HA H7F Z2EFQ XSubst XViews HluFTE. = 794 & 4 A%0], Info-GON> NTU60S] XSub 2
XViewel tiall 71 =& AL E dAdltt. 22} Info-GONS SGN-SHAX. T} 4.8¥] o] Z-& wj7fd 42} 29.54)
o B AN BEEE BaE stuE, SGN-SHAZE AR A SHelA o A3 Zhssive s & 5 .
Info-GCNE A€ gk SGN-SHAS} th& W 1] AYE zo]l= A AW wi7fFe] G ALl BERE ZHd
2 SGN-SHAZ} Ag3] -3, E3], 7]¥ SGNI} w]arsle] SGN-SHAS] A 3=+= XSubollA 1.5%, XViewolA
1.9%2 SGNET} oF7h xm% ARG NG SHAAE oF 2.15%, AL BEFE SHAAE F 2.580= SNS &
7hety. = 73 o oTA W3} ALl Zpol7} Atk A& aiefdd w, ke SGN-SHAS] Al
A BRI A 3 )\% A7V A2 (low-end device)dlA AAZF % QAL 71sdbA otrz Fo3%

EEEREEE

4t dg 2

» -
rSL'
T

NTU1209] A5 vl

NTUL20 WlolE] AEE Abgstel 4RE FAHACH, of Hole AEL XSubsh XSete] F 714 Wik TREd
& EYt,

L 82 NIU120 ulolefAlol Al & el daAloo] wE Ha =9 AF gu-F= 4TS o] &g
E o]/kl /\])\Eﬂ(loo) =i HLHJJ,} 1;]_% B2
8o el wiel o], SGN-SHAE 7Hd =& 2k
GON2 H7e MEYIE AFEdY] wie Z82 $7F 607114 120712 —5015 oqxj_fs] 7 e AAES B
gtk AISE SGN-SHAE Info-GONE T wHe A shi J =} 5
ME 1.6% FAT XSetlME 6.2% =tk B3] 712 SGN¥ B wshA xswo] 0.7%2 Tha W& b
5.602 ¥ Holdlth., & 89 AFE FI FHx b Sk EE SGN-SHAS] A% A HAEHA
ggom, ofzls] miNHSTE Ao Axt B EL ol AAITE ‘Moﬂ Agsichs AL FAT 4 Aot

|

NW-UCLA ©lo]E] ME°] A5 W

NW-UCLA dlolE AEE 10719 3% S22 FAEY, AA d% FS=(action accuracy)s= 7] SGN 7 -¢-
92.5%, SGN-SHAS] 79 92.6%= A|¢tEl o] 0.1% =tvh. H AFo|AE= 7]E SGN A|¢kE SGN-SHA Afo] €]
Zy MR g Zdxe] A8 E &5 S o]&she] HluEsiT.

T 9E NW-UCLA olo]glAle] A3 dZo] it ou-f % AAL(7]E SGN) Y £% 34 (confusion matrix)S 1}
Ebd E=Wo)a, & 102 NW-UCLA dlo]E] Ao A E kv o] %1 AA o] mE A =9t A oul-Hx AP
o

o] &3k Alek % 912 A]2EI(100) E M (SGN-SHA) Q] &% FHS Yeld Edoelty, &= 9 @ & 109 =
Al vkel o], 7 Wb B MR s S s vw} AT TS BYATF, SGNS 75%, SGN-SHAE 83%
2% &g F7) FU2AA M $e AREE ST, SN A% T Eer FUT, 2y
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of & a7k A7l wliZel, SGN-SHAE mi7H4=7F

oo U

5

L

.

=

=

3

HHH | SGN-SHA

we,

=

=

s

Ly
a

] 5}
sl

8

ol Al 100%

Eal

B

=
=

370

=
218 (donning)’ ©| 371X ZeolA 1006

)

‘2 7] wWelry

)

SRR
‘doju}r]’

s
2

o

fvie)

S

[<)

Al
AFFH ol A
23 g2z
A w2

-

=
=

=
=

L

3

Fee

3}
=

Y
X

(RAM),

i=4

l= t)xa,
2N

3 A}

°

o]
= (ROM),

o A=

[e)
2

A=,

o

]
371 wjA (optical media), =

T}A] 2L
(SGN)
IR EE
s
=i
=

o

.

[e)

=
L

[e)

I -

k)
w

AL

)

SGN}

H

of, AFHAN BE 7}

=
=
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EH7
\ NTU60 Lightweight
Method XSub (%) XView (%) Params (M) GFLOPs
ST-GCN [4] 815 88.3 3.10 163
MS-G3D [26] 915 96.2 3.50 4838
DSTA-Net [27] 915 96.4 3.40 5.6
Shift-GCN [12] 90.7 96.5 0.76 10.0
Info-GCN [25] 93.0 97.1 156 183
35-AimCLR [28] 869 92.8 2,51 186
SGN [1] 89.0 945 0.69 0.16
SGN-SHA 875 9.6 0.32 0.062
EH8
\ NTU120 Lightweight
Method XSub (%) XSet (%) Params (M) GFLOPs
MS-G3D [4] 869 88.4 3.50 4838
DSTA-Net [27) 86.6 89.0 3.40 5.6
Shift-GCN [12] 859 87.6 0.76 10.0
Info-GCN [25] 89.8 912 156 183
3s-AimCLR[28] 80.1 80.9 251 186
SGN [1] 792 815 0.69 0.16
SGN-SHA 785 87.1 0.32 0.062
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k1
N2

pick up with one hand

pick up with two hands

Target

SGN

0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00

drop trash { 0-00
walk around { 0.00
sit down 000
stand up 0.02
donning 4 0.00
doffing { 0-00
throw 4 0.00
carry | 000 0.0 0.00
E B ] 2 g g 2 g z g
3 s g =2 o - E £ e =
- £ e g = = c £ s
@ o o L] = ol B 2
s £ g = a @
£ = z
z ~
z
g a
E 4 3 . .
= ¥ Prediction
o
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EHI0
SGN-SHA
1.0
pick up with one hand JERUCESN 012 002 000 000 000 000 002 000 000
pick up with two hands
0.8
drop trash
walk around 4
0.6
sit down
A
w
- -
stand up
Lic P
0.4
donning 7
doffing 4
0.2
throw -
carry{ 000 002 000 000 000 000 000 000 011
T T T T T v T T T 0.0
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s = & 5 3§ = £ £ & 5
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& Prediction
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