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Dual-dimension Topology-optimized Hypergraph Convolution Network for Skeletal Action
Recognition
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Abstract: Graph convolutional network (GCN) excels in skeleton-based action recognition, but the recognition accuracy
is limited by large inter-joint distances and the restricted feature aggregation capability of existing methods. To tackle this
issue, this study proposes a dual-dimension topology-optimized hypergraph convolution network (DDTO-HGCN) for
skeleton action recognition. The method extends traditional graph structures using hypergraph theory, leveraging
hyperedges to extract local and global information while capturing high-order dependencies. A temporal topology-
optimized hypergraph conyolution (BFTO-HGC) and a joint topology-optimized hypergraph convolution (JTO-HGC) are
proposed to optimize the top’olc;gical structure along the temporal and joint dimensions respectively, thereby enhancing
feature representation capabilities. Additionally, a multi-scale temporal convolution network (MS-TCN) is incorporated to
enrich temporal feature expression, and a four-stream ensemble method which utilizes relative vectors of the skeleton
center as supplementary data streams is introduced, improving recognition performance. Experimental results on the NTU
RGB+D and NTU RGB+D 120 datasets demonstrate that the proposed method significantly outperforms some state-of-
the-art methods.
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JF MR 56 T REAE . 8 A5 AR A SOfgmhx RS SE B ) 4
FEAR e, AN WS B R, 98 0 1 2 3 2 g
LESE VR TR Bk o T B A 2 0, S e
SR B AelP B 1 W I E AT 14T (A BB
(IARE KA, AT LA — 5K IR b I 56 N IETE AT ).
X — i FEN A T G, € RNV A2 T A [A] I 2 it 4
i, AT 5200 B B B S AR IES B, XA SR Y
BF 7 2R AN B AR Y R 1.2 75 X 3
GrE SRR I AT KRR 3 AN B A, TR
2 AN AR BIIRE AR A ) P e S R 4 G, AT —
A B IE R ACE L o f5 AR N, LEB B Bk T
B B fa S HE R, BRI P4 R R R
RTNXNRIEE 1 AN o33N 5045 J2., b7 8 I 2 [ R
MEBEFE X 0k W e RCouw/2xCin 5 FIAR 5] C oy /2 25 P (1)
B AURRE, ?EE!:/\”E”J”EPJ&UJZHTT”W%%%%%EI
(5 B GEFEfL B E) u%’ftﬁ?tﬂ
TEAE P, FEAT I ST Pk 1.2 3 oy
aaaegmra@zmﬁ@% 1. 4 B N 1
R FRAHEATHRE B AN L, TEARAL BRI, X
ERUR BURRAEHEAT AR I TR A, DA SE 4 T 1 3 10 4\ 5
WIS R G ERBNEIEELEE, 555
ANE s X d i EdgeConv 3R 15 RFIE 7K & 47 18 18 4
FE B HF B H — A0S e, T8 e 72 3 B OR B T N RRAE
AT £
142 KARIMLAGHE EGR
JTO-HGC BLHZ A 1 2% 2T 440 15 2 8] i 46 41
SE 0 JE AT B 2 AR, B AR AR B R A Ak
TERTTYEE F BAINMEREEE e, & 4 fr
/NHI JTO-HGC #isk, [H# FiR ) TTO-HGC bk, I
B AAE T H R B B s A s sh & 4R Fh i 77 s0rn
N 4 FEAN ], HOm i AT B 2 D3, il BRI
Y P A K 1 TE RN I 4 R R A AT BE R AL
[ 4E B TV S T AR $8 G € RV | 83 tanh ¥
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T BRI HOHAREL T Softmax 7] BRI 235 40 FhHE [ A
R E o 2R, e S R A AT AT AN AL R 2
[ FRSR PG5 K5 IS, TR BN HE 3 20 STR NI SRR AIE
SEBUE G, I A RHIE. BB O 2 T

X: CuxTxN

K H i
four =Concat (Zizl (A +aGl)XW), EdgeConv(X))+X

@)
FH V24 B A S 5 #R7E B 4(a) (b) 457w, i
Ja BAR 4 AT TTO-HGC R FEAS FEECIR.

(as)  (as#]

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
EdgeCon :
e
|
T

Jout: Cou*T*N
(a) TTO-HGC

K4 TTO-HGC I ITO-HGC Bibsii LN

1.5 FAESFORBERRS
2s-AGCNPPUE ] 7964, B84, RIissing
BRI BN B VU A 4 R 7 1 vh R — PR 2 B8 gk S 9 2%

gk, Bk, 9 7S 50R, JF B2 RE R

S S B MR 2 58 1L, S T
S 22 470 MR i A S0, BT B e R 1
S LB 32 Z MR < B RIS 1 325 Z MR O P,
T 1 B — 3\ S DDTO-HGCN, 45 5B 7 BiAl 55
I B AR T RS )50 T R 27 7 T, B B
R AT 564 150 A = 20 Ak 2 B34, 4 B (S
Lo AT AT 645 A A 28 1 B 4R

B AR T A AL B AL, XT3 1 TR
T LR B KN 7 S B B A S T S 1 — L3 RS
LR PE RS, ZES5T . BB RIE LR 1, A
AN T AR R OB . HX AR
S B S B, ST T B 4% A L A SRR A
PRI R(oint+motion)s &8 i 5 v 0 B K A A

98 R4i# % System Construction

Res(1x

X: CxTxN

Ix15H&
Reshape

Ix1 5 &
Reshape

Jou: CouT*N
(b) ITO-HGC

"

B3l & R(bone+motion), AKX MIE 5B 45 iz
AN [y FCRAS 12 O 25 8. A SO
(DDTO-HGEN) K VUL H1T 4844, 4445 (joint+motion).
(bone+motion). R(joint+motion) fil R(bone+motion)
Hl . AWML )E, i Softmax 757 il &
BN A RE R, BB 7 1 IRA RS EIE R,
BRI A R T A

515 B GEAERS O AR R ) R B
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2 SEh
2.1 BRE¥ES

o NTU RGB+D: & —N 72 F T & 38 fE R 1
KAVEHRAE, A7 56880 M ZLANEREA, /1 40 15
5#H 58, 78 60 NG ZEIREMEE HERE T W
T BRI 7V

(1) ¥ T4 (X-Sub): 40 fii 2 53 F111 20 7 H T
2k, HoR 20 S H T IR E.

(2) B (X-View): 3 MG A+ A H
T, H—AHTFRIE.

e NTU RGB+D 120: /& NTU RGB+D H#E 419
JERRA, BT 60 KB ENME, B 114480 AL AH
b NTU RGB+D ##84E, Bl 1 57367 NaEREAR,
ST 114480 N EHBSIEREAR, BE 120 NafES,
t 106 ALAN A 3 52 . 2 2l SR HOAE & A T P
FEAEMA 72 g

(1) 5 A4k (X-Sub): 106 fr F Ak, 53 A7 T2,
Fol4x 53 40 FH F3E.

(2) 5 E (X-Set): 32 NBEH, MEOK EHIFEA
FHT U4, #5805 B R A T 50 00F.
22 XWEE

T S, A SO R i B E N 90, IR
B 5 AN IR warm-up SRS, PASZETE AR H1454 3.
KK 0.9 Nesterov F)E ) SGD LAk 25347 /Y
&5, H % B E TN 0.0004, VIG5 THEN 0.1,
TEZE 404 65 Fl 80 A LA 0.1 [ [KI 11555 PEIK 2% 2 K
0.000 1. A3 ff Ff CTR-GCN'! ARt 19 ik 51 77 2%, F
Fa B KN 64, 5 58 BT 2 (KL T #E ke AR
PESEE A 25 S, T B -4 P R b g, S
A5 2R LB Ok NS 96, T 92 TE 3 B
Tesla®100 GPUs kAT
2.3 5%t miARIntte

ARSCAE AR 1.5 AR 6 PR Al A 75 12k $E TR A
R IR AR BE, ¥ A SO 7 5 A R £ (NTU
RGB+D #1 NTU RGB+D 120) _t ()4 3R 7 33 47 % Ee.
PR as Rk 1 Fros.

%1 DDTO-HGCN 7EH 2 EE R A BHREEE NTU RGB+D 1 NTU RGB+D 120 _F 5 HAth stk 7 5 1 i

] N NTU RGB+D NTU RGB+D 120
ik SUHI o X-Sub (%) X-View (%) X-Sub (%) X-Set (%)
ST-GCN™ AAAIL 2018 81.5 88.3 70.7 732
AS-GCN!™ CVPR 2019 86.8 94.2 78.3 79.8
2S-AGCNP! CVPR 2019 88.5 95.1 82.5 84.2
SGNI'™ CVPR 2020 89.0 94.5 798 \ 81.5
MS-AAGCN!' TIP 2020 90.0 96.2 — —
MS-G3D!M CVPR 2020 91.5 96.2 786.9 88.4
Shift-GCN!'® CVPR 2020 90.7 - L 96s 85.9 87.6
Hyper-GNNP" TIP 2021 89.5 1 95.7 — —
SD-HGCN®® ICONIP 2021 909 96.7 87.0 88.2
CTR-GCNM! ICCV 2021 92.4 96.8 88.9 90.6
AdaSGN™! ICCV 2021 90.5 95.3 85.9 86.8
MCC™(finetune) Iccv 2021 89.7 96.3 81.3 83.3
SAMOtiEGCN™! & TPAMI 2022 917 96.7 88.4 88.9
FGCNIE TIP 2023 90.2 96.3 85.4 87.4
ML-STGNet!'” TIP 2023 91.85 96.18 88.6 90.0
MotionBERT! ’(scratch) ICCV 2023 87.7 94.1 — —
MD’TL-GCNV ) 2024 92. 64 96.47 89.29 90.49
DDTO-HGCN (joint+motion) — — 90.7 95.5 85.5 87.4
DDTO-HGCN (bone+motion) — — 90.8 95.3 86.8 88.0
25-DDTO-HGCN — — 92.1 96.5 88.8 90.3
DDTO-HGCN R(joint+motion) — — 90.3 95.4 85.4 87.2
DDTO-HGCN R(bone+motion) — — 90.2 95.0 86.5 88.0
45-DDTO-HGCN — — 92.61 96.74 89.44 90.83

# 1 H#, 2s-DDTO-HGCN #E#1 /2 (joint+motion)
I (bone+motion) X N I A& 45 2R, 1 4s-DDTO-

HGCN 2@t 28 1.5 iR B AEX W & 7158 S
SRR U Eh & 145 5. DDTO-HGCN JL g i
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br AR T2 St ik, UHEGZTE NTU RGB+D 120 %1

Po4E |, 55630 CTR-GCN AR B, AT IR BLLE X-

Sub IR AIRE FESE R T 0.6%, 7E X-Set &1 I
(IR BAS BEHR T 0.2%. 58— 25 R ST-GCN

FHEL, 2 AR T T 18.7% 1 17.6%. Ah, At —H

7 3L ST-GCN A1 DDTO-HGCN 7 NTU RGB+D

B 7 BB NREN LM TF s e FE

P4 G VRIS SIS0 [ g8 B 4T 2eng

Toegh B Pe Fro e B S E IS (joint+motion)

TR NN X-Sub YERIEE, WK 6 Fiks.

100
90
80
ol
60 |
50 b
40 b
30 bid
2 Fi
10 Fi

HE ORI MR BEF BYE B 17

1 ST-GCN m DDTO-HGCN (ours)

K6 3T (joint+motion) AT 7 ZEBNAE IR B FEXT LE

TERTA 7 AEE A BE# 2 E E T ST-GCN
B, DL ER6f G 5 AR SO H ) DDTO-HGCN #J
DAEE 47 by DG JC A [i] 56 45 ) 82 1432 Bl 2 sl 4 28031,
T A5 I T A R R 38 B in 4 T 1 20 ) 0 SRR,
T 6B T A SR A5 AR RE A8 B - b s B OC 1 (R) R 52
TR AR

2.4 Mikmhé&

X-Sub (%)

SR FE AR R A o0 B R e e

ﬁ"%*ﬁﬁ_‘?E‘Ji@iﬂﬁiﬁﬁfﬁi?ﬁgiﬁﬁ‘ﬁ%, LTE A S
PR D 78 52 T . ) R0 Ve e U ) AR P e B LA
AR SO e SR RS S5 R R 1 TR, SR 1R
FoAh 7 AT X b, AR S5 R RS R B T VA B PERE,
W R 1 e 2 AR R B R B AR R . 6 1 A
#E% DDTO-HGCN R(joint+motion) 1 DDTO-HGCN
R(bone+motion) 1% BEAHXT 55T X BL[¥) (joint+motion)
AT (bone+motion), 1X A] §E 5 AHXT r) & 245 I 1 255 RE
1A IR, TE R LGN AR 1) 5 5 A0 78 55/ BORE o) o B AR 4K
AN G I, R ET B8 OR BE 78 20 4 S 2 5B I I R
T IR AR R, A B T A T M R A S A, S
UG L.

100 Z %% # System Construction

2.5 JHRRSELG

T BGUEA SRR A R, A SCEIL T 7 Z ST-
GCN, 124F ST-GCN-L7, F¥f Ho U B Fl I8 1 4 FE X B
DDTO-HGCN fE N FEAERE AL, A — 2 4E ST-GCN
IS T BR ZE AR R AR, I HL ) [A] 45 71
e E 1.3 T R B ] @ B, DURR DR A P L
B B N G 2 2.2 T IR A TIALEE D IR, UK
INTEE N 96 M. A ST IR R 5 L HERETY (baseline) [
PEREIE T35 1.5 17 Hh ik i 2 ds u)\. (joint+motion).
PEREFR bR 8 NTU RGB+D 120 HAREE LIS R (X-
Sub) 15 BB (X-Set) 4 HSHE 2.

(1) 3% 2 B g A5 200k, A SO BT BB 6
ST-GCN 1 CTR-GCN (W& T joint HfEiit). bl f5 K
Jir 06 4 B B A O 2 TR 4 D AR SO HE R R R AN, OF
# ST-GCN [ B Hh s B AP I Z 2, LA R B
SZEG A P 926 E NTU RGB+D 120 #4419 5%
e BT, SRS E 4K (Cross-Subject) Fl#5 %
& (Cross-Setup) 7 FSHEMZAE RNIFAL TR FF.

Wk 2 fros, AT AR AERL Y, SR HE E 4
DDTO-HGCN # Y 7E P R A b B 2 3 32 Tt s
SRR S g EIA LG, A SO I B A
F e A% B A AR HE SR A AR (S R BT A
VRN RIE S B 2 A 1 5 1 B AR X 58T 08 R I B
WAL A, AT 45 R T R e, R
SE AN T G EE I 2 IR A B, S T AR AT
% 2 AT MR T 78 (0 252 S
‘féﬁé"x‘i‘ziﬁ‘iTﬁ@%i’l‘ﬁ%%’éﬁﬂ”ﬁiﬂ%ﬂ&%qjE‘Jﬁt
M, AV BLA S 5k (1038 RIARE ), B g B A R0t
FEE BFE, BRI T T 4%,

K2 UNINATT AR S B A PIBLN EE (%)

Jiik; X-Sub X-Set
ST-GCN 83.6 85.7
ST-GCN + hypergraph 84.0 (0.41) 86.2 (0.51)
ST-GCN_L7 (baseline) 85.0 86.9
ST-GCN_L7 + hypergraph 85.2(0.21) 87.0 (0.11)
DDTO-HGCN (joint+motion) (ours) 85.5(0.21) 87.4(0.21)
DDTO-HGCN w/o hypergraph 85.3 87.2
CTR-GCN 84.5 86.2
CTR-GCN + hypergraph 84.8 (0.31) 86.6 (0.41)

(2) 3 1F DDTO-HGC 5 i 2 A 4L A4 1 2.
RS HE T baseline FH A SC AR ER 5 8 i HL SR A ) 2 ]
BIGRLE4Y, AT T VEANIO I ot L sz e, Hoah R
% 3 fiR.
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% 3 DDTO-HGC FAEHL A REXT L (%)

DDTO-HGC

ik JTO-HGC TTO-HGC EdgeCony - Sub X-Set
ST-GCN-L7

] — — 852 87.0
(baseline)

A N — N 85.30 87.14

B — v N 85.42 87.21

C N v — 85.35 87.34
DDTO-HGCN

o ) N v \ 855 874
(joint+motion)

A 1B 5 baseline tLE T, MEREERA #& T, XU BH
JTO Il TTO-HGC HEHTE F b A1 FH A1 B A 5B i 15 2
IPERE, Bk 11X AN A %M. DDTO-HGCN
5 A. B M baseline LL#%, 7F 2 NMEds T HMEREE & T
Hofth =2, X1 A SR DDTO-HGC M 77 F1 5675

HEPZ R AN A I PR AR RENE 4R A S BNZALRE T

WL BB IME B, B — DRI T AR A S
fit JAIPEfE. C A DDTOHGON AT LLAEL, VWA
1 EdgeConv HEBLREBE 4B ITO Al TTO-HGC % > 5
AT SUMIAT (1B SR G LR P S A B3R

() ‘B 2R il T BB, T U AR SO AR X
FNWUEIERE, ASCXT LT baseline #ERATH S A

C xTxN C, xTxN
iSplit!
TTO-HGC | Cino*T*N, ConXTXN

TEA R B RN, 45 IR 4. BE A i i,
PR AN [ AE B VA BT R T, R WIS 2 iR A
F BN EEE, AR TR AR e SR, 2 Wiy
INE| 7=128 If, KR THE TF 22, 1IX 45 Rl fig 2 2
P b PR AR Y R T B BR . S A LR A IR T T=96
VE B B . CEAR RIS, AR SORRY A T i
1A, B DDTO-HGCN BE 5 A4 50 R F 55 22 Wi
R, A e A A A SR SGTT H AN, AT A T
7t B AR B 2R A e ) R R U3 PR A,
# 4 {E NTU RGB+D 120 X-Sub pr lﬁ%%&mﬁ%ﬁz (1) 1)
L ORAITH (%)
Hk b= 64 80 96 128

“-Acc-baseline 84.90 84.84 85.20 85.22
4
Acc-DDTO-HGCN 84.88 85.32 85.50 85.56

(4) DDTO-HGC R 45 B A B
4 Fh S A A 25 ¥ ¥ 77 7% DDTO-HGC-E. DDTO-
HGC-F. DDTO-HGC-G Flffi 2 (45 H4). 12X L 5%,
JTO A1 TTO-HGC 73 AR B FFAT i AR o FnaE
T8 4 P B DL i N S8 4 AR 0 1 7 3 B P R 4
¥, a0l 7 B, R EEXT LSS Rk 5 s,

C,xTxN C, XTxN

JTO-HGC

C, XTXN
(a) DDTO-HGC-E

CouXT*N
(b) DDTO-HGC-F

(c) DDTO-HGC-G

[ JTO-HGC ] [TTO-HGCJ [ JTO-HGC ] [TTO-HGCJ [ JTO-HGC ] [TTO—Hé@ ]\‘i;

\ ‘.
\ \
CouxT*N
(d) DDTO-HGC

CouTXN

K7 DDTO-HGC H 4 /N7 [ i 45 1 S 4]

% 5 DDTO-HGC PB4 o (%)

vk 2 X=Sub X-Set
Kl7(a) g L 8542 87.33
E7(b) ‘ 85.00 87.28
K7(c) 85.40 86.73
DDTO-HGCN (joint+motion) 85.50 87.40

AR DDTO-HGC fE AN FE AR 523 1 A5 2411
R TERE, AR 3 AR X 2. IX R, A
SC A5 PV B A R e 58 VR B s TR RN 40 A ME T
FEEURHFAE, 3AE T JTO-HGC Al TTO-HGC W& Bk &
i 2 A 45 5 ) B B MR AN ARk
2.6 AIMLE S RVBERD

AR T H 8 P I 285 15 7 J A ) BB 2 1)

RIS LR F. T X-Set FabR I joint+motion AL,
Bl 8 i R (B B T AL T I SRA B9 N A4 3 40 i
B3R 4, oA B en 5 B 5 O T i B 9 FE B e AT RRAL
ZEIRLERM: E 8(a). K 8(b) HEFERIMEA A A X
s, T Bl 8(c) AR e D) 2 T H B o 1) 4 JR) R G T R
UESE 7 ARSCIE ) 3 573 it B RE RS (R I 4 3K Jm) 0 A1 42
JRRTRFR. HEguE LB, ZHEE R ERT TE
SRE R AIEOHERA 2, BAIE 128 1.2 TR T N3
PEINFN 8 SCE B I A R

XSS 1A 5 ERE] 8(a). & 8(b) T 8(c)
FERE R IN, BB P28 JZHOR, 1T 58 249 B SRS 4H 1
X3 AR A - JR) 08 A4 JR e 6 6 15 0% 28 52 300 4 J )
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DX 70 SN T S R ST 3R T R R B SR A R AR 5T O AR B, fe b S B Eh, A

S B IR R AR E SO B Re g 5] SR T TR A RE.
] 0.4 | ="
n | 0.4 i n | n q = Empmum 015
] u 0.2 | |
ol 0.2 g il 1 0.10
B: " & o " -: nn > |foos
1R 0 N | | | 0
-0.2 -
-0.2 -0.05
||
L 04 04 -0.10
_ - -0.15
n | —0.6 | | . 06 = ; | "
0.2 0n 0.15
- EE B u LW | - Ll 0.10
[ ] || | | n | |
- | | 01 0.1% - | 0.05
u HEE B u | H u | | | I |
52 o | 0 u 0 " = B
X -0.05
—0.1 m —0.1 -0.10
u | | [ —0.15
—0.2 -0.2 ||
I N = u | I | .. -0.20
@4’ & ° (b) 47 (c) 4
¥
' 8 DDTO-HGCN % 1. 5 2531511 3 M Al
3 élﬂj: VK\; Proceedings of the 2011 International Conference on

FEARBE T, 3/ T — Ml EE R R4 (DDTO-
HGCN) A T2 8 2R IR A, ARSI T —Fh el
O E 2 E IR A A, TR TR A i W B B PR A,
A F e B B X i R EBEAT @A P 1 DDTO-
HGC A5 B o 7 I 8] A0 55 4 B A= il sl 25 90 41 45 4
AR IR, A m R SURIE LR TR 2. E
LA, SINT RO R SRR, LBl TR
. 5 DA B ZRAAR TR & 7 AN, AR St
PITENRTT T BEARNERE. AR STV AE P A 2k v Hidfs
b T 2 RS
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from skeleton data for action recognition and detection with
the 27th
International Joint Conference on Artificial Intelligence.
Stockholm: AAAI Press, 2018. 786-792.
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