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[F] E R SR B PR BRSNS e - 5 ]
At [ {& AUC-ROC i1 & #Y 5 3 (Huisman,
2024) - RIHE FER T A ER B (F H a8k A 5 4
[& - RIA5REER A mAP 0.5:0.95 #E1THHE -
& AR Eh E (00 B HAR - AR OR A &
EIREENHE > WL E B EEIIE
B (Ning et al., 2024) »

B, BP0 R BKEN 1F P 2 40580 L
RAEEEERE - B ER S EMHER - 1F
fifE% ~ F1 738 ~ H[E]% - AUC-ROC iR ~
mAP 0.5 B2 mAP 0.5:0.95 & B 37 AT BUAE
SIRBEPER AT - R B R
PR TR E EEAE - Horp DL R R B 1
RWIHIEIR R £ (HEF A RBEHE A
il (% E B R OREEEERE -

B
— ~ BYfERREECR A BB e R

RIRENEPR RGBT &
SR A EEHY CNN - B IMU & Fc A [F Y
CNN i J5=0 (%% 3) 5 AT ILA 7
LA CNN & F HBIEEE S 4% IMU #£
FC CNN - HEr# 1R 57 5l DL ZE (B S a1
4L 4% (spatio-temporal graph convolutional
networks, STGCN) ~ GNN ~ RNN - ff ZI/E
BT SR 40 o (50 P 1 A 4 & B 58 )
BHEESE HILNERERMEY - i
4 IS AE 50 E B IR B2 5 T YRR SRR L R
DN Laest R E R - EEAEEHEE
B FZEAT R A R W AE Z RS
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e

R FF RS GE HY WE R RE 7T (Kulsoom et al.,
2022) s HIWEEREREBNHEEREF
22 - BN RN B TR g S A e -
FERE BB ACETTHIISR - T REFR
Y EMEBLZ {ERE ST (Z. Wang et al.,
2023) - B S SR BT AR = B AR 4
FEHURARIBIZ R - MR B RSN
7 BH I B AT AR R MY 9 B E 578 (Huang,
2024) -

AR A F LR 2= R > STGCN
oo — oL [ 4 1l B s 22 A 45 S Y T 4K
MPSAERE - HIN T PR EhRE B TP I 22 4K
FERA (% FH P bR B B A 18 A 45 R I
FRBEIEREE  BEAEFEERFE XK
%~ JISIFE & - 2B EERE (Yu et al,,
2018) = il GNN FIl Bl F 0¥ & S il 2R e
HIE S BB MAHERR AR ZRER
St T B B R Y BB S B B AR
B B)) 0 )RAFEAEE SRS ERER
oo RSB EMARTEET S |
AEFREERES  H2RETE - JI%
Ri&EZE G (Vrahatis et al., 2024) © 45
RNN Al 5y 7 & i LB 73 A o 51 B O e 48
WS (B S EANEIEREE > o
TP AE e B 0 A (I8 20 BT 155 S {20 - (i
ZHA TR AR BRI ORI 5
il FI i 2 P 1) 6 RE B 10+ A6 188 BB AT B
GEGIEE/NSFEE R - HEGEISHE SR
B AR R E RIHRER % TF
fe oA 7 AN A 5] A R R ISR (long
short-term memory, LSTM) F1[J#E{EEE BT
(gated recurrent unit, GRU) ZE5 g Az |
HL R (Caterini & Chang, 2018) °

BEAE > IMU Y1 A Byl R REE T
PR @I TI5T - FRE ARG sk B
AR T AR A DO A R RIS 5
%o R REEE - EERA R - R
PR R Mo b - o] R 2RER a1 ~ oA A
AGENE - BUER B RBIEEIN AR T ]
AF (TR 2021 ; BRIHGE » 2020 5
PR¥ S > 2023) - 5 2 > BUEBIEES A
FFHEHC IMU - R B AR 7 17 B B 56
L2 HENEFEEE - WA BN RS
et =g BN F R EEE - AR SRR
(BAEEDE AR > TE MR = P i
(Hegazy et al., 2020; Ning et al., 2024) - &5
Ho HRTEE T S E A e AR A
CNN - E#&HC IMU $REVE S8 - Bl
ol A RE A SR T R - D EIER AR
[F] Ay AR AR B R B R e 58 HIVE
B T BE A SHRT T AERENE IR -

S8 BT R ER B R RCR bR T L
AR RAEH IMU 5 - B EIRAUE A
BhEETH PR 2 o AN AR IS Th S B
2 {E LA EEVERHGE - ARHERR 2 5 A S
e EAE YOLO Z51 (v3 £ v8) ~ 4 TRk
FIRE SVM ~ £ 3 B4l B Ry e Bt K-
AR ~ 2 R BB SR ARFREL FastDTW (FAST
dynamic time warping) ; H&rES By 1 EBAVE)
AE i) £ (dynamic range compression, DRC)
BA R EF %0H] (single shot multibox detector)
HEBE L - B RAHECE - Transformer f5
B DI RPEE TS - DETR (detection
with transformer) ~ 2 K EFHE0% (Res2Net)
weosJE R = JIH#%E] (non-local attention
mechanism, NLAM) 5% 522 22 b



FEEMAL (dense atrous spatial pyramid pooling,
DASPP) - # #5710 EF (logistic regression)
A (decision tree) 5F o AR ML E - T
B¢ % [ FI Y YOLO Z %1 % % » YOLOV3
Fo P HASCE B OE FHAVRRA » BRI Z RS %
(67 TR S SR OE 3 (N EIWNANE YL
KEE - BELHEE TR HESEREN
it 36 s S/ NPT RS N A R RCR A an =AU 0A
(Masurekar et al., 2020) ; YOLOv4 Hif 3 —
22 o A RIS FEE M8 » 1B RE s BE IS 4
HBE R - (HAZH RSO S B
KEJELEL 5 YOLOVS 81 YOLOVS Hi B 3T 4F
B ERRA  BRAKEL HEAE
= YRR RE MR - S B B
TRl 1y S 4 60 455 S A A R 5 SR R BE S P RR 1
(Zhong et al., 2025) °

BEAN - B4 H oy A A B e B b
B B B IL KA EET E AR - B
BOE A T2 BIL - WA RTINS 7y
R - HHNEERIAREA RG7E
L ATREEEY AR T - AR
TEF U IR RERA (% (Qian et al., 2024) -
IEAh - K- 3747 (K nearest neighbors) i £
B H E B AR PR R A 1T oy S B T
HYFE 2L BRI A R 5 0% » (BB R R 5
Sl - mFRING - EERERIERE R
Jik o BRedEIES A BRI R
BAR - AEFRKE - HIREFE - HEZ
FrEHE RS 0 B35 B R A PR Al 52 15 A
AT AIATEEEE O SRR T (Cunningham
& Delany, 2021) °

Srer LA o A S PR FH AR e A S R
Ft IMU B RUE SRS & BUF R ERENEHFH A

FERER T R R

HEFESER > NLEATEMBAR
BLEEHRIE A BESGT ~ BEBR(E AR
BOME DR Sl > 1] 275 R i B G e S
R PRI E Y A B UL B
TR E R 28 -

= SR E R AR

BHEBEREE (%R3) LSREE
ETEN B TEES > 4BHRA 3D £k
5% (OpenTTGames) ( DA T RATEEIES )
V82 LR R R T AT o BT
HE b R R AR o R Ay iE o] i
A TRLE RERYE > FIRZ EREE
BCHERC IMU S8 5 #8 A S~ I & By 7
5% sRBL QORI PR B
TR TR A B T B 2 T R R B 2 B
PEEE - = BREER AR o MRS
REEFHFAETES (Du et al., 2021) ; 6
BRI T RE FR SE LR AT E O AR ~ BUHINYE)
{EZREIES - kR B E - 5
THBH B IA G RN 2815 > HAHB E L
Wre R BT RSBEEN M AT S LS
W B SRR B V& CHIEEE ) -

& DUERE 2 1 AT T BB R T AR
HhRRENER TR > BBRILBENLHE
IR & BT B AT (He & Li, 2024; Zou
et al., 2024) ; HF&F HER R E BB
BB MBS TR - (HEkE AT 5E
HEAEBSESET T2EGEFHAE
KV E S~ FEEE A R 2 E AR
AOREEREN - b BEETEET
=G (full-HD [120 Hz]) » AifcH
SEAIIE R AR S LA Y B AR > W] BB
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R O BRE SF BR AV B REES ~ 73 B
FHEIA -~ BRERME R~ BF - SATEE
BRI E > IR S B EE A 50
REREMERIE R ERE - I A E 8RS
M~ W Bh K E) 234 % (Wu et al.,
2022) -

Gy LA o A S PR AR G U(E R B
BEORHE B AR T EI R AR - LS AK
HEERAMERRIRINR > T ET A EE S
B AT > FIEETERER AR IMU
AT @ P o EE R AR
Slf7 B0 AT i 5 SR AR B > AR = DA
B R ETRISEESN - B R EE
TEHRER 2w > AU BR S (E R
SR R R -

=~ BEHT REPEREE
IFEER 6 REHSBEET R (£
4) > @R E BT R RE - FRCE -
EREEAE o B H AT et 0 S EKE)
TEPEER 285 - 48 a] ANEAHISA [5] s 2K
JEREFREAVENEZRE - S50 R SRR
HESASEET 5 DB 2 R
FE 1RSI AR
H o oRe A2 B 5 SV R A T e K5t
TEERAEES  D@#eE (12 8E
e #2 (FAH [ BR PR s 2 AR BN ME A2 22 TR (K
2 Wk o (Fujihara et al., 2025) - 52
— R A R # r b5E B 8 F E T am BKAG AT
P ELE RO E - IR N RSB E 258
PRI I B il e 4R A A R R S Bl 5 5
(Gomez-Gonzalez et al., 2019; Liu & Ding,
2022; Ning et al., 2023) - 2R [fi % ¥ W 5¢

\

F R BRI E S B HES AR
N ER SIS EES L REERTLEH
t o IR E RIS LR E RIS E
G R0 DUEF| M A BOE
T4at %8 FAE-FR BN E
( E048) HEZHUAELEEIE
& BRI ENF E R T %
BE AR EET O -

SN WERIEE DL 2 R oy Bl B A 48
55 BLEE RN 10,000 2 Ry % » HT
B 2 Rk B IR E BB 2,000 12K 5
F o BL2275 F—RAREBAERRERNS
& AE 1,000-1,076 5271 73 5l DLUE PR H 5
HEREEN  HeBERDV K 120EE
960 & - 2T - Pl B2 2FEH)
TEHREEHR 2 G0 A AR Ry o TR A B > BE2R
WD EERES AR EEN BN
BN IR 2 T - SRR Ry S = s Al & 1
o oA A AR AVER R - N7 - A E e
WEGTERER AL G 2425 - TR E R
EIFRZ (S. Maetal., 2017) »

&Gie Ll - HATEh{E R RS
BIME ~ FCE - R EZLEBRINEZ
B H—JUE %A 70 #7 10,000 4 H
A FE A2 B 5 PRI AR R TE 93 A Y B AT 8
BiF - BEFBE LMGREZE T LRZ
DU 577 A 2B A2 TR & R B 8 M FE - AT
OREFFEHT R G N G A -

P OE

%
iy

s

VY ~ Pk R

PEJE R X T i BRI IF R4
TRtk R ARG R (£ 4)
PR 0 A 5 S B B (F SRR s
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b5

oo Hop DUEHER = - RNN SR 23

g | 2 {7 98.80% 47 : CNN 427 DRC » 6
- é LR ER VSRR 78.50% K ¢ R CNN %
3 = B DRC 2 Fit DL BE A4 B A HE R - HE
5 - B B I 2 R s R D T G R T i
¥ | F Pt E AR R WY
T | B SIS (S SR P A SR BRI Y - LR PR
5 % WGBS RE o AR A E
X e T S S HE P (Ween et al, 2023)
5| PRI S - R B L R E
i BB+ IE% EHH R OLOVA-Tiny G5
=% 8 7 B 2 BR B — P4 9558 BT (sequence
§ pattern mining-gated recurrent unit, SPM-
- GRU) B 2HY 95.17% ; FIEHI B
5 IMU $ it % i 48 44 85 FastDTW 58 2 B

(7 78.00% ; #18 He and Li (2024) Fff%c
AW EigERTEIRRE - BRH TR
FIAEREMAREEEHREANES
FEEMETEN - AR A E TERER - &
FLOEIREEAL ~ i - BRER/NE > H#EH
MESEIREE - B AZTHNFHEERE - 555
e B FE YR oK - I DURIB B RS R K
TR ERY SPM-GRU Y « 5545
SHEME S EGRET  HE AW -

PE TR SRR Ry B - Bt

97.86%

Hrasia
2,275

)
support vector machine ( 37 [A &1 ) s AUC A AUC-ROC ffi43 ; FastDTW AT {LJEEE - TTSD : table tennis stroke dataset ( FEKERERERERIEE )

TTTD : table tennis trajectory dataset ( FERERENFIERIEE ) 5 OLOV4-Tiny » YOLOvV3 ~ YOLOvV4 ~ YOLOv4-tiny ~ YOLOv3 Kz One-stage Yolo A5 H

2. AdaBoost : adaptive boosting ( H##fEE 5% ) ; SPM-GRU : sequence pattern mining-gated recurrent unit ( {&7f

N WEESBT o TR B2 HH R A
8 F Wi SR B TR I -
FlEk | SEREA R A - % LA EENS |
LT (& IR R EDE IR ~ 275 BB -
i o M (5 154 0 A R [ 9555 - FRLL R T
8| | 3 B S BN - BB S B AR -
= |ig |2 ¥ $R FastDTW (8L BT iR A e -
I = 8 I IR s FastDTW 2 (6 5 03 (885 [
. ?ﬂ({ﬂ & g : - HI Y EHRERS 2% (dynamic time warping,
kw | N |m DTW) MERA - B Tl H& - 17
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= TR P FI UCBC A 2 - {H [E] e A Rl
SRAE N N E B R4 A W E 4K DTW #
i (Hegazy et al., 2020) °

PLZEEZ S » FastDTW #Y 100.00%
( BV P A R IERE AR IEME Y ) B
Res2Net 1 58 NLAM - f{1#% 58 DASPP H#Y
85.60% (X ; #EH] Hegazy et al. (2020) #%
F FastDTW BA(E B 200 H28 - (EEH
W e 91 08 U7 T R B 8 0 BEAI R EI R
{85 P 71 R B 8% 07 = 0 BRAB SR
FHE A CLi R [E) 38 F 0V R ERENE A IE 13
7 [ERFEEEME F o R TRERMH P
IR T JERA S - (1S Y e E R (]
BERERMEFRE - 550 BUREEN
THER IR T > SEPMETHS: T 4 HIEEE T
BHE 960 KEXKE - FHBAAEE
EMNRENE > EAREN SRR B -
Ah o WSRO T T THREE AR
RoEIffEE  MPRREeEEEERE - &
BT - FREVED K F L ERET (F
B~ S5 - FEELFIF/E ) > EEFEEE
R > ARSI AL ST L RN IR ENEY (S
B o AR RS AT AE Ry iR S ALY A (B 2R
FHRZE - A1 & E B ZA{E 85.60%
Y R By Res2Net 75 Z2AE A [F K& F#ETT
FEREAIR S - BIE T RHELESH
( Wz~ BREEANE ) FEEEK
B KEERFRRELE - 52 &
A Res2Net ¥ 55 NLAM F1 #% 55 DASPP >
ARl I E R ERE - A EEERER E [
# (Ning et al., 2024) »

LLFL 38 S - BEt SRR pRHY 97.86%

meim s DLF R EERERAY 77.00% H (K -

FERER T R R

Zhang et al. (2019) g0 F1 23 HE M
RABER SRR E A a2 haE

FORS (R - BLAME R E IR B IR in 208
AT EELEE  ATEREE  [FRFER
VB B R A0 7 22 BRME A T B F A R
Mo & REEHREE - ERERIUTH
{5 RF IR Ok R il B AR 5% 7 B B4
AR MR SRR AR
RIRENEESE ¢ v S SN G
SVM A » A B 47 A B B S = i
TG AIRE 77 - 2R F1 38 R IR R 4
[EE VSR - B 0 0 7y g i A T 7y
7 ATRE R HR RS F1 2 BAv4EE -
KRBT EE—DER RS Fl 782 H
B IR A o 5 R A = 7Y iy OLOv4-Tiny 45
& SPM-GRU f5AIfY 95.17% ; FastDTW f
78.00% FA ©

BB TEREMENZRENE
Wik 240 > T EEE R = 98.80% Y AE T
K~ 95.17% MY FEHER ~ 100% 1Y & [0] % 8
97.86% F1 778 - R > FWEENEHH A
ST EEKEMTE A —ERThE - A’
IhFE % T DU EU A 4 3R 0 gk
FEE T ~ W7 B R RIRR A o ZATM A
FHRPE 1 RIS 2 50 P8 3 oL B s
[ > R AR S R BT 75 A BB A A A E fik
PBER T LA [E R - AERERREEALSh > AT
W AR B B S R B SR - SRR S F R
B AR -

i~ ATHERI B ZE e

SR R R A 2 T8
HE (IEFEK - EFUK - EFEINE
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e

BR ~ IEF NN - IEFHEER - E TR
) B FEERE ( R TFEX - KT
B KTk - RFEEIR ) - BREETEE
#EE (_EHE > NE > S -~ e -~ ATE
FELBNE - AETIE ~ A bE - AT hE - FEEK -
RATENES - E B E ) e 22 EEH
(R5-FK06) - I BEREZ TR
A9 TEENEZEAE - BRASE B > X
Rt Hrp FEFREUSEEFRIK
B HEE1111%  HXE 3 BIEFH#
BK o PR 6.67% 0 /R R 1 AV IEF&
SNEEER > (HEL 2.22% - B4 K FERED
SRR FHR RS » HEk1L11% » HX
By 2 R FREEK > (G 4.44% > &V B
&1 RNRF UKL FRE8K » £ 5Lt
2.22%  ZHEHFT 2 P AW E T T8
BRI IR R IE R R A e sl By B W R
REBEARTT » HERIREET R

e
BIELRBETESALILE

B AER - ARy gk 7520 (Tlino &
Kojima, 2011) ©

S8 > BREGE BRI T 0 %
R PRI T S RN A2
B 0 RFRRR N Ry N B2 (FE BT 2 XA
Foffti - R 55 B ENEERE AR Til#
EHFERATRC I RIE R Hp % Ll 4 R
[t A ER e B B1% B BT - (S EE 8.89%
HRXE& 2R EE - Mie - £~ £
fie B B AR NS EFIRITELES PR
HomiiARBERHBEITAEE > &5
4.44% ; /DA% 1| REVATE ~ 72 LJE »
A ETE BT~ 5Bk & 2.22% - Bt
Fe b Z B AR Al o 2% K S e Y BR A - T
R AT RE Ry it 7 H Y £ 2 R RIS B B
BBT - 1 ERAG BB R AR S SR HYEE E A
PRI R DU e T G - (FRE RS R4
HERIHI BT -

HH (11 [2] 3] [4] [5] [6] [7] [8]

[91 [10] [11] [12] [13] [14] ZREEE %

FFER W

=2 S |
FFEER W
EEmEE B - - -
Tk S
fi=s N -
FE2 J TN |
FESE S .
FESE S - - - =
AR

H - B B - ©~& 5 11.11

[} 2 4.44
1 2.22
2 4.44
3 6.67
2 4.44
5 11.11
1 222
2 4.44
1 2.22

FF ¢ [1] Yanan et al. (2021) ; [2] Liu and Ding (2022) ; [3] Ning et al. (2023) ; [4] Shi (2025) ; [5] He and Li (2024) ;
[6] Gomez-Gonzalez et al. (2019);[7] P. Wang et al. (2019):[8] Zou et al. (2024);[9] L. Ma and Tong (2024);
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Abstract

The purpose of this study was to explore the effectiveness of recent video action
recognition systems in supporting table tennis tactical intelligence collection. Empirical
studies were retrieved from sources such as Google Scholar, PubMed, Scopus, and Airiti

EEINT3

Library through the use of Chinese and English keywords such as “table tennis,” “motion

29 ¢ 29 <

recognition,” “deep learning,” “convolutional neural networks,” “artificial neural networks,”
and “kinematics.” The search spanned a six-year period, from January 2019 to January
2025. The study aimed to clarify how motion recognition systems were applied to identify
table tennis movement postures, the adopted learning models, the extraction methods and
observation indicators utilized, the data repositories employed, the participants’ backgrounds
and the quantity of recognition, the meanings represented by the recognition results, and the
categories of movement postures. The findings provided a reference for coaches, intelligence
analysts, and sports scientists regarding how to operate motion recognition systems, as well
as for researchers conducting subsequent studies. The development of a table tennis motion
recognition system based on convolutional neural network (CNN), integrated with inertial
measurement unit (IMU) and optimized feature extraction methods, demonstrates robust
automatic identification of key visual features across diverse motion types and environmental
conditions. This approach significantly reduces manual feature engineering while maintaining
high interpretability. The system was validated using a comprehensive dataset comprising
online match footage and 3D experimental data spanning professional, semi-professional,
amateur, and student levels. It supports batch analysis of up to 10,000 samples across nine

distinct motion postures. The model achieves peak performance in detecting forehand,
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backhand, and non-spin ball trajectories, with a maximum accuracy of 98.80%, precision
of 95.17%, recall of 100.00%, and an F1-score of 97.86%. These results suggest that CNN-
based motion recognition systems can effectively replace traditional tactical data collection
methods, enabling automated classification of stroke types, ball landing points, and flight
trajectories to enhance strategic analysis in table tennis.

Keywords: deep learning, wearable devices, accuracy, recall, automation
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