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Abstract:In order to solve the tracking problems caused by frequent occlusion of players, similar uniforms and camera
shake in single-camera basketball videos,this paper proposes a real-time detection and tracking method that integrates X3D
spatiotemporal features and multimodal semantics. First, homography stabilization is used to align the live stream to the
reference plane to suppress background drift. Secondly, a lightweight X3D network is used to extract 1 024-dimensional
spatiotemporal descriptors(5 GFLOPs computing power constraint) on 16-frame segments to capture the key action patterns
of various basketball games while meeting the latency requirements of edge deployment;finally,an attention-driven feature
fusion module is designed to adaptively combine geometric displacement, appearance histogram and X3D features.
Experiments on the NBA-SYN and UCF-Sports-Basket public datasets show that this method achieves 77.43% and 79.30%
MOTA respectively,with a real-time performance of 45.31 FPS, which is significantly better than the existing solutions,
providing reliable technical support for basketball video analysis under effective hardware conditions.

Key words: basketball video,detection and tracking,X3D network ,homography stabilization , feature fusion
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Fig.2 The detection of proposed method on basketball court
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Table 1 The information of experimental datasets

Bk SR IIPER 2R/ Kk M
NBA-SYN 910k 1 920x1 080 10/3/5
UCF-Sports-Basket 300k 720x480 5/1/2
DeepSportradar 210k 720x480 5/1/2

KT B F AR 2 22 H AR BB MERR B (MOTA)

2 Jp, + m, + mm,
MOTA= — , (13)

box
t

K fp, FORIRE m, FORIFE  mm, FrRKHL, box, Frm BT LS 751 vh B0 S 6 Bl 6 A i

AN A S8 R - MER 2K mAP 1 F1 score F847 ] T BITEHT . Lﬁ%ﬁim%r MR AT
32 EWiEE

JIT A SEHAE PyTorch 2.1+CUDA 11.8 P35 T 58 B, B {4 55K NVIDIA RTX 4080 (16 GB). AfAK:

K YOLOV7-Pose; flLALER R AdamW , B4R 2 28 3x 107, A3 s%B T BE . 12000 #5% v [] By s AE A1 A
517 S8 N R S U R E SR AL MRS (E .

FEBREEA SR AR SO RS IHE I A THR I BAFAE LT 43 3ie s oD iR S 6] /4T 2 64 4
MBEﬁEM&F&ﬁcmH%Eﬁf%ﬁ*%?;xm&jﬁiﬁtﬁ¢umuwﬁﬁmﬁﬁ1m4%
e g, ZEAHEL S MPEE B R G 15 8R4 A TR 4 RIS, @G 2 B 4 256, Dropout
0.5. FREELIIZk 20 epoch, batch size 32,272 R M I1x107° MBI E 1x107°. FrA L1 & [R/l—BEHLA T, =
8= RIEHE LIS N5 22
3.3 TIWERIER

AT 5 H AR B AE P B A B ROPERE LN 2 B, R 2 AT Y 7 =W ER 3 It gE
(NBA-SYN UCF-Sports-Basket il DeepSportradar) I, 8 L7 7 = IiA% Lo 4845 MOTA .mAP \F1 ¥JHUS T %
HplSs. L NBA-SYN i, 43¢ MOTA iK% 77.43% , L SCHR[ 20] B 2.4% ;mAP T 85.39% , 3 i fg %
L2 EH 1.5%;F1 TRSSESE A2 1.3%. FUESHTE 3 PR TR BP0 21 UCF-Sports-Basket £
8 FIRIRERST. AT AR SO AR T 5 ByteTrack ™ M4 BOPERE. XA A B A RS LS B S5 1%
ZMELA Rz AL e S AL T8 ORI BE ).

PEREHETH 04 R IE AT U T =M. (1) X3D B 23 RRAF g F W00 725 22 A AL g [ A A B2 32 40L T Bl 1
RIXAHFR A ID SCHRTE AT SE ; (2) B AR 155 1 5i Sk P38/ A8 fla i i) 15 5%, 08/ D iR DL ;
(3) R STBR B 1) ARG FE U] A 5 B 2 18] B 3h 4 Fo A, 7850 R 345 H LS. LA
TAE ARSI EASARTE T RIRG 5 B i — B, e 22 SR 2 M A BOHE G it B8 e T O T e Y
FEAh.

R2 AXHESHMFTEERAYIRE LML

Table 2 Performance comparison of proposed methods and other methods on two datasets

NBA-SYN UCF-Sports-Basket DeepSportradar
Ik R
MOTA mAP F1 score MOTA mAP F1 score MOTA mAP F1 score

)Lﬁ}\[ 12] CNN 72.91 81.02 81.98 73.18 81.09 80.98 70.19 82.03 80.91
Hk[19] Mask R-CNN 73.22 82.28 82.01 74.13 82.18 81.86 73.19 81.14 82.01
jﬁﬁk[ZO] YOLO v5 75.01 83.87 84.98 77.39 84.69 85.02 76.42 85.01 85.17
SCHk[ 21] " 72.49 81.28 82.09 74.38 81.31 81.22 77.55 83.31 82.32
k[ 26] YOLO X 78.10 86.09 86.21 80.11 87.52 87.01 79.91 85.29 85.15
A YOLO v7 77.43 85.39 86.31 79.30 87.61 87.11 79.51 86.56 85.18

3 3T A E A R B ) S B 2R (IR SR I T LA R AR 15 TR B o > R AR A B L2 5 5 R 4%

). B ANTRIE ) ) BGOSR B A AN [RIBR B3 1D, 3 i B X o3 v] EDULIE BR A R R Sh 85, SR
ST UL B E WIS — A BR AL U0, P07 T AR 32 YRR B ORHRAT 5 h 52 B 1 MERR L.
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Fig. 3 Tracking and pose detection results obtained from consecutive frames
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Table 3 Running efficiency comparison of different methods
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Fig.4 Training results of proposed method on detecting-tracking
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