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Automatic tennis ball collection robot based on deep learning
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2. National and Local Joint Engineering Research Center for Satellite Navigation, Positioning and Location Services,
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Abstract: This paper presents a deep learning-based autonomous tennis ball retrieval robot designed to address the
inefficiencies of manual ball collection. The robot integrates a Raspberry Pi 5B, STM32RCT6 microcontroller, USB
camera, and brushless DC motors. Combining a lightweight YOLOv11. an improved DBSCAN clustering-based path
planning algorithm, a dual-loop PID controller, and a roller-based collection mechanism, the robot achieves efficient
tennis ball recognition, optimized path planning, and autonomous retrieval. The YOLOv11 model was lightened using
a StarNet backbone, C3k2_Faster module, and shared convolutional lightweight detection head, significantly reducing
computational demands. Experimental results show an 80.8% reduction in parameters, a GFLOPs of only 1.7, an
mAP@O0. 75 of 0.980 6, and a detection speed of 129.7 fps. The DBSCAN-based path planning, optimized through
density clustering and a distance-weighted model, enhances the robot' s adaptability and robustness in complex
environments. Deployed on a Raspberry Pi, the system accurately recognizes tennis balls under varying lighting
conditions, achieves a detection speed of 9~ 12 fps, and retrieves 7~ 9 balls per run, demonstrating significantly
improved retrieval efficiency and promising practical applications.

Keywords: tennis picking robot; Raspberry Pi; light-weighted YOLOv11; path planning; dual closed-loop PID; tennis

picking structure
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Fig.3 Network structure drawing of improved YOLOvI1ln
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Fig. 7 Tennis racket and overall structure
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Fig. 8 Motion control flowchart

(8 GB) , #:/E & 4ty Windowsl1, ffi i PyTorch 1. 13 Fl
CUDA12. 6 WA SEATINE . 23T 7 35106 55— 8 S 40, 3t
HEAT 200 %,
5.3 MIBRIRBIE R MR

X 3 B M R L AR T 5T MRS TUORG BE D 4% R Ak
REPO 7 AT T 20 G PG . 76 a0 A B 5 T, ) A8 780 S
IR B mAP@O0. 75 WAL, E3% Rk Ay E , Bt
SR A e BB, VR S8 B GFLOPs FRit R &
e BE R WUEL FPS Ak A6 0B BE . 4 50 UE T 48 o ek Oy
LA R ATFST L YOLOvI In Jy 25 il B2, 70 {7 45 %%
TR A A58 — SR AT AR T, 30 A Vi Fl 52 160 S G 56 A b el i
AR LA RMEE 1 iR, R 1 AT, B Bk B R
AR TR 5T W 1 A B B A A S o B R 2 4R T L 55 B 5
A Starnet 1M %% J5 5 5 2 H5m GFLOPs Al mAPO. 75
SRR 2 26.9%.21.9%.,0.13% ., FPS 2Tt 14. 1 fps; 1
Bl C 5] A C3k2-Faster # #t J5 2 % & . GFLOPs #l
mAPO. 75 3 W B2y 11.5%.7.8%.0.54% , FPS & 7}
10. 7 fps; ¥ % D 5| A LSCD-Head # W 3k J5 2 % &
GFLOPs fl mAPO. 75 405 F 2 7. 7% ,12. 5% .0. 41 %,
FPS #£7F 12. 3 fps; 841 E~H #F— 2 50 Uk ek g He (4
B I BT AR RIS e A A R RE R S, SC IR 25 R R
B L RV AT BT 0 2% 445 44 v 1 457 R 6F A T 4 B 1) 52 )
T T 22 5 o AR 45 T HE R i B W) R FH B 5 7 A B T A Y
BRRNMRE., BRSBTS E 5T AR EN
WMEBATHEBEA, T RIE T AR WEELEITHE



REF F: ATREFINAHBBRMEMNEA

i3 1

Fro @i i — B 4 H WEE R E 1/8, RE
mAPO. 75 W& i T [ 0. 36 % , 15230 T 28k & f1 GFLOPs
Iy B2y 61. 5% F 46. 9%, I FPS 271 T 16. 3 ps.
B AR T HE LR A R, Bl S G AR R ARG 0 R AR T T
39.6 fps, mAP@ 0. 75, Z it Ml GFLOPs 43 Bl FE X T
0.76% .80. 8% 1 73. 4% . B mAP®@0. 75 B&H T K. H%

PR JEE 00 % M B DAy 0 SRAE £ B8/ fi 22 o i I S 3 1
R B R A, 7 1 B 0 BR ) 2 25 R AN AR 9ICSE 2 AR AL
AR AL A ATtk B 4 B R 1 ol 9 320 5 i % X 552 B
BRI R R L. R b AT ST B B R A R
TEPRAIE 1 AT 42 32 ARG 0K B2 i $2 1 . o 35 B AR 1 BRI AR
SLORBE ARTE TR DN BE O ik A U B T AR

JEILR T 95 Vo AR E B & v 8 ML a1 B L S 5
x1 HBXE
Table 1 Ablation experiment

ot Starnet C3k2-Faster SCLD-Head i M 4% — ” Eh‘ﬁ‘{mwj%

%5 mAP@0. 75 ZHE/M GFLOPs FPS/fps
A 0.988 1 2.6 6.4 90. 1
B J 0.986 8 1.9 5.0 104. 2
C N 0.982 8 2.3 5.9 100. 2
D N 0.984 0 2.4 5.6 102.4
E N J 0.985 2 1.8 4.8 109. 6
F J J 0.980 7 1.8 4.3 105. 8
G N J 0.978 4 2.1 5.7 104. 4
H N N J 0.984 1 1.3 3.2 113.4
I J NG N/ NG 0. 980 6 0.5 1.7 129.7

SR R A SR R i AR AR SO e AT
MY E G B AR, R SSD.LYOLO F 41 #5554 1)
K YOLO RFIBE R GE47 T X e S286, LRERICAET
F 2, P R v BE AR AR LU S A R X R
1155 . SSD-VGG16 J& HLH f e i A 0 B, 5 A I 3 B 7
T 26 B 2 5 8K 3R 4% B b MobileNetv2 Bttt Ji 2 8 i
FMR BE W ARSI A BT R e, SR EEES
Bk, YOLOv11n 7EHT 8 2 M AL ih S8 1 5 A 19 F
i, HET YOLOvVIL n, 48 SCHRE H 04 S5 20455 70 7 A I A

UFRE 0. 76 Y AL T, BB RAR T S8t BT i
AR RIRL, IR T T AR R B, il 2 ik A X EH
KRB I 45 B Py Torch 881 (. pt) # 4 5 NCNN
Mo, IR E M RE IR & 6 F . NCNN HE 42 6 £ H Xt ARM
B VR FE AR AL . RE % A R AR PN A7 o5 FH R BEFE R [R]
A L S I AR T FE 0 T & 3RS S A HA L A I B ek
ARG 5T AR AE AL, SEI0 AR % B R F NCNN
MEZR G AR AE R REUR V- & bl SEBE 9~ 12 fps 1 E B 3
JE T A SRS I R A oK

F2 HEEXLERE

Table 2 Contrast experiment

AR 2 00 7 2%
mAP@0. 75 SR /M GFLOPs B F /N /M FPS/fps

SSD-VGG16 0.993 5 26. 3 62.7 90. 6 72.8
SSD-MobileNet V2 0.991 2 6.2 1.8 14.3 67.3
YOLOv7-tiny 0.982 5 6.0 13.2 12.0 116. 6
YOLOv8n 0.988 2 3.0 8.2 6.1 102. 3
YOLOv9-tiny 0.987 4 2.0 7.8 16.9 91.5
YOLOv10n 0.986 1 2.7 8.4 5.8 99. 2
YOLOvIln 0.988 1 2.6 6.4 5.3 90. 1
YOLOv11s 0.987 1 9.4 21.5 19. 2 90. 6
A3 0. 980 6 0.5 1.7 1.2 129.7

5.4 WIKUF|ANEEITEG
T B UE ) ER A P e R 1 H A A H bR U

AR LK BE 0 A RORS B 1) 32 3l 42 1 1R BE L AR BT 5 T A v
ERG 2 3 IXBOT JE T AT xRS R . 5 5 [ O

+ 219 -



549 % v F ol

T # K

RAEMREME M, LRI T ZHAS 84 &, B MERE
BOBMEEAN U KGR R, Ao aaS A A, Wit
BEEMRBOT B H . A5 5 5 288 4 3R 4 B A 4y
WA A, BRI R LR B AL ER R R AR %
=8 A4 /m’ HERMAR M BE<C0. 3 m, %3545 1% B 5 LR 5T
B 7 FH o DL R AR HE B 0L, RAE R g R A 9 £
B B s E o 4 B s . S8R s b B, T
Jogk Wi-Fi mil B a3 PC o 5 W &8k 2 [ (1 VNC %4,
VIS T AE PC ity 52 B 0 AR U 25 51, an &l 10 Jifw

&9

Fig. 9 Experimental setup

GooDeEAREEE

Bl 10 B LS e I S T

Fig. 10 Real-time monitoring interface of the host computer
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Table 3  Statistics of recognition accuracy test results
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Table 4 Statistics of path planning efficiency test results
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