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Abstract

Electronic Line Calling (ELC) is an auxiliary referee system in tennis matches,
commonly known as the hawk-eye system. Based on binocular vision technology and
image processing technology, it detects the track of tennis ball’s movement and predicts
the bouncing point of tennis ball. After comparing the coordinates between the
bouncing point of tennis ball and the three-dimensional coordinate of the court, it can
determine whether the tennis ball is out of bounds or not. Recently, hawk-eye system
has been widely used in professional tennis competition, but there are some problems.
For example, complex installation and maintenance, high cost and etc.

To solve the above problems, we propose an ELC method based on mienocular
vision. The procedure is as follows :(1) locate the tennis ball’s trajectory; Inrorder to
solve the problem that the color-filtering algorithm will leave out some-pessible tennis
balls’ picture, we propose a multistage tennis ball positioning method combining
background subtraction and color area filtering. (2) Then  according to the
characteristics of the trajectory changes before and after the:bouncing point, we propose
a bouncing point prediction method based on the minimum fifting loss of the uncertain
point; (3) Finally, find out whether the bouncing point of the ball is out of bounds or
not according to the relative position between the beuneing point and the court side line
in the two-dimensional image.

In order to verify the above method, welfirst collected and marked 394 samples,
and then implemented the code for experiments. Among the 394 samples, we achieved
99.5% accuracy, and among the 11 samples that near the line, we obtained 81.8%
accuracy. The experimental results.show that our method is feasible to judge the
boundary of tennis by using monocular vision instead of binocular vision with complex
installation and calibration steps:

Index Terms: Hawk-eye, Electronic Line Calling (ELC), Binocular vision,
Monocular vision, Bouncing point prediction
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o EULHI: IS TTE, SRR W ERHE FEA T 160 2 B,

3.1. 2 ¥{E TS 3%

S IS SR AT H 5 W A e A
MR E AR FIWR S A R RREA/ SR,
e A W S S 5 i AR AR T 0 55k s NRR Y AR A BR 2R/ IR R R 5% 2

AR,

3.1. 3" TERBiIRP (BLEE github FFiF) [31]

>

>

detect all in video. py

B detect motion in one frame by BackgroundSubtractor () : TFEIRIGVE
SERLIZ B

B detect ball in one frame by aspectratio () : Fff X kv & 7 R

B get phasel from motion and ball () : Bt [XIgyk+1y Sk & M ER

B detect ball phase2 () : WERENZE K

1ib tennis. py

B fit curve() F&/b ZaRiEfIE — 552
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B split to 3 parts O : EKIIBIEIBTA MERBULE 50 EFHEL TREIHEL
AN 1 R =B

B find best_two_curve () : IEAHAE MBI ELE] L HARUR R, FR4E L
B RN AR B AR ) BT BT B A

B get the bounce point () : HR#E LA FEIHI &G, BB S

3.2 SERERKITE
3.2.1 SCIe4ER
HERRR . 99. 5%, ZiREFIHERIR: 81. 8%.
Ho—AMERE 10, FEFERNLSE R T Himimid & i &K,

1 INANAAS

K10 mimsk, TIE

3.2. 3 JFH L E X ERERIG

11 HO2E T ZAEME, N a BUGAHXS & 5 I, EHERME R AN W
B AL AE VLRI o o BT LR, SRATTA Y 8 H AL SE VA AN AT = 4R AR bR
S, SR AL E O R P, SR EA R & AL 2, ke 22
R 2 BEAC. ORI, BATVONEATE 4 MEBk, UhRamE 2 4,
NARAERIREL R AT A, —DRAEDL T, TRxtigE, A
Ja S T B AT I S I



() 5 9

(b) $ MG LAz, A BEAXT, HECLHIWT  (c) izl £k 5
& 11, VBT T 1) 52 )



4. SR REE

41 i

PR H AT E IR R E A B AR5, AT T — AR TR
E AL R BR H S B 7325, 12079 1 Sadad e 6 0 A A h I R IZ s e, S8
e T DR R P R, A S MR A A PG H g sk A AR AR R B 37 2 ()R X D%
RAWTPIERE TS H A BARBIER R P ER A7 Fp I /= 0 1) R, FRATT8 T =R
SEA SRR RN e X 3 eV 1) i B ER 8 AL 7 ¥ R BBk i 2R e 3
AU 1, FRATTBETT T — Fh T AN 2 A e /N 15 2R A 5Lk s T v

RNTBAERATR T, BATIEFARET 349 BAUTEEAR, SEld 1% Ok
S, AFEMERPULE AL, Bk SRI0RE, HERZRALE] 99. 5%, ZiR
B IR AR UER RIE R 81. 8%, WIBIRAE T AT VLI AT 47 P

WEERAVERENRBE AL, ATF B S/ & R & TR 16 % 2R B
WL ER AR RG22k . A1 TAE BRI, FATC SR
TAERRE TR, LRI AFR: —Fh B30 H W Bk B 55 K R (LR g5
202010932317. 4. AR XHIMFAFEZ TR LR FE Y DL (EZREIR
PR B R 2 BE AT )

FAAE github k(311 AFF T A KB T TAER BT by AR L3 ACHT .

42 RBHE

BATH I 2% B Ar LI EIR R G re & LLFE R 7 (8 /AR RAE ], EIEF XA
HAx, ARSCGEAFAEAN RRIR 2 5 8275 2 58 e TAE

ARITH WA %, S IEEEIR 2 AR . B, RUCKH LSRR
=R, FEIRENFEAERE D, FEETRIINKEARRETE, HH iR
Frid v b s AR bR, DL It SR 26 R e 0t A B, AT BE RS i A B iE SRR R 2
FER 2R ) AR SCREE TR PR A R BT R 28 H M FEFAER N, 5408 T BER 4R
LR AFEA

PV LIS RS B, FRATRN TARE T34 H T A s2 5,
Ja S RAE I R AS T ThRE I ., FATE SR LSD[25]F1 FLD[24 ] Sy ib4T 28 Bt
KA FEAT 17 3B o3 525G 8 e A/ v SR Bk T, FRAT R gk 2 il
TTNet &EIR B2 SIBIALEAT XT LY fe edeadt s

FIEIENHEHERZ TEZM, Flu: sl FEARRREANE (g 200 A
B, ATRAG RS, R AE A s BRI S B AR S B AL B T AL
TRAGHLUATEE A0l AN [ I ER I M8 R (204 /i) 52, B 1HRI&
—HAXATHEHM T £, S IEEM BRI H R
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6. Bt

TR MEFR, EREMIEEED), HA MR RBEARERZKH,
M 2016 SEIFaHEZ ER B IINSR, RMBRE R —Hizsh i, Znidvr2 kit
3%, HO PEOLFE AR LSS, IR i EREH RaUR RN, &% a8
B RELE B ORI MER PE SR A B T R UL T .

S0 B, I TRIE AR B, RIS IR 2 B A UG R 404
AN PENALE T ER, 4 B AA TG, KRR E Sl
MERZS, M6 H 15 HE| B2k R Imeeie =58>, JhagitRIse
W—NERRSG . Al 7 5EeE, RITF6 &85 FXXUH A R, gt B ca
SERF 7 —> Indemind XU H FEAG A SLL . 758 T S BRI shEey, KIR
Z IR AT @ 3D HER WA T LUAIW T R, RS R N H 5
BT, IETRESMBIIRE SR 2Rl 2, BRI 55 H % H
P SIS LRI o 8 e 152 TTNet [2] 55 3CHR, A=t , wfs 5 A
W R B — AT, EAEREM—T . W AHYITTGRIIAE, Bt K5
Wil FEACKEE . ARSSEIL, SEIG 45 R I U AR B, FRATIEARE A K
TAE, 78 B EE AR P S T AR AR EINE T, 58 T — R BRI HE .

P oA BB IR U 2 T T A S 18 i, R ERIEME T 2 SCHR IR
R WICEEE T A, AR5 a0 HE R o ST B AE 2 AR SRk A T
R IR R K . R ER IR RSB, ARATTAE BT I B AR AR R R, —
BRI AR SEIL ALR ARG ST 38 K MFE .

PR B 5 ARSI = L S M HAR R 2, Z2HE, IRGF RS 4 T
RFZWE R, BRZEBSO A REA AR () B o R 0 B 2/ DU R 2, A2
ZRERAL AT AR & 2019 FE4 B R 22 AR N ER AR ZE 1 =TI B R . 2/ b3k
SRAMUAE BRI AR K By, FEIX R I H il 53— R =0 EHRE T
FEA (B ZEBEAKLAT R LR 2R ©), [FIREEFIRE FHtH TR SR
) st 2 52 B B AR AN

SRR g SRR ERARLSR S g A IR 2 IR ER A N FRATT B SE SR 4 it bt 5 B
ROEITTIRAL X, E RIS A 2 HORIT IR A X AR SEEL T, Ak AR B4R
g HIE

H AT 58 U TAERR S S IS H IR 2 FAE E A, ISR 2 HORME i g vk, Ik
33 TIRZ 2200, Bdh. ISR, WK IMSCR, Ri1C&itd—1
BN AES2FRATTAE, NIKICAFRAT IR KRG H 4 1Y : TennisPoint, AW
RIEE, EAAANGSLIMER FAEH TennisPoint HA54H !
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