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Behavior prediction of ball carriers in basketball match videos

Wang Qian,Xia Limin, Tan Lunzheng
School of Information Science and Engineering, Central South University, ChangSha 410075 ,China

Abstract: Sports video analysis has received much attention in recent years and is a challenging research direction in the
field of computer vision. A novel prediction method for the behavior of ball carriers in basketball matches is proposed in
this paper. Aiming at the cluttered background, fast motion of the sportsmen, and the low resolution of the head images in
basketball match videos, we propose the adoption of a covariance descriptor to fuse multiple visual features of the head
region, which can be represented as Riemannian Manifolds.. Then we map the covariance descriptor to the tangent space
and complete the head pose classification through the trained multiclass Logitboosts directly in this space for determining the
range of vision of the ball carrier. According to the distribution of all the sportsmen within the range of vision of the ball
carrier, we predict the behavior of him—shooting, passing, and dribbling, through sportsmen information based on
artificial potential field (APF). Finally, the tests on the basketball match videos verify the effectiveness of our method.

Key words: covariance descriptor; tangent space; multiclass LogitBoost; artificial potential field
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2.1 ETAIBBES(APF)HKEERE

FE B8 Hh R TBOT5 B4 BR 5% 43 SR TR BA B3 AR R BA
Bl BEXJT BR BB fE B R R DL N TR
(APF) "7 R M 6 FoR M3 . BR B o Y
NTHREG T LR /R IR

Uppe(x) = Ugna](x) + Uy, (%) (9)

EVG A Upr (%) Ugoal(x> Uy (%) SRR N T 3
AEY o FbR 7 A R 5 AR LA L% v B ™ £ 4
FRHfE. « IR TER AR OL EAR B DI AERT R
RN
L)y a0

X = xgual

1
Ugoal ( x) = ?kp(
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LA/ N 5 | S5 B 5 HLARLBE R I, SR it 07
B DB B Xt U BT, W B IR RE B HE R SRR
LLFRR

1 1 1\2
—kd( - - <

U, (x) =2 (p po) PP
0 P> po

BRAT 4 AR T BA 5L, 20 p JE#E T BA 51 L
LA AE R 5 BA B3 Z (B B BB o po S — A B i 1
{EL, BT po , BK B1AEAS 22 32 B0 J7 B SR HETF 0,
RO T5 BN B3 AN 2 X% R 5 i g o an 2Rk B0y
RO BCER N (p<py) A 22X T B ~F BA 5,
WU FE 352 44 FE X5 3K 5% 1 N T3 BE 3 I gl o 2
[l 2% 1w 22 44 % J7 BA 537 AR B9 ARk B BE U,
(%)

X LR 2R I A 2 (10) S8 kp e —
ANIE(E, RN B G AF20 RE 1o XF TR A A G
BB BAGL, HAR S RE 1A IR] PR AN [ 14 25 75 BA
B kp B ANF Y, ATEEBOR, HEIRZ, Ja LAY
AN MECIL) FHY bd E—AUE, ST X5 75 B
S BAGL0TER B U AR BE o X T AN [ A 6 60 00 5
B <1 BA 5%, FERT ST RE T ANIR] , PR AS [ B < BA 53 B
| kd [ AR R 0, J5 TR, B R =, i
BN

H1 T DN FEZERL AT ) PR AR AE Fh B2 ] sk
BRI (TR 5 DA ) X AR I — R R4 1
BR GBI R A Sh B S8 kp (BTERE D)
1 kd(EERAEST ) MG, BB — K35 E 10 4
R IEIEERRE IR, WL 1,

F1 RERKENR (ERE)
Table 1  Shooting and tackling ability ( initial state)

KRG 5
YWk
A A, Ay Ay, A By B, By B, Bs
kp a «a «a a a «a «a «a «a a

kd B B B B B B B B B B

WP 7R BT AL 0 4 B S IR
e

WG A4 A 5L A3 R R e 0 18

T=1: for (i=1; i<5:i+ +)

kp,, =askd, =Bskpy, = askd, =B

BR GV AN ERBE S R

While (T#end)

If ( Py = A, — Py = B.(i =1,-,5) Nkd, <86,)
//BRE B, SR ERER 5L A, BRI

kdy, = kdy, +y  // BRE B, BHBERRE J1 0

Else If( Py = B;— Py, = A, (i =1,--,5) Nkd, <6,)
//BRBL A, XHRFERER B B, 3R

kd, = kd, +vy  // B3R5V A, BIBEREE IR0

Else if( A,(i = 1,-+-,5) & N kp,, < 6,)kp,, = kp,, + 7
/BRI A BEERE T34

Else if ( B,(i = 1,---,5) 8 N kpy, < 0,)hpy. = hpy, +7
//BR G B, BERE MM

o, r oy HEEL0, F1 6, HABFEREE S R AERE 11
R
2.2 FEKBARTTATM

BAEZ], hEAKRE » HHREER 7, =
Uppe (x) S REERBA VRS A O 5 A A 17 B i, 8
ANFEIIAT R . AT LLRERFER B 51 A4 T 2R S0 52 ok
1 3 it 9 B AR e 45 0] R ( H i /N R HEAR 3R
XOTER B L o A 4 O, oA BARER X 7 iR
=),

B3 FFBRBA B AT A i £ o

Fig.3 Example of ball carrier behavior selection
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b7 <o W, RFERBA BB ) A AL BRIE 2
IBER, ZARIGAE TS R B 5 15 IR BR A AT 2 o AE T
FRALBRBA A i FE v, AL B IR RN AT
b A 5B 9E RS o 19 A R B (IR 5] 3 RE
U () BERHERFRE U, (o) BN il H 5 2%
JEIZALERBA D15 1 BR B 53 22 [B] O 8 o I B K
DN A R BRABRE 5y G 1R B R 2 W0 T R 5 B
AN, AR DT AT REPEBOR . R, 3 THRr Bk
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=g (13)
K, d,, RARFFERBN 5T ¢ FIBAA m Z 18] Y BE B
(10) (1) FI(13) FEIEERS (% = 2,0) 40, d.,
BRI 3E2 WSk [(18 ]

AR (12) 7 RATH5 M Ap 3k BA 5300 730 L
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SRIG T3 DL -
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LTS A9 — LS B (R, WUAFBRBA O3 ¢ e BAAC 4
fLEk
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o oA BN HEBR SR Y BAAL, FIRBR BT ¢ $ 1B 4%
iEIK

Fy 1 3 2E e (9) —(13) R HAE
IR AR B N TG U N R ERAE
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L
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3 KWHERSHSH

T B BR DA B3 AT S TN Sk 6 A AR, TR
CPU 45 2.8 GHz, NA7H 3 GB HYRAL L, R
C+ + Fl MATLAB ARG St . B SEX Rrak A5
(4 Sk PN RTE HEA T, PR HER L, HE— 2D IE
FEER B G347 S TN 583 A 5
3.1 EIRFIER
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TR, BE2EAS 100 7, BEERY 100 RSk 8 R
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—EHERTHINGER A AT KN,
YER %5 2 26 LogitBoost 4328 8% Y FEAS , Bt A 11| 25
FEAGNEE 4 it 5380, B8 H T 100 15 JE 3k R &
BAE R IR, B4 R R Bk i 1 5 [ Bl
BRI HA SRR A B, K5 R T AEIZRAEAR
EARECAY IE 5 T XA X R SF (S REA K E
i) 5SS RY LR, WTUEH, SHHKS
FEARII K B LR 0. 28 B, Wew R i o I 2o 72
R SR R AT I S S8R 7 ey N 0. 99,25 2]
Br e 01 HE L IR R AT I 53 25 85 1Y T ooy N
0.4, FRATHEELT 740 400 ik 3B & B Ve Rt 4,
245 50 i, SEIREE RN 2 iR

% 2 AT, DR ) 32 S AR AR AR R A Sk B 4
AR Lo 3 2 PR T ER LB Sk 1A
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Fig.4 Typical training examples of the head pose classifier
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Fig.5 The relation curve between head pose recognition
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Table 2 Result of head pose recognition experiment

FEEL 0 45 90 135 180 225 270 315

0 0.98 0.01 0 0 0 0 0 0.01
45 0.01 0.96 0.02 0 0 0 0 0.01

90 0 0.02 0.95 0.01 0 0.01 0 0.01
135 0 0.01 0.02 0.95 0 0.01 0 0.01
180 0 0 0 0 0.99 0.01 0 0
225 0 0 0.01 0 0.97 0.02 0
270 0

0
0.01 0 0 0 0.01 0.96 0.02
0

315 0.02 0 0 0 0.01 0.01 0.96

3.2 HIKBARITATNER

FATHEECT 10 iRy 25 Wi/s ) 8K HE 3%
PN, AT b 2 55 L 8 1) Bk DA B A KO K3 0
Xt T RERRAU P 4 B Sk DI, BATTLAN T J7 206
WD FEI G — Ak, 23050 BB Sk AT 70 #r
FErP AN Sk X B T — 28K AR (B R, 53K, iz
B, BARSII R WA 30 Sigh, AR A 2R B
S Fr B B 273 AR N Gt , Al 47 o 1
I P A A TSR, B 173 At

£33 (TABMNLBRHIERE R

Table 3 Data description of behavior prediction experiment

ik WA REL ek AL BBk EEREL
1 41 49 28
2 45 52 33
3 38 46 39
4 47 50 36
5 37 52 31
6 43 45 40
7 44 43 41
8 53 58 30
9 51 62 29
10 46 58 37

XFEAER B 7, HEBUEBR, T g 1%
R BTN A Ak 5 2 BUE R/ NI, R RERE AL BR S
DRUB TN o 5 G, DA T 3 S5CHE R T oAt R
IR, Xt F iz BR {5 B po , A WUELHOK , i AEH 1L 2R
FETRHITIUN iz B 7 BUE RN, AT BERE 2 BREE TR
T A AL R, S BN R R T R A R S
FeATRBL, J M LA YN SRR £ T Bk 3 APF {5 5L &
(I E S R m BRER B APY (5 B EE NS

Bor, Fpy WA, S SO AE B S e e o X TR
BE p, , GoIT R R ER B4 R BA 51 5 REBR A 51
(I, 2 B HR ) e R (B 5 88 B 1 o 50T
AEST kp SHEBKAE ST kd MRIIRIEII BN 10 O T
ER(12) THRIZEL & M @, % ratio = ¢/, B IT HEL
NI HABR ratio 5 500 1E 4 32 (14 ¢ F R E 280
¢ Ml oo FGERNE 6 frzs , Hl =GR

10

Zl (Tihnoting + T;assing + Ti]rihbling)/S
- 10
ZUH S Thhting » Tacsing » Tarinwiing. 27 W ILFRER 1§ 37 L FRAR
W ALBK B BRI W ER 3, S, ik E ¢
Mo ly2.6 Fl, #EKAES FIRME 6, A HERES) b
PRI 6, i S0 70 BE S S 25, 10 LAY
GtaiRiE 4,

R,

R,
OO0
o=t WwWhRULoyNio—

=)
o
n
-

1.5 2 2.5 3 3.5 4
ratio

6 AT NHIIERRY ratio K F L

Fig. 6 Relation curve between behavior prediction

accuracy and the defined ratio
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o SIMTSEIREE R, BRI RN E A1) &
BRILFEA Rk B 5 (947 Ry 3 B b B e R i R
SRR DL A1, 38 37 Sl oK PR 252 g (Gn ik 77 I
ROEEAG) , FE ALY 2) 32 8] 52 AR
FI A 20 R BA A 1] A i G R B2 S g i . T b
W R BAFAE 78— R b 1 Bl T i i H B
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PRE BRI 2 2S AT SR 58 ST 5 B 4
A TRV T R BT 58 AR A o T X P 412 3
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Table 4 Result of behavior recognition experiment

/%
T 3 1
o728
i ek iz Bk
1 89 78 83
2 82 72 79
3 85 74 81
4 82 73 77
5 87 77 82
6 91 81 85
7 83 73 80
8 84 72 81
9 85 75 82
10 90 80 84
X IER 85.8 75.5 81.4

BRECTE RN AT A AT BOM AR . XS TEBR
PRI i 17 S A2 2% BR AL B E PR, Sk AR 15 70
HERARAORR AT, 42 Hh iz F P 5 25 R 1 X BR A 572
DEZ NPy S SRR RE S )ie S A e
o 2] =S 18] v, HUITZRGF 19 2298 LogitBoost 1
FrRrBR B B3 B Sk B 2 25 TR, o 7 45 BR BA 5% B0 100 7
Yo AR FRr 3K A B3 AL 0 1R P 8 X5 Bk 61 4
Aii, M2 T N THBEZ A BR S5 R, S8 4%
W ALBK GZER 3 FRAT 0 B T, I8 1 P A S0 5
E T I IEA A RN

TEBR L TE PR BRBA BY AT N PR32 BT 2 I R
RSN, 2 — BN AR B R SRGS E , Anfa] ie ad 42 4i
MU PG PP B B 22 A7 28005 U5, B v A DA UM ) o
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