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Abstract

With the extensive spread of football matches and the increasing demand for data analysis, it is of
great significance to realize the automatic detection of football video events. This study focuses on
football video event detection using the Hidden Markov Model (HMM). First, to extract multi-dimen-
sional features from football videos, this paper designs a hierarchical feature extraction scheme. At
the level of color characteristics, the Principal Component Analysis (PCA) of HSV space histogram ef-
fectively represents the stability change of court area; at the level of texture characteristics, the com-
bined statistics of energy (second moment), entropy, contrast and correlation capture the local struc-
tural fluctuations caused by players’ movements; at the level of motion characteristics, the average
amplitude and direction principal components are calculated based on the Farneback dense optical
flow to quantify the global motion intensity and direction trends. Three types of features together
constitute a 10-dimensional observation vector, taking into account both static scene and dynamic
motion information. Subsequently, the HMM model was constructed, defining the four types of foot-

ball events of goal, goal, shot, penalty and save as the hidden state set § = {sg”a,,sshm,scard,sme} , and

the state transition matrix A and the observed probability distribution B were optimized by the Baum-
Welch algorithm. The observation probability is modeled by Gaussian Mixed Model (GMM) to solve
the multi-modal problem of feature distribution. In the decoding phase, Viterbi algorithm is combined
with state residing time constraints to generate an optimal sequence of events to effectively suppress
transient misdetection.
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BB . 15 FIFA 2024 SRR o, BRI C BRIEHEFE BRI 50 /i, WA NAEH
PRI 200 J35% . SRT, HEEAUIEE 1 RTINSO AR, P35 90 2 Bl LR AE
PAANVFRTE G 30~45 2 BRBEATHAFRRID, AN & H— Bk DL AR R . %58 B BT 205 TR0 0
o BN B ILRC 1] (2], BAEREE S 5t BRIGE A R BRI AR S AGLI) rh R B AT, (EL R 32 R0 DA
N7 25 A% () U SRR ST (A B[R] HE B 22 5 . SR ABLRL A DI 558 o SIT4E R, HLAR =4 2 Ui SVML. CNN) B4 T
T AW 7> FNE L, HBML T R ERFAF A PRV —— I P SRR IE 53 A S i, — ke Rt
EREAFIEH A SRR T BRI RALENIESERT B, ML SVM., CNN XA Sl g 73 28 5y i il 1F
P AR R, e ) 2 SR ) A0 23 [ (L R SCERAR 5 B AR RL & O PR AR, ON iR E
RS HT DU S B ik LR 5T, B2 S /K A KB (Hidden Markov Model, HMM) K| FL i R 25 i
FERE 7 5 MR HEELOL S B IR RE . HMM JE RGOS (FF 351 5 W0 Fr 1) (USRS k) B 1B 5 E 4
(3] (4], R MR EAHEAR SIS LTSI CRAE HMM 78 R B RS/ R ) i
J3s ABHAE R BRATIR A BT e PR e —, R EREEAFI RS RER . KRR E B R 115
RO ARL), T Bt S B FIRIIE R S MIRAE: F =, 445 HMM BB — & o0 4R e v
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Figure 1. Histogram of HSV channel corresponding to the video
1. MR 28 HSV @B E 75 B

2.2.2. SERFHEIREN
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Figure 2. Texture feature values corresponding to the first 3000 frames of the video
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Figure 3. Curve of the average optical flow amplitude of the video with the change of the number of video frames
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Figure 4. Curve of the first and second principal components of the motion direction histogram of the video with the change
of the number of video frames
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HBLRI A IS, BB A RO b O bERE AR EESS, T DT VR B My I A 2
A 2 M 5 e Ty v R R L PO B

BEAN, ST BIEI A% Baum-Welch Sk HIZ4L, s foyl. IORIES, SRARALBIAR I L.
Gt R SR AL, FU A B A7 MRS AR BRSNS AR R AR 06 7 1 28

4. LW ESER S
4.1. LHHEIT

SIZHG BT FH ) 8 BRAATECHE SRR, TREE T OO, TEE. B FEHL AR SRR ORI R DL 2
RRCGEE . H AR S5 44 BRI L RMAT, R HUREE T 500 37 L BRIAATIEIE « KF X S K 1218 7:3 f Lk
RI5r NN ZREE AR SR, HrbiIl R0 350 I LB, H TR IZRAI S H il s AR 150
LA, FHFIPAEERMERE . ERAR R il R, R T AFZEE . ASFERBA DL AR L2
WA, AR ISR S AR AR FLA AR R AE AR R, 8 G 5008 ) 2 2 0 S 36 68 SR 7 A R i o

AT 5 W b i 35 T B T IR R SR AR Y 1) A BRORS RS A S A DA TR (b B, R R
(Precision). 8% (Recall) ! F1 {H(F1-score){F N T E VPl fabr . R ZH T4 S A A Al RS %2 A
o, BIERTRESHMMIE, kB TERMERE . HiEAX .

TP

TP+ FP
HH TP (True Positive) R /x4 IEWAF I KE # FAF IR A%, FP (False Positive)7 7 & i kil ks %
HURIREARSCEE . B, ARG ST E 10 MR, SN ThREfiALTs 8 AN e B IERRSE
HEE, 2 AR, WHER RN 8+ (8+2)=0.8. A [FIR A T & KL F T, B IERRAS I H
KMIELB], PREL TR A AR ). HAtEARN:

b, (k)

J

Precision =

TP
TP +FN
i, FN (False Negative) & /A AN AR B A REA SR . RIEASIH SEhR A 15 MRS
i, BERIRGIE 124, AP EERN 12+ (12+3)=0.8. F1AHRLEH R R A BIRE— N6,

Recall =
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EARMER R BIR AR A, G e R MR R AP E . SR A 0N

Fl2. precllsllon-recall
precision + recall

76 FiRG T, FLAE N 0.8+0.82%0.8 x0.8=0.8, X LLFALFE b MAS [F] £ FE SRR (4G W R 1R 4T
AT, RS HE A SRR TR E S BRORS R A AT A0 P O B0

4.2. XWERSHH

R I IR (05 B R RER AR 0 AL BRORS R A A IS AR B T4, A Viterbi 452
FOATFAHERAI, AR CAFRRE R AR, BARRER R . A B FL AR 1R,

Table 1. Detection results of different exciting events

1. FRIBHEHRRNER

R AT 2 HE F1 {8
BEER 92.26% 88.24% 90.20%
T 85.92% 82.61% 84.23%
i it 88.06% 85.20% 86.61%
R 84.80% 80.43% 82.56%

FEMERREAFAI 5 T, ARRIBON I, HERRIAR] 1 0.92, IXEWRFE R ARG I 13t ERH 1F
T, A 92% e HR R EREAE, B TR R A AERE ). A RIF0 0.88, BIESEAR A MR ERE
i, A 88% MR AR I ok, R WIRE MY REAS A Ml L B HEBOX — KRR . F1 {69 0.90, %G
S T AR R AR I PEREBON LTS o XTSI, BRI HERS R 0.85, HIEIFN 0.82,
F1fEN 0.83 IXRWIERIAEATIGT T FHERS, BARBERSAGIN th HE I (K5 TT A, (BATIAF A — RE B IRAS
ARG B SRR PRI R, RS HERA 20 0.88, HIEIZ N 0.85, F1{H M 0.86, X it AR LR il ft
FAFRR It B A — I HE AN H B8 ), (BRI RAAFAE St S 18] Aok A b, A7 ) i =
90.84, AAIFIY0.80, F1AHN 0.82, X T/ ALAE SN RCE AT I 5 T, REMSAS I ) — € EL ) A LSz 41
R, AHRRARA AN DU HAD SR T R 22— 2. RARE, JET IR S R BRI A (1 L B R
MU A F A RS AE AN RS RS A D S U 1 —SE RS, RERE Bl ARG M0 A BRI F) i 2K
ST SRR R A, (B ST A TR ), SRSt D T A I SR
R, HAFAE R 1B AT U et -

4.3. $HE% R ERhsoId

FE AL BRAU S P AS I P A A 4 BV R s B by, AT I I R GEME MR 2 5 B 2 BUSHRIE AL, IR
PRICAS [FIRFAE RS DU 28 A A I P T ik P58 S FL bl R 8 o SR DA e BT (10 SERFAE) ki, BB R R ak
Bt SO, DG =L, M NP RS, 8 WS B S I AR

SRS SR S RHE R IT, AR EAUSICLHSY BT B E 0 3 4k). XSO (R &/ /% L
FHRAE 4 48) OGO IRE/ T R E R 3 48) =M. BIERHER R T, HSV By B 3 o7
Briede o BN HMM, H& 7 78015205 B SOEBRLRE GLCM 4uil &5 LBP fei, HT0iE
B R O SIS JeRBR R EIZ R ERIN AR, HVKHSRRIL. HalE=
FXRSH B, Fits + QU7 HEREBSEIERG, PG + b6 4H)MRM =K, 908 +
P74y sh AL S IZ S A . B RS R E AR ) HMM 2880 51256008, E45 GMM R 5 A
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BFE, kT

5743 M) Baum-Welch HEIEARIREL(50 ) SOARZSLE BRI RIZI R, AURFES N ZE FEAAAE 2 57

T R SRS G R

Ablation-1: X EUENFE3 4E);

Ablation-2: USUHRHE(4 4E);

Ablation-3: {UIETRAFIE 4E);

Ablation-4: it + ST 4E);

Ablation-5: Zift + JEii(6 4E);

Ablation-6: Z(HE + Hi(7 4E).

WZRd AR, R W B EIE A SRS BTSRRIV F 56 BE AL 1) K-means 5§
FWIEEA, T AR A B T 50 RURHAE T AR R IR 28 . B I A0S, A R A SR 0 U7 2 R
YIRS L2 ERMEG = 0.01). PN BOAMYGEZ: P Fl-score 5 AUC-ROC “§ufkfebr, HHiEid
Shapley {7 ff S A0 A REAE A0 R AR I DTRREE o 90, 7RSS T TS Hp, i SO IR AR AE LR F1-
score I NFENREE, Z56 510 BT B E B AR AR, HR7nigdn s B0 IER . [FIR, 1o & Ria
HEHHE 5N G, it AR SRHMER R C R, SEIRSE RNk 2 F155 3 Fow.

SRR, TEEERAILL 85.9%1) Fl-score WEE LT FrA THAASR, Ik 2 BESRIE L EE . (X
TR IR, A B A ST IR I AP A 75.8% (1) Fl-score (KB A8 SR ), {5 511 B = 1 1k R e
2 41.2%, MEFERHEE AR AT B, Bt + SLRA AL 79.4%[1) Fl-score i N
MRS HCE, BB SRR AE B[R] G 250, FES T IR RS BEIE 86.7%, H2il Se BB AR (A ERT
&, BUERRRE AL T R B 55 (F1 = 62.7%), (H5 a4 &5 (S + SRt a0) # Boks i 52 7 42
78.9%, WIRENASLCHANST T R AR M ) GLCM X ELEAR L)% B 3B Sh A (1 s /e o it s ¢
K5 (o= 0.05)3G1E, 58RI 55 %y A AR AR (1 M e 22 S 3 B ge it B 35 P (p < 0.001).

Table 2. Results of characteristic dimension ablation experiment

2. FHEY4ERHRSIIR AR

TR & V¥ Fl-score AUC T (fps)
SEAERR Y 85.90% 0.912 63.2
Ablation-1 (Fift) 58.32% 0.732 715
Ablation-2 (4(H) 62.75% 0.769 68.4
Ablation-3 (F£ift) 73.52% 0.843 65.8
Ablation-4 (Fitt + L) 76.22% 0.821 69.1
Ablation-5 (Fitt + Jift) 79.46% 0.874 64.3
Ablation-6 (S0 + J&ii) 80.10% 0.882 66.7

Table 3. Comparison of F1-score by event category

% 3. DPEH AR Fl-score Xkt

BRI B HEBk(Goal) #$171(Shot) T (Card) K (Save) 4 V¥ Fl
Full Model 90.9% 84.2% 86.6% 82.5% 85.9%
Ablation-1 (Fift) 62.4% 45.1% 73.5% 52.1% 58.3%
Ablation-2 (8(H) 48.7% 58.2% 64.3% 79.2% 62.7%
Ablation-3 (Jt:37) 75.8% 89.1% 41.2% 78.3% 73.5%
Ablation-4 (it + £3H) 68.5% 63.9% 70.8% 71.4% 76.2%
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Ablation-5 (it + i) 86.7% 82.3% 68.9% 79.5% 79.4%
Ablation-6 (S{H + i) 78.2% 85.6% 59.7% 87.1% 79.1%

4.4. FFEERRR

P EET B Ly R BHRAR L (HMM) ) BRORS A S A 77 72 5 A 7 V2847 % b, Re s BEI5 I
PP A TR 25 o I FF I EALS VM) 25 FLHZ R0 25 (CNN) FIE BR 4 22 X 25 (RNIN)IX LR 7E
PRATCER ARSI A 732 B B AR R Ee G e FEAR A SEER A S AR BE A2 N, 20 A AT A R A
WF7i, F eI ER, 7. T ROX RS S LW S, SR F1AH, XTHgR
WIR % 4~7 s

Table 4. Comparison of detection results of goal events by different detection methods

T 4. NEWEM T A THIKE RN LE RIS

ORI WIRFS HERf 2 A= FI1 {§
FTF HMM 751k 92.26% 88.24% 90.21%
CNN 85.19% 80.04% 82.53%
SVM 88.33% 85.46% 86.37%
RNN 86.17% 83.32% 84.36%

Table 5. Comparison of detection results of shooting events by different detection methods

F 5. NEWEM T A T TE MRS RIS

o g 2 HERfZR RERCIE F1 {§
FTF HMM 751k 85.92% 82.61% 83.74%
CNN 82.30% 79.35% 80.81%
SVM 80.00% 80.59% 81.04%
RNN 80.45% 77.23% 78.56%

Table 6. Comparison of detection results of penalty events by different detection methods

F 6. NEWEM T A T 5T REE RN LE RIS

Rl 772 TR RERCIE F1 {8
T HMM 7715 88.06% 85.20% 86.41%
CNN 80.14% 78.91% 79.39%
SVM 84.95% 82.29% 83.42%
RNN 82.66% 80.32% 81.57%

Table 7. Comparison of detection results of fire fighting events by different detection methods

= 7. AR T EX THMUE RO NES RATEE

Ry 2 e Bl xR F1 18
T HMM 7% 84.80% 80.43% 82.77%
CNN 80.65% 77.19% 78.21%
SVM 76.30% 75.44% 74.13%
RNN 78.29% 75.84% 76.22%
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MAFLEE R AT ELE H, 36T HMM 5 AR RR SR ER IR R, e RILE] 0.92, B
25T SVM. CNN 1 RNN Jji%. X F 2 F A HMM Ge% 7853 F F R SRR b (¥ 5 5, IR
SRR AW GE M SRR F A 2 18] (25 R R ARF AR L - 110 SVM FE AL BRIX SRR 2% 1 I > K4l
I, TS TR AR AE 2 SR A0S R, XE LATS 0 429 S 2 R I TR AR A O AR, S SRS TN T F AT
BK. CNN EARBENS H 32 I AL SERAE B0 T PP AR ROC R A4 RE R B 55, 2
BRFEAA I BRI RIA I HMM. RNN EARER S Bl & AL BN e 808, (BAESCBR R b, i Th %
T 2R TORE L AR K S5 1R, X T e 1 0 A B ORI AN AR, DR A i BR A L th g T
HMM.

ERERNIR, FT B KB ORAR Y ) A R AR AR AS N 7 iR AE AN DR R S A - AR T 3
il W3R BAT A VR RER DL, JUHAE A HLRAT B 28I 7 9% AR ) A2 BRI 3R U7 T L AT B R AR %5

5. Zit5RE

AT e T HMM R [ S BRI A TN e TT, i 2 4ERERFAE SR, AR 5l 2R L&
KPP S EE— R I TAR, BUS 7MW TEBCR . AW TORRII M 1 2 T B S IR R A 1 /2 Bk
FRAEA AN TT i, AR T — RS AAEEGMERTITTRCR . R B 5, 8L iz R
AFZEHE . FEMERIAR EEREEIEIL, W 1w H AR SR . W R AT 1 4l i ot
A2 4L IR AESRIBG, WAL BE AN SCEE T TR 7 R BRI Sc s 2, Is Bt BT . SR AEAN
TGRSR BOAR, EHE TR BRIP40 . 28 EPTiR, AW FEHE 3% K S /R B
ARG AR AR g 3%, AR A HE . RS L SRk S DA R S B0 FH &5 05 THT AR EAS: 7 I8 25
R N BERAUIORS R SR DN AT A BT FU AT A e T B B TR

SE
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