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o Anomaly detection based on player detection
© Anomaly detection based on events detection
© A closer look at the results

0 Future work
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Anomaly detection based on player detection

Train with AO3MS+J09WS
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Anomaly detection based on player detection

Train with AO3MS+J09WS
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@ All anomalies are detected if
enough time is given.

@ The noisiest game gives the
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Anomaly detection based on events detection

An event e at time t is anomalous if
@ e; = bounce out of the (singles) court area
@ ¢ #endofplay, vj=t,---  t+4
@ P(x; = bounce) > T, where X is the position of the ball’

@ Cj>0forj=1t—-1,tt+ 1, where Cis the HMM confidence
measure defined by

4
-yt

i=2 T

w \

where L; is the i-th highest log-likelihood given by the HMMs

"With the chosen 7, the distance between the ball and the court lines >-30 pixels.
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Anomaly based on events detection — results

Anomalies

Training video TMSAO03 TWSAO03 TMSAO03
Validation video TWSJ09 TWSJ09 TWSAO03
Validation threshold 6 0.584 0.557 0.579
Testvideo: | TP FN FP | TP FN FP | TP FN FP
Singles 0 0 0 0 0 0 0 0 0
TWDAO08 2 42 0|10 34 3 6 38 0
TWDUO06 1 6 0 6 1 1 3 4 0
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@ Our framework is able to detect a
significant number of anomalies.

@ Cleaner data should lead to
better results
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Confusion matrices from event detector — singles
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Confusion matrices from event detector — doubles

test:TWDAO8

test: TWDUO06

Response
2o o Fo &
PP SN RN EX R ICN
St S8 Ty @ FESTIe

Response
fo o B
Bt ooy oD ey N
£ S8 ¢ @ FLEFES

Response

$ o P &S
NP SRS 5.8 N
£ FP S IS I LI T

s
o
S
2 2 B
Y Y BIF-
i = iz :
. . T . o
o T ? M g o
N w4 5 2 w s g
el i i E N 2
N s . s Sarth
e
: : aret
- [} BINSR-
ey
SR
i
b =74.79 Tecall=34.82 D =74.6 Tecall=34.87 precision=03.85 recall=44.74" accufacy=44.35
Respanee Respones Response
S oo S S o S
& & e & ¥ & o & 3 & o & 3 &P E 5
L Fr F S T @ FESTIS L& S8 T 0 £ L& S T 2 FESTTS
sen IS s senfali
o o o
S Fol kS
e Era it £
3 s s T2 , . P s s
BOF- 1 3 BOF- - BOF- 1
BIN 11 s 2 BIN- 3 2 1 BIN{ 1 11 a2
o N o™ "N o] o ™ 2 60 o™ S
£ . - 0 , 10 .
2 pn 1 1 Eomd s e E v B ]
Sari St i Snety
e e e
B6es BeS 8RS
e i i
e e e
e SN R
i : Wl i :
& el &

L 1w g oy
precision=89.87 recall=52.70 accuracy=51.05

train: TWSJ09+TMSAO03

- o
p 19 recall=47.63

train: TWSJ09+TWSAO03

1 2 Ems s
precision=89.51 recall=52.59 accuracy=50.83

train:TWSA03+TMSA03

Teo de Campos (CVSS|

ly detection experiments

UEA, Norwich

Jan 2012 7/11



Confusion matrices from event detector — doubles
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Action classification results

positive rate (%)

train test hit  —hit srv - —srv
TMSAO03 | 45.3 86.7 | 79.5 96.6
o L TWSJ09 | 24.3 919 | 65.5 94.1
0 TWSAO3 | 46.8 88.3 | 64.8 95.3
2| TMSAB 1509 | 209 903 | 524 974
TWSAO3 | 46.1 88.7 | 90.1 95.8
e TMSA03 | 46.4 84.1 | 73.0 97.9
2 TWSA03 TWSJ09 | 28.5 90.6 | 63.1 94.8
g + TWDAO8 | 404 928 | 71.2 92.0
S TMSA03 TWDUO06 | 39.2 93.8 | 72.7 92.6
o TWSA03 TMSAO03 | 47.3 86.2 | 79.5 97.6
© + TWDAO8 | 40.8 91.1 | 79.1 91.6
B | TWSJ09 TWDUO6 | 30.5 929 | 76,6 93.6
-_% TMSA03 TWSA03 | 49.3 90.6 | 73.2 95.8
g + TWDAO8 | 416 914 | 81.1 92.3
© | TWSJ0O9 TWDUO6 | 35.1 93.7 | 75.3 95.3

baseline 18.2+6.5 26.8+54
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Action classification results

positive rate (%)
train test hit  —hit Srv. - —srv
TMSAO3 | 45.3 86.7 | 795 96.6
o | TWSADS  1\ysjo9 | 243 919 | 655 941 | @ bestresults
(;'C;, TMsaos TWSAO3 | 468 883 | 648 953 @ worst results
= TWSJ09 | 29.9 903 | 524 974 R T —
TwsJog TWSAO3 [ 461 887 | 90.1 958 TMSAO3 and
TMSAO3 | 464 84.1 | 73.0 97.9 TMSA03s TWSJ09
@ | TWSAO3 TWSJ09 | 285 906 | 63.1 948 - :
2 + TWDAOS | 404 928 | 712 92.0 @ worst training set:
S| TMSA03 TWDUO6 | 39.2 938 | 72.7 926 TWSA03
o | TWSAO3 TMSAO3 | 473 862 | 795 976 @ best test set:
S + TWDAOS | 408 91.1 | 791 91.6 TWSAO03
B | TWSJO9 TWDUO6 | 30.5 929 | 766 93.6 .
S [TMSA03 TWSA03 | 493 906 | 732 958 | ° Worst TWSJ0S.
E ¥ TWDAOS | 416 914 | 81.1 923 @ Results agree with
© | TWSJ09 TWDUO6 | 351 93.7 | 75.3 95.3 those for event
baseline 182+65 | 26.8+5.4 detection )
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Ongoing work: improving the player detector

| source image
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Ongoing work: improving the player detector

| source image

(1) background
subtraction: 81 blobs
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Ongoing work: improving the player detector

| source image

(1) background
subtraction: 81 blobs

» (2) apply constraints on
* h motion, court location
N | and blob size (as a
/é \ function of player

location): 5 people
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Player detection anomalies: new results

Train with AO3WS+A03MS Train with AO3WS+J09WS Train with AOBMS+J09WS
P gl P gl

s | J _ - -

) ) o )
- 2 80 2 80 2 8o
QL 35 5 5
< & g 8
= S 60 S 60 S 60
S o o °
e T T T
S £ £ £

2840 S 40 S 10

3 3 3

= = =

2 2 2

8 20 8 20 8 20

o @ @

3 3 3

~ LT T a o A A4 PN . a PN
0 2 4 1 0 2 4 6 8 1 0 2 4 6 8 1
buffer size (in shots) buffer size (in shots) buffer size (in shots)
Thresholds on the distance from AO3WS+A03MS Thresholds on the distance from AO3WS+J09WS Thresholds on the distance from AO3MS+J09WS

@ os| os| osf
S
[s]
e o o o
7]
o
2
S os| os| os|

See old

3

O

results 3.

Teo de Campos (CVSS|



@ Combine multiple cues as joint probabilities for player detection:

e Background subtraction (not thresholed) as a saliency map
o Court location prior
o A generic person detector

@ Use a proper tracker or a data association method

@ Work on action classification using sparse matrix decomposition
to identify salient features for each class (with Mark Barnard).
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