G Scenario-Based Video Event Recognition by Constraint Flow
CVPR 11 . Composite o Obj. detection |
Scenario Primitive e .
EJ COLORADO [ ANB|C)<D !
Suha Kwak Bohyung Han Joon Hee Han (A%8]C) arser event recognizers ClemelIeR e, |
P 9
PDS ] EEH . Scenario . recognizer TraCk”’]g’ etc. i
POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY {mercury3, bhhana Joonhan}@pOSteChaCkra POSTECH; Korea s e EE e
Introduction Constraint Flow Experiments
» Scenario-based video event recognition = A dynamic configuration of scenario constraints » Surveillance sequence
Recognizing events in videos with given knowledge * Transitions (edges) among combinatorial states (vertices) . :-f-, * 8 target events (transactlons) In a sequence, 476 flow vertices (preC|S|on 0.90, FPR: 0.0053)
(scenario) about how they happen. - Feasible interpretations must follow the constraint flow! Ll 937 ‘ [y ,, . - 2499 [ip "
= Contributions = Automatic construction of constraint flow € '€, | ;‘zf' e | m_ f :
. . . . . . ] ] ’r‘ | fr" A | ’ ScanItem | '—_,\‘- BringMone | ' j\v- Brin Item 's};-‘ ' |i' BringMoney| %
An easy and flexible scenario description method - Breadth-first search and generation of flow vertices — -3t Br.,,gnem l H - - lg‘ Lol J “ % i:uit;::j; [\ i::il? L L (e
* Online and exact inference of events without heuristics aQ O [customer] [cashier] [customer] [cashier] [cashier] Lcashier]
| Transaction —
a ! f : With{customer,item] - ] m . - 1]
., . . I Takeltem B '
Recognition with Constraint Flow . Jfg_. ].3__ ey = H . ' 3 E E .Ih!wals.J'-:‘;
] ] ] ] I : Move[customer,out] — | r | | [ 1] Il B - H |
Goal & Challenge * Flow tracing to generate feasible interpretations r ! {25;“3;1?‘]’W.t\;]viﬂl{cus;omenmoneq C an“ﬂlegaﬂty:[” I -_ E =
. . . - ithout[customer,money] — ;
= Search for the best video interpretation 3 " 10 L houmermoney |- [ =R 20N
R Alr\r|alalalalala|f|f|f|f|r|r|a Alo[o FEESESEREREN 0|00 |o[o]o[H} lcashir]  Movelcashierdeskl ~ | mE I - E
. . . ith[cashier,money] — B -
® A video interpretation = B\rir|r|rlala|f|f|f|f|f|f|e|e|e| . B|ojojo|offME}o|o|0|0|0|0|0|0|O TakeMoney " ovtcasmeroud |- | wm T I m
= a binary matrix indicating Clelele|e|e|ele|e|e|e|lele|r|r|r clojo|o|o|o|o|o|o]o]o|o|o|o|o|o . o A A ; [eashier] @ eoetormenen | inallucinated . E E i n
= occurrences of primitives Dlr|rir|r|r|r|r|rlir|rlalalrr|r] D|o|o|o]o]o]o]o]o|o|o ¥ 0|00 [The constraint flow of H(A%B|C)<D’] Bringoney "1Pouticusemenmoner |- SIS . e .
o . : : : r ‘OVE customer,aes — '
>time ~ OVertime Aflow trace, vy (from v! to »*) Afeasible interpretation, x(vy.4s) e ‘ l ' e
° 1 H H 1 . . ScanIFem Move[cashier,sca'nner] — :ﬂ W
The r;ymber thl-ntﬁrpret?tlfns llglCreaneS etxpolrl)entlally » Score function for traces o O e MWitT[Caihier'"erT]: ® -I m -I .- _ B I
overime — Which one s teasible and oplimal: « Ob ti t & Penaltv for idle int | . Recognition Example i PIUeM  Movelcustomendeskl |- 8 T E 0§ I 0 E
_ _ _ servation agreemen enalty for idle intervals , | [customer] ~ Mo* teskd |7
 We search the best interpretation by dynamic . v, (vk)}lz and {£(V, (vk))}lz are diven i Withicustomerter) [~ | I8 . = | S m = m | moonn
programmlng Wlth COnStralnt ﬂOW f(vlt) — p(x (vlt)lalt) . B(vlt) ! t k=1 t k=1 g . i 1730 1830 1930 2030 2130 2230 2330 2430 2530 2630 2730 2830 2930 3030 3130 3230 3330

* Tennis sequence

X p(O¢|x(vy)) - exp(—ﬁlb (Vt)) f(V1e-1)

. Wlth actlon recognlzers [Tran et al., ECCV 08] 266 row vertlces (preC|S|on O 69, FPR O 033)
Scenario Description Method S et

A scenario = a set of temporal-logical constraints for the
arrangements of time intervals of primitives

* Online, exact inference on a bounded search space
« Optimization by dynamic programming

\‘-‘ N "\A‘ - S ::'.: 7 7 y ,.‘“‘. - : l-_ A\ ‘\“\.‘;\ - X RiE ::‘.: ! //j 'I‘.,"‘; 5 L A\ \'~.
L"*L& L‘ N WA N B L' :
Serve Stroke e ——— L Stroke 2o

[ser] [ser] [ Y - [ser]

_ .k
. . max [ (|V1.4—1, Vs =V X .
» Temporal relationships (<, », ~, +) vl:t_lf([ Lit=1 "t ) Temitley -
Stroke L
[A<B] [AAB] [A"‘B] [A+] exp (_ﬁlb (vk)) y p(Ot‘X(vk)) ierl N;I)e;Eser:Ea:H—
A A S| | A ; | ke Swinglrec] -
A - max { max f([v1.t—2, Vi—1] } | | SUOKS b, bail] -
B: ®mm| |B: == B - Vt-1 {771:t—1f( tit-2 Ve-1) . =3 incoming traces for v* at time t + 1: | S[ _] Meetrechalll
= Logical relationships (&, |)  Keeping only one best interpretation per each flow node . From v [V, (v1), v7] Select the bestone o oot B
. ’ . iIs sufficient to track the globally optimal solution. | From v!i: [V.(v'1),v!] ¢ among them for | [ser]  Serve[ser] W
* [A&B.- both of Aand B occur (no temporal Orde”ng)- i From 12 v (Ulz) ” ] Vt+1(v1) i 3|1 61 91 121 151 181 211 241 2;1 3(|)1 331 3<|51 3s|91 4£1 4&1 4e|;1 511 5!11
* [A | B]: only one of A and B occurs. Vt(vk) = [arg max f([vy.c—1, v = V*]), v, = vk] ‘ |
» Dummy element (#) V1t-1 - =Calculate f(V;41(v1)) using own observation . _
» Parentheses X, = x(arg maxf(v1 t)) =X (arg max f(Vt(Vk))) | likelihood and the idle penalty. Conclusion Aqknowledgement. :
. Ve(v¥) . Do the same for the remainders {v (v")}lz | " Anew scenario description method e reseafr(I:\;I]KVIVEe/]Isi'l:gﬁtxJ pg(())(;tg CIl:I83p1ar(§1by thz i R&r?
* Precedence (parentheses > logical > temporal) * The size of the search space is not a parameter | Sl k=2 = Exact inference, which guarantees the program o 1 ( -F-031-01), and in pa
* Hierarchical description i optimal solution, via constraint flow by Basic Science Research Program through NRF
anymore, but bounded by the number of flow vertices. P , of Korea funded by MEST (2010-0003496).




