Ch.9 Bottom-up/top-down inference in And-Or-Graph

--- Event Recognition and Intent Prediction



Earley-Stolcke parsing algorithm

= S->SABC  alblcl
» SSSDEF  alblc?
= A->al A->a?2  alb2cl
= B->p1 B->b?2 e alb2c?
= C->cl C->c2 e aZblcl
= D->al D->a? e aZ2blc?
= E->p1 E->b2 e a2b2cl
" F->cl F->c2 e aZ2b2c?2



Earley-Stolcke parsing algorithm

The inputis al bl cl

0'>S

Predicted
S->.ABC
S>DEF

A->.al
A->.a2
oD->.al
oD->.a2

Scanned
A->al.
oD->al.
Completed
S->A.BC
S->D.EF
Predicted
B->.b1
,B->.b2
1E->.b1
E->.b2

Scanned
B->bl.
1E->b1.
Completed
0S->AB. C
S->DE.F
Predicted
,C->.cl
,C->.c2
,F->.cl
,F->.c2

Scanned
,C->cl.
-F->cl.
Completed
S->AB C.
S->DEF

O'>S



Grammars for Events

= UsingWD->ArriveWD UseWD LeaveWD
= ArriveWD->arrivewd

= UseWD->TakeWater

= UseWD-> TakeBucket

= TakeWater->benddown1 standup

= TakeBucket—>stretchhand drawbackhand
= | eave\WD—>leavewd



Grammars for Events

= BendDown->Pickup

= BendDown->TieString

= Pickup—>benddown2 standup
= TieString—>benddown2 standup



AQOGs for Events

And Node
Or Node
UsingWD
Leaf Node
ArriveWD UseWD LeaveWD

TakeWater TakeBucket

Bend Stand Stretch Drawback
Downl Up Hand Hand

_ bend stand stretch drawback
arrivewd down1l up hand  hand leavewd



AQOGs for Events

BendDown

PickUp

Bend Stand
Down?2 Up

bend stand
down2 up

TieString

And Node
Or Node
Leaf Node



The parsing process

UsingWD

BendDown

ArriveWD UseWD LeaveWD

PickUp TieString
TakeWater TakeBucket

Bend Stand Bend Stand

Bend Stand  Stretch  Drawback Down2 Up Down?2 Up

Downl _Up Hand ~ Hand

_ bend stand stretch  drawback bend stand bend stand
arrivewd down1l up hand hand leavewd down?2 up down?2 up



The parsing process

UsingWD
ArriveWD UsgVMD
(
~ o
TakeWater TakeBucket
Bend Stand  Stretch Drawback
D@l ”S Hand Hand
_ bend stand stretch  drawback
arrivewd down1l up hand hand

LeaveWD

leavewd

BendDown
-~ N
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand
Down?2 Down?2

bend stand bend stand
down?2 up down2 up
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The parsing process

ArriveWD

arrivewd

UsingWD
UsgV!D LeaveWD
(
~
TakeWater TakeBucket
Bend Stand Stretch  Drawback
bend stand stretch  drawback
down1 up hand  hand leavewd

aw

BendDown
-~ N
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down2 up
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The parsing process

UsingWD
\%
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand  Stretch Drawback
D l IS Hand Hand
v bend stand stretch  drawback
arrivewd down1 hand hand leavewd

aw

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\%
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand  Stretch Drawback
D l IS Hand Hand
v bend stand stretch  drawback
arrivewd down1 hand hand leavewd

aw bd

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up




The parsing process

UsingWD
\ 4
ArriveWD UsgV!D LeaveWD
(
TakeWater TakeBucket
Bend Stand  Stretch Drawback
: IS Hand Hand
v bend stand stretch drawback
arrivewd downl hand hand leavewd

aw bd

BendDown
N\
/ 1

Ny

e

PickUp TieString

e

Bend Stand Bend Stand
Down?2 ? Down?2
bend stand bend stand

down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgV!D LeaveWD
(
TakeWater TakeBucket
Bend Stand  Stretch Drawback
: IS Hand Hand
v bend stand stretch drawback
arrivewd downl hand hand leavewd

aw bd su

BendDown
N\
/ 1

Ny

e

PickUp TieString

e

Bend Stand Bend Stand
Down?2 ? Down?2
bend stand bend stand

down?2 up down?2 up
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The parsing process

UsingWD

ArriveWD LeaveWD

TakeWater TakeBucket

Bend Stand Stretch Drawback

: fs Hand Hand
v ; y

bend stand stretch drawback
downl hand hand

arrivewd leavewd

aw bd su

BendDown
N\
/ 1

Ny

e

PickUp TieString

S

Bend Stand Bend Stand
Down?2 ? Down?2

bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD

ArriveWD LeaveWD

TakeWater TakeBucket

Bend Stand Stretch Drawback

: fs Hand Hand
v ; y

bend stand stretch drawback
downl hand hand

arrivewd leavewd

aw bd su

BendDown
N\
/ 1

Ny

e

PickUp TieString

S

Bend Stand Bend Stand
Down?2 ? Down?2

bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand  Stretch Drawback
D l IS Hand Hand
v bend stand stretch  drawback
arrivewd down1 hand hand leavewd

aw bd su

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 l IS Hand Hand
v bend stand stretch  drawback
arrivewd downl up hand hand leavewd

aw bd su sh

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 l IS Hand Hand
v bend stand stretch  drawback
arrivewd downl up hand hand leavewd

aw bd su sh

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 l IS Hand Hand
v bend stand stretch  drawback
arrivewd downl up hand hand leavewd

aw bd su sh dh

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 | IS Hand Hand
v bend stand stretch  drawback /
arrivewd down1 up hand  hand leavewd

aw bd su sh dh

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
\ 4
ArriveWD UsgVMD LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 | IS Hand Hand
v bend stand stretch  drawback /
arrivewd down1 up hand  hand leavewd

aw bd su sh dh lw

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
v —
ArriveWD UsgV!D LeaveWD
(
TakeWater TakeBucket
Bend Stand Stretch  Drawback
D 1 | IS Hand Hand
v bend stand stretch  drawback ‘ll
arrivewd downl up hand hand leavewd

aw bd su sh dh lw

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up
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The parsing process

UsingWD
v —
ArriveWD UsgV!D LeaveWD
(
TakeWater TakeBucket

Bend Stand Stretch Drawback

@ | IS Hand Hand
v bend stand stretch  drawback ‘ll
arrivewd downl hand hand leavewd

aw| |bd| |su

BendDown
N\
/ 1

Ny

— T~

PickUp TieString

RS

Bend Stand Bend Stand

Down?2 Down?2
bend stand bend stand
down?2 up down?2 up




Goal: Recognize events in daily scenes

For example, in an office scene

Work by Mingtao Pei, UCLA
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Challenges

1. Events happen over an extended time period

« Variant time-span
* Could be interrupted
* Multiple routes

 Intention and prediction

2. Actions are hard to recognize
* Subtle and similar

* No salient motion/pose at most
of the time

« Contextual OBJCTS are key!!

Use
laptop

Read
book

Dump
water

Use
microwave
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Overview of our approach

Video

events
Refill tea make phone call
Water Water Tea
collector can boiler canister
Empty Renew tea Refill
the cup leaf water

trashca dump trashcar tea cartea cantea can boiler pour ' boiler

CIine

|8
%k.

"‘ ey

"
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Scene parsing ‘

chair

0 desktop

computer

paper
phone
cup
tea box

microwave

water dispenser

[ trashcan
[ basin
[ ] whiteboard
N fioor1
[ 1 floor2
7] floor

| wall

MURI talk, UCLA



Event as temporal And-Or-Graph

() Refill tea
And-node

Ql Or-node
Leaf-node
~ N - -
[ > >
\ \
-7 Prepare the '~ 7 Renewtea = “Refill
cup leaf water
O O O Oy () e
old water tea water
ton leaf
> > > P> >l P L

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto to tea can teacan tea-can boiler down boiler
r
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Event as temporal And-Or-Graph

,Q And-node O Make phone
J -
-/ Or-node caII
Leaf-node
-~ - N -~ =~
f —_— ) >/ \ >/ 1
\ -7 \ 4 \ -/ ] \ -/
Get Pick up Talking Put
close to receive over dowr_1
phone phone receiver
O O OsnOu O
around
still
Get close to Pick up Stand still Walk Put down

phone phone around receiver
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g Formulation

r
UO _L /UO
1
p(g) = Eexp{score(g)}
Gramma

(o Ul | U Ut r
Data term Or node Temporal
Frequency Relations

term
score(g) = D dwalw) [+ D Aw@) Y A (v, )

v:€T(g) vEVL(g) (2,9)€E(g)




g Formulation
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’UO.LUO
W1 W9 W
1
p(g) = Eexp{score(g)}
12
%
Gramma
V¢ Ut | Ut Ut r
Data term or e Temporal
Frequenc Relations
score(g) =| D M) +| Y Awl) [H Y Ayri(vi,v)
v:€T(g) vEVo(g) (2,9)€E(g)

Vi) — d’iSt(Ppersona Pobj)



Combing action and contextual object

Bend down
action

+

Close to
Trash Can

Reach out
action

+

Close to
Elevator

Eventl:
Drop waste

Event2:
Use elevator
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node ,\’ | 4),\’ e g),\’ e
-/ Empty -7 Renew tea - “Refill
cup leaf water
Dump Dump Null QRenew Q Reill
old water tea water
. leaf
> > > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node ,\’ | 4),\’ e g),\’ e
-/ Empty -7 Renew tea - “Refill
cup leaf water
Dump Dump Null QRenew Q Reill
old water tea water
. leaf
> > > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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‘ Parsing process (Earley Parser [Earley 1970])

Refill tea
O And-node
-/ Or-node
Leaf-node S

(
—>
-’ Empty -7 Renew tea - “Refill
leaf water

Dump Dump Null ORenew O Reill
old water tea water
. leaf
= = > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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‘ Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node ( - -
91\ /! 91\ /\ |
- Renew tea = "Refill
leaf water
Nl QReneW QReﬁII
tea water
leaf
> > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcan down trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

And-node
I\
-/ Or-node
Leaf-node V4
/ Empty
cup
Dump
water
‘l' tea
—> —>
Arrive Bend Leave Arrive Bend Leave  NULL
trashcandown trashcan collector down collecto

r

Refill tea

-\ -~ N
>/ —/
\_ N\,
=" Renew tea - "Refill
leaf water
I Renew Refill
Nu
tea water
leaf
-> —> —> —>
Get close Grab Leave Arrive Bend Leave
totea can teacan tea-can boiler down boiler
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
_ -~ - N
Leaf-node /4 J),\ \ % \
7 Empty -7 Renew tea ~ “Refil
cup leaf water
Dump NUll QRenew Q Refill
water tea water
\l, . leaf
> > > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node Vs - o
J >/ h —>/ o
Empty =" Renew tea = "Refill
cup leaf water

Dump Dump NUll ORenew Q Refill
Id water tea water
& leaf

> > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node - o
/ J > —>
Empty -7 Renew tea - “Refill
cup leaf water
Dump Dump Null QRenew Q Reill
old water tea water
leaf
a
> > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r




42

Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node - o
/ J > —>
Empty -7 Renew tea - “Refill
cup leaf water
Dump Dump Null QRenew Q Reill
old water tea water
leaf
a
> > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node
Leaf-node - o
/ J > —>
Empty -7 Renew tea - “Refill
cup leaf water
Dump Dump Null ORenew Q Reill
old water tea water
leaf
> > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea

-~

And-node /
-/ Or-node
Leaf-node ( - -

> >/

7 Empty '~ Renewtea "~ “Refill

cup leaf water

Dump Dump Null QRenew Q Reill
tea

d water water
leaf

> > > > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r




Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node ‘l'
Leaf-node - >
/ J > ) -
Empty 7 Renew tea “Refill
cup af water
Dump Dump Null Renew Reill
old water tea water
leaf
- - -

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node ‘l'
Leaf-node - >
4 J 9’\ ) 9’\ |
Empty 7 Renew tea “Refill
cup af water
Dump Dump Null Renew Reill
old water tea water
leaf
> = =

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler

0

0
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
{\
./ Or-node ¢
Leaf-node Vs J ~ ~
/ Empty / Renew tea N, Refil
cup af water
Dump Dump NUll Renew Refill
old water tea water
leaf
> > >
Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
to tea can tea can tea-can boiler down boiler

trashcandown trashcan collector down collecto
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node ¢
Leaf-node Vs N S >
/ Empty / Renew tea N IRefiII
cup af water
Dump Dump Null Renew Reill
old water feaf / N water
ea
> > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Parsing process (Earley Parser [Earley 1970])

Refill tea
And-node
’\l Or-node ¢
Leaf-node Vs N S >
/ Empty / Renew tea N IRefiII
cup af water
Dump Dump Null Renew Reill
old water tea water
leaf X
> > >

Arrive Bend Leave Arrive Bend Leave  NULL Get close Grab Leave Arrive Bend Leave
trashcandown trashcan collector down collecto totea can teacan tea-can boiler down boiler
r
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Intention and prediction

Time 1

Refill tea

\,.111

g iNtention

e

prediction

Observed
action

Predicted
action
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Intention and prediction

Make —pe intention
Time 2 Refill tea phone e prediction
Observed
action
Predicted
action
1 intention 1 prediction
0.8
0.6
0.4 -
0.2 -
]
Refilltea  Make phone Grab tea can Pick up receiver

call
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Handle event interruption

. First Partial parse tree of take water
———» Parse tree of take a phone

——» Second Partial parse tree of take water

Observed
Data

52



\ Make
-~ Or-node
O acal
D Leal-node
N r A 7N -\

0O O O O O
O 0O O 00

O :vu:(:r
( ~ ('\ ( \

- - -

O o A o LR O
OO0 0000 COOo0Oo0ood

Intention Prediction
1 |
[ 3] OR
0.6 0.6
g4 - 04
0.2 0.2
A AR AN >
0 0 -
tale malea Artive mIthos MITive Mithes arrive
water  call trazh bazin tea wd phone

Can boxs
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Comparison with human prediction [Baker, Saxe and Tenenbaum 2009

- Refill tea
-» Phone call

Average of participants Algorithm
A 2
0.8 0.8
TR e e N
0.4 0.4
0.2 I \V/ \i 0.2 \/'/ AN

1 2 3 4 5 1 2 3 4 5

Goal inference




Synthesize new events by sampling the AoG

Sample from AOG

N/ cup \ _ 7/ tealeaf

Dump old
tealeaf

Onz Om O
water

Synthesized
Event
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Event synthesis

Sample from AOG

O

Dump old
tealeaf

Synthesized
Event
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Event synthesis

Sample from AOG

O

Dump old
tealeaf

Synthesized
Event
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Event synthesize examples®

Take
water
m \ Prepare { \ Goto

» forcup ~_~ fortea ~ # take
water

Goto

remaining
water

remaining

Take
water
e
-— - \—i-
{ Prepare { \ Prepare { \ Goto

» forcup ~_ o fortea ~ 7 take

remaining
water

remaining

* We use stored foreground windows and a background frame to synthesize new videos



Computation complexity of parsing

MNum of Interpretations Vs Time

& Declkzlon Point

—
£n
T

Number of Acceptable Interpretations
LT E

Initially the number of interpretations
above a threshold grows rapidly over
time.

At certain decisive moments, i.e. when
Informative actions are observed,
large number of unlikely interpretation
drops below the threshold and hence
IS pruned.

Pickup phone  Reach water boiler
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