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o Experiment 1: ME-Y2
o Experiment 2: hollywood2-text-speech
o Experiment 3: compositionality-noninterleaved
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@ Grounding Language Semantics in Robotics
@ Object Codetection from Mobile Robot Video
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o Experiment 1: ME-Y2
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put down,
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Classification Accuracies

fMRI within subject 69.7% = ‘ - - ‘ - ‘ ‘ -
fMRI cross subject  34.8% gl i
Cc2 474% 5 .
Action Bank 42% 5 O — h +
Stacked ISA 46.8% & o | = = — =]
VHTK 32.5% 4 ! |f| = BB = ﬁ

Ryoo et al. 31.2% L e e 1
Cao et al. 33.3% oL A ) ) ‘ ) ‘ ‘ )
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Confusion Matrices
2

124
hold 3
420
pickup 1 116
H12
putdown| 1 2 1 19 2
18
wak. 6 4 2 2 19 14
10
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Confusion Matrices
Action Bank

28

dig 7
24

hold 9
420
pickup 4 116
112

putdown| 1 2 4
48
wak. 6 8 1 8 15 1a
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Confusion Matrices
Stacked ISA

Q
S
X
Q
carry| 23 4 6 4 1 26 40
35
dig| 7 12 1 2 11
30
hold| 6 12 1 0 1 155
120
pickup| 6 0 2 22 0
115
putdown| 6 5 3 20 S
4110
walk | 24 0 0 0 0 . 15
—o
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Confusion Matrices
VHTK

-S\Q
2 S
& < 3 <
3§  q 36
car [§] 4 6 14
dig/ 5 13 16 11 4 15 28
124
hold| 7 5 2 5 8
120
pickup| 14 9 6 16 4 15 116
putdown| 12 9 3 11 19 10 112
1s
walk| 15 6 | 18 8 4 13
1a
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Confusion Matrices

Ryoo et al.

dig| 6 7 12 7
24
hold 3 5 20 5 420
. 116
pickup| 3 1 18 5
112
putdown| 2 1 21 3
18
walk| 19 3 5 11 6 20 1a
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Confusion Matrices

Cao et al.

A &x

& . R X

& v 8 &
32

carry 3 2 3 5 19
28
dig 10 11 3 8 6 24
hold| 15 6 . 3 3 7 120
416

pickup| 11 0 3 20 2
412
putdown| 13 2 3 1 1s
wak. 4 4 3 7 13 14
L0
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Confusion Matrices

Dense Trajectories

dig

hold

pickup

putdown

walk

27

27

30
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Confusion Matrices

fMRI within subject

400

carry
350
dig 300
hold 1250
200

pickup
1150

putdown
4100

walk 150
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Confusion Matrices

fMRI cross subject

carry
dig

hold
pickup
putdown

walk

149 59 78 33 44 149
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Confusion Matrices

Computer-vision methods confuse carry and walk
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Confusion Matrices
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Confusion Matrices

Computer-vision methods confuse carry and walk
recognize by horizontal motion

Computer-vision methods confuse pick up and put down
recognize by vertical motion

Computer-vision methods confuse dig and hold
recognize by lack of motion

Humans (via fMRI) exhibit no such confusion
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Outline

Q

o Experiment 2: hollywood2-text-speech
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HOLLYWOOD-2 Marszatek et al. (2009)
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HOLLYWOOD-2 Marszatek et al. (2009)
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AnswerPhone,
DriveCar,
Eat,
FightPerson,
GetOutCar,
HandShake,
HugPerson,
Kiss,

Run,
SitDown,
SitUp,
StandUp

HOLLYWOOD-2 Marszatek et al. (2009)
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Stimuli
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Stimuli
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Classification Accuracies

fMRI from-video 57.0% __ 100 T T e= T T T T T T T

fMRI from-text 50.0% E,:”’ 80Ff * il
fMRI from-speech 52.7% X J
IMRIvideo-totext  211% & 00 = % = T T _
fMRIext-to-video  380% 35 40] = = - El 0 Iil - T |
fMRI video-to-speech  21.6% g 20} = %‘ E_b - T =
fMRI speech-to-video  36.0% o) ET——— S Y T W

MRI text-to-speech  40.0% e Ect 22X 8C 80 x0 <€ gF¥ e 8
fMRI speech-to-text ~ 37.1% T 0 ¢F F &5 ¢ g B T T T g U
> - © > > n o >
> £ o o 2 a T a o
2 28.0% £ 5 @ 88 2 3 a 3 g s
Action Bank 33.6% 5§ & ¢ EE o5 g % osf 2y
Stacked ISA 43.3% £ a o 2 T ¥ 469 L 9 2 &
VHTK 25,39 293 ¢z 2883 8
5.3% s 22 > 32882 §
Ryoo et al. 18.3% > 9] 5 o 2 9 o o
o > > > 0 o g =
Cao et al. 19.2% 55 ﬂ>J g
chance 8.4% > >
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Confusion Matrices

fMRI verb-from-video

§

4;79

AnswerPhone 19
DriveCar| 8 16 a 14 21 8 7 22 9 7 15
Eat| 27 20 5 5 18 19 20 3 7 10 10
FightPerson| 1 6 2 8 5 14 11 9 8 8 11
GetOutCar| 6 15 a 10 5 a 3 23 14 12 28
HandShake| 22 5 20 7 5 17 14 3 12 5 17
HugPerson| 18 16 15 11 10 16 44 4 8 11 12
Kiss| 13 9 12 11 3 21 38 2 13 12 8
Run| 3 28 1 7 15 2 7 2 20 3D
SitDown| 13 9 5 7 17 13 6 7 6 29 53
SitUp| 12 14 7 13 9 5 9 8 4 21 27
StandUp| 6 s} 1 12 25 24 8 9 14 52 21 [135
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Confusion Matrices

§

£§

AnswerPhone 17
DriveCar| 26 10 22 9 15 11 10 15 16 14 23
Eat| 16 12 7 8 9 10 17 30 12 13 15
FightPerson| 15 18 10 18 23 12 11 8 14 8 22
GetOutCar| 19 20 15 15 15 18 7 12 14 7 21
HandShake| 18 18 8 22 12 14 10 13 11 14 23
HugPerson| 20 16 14 19 13 17 12 10 13 8 10
Kiss| 2 14 27 8 5 12 7 20 19 13 16
Run| 13 10 24 9 13 8 8 19 NIV R £
SitDbown| 11 12 13 15 13 18 11 20 15 21 20
SitUp| 16 15 10 9 15 15 10 13 13 30 15

StandUp| 16 25 8 22 15 20 8 18 16 17 15
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Confusion Matrices

fMRI verb-from-speech

&
o L@ &
§ &L s N
& S O @ S k3
= o) > S KR &
S F L 9 S &L L
& o ¥ T ¢ ¥ 5 a4
AnswerPhone 14 15 14 24 12 4 17 14 19
DriveCar| 18 5 11 14 13 18 8 9 20 15 15
Eat| 6 11 10 5 17 8 27 21 9 13 16
FightPerson| 20 18 12 19 11 20 11 10 12 14 16
GetOutCar| 22 18 a 15 15 11 3 13 10 9 11
HandShake| 14 13 11 16 17 28 17 12 15 13 7
HugPerson| 12 14 6 20 16 24 14 16 6 10 17
Kiss| 6 5 24 1 2 19 14 17 16 10 16
Run| 9 8 15 11 6 10 16 24 13 17 15
SitDown| 14 31 15 12 14 17 11 10 16 7 8
SitUp| 12 15 22 16 11 11 11 12 17 27 12
StandUp| 16 18 14 18 15 12 11 20 14 11 10
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Confusion Matrices

C2
<
§ o
Qo o A g £
& o X 9
& 4 g &g S S
g S O @ & 3
N 3 <~ ) > QL o Q &
S s S 58S s 8F g
ARSI A S S S . - M )
AnswerPhone| 49 7 [€9 | 2 13 29 8 30 20 29 15 19
DriveCar| 12 75 30 28 41 17 13 17 61 7 16
Eat| 25 15 1 18 13 19 12 11 22 10 5
FightPerson| 3 21 7 14 2 10 8 17 36 9 7

GetOutCar| 8 44 34 23 67 25 8 9 49 14 21 18
HandShake| 16 27 30 19 7 8 17 41 19 28 12 22
HugPerson| 20 29 24 43 11 27 28 27 27 29 24 31
Kiss| 35 30 11 16 21 38 23 60 10 50 16 10

Run| 11 4 15 8 29 17 6 13 |87 34 5 iz
Sitbown| 20 3 21 16 10 25 4 21 15 . 10 18
SitUp| 24 21 46 48 24 12 19 16 13 26 32 39

StandUp| 22 3 32 17 30 21 25 18 10 26 32 84
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Confusion Matrices
Action Bar

<
§ o
Qo o A g £
< o X o
FO § & F g § S
Q S O @ & 3
N 3 <~ ) > QL o Q &
& s x5 F 5P ¢ s IR o
T 9 & & o T ¥ & GF G4
AnswerPhone| 97 19 52 10 12 25 31 11 0 39 24 0
10

DriveCar| 1 .11 21 31 42 10 12 39

Eat| 42 27 (122 10 14 32 14 31 9 13 5) 1
FightPerson| 0 28 0 . 16 10 15 4 28 1 11 14
GetOutCar| 25 29 27 43 104 9 1 0 15 0 39 28
HandShake| 30 27 13 6 12 . 27 22 20 11 O 7
HugPersonf 35 11 7 57 0 38 55 53 0 26 23 15

Kiss| 44 0 23 34 21 25 26 8 4 31 3 20

Runf 21 36 6 |8 30 11 7 0 (91 18 0 11

Sitbown| 27 16 58 14 0 10 23 34 19 91 1 27
SitUp| 30 10 30 16 21 10 11 40 2 0 73 77

StandUp| 13 2 11 20 41 16 11 1 21 21 74 &9
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Confusion Matrice

Stacked ISA

S

AnswerPhone
DriveCar
Eat
FightPerson
GetOutCar
HandShake
HugPerson
Kiss

Run
SitDown
SitUp

StandUp

<
§ o
Qo o A g £
< o X o
& s & L8 $ S
Q S O @ & >
N 3 <~ ) > QL o Q &
& & &85 F 5 ¢ s L 2
AR RS SR S S A S - )
65 0 72 3 3 60 a4 29 0 49 21 14
0 10 15 12 0 0 0 22 0 0
17 24 0 27 16 17 7 4 20 14 0
8 6 8 11 12 10 0 3 19 13 10
2 39 22 29 147 5 0 5 22 10 a4 35
55 11 12 0 17 {133 4 42 11 12 14 9
31 1 10 18 7 39 42 73 9 21 52 17
20 2 10 6 7 53 37 122 0 27 34 2
8 45 3 71 14 0 3 0 (132 21 10 13
29 0 7 1 3 26 6 36 12 (143 | 15 42
40 2 16 13 11 25 29 21 7 11 82 63
11 0 0 2 18 6 40 4 9 25 26 .

Jeffrey Mark Siskind (Purdue)

Brains and Machines

Columbia, 16 October 2015 157130



Confusion Matrices
TK

AnswerPhone

DriveCar
Eat| 21 1 10 4 28 8 22 0 10 ) 4
FightPerson| 0 17 15 5 5 16 31 30 20 38 0

GetOutCar| 17 7 53 B 5 34 0 42 31 12 28 28
HandShake| 26 10 79 1 11 60 12 66 8 15 20 12
HugPerson| 27 25 69 61 7 10 17 60 13 9 2 o0
Kiss| 32 24 42 32 5 36 13 103 8 0 25 0

Run| 7 31 43 94 2 8 12 7 64 10 30 12
SitDown| 9 2 8 44 5 19 0 32 10 100 12 6
SitUp| 5 8 48 60 2 43 4 75 19 1 29 26

StandUp| 9 10 59 50 5 15 4 11 47 10 24 76
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Confusion Matrices

Ryoo

<
§ o
Qo o A g £
< o X o
& s & L8 $ S
Q S O @ & >
N 3 <~ ) > QL o Q &
& & x5 F 5SS 9§ AL
T Q9 & o FTITF G E G
AnswerPhone| 5 2 87 41 16 29 1 113 0 7 11 8
DriveCar| 2 11 73 54 17 17 0 44 22 2 0 78
Eat| O 14 25 11 1 0 65 3 7 0 3
FightPerson| 10 19 b3 10 18 2 11 10 0 g 48

GetOutCar| 0 9 55 42 19 0 38 10 10 31 48
HandShake| 10 30 10

HugPerson| 3 0 40

Runf 12 11 50

SitDown| 0 0 43 24 14 0 (99 16 9 3 25

58
16
Kiss| 2 13 46 44 19 30 2 [112 1 4 4 43
87
39

SitUp| o 16 56 30 8 3 63 16 O 29 60

StandUp| 10 11 20 77 15 1 12 47 1 0 43 83
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Confusion Matrices

Cao
<
§ o
Qo o A g £
< o X o
& 4 g &g S S
Q S O @ & 3
N 3 <~ ) > QL o Q &
& s x5 F 5P ¢ s IR o
AR AR S S . R
AnswerPhone| 21 2 62 60 35 31 18 64 7 8 12 0
DriveCar| 26 2 33 66 51 13 12 39 29 9 39
Eat| 16 21 20 3 8 4 41 0 20 8 7
FightPerson| 6 1 0 37 9 3 10 19 0 4 10

GetOutCar| 10 7 38 100 18 17 25 [} 3 22 17

63
HandShake| 27 10 11 27 29 41 27 89 2 24 23 10
HugPerson| 17 0 21 . 11 21 17 26 9 21 0 9
Kiss| 33 0 20 64 32 44 11 55 5 =5 5 16
Run| 32 8 25 120 17 9 1 443 1 42 10 12
SitDown| 15 0O 30 74 10 24 37 44 0 76 10 O
SitUp| o 11 42 87 78 23 6 31 1 8 9 24

StandUp| 11 15 18 [126 48 22 1 2 8 9 16 26
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Hot Off The Press

SVM NN
fMRI from-video 57.0% 60.6%
fMRI from-text 50.0% 53.1%
fMRI from-speech 52.7% 56.0%
fMRI from-all 34.8% 51.8%

fMRI video-to-text 21.1% 26.6%
fMRI text-to-video 38.0% 44.6%
fMRI video-to-speech  21.6% 28.0%
fMRI speech-to-video 36.0% 49.4%
fMRI text-to-speech 40.0% 44.0%
fMRI speech-to-text 37.1% 45.6%
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Brain Regions for Video, Text, and Speech

slice 36 (X = 18.00) slice 56 (Y = -14.00) slice 56 (Z = 40.00)

B video
B ext
H speech

Subject 05, MNI_152

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 17 /130



Quantifying Overlap Between Video, Text, and Speech

XNY|:-
& a0 é
XUY| ==

video-text video-speech text-speech

In 4000 voxels (=10% of brain volume) with highest magnitude of SVM
weight.
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Outline
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o Experiment 3: compositionality-noninterleaved
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Dan

carried the chair
Haonan [on the]left|ward]
X < folded X [ the paper ;
Jeff _ [on the]right[ward]
left the shirt
Scott
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Dan
Haonan

Jeff

Scott

actor
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carried
folded
left
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the chair
the paper
the shirt

object
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left[ward)
right{lward)]

direction
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[on the]left
[on the]right

location
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Dan

o carried

aonan folded
Jeff left
Scott

actor-
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Dan

the chair
Haonan
Joff X« the paper
the shirt
Scott

actor-object
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Dan

Haonan v left|ward]
Jeff right{lward)]
Scott

actor-direction
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Dan

Haonan [on the]left
Jeff [on the]right
Scott

actor-location
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carried the chair
folded X« the paper
left the shirt

-object
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carried lefi[ward]

left right{lward)]

-direction

skind (Purdue) and Machines



the chair e ft[war d]

th X
¢ paper right{lward)]

the shirt

object-direction
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the chair lon theleft

th X
e paper [on the]right

the shirt

object-location
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Dan

H carried the chair
J ;l;nan folded X« the paper
. left the shirt
Scott
actor- -object
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Dan

ied
Haonan y carne « left|ward]
Jeff left right{lward)]
e
Scott
actor- -direction
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Dan

the chai
Haonan ¢ chir left[ward]
Jeff X q the paper o X right{ward]
the shirt &
Scott

actor-object-direction

Jeffrey Mark Siskind (Purdue) Brains and Machines



carried the chair e ft[war d]

X { th X
¢ paper right{lward)]

left the shirt

-object-direction
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Dan

carried the chair
Haonan [on the]left[ward]
folded X [ the paper ;
Jeff . [on the]right[ward]
left the shirt
Scott
sentence
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Stimuli
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Stimuli
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independent Train on individual constituents, test on constituent pairs and
triples.

joint Train and test on constituent pairs and triples.
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ification Accuracies

Jeffrey Mark Siskind (Purdue)

decode whole sentence

fMRI from-video 32.2%
fMRI from-text 7.6%
fMRI video-to-text  4.4%
fMRI text-to-video  7.6%

chance 1.4%

Brains and Machines

Columbia, 16 October 2015

24/130



Confusion Matrices

sentence from-video

Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 25/130



Confusion Matrices

sentence from-text

Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 25/130



Confusion Matrices

sentence video-to-text

Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 25/130



Confusion Matrices

sentence text-to-video

Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 25/130



26/130

uondalIp-133[qo-qlan

=
=

uoi3dalip-323[qo-ioyoe

uol2aIIp-clan-1030e

Columbia, 16 October 2015

=

13lgqo-qian-iojoe

3 T:T + | uoneool-123lgo

uoiralip-1p2alqo

e

Classifier Judgments

1nt

—

uoI323.Ip-qJan

- _.Ev 1 1 103lgo-guan
uol3ed0|-1032e
L TDH_L 4 uoljdallp-i0]de
L b x:f 1 392[qo-10308

| V.E.A { quan-1030e

o o o o o

£s

Brains and Machines

=

o
—
e

s

<

—

s

]
e)

o)

Q

o

O
)

=
e
Gy

ation o

(00TX) uone|alod

B
&
g
w
%
E
=1
P
3

from-video

Correl




[ =

Classifier Judgments

1nt

o
—
e

s

<

—

s

]
e)

o)

Q

o

O
)

=
e
Gy

ation o

Correl

from-text

(00TX) uone|alod

uolzdalip-12a(qo-qlan
uoi30a1ip-123lqo-ioloe
uolDallp-qian-iojoe
123(qo-guan-uo1de
uolzedol-102lgo
uonpallp-1algo
uoIaIp-glan
1oalqo-qgaan
uo13e30|-10}08
uo2alip-1030e
123[qo-10108

gJ4oan-i01oe

26/130

Columbia, 16 October 2015

Brains and Machines

B
&
g
w
%
E
=1
P
3




[ =

Classifier Judgments

1nt

o
—
e

s

<

—

s

]
e)

o)

Q

o

O
)

=
e
Gy

ation o

Correl

video-to-text

(00TX) uone|alod

uolzdalip-12a(qo-qlan
uoi30a1ip-123lqo-ioloe
uolDallp-qian-iojoe
123(qo-guan-uo1de
uolzedol-102lgo
uonpallp-1algo
uoIaIp-glan
1oalqo-qgaan
uo13e30|-10}08
uo2alip-1030e
123[qo-10108

gJ4oan-i01oe

26/130

Columbia, 16 October 2015

Brains and Machines

B
&
g
w
%
E
=1
P
3




[ =

Classifier Judgments

1nt

@)
—
o

S

<

N—

a

Q
o

e

)

(@F

Q
o

e
bt
4

ation o

Correl

text-to-video

(00TX) uone|alod

uolzdalip-12a(qo-qlan
uoi30a1ip-123lqo-ioloe
uolDallp-qian-iojoe
123(qo-guan-uo1de
uolzedol-102lgo
uonpallp-1algo
uoIaIp-glan
1oalqo-qgaan
uo13e30|-10}08
uo2alip-1030e
123[qo-10108

gJ4oan-i01oe

26/130

Columbia, 16 October 2015

Brains and Machines

B
&
g
7
%
E
=1
P
3




Brain Regions for Constituents

slice 31 (X = 28.00) slice 27 (Y = -72.00) slice 45 (Z = 18.00)

B actor
verb

| object

B direction

B 1ocation

Subject 01, MNI_152, from-video
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(define (AI)
(let loop (mental-state ’ ())
(let* ((percept (perceive eyes ears skin tongue nose))
(action (cognition percepts)))
(act! arms legs mouth action)
(loop mental-state))))
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to do this mapping using access to this data
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Joint work

Andrei Barbu Daniel Paul Barrett N. Siddharth Haonan Yu
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Object detection: Felzenszwalb et al. (2008)
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Object detection: Felzenszwalb et al. (2008)
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M uncertain object detections to st object tracks

for each object model in
each frame
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compensate for false
negatives
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From uncertain object detections to robust object tracks

find single detection for
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From uncertain object detections to robust object tracks

find single detection for

=1 =2 =3 =T each object in each frame

temporally coherent track

<
Il
s
Y
=

I H

j=2 [ 8 v ol o
j=3 [ 8 5 T bt

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 37/130



From uncertain object detections to robust object tracks

find single detection for
each object in each frame

temporally coherent track
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From uncertain object detections to robust object tracks

find single detection for

=3 =T each object in each frame
b} -b{'
| temporally coherent track
[ ‘ object detector
confidence (f)
T motion coherence (g)
R
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From uncertain object detections to robust object tracks
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From uncertain object detections to robust object tracks

find single detection for
each object in each frame

temporally coherent track

t=T
[ ‘ . object detector
L& ]

confidence (f)
Al T motion coherence (g)

optimal path through
lattice of detections

3 T
by ‘ by

dynamic programming
Bellman (1957), Viterbi (1967)

t t—1 1t
max Zf(bjf) + Zg(bjr—labj’)
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Event recognition
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Event recognition

HMMs

a
Baum and Petrie (1966)
One HMM per event class
Try each HMM

h

feature vectors

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 40/ 130



Event recognition
1

=

Jeffrey Mark Siskind (Purdue)

3

=2

Brains and Machines

t=T

Columbia, 16 October 2015

417130



Event recogn

=

Jeffrey Mark Siskind (Purdue)

1tion
1

=2

Brains and Machines

t=T

Columbia, 16 October 2015

417130



Examples

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 42 /130



Examples

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 42 /130



What we’re going to do
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Sentence Tracker

The person to the left of the stool carried the traffic-cone towards the trash-can.
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Sentence Tracker

The person to the left of the stool carried the traffic-cone towards the trash-can.
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Sentence Tracker
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Sentence Tracker
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Unified Cost Function

S:(B,s,A) — (1,]))

B: video
S: sentence
A: lexcion
T: score

J: tracks

Jeffrey Mark Siskind (Purdue) Brains and Machines
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Four Uses of Unified Cost Function

Focus of Attention: video x sentence x lexicon — track collection
Jl = SJ (B7 S1, A)
J2 = SJ (B) S2, A)
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Four Uses of Unified Cost Function
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Four Uses of Unified Cost Function

Focus of Attention: video x sentence x lexicon — track collection
Jl = SJ (B7 S1, A)
J2 = SJ (B) S2, A)

Generation: video x lexicon — sentence

arg max S;(B,s, A)
S

Retrieval: sentence x lexicon — video

arg max S-(B;, s, A)

Acquisition: video x sentence — lexicon

M
S’T Bm7 ns A
arg max Z (Bu, S, A)

m=1
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We can differentiate events based on the verb:

The person picked up an object.
The person put down an object.
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We can differentiate events based on the verb:

The person picked up an object.
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We can differentiate events based on the subject noun:

The backpack approached the trash can.
The chair approached the trash can.
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We can differentiate events based on the subject noun:

The backpack approached the trash can.
The chair approached the trash can.
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We can differentiate events based on an adjective in the subject NP:

The red object approached the chair.
The blue object approached the chair.
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We can differentiate events based on an adjective in the subject NP:

The red object approached the chair.
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o Z Lk
The person to the right of the-trash-can pyt'dov?{ an ?bject /

Th? penj;o'n to tht_z Ieitro'f‘ the trash-can putl dow%n o?‘éct f(
We can differentiate events based on a preposition in the subject NP:

The person to the left of the trash can put down an object.
The person to the right of the trash can put down an object.
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sing the Sentence Tracker to Focus Attenti

The person put down the trash-can : The person put down the backpack

We can differentiate events based on the object noun:

The person put down the trash can.
The person put down the backpack.
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sing the Sentence Tracker to Focus Attenti

The person put down the trash-can : The person put down the backpack

We can differentiate events based on the object noun:

The person put down the trash can.
The person put down the backpack.
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Using the Sentence Tracker to Focus Attention

The person carried ‘th&g[ue object. The person carried the\rgd object
-~ T

We can differentiate events based on an adjective in the object NP:

The person carried the blue object.
The person carried the red object.
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Using the Sentence Tracker to Focus Attention
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We can differentiate events based on a preposition in the object NP:

The person picked up an object to the right of the trash can.
The person picked up an object to the left of the trash can.
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We can differentiate events based on a preposition in the object NP:

The person picked up an object to the right of the trash can.
The person picked up an object to the left of the trash can.
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sing the Sentence Tracker to Focus Attention

The person carried an object towards the trash-can The person carried an object away frem the trash-can

We can differentiate events based on a preposition in an adjunct:

The person carried an object towards the trash can.
The person carried an object away from the trash can.
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Using the Sentence Tracker to Perform Generation

Beam Search
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Using the Sentence Tracker to Perform Generation

Beam Search

Find the k top-scoring 1-word phrases.
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Using the Sentence Tracker to Perform Generation

Beam Search

Find the k top-scoring 1-word phrases.

Given the k top-scoring n-word phrases, find the k top-scoring
n + 1-word phrases.
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the sign to the right of the giraffe approached the gun
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the sign to the right of the giraffe approached the gun

The sign to the right of the giraffe approached the gun.
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the gunto t ft of the person approached the giraffe '
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The gun to the left of the person approached the giraffe.
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the person to the left of the giraffe approached the gun
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the person t°_£b§ left of the giraffe approached the gun =

The person to the left of the giraffe approached the gun.
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2 left of the person picked up the giraffe
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=ft of the person picked up the giraffe

The person to the left of the person picked up the giraffe.
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the person to the left of the gun picked up the giraffe

The person to the left of the gun picked up the giraffe.
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Using the Sentence Tracker to Perform Retrieval

Quicksilver (Columbia Pictures, 1986)

original
106:17
153080 frames
23.976 fps

downsampled
19135 frames
3.0 fps
2125 clips
12 frames/clip
4 sec/clip
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Using the Sentence Tracker to Perform Retrieval

The person approached the car from the left.
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The person approached the car from the left.
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The person approached the car from the left.
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Using the Sentence Tracker to Perform Retrieval

The person rode the bicycle leftward.
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Using the Sentence Tracker to Perform Retrieval

The person rode the bicycle leftward.

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 52/130



Using the Sentence Tracker to Perform Retrieval

The person rode the bicycle rightward.
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Using the Sentence Tracker to Perform Retrieval
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Using the Sentence Tracker to Perform Retrieval

The person rode the bicycle rightward.
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ing the Sentence Tracker to Perform Retrieval

MICKEY ROONEY  ELIZABETH TAYLOR

NATIONAL I.VET

BlackStlon

Black Stallion
(Omni Zoetrope, 1979)

The Good The Bad And The Ugly y Rider Blazing Saddles
PEA, 1966) (Columbia Pictures, 1969) (Warner Bros. Pictures, 1974)

(MGM, 1944) (

National Velvet Eas

HIDALGO

2l

Unforgiven Black Beauty Once Upon a Time in Mexico Seabiscuit Hidalgo
(Warner Bros. Pictures, 1992) (Warner Bros. Pictures, 1994) (Columbia Pictures, 2003) (Universal Pictures, 2003) (Touchstone Pictures, 2004)
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Queries for the Westerns Corpus

€ €
approached the { person } quickly from the left
horse ;
slowly from the right
X person €
The { horse } lead verson € leftward
{ ed } the { persor } quickly rightward

rode horse
slowly towards person
’ the
away from horse

204 sentences

63 involve people riding people, horses riding people and horses

141 remain
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The person picked up the traffic-cone.
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The person picked up the traffic-cone.
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Using the Sentence Tracker to Perform Acquisition

~

The person carried the chair away from the backpack.
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Using the Sentence Tracker to Perform Acquisition
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The person carried the chair away from the backpack.
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ng the Sentence Tracker to Perf

The person picked up the traffic-cone. The person carried the chair.
The person picked up the traffic-cone to the left of the stool. — The person carried the backpack.
The person put down the trash-can quickly. The chair approached the backpack.

Jeffrey Mark Siskind (Purdue) Brains and Machines Columbia, 16 October 2015 56/130



to Perform Acquisition

The person picked up the traffic-cone.
The person picked up the traffic-cone to the left of the stool.
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sing the Sentence Tracker to Perform Acquisition

The person carried the backpack.
The chair approached the backpack.
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Using the Sentence Tracker to Perform Acquisition

The person put down the trash-can quickly.
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sing the Sentence Tracker to Perform Acquisition

The person picked up the traffic-cone to the left of the stool.
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The person carried the chair.
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The person picked up the traffic-cone. The person carried the chair.
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The person put down the trash-can quickly. The chair approached the backpack.
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Using the Sentence to Perform Acquisition

The person picked up the traffic-cone. The person carried the chair.
The person picked up the traffic-cone to the left of the stool. — The person carried the backpack.
The person put down the trash-can quickly. The chair approached the backpack.
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Using the Sentence to Perform Acquisition

The person picked up the traffic-cone. The person carried the chair.
The person picked up the traffic-cone to the left of the stool. — The person carried the backpack.
The person put down the trash-can quickly. The chair approached the backpack.
l training sentences — learned words
person traffic-cone  chair stool backpack trash-can
picked up  carried put down approached to the lef