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Image segmentation




Computer graphics applications

(Rhemann et al., CVPR'09)

(Rother et al., Siggraph'04)




Supervised segmentation (scene labelling)
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(Ladicki et al., ECCV'10)




Weakly supervised learning
for object recognition

N LY S
(Lazebnik, Schmid, Ponce, ICCV'05)

(Chum & Zisserman, CVPR'07)




Cosegmentation

Definition: Divide a set of images assumed to contain
K « object » classes into visually consistent regions
while maximizing class separability across images.




Cosegmentation

Definition: Divide a set of images assumed to contain
the same « foreground objects » into foreground and

background regions.
(Rother, Kolgomorov, Minka, Blake, CVPR'06)
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Notation

or superpixels

@ Each image i/ is reduced to a subsampled grid of pixels.

@ For the n-th pixel, we denote by:

@ X, its d-dimensional feature vector.
@ y, the K-vector such as y,x = 1 if the n-th pixel is in the
k-class and 0 otherwise.




Normalized cuts

ST AP |V = exp(—Ap||pn — PmH% — Acllen — CmH2)

Laplacian matrix RSN pRavEAVV/pRarE:

 Solve the relaxed version as an
eigenvalue problem.
 Round up the solution using k-means

(Shi & Malik'97, Ng et al.'01, Arbelaez et al.'11, von Luxburg'07)




Supervised classification

) k(x,y)=0(x).0(y)

(Scholkopf & Smola, 2001; Shawe-Taylor & Cristianini, 2004; Wahba, 1990)




Discriminative clustering

(Xu et al., 2004; de Bie & Cristianini, 2006; Bach & Harchaoui, 2007)




Discriminative clustering: DIFFRAC

When using the square loss

min Z((yn wp(xn) + b) + 5 HwHF

WGI].:{KXO' N
becRK

yE{OJ}NXK
ylk=1pn

min tr(y ' Cy)
yE{Ol}NXK
ylk=1pn

(Bach & Harchaoui, NIPS'07)




Binary cosegmentation

(Joulin, Bach, Ponce, CVPR'10)



Cluster size constraints

(k=2 here)




Cluster size constraints

(k=2 here)




Cluster size constraints

. ,,T ,,.
under the constraint: Ao(6; 6i)1n

where:

@ Ao = 0.05 and A\; = 0.95,
@ 0; € IR": indicator vector of the /-th image




Min, co.13MxK tr(ny( y

subject to Xo(d: 611y <




- T M
min, cro 1yvxk  tr(yy (C+NL))’

subject to )\0(575;)1/\/ < ny5,- < A1(9;

Reparameterize by equivalence matrix Y=yyT
to obtain an equivalent continuous problem:

minyes  tr(Y/(C+ L)),
subject to Vi, A\oly < Yo < A\1lpn
rank(Y) = 1|,

Y > 0.

E={YeRVN y=YT diag(Y)=1y, Y =0}




- T M
min, cro 1yvxk  tr(yy (C+NL))’

subject to )\0(575;)1/\/ < ny5,- < A1(9;

Reparameterize by equivalence matrix Y=yyT
to obtain an equivalent continuous problem:

minyes  tr(Y/(C+ L)),
subject to Vi, A\oly < Yo < A\1lpn
rank(Y) = 1|,

Y > 0.

E={YeRVN y=YT diag(Y)=1y, Y =0}




Min, co.13MxK tr(ny( y

subject to Xo(d: 611y <

Reparameterize by equivalence matrix Y=yyT
to obtain an equivalent continuous problem:

minyce  tr(Y(C + %L)),

subject to Vi, Aoly < Yo < A1lpn

E={Y e RV*NV

Dropping the rank constraint yields a convex problem
over positive semidefinite matrices, or SDP




- T M
min, cro 1yvxk  tr(yy (C+NL))’

subject to )\0(575;)1/\/ < ny5,- < A1(9;

Reparameterize by equivalence matrix Y=yyT
to obtain an equivalent continuous problem:

minyes  tr(Y/(C+ L)),

subject to Vi, Aoly < Yo < A1lpn

E={YeRVN yv=YT diag(Y)=1y, Y =0}

@ General purpose toolboxes would solve this problem in O(N')
@ Bach and Harchaoui (NIPS 2007): O(N3).
@ Modified version of Journée et al. (2008): O(/N-).




Miny, c o, 1}NxK

subject to

Reparameterize by equivalence matrix Y=yyT
to obtain an equivalent continuous problem:

Minycg tr(Y(C+LAL/L)),
subject to Vi, Aoly < Y9; <

E={YeRVN y=YT diag(Y)=

Low-rank optimization on quotient manifold (Journée et al.'08)
Eigendecomposition to project onto rank-1 solution

Rounding by thresholding a O

Graph cuts to clean up the result






















From two to multiple classes




Optimization problem

e Discriminative term with softmax loss

T

N K exp(w, o(x, D
Eu()/) —ZZanlog( P( p U(T )+b )

K ,
n=1 p=1 D> k=1 XP(W) ¢(xn) +

« Spectral clustering grouping term
Eg(y) =tr(y" Ly)

* Class balancing entropy term




Optimization:
Relax to a nonconvex continuous problem
Initialize with quadratic approximation
EM/block-coordinate descent procedure with
quasi-Newton and projected gradient descent
for the two convex steps
Round up the solution




Optimization:
Relax to a nonconvex continuous problem
Initialize with quadratic approximation
EM/block-coordinate descent procedure with

quasi-Newton and projected gradient descent
for the two steps

Round up the solution

Initialization: Use a quadratic Taylor expansion in
the neighborhood of uniform class distribution

214
NK

1
r(yy’ L) — < te(yy 117)

tr(yy’ C) +




Optimization:
Relax to a nonconvex continuous problem
Initialize with quadratic approximation
EM/block-coordinate descent procedure with
quasi-Newton and projected gradient descent
for the two steps
Round up the solution

Initialization: Use a quadratic Taylor expansion in
the neighborhood of uniform class distribution

JEI\ineN;




Some examples




Failure cases




Binary evaluation: MSRC .
Cimages | oase | Ous 1] D) ) Evaluation

30
30
30
24 ) 30. . .
30 ir 37, Intersection over union score

i o Evaluated on the main object class

0 ‘ . Matlab, 30mn-1hr for 30 images

Flower
30 House
30 Plane

30 | Sheep ? [5] Joulin et al. (CVPR'10)

30 Sign

30 Tree 60. [7] Mukherjee et al. (CVPR'11)
B\ L SRS R Vs [8] Kim et al. (ICCV'11)

dataset class multiclass Joulinet al. [°'] Kimetal. [*] Joulinetal. [7]

53.5 51.1 249
78.5 40.4 28.8
51.2 43.5 23.8
63.2 60.5 48.8
38.8 38.3 20.8
58.0 66.2 58.0
76.9 71.3 76.9
49.1 39.4 43.5
47.2 . 47.2
85.4 4. 62.3

Plane 39.2 ) 25.1
Face 56.4 33. 66.2

Average 58.1 48. 43.9

Baseball player
Brown bear
Elephant
Ferrari
Football player
Kite Panda
Monk
Panda
Skating
Stonehedge

LR WM WL BB LWL |R

LI LI




Extension: Interactive cosegmentation

Use entropy term to distribute pixels to FG, BG in the box,
and BG outside




Cosegmentation of a video shot
: ¥ T "1r

3




Weak supervision is the rule for video

(Sivic, Everingham. Zisserman, CVPR'09)



Video and text

Subtitles Script

00:24:22 - 00:24:25 Monsieur Laszlo. Right this way.

Right this way.

As the headwaiter takes them to a
table|they pass by the piano,|a

the woman looks at Sam. Sam,
with a conscious effort, keeps his

PFRM

eves on the keyboard as they go
past. The headwaiter seats llsa...
00:24:51 =3 00:24:53

Two Cointreaux, please. Two cointreaux, please.

Speech

(Duchenne, Bach, Laptev, Sivic, Ponce, ICCV 2009)




Discriminative clustering for temporal action localization

_ (Duchénne, Laptev, Sivic, Bach, Ponce, ICCV'09)




Discriminative clustering for temporal action localization

g positive
samples

negative
samples

temporal
feature
tracks

Optimization:

* Negatives are fixed, random video intervals.

 Block-coordinate descent, alternating between training an
SVM with positive intervals fixed, and computing the
optimal positive intervals given the SVM parameters.

(Duchenne, Laptev, Sivic, Bach, Ponce, ICCV'09)




Automatic Annotation of Human Actions in Video

ICCV 2009 DEMO

O.Duchenne, l.Laptev, J.Sivic, F.Bach and J.Ponce

Temporal detection of actions OpenDoor and SitDown in episodes of
The Graduate, The Crying Game, Living in Oblivion




CAUSE MOTION
e frows

Bobby the man onto the ground and turns around to go after the second man ,
i ith Elton .

IS napkin on the table , gets up and leaves the room .

CHANGE POSTURE

Paul [sits down! besides them .

MANIPULATION FRAMENET frames

He and Rick [grab) Ihe journals at the same time .

JOHN a Polareid from his pocket . found by SEMAFOR

PERCEPTION EXPERIENCE

He 's [seen| someone he recognises .

E’C&m musicinsiee https://framenet.icsi.berkeley.edu/
SELF MOTION http://code.google.com/p/semafor-semantic-parser/

Dan walks||a|ong the walkway and Bubba and Forrest follow .
They walk lJp the block with the dog .

HAGEﬂ haslhurrie Into the Den to get the phone ; the OTHERS move in .

at the cabin door , Ellie appears standing on the rail ; and
into the water .

Then , as viewed from hip-pesiti
with a professional dive ,




Can we identify characters what they do?

gy | 1. N A | N

-
(Bojanowski, Bach, Laptev, Ponce, Schmid, Sivic, 2013)




This is a cosegmentation problem

-
(Bojanowski, Bach, Laptev, Ponce, Schmid, Sivic, 2013)




Conventional discriminative clustering (Bach & Harchaoui, 2007)

mm—ZZﬁzn, n))) +Q(f)

1€l neN;

. 1 2 T
L min |2 = ¢(X)w —blp + A Tr(w” w)
min Tr(ZZVA(X,\))

Two-class discriminative clustering

min Tr(ZZTA(X,\1)) + Tr(TTTB(X, X))

under .the Viel, Y(p,a) €A, Z Znp tna > 1

constraints
nENi

1
V(p7@> GAZ', Z anz > 1
neN;

1
V(@,a) € Aiy > = tna > 1

?”LGNL'




Conventional discriminative clustering (Bach & Harchaoui, 2007)

mm —Z Z Uzn, f

1€l neN;

L émnb —HZ o(X)w —b||% + X Tr(w! w)
mZin Tr(ZZVA(X,\))

Two-class discriminative clustering

Optimization:

 Relax to continuous problem

* Block-coordinate descent, solving a convex QP program
under linear constraints at each step, initialized with
uniform T

* Round up the solution

Related to MIL (Vijayanarasimhan and 6Grauman'08) and
ambiguous labelling (Cour et al.'09)




: : True Names+Actions AP=0.07
Names+Actions AP=0.39 L . : Names+Actions AP=0.09 :
*  True Names+Text . : *  True Names+Text
*  Names+Text K : £ Names+Text

No Names AP=0.20 : : : No Names AP=0.10

precision
precision
precision

True Names+Actions AP=0.87
Names+Actions AP=0.81
No Names AP=0.78

. 0.4 0.6 . . 0.4 0.6 0.8
recall recall recall

(a) walking (b) sit down (c) other actions

SIT DOWN

Laszlo turns off the light. llsa walks over
to the couch and sits down.

ANNINA

(no description) ; Renault looks around the empty cafe. Back at the bar, Yvonne, an attractive young
French woman, sits on a stool drinking brandy.




ilililiF"‘z‘J’

Within each image, we enforce Across images, we discriminate
grouping constraints among classes




Within each image, we enforce Across images, we discriminate
grouping constraints among classes

But we don't model the fact

!u! *ii» that common classes occur

i‘*iiib over different images

FERC RN
6 ¢ ,},xjii. - (Rother et al., CVPR'06)

Wp}.ﬁi, gjr ‘m (Vicente, et al., CVPR'11)




Discriminative part models
(Sun and Ponce, 2013)

(Nevatia & Binford'72; Brooks'81; Ioffe & Forsyth'OO; Fergus et al.'03; Felzenszwalb
& Huttenlocher'O3 Lazebnik et al.'04; Kushal et al.'07; Felzenszwalb et al.'08)




Datasets ‘ Qurs_init
Bike 30 423 433 299 4238 46.5 50.7 ) . ’
Bird 30 332 477 299 - 22.8 31.0 [16]: Joulin et al."10]
Car 30 | 590 597 371 525 55.0 61.5 [17]: [Joulin et al.”12]
Cat 24 30.1 319 244 5.6 36.5 48.0 ) ,
Chair 30 376 396 287 394 39.4 48.9 [19]: [Kim et al.”11]
Dog 26 413 418  33.0 - 324 46.6
Face 30 66.2 70.0 332 408 48.4 50.3
Flower 30 509 519 402 - 50.2 75.7
House 30 505  51.0 322  66.4 51.1 61.5 . . . .
Plane 30 217  21.6 251 334 28.2 28.1 US'”Q dISCI"ImInClTIVC PC""TS
Sheep 30 60.4 663  60.8 457 47.8 65.2 .
Sign 30 552 589 432 - 50.9 69.9 fOF‘ COS@Q"“CHTGT'OH
Tree 30 60.0 67.0 612 559 55.8 70.1 (Sun and POHC@ 2013)
’

Average 46.7 50.2  36.6 - 43.1 53.8
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And just because it will be good for you:
Look up Jan Koenderink’s latest book

http://www.gestaltrevision.be/en/resources/clootcrans-press



