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Algorithm 1: Build candidates B from g; by beam search.

Input: (1) Adjacency graph Gi= (§;; €;). (2) Value function
vk of the k-th foreground model. (3) D: Beam width.
Output: k-th foreground candidates B .
1: Set the initial open setto be O « Vs € S;. B « Vs € §;.
fori=1to |S;| — 1do
foreach o € O do
2: Enumerate all subgraphs O, that can be obtained by
adding an edge to 0. O « VO, and O « 0/0.

3: Compute valuesv, < v*(0) for all o € O and remove o

from O if it is not top D highly valued B; « V O.

4



patid B e bl —F- Y-

Glauals 5l sam Bl L Y dolee wplys oo be Oygo ol 50 oyl 1) By oS 5,8
IYVT jo anad 6 Jol Lo« mad JB ool G ol sl oS o o By s 51 553 3

o oz b 5L Gal guaie (sl 0,bgd (sun 0,8 AT oS o0 ke

aS U= O(|Bil1SiD) b cdls oy jo 1, Jgl dolas wilgs oo Ligy (omngs aalip . [YV] ) 4

Sl Gl T e 0 o 5l aie SIS 105 SO L glgn |y By o lausils” o 31

Iy Bi 31 wes oo slorin axb ol sl 1y das ey sl o,sfl G o ) anad

S, Bi € By j2 ¢ By aejsin sonails dasgerme 0 0,5 (pailole i yo S wiile s
ail> sbwl el aS 1 o f; 5l can b plplo Cans (Sow b B 5 (crezs Lol ol e 50 5
oLy nj 5l B So gl doely o5 e ¢ meiSiee 0, 1) 0l (YL 5,1 (g wed oo
9Ti* O] Cawd a4 (KigK 0550 40 Lo dnlol jo 040 o ooy lis B; LB; o, cul wails

Shacseme SO) By b 0uullS acgomme 4 azgi b wails dcgaze 3l iy 0,8zl
asile 1y o1 olg5 oo Ti*g;})o oy Jetme 30,5] Canas bl o Lo os (laes 0 )
@ alie by, o o (maximum likelihood estimation (MLE)) Jlas! o915 oy i

7] 0,8 gaindserd s S0k ca o isle

T = argmax P(B;|T) , TE Yoy

l

T(g:)

SIS 59, oes lig la ey aen 3l gl acgezme T(g;) 5 Joal ools P(B;|T) Lxsl

O ydin a5 Cowl ChOW-TiU ool 20,6501 o Lo IS aods ¢ YU 5)l90 JooSS j0 anib 0 i

O



ol U ol a5 0sds el 5 ol oms o0 O(IBi1|S_E %) ey o 1, By 51 TY e ys Jloz|

WS o S ) Djgo Ay S0 LSl Cusgase cos 1) By j0 0980 sla B ool el

£y

T, = argmin z v(B;)

TeET(g;
(gl) B1€B; ,B1+T;

aied T7 5l 315 55 a5 1, B C By slo auils Laid g mogr 00,9] cowas |, T LS D3 L

[“")“)g_g" Ai’

Bfgggb‘\dom)o%&o\)‘mum\ apad o a5 jghiles 1 gorins vy Xl
00 ki g ol sl s gia 0yl 1 bgy (cungd el 5l Lo Bl IS 5 g0 wilss e
S5 Grgimr ainysdl Ky CABOB o2y 65 [¥A] S oo oslizul "CABOB 42,53
"o gl (899y9 S0 5l ot s iyl nl Bl (o0 mhaw ol sz g 4L

oS oo salive F-¥ IS o |, CABOB ooy ,63)1 25,5 5 sl aiges oS

"% Combinatorial Auction Branch On Bids
O



CABORB algorithm

fliker ools oLiiLs )‘ [EPPOIIN POV 9 55055 e Ls ):9444 6‘): CABOB rg..‘u)jiﬂ ‘57-5].7- ?—Y‘J.iw

SOl vy y oSl 08 A -F-Y

B 1) b s g dieo oy 50,5 Joo Lo onsl 0y adls ¥ oy 5501 4o oy ,6SI S
Iy Gl Valoleo 5o Wiz 4ol S arass ¢l ol Ban )] &5 muao e plnl Sl
i 5055 Je Lo loy (T B g 05 cod ciBgia )1 S5 ol a2l GlisT cl &5 (Glej b g wiSS
olse 4 GMM . oo 5l laid Lo (51 Jlo j2 a4 pudgo 518 (g2 9590 ol dxzr S aiile |,
e e S 5 Jlam a5 w8 oo red o5l oS eolinl lesgs aiia) i e

[Y]ogs |, Koo

oY



oliany o )oS01 O5 ard Gioled V-V Jgazr

Algorithm 2: Multiple foreground cosegmentation

Input: (1) Input image set 1. (2) Number of foregrounds (FGs) K.
(3) (In supervised case) annotations A = {A?, ..., AK}
Output: Foregrounds F = {f1, ..., f¥} forall I; €1
Initialization
foreach I; € 1 do
1: Oversegment [; to S; and build adjacency graph g¢; = (S;, €;)
where (s;,5,,) € €; if min d(s;, s,,) <p
if unsupervised then
2: Apply diversity ranking of [' 7] to the similarity graph of
S; =UM ., S; to find K regions A = {A?, ..., AK}that are highly
repeated in S and diverse with respect to one another.
3: Set F—A.
Iterative Optimization
/* Stopping condition. */
We stop the iteration if a new region assignment does not increase
the objective value (i.e. XML, Y Xt1pk (£F) from Eq.(3-2)).
/* Foreground Modeling (Any methods can be used). */
foreachk = 1: K do
1: Learn GMM and SPM FG models from F¥ (See Table 2).
/* Region assignment */
foreach 12 I do
foreachk =1: + 1K do
2: Generate FG candidates B by Alg.1 as a set of B} = (K], G, W]),
where K; is the foreground index, C; < §; is a subtree of g; and W; = kaj.
3: Compute the most probable candidate tree T;" and pruned B; by Eq.(2) from
B; =U¥t1B;
4: Obtain F; to solve region assignment in Eq.(1) by using dynamic programming

on B; (in the supplementary material).
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Abstract

Image segmentation and detection of objects in pictures have always been important
tasks in artificial vision. The segmentation of similar sections -or similar objects-
between two pictures or a collection of pictures is called cosegmentation. The similar
sections shall contain a rigid object, a non-rigid object, a scene, or similar objects of the
same category. Objects can also be segmented from different viewpoints. Current paper
studies background cosegmentation in which there are a number of similar backgrounds
in picture collections though every picture contains a subset of the backgrounds.
Because of the simpler assumption, this issue is in contrast to the classic
cosegmentation problem in most available algorithms. Current study offers an optimal
procedure for cosegmentation of multiple backgrounds that assigns no hypothesis on the
backgrounds and surpasses limitations of previous procedures caused error. Current
study used the same pattern which alternately runs a process of background modeling
and a process of areal allocation modeling. These two processes both have a good
optimality. The proposed algorithm, in general, is considered flexible enough for
advanced categorization of any background or specified area through a complex
selection procedure. The proposed algorithm offers several astonishing features as linear

complexity and accuracy in detection.

Keyword:

Cosegmentation , multiple forground , region proposal , spatial pyramid matching, state
graph
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