WrIEEhAs: WEHALRE R R R AL
SRR, Rk, w1 X

o E BB B S 7T TR O B X e %, 100190,  dbiT

FE: G ME S S T e AR B AL, RS T iFEN R S S A, A TAEE T ENL
W = KE PR (ICCV, ECCV, CVPR) K EWRTIVI LA AN DIE . A bdisr 7 —Lefii s, L
HAXT i E A — B,

A short introduction to the minimization of higher order potentials in computer vision
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Abstract: Recently, how to minimize the higher order potentials becomes a hot topic in computer vision, which is
witnessed by the numerous publications in recent computer vision conferences ( ICCV, ECCV, CVPR) as well as
in major computer vision journals. This note is a short introduction to its current development, and could be of
reference to the interested reader.

FEVFEAALSE T, AR 2 R EALGE A REHR FT DLV SE SR — A Sy 2R W] R BE AL B oK e B e i . AR A
Markov-Gibbs S5 5¢ %, BURLALZE H HIAN T 1) — A se AR MU AL R b

E(X) = Qconst + Zep (Xp) +Z€ (Xc)

pev ceC

Horp o #)AE clique, |CIFRA clique C BT, Fon CHEE RN H|C =230, BRI A
B e AR

H AT A S R B R AR 24 | C |= 2 B pairwise FE 7 SR AR IR AR 1 77V K B0RT 43 i 2
MAERAN T Graph Cuts HIEF LA B AL #9121 BP M TRW BL[1]. LR, BEE & MA U
FHIAWIR HAI5E3%, 40 o -expansion. Loop BP. TRW-S 45, IXZSMERAEAYYY V2 Hh N FH T iH SR b )
B, B SRS, R ERR . MG B TR, X — DUACHRE SRR SR SRV 1 HH
FEIX LRI A A T AR VR RSN E . AR MR H e Y 1 Z BT SRR P ek B AR

B2 W, Xl pairwise BEAUTGIEFRIA B R RIS THE B SRR AR . ARZ K SLIn R [2-22],
T AERE R KA S NI, TCAEA B SRR )@, T S5 4 SR B AR G R e i R A
FIMSRAR K E . T, FREZRKEM iR BN S, 8o T —A BRRILEFE



M ERA R SIS TR, AR TSR NAE . Kolmogorov[23145H, X TAER —
MERELF Ln—R 24 HACY B I o2 i 8 72 submodular, BREL f /2 submodular. 4 HAV iR
0 f N submodular, 1] PATEZL TizUH ] SRR, X—Z5 7R RS LA H T Re B R %] F Graph Cuts SKA#H]
RO BELEAT, FENER AR RS T AT IR R H IR R 2 BUE P BE B R EHTE submodular,
Rt ENL S VF 2 B mP A, 3k 2 RS (2,8]. TR B AR B R AU & SR R A AN
—EGNENE . BT AT M s & & E LA it 78 2 &G FH 1) submodular =B BE & R
FRFNE X — LEHFTR K] nonsubmodular =B B8 & B E0STHE SRR RE L.

Kohli[2] R SCHR 2314518, #I3E T — Rk AT B R submodular BER PR EL. %88 & MRE T F
Foa—p swap 3 o -expansion 7£2 TUI ] Y SRAR. 1ENiZISRER BT — MBI, SCBk2145H T p"
Potts model /A Potts model 4] . SCHR[BLEIL S| A — AW S5 Q, ¥ p" Potts model #E/ 4 Robust
p" model, FH43H T F move making AT IR AE % . Rother[5]3E i & ¥ 1177 2053 2] nonsubmodular
TRl submodular Rk, SRJEHAT R/ ME . B R B UOEARIHFA RELRIES 2 & R s g, B
nonsubmodular WU/, 3X — 5K AT DAAS 31 EEEUT () AU

ST ELARRL G B ) R B R AR S P DURAA “MER e, RIS P IR > & () label ] DS RIS EL /N T
AEE, X —PEBTAT DL RGN S R A A], AT R RBRIGSR AR S 2% . Rother 6] H i i L 1X A
FEi e St K A A B HUE, TR E R E, v SR E DU A A SN I IR R $QPBF

(Quadratic Pseudo-boolean Function), AT AJ L message passingiligraph cutsif T4k Kohli[7][#2H T &
By B B I8 — o R R T R R M pR B BN LK, T Dy e i R R B NS B R Gibbs BE
ERYRSRARIRME 7 — N —HHELE . FAME R BN T A2 n] Do s im /b & A BT AT
pairwise RE I 117 _F /A28 SR g WA IR, SCHR[7142 T —Fh ¥l message passing 520 FoidEAT 3K i - Lan[8]
WM “FEERPE” K, FIFHBPRKRAE I BEE KA AR T —Fh B & RORAS S BRI H 44, i
KRR T BRI B AL, EBPEE K S b e ek BN AT g Potetz [91EHX —KmFir g &
P ir) @, (AR SR, Kb A s . FEIRERIA “REtE” MR, B EENETTE, AR
AR, P T BPINIE B, SRR Tt ORBEE clique IS K 2 AR HUG K RN &M K.
Tarlow[10] i 7 PHISHT N A R 3, BRSO B B e, I3 2 7 5 0 s 2Bk i 5L
%o

T LTIRR ZhRic n] E EUR 7 B UG 5 BRI, (HIH AR 2 #02 NP-hard (A @, SCHR[11,12]
SRS T AR SCHERILAPRE A T 29 MAP-MRF i) U 4 28 PERLRIAA st vl R, JRIE T2
TARZH A BTG T AR SRR EE . BORZEE RS — IR I =P e 2 ek 2R H 1, (H AR
A DAHET BT B = B B B A SR AR R R . SCHR[L2) 0 A AR 10 B A0 R —hRic i) @, J T B0 g A zh 2
Bk, #Ji& T DD (decompose dynamic) k. Z5HIE AT LATE 22 100 (] P 15 31 S5 a) @) € I LA

QPBO[14] (quadratic pseudoboolean optimization) {FA—Ff —Fric in] SR EE, MUBEW A SORS
submodular W RARME, X T nonsubmodular Al &, 1 EEFF R AL S KR fE. Kolmogorov [14]38 it
X BRI T BT R A Rk B i N R, A HARID R ATREZ 1Y 5. Rother[15]45 H T AP TJ77%: QPBOP
A1 apBol. QPBOP FIH] “iX#R” W77, ORIFME M) S ML RN B AP 1 e AR R R1AE & . QPBOI MR
AT, B A QPO FEIEM, TRIERIGEREE(E AN . SCHR[171F H 77 2 1) OPBOI SKfAHET-2%


http://www.springerlink.com/content/?Author=Yongsub+Lim

PRI G )= B RE B R A, AT AR 6 R T B AL G2 1) SR 8 U — BB B T 3] = 38 075 AN A VAR
. Woodford [16]£1 % & A M Fig I g &b in @, 454 QPBO A 11 « -expansion L) T 4L
IR IS o

Ladicky[18]#2& H! T J<HRJZ K M 25 45 1 (Associative Hierarchical Network){E I B By /R B} R RX 25 i 7Y
(Associative Markov Network)7E = MM &I F I — DN BEARMET . AR 2 NER T CnfE R, oE X g
PIRFIETE SR A B[R] — /MR BUHELS b . 7ESCRR[19]7,  Ladicky#t 5 iX — AR T —Ffi 5+ Graph CutsHIR
ISR AEEVE . ZEP T AEE @b (E 2 B K cliqueth il LUE

ST tH R T 05 2 ) e AL 2R [20] (2202 — MBS SRR T 1) o IZAESR — DRI
MRF i) 2 PR FA% B A3 ) R, 23 AR 7 B i) 1) R Cslave )80, 383 WM &1 R, 45 21 J5 i)
(T AAE (master 103D, SCHR[221F X — DLACHEZE FI R AL FE & B e AR AL ) R, A0 — S B il 5 R £
(pattern based energy), & 13T BMEHIA NG L. X—MER, JymbragE e gt ¥ —mmrag
A &R

REBNHFALLE, B MRF LT THHT 7 IS — 2t fg . HEBskud, XI5 ) TAEERINER
. G submodular EFTREE AL, TR BRI B, Bk A fe ik B0HR 2 4000 2 o) BUBEAT A R
RIEK . T TIE ) nonsubmodular A XK S HT 2 B XS D BURFER Y nonsubmodular A @45 H ). &
PRI — L =B e AR AL ) R P SR ARREZE AN 538 . BT DL — R i i By i 1 R B A TR AT SR — A i
AP H R A EEZ NS AR, ol 7 HORBZ a5 I EM. 1£ 2011 4F CVPR LR 25
FHR S E s FH[24-28] . WIRFEAARPREK, Xt SR MRF R &L REE A 12F — A SRBIME I TAE I

3R

1. R. Szeliski, R. Zabih, D. Scharstein, O. Veksler, V. Kolmogorov, A. Agarwala, M. Tappen, C Rother. A
Comparative Study of Energy Minimization Methods for Markov Random Fields with Smoothness-Based
Priors[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence, 2008, vol. 30(6): 1068-1080

2. P. Kohli, M. Kumar and P. Torr. P3 & Beyond: Solving Energies with Higher Order Cliques[C]// Proceedings
of IEEE International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE
Computer Society Press, 2007: 1-8

3. P. Kohli, L. Ladicky and P. Torr. Graph Cuts for Minimizing Robust Higher Order Potentials[R]. Oxford
Brookes University, 2008.

4. P. Kohli, L. Ladicky and P. Torr. Robust Higher Order Potentials for Enforcing Label consistency[J].
International Journal of Computer Vision, 2009, 82(3): 302-324

5. C. Rother, S. Kumar, V. Kolmogorov, A. Blake: Digital Tapestry[C]//Proceedings of IEEE International
Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE Computer Society Press,
2005: 589 - 596

6. C. Rother, P. Kohli, W. Feng and J. Jiaya. Minimizing Sparse Higher Order Energy Functions of Discrete
Variables[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition.
Los Alamitos: IEEE Computer Society Press , 2009: 1382-1389

7. Pushmeet Kohli, M. Pawan Kumar. Energy minimization for linear envelope MRFs[C]//Proceedings of IEEE
International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE Computer


http://www.springerlink.com/content/0920-5691/
http://www.springerlink.com/content/0920-5691/82/3/

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Society Press, 2010: 1863-1870

X. Lan, S. Roth, D. P. Huttenlocher, and M. J. Black. Efficient belief propagation with learned higher-order
markov random fields[M]//Lecture Notes in Computer Science, Heidelberg: Springer, 2006,
3952:269-282

B. Potetz. Efficient belief propagation for vision using linear constraint nodes[C]//Proceedings of IEEE
International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE Computer
Society Press, 2007: 1-8
Tarlow, D., Givoni, I. and Zemel, R. Hop-map: Efficient message passing with high order potentials. In
Proceedings of the 13th International Conference on Artificial Intelligence and Statistics,2010

S. Nowozin, C.H. Lampert. Global connectivity potentials for random field models[C]// In Proceedings of
IEEE International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE
Computer Society Press, 2009: 818-825
Yongsub Lim, Kyomin Jung and Pushmeet Kohli. Energy Minimization under Constraints on Label
Counts[M]// Lecture Notes in Computer Science, Heidelberg: Springer, 2010, 6312: 535-551
V. Kolmogorov, Y. Boykov, C. Rother. Applications of parametric maxflow in computer vision
[C]//Proceedings of IEEE International Conference on Computer Vision,2007: 1-8
V Kolmogorov, C Rother. Minimizing Nonsubmodular Functions with Graph Cuts-A Review[]]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2007,29(7): 1274-1279

C. Rother, V. Kolmogorov, V.S. Lempitsky, M. Szummer: Optimizing Binary MRFs via Extended Roof
Duality[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition.
Los Alamitos: IEEE Computer Society Press,2007: 1-8

0. J. Woodford, P. H. S. Torr, I. D. Reid, and A. W. Fitzgibbon. Global stereo reconstruction under second
order smoothness priors. IEEE Transactions on Pattern Analysis and Machine Intelligence,2009, 31(12):
2115-2128

B. Glocker, T. Hauke Heibel, N. Navab, Pushmeet Kohli and Carsten Rother. TriangleFlow: Optical Flow
with Triangulation-Based Higher-Order Likelihoods[M]//Lecture Notes in Computer Science, Heidelberg:
Springer, 2010, 6313: 272-285

L. Ladicky, C. Russell, P. Kohli and P. H. Torr. Associative hierarchical CRFs for object class image
segmentation[C]//Proceedings of IEEE International Conference on Computer Vision, 2009: 739 - 746
L. Ladicky, L. Ladicky, P. Kohli and P. H. Torr. Exact and Approximate Inference in Associative
Hierarchical[C]//Proceedings of Conference on Uncertainty in Artificial Intelligence , 2010: 8-11

N. Komodakis, N. Paragios, G. Tziritas. MRF Optimization via Dual Decomposition: Message-Passing
Revisited[C]//Proceedings of IEEE 11th International Conference on Computer Vision, 2007: 1-8

N Komodakis, N Paragios, G Tziritas. MRF Energy Minimization and Beyond via Dual
Decomposition[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence, 2011, 33(3):
531-552

N. Komodakis, N. Paragios. Beyond pairwise energies: Efficient optimization for higher-order
MRFs[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition.
Los Alamitos: IEEE Computer Society Press, 2009: 2985-2992
V. Kolmogorov, R. Zabih. What Energy Functions Can Be Minimized via Graph Cuts[]]? IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2004, 26(2): 147-159


http://www.springerlink.com/content/0302-9743/
http://www.springerlink.com/content/?Author=Yongsub+Lim
http://www.springerlink.com/content/?Author=Kyomin+Jung
http://www.springerlink.com/content/?Author=Pushmeet+Kohli
http://www.springerlink.com/content/0302-9743/
http://www.springerlink.com/content/?Author=Ben+Glocker
http://www.springerlink.com/content/?Author=T.+Hauke+Heibel
http://www.springerlink.com/content/?Author=Nassir+Navab
http://www.springerlink.com/content/?Author=Pushmeet+Kohli
http://www.springerlink.com/content/?Author=Carsten+Rother
http://www.springerlink.com/content/0302-9743/

24.

25.

26.

27.

28.

N. Komodakis. Efficient Training for Pairwise or Higher Order MRFs via Dual
Decomposition[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern
Recognition. Los Alamitos: IEEE Computer Society Press, 2011

A. Gallagher, D. Batra, D. Parikh. Inference for Order Reduction in MRFs[C]//Proceedings of IEEE
International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE Computer
Society Press, 2011

T. Kim, S. Nowozin, P. Kohli, C. D. Yoo. Variable Grouping for Energy Minimization[C]//Proceedings of
IEEE International Conference on Computer Vision and Pattern Recognition. Los Alamitos: IEEE
Computer Society Press, 2011

M. Bleyer, C. Rother, P. Kohli, D. Scharstein, S. Sinha. Object Stereo - Joint Stereo Matching and Object
Segmentation[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern
Recognition. Los Alamitos: IEEE Computer Society Press, 2011

D. Batra, P. Kohli. Making the Right Moves: Guiding Alpha-Expansion using Local Primal-Dual
Gaps[C]//Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition. Los
Alamitos: IEEE Computer Society Press, 2011



