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PercepOon	
  =	
  Seeing	
  +	
  InterpretaOon	
  

What	
  we	
  perceive	
  is	
  
not	
  the	
  true	
  signal,	
  
but	
  an	
  reconstrucOon	
  
of	
  what	
  it	
  should	
  be.	
  
	
  
We	
  impose	
  structure	
  
and	
  pa5ern	
  on	
  the	
  
messy	
  ambiguous	
  
signal.	
  



“The	
  analysis	
  of	
  the	
  pa5erns	
  generated	
  by	
  the	
  
world	
  in	
  any	
  modality,	
  with	
  all	
  their	
  naturally	
  
occurring	
  complexity	
  and	
  ambiguity,	
  with	
  the	
  
goal	
  of	
  reconstrucOng	
  the	
  processes,	
  objects	
  
and	
  events	
  that	
  produced	
  them”	
  is	
  pa5ern	
  
theory.	
  
	
  
-­‐	
  Mumford	
  (1994)	
  





ObjecOves	
  

•  Create	
  algebraic	
  representaOons	
  with	
  
probabilisOc	
  superstructures	
  that	
  model	
  
pa5erns	
  in	
  nature.	
  

•  Analyze	
  regular	
  structures	
  using	
  algebra,	
  
topology,	
  probability,	
  and	
  staOsOcal	
  inference.	
  

•  Implement	
  the	
  structures	
  for	
  specific	
  
applicaOons	
  using	
  algorithms	
  and	
  code.	
  



TransformaOons	
  in	
  Video	
  
InterpretaOon	
  

•  Noise/blur	
  
–  object/acOon	
  classificaOon	
  
error	
  

•  Domain	
  Warping	
  	
  
–  speed	
  of	
  acOons,	
  viewpoint	
  

•  MulO-­‐scale	
  superposiOon	
  
–  (objects,	
  acOons)	
  –	
  (acOvity)	
  
–	
  (recipe)	
  

•  InterrupOons	
  
– many	
  irrelevant	
  objects,	
  and	
  
simultaneous	
  events.	
  

7	
  Video taken from YouCook dataset, Das, C. Xu, R. F. Doell, and J. J. Corso (CVPR 2013) 
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Pa5ern	
  Theory	
  Elements	
  

β1	
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β1	
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β1	
  

β5	
  

β2(g2)	
  =	
  β1(g1)	
  

Generators	
  

gi ∈G : i =1,...,n c =σ (g1,g2,...,g7 )∈C

β j (gi )∈ B : j =1,...,ω(gi )
Bonds	
  

ConfiguraOons	
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Generator	
  Space	
  for	
  	
  
RepresenOng	
  AcOviOes	
  

g1	
  =	
  “sOr”	
   g2	
  =	
  “pickup”	
  

g2	
  

g3	
  =	
  “pour”	
  

g3	
  

…	
   …	
  

g4	
  

g4	
  =	
  “bowl”	
   g5	
  =	
  “spoon”	
  

g5	
  

g6	
  =	
  “egg”	
  

g6	
  

…	
   …	
  

g7	
  

g7	
  =	
  “SpaOal	
  Feature”	
   g8	
  =	
  “MoOon	
  Feature”	
  

Level	
  3	
  =	
  Ac.ons	
  

Level	
  2	
  =	
  Objects	
  

Level	
  1	
  =	
  Features	
  

g8	
  

g1	
  

s.r	
  bowl	
  

spoon	
  HoG	
   HoG	
  

HoF	
  

egg	
   HoG	
  

Incomplete	
  interpretaOon	
  Complete	
  interpretaOon	
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Example	
  of	
  InterpretaOon	
  
g1	
  
pour	
  

g3	
  
bowl	
  

g7	
  
HoG	
  

g2	
  
bowl	
  

g6	
  
HoG	
  

g4	
  
egg	
  

g5	
  
HoG	
  

β1	
  =	
  HoG	
  

β1	
  
β3	
  

β5	
  
β3	
   β7	
  

β1	
  

β1	
  

β1	
  

β1	
  

g8	
  
HoF	
  β1	
  

β1	
  =	
  HoG	
  

β5	
  =	
  receptacle	
  

β2	
  =	
  receptacle	
  

receptacle	
  =	
  {bowl,	
  cup,	
  pan}	
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Example	
  of	
  Generator	
  Space	
  to	
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  Cuisine	
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  Events	
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  Group	
  

•  Define	
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  group	
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  as	
  
	
   s :G→G | s ∈ S
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



Similarity	
  Group	
  

•  Define	
  a	
  similarity	
  group	
  S	
  as	
  
	
  
•  Induces	
  a	
  parOOon	
  of	
  the	
  generator	
  space	
  into	
  
equivalence	
  classes	
  (disjoint	
  groups	
  Gα)	
  

•  Such	
  that	
  

s :G→G | s ∈ S

sg = !g | g, !g ∈Gα

G = Gα

α∈A




Example	
  of	
  Generator	
  Space	
  to	
  Represent	
  Cuisine	
  
Domain	
  Events	
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Bond	
  RelaOon	
  
(Local	
  Regularity)	
  

•  Bond	
  relaOon	
  ρ	
  specifies	
  the	
  rules	
  of	
  combinaOon	
  
among	
  generators,	
  formally	
  defined	
  as	
  

•  Determines	
  local	
  regularity	
  of	
  a	
  connected	
  
structure	
  of	
  generators	
  

ρ :B×B→ {TRUE,FALSE}



Bond	
  RelaOon	
  
(Local	
  Regularity)	
  

•  Bond	
  relaOon	
  ρ	
  	
  of	
  ‘INCLUSION’	
  type	
  

utensil	
   sOrrer	
   grasper	
   receptacle	
   food	
   feature	
  

utensil	
   TRUE	
   TRUE	
   TRUE	
   TRUE	
   FALSE	
   FALSE	
  

sOrrer	
   FALSE	
   TRUE	
   TRUE	
   FALSE	
   FALSE	
   FALSE	
  

grasper	
   FALSE	
   FALSE	
   TRUE	
   FALSE	
   FALSE	
   FALSE	
  

receptacle	
   FALSE	
   FALSE	
   FALSE	
   TRUE	
   FALSE	
   FALSE	
  

food	
   FALSE	
   FALSE	
   FALSE	
   FALSE	
   TRUE	
   FALSE	
  

feature	
   FALSE	
   FALSE	
   FALSE	
   FALSE	
   FALSE	
   TRUE	
  

B = {utensil, stirrer,grasper, receptacle, food, feature}

βin (g !i )

βout (gi )



ConfiguraOons:	
  Local	
  Regularity	
  

This	
  configura.on	
  is	
  said	
  to	
  be	
  locally	
  regular	
  since	
  

!β , !!β ∈c
∧ ρ[β !j (g !i ),β !!j (g !!i )]= TRUE

spoon	
   sOr	
   pickup	
  

mix	
   bowl	
  

pickup	
  sOr	
  

mix	
   bowl	
  

spoon	
  

sOrrer	
   sOrrer	
  

feature	
  
food	
  

food	
   receptacle	
  

receptacle	
  

food	
   food	
  

feature	
  

feature	
  

utensil	
  

receptacle	
  

c =σ (g1,g2,…,gn )

food	
  

feature	
  
grasper	
  feature	
  



ConfiguraOon:	
  Global	
  
Regularity	
  

•  The	
  topology	
  of	
  configuraOons	
  are	
  
determined	
  by	
  the	
  type	
  of	
  the	
  underlying	
  
connector	
  graph	
  

•  Σ=POSET	
  (ParOally	
  Ordered	
  Set)	
  
•  Links	
  from	
  AcOons	
  to	
  Objects	
  to	
  Features	
  
•  Can	
  parOally	
  order	
  the	
  generators	
  

σ ∈ Σ



Regular	
  ConfiguraOon	
  

A	
  regular	
  configuraOon	
  c=σ(g1,g1,…,gn)	
  is	
  both	
  
locally	
  and	
  globally	
  regular,	
  i.e.	
  	
  

!β , !!β ∈c
∧ ρ[β !j (g !i ),β !!j (g !!i )]= TRUE

σ ∈ Σ

Local	
  regularity	
  à	
  	
  

Global	
  regularity	
  à	
  	
  



Probability	
  Measure	
  on	
  the	
  
Configura.on	
  Space	
  



Bond	
  QuanOficaOon	
  

sOr	
  
classifier	
  

bowl	
  
classifier	
  

SOr	
  
classifier	
  

…	
   …	
  

Concept	
  classifiers	
  
Concept	
  co-­‐occurrence	
  tables	
  

A(β !j (g !i ),β !!j (g !!i )) = exp(tanh(−wb f (g !i ,g !!i )))

Object-­‐Feature	
  	
  
Bonds	
  

AcOon-­‐Feature	
  	
  
Bonds	
  

Object-­‐AcOon	
  
Bonds	
  



Bond	
  Type:	
  SpaOal	
  Coherence	
  

34	
  

!a ( !β , !!β ) = φ(g !i ,g !!i )+a( !β , !!β )



Bond Type: Temporal Coherence 



Probability	
  Density	
  FuncOon	
  p	
  on	
  C(R)	
  

if	
  the	
  connector	
  graph	
  is	
  allowed	
  to	
  vary,	
  then	
  

p(c) = 1
Z

A(β !j (g !i ),β !!j (g !!i ))
( !k , !!k )∈σ
∏ Q(gi )

i
∏

Z = A(β !j (g !i ),β !!j (g !!i ))
( !k , !!k )∈σ
∏ Q(gi )

i
∏

c∈C(σ )
∑

σ∈Σ

∑

consider	
  all	
  possible	
  connectors	
  



Energy	
  of	
  a	
  configuraOon	
  c	
  

E(c) = log p(c)

E(c) = a(β !j (g !i ),β !!j (g !!i ))
( !k , !!k )∈σ
∑ + q(gi )

i
∑ − logZ



Inference	
  Algorithm	
  



Energy	
  MinimizaOon	
  Algorithm	
  

MCMC	
  algorithm	
  
with	
  two	
  moves	
  

SA’s	
  
Temperature	
  
Scheduling	
  

Interactions Modeling and Recognition Using Pattern Theory 11

Fig. 7 Illustration of the Pattern Theory based inference process.

to that particular group of features. The next step is to place
all possible ontological connections between the ontological
generators. This configuration is called the master configu-
ration that holds this name for providing a pool of the most
probable interpretations solely based on bottom level infor-
mation. An example of this graph is illustrated in Figure ??.
All the aforementioned steps are carried out by line 2 of Al-
gorithm 1.

The speculation graph is later used by the global pro-
posal distribution to initialize the simulation by sampling
a subgraph that is also a complete interpretation of the in-
put groups of features. The global proposal distribution is
called during the MCMC-simulated annealing algorithm to
make abrupt jumps (or changes) from a configuration to an-
other. By doing that, diversification on the search scope is
ensured such that the algorithm is likely to visit nearly any-
where in the scope of possible solutions, including in the
less likely neighborhood of weak interpretations. This phase
is called the exploration phase and has no definite time to
happen but instead has a probability to occur at any time in
the simulation. Line3 of Algorithm 1 performs the initial-
ization step and line8 ensures that exploration based search
happens with a certain probability.

The remainder of Algorithm 1 that goes from line5 to
line20 can be summarized as follows. For a kmax number of
iterations, randomly sample a number t from a uniform dis-
tribution and select one type of sampling distribution with
probability p. If the local proposal distribution is selected as
source from each the next sample will be drawn, the new

interpretation will be a variation of the current one. On the
other hand, if the global proposal is called, then the new
interpretation has no direct relation to the current one. As
one can see, the former ensures exploitation whereas the lat-
ter allows for exploration in the search process. The next
steps is to update the simulated annealing temperature such
that as the simulation gets older the temperature cools down.
Lower temperatures will make acceptance of new configu-
ration harder unless the new interpretation is significantly
more promising than the current one. As one might have
realized, the temperature T is also a way of ensuring explo-
ration and exploitation in the sense that in the beginning of
the simulation the algorithm will more likely to accept more
distinct interpretations than when it starts to approach the
end. The energy of the new interpretation is computed and
compared to the current’s following the conditions imposed
by the steps described from line 13 to line 32.

Algorithm 1 1: procedure MCMC SIMULATED ANNEAL-
ING( G, a , p, kmax ) . G is the generator
space

2: Let s(c00) be a configuration where each feature gen-
erator g f 2 s(c00) is explained by the top k most likely
ontological predictions.

3: s(c) GLOBALPROPOSAL(s(c00)) .
Initialize s(c) all feature generators with same random
explanation.

4: s(b) s(c) . Let s(c) be the initial best
configuration..

5: for k 1,kmax do

6: t ⇠U(0,1)
7: if t < p then

8: s(c0) GLOBALPROPOSAL(s(c00))
9: else

10: s(c0) LOCALPROPOSAL(G,s(c))
11: end if

12: T  T0⇥ak

13: if P(E(s(c0)), E(s(c)), T ) then

14: s(c) s(c0)
15: if E(s(c0))< E(s(b)) then

16: s(b) s(c0)
17: end if

18: end if

19: end for

20: end procedure

21: procedure P(e0, e, T )
22: if e0 < e then

23: return True
24: else

25: z⇠U(0,1)
26: if z < exp(�(e0 � e)/T ) then

27: return True
28: else

39	
  



Global	
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Create	
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  global	
  jump	
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  (k	
  best	
  explanaOons)	
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  Space	
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Global	
  Moves	
  in	
  ConfiguraOon	
  Space	
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Add	
  feasible	
  ontological	
  connecOons	
  to	
  form	
  a	
  semanOcally	
  
meaningful	
  interpretaOon	
  



Local	
  Moves	
  in	
  ConfiguraOon	
  Space	
  C(R)	
  

•  TransformaOon	
  maps	
  
– Generator	
  mapping	
   s :G→G
sσ (g1,g2,...,gn ) =σ (sg1, sg2,..., sgn )∈C(σ )
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•  TransformaOon	
  maps	
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sσ (g1,g2,...,gn ) =σ (sg1, sg2,..., sgn )∈C(σ )
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utensil	
  

receptacle	
  

feature	
  

feature	
  

food	
  grasper	
  

s :G→G



Local	
  Moves	
  in	
  ConfiguraOon	
  Space	
  C(R)	
  

•  TransformaOon	
  maps	
  
– Generator	
  mapping	
  

sσ (g1,g2,...,gn ) =σ (sg1, sg2,..., sgn )∈C(σ )

put	
  
down	
  sOr	
  

mix	
   bowl	
  

whisk	
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   sOrrer	
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receptacle	
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receptacle	
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Local	
  Moves	
  in	
  ConfiguraOon	
  Space	
  C(R)	
  

•  TransformaOon	
  maps	
  
– Simple	
  moves	
   T :Σ→Σ
Tσ (g1,g2,...,gn ) = !σ (g !1 ,g !2 ,...,g !n )∈C(R)

pickup	
  sOr	
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Local	
  Moves	
  in	
  ConfiguraOon	
  Space	
  C(R)	
  

•  TransformaOon	
  maps	
  
– Simple	
  moves	
   T :Σ→Σ
Tσ (g1,g2,...,gn ) = !σ (g !1 ,g !2 ,...,g !n )∈C(R)

pickup	
  pour	
  

egg	
   bowl	
  

receptacle	
  

food	
  

food	
   receptacle	
  

receptacle	
  

food	
   food	
  

feature	
  

feature	
  

utensil	
  

receptacle	
  

feature	
  

feature	
  

food	
  grasper	
  •  MulOple	
  Simple	
  
TransformaOons	
  
•  Remove	
  spoon	
  generator	
  
•  Replace	
  sOr	
  generator	
  by	
  

pour	
  generator	
  
•  Replace	
  mix	
  generator	
  by	
  

egg	
  generator	
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  Best	
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Experimental	
  Results	
  on	
  
YouCook	
  Dataset	
  of	
  Corso	
  et	
  al.	
  
Breakfast	
  Dataset	
  of	
  Serre	
  et	
  al.	
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  100%	
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Under	
  review	
  in	
  the	
  Pa5ern	
  RecogniOon	
  Le5ers’s	
  Special	
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  Varying	
  Severity	
  Levels	
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  Errors	
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  rate)	
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Under	
  review	
  in	
  the	
  InternaOonal	
  Journal	
  of	
  Computer	
  Vision	
  (IJCV)	
  

InterrupOons:	
  Object	
  Clu5er	
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Under	
  review	
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  InternaOonal	
  Journal	
  of	
  Computer	
  Vision	
  (IJCV)	
  

InterrupOons:	
  Object	
  Clu5er	
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Pa5ern	
  Theory-­‐based	
  SemanOc	
  InterpretaOon	
  



Under	
  review	
  in	
  the	
  InternaMonal	
  Journal	
  of	
  Computer	
  Vision	
  (IJCV)	
  

InterrupOons:	
  Object	
  Clu5er	
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Largest	
  Connected	
  Component	
  



Domain	
  Warping:	
  Sequence	
  of	
  AcOons	
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Overall	
  Performance	
  	
  
(1	
  video	
  segment)	
  

Overall	
  Performance	
  	
  
(4	
  video	
  segments)	
  

83%	
  Performance	
  	
  
Improvement	
  
(10	
  Best	
  InterpretaOons)	
  

78%	
  Performance	
  	
  
Improvement	
  
(Best	
  InterpretaOon)	
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