
1 2 1 2

1

2



p(φ|ψ) φ ψ

p(in front(obj1, obj2)|xt) xt

φ

φ



(1)   Full  Validity  
(2)   Partial  Validity  
(3)   No  Validity  
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conn  =  Connecting  lines  
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|x-­‐q|  

φ =
between(a, b, c) a b c

a

p(φ |xt) = p(φ ) =

�
max(0, 1− | −q|

tol ) /∈ Hull(ref1 ∪ ref2)
1



q = argmin
q�

{| − q
�|
��q� on line l}, tol = |v1 − v2|k1(

|q − v1|
|v1 − v2|

)k2

l : (v1, v2) = argmin
l�

{| − q
�|
��q� on line l

�
, l

� ∈ conn}

conn = {(v̄1, v̄2)|v̄1 ∈ ref1, v̄2 ∈ ref2, (v̄1, v̄2) ∈ edges(Hull(ref1 ∪ ref2))}
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log(w + kw)
kw ≥ 1

p(φi,j |xt) = clamp(kc − kmd
log (w + kw)

h+ khw
)

km kc

clamp [0, 1]
kw = 14

kh = 2 km kc
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p(m|z1:t, x1:t)
m = {mi} mi z1:t

t x1:t

mi i p(mi)
i

p(mi|zt, xt)

p(φ|xt)



p(ri,j |xt, zt) ri,j

(i, j) zt

φ� ri,j

p(ri,j |xt, zt = φ�) = αp(φi,j |xt)
p(mi,j |xt, zt)

xt

zt

p(ri,j |xt, zt)

p(mi,j |xt, zt)
p(ri,j |xt, zt) Q

(i, j)

Q
p(mi,j |xt, zt) =

�
q∈Q p(q|xt, zt) dq q ∈ Q

(i∗q , j
∗
q , θq) (i∗q , j

∗
q ) q



The  point  (i,j)  under  
consideration.  

The  known  shape  of  
the  object  (presuming  
availability  of  this  data)  
in  some  pose  q.  

The  nominal  centre  of  
the  object  in  this  pose,  

(iq*,  jq*).  

The  axis/rotation   q  of  
the  object  in  this  pose.  

p(mi,j |xt, zt)
(i, j)

q p(ri∗q ,j∗q |xt, zt)p(θq)

θq

p(ri∗q ,j∗q |xt, zt)
(i∗q , j

∗
q ) p(θq)

xt zt

p(θq|zt)

p(mi,j |xt, zt) =

�

q∈Q
p(ri∗q ,j∗q |xt, zt)p(θq) dq Q = {q | (i, j) ∈ R(q)}

R(q) q

W

W

p(mi,j |xt, zt) =

�

(i�,j�)∈R(W
2 ,i,j)

p(ri�,j� |xt, zt) di
� dj�

R(W2 , i, j) (i, j) W
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