Technical Report:

Robust Object Pose Estimation via Statistical Manifold Modeling

Liang Mei, Jingen Liu, Alfred Hero, Silvio Savarese
Depeartment of EECS
University of Michigan, Ann Arbor, Michigan, USA

Proposition 1. Given Equation 2, the distance between two object poses Oij and O/}, can
be computed as,

D(0/,08) = Ex(Dy (P! (AIX)||PR(AIX)) + Dy, (P! (X)||P2(X))

Proof:
Suppose that we have two PDFs, P(4, X) and Q(4, X),
P(4,X)
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= Ex{Dk.(P(AIX)||Q(AIX))} + Dk, (P(X)|Q (X))
Combining the above derivation and Equation (2), i.e.,

D(0/,01) = Dy, (P (A4, X)||PL(4, X)), then we have,

D (F/(0), B(0)) = Ex(Du (B (AIX)|IPA(AIX)) + Dyey (B (X1 1PR(X))

Proposition 2. If A4, ..., Ag are independent given X, and a one-to-one part

correspondence fmap(Q,i‘j) = Q,’("’" exists, then the following equation holds,
Ex{Dy. (B! (AIX)||P(A1X))} = Ex(z Dy, (P (A1 X111 (A1 X))
k=1
where Pij(Ak|X) is the conditional PDF of part A,given X.

Proof:



In the proof of Proposition 1, if we further assume that A and X are independent, then
we have Dy, (P(4,X)11Q(A4, X)) = Ex{Dy, (P(AIX)||Q(AIX))} + D, (P(X)|Q(X)) =

D1, (P(A)]1Q(A)) + Dy, (P 1Q(X)).

Based on this observation, for two PDFs P(X) and Q(X) and X = (X1, X,, ..., X;,), where
X; and X; are independent, we can obtain Dy, (P(X)]|Q (X)) = XiL; Dg;, (P(X)I]1Q(X})).
Since A4, ..., Ag are independent given X, then,

K
Ex{Diu (B (AIXOIIPR(AIX))) = Ex() Dy (P (4 O1IP (A1 X0))
k=1



