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Batch Learning of Rotations

Input palrs of unit vectors |R” (% YD), (% YA h x8yR)

Assumption:y, =Rx + noisg whereRis an
unknown rotation matrix

Problem:EET A -EEOBO®T OAOEI T | AOOF
argming &, kRx z y,k?



How to Solve the Batch Problem

A KRx Z yik? = kRxk> +ky;k“Z 2(y; %) 2 R

= 220 %)% R. A2 B =Tr(A” B) =
[Linear INR 3. A.B. J

Aargminga, kRxzyk?=argmaxza,y, x” 2 R

A Computing argmax, M2 R0 A E ABA@GIOA |
A Can be solved usingVDof M



Learning Rotations Online
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Choose rot matrix}, Choose rot matrbR, = Choose rot matrix;
PredictR;x; PredictR,x, PredictRx;

Li(R) =kRx 2y k2 Ly(Ro) = KRX:Z Y k? L(Rr) = kRpxr 2 yk?
N

Open problem
from COLT 2008
[Smith, Warmuth|

Goal:Minimize regret:
Regret =&, L (R)zminga,L(R)




Rotation Matrices

A Rot matrix” orthogonal matrix of determinant 1
A Set of rot matricessO(n)

A Non-convex so onlineconvex optimizatiortechniques
like gradient descentexponentiatedgradient, etc.
AlTT60 APPI U AEOAAOI U

A Lie group with Lie algebra set of alskew-symmetric
matrices

A Lie group givesiniversal representatiofor all Lie
groups via a conformal embedding



Previous Work
A[Arorah . ) Ou8ing&iedroup/Lie algebra
structure

A Based omatrix exponentiatedgradient
matrix exp maps Lie algebra to Lie group

A Deterministicalgorithm

AW T)lower bound on any such deterministic
algorithm, so randomization is crucial



Lower Bound for Deterministic Algs

dversary can computg;
sincealgis deterministic
A Assume for convenie atis even.

A Bad examplex, = e, Y, =-RX..
A L(R) =kRx, - y,k? =k2y,k?= 4. So total loss 4T.

A Sincenis even, both, -l are rot matrices, and
a, L() + L(-I) =&, 2ky,k* + ZXkx.k* = 4T

A Hencemin,a,L(R)- 2T.
A So,Reqgret, 2T.



Our Results

A Randomized algorithm with expected regret
O(p nL), whereL =minz &, L, (R)

A Lower bound on regret cdinyonline learning
algorithm for choosing rot matrices of{p nT)

A UsingHannariKalai6 A1 D AFbllAvBTOe:
PerturbedLeadetechnique based on linearity
of loss function



Sample noise matrixl with i.i.d entries
distributed uniformly in-1/h, 1h]

In roundt, useR, =arg minRéilt'l L(R)-N? R.

Using SVD solution to
7 A E Apkoblém

Thms + 6 OR&AfeY-d O(np T).




