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Given relative rotations (edges).
Relative pose solutions (local coord. sys.)
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Compute camera orientations (nodes).
Rotations in global coord. sys.

Given relative rotations (edges).
Relative pose solutions (local coord. sys.)
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Problem formulation

Given            , estimate

Inputs

Outputs
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Isotropic RA: chordal distances

4

Residual rotation angle. Invariant to residual rotation axis.
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Isotropic RA: chordal distances

4

Residual rotation angle. Invariant to residual rotation axis.

In matrix form:
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Local minima:

Isotropic RA: non-convex problem

[Eriksson et al. Rotation Averaging and Strong Duality. CVPR 2018]

Global minimum
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Isotropic RA: convex relaxation

6

Drop the determinant constraint:

Take Lagrange-dual twice        Linear SDP:

If                               ,  extract        from
Certifiably optimal solution

[Eriksson et al. Rotation Averaging and Strong Duality. CVPR 2018]

SDP-O(3)-ISO:
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Uncertainty of two-view optimized rotations

Lateral motion

▬ around y-axis
▬ around z-axis
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Less 
certain

Uncertainty of two-view optimized rotations

▬ around y-axis
▬ around z-axis

Lateral motion

7Propagate to averaging stage. Favour deviations in the directions of high uncertainty!
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Toy example and sneak peek
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Toy example and sneak peek

█  Standard objective
█  Proposed
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Around local min.       , the objective is approximated as

where                                                    — angle axis vector.

Result #1: uncertainty propagation for RA

i
j

(i,j dropped)
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Equality (to 1st order) if

See paper for details.
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Around local min.       , the objective is approximated as

where                                                    — angle axis vector.

Result #1: uncertainty propagation for RA

i
j

(i,j dropped)

9

(+const.)

while H is always p.s.d.,
M is almost always indefinite

Equality (to 1st order) if

See paper for details.
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New objective 
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SDP-O(3)-ISO: SDP-O(3)-ANISO:
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Doesn’t work with anisotropic cost

Using standard relaxation

SDP-O(3)-ANISO:

See detailed analysis 
in the paper.● Good approximation on SO(3) and conv(SO(3))

● Yields strictly smaller values on O(3) than on SO(3)

Synthetic data experiments
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Result #2: new convex relaxation

12

Take Lagrange-dual twice           Linear SDP:

Keep all SO(3) constraints:

SDP-cSO(3):
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SDP-constraint
[Saundersson et al. 2014]

Result #2: new convex relaxation

12

Take Lagrange-dual twice           Linear SDP:

Keep all SO(3) constraints:

SDP-cSO(3):
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Better reconstructions

Standard 
isotropic
SDP-O(3)

Proposed
SDP-cSO(3)

RMS angular errors
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See paper for more results.

Better reconstructions
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[Lochman et al. Making Rotation Averaging Fast and Robust with Anisotropic Coordinate Descent. BMVC 2025] 15

Fast solver?
● We used generic SDP solver
● Fast dedicated solver (ACD): 

arxiv.org/abs/2506.01940



Certifiably Optimal Anisotropic Rotation Averaging

Thank you
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