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Uncertainty-Aware PCA

Uncertainty-Aware
Principal Component Analysis

Jochen Görtler, Thilo Spinner, Dirk Streeb,
Daniel Weiskopf, and Oliver Deussen

– 2020 –
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Uncertainty-Aware PCA: Görtler et al.
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Uncertainty-Aware PCA: Görtler et al.

uncertain covariance:
mean of covariances + covariance of means

10 Uncertainty-Aware PCA Revisited



Uncertainty-Aware PCA: Görtler et al.

11 Uncertainty-Aware PCA Revisited



Uncertainty-Aware PCA: Görtler et al.

12 Uncertainty-Aware PCA Revisited



Uncertainty-Aware PCA: Görtler et al.

13 Uncertainty-Aware PCA Revisited



PCA is a discontinuous map.
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Our approach: Sampling-based

→
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→
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Comparison of Approaches

existing approach
– Görtler et al. —

sampling-based approach
– ours –

low computing time high computing time

may result in bad projections always results in correct projections
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Uncertainty of projection

1. uncertainty in direction of eigenvectors

2. uncertainty in eigenvalues
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What is the likelihood that an arbitrary high-dimensional vector
is an eigenvector of the uncertain covariance matrix?
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Covariance Stability Glyph

– low uncertainty –
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– low uncertainty – – high uncertainty –
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Covariance Stability Glyph: 2D Example
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✓ ✓
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Covariance Stability Glyph: 2D Example
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Covariance Stability Glyph: 2D Example

✗ ✓

– Görtler et al. – – ours –
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Covariance Stability Glyph: Student Grades Dataset

– Görtler et al. – – ours–
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Covariance Stability Glyph: Iris Dataset

– Görtler et al. – – ours –
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Main Contributions

• addressed the fact that PCA is discontinuous map

• introduced sampling-based technique for uncertainty-aware PCA

• introduced covariance stability glyph and closed-form solution
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Main Contributions

– GitHub –
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Parameters of Sampling-based Approach

𝑅 = 0.2 𝑅 = 0.3 𝑅 = 0.5 𝑅 = 1.0

𝑈
=

1
0
3

𝑈
=

1
0
4

𝑈
=

1
0
5

𝑈
=

1
0
6

𝑅 – radius of Hann function

𝑈 – number of samples
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Performance Measures

𝑅 = 0.2 𝑅 = 0.3 𝑅 = 0.5 𝑅 = 1.0

𝑈 = 10
3

1.56s 1.54s 1.52s 1.50s

𝑈 = 10
4

15.44s 15.34s 15.49s 15.28s

𝑈 = 10
5

2min 35s 2min 35s 2min 33s 2min 30s

𝑈 = 10
6

25min 49s 25min 43s 25min 27s 25min 0s

𝑅 – radius of Hann function 𝑈  – number of samples
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