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Introduction
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Unsupervised Domain Adaptation (UDA)

• Unsupervised Domain Adaptation (UDA) transfers the knowledge from the 
labelled source domain to the unlabelled target domain

• Source and target samples are in batch

Source Domain Target Domain

Unlabelled target samples

Labelled source samples (class 1)

Labelled source samples (class 2)
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Online Unsupervised Domain Adaptation (OUDA)

• Online Unsupervised Domain Adaptation (OUDA) is a more challenging problem than a 
traditional UDA problem

• Target samples arrive in online fashion (each mini-batch)

Source Domain Target Domain

Unlabelled target samples

Labelled source samples (class 1)

Labelled source samples (class 2)t=1 t=2 t=3

…

mini-batch
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Main Steps of Proposed Method

• Subspace Representation

• Averaging Mean-target Subspace

• Domain Adaptation

• Recursive Feedback
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Overall Procedure
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Each Step of the Proposed Framework
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1. Subspace Representation
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Subspace Representation

Labelled Source Unlabelled Target

…
Mini-batch

𝐗𝑺 𝐗𝑻,𝒏−𝟏 𝐗𝑻,𝒏

…

𝐏𝑻,𝒏−𝟏 𝐏𝑻,𝒏
𝐏𝑺

GrassmannManifold
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2. Averaging Mean-target Subspace
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Averaging Mean-target Subspace

Labelled Source Unlabelled Target

…
Mini-batch

𝐗𝑺 𝐗𝑻,𝒏−𝟏 𝐗𝑻,𝒏

…

𝐏𝑻,𝒏−𝟏 𝐏𝑻,𝒏𝑷𝑻,𝒏

𝐏𝑺

GrassmannManifold
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Mean Point on a Euclidean Space

𝑋𝑛 =
(𝑛 − 1)𝑋𝑛−1 + 𝑋𝑛

𝑛

𝑿𝟏

𝑿𝟐

𝑿𝟑

𝑿𝟒

𝑿𝟐

𝑿𝟑

𝑿𝟒

𝑬𝒖𝒄𝒍𝒊𝒅𝒆𝒂𝒏 𝑺𝒑𝒂𝒄𝒆
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Mean Subspace on a Grassmann Manifold

• 𝝭 0 = 𝑷𝑻,𝒏−𝟏

• 𝝭 1 = 𝑷𝑻,𝒏

• 𝝭 1/𝑛 = 𝑷𝑻,𝒏
𝑷𝑻,𝒏:Mean of 𝒏 Target Subspaces

𝝭 𝑡 : Geodesic Curve from 𝑷𝑻,𝒏−𝟏 to 𝑷𝑻,𝒏

𝑮(𝑑,𝐷)

𝝭 1 = 𝑷𝑻,𝒏𝝭 0 = 𝑷𝑻,𝒏−𝟏

𝝭 1/𝑛 = 𝑷𝑻,𝒏
𝑷𝑺

𝝭 𝑡

𝑮𝒓𝒂𝒔𝒔𝒎𝒂𝒏𝒏 𝑴𝒂𝒏𝒊𝒇𝒐𝒍𝒅

𝑷𝑺 :Source Subspace

𝑷𝑻,𝒊 :𝒊
′𝒕𝒉Target Subspace

𝑷𝑻,𝒏−𝟏:Mean of 𝒏− 𝟏 Subspaces

𝑷𝑻,𝒏: 𝒏′𝒕𝒉Target Subspace
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3. Domain Adaptation
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Domain Adaptation

Labelled Source Unlabelled Target

…
Mini-batch

𝐗𝑺 𝐗𝑻,𝒏−𝟏 𝐗𝑻,𝒏

…

𝐏𝑻,𝒏−𝟏 𝐏𝑻,𝒏𝑷𝑻,𝒏

𝐏𝑺

GrassmannManifold
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Domain Adaptation

• Transformation matrix 𝑮𝑛 from 
the target domain to the source 
domain using the Geodesic 
Flow Kernel (GFK)

• 𝑮𝑛 = 0׬
1
𝛟(α)𝛟(α)𝑇

𝑷𝑻,𝒏:Mean of 𝒏 Target Subspaces

𝝭 𝑡 : Geodesic Curve from 𝑷𝑻,𝒏−𝟏 to 𝑷𝑻,𝒏

𝛟 𝑡 : Geodesic Curve from 𝑷𝑺 to 𝑷𝑻,𝒏

𝑮(𝑑,𝐷)

𝝭 1 = 𝑷𝑻,𝒏𝝭 0 = 𝑷𝑻,𝒏−𝟏

𝝭 1/𝑛 = 𝑷𝑻,𝒏
𝑷𝑺

𝝭 𝑡

𝛟 𝑡

𝑮𝒓𝒂𝒔𝒔𝒎𝒂𝒏𝒏 𝑴𝒂𝒏𝒊𝒇𝒐𝒍𝒅
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4. Recursive Feedback
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Recursive Feedback

• Based on the computed transformation matrix 𝑮𝒏, modify the 
(n+1)th target mini-batch 𝑿𝑻,𝒏+𝟏 to 𝑿𝑻,𝒏+𝟏

𝒑𝒓𝒆
= 𝑿𝑻,𝒏+𝟏𝑮𝒏 before 

subspace representation step.

𝐗𝑻,𝒏+𝟏𝐆𝒏

𝐗𝑻,𝒏

𝐆𝒏

𝐗𝑻,𝒏+𝟏 𝐗𝑻,𝒏+𝟐 …

𝐗𝑻,𝒏+𝟐𝐆𝒏+𝟏𝐗𝑻,𝒏𝐆𝒏−𝟏

𝐗𝑺
𝐏𝑻,𝒏

𝐏𝑺
ഥ𝑷𝑻,𝒏

ഥ𝑷𝑻,𝒏+𝟏
ഥ𝑷𝑻,𝒏+𝟐

𝐆𝒏+𝟏 𝐆𝒏+𝟐

𝐏𝑻,𝒏+𝟐𝐏𝑻,𝒏+𝟏

…

…

…

…
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Experimental Results
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Conclusion

• We proposed a multi-step framework to solve the OUDA 
problem.

• We incrementally computed the mean-target subspace on a 
Grassmann manifold.

• Our method outperformed the previous OUDA methods in 
terms of classification accuracy and computation time.


