
•    Aimed for classificationAimed for classificationAimed for classificationAimed for classification
• Impose constraints on unsupervised  Impose constraints on unsupervised  Impose constraints on unsupervised  Impose constraints on unsupervised 
clusteringclusteringclusteringclustering
• Supervised by  Supervised by  Supervised by  Supervised by ““““side informationside informationside informationside information””””: : : : 
1) 1) 1) 1) ““““must-linkmust-linkmust-linkmust-link”””” constraint ( constraint ( constraint ( constraint (““““similarsimilarsimilarsimilar”””” features) features) features) features)
2) 2) 2) 2) ““““cannot-linkcannot-linkcannot-linkcannot-link”””” constraint ( constraint ( constraint ( constraint (““““dissimilardissimilardissimilardissimilar”””” features) features) features) features)

• Based on distance metric learning Based on distance metric learning Based on distance metric learning Based on distance metric learning
            MahalanobisMahalanobisMahalanobisMahalanobis distance: distance: distance: distance:

• Goal: learn  Goal: learn  Goal: learn  Goal: learn MahalanobisMahalanobisMahalanobisMahalanobis matrix A such  matrix A such  matrix A such  matrix A such 
thatthatthatthat
1) Similar features are close1) Similar features are close1) Similar features are close1) Similar features are close
2) Dissimilar features are far away2) Dissimilar features are far away2) Dissimilar features are far away2) Dissimilar features are far away
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Complexity and index storage

Building Discriminant Visual VocabulariesBuilding Discriminant Visual VocabulariesBuilding Discriminant Visual VocabulariesBuilding Discriminant Visual Vocabularies
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Content-Based Content-Based Content-Based Content-Based 
Image RetrievalImage RetrievalImage RetrievalImage Retrieval
• Search image using image  Search image using image  Search image using image  Search image using image 
itself !!itself !!itself !!itself !!

• NO keywords input NO keywords input NO keywords input NO keywords input

Applications:Applications:Applications:Applications:
• Data redundancy Data redundancy Data redundancy Data redundancy

• Copyright infringement Copyright infringement Copyright infringement Copyright infringement

• Landmark recognition Landmark recognition Landmark recognition Landmark recognition…………

Visual Bag-of-WordsVisual Bag-of-WordsVisual Bag-of-WordsVisual Bag-of-Words
• Represent image as  Represent image as  Represent image as  Represent image as ““““visual wordvisual wordvisual wordvisual word””””    
histogramhistogramhistogramhistogram

Advantage:Advantage:Advantage:Advantage:
• Compact representation Compact representation Compact representation Compact representation

• Fast image comparison Fast image comparison Fast image comparison Fast image comparison

LimitationsLimitationsLimitationsLimitations
• Visual words are less descriptive Visual words are less descriptive Visual words are less descriptive Visual words are less descriptive

• Abandon spatial information Abandon spatial information Abandon spatial information Abandon spatial information

Define Define Define Define ““““blocksblocksblocksblocks”””” based on  based on  based on  based on scale rangesscale rangesscale rangesscale ranges

Ordered pyramid matchingOrdered pyramid matchingOrdered pyramid matchingOrdered pyramid matching    –––– scale invariance scale invariance scale invariance scale invariance

Better Visual VocabularySemi-supervised clustering

Introduction Baseline method

•    Generate side informationGenerate side informationGenerate side informationGenerate side information
            Feature correspondencesFeature correspondencesFeature correspondencesFeature correspondences  between perspective  between perspective  between perspective  between perspective 
imagesimagesimagesimages

•    Hierarchical SSCHierarchical SSCHierarchical SSCHierarchical SSC framework framework framework framework
            Combine metric learning and Hierarchical K-means Combine metric learning and Hierarchical K-means Combine metric learning and Hierarchical K-means Combine metric learning and Hierarchical K-means 

Training dataTraining dataTraining dataTraining data
•    imageNetimageNetimageNetimageNet: 26k images from 10k+ : 26k images from 10k+ : 26k images from 10k+ : 26k images from 10k+ 
categoriescategoriescategoriescategories

•  Aimed to be generic Aimed to be generic Aimed to be generic Aimed to be generic
•  Non-overlapping training set for  Non-overlapping training set for  Non-overlapping training set for  Non-overlapping training set for 

K-means and metric learningK-means and metric learningK-means and metric learningK-means and metric learning

Testing dataTesting dataTesting dataTesting data
• Three benchmarks for near-duplicate  Three benchmarks for near-duplicate  Three benchmarks for near-duplicate  Three benchmarks for near-duplicate 
image retrievalimage retrievalimage retrievalimage retrieval

UKBenchUKBenchUKBenchUKBench HolidaysHolidaysHolidaysHolidays Oxford5kOxford5kOxford5kOxford5k

Results of image retrievalResults of image retrievalResults of image retrievalResults of image retrieval
• HSSC vocabulary lead to  HSSC vocabulary lead to  HSSC vocabulary lead to  HSSC vocabulary lead to 
consistently better resultsconsistently better resultsconsistently better resultsconsistently better results
•Image pyramid is generally Image pyramid is generally Image pyramid is generally Image pyramid is generally 
effective, but not consistenteffective, but not consistenteffective, but not consistenteffective, but not consistent

Testing datasetsTesting datasetsTesting datasetsTesting datasets

Training datasetsTraining datasetsTraining datasetsTraining datasets

Vocabulary trainingVocabulary trainingVocabulary trainingVocabulary training Online retrievalOnline retrievalOnline retrievalOnline retrievalProcessing time:Processing time:Processing time:Processing time:
• Similar level as the classic  Similar level as the classic  Similar level as the classic  Similar level as the classic BoWBoWBoWBoW model model model model

Storage:Storage:Storage:Storage:
• 16% extra storage for SIPM 16% extra storage for SIPM 16% extra storage for SIPM 16% extra storage for SIPM

Scale-based Image Pyramid 
Matching (SIPM)


