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Low-level features are non-semantic. 
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EK0 Pipeline with MMPRF 
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Leverage both high-level features (semantic concepts) and low-level 
features(Dense trajectory and SIFT) 



MultiModal Pseudo Relevance Feedback 
(MMPRF) 

• MultiModal Pseudo Relevance Feedback (MMPRF) in a 
nutshell: 
– Construct a pseudo label set. 
– Find a fusion model on the pseudo label set using both high-

level and low-level features. 
– Feedback the ranked list of the fusion model to establish the 

pseudo label set for the next iteration. 

• MultiModal: the feedback is carried out on multimodal 
data (or multiple ranked lists). 

• Pseudo: no ground-truth training data or manual 
relevance judgment is used. 

• MMPRF is completely automatic event search. 
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Pseudo Relevance Feedback(PRF) 

• In text retrieval: 

– Rocchio algorithm (Joachims, 1996) 

– Relevance Model (Lavrenko, 2001) 

• In multimedia retrieval: 

– Classification-based PRF (Yan, 2003)(Hauptmann, 2008) 

– Learning to rank (Liu, 2008) 

• In existing methods, the initial feedback ranking score is 
obtained from a single modality(a single ranked list). 

 



Classification-based PRF (CPRF) 

• Treat top-ranked videos as 
pseudo-positives. 

• Treat bottom-ranked videos as 
pseudo-negatives. 

 

Work reasonably well on unimodal 
data(Yan, 2003). 
Cause inconsistency on 
multimodal data.  
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Inconsistency on multimodal data 
Considering each modality independently may 
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Pseudo Relevant Set Construction 

• Each modality has its own preference on which pseudo-
positives to choose.  

• The desired label set satisfies the most modalities.  

• The selection process is analogous to voting (unavailable in 

the single modality) 

• Every modality votes for some pseudo-positives. 

• The better the label set fits a modality, the higher the vote is.  

• The set with the highest votes is selected as the pseudo label 
set. 

• A principled approach Maximum Likelihood Estimation 
(MLE). 

 



MMPRF 

• Our objective is to find a pseudo label set that maximizes the 
likelihood of all modalities. 
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• Objective function: The sum of logarithmic likelihood across all 
modalities. 

• The constraint controls the maximum number of pseudo-positives 
to be selected in each modality. 

• The objective function is linear to the y variable  Integer 
Programming. 

• Relaxed  to linear programming if                    . Efficiently solvable.  
Time complexity            (by default                   ).  Cost less than 10 
seconds on a single core on MEDTest. 
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Pseudo Label Set Construction  
With Late Fusion 

• Can we use late fusion to construct the pseudo label set? 
That is first average the scores of all ranked lists and then 
select the top-ranked videos as pseudo-positives. 

• Yes. If we change the objective function. 

 

 

 

• Expectation versus Likelihood. 

• Late fusion finds the optimal solution to the problem.  

• Theoretical justification for the late fusion. 

• Unfortunately however, optimizing expectation is 50% 
worse than optimizing likelihood on MEDTest. 
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Modality Weighting 

                     

• At most how many pseudo-positive to select in each 
modality? 

• Estimate using modality accuracy: 

– Query likelihood: a modality whose top-ranked videos contain 
more query words is supposed to be more important. 

– Find indicative words in the event kit description. For example, 
the occurrence of words “narration/narrating” and “process” in 
the event kit description indicates an “accurate ASR event”. 

ATy· g
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Results on MEDTest 

• MMPRF1: w/o modality weighting.  MMPRF2: w/ modality weighting. 

• Improve the baseline Without PRF by a relative 158% (absolute 6.2%) 
on Pre-Specified events and by a relative 107% (absolute 4.3%) on Ad-
Hoc events. 

• Statistically significantly better than other baseline methods. 



Official Results on PROGAll 

EK0 Results FullSys ASRSys AudioSys OCRSys VisualSys 

CMU Pre-Specified 3.7 1.8 0.3 2.1 2.4 

CMU Ad-Hoc 10.1 3.1 0.2 2.8 5.2 

• MMPRF is only used in our FullSys.  

• Relative improvement of the FullSys over the best sub-system. 

• by a relative 54% on Pre-Specified events. 

• by a relative 94% on Ad-Hoc events. 

 



Results on PROGAll 

• Relative Improvement of FullSys over the best 
SubSys. 
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Conclusions 

 A few things to take away from this talk: 

 MultiModal Pseudo Relevance Feedback (MMPRF) is a first 
attempt to use both high-level and low-level features in 
MED EK0. 

 MMPRF offers a solution to conduct PRF on multiple ranked 
lists. Empirically it significantly outperforms all baseline 
methods on MEDTest. 

 Modality weighting is beneficial. 
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