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 Predicts words for a given image based on 
high posterior probability.

 Doesn’t tell us which image structure gave 
rise to which word.

 This is not object recognition!



 Similar to machine translation.

 Example: 
◦ C -> Assembly

◦ (Image Regions; French) -> (Words; English)

 Lexicon’s are learned from a dataset known 
as Aligned Bitext.
◦ Any Problems?  

 Determining precise correspondences.



 Procedure
◦ Segment images into regions
◦ Learn to predict words using regions

 Problem?
◦ Machine translation maps discrete objects to other 

discrete objects
◦ Features associated with image regions do not 

occupy discrete space!

 Simple Solution
◦ K-means



 Difficulty in learning
◦ Datasets do not provide explicit correspondence

◦ Instead they provide probabilities

 How do we associate blob tokens with word 
tokens?
◦ (Blob = label associated with a region)

 Use EM!

ib

b = blob
w = word



 Find the probability of word w, given blob b.

 This leads to the EM formulation.

 Find the maximum likelihood parameters





 Determine the blob that corresponds to each 
region by vector quantization (k-means)

 Annotate the region with the word that shows 
highest probability



 All predictions are not expected to be good
◦ Some blobs may not predict any word with high 

probability

 So we must prune!



 Datasets won’t contain a vocabulary that is 
perfect for annotating

 Example:
◦ eagle and a jet (appear the same in aerial view)

◦ cat and tiger (visually indistinguishable)

◦ mare or foals reliably predict horses

 Instead cluster the similar words!



 Looking at the actual annotation

 Plot recall and precision





 Reduce your vocabulary to only words that 
can be predicted

 To do this, run EM again!

after retraining

before







 Checking annotations is subjective!

 Each test image must be viewed by hand to 
tell whether an annotation of a region is 
correct.

 Words such as grass, tree, and sky are almost 
always correctly predicted!




