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annctation={mouse, wood.window} annotation={mouse keyboard}

Which mouse ? Which meuse ?
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Context
Context

Automatic image annotation: automatically associate text-annotation to
an image.

(b)
annotation = {car, tree, window, pedestrian, annotation = {trees, beach, ocean, sky, cliffs}
asphalt, building, foliage, sky} (image from (image from UWDB)

LabelMe)
Objectives
Combining the best of text-based and content-based approaches.
Build a text or text/visual index for searching from large collections.
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Related works / problems in automatic image annotation
Related works / problems in automatic image annotation

Related works
Co-occurrence model [Mori & al., 99]

Generative or probabilistic models [Barnard & al., 2003], [Jeon & al.,
2003]

Discriminative and classi er-based models [Jing & al., 2004], [Chang &
al., 2003]

Graph-based model [Pan & al., 2004]

Problems
Irrelevant keywords and/or missing keywords in the annotation [Khan,
2006], [Jin et al., 2005]
Many keywords are polysemous [Barnard and Johnson, 2005], [Saenko
and Darell,2008]

lames, N., Hudelot, C., Towards Semantic Image Annotation With Keyword Disambiguation Using Semantic And Visual Knowledge, CIAMO09 6/26




Introduction Related works / problems in automatic image annotation

Problems with Automatic Image Annotation
The keyword polysemy problem
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GRS
Solving the problem of the polysemy

Objective
Computing keyword-based annotations exempt of polysemy ! J

Using a knowledge resource like
WordNet [Miller, 1995]:

<annotation>
<sense-tagged-keyword>
<keyword>mouse</keyword>
<wn-synset>mouse#n#4</wn-synset>
</sense-tagged-keyword>

Flgure: A sample image in our LabelMe .
sub-dataset, annotated with the ground truth: </annotation>
{light, cpu, keyboard, mouse, can, speaker,

telephone, mousepad, mug, bottle, post-it,

window, pen}
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Disambiguating keywords
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Disambiguating keywords Approach overview

Three types of information
a semantic information
a visual knowledge
a visual context knowledge

Some notations, be:
L , the annotation vocabulary
A, the computed annotation for the image Iq
Sy, the annotation context for the term t;
W, a lexical knowledge resource

éA.q’ the sense-tagged annotation

Senses(tj), the set of the different senses of the term t;
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Semantic approach for disambiguating keywords
Using semantic knowledge

SSI, Structural Semantic Interconnection, [Navigli, 2005]
from WSD approaches
for a given bag-of-tags A,,, computes éA|q = fsefisey,; i sefise; g
use a lexical knowledge resource W (WordNet) allowing to compute
semantic interconnections between two given concepts
iterative algorithm
for tj, the sense computed is the one that maximizes the degree of mutual
interconnections of t; with all terms in the context Sg;:
Seﬁseti = argmaxsZSenses(ti)f(S;Sti)
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Example of semantic interconnection graph



Adding visual context knowledge
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QT S s
Adding visual context knowledge

we compute a co-occurence matrix Wsense(y, i) Petween the terms in Sy,
the annotation context of tx and Relsense(y, ;i) the semantic neighborhood
of the i-ieth sense of ty

Where W;; is the number of images where t; co-occurs with t;.
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Adding Visual knowledge

Be:
lq the image to annotate
I = flp;:::;Imgthe
images in the learning
database

lexicon used for the
annotation

Mixed Multimedia
Graph
modeling the image
dataset

attribute nodes represent
image segment features

terms nodes are the
annotation vocabulary
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ANV LT
Adding Visual knowledge

Mixed Multimedia Graph - Random Walks with Restarts

Using [Pan & al., 2004] for the computing of the bag-of-tags:
A, =f(g;my)jg2L ;1 j rgasetofr couples (tj; n(t)) where
nt;) represents the probability that t; is relevant to annotate .
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Adding Visual knowledge
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S T T
Adding the visual knowledge

Waense(t;i) IS @ co-occurrence matrix between the terms in s, and the

terms in Relgense(y,:i) -

for each co-occurrence, we weighting the co-occurence number using the
visual similarity of the image implied in the co-occurrence with the query

image.
8
.21 n(l;ly) iftermst and t co-occurr
s otherwise
Wiy = (maxizi M{Tg) (Ny+ Ny Nyt)
where:

n(l;1g) is the visual similarity between | and I

N, is the number of images annotated by the term t; in the learning
dataset

N is the number of images annotated by the terms t; and t;
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CElilt s iz
Combining the three information

The contribution of the visual knowledge may be estimated using the previous

i Wi
CO-0occurrence matrix : s VYR
a s2sense(ty ) JWslj

Finally, we can adapt the SSI algorithm :

Input : A, bag-of-keywords
Output : éA,q set a sense-tagged keywords

while P is not empty do
foreach t 2 P do

— f[s] iiwsii
Compute éAIq [t] al’gmaXSZSense(t)(5szsense(t)f[s] & e2eense(t) istii)
end
Remove ty from P
end
return éAIq

Algorithm 1 : Adapted SSI algorithm with visual cues
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Evaluation

LabelMe statistics (in nov. 2008)

46,302 documents

282,719 annotated objects

9,666 annotation classes and 282,719 instances
1,731 keywords are polysemous using WordNet 3.0.
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Experimental protocol
building a ground truth database from an extended version of LabelMe

(using Flickr CC at the moment).
comparing our approach to the one using the most common sense in

WordNet.
the implementation of a prototype is in course, thus we don't have explicit

results for the moment.

An example on the LabelMe dataset for the word mouse (visual
cooccurrences matrices):
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Conclusion
Conclusion

To conclude
We propose a method to tackle the polysemy problem combining three
information types: a semantic information, a visual knowledge based on
visual similarity, a visual co-occurrence information.
Validating the method allows us to tackle the other problem of large
annotation vocabulary.

The method could also be used for making a sense-tagging of the dataset
(e.g. create a sense-tagged version of the LabelMe dataset).

v

Future work
a robust and allowing large vocabulary prototype implementation

introducing other knowledge in the disambiguation step (spatial
knowledge on visual objects)
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Conclusion

This work is funded by the POPS, Peta Operation Per Second, project and the
Fame?2 project from the SYSTEM@TIC PARIS-REGION Cluster.

ames, N., Hudelot, C., Towards Semantic Image Annotation With Keyword Disambiguation Using Semantic And Visual Knowledge, CIAM09 26 / 26



	Introduction
	Context
	Related works / problems in automatic image annotation
	Objectives

	Disambiguating keywords
	Approach overview
	Semantic approach for disambiguating keywords
	Adding visual context knowledge
	Adding Visual knowledge
	Combining the three information

	Evaluation
	The LabelMe dataset
	Experimental protocol


