Semantic Image Classification Using Consistent Regions and Individual Context
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This paper proposes an efficient approach for semantic image classifi-
cation by integrating additional contextual constraints such as class co-
occurrences into a randomized forest (RF) classification framework. The
RF classifier performs an initial yet local classification on the pixel level
by using powerful covariance matrix based descriptors as feature repre-
sentation. Furthermore, we exploit multiple unsupervised image parti-
tions to provide a reliable spatial region support and to capture the real
object boundaries. An information theoretic driven approach detects con-
sistently classified regions and generates a representative segmentation
incorporating the classification result on the pixel level. Moreover, we
use a conditional random field formulation to obtain a final labeling in-
cluding context information individually generated for each test image.
To illustrate state-of-the-art performance, we run experiments on the two
versions of the MSRC dataset with 9 and 21 object classes and on the
PASCAL VOC2007 image collection.

Covariance Region Descriptors. We use powerful yet compact covari-
ance regions descriptors [6] as the feature representation within a RF clas-
sifier by applying a simple matrix vectorization similar to [1]. This repre-
sentation then directly integrates arbitrary feature cues, such as color and
filter responses.

Consistently Classified Regions. Since our local RF classification strat-
egy yields a class distribution at each pixel independently, we aim to
group the obtained information according to its spatial relationship. Fol-
lowing the concepts presented in [4, 5], multiple segmentations are gen-
erated to provide a huge pool S of probable connected pixels. For each
segmented region s; € S, we group the individual pixel classifications
yielding a final region class distribution. In order to select consistently
classified regions, we compute the Shannon entropy over the summarized
distribution. Given a computed class distribution P (c|s;) of a segmented
region s;, we define a consistency measurement based on an entropy com-
putation according to
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where |c| is the number of object classes. Considering the set of generated
segmentations S and the corresponding consistency measurements H(S),
the final image partition is constructed as follows: For each pixel ¢ in
the image / we estimate the segmentation index i; = argmin,c,, H (s;)
by minimizing the obtained entropies over all segments in § that include
q. These indexes are stored in an image structure and provide the final

partition for the CRF stage, that incorporates the contextual knowledge.

Individual Context. As a last step, we exploit the structure of the RF
to generate individual context information for each image. Following the
idea of Gall [2] we store additional information, such as a probable class
occurrence configuration, in the tree’s leaf nodes. Each feature instance
is extended to include the classes occurring in the current training images
considering the ground truth labeling. At runtime the classifier is evalu-
ated at the pixel level by parsing down the extracted feature representation
in the forest. The learned symmetric co-occurrence matrix in the leaf node
votes for an overall possible class configuration, which is directly applied
to the CRF stage as semantic contextual knowledge. In this work we ap-
ply the efficient primal-dual strategy of [3] to minimize the energy within
a region adjacency graph.
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Figure 1: Visual results selected from the classification procedure on the
MSRC dataset. From left to right: The color images, the initial RF clas-
sifications, the computed entropies minimized over all segmentations, the
semantic labeling results using multiple segmentations, the CRF cleaned
final classifications, and the ground truth.

Experiments. We evaluate the processing stages of our approach on the
pixel level and compare the results to state-of-the-art performance. We
show initial results obtained by the RF classifier, the classification rates
by grouping the pixel using multiple segmentations and the rates by using
a CRF formulation for the integration of contextual constraints thus al-
lowing to asses the importance of the different steps. A quantitative eval-
uation shows that our feature representation, that directly integrates sev-
eral cues, results in a reliable initial classification. The incorporation of
unsupervised multiple segmentations significantly improves the accuracy.
In addition, the final integration of individually generated context infor-
mation yields competitive results on the MSRC and VOC2007 datasets.
Figure 1 shows some visual results obtained by our approach.
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