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be discriminated by different feature types.  Motivated by 
this fact, we design a system, which is capable of choosing 
the appropriate feature given a test image for accurate 
classification based on sparse representation. Exploiting 
sparse codes for classification purposes has been discussed 
in [10], where the test sample is represented as a linear 
combination of training samples. Furthermore in [11] [12] 
[13], it has been shown that a discriminative dictionary 
learned from the images can be used for sparse 
representation and classification purpose.  

In this paper, we discuss a method for designing 
compact and class-specific dictionary that can be utilized for 
classification. The original features can then be represented 
as a linear combination of this dictionary where the features 
from the same class share a common dictionary atom 
making it more class distinctive. Simultaneously, from this 
dictionary learning algorithm, we obtain a classifier weight 
matrix for classifying the test image. A relevance measure 
between features and the class to which they belong can be 
obtained by maximizing mutual information. So, finally for 
a given test image, once the sparse codes for different 
features and corresponding class labels are determined, we 
deploy an information theoretic technique for selecting the 
most relevant feature.  

 
2. DISCRIMINATIVE FEATURE SELECTION  

 
Sparse representation based dictionary learning has gained 
popularity in the recent years. Sparse coding can be 
efficiently utilized by representing a feature vector ܻ as a 
linear combination of some basis vectors. This can be 
written as ܻ ൌ  is a matrix in which columns ܦ where ,ܺܦ
represent the basis vectors, and ܺ contains the representative 
sparse codes. 

Let us define a matrix ܻ ൌ  ሾ ଵܻ, ଶܻ, … . . , ܻሿ, where ܥ is 
the number of classes present in the dataset. Here ܻ ൌൣ࢟ଵ, ,ଶ࢟ … . . , ,ே൧࢟  ሺ ܻ א Թൈேሻ.  ࢟௩ א Թ  denotes a feature 
vector for an ݒ௧ image in ݅௧ class containing ܰ images, 
i.e., ݒ ൌ 1 … . ܰ.  

The columns of a dictionary ܦ serve as the basis 
vectors for representingܻ and can be exploited to obtain the 
sparse code for the test images. ܦ can be learned from the 
set of training examples [11] [12] [13] [14].  The dictionary 
can be written as ܦ ൌ  ሾܦଵ, ,ଶܦ … . . , ܦ ሿ, ܦ א Թൈ is the 
sub-dictionary representative of each class.  

Let ࢞௩ א Թெ ሺܯ ൌ  ሻ be the sparse code forܥܭ
representing  ࢟௩. The sparse codes for a class can be 
embedded in the matrix  ܺ ൌ ሾ࢞ଵ, ,ଶ࢞ … . . , ேሿ,  ܺ࢞ Թெൈேא .  ܺ ൌ ሾ ଵܺ, ܺଶ, … . . , ܺሿ, denote the sparse codes for 
the dataset.  

Sparse representation based dictionary learning [14] is 
accomplished by learning a dictionary D and obtaining a 
sparse code ܺ for a given input data ܻ by minimizing the 
following argmin, ԡܻ െ ԡଶଶܺܦ   s. t  ԡ࢞௩ԡ   (1) ݒ ݐ

Here ݐ is the upper bound on the number of non-zero 
elements of the sparse vector ࢞௩.  
 
2.1. Discriminative dictionary learning and classification 
The dictionary learning method featuring the K-SVD [14] 
algorithm, as in (1), minimizes the reconstruction error with 
a sparsity constraint on ࢞௩ given a signal ࢟௩.  However, (1) 
does not include any constraint that can discriminate 
between two different signals making it unsuitable for 
classification or image retrieval purposes. This necessitates 
a specialized technique for dictionary learning. We 
introduce a dictionary learning scheme, which can be 
utilized for classification purpose. The purpose is to build 
class representative dictionary, so that sparse codes generate 
for features belonging to the same class, using this 
dictionary, share similar dictionary atoms. We solve the 
following optimization to obtain the desired dictionary. argmin,,,ௐ ࣝሺܺ, ,ܦ ,ܣ ܹሻ    

 ࣝሺܺ, ,ܦ ,ܣ ܹሻ ൌ ԡܻ െ ԡଶଶܺܦ  ฮढሶߛ െ ฮଶଶܺࡵ ߙԡܳ െ ԡଶଶܺܣ  ܪԡߚ െ ܹܺԡଶଶ  (2) s. t ԡݔ௩ԡ    ݒ  ݐ
Here ढሶ  ensures that the sparse codes ݔ௩ are bounded 

along each dimension. This reduces the disparity between 
the sparse codes of training and test data. Along with 
sharing the same dictionary atoms, it minimizes the error of 
the entry along each dimension of the sparse codes of same 
class. The bound is determined by the sparse codes obtained 
solving the following    argminढ, ܦ ԡ ܻ െ ढԡଶଶܦ .ݏ ݐ ݇ ൌ ሼ1 … ܰሽ, ԡݔԡ   (3) ݐ

Here  ढ א Թൈே  is the sparse code generated for class ݅. 
Then, ढሶ ൌ ढଵ … ڭ ڰ ڭ … ढ൩ ,  א Թൈே . ࡵ א Թெൈெ, is an 

identity matrix. ܳ ൌ  ሾ ଵܳ, ܳଶ, … . . , ܳ ሿ, ܳ א Թൈே ,as in 
[13], is the label determining the pair of dictionary atom and 
signal sharing the same class.  ܳሺܽ, ܾሻ ൌ 1 if ࢊ and ࢟ are 
the dictionary atom and training data represents class ݅. ܣ is 
a transformation matrix that would regularize the sparse 
codes of the same class to share similar dictionary 
atoms. ܪ is the matrix containing the class labels i.e., ܪሺ݅, ܾሻ ൌ 1 if ࢟ is a member of class ݅ [12] [13]. Here we 
assume a linear classifier model; the label of an input signal 
is given as: ሺℓሺ࢜࢟ሻ ൌ ݅ሻ ൌ argmax ሺ்ܹ࢞௩ሻ (4) ܹ is the classifier determinant parameter, which regularizes 
the sparse codes from same class to share similar dictionary 
atoms. ܣ and ܹ are initialized [13] [12] as shown in the 
following equation: ܣ ൌ ൫ढሶ ढሶ ்  ൯ିଵढሶࡵଵߣ ்ܳ   ܹ ൌ ൫ढሶ ढሶ ்  ൯ିଵढሶࡵଶߣ  (5) ܪ



In Fig. 2, we show classification accuracy (ratio of number 
of correct classification to the total number of test images) 
using the method described here for four different feature 
descriptors. Once the classification results are obtained for 
the four features, our next goal is to nominate the feature 
that has classified the test image accurately. 
 
2.2. Selecting feature descriptor  
It can be seen from Fig. 2: Classification accuracy for four sample 
classes of Caltech 101 dataset using (2) for different features before feature 
nomination. A comparison with LC-KSVD2  is given in the rightmost 
column.that for different classes of images, accuracy for 
classification is dependent on the choice of feature 
descriptor. This necessitates that the appropriate feature 
descriptor be chosen for a given query type to reduce the 
chances of undesired classification. We propose an 
information theoretic approach to dynamically choose the 
feature descriptor based on a given query type and the image 
contents. 

As mentioned earlier a relevance measure between 
features and the class they belong can be obtained by 
maximizing the mutual information [1],[2], [3], [4], [5]. For 
a given feature ࢞ the mutual information between the feature 
and its class ℓሺ࢞ሻ ൌ ݅ is given by (4). ॴሺ࢞, ℓሺ࢞ሻ ൌ ݅ሻ ൌ ሺ݅ሻܪ െ  ሻ (4)࢞|ሺ݅ܪ
where ܪሺ݅ሻ is the entropy given by: ܪሺ࢞ሻ ൌ ሻ࢞ሺ log ൬  ሻ൰ (5)࢞ሺ1

For any class ݅ the class probability is given as, ሺ݅ሻ ൌ ேே , ݅ ൌ ሼ1 … .  ሽ. We keep the the number of trainingܥ
features per class constant which implies that the entropy of 
a class is also constant. Thus maximizing the mutual 
information between a feature and a class would mean 
minimizing the conditional entropy ܪሺ݅|࢞ሻ. The conditional 
entropy is given by: ܪሺ݅|࢞ሻ ൌ ሻ࢞|ሺ݅ log ቀ ଵሺ|࢞ሻቁ ൌ  ሺ࢞|ሻሺሻሺ࢞ሻ log ቀ ሺ࢞ሻሺ࢞|ሻሺሻቁ   (6) 

The class conditional probability measure for a feature 
can be estimated by using a Parzen window technique [15] 
using a Gaussian kernel as shown in (7).  ሺ࢞|݅ሻ ൌ 1ܰ  ࣥሺ࢞ െ ,௩ݔ Σሻே

௩ୀଵ  (7) 

Where, ࣥሺ࢞ െ ,௩ݔ Σሻ ൌ  ଵሺଶగሻಾమ |ஊ|భమ ݁ିሺି࢞௫ೡሻஊషభሺି࢞௫ೡሻ  ݔ௩ refers to a member of the training data of class ݅ and the 
marginal is given as ሺ࢞ሻ ൌ  ∑ ሺ݅ሻୀଵሻ݅|࢞ሺ . 

When a feature descriptor for the test data ࢞  and its 
class label ݅ is available, the mutual information provides a 
measure of certainty of ࢞ belonging to class ݅.   
 

3. FEATURE NOMINATION  
 
3.1. Classification and feature extraction 

A single feature, in most of the cases, cannot classify images 
in a given class accurately. Hence, to adequately classify an 
object, the appropriate feature must be chosen.  

We define a feature descriptor type ܨ where ݈ ൌ1 … … .  denotes the number of feature types being ܮ and ܮ
used for classification. For our experiments we use four 
features ܨଵ: SIFT [7], ܨଶ: Histogram of oriented gradients 
(HOG) [8], ܨଷ: local binary pattern (LBP) [9], and ܨସ: HSV 
color histograms. We use our feature nomination algorithm 
to choose between these four features to provide the 
ultimate classification result. 

Image classes New meta-algorithm 
for classification  LC-KSVD2 [13] 

SIFT 100% 
HOG 80% 
LBP 92% 
HSV 

color hist. 8% 
 

SIFT 100% 
HOG 80% 
LBP 84% 
HSV 

color hist 8% 
 

SIFT 100% 
HOG 91% 
LBP 93% 
HSV 

color hist 0% 
 

SIFT 100% 
HOG 92% 
LBP 91% 
HSV 

color hist 0% 
 

SIFT 100% 
HOG 100% 
LBP 77% 
HSV 

color hist 5% 
 

SIFT 100% 
HOG 100% 
LBP 75% 
HSV 

color hist 5% 
 

SIFT 82% 
HOG 53% 
LBP 41% 
HSV 

color hist 14% 
 

SIFT 76% 
HOG 52% 
LBP 29% 
HSV 

color hist 14% 

Fig. 2: Classification accuracy for four sample classes of Caltech 101 
dataset using (2) for different features before feature nomination. A 
comparison with LC-KSVD2 [13] is given in the rightmost column. 

The feature vector  ܻ ൌ ሾ ଵܻ , ଶܻ , … . . , ܻሿ corresponds to 
feature type ݈, for classes 1 … .  The respective sparse .ܥ
codes are ܺ ൌ ሾ ଵܺ , ܺଶ , … . . , ܺ ሿ. The sparse codes for a 
particular feature descriptor ݈ is obtained by solving  argmin,,,ௐ ࣝሺܺ, ,ܦ ,ܣ ܹሻ  

ࣝሺܺ, ,ܦ ,ܣ ܹሻ ൌ ԡܻ െ ܺԡଶଶܦ  ฮढሶߛ െܺࡵԡଶଶ  ԡܳߙ െ ܺԡଶଶܣ  ܪԡߚ  െ ܹܺԡଶଶ  
(8) 

As the number of features in the training set remains the 
same irrespective of the feature descriptor type, ܳ,  which ܪ
correlate between the features and their classes, remain 
same. For a given query image ݍ, the feature descriptor ݕ  
for feature type ݈ is computed and the respective sparse code ࢞  is obtained by solving, argmin࢞ ฮ࢟ െ ࢞ܦ ฮଶଶ  s. t  ฮ࢞ ฮ   (9) ݐ

The feature specific class label for the test image is given by 



ሺℓ൫ݔ ൯ ൌ ݅ሻ ൌ max ሺሺܹሻ்࢞ ሻ (10) 

 
3.2. Feature nomination 
Once the class labels corresponding to the feature 
descriptors ܨ are obtained, it is required to identify the most 
relevant class for the query. Comparing the class conditional 
densities, a measure of how likely the test image will 
actually belong to the class label assigned to it, can be 
obtained. The class conditional entropy can either be 
computed by the original feature or the sparse codes 
obtained by solving (9). To account for the any loss of 
information that may have incurred due to sparse coding 
of ݔ , we compare ܪ ቀݕ ቚℓ൫ݔ ൯ቁ ܪ ቀݔ ቚℓ൫ݔ ൯ቁ for all ݈. 
Thus the final classification result is given by the nominated 
feature type ݈ :  ℓሺݍሻ ൌ   min ܪ ቀݕ ቚℓ൫ݔ ൯ቁ ܪ ቀݔ ቚℓ൫ݔ ൯ቁ (11) 

 
4. EXPERIMENTAL RESULTS 

 
Experiments were performed using the Caltech101 dataset, 
which contains (Fei-Fei, Fergus and Perona) 101 different 
categories with 9,144 images. The number of images in a 
class varies from 31 to 800. We choose randomly selected 
28 images per class to train the classifier for each of SIFT, 
HOG, LBP and HSV color histograms. The remaining 
images were used as test images. For SIFT we extract the 
features in similar lines with (Jiang, Lin and Davis). We first 
compute the SIFT features on 16x16 grid with spacing of 2 
pixels. Then we compute the spatial pyramid (Lazebnik, 
Schmid and Ponce) structure for 3 levels, breaking the 
image into 4 blocks and then into 8 blocks. Then, the 
dimensionality of the extracted features was finally reduced 
using PCA.  
 

Fig. 3: The figure shows the confusion matrix (the diagonal entries show 
the classification accuracy when a test image from the classes along the 
row is classified correctly) for 16 sample classes which have classification 
accuracy over 80% using the feature the feature nomination scheme.  

For HOG features, we compute the spatial pyramid by 
concatenating the histograms of the first, second and third 
level i.e., by breaking the image in 1x1, 3x3 and 5x5 blocks. 
Similar features were computed using LBP and color 
histograms, but only two levels were used to create the 

spatial pyramid structure. The sparse codes and the class 
labels we obtained using these four features. Finally the 
feature descriptor voting using the conditional entropy was 
accomplished using these sparse codes and the features for 
the obtained class labels. 

Fig. 4: Comparison of classification accuracy (number of correct class 
predictions/number of test images in that class) between our feature 
selection scheme and bagging algorithm is shown for 10 sample classes 

In Fig. 3, we show accuracy percentage using feature 
descriptor voting scheme for 16 sample classes which have 
accuracy more that 80%. About 10% of the classes for the 
dataset have 100% accuracy and 12.7% classes have more 
than 90% accuracy. Assuming that accurate class labels will 
be obtained for at the least one of the feature descriptor type, 
out feature voting scheme chooses the correct class for 
88.93% cases. A comparison using the bagging predictor 
[18] with our classification algorithm is shown in Fig. 4. In 
our case, once the class label for each feature is obtained 
using the predictor, the optimal class is chosen when at least 
two of the sub-classifiers have identified the same class. Our 
method consistently gives a better result with an average 
20% improvement in accuracy. 
 

4. CONCLUSION 
 
In this paper, we have shown a discriminative dictionary 
learning based classification scheme. We have also 
introduced an information theoretic feature nomination 
algorithm to choose appropriate features which would be the 
ma more discriminative feature for the query image. Our 
method described here chooses the most distinctive query 
for accurate classification and at the same time does not 
require comparing the query feature with all the training 
features. Our experiments show that the algorithm chooses 
the proper feature for 88.9% cases with at least one of the 
features having classified the query accurately. 
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