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Abstract—In this work we present an extension of the SIFT 

algorithm to color images. In the extrema detection stage, an 

energy level descriptor based on the color tensor of the image is 

computed and used to locate keypoints candidates. Then, in the 

description stage, the color gradient magnitude and orientation 

of the samples around the keypoint are used to compute an 

orientation histogram to create the keypoint descriptor. A 

comparative study is carried out between the proposed algorithm 

and the classic SIFT and the C-SIFT algorithms in several 

illumination settings. The proposed algorithm presents a better 

performance in terms of accuracy when objects are poorly 

illuminated. 
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I. INTRODUCTION  

 

In many domains including robotics, domotics and 

multimedia applications feature detection and matching are 

used for image recognition, image mosaicing or image 

indexation. The feature detection task is affected by 

illumination conditions. In some cases, the scene is not 

uniformly illuminated and features detectors tend to extract 

interest points only in well illuminated areas of the image. In 

the other hand, illumination changes due to different positions 

or orientations of the source of light can introduce changes in 

the scene and affect the repeatability of the feature detection 

procedure [1]. 
Recently, interest has been placed on methods for the 

detection and recognition of locally affine invariant regions [2]. 
The performance of the recognition or matching task have been 
improve with the use of photometric invariant descriptors such 
that non uniform illumination or highlights does not affect 
significantly the description of a given region in an image [3]. 
Image feature detectors using Gaussian filter and its derivatives 
has become a popular option for detection and recognition 
tasks given their robustness against noise, application in 
multiple scale and its rotation steerability. Therefore many 
intensity descriptors are based on Gaussian filters and one of 
the most popular is Lowe’s SIFT [2]. 

Many methods have considered color information for 
feature detection to improve the performance in some 
applications. We can mention the following studies: 

 Abdel-Hakin and Farag [4]: The authors build the SIFT 
descriptor in a color invariant space. The built Colored 

SIFT (CSIFT) is more robust than conventional SIFT 
with respect to color and photometrical variations. 

  A Bosch [5]: The SIFT descriptor is used in each 
channel of the HSV color space. The proposed 
descriptor is well adapted for image classification. 

 Burghouts [3]: Photometric invariants in the opponent 
color model channels are used to compute the color 
gradient for the SIFT algorithm. In [6], the authors 
compare local colour descriptors to gray descriptors. 

 Van de Weijer and Schmid [7]: The opponent channel 
model and its derivatives are used to compute the SIFT 
descriptor. 

 Ai et al. [8]: Based on independent component analysis, 
(ICA) an adaptive and efficient color space is proposed 
for color image representation. In this ICA-based color 
space, a discriminative SIFT descriptor is calculated for 
image classification. 

 Cui et al. [9]: Motivated by perceptual principles, a 
color space in which the associate metric approximates 
perceived distances and color displacements is 
considered to build the SIFT descriptors. 

In this paper we propose to extend the SIFT algorithm to 
the color image case in a manner that the information of each 
color channel is combined. First, in the keypoint detection 
stage, parameters obtained from the color tensor are used for 
extrema localization. Then, in the keypoint description stage, 
color image gradients are used to compute the orientation 
histogram in the region around each keypoint to create the 
feature descriptor vector.  

Also, for feature matching, we propose the use of the 
comparison of the hue of the opponent color of the samples to 
eliminate false positives. 

The paper is organized as follows: section 2 presents the 
definitions of Di Zenzo color tensor, image gradient and hue of 
the color opponent channel. Section 3 presents the proposed 
modified SIFT algorithm. In the last section, a comparative 
study illustrates the benefits of the proposed algorithm with 
respect the classical SIFT and the CSIFT algorithms in the 
context of poorly illuminated images. 



II. DEFINITIONS 

In [10], Di Zenzo proposed the use of the tensor of 
multichannel images for edge detection. Then, interpretations 
of the eigenvalues of the color tensor were investigated by 
Sapiro and Ringach [11] in the context of anisotropic diffusion. 
In the following we review some of these results. 

 

A. Di Zenzo’s color tensor 

It was observed that simply adding the differential structure 
of different channels may result in the cancellation of a 
structure in the image when the derivatives of colors channels 
point in opposing directions. To avoid this issue, Di Zenzo 
proposed the use of tensors. This operator describes the local 
orientation rather than the direction. Thus vector with opposing 
directions contributes in the same orientation. 

The tensor structure for a gray scale image f is given by 
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where    and    denote partial spatial derivatives in the axes   

and   respectively and the bar    indicates the convolution with 
a Gaussian filter. 

Tensors can be added for different channels. For a 
multichannel image                 the structure tensor is 
given by 
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where T indicates the transpose operation. Thus, for a color 
image            the structure tensor is given by 
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The eigenvalues of the tensor can be expressed as follows 
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The orientation with maximum color change is given by 
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The eigenvalues can be used to define the following 
derivative energy descriptors: 

    is the energy in the most prominent direction 

    describes the amount of energy perpendicular to the 
prominent local orientation which is important to select 
good features. 

       describes the total derivative energy. 

       describes the derivative energy in the 
prominent orientation corrected by the energy of 
noise,   . 

   
  

 is a shape descriptor. 

B. Color gradient 

In the classic SIFT algorithm gradient magnitude and 
orientation are computed from an intensity image. For a 2-D 
function,       , the gradient is defined as: 
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The magnitude of this vector is 
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In the following we present an expression for the 
magnitude of the gradient of a color image proposed by Di 
Zenzo. We write r, g, b for the unitary vectors associated with 
the R, G and B axes of color space, respectively. Then we can 
define vectors: 
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Both u and v are functions of the two space coordinates x, 
y. The explicit formula for the gradient orientation in the point 
x, y is given by 

        
 

 
      

    

         
   (9)

where 

             
  

  
 
 

  
  

  
 
 

  
  

  
 
 

 

             
  

  
 
 

  
  

  
 
 

  
  

  
 
 

 

            
    

    
 

    

    
 

    

    
 

(10) 

And the magnitude of the gradient in direction        is 
given by 
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C. Hue of the opponent channel 

The hue of the opposite channel is invariant with respect 
the highlights and geometric illumination [7].  

The opposite channel space is defined by the following 
equations: 

    
   

  
  (12) 

     
      

  
  

    
     

  
  

The hue of the opponent channel is defined by: 

           
  

  
   (13)

In the following section, this definitions are used to extend 
the SIFT algorithm to color images. 

III. PROPOSED ALGORITHM 

The proposed algorithm using color information consists in 
the following steps: 

A. Space-scale extrema detection. 

In this stage, we obtain the space scale analysis for the 
planes R, G and B with a given number of octaves per scale. 
For each color plane, we obtain de differences of Gaussian of 
adjacent scales and generate a difference of Gaussian pyramid 
as in the classic SIFT algorithm. In the classic SIFT algorithm 
extrema are located over the gray scale difference of Gaussians 
Pyramid. Instead, we propose to combine the information of 
the three color planes and compute for each sample of the 
difference of Gaussians pyramid an energy descriptor defined 
in terms of the eigenvalues of the color tensor matrix using 
equation (4). We suggest using the descriptor       that 
describes the derivative energy in the prominent direction 
corrected by the noise   . Then, as in the classical SIFT 
algorithm, the extrema are selected by comparing each sample 
energy descriptor with its 26 neighbors in 3x3 samples regions 
at the current and adjacent scales. The selected extrema are 
considered as keypoint candidates. 

B. Keypoints localization. 

The previous stage can produce an important number of 
candidates some of which are instable. In this stage low 
contrast candidates are discarded as in the classic SIFT 
algorithm. 

C. Orientation assigment 

In the classic SIFT algorithm the gray scale gradient 
orientation and magnitude are computed for each keypoint. 
Instead, we propose to compute not the gray but the color 
gradient magnitude and orientation of the keypoints using 
equations (9) and (11) using three color channels R, G and B. 
All future operations performed on the image will be 
transformed relative to the assigned orientation, scale and 
location for each feature to provide invariance with respect 
these transformations. 

D. Keypoint description.  

In the classic SIFT algorithm the descriptors are created 

using the color gradient and magnitude of the gray image in 

the region around the keypoint. Instead, we propose 

computing the color gradient magnitude and orientation at 

each image sample in a region around the keypoint location. 

This information is used to compute orientation histograms 

summarizing the content of subregions. In this work, we use 

16x16 sample arrays organized in 4x4 subregions. Each 

histogram has 8 orientations bins. Thus, the feature vector of a 

keypoint contains 4x4x8 = 128 elements. 
As in the classic SIFT algorithm, the set of feature vectors 

is stored in a database. An object is recognized in a new image 
by individually comparing each feature from the new image to 
this database based on the Euclidean distance of their feature 
vectors.  

E. Elimination of false positive due to highlights and 

reflections. 

It was observed that highlights and reflections can 
introduce false positive matches. These false positives can be 
discarded using the hue of the opponent channel. Thus, we 
compute the hue in the keypoint location of both images using 
equation (13). If there is a difference between these values 
above a pre-established threshold the matched point is 
discarded.  

IV. RESULTS 

In this section we compare the proposed algorithm with the 
classic SIFT and the CSIFT algorithm presented by Abdel-
Hakim [4] which is a well known feature detection approach 
using color information. In the proposed algorithm, we use the 
derivative energy        in the extrema detection stage. 

To compare these approaches we compute the accuracy A 
defined as follows: 

   
  

  
  (14)

where CM stands for number of correct matches and TM 
stands for the number of total matches (i.e. number of correct 
matches and false matches). 

The algorithms have been tested over a set of three 
databases presenting different illumination conditions, textures, 
and colors.  

 



TABLE I.  FEATURE MATCHING RESULTS 

 
Classic SIFT Proposed Algorithm C-SIFT [4] 

Images CM TM A CM TM A CM TM A 

Fig. 1.(a) 10 14 0.71 6 9 0.67 11 18 0.61 

Fig. 1.(b) 17 26 0.65 24 25 0.96 19 29 0.66 

Fig. 1.(c) 16 18 0.89 50 65 0.77 21 24 0.88 

Fig. 2.(a) 38 45 0.84 7 7 1.00 46 53 0.87 

Fig. 2.(b) 15 24 0.63 5 5 1.00 12 21 0.57 

Fig. 2.(c) 7 12 0.58 8 10 0.80 7 10 0.70 

Fig. 2.(d) 18 22 0.82 13 13 1.00 19 25 0.76 

Fig. 2.(e) 12 17 0.71 9 10 0.90 13 17 0.76 

Fig. 2.(f) - - - 37 39 0.95 - - - 

Fig. 3.(a) 5 8 0.63 6 6 1.00 9 14 0.64 

Fig. 3.(b) 31 36 0.86 8 8 1.00 35 47 0.74 

Fig. 3.(c) 5 12 0.42 19 19 1.00 17 20 0.85 

Fig. 3.(d) 5 6 0.83 28 41 0.68 16 16 1.00 

Fig. 3.(e) 22 25 0.88 20 24 0.83 18 22 0.82 
 

In Fig. 1, we present three couples of images of the ALOI
1
 

database used in this study. We present couples of images in 
which the same scene or object is illuminated from different 
angles. In Fig. 2, we present six couples of images of the 
FERET

2
 image database. In this database we consider images 

with different skin tones and different expressions and face 
orientations. 

We prepared a third image database base with extreme 
illumination changes (i.e. objects well illuminated and objects 
poorly illuminated). Four couples of the images of this 
database are presented in Fig.4. 

The images are organized in couples to perform the feature 
matching procedure and evaluate the accuracy of the 
algorithms. Table I presents the results obtained for each 
couple of images shown in Fig.1, Fig.2 and Fig. 4. In Fig.3 and 
Fig.5, we present examples of matching points for some of the 
couples of images that were tested. 

According to Table I, for images of the ALOI, the three 
tested methods obtained comparable results in terms of 
accuracy and number of detected keypoints.  

According to the results, the classic SIFT algorithm and the 
C-SIFT algorithm present more matched points than the 
proposed algorithm for light skin tone faces. In the other hand, 
the proposed algorithm presents a higher accuracy for dark skin 
tone faces.  

For the last database which presents a very important 
difference in illumination between images, as shown in Fig. 4, 

                                                           
1
 The Amsterdam Library of Objects (ALOI): aloi.science.uva.nl/ 

2
 The Facial Recognition Technology (FERET) Database. 

itl.nist.gov/iad/humanid/feret/ 

results show that the proposed algorithm presents in average a 
higher accuracy than the other algorithms. 

 
(a) 

 
(b) 

 
(c) 



Fig. 1. Object images from ALOI Database. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

  

(f) 

Fig. 2. Faces images from Feret Database. 

 

Fig 3. Feature matching using the proposed algorithm. Cases of Fig 

2(a) and Fig. 2 (e). 

 
(a) 

   
(b) 

 

 
(c) 

 
(d) 

  
(e) 

Fig.4. Objects poorly illuminated. 



We noted that for better illuminated objects, the classic 
SIFT or C-SIFT algorithms present better results in terms of 
accuracy and matched points than the proposed algorithm. This 
can be explained by the fact that those detectors are more 
simple and robust than the tensor based detector.  

  
 

 

      
Fig.5. Feature matching using the proposed algorithm.Clockwise from top left 

top: cases of Fig.1(b), Fig.1(c), Fig.3(f) and Fig.3(e). 

V. CONCLUSIONS  

In this paper, we propose the use of the color tensor and the 
color gradient to extend the SIFT algorithm to the multichannel 
case. We investigate the impact of this extension in the context 
of feature matching in different illumination settings and carry 
out a comparative study with the classic SIFT algorithm and 

the CSIFT algorithm which also uses color information. The 
proposed algorithm presented better results than the classic 
SIFT and the CSIFT algorithm in terms of accuracy when 
objects are poorly illuminated. This algorithm also presented 
better results in the case of dark skin tone faces.  

VI. FUTURE WORK 

 A further analysis of the evolution of the energy descriptor 
values in the area near keypoints is on course. This could lead 
to modify the current algorithm to make it more robust. A 
simplified version of the current algorithm is under 
consideration to decrease its computation complexity. The use 
of this color extension version of the SIFT algorithm will be 
tested in other contexts such color image indexation image 
segmentation. We consider also to study the relevance of color 
tensor information in the context of 3D SIFT algorithms. 
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