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Abstract 

 
For many years, various local descriptors that are 

insensitive to geometric changes such as viewpoint, 
rotation, and scale changes, have been attracting at-
tention due to their promising performance. However, 
most existing local descriptors including the SIFT 
(Scale Invariant Feature Transform) are based on 
luminance information rather than color information 
thereby resulting in instability to photometric varia-
tions such as shadows, highlights, and illumination 
changes. In this paper, we propose a novel local de-
scriptor, π-SIFT, that are invariant to both geometric 
and photometric variations. In order to achieve pho-
tometric invariance, we adopt photometric quasi-
invariant features based on the dichromatic reflection 
model. The performance of the proposed descriptor is 
evaluated with SIFT.  
 
 
1. Introduction 
 

In computer vision, the need for a stable local de-
scriptor that is robust to geometric variations such as 
viewpoint, scaling, and affine transformation has cap-
tured the attention of researchers for years. Intensive 
research efforts have resulted in many robust local 
descriptors that provide distinctiveness as well as ro-
bustness [1, 2]. However, most of the existing local 
descriptors are based on gray-level images paying lit-
tle attention to color information.  

Color has been investigated for a long time because 
of its excellent discriminating capability compared to 
gray-level images and various color models have been 
introduced. For instance, opponent color space has the 
characteristic which is invariant to changes in illumi-
nation intensity and shadows in addition to isolates the 
brightness information from RGB color space. Besides, 
HSV color space is often employed to obtain photome-
tric invariance since the hue is invariant under the 

orientation of the object with respect to the light 
source and viewing directions. 

In order to get more reliable features, a local de-
scriptor needs to deal with the invariance with respect 
to imaging conditions including geometric and photo-
metric variations. 

In this paper, we propose a novel Photometric and 
Scale Invariant Feature Transform (PI-SIFT) describ-
ing features that are both invariant to geometric and 
photometric variations. In order to induce photometric 
quasi-invariant features, we first use the dichromatic 
reflection model [5] which describes the light reflected 
at the material surface and the light reflected from the 
material body. The spatial derivative of this model, 
which gives the photometric derivative structure of the 
image, links differential-based features such as edge 
and corner to the theory of photometric invariance. 
Next, in order to obtain the features that are invariant 
to geometric variations such as translation, rotation, 
and scaling, we build scale-spaces based on the pho-
tometric quasi-invariant features. Finally, The similar 
strategy of SIFT [1] is used to build descriptors. 
 
2. Related Work 
 

In recent years, A. E. Abdel-Hakim et al. [3] pro-
posed a novel method (called CSIFT) that aims at not 
only embedding the color information in the descrip-
tor, but also giving the robustness with respect to both 
photometric and geometrical changes. Especially, they 
used color invariance approach, proposed by J. M. 
Geusebroek et al. [7], to achieve photometric inva-
riance. Even though color invariance method provides 
a set of photometric invariant derivative filters, the 
nonlinear transformations for computing photometric 
invariants have several drawbacks such as instability 
and loss of discriminative power. 

Considering these issues, we focus on describing 
the robust features without additional dimensions as 
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Under the illuminant direction changes, PI-SIFT 
represents better performance than SIFT as shown in 
Figure 3(a). Specially, in Figure 3(b), the l6c3 denotes 
clearly the advantage of PI-SIFT. On the other hand, 
in Figure 3(c) and (d), although PI-SIFT has many 
features than SIFT, we can show that PI-SIFT has the 
result similar to SIFT since SIFT also normalizes the 
feature vectors to reduce the effects of illumination 
change. 

Figure 4 shows the local derivatives and the pho-
tometric quasi-invariant features at σ = 1.2 in scale-
space and the interest points detected by SIFT and PI-
SIFT respectively. As shown in Figure 4, PI-SIFT is 
more robust than SIFT for photometric changes due to 
the photometric quasi-invariant features. 
 
5. Conclusion 
 

In this paper, we presented a novel local descriptor, 
PI-SIFT, which is insensitive to photometric variations 
in addition to geometric invariance. The dichromatic 
reflection model is used for extracting photometric 
quasi-invariant features and the similar approach to the 
SIFT is used for obtaining geometric invariance. Expe-
riments show that our method gives similar perfor-
mance or outperforms other descriptors. This method 
may be applicable to image retrieval, object detection 
and recognition. 
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              (a) Highlights                      (b) Shadow/shading 
Figure 4: above (SIFT) and bottom (PI-SIFT) illustrates
depict the features extracted by SIFT and PI-SIFT under
photometric variations, respectively. 

Figure 3: (a) and (b) represent the results for varying illumination directions (i.e., form l1c3 to l7c3). (d) and (e) show the results 
under different illuminant.  
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