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DESCRIPTORS ADJUSTMENT WHEN USING 
STEERABLE PYRAMID TO EXTRACT FEATURES 

FOR CONTENT BASED SEARCH 

FIELD OF THE INVENTION 

[0001] The present invention is in the ?eld of image 
descriptors and image processing. More speci?cally, the 
present invention relates to a technique for image descriptor 
adjustment When using steerable pyramids to extract image 
features for content-based search. 

BACKGROUND 

[0002] As image processing applications become more 
complex, an image search engine needs to be able to search 
and retries e information about images effectively and 
ef?ciently. Images are often retrieved from a database by 
similarity of image features. Image processing alloWs for the 
comparison of a reference image against another image or 
multiple images in order to determine a “match” or corre 
lation betWeen the respective images. Accordingly, a variety 
of different image-matching techniques have been employed 
to determine such a match or correlation betWeen images. 

[0003] One such image matching technique is knoWn as 
object classi?cation. The object classi?cation technique 
operates by segmenting the original image into a series of 
discrete objects. These discrete objects are then measured 
using a variety of shape measurement identi?cations, such 
as shape dimensions and statistics, to identify each discrete 
object. Accordingly, each of the discrete objects are then 
classi?ed into different categories by comparing the shape 
measurement identi?cations associated With each of the 
discrete objects against knoWn shape measurement identi 
?cations of knoWn reference objects. As such, the shape 
measurement identi?cations associated With each of the 
discrete objects are compared against knoWn shape mea 
surement identi?cations of knoWn reference objects in order 
to determine a correlation or match betWeen the images. 

[0004] Another image matching technique utiliZed in 
determining a match betWeen images is a process knoWn as 
match ?ltering. Match ?ltering utiliZes a pixel-by-pixel or 
image mask comparison of an area of interest associated 
With the proffered image against a corresponding interest 
area contained in the reference image. Accordingly, pro 
vided the area of interest associated With the proffered 
image matches the corresponding interest area of the refer 
ence image, via comparison, an area or pixel match betWeen 
the images is accomplished and the images are considered to 
match. 

[0005] Yet another technique utiliZes a series of textual 
descriptors Which are associated With different reference 
images. The textual descriptors describe the image With 
textual descriptions, such as shape (e.g., round), color (e.g., 
green), and item (e.g., ball). Accordingly, When a proffered 
image is received for comparison, the textual descriptor of 
the proffered image is compared against the textual descrip 
tors associated With the reference images. As such, the 
textual descriptor associated With the respective images 
under comparison are compared to each other in order to 
determine a best match betWeen the textual descriptions 
associated With each image, and therefore a match betWeen 
the respective images. 
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[0006] Each of the aforementioned image matching tech 
niques uses different types of data or partial image data to 
describe the images. HoWever, these techniques typically 
may not use the actual full image data associated With the 
each image. Accordingly, these techniques do not provide 
for an optimally accurate image comparison since they are 
limited to the usage of only a small or fractional portion of 
the full representative image data. Thus, When a search for 
similar images is conducted against a basis image, these 
techniques often result in the matching of very different 
images as having a correlation to one another. This partial 
matching result is due in part by the limited amount or type 
of data used in the image comparison process. 

SUMMARY OF THE INVENTION 

[0007] A method of creating image descriptors by apply 
ing steerable ?lter to Laplacian images of a steerable pyra 
mid is disclosed. The Laplacian images are generated by tWo 
corresponding Gaussian images in the steerable pyramid. If 
the Laplacian images possess negativity, they are adjusted 
accordingly to eliminate the negativity. Steerable ?lters are 
applied to the non-negative Laplacian images to generate 
orientation data and energy data. The adjustment made to the 
Laplacian images are correspondingly removed from the 
orientation data and the energy data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention is illustrated by Way of 
example in the folloWing draWings in Which like references 
indicate similar elements. The folloWing draWings disclose 
various embodiments of the present invention for purposes 
of illustration only and are not intended to limit the scope of 
the invention. 

[0009] FIG. 1 illustrates an exemplary simpli?ed ?oW 
diagram shoWing generation of image descriptors from an 
input image. 

[0010] 
mid. 

[0011] FIG. 2B illustrates an exemplary block diagram 
shoWing construction of an image descriptor from an origi 
nal image. 

FIG. 2A illustrates one exemplary steerable pyra 

[0012] FIG. 3A illustrates an exemplary multi-band image 
along With its corresponding orientation map, energy map, 
histogram, and co-occurrence matrix. 

[0013] FIG. 3B illustrates an exemplary block diagram of 
the image descriptor corresponding to the multi-band image 
of FIG. 3A. 

[0014] FIG. 4 illustrates an exemplary computer system 
that can be used in accordance With the present invention. 

[0015] FIG. 5 illustrates an exemplary computer-readable 
medium that can be used in accordance With the present 
invention. 

DETAILED DESCRIPTION 

[0016] The folloWing detailed description sets forth 
numerous speci?c details to provide a thorough understand 
ing of the invention. HoWever, those of ordinary skill in the 
art Will appreciate that the invention may be practiced 
Without these speci?c details. In other instances, Well-knoWn 
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methods, procedures, protocols, components, algorithms, 
and circuits have not been described in detail so as not to 
obscure the invention. 

[0017] FIG. 1 illustrates an exemplary simpli?ed ?oW 
diagram of one embodiment of the present invention. At step 
11, an original image is received. At step 12, using Gaussian 
?lter in the Gaussian pyramid, the original image is ?ltered 
to produce loWer resolution images of the original image. 
These ?ltered images are then used to create images in the 
Laplacian pyramid in step 13. At step 14, the Laplacian 
images are adjusted, if necessary, to keep them from being 
negative in values. This ensures that the input to the steer 
able ?lters of step 15 is alWays positive. The steerable ?lters 
generate orientation map and energy map for the corre 
sponding input images. Finally, in step 16, the image 
descriptors of the original image are created and may 
subsequently be processed. 
[0018] Asteerable pyramid is a multi-scale, multi-oriented 
linear image decomposition that provides a useful front-end 
for many computers image application. In one embodiment 
of the steerable pyramid the original image is decomposed 
into sets of loW-pass and band-pass components via Gaus 
sian and Laplacian pyramids, respectively. 
[0019] The Gaussian pyramid consists of loW pass ?ltered 
(LPF) versions of the input image in decreasing resolution. 
The LPF versions of the input images are the Gaussian ?lter 
responses. FIG. 2A illustrates an exemplary representation 
of the steerable pyramid as used in one embodiment of the 
present invention. Each stage of the Gaussian pyramid is 
computed by loW-pass ?ltering and by sub-sampling of the 
previous stage. For example, starting With the original image 
21, the loW-resolution images 22 and 23 in the Gaussian 
pyramid are generated by applying Gaussian ?lters to the 
image in the previous stage. 
[0020] Once the appropriate Gaussian pyramid images 
have been generated, the Laplacian pyramid images can be 
generated. The Laplacian pyramid consists of band-pass 
?ltered (BPF) versions of the input image. Each stage of the 
Laplacian pyramid are formed by subtracting the neighbor 
ing tWo Gaussian pyramid levels. In FIG. 2A, the Laplacian 
pyramid includes images 24, 25, and 26. In this example, 
Laplacian image 25 is derived from Gaussian image 22 and 
Gaussian image 23. The bottom level of the Laplacian 
pyramid 26 is merely the bottom level of the Gaussian 
pyramid 23 as there is nothing left to subtract. The pyramid 
algorithm breaks the image doWn into a series of frequency 
bands Which, When summed together, reproduce the original 
image Without any distortion. 

[0021] One aspect of this pyramid algorithm is that the 
result of the subtraction of the tWo Gaussian images is not 
alWays positive. According to the example shoWn in FIG. 
2A, the output image of a Laplacian ?lter or, in other Words, 
the subtraction of the tWo corresponding Gaussian images 
might possibly be negative. In one embodiment, prior to 
applying the steerable ?lters to the Laplacian image, a 
veri?cation of the subtraction result is conducted. If the 
result is negative, an adjustment is added to keep it from 
being negative. The adjustment is later removed Without 
causing any variances to the image. The output of the 
steerable ?lter is an orientation and an energy map. FIG. 2A 
illustrates the output orientation map 27 and the output 
energy map 28 corresponding to the input Laplacian image 
24. 
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[0022] FIG. 2B illustrates an embodiment of a method for 
generating a multi-element image descriptor. Particularly, 
FIG. 2B illustrates, in block ?oW diagram format, one 
embodiment of a method of generating an image descriptor 
Which is representative of a multi-band image for use in 
image processing. 
[0023] Image features extracted from the output of spatial 
?lters are often used for image representation. The applica 
tion of multi-band images to spatial ?lters enables the 
construction of feature sets Which contain a Wide range of 
spectral and spatial properties. One such type of oriented 
spatial ?lter is the steerable ?lter. Steerable ?lter is a class 
of ?lters in Which a ?lter of arbitrary orientation is synthe 
siZed as a linear combination of a set of “basis ?lters”. 
Steerable ?lters obtain information about the response of a 
?lter at any orientation using the small set of these basis 
?lters. 

[0025] is chosen as the kernel of the steerable ?lter. 
Accordingly, for this kernel of information, a steerable ?lter 
at an arbitrary orientation 0 can be synthesiZed using a linear 
combination of three basis ?lters according to: 

In one embodiment, 

Where 

and 

k1(0) : l + 200520 

m0) = 1 - c0520 + J1me 

[<3 (0) = 1 - c0520 - \/3_sin20. 

[0026] As illustrated in the embodiment of FIG. 2B, an 
image [I(x,y)]100 is applied to the steerable ?lter [Filter f 0 
(x,y)]105 Which provides tWo different matrices for each 
image, an orientation matrix 110 and an energy matrix 115. 
The orientation matrix 110, also referred to as an Orientation 
Map O (I(x,y)) 110, is derived by computing the dominant 
orientation at each pixel position (x,y) by using equation (1): 

[0027] The energy matrix 115, also referred to as an 
Energy Map E (I(x,y)) 115, corresponds to the dominant 
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orientation at each pixel position (x,y) in accordance With 
equation (2): 
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[0033] The descriptors associated With an image are com 
bined in order to form a feature vector or image descriptor 

[0028] Accordingly, for each matrix or map, the Orienta 
tion Map O (I(x,y)) 110 and the Energy Map E (I(x,y)) 115, 
a corresponding histogram or set of histograms is used to 
represent global information, along With a set of co-oc 
curence matrices Which are used to represent local informa 
tion. As such, the Orientation Map O (I(x,y)) 110 is repre 
sented as a corresponding orientation histogram H (0) 120 
and set of orientation co-occurence matrices C @125. Simi 
larly, the Energy Map E (I(x,y)) 115 is represented as a 
corresponding energy histogram 130 and set of energy 
co-occurence matrices CE 135. Therefore, each image 100 
is represented by a corresponding orientation histogram 
H(0) 120, a set of orientation co-occurence matrices C 
@125, a corresponding energy histogram 130, and a set 
of energy co-occurence matrices CE 135. 

[0029] Next, a series of descriptors are extracted from 
each of the corresponding histograms and co-occurence 
matrices. In one embodiment, the descriptors extracted from 
the orientation histogram H(0) 120 of the Orientation Map 
O (I(x,y)) 110 are peak descriptors (PD) 140 and statistic 
descriptors (SD1) 145. The peak descriptors (PD) 140 
comprise position, value, and shape data associated With the 
orientation histogram H(0) 120. The statistic descriptors 
(SD1) 145 indicate mean, standard deviation, third and 
fourth order moments associated With the orientation histo 
gram H(0) 120. Select elements Within the peak descriptors 
(PD) 140 are used to classify images into different catego 
ries, Whereas the statistic descriptors (SD1) 145 are used to 
describe the shape of the orientation histogram H(0) 120. 

[0030] Descriptors extracted from the orientation co-oc 
curence matrices C @125 of the Orientation Map O (I(x,y)) 
110 are co-occurence descriptors (COD1) 150. The co 
occurence descriptors (COD1) 150 comprise maximum 
probability, entropy, uniformity, mean, correlation, and dif 
ference moments. The co-occurence descriptors (COD1) 
150 in the present embodiment are computed in four differ 
ent orientations (—45 Degrees, O Degrees, 45 Degrees, and 
90 Degrees). 
[0031] Correspondingly, the descriptors extracted from 
the energy histogram 130 of the Energy Map E (I(x,y)) 
115 are statistic descriptors (SD2) 155. The statistic descrip 
tors (SD2) 155 indicate mean, standard deviation, third and 
fourth order moments associated With the energy histogram 

130. The statistic descriptors (SD2) 155 associated 
With the energy histogram 130 are used to describe the 
shape of the orientation energy histogram 130. 

[0032] LikeWise, the descriptors extracted from the energy 
co-occurence matrices CE 135 of the Energy Map E (I(x,y)) 
115 are co-occurence descriptors (COD2) 160. The co 
occurence descriptors (COD2) 160 comprise maximum 
probability, entropy, uniformity, mean, correlation, and dif 
ference moments. The co-occurence descriptors (COD2) 
160 in the present embodiment are computed in four differ 
ent orientations (—45 Degrees, O Degrees, 45 Degrees, and 
90 Degrees). 

165. As such, in one embodiment, each individual descriptor 
170 associated With an image comprises a peak descriptors 
(PD) 140, statistic descriptors (SD1) 145, co-occurence 
descriptors (COD1) 150, statistic descriptors (SD2) 155, and 
co-occurence descriptors (COD2) 160, Which are combined 
to form an image descriptor 165. As such, the image 
descriptor 165 is a full representation of each image Which 
may be used for image processing. For multi-band applica 
tions, an image descriptor 165 is generated for each infor 
mation band comprising the multi-band image, as such, each 
information band associated With each multi-band image has 
a corresponding image descriptor 165. For instance, a multi 
band image using the RGB color spectrum Would have an 
individual image descriptor 165 for each information or 
color band (RGB) of the multi-band image. 

[0034] One aspect of the present invention, Which Will be 
appreciated from the above discussion With reference to 
FIG. 2B, is that the input image [I(x,y)]100 may carry a 
negative value When applied to the steerable ?lter [Filter f 0 
(x,y)]105 and thus needs to be adjusted. For example, under 
certain circumstances, the subtraction of the tWo levels of 
the Gaussian images may produce a Laplacian image or the 
[I(x,y)]100 image having a negative value. The Laplacian 
image having a negative intensity value can not be used as 
input to the steerable ?lter since the output orientation data 
and energy data Will not be meaningful. Consequently, the 
respective orientation map 110 and energy map 115 can not 
be used to create image descriptors. 

[0035] In one embodiment of the present invention, the 
negativity of the input image [I(x,y)]100 is determined by 
measuring its intensity value. For example, as shoWn in 
FIG. 2A, Gaussian image 23 may possess higher intensity 
value than Gaussian image 22. As previously described, 
Laplacian image 25 is generated by the subtraction of the 
tWo Gaussian images at the corresponding levels, thus in this 
example, causing Laplacian image 25 to possess a negative 
intensity value. Referring back to FIG. 2B, based on this 
intensity value, an adjustment is made by adding a constant 
value C to the input image [I(x,y)]100, or the Laplacian 
image, such that the adjusted Laplacian input image I‘(x,y) 
is positive and is in the form: 

[0036] Accordingly, With the adjusted input image I‘(x,y), 
the output of the steerable basis ?lter can be expressed by the 
equation: 

[0037] Where E(0) is the output of the steerable ?lter When 
the steerable ?lter is applied to the image I(x,y), and Where 
the C is the resulting adjustment to the output of the 
steerable ?lter When the adjustment value C is added to the 
input image I(x,y). 
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[0038] Using the same adjusted Laplacian image I‘(x,y) as 
the input image of the steerable ?lter, the Orientation map O‘ 
(I‘(x,y)) can be represented by the following equation: 

[0039] The value C in O‘(x,y) cancels one another, leaving 
O‘(I‘(x,y))=®(l(x,y)). Thus the Orientation map is invariant 
to the DC component change. 

[0040] Similarly, using the same adjusted Laplacian image 
I‘(x,y) as the input image of the steerable ?lter, the energy 
map E‘(I‘(x,y)) can be represented by the folloWing equation: 
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tive data. Accordingly, those image descriptors 320 Which 
contain large peak representative data, corresponding to the 
large peaks 315 represented in each representative orienta 
tion histogram H(0) 305, are classi?ed into the large peak 
category. For instance, the orientation histogram H(0) 305 
associated With the (B) information band (e.g., blue color 
band) of FIG. 3A and FIG. 3B exhibits a series of large 
peaks 315 along different coordinates (2 Degrees, 90 
Degrees, and 179 Degrees) of the corresponding orientation 
histogram H(0) 305, the series of large peaks 315 are 
likeWise re?ected in the corresponding image descriptor 320 
at 2 Degrees, 90 Degrees, and 179 Degrees. LikeWise, the 
orientation histogram H(0) 305 associated With the (G) 
information band (e.g., green color band) of FIG. 3A and 
FIG. 3B exhibits a series of large peaks 315 along different 
coordinates (1 Degree, 89 Degrees, and 179 Degrees) of the 
corresponding orientation histogram H(0) 305, the series of 

[0041] Thus, the orientation histogram H (0) 120 and the 
orientation co-occurence matrices C @125 do not change. 
The energy histogram 130, and the energy co-oc 
curence matrices CE 135 reserve their shapes but have a 
spartial shift by a value of 3 C. The centered moments are 
used as descriptors to get rid of the translation caused by the 
DC component C. Although the intensity value is discussed 
in this embodiment to detect negativity, other image char 
acteristics may be used. 

[0042] FIG. 3A and FIG. 3B illustrate a multi-band image 
along With the corresponding respective orientation map and 
energy map associated With the multi-band image. FIG. 3A 
and FIG. 3B also illustrate the corresponding histograms (0 
Degrees to 181 Degrees) and matrices, in addition to the 
corresponding image descriptors, associated With the multi 
band image. The multi-band image has an associated image 
descriptor Which describes the corresponding multi-band 
image, each image descriptor constituting a peak descriptor 
(PD), a statistic descriptor (SD1), a co-occurence descriptor 
(COD1), a statistic descriptor (SD2), and a co-occurence 
descriptor (COD2). Each image descriptor describes a par 
ticular image in accordance With the attributes associated 
With that particular individual image. 

[0043] In FIGS. 3A and FIG. 3B, a representative orien 
tation histogram H(0) 305 and other related information 
(histograms/matrices) are illustrated for each information 
band 310 (e.g., RGB color bands) of the multi-band images 
300. LikeWise, the corresponding image descriptor 320 
provided for each information band 310 of the multi band 
image 300 contain data corresponding to each representative 
orientation histogram H(0) 305 and other related informa 
tion associated With each information band 310. The repre 
sentative orientation histograms H(0) 305 corresponding to 
the multi-band images 300 of FIGS. 3A exhibits large peaks 
315 along the different coordinates of the corresponding 
orientation histograms H(0) 305. Correspondingly, the large 
peaks 315 represented in each representative orientation 
histogram H(0) 305 are likeWise represented in the corre 
sponding image descriptors 320 associated With each cor 
responding information band 310 as large peak representa 

large peaks 315 are likeWise re?ected in the corresponding 
image descriptor 320 at 1 Degree, 89 Degrees, and 179 
Degrees. Further, the orientation histogram H(0) 305 asso 
ciated With the (R) information band (e.g., red color band) 
of FIG. 3A and FIG. 3B exhibits a series of large peaks 315 
along different coordinates (1 Degree, 90 Degrees, and 179 
Degrees) of the corresponding orientation histogram H(0) 
305, the series of large peaks 315 are likeWise re?ected in 
the corresponding image descriptor 320 at 1 Degree, 90 
Degrees, and 179 Degrees. Although the large peak is being 
used as a category in this example, it is understood that a 
variety of different category types could be derived or 
instituted depending upon a speci?c or desired implemen 
tation of any categoriZation or image comparison scheme. 

[0044] FIG. 4 illustrates an embodiment of an exemplary 
computer system that can be used With the present invention. 
The various components shoWn in FIG. 4 are provided by 
Way of example. Certain components of the computer in 
FIG. 4 can be deleted from the addressing system for a 
particular implementation of the invention. The computer 
shoWn in FIG. 4 may be any type of computer including a 
general purpose computer. 
[0045] FIG. 4 illustrates a system bus 400 to Which 
various components are coupled. A processor 402 performs 
the processing tasks required by the computer. Processor 
402 may be any type of processing device capable of 
implementing the steps necessary to perform the addressing 
and delivery operations discussed above. An input/output 
(I/O) device 404 is coupled to bus 400 and provides a 
mechanism for communicating With other devices coupled 
to the computer. A read-only memory (ROM) 406 and a 
random access memory (RAM) 408 are coupled to bus 400 
and provide a storage mechanism for various data and 
information used by the computer. Although ROM 406 and 
RAM 408 are shoWn coupled to bus 400, in alternate 
embodiments, ROM 406 and RAM 408 are coupled directly 
to processor 402 or coupled to a dedicated memory bus (not 

shoWn). 
[0046] A video display 410 is coupled to bus 400 and 
displays various information and data to the user of the 
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computer. A disk drive 412 is coupled to bus 400 and 
provides for the long-term mass storage of information. Disk 
drive 412 may be used to store various pro?le data-sets and 
other data generated by and used by the addressing and 
delivery system. A keyboard 414 and pointing device 416 
are also coupled to bus 400 and provide mechanisms for 
entering information and commands to the computer. A 
printer 418 is coupled to bus 400 and is capable of creating 
a hard copy of information generated by or used by the 
computer. 

[0047] FIG. 5 illustrates an embodiment of an exemplary 
computer-readable medium 500 containing various sets of 
instructions, code sequences, con?guration information, and 
other data used by a computer or other processing device. 
The embodiment illustrated in FIG. 5 is suitable, for 
example, to use With the peak determination method 
described above. The various information stored on medium 
500 is used to perform various data processing operations. 
Computer-readable medium 500 is also referred to as a 
processor-readable medium. Computer-readable medium 
500 can be any type of magnetic, optical, or electrical 
storage medium including a diskette, magnetic tape, CD 
ROM, memory device, or other storage medium. 

[0048] Computer-readable medium 500 includes interface 
code 502 that controls the How of information betWeen 
various devices or components in the computer system. 
Interface code 502 may control the transfer of information 
Within a device (e.g., betWeen the processor and a memory 
device), or betWeen an input/output port and a storage 
device. Additionally, interface code 502 may control the 
transfer of information from one device to another. Com 
puter-readable medium 500 may also include other pro 
grams Working With one another to produce a result in 
accordance With the present invention. For example, com 
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puter-readable medium 500 may include a program that 
accept an original image as input and apply appropriate 
Gaussian ?lters to generate Gaussian images, as shoWn in 
block 504. A Laplacian image generation program 506 may 
be responsible for generating Laplacian images by using the 
Gaussian images of program 504 as its input. Prior to 
executing steerable ?lter program 510, the intensity value of 
the Laplacian image is tested for negativity by program 508. 
Furthermore, in the process of ?nding image descriptors, 
program 512 may be executed for peak determination. 

[0049] From the above description and draWings, it Will be 
understood by those of ordinary skill in the art that the 
particular embodiments shoWn and described are for pur 
poses of illustration only and are not intended to limit the 
scope of the invention. Those of ordinary skill in the art Will 
recogniZe that the invention may be embodied in other 
speci?c forms Without departing from its spirit or essential 
characteristics. References to details of particular embodi 
ments are not intended to limit the scope of the claims. 

1. A method of applying steerable ?lter to Laplacian 
images of a steerable pyramid, comprising: 

getting a Laplacian image from corresponding Gaussian 
images in a steerable pyramid; 

verifying the Laplacian image for negative value; 
adjusting the Laplacian image to eliminate the negative 

value; 
applying a steerable ?lter to the adjusted Laplacian image 

to generate orientation data and energy data; and 

removing resulting adjustment. 
2-31. Cancelled 


