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Background: Local Structural Descriptors

Video/Image is everywhere (more than 80% info. that we received)
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Background: Local Structural Descriptors

How does the computer understand the digital images?

How does the computer 

extract information 

from these digital values?
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Background: Local Structural Descriptors

How does the computer understand the digital images?

How does the computer 

extract information 

from these digital values?

 Global descriptor:
• Color 

• Entropy

• …

 Regional descriptor:
• Edge

• Contour

• …

 Local descriptor:    
• Corner (SIFT)

• Texton (LBP)

• …
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Background: Local Structural Descriptors

Local structural descriptor:

 The human visual system (HVS) is extremely adaptive to extract 

structures for image perception and understanding.

 The HVS is sensitive to luminance changes:

• First order statistic values, e.g., mean, variance, etc.

• The gray-level difference (luminance contrast)…
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Background: Local Structural Descriptors

Local structural descriptor:

 The human visual system (HVS) is extremely adaptive to extract 

structures for image perception and understanding.

Similar luminance changes, while quite different structure.

 The HVS is sensitive to luminance changes:

• First order statistic values, e.g., mean, variance, etc.
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Background: Local Structural Descriptors

Local structural descriptor:

 The human visual system (HVS) is extremely adaptive to extract 

structures for image perception and understanding.

Besides luminance changes, other factors should 

be considered for structure representation. 

Similar luminance changes, while quite different structure.

 The HVS is sensitive to luminance changes:

• First order statistic values, e.g., mean, variance, etc.

• The gray-level difference (luminance contrast)…
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Background: Local Structural Descriptors

Spatial distribution within neighbor pixels:

 The spatial joint distribution is analyzed with the co-occurring pixel 

values from neighborhood;

 By using the signed gray-level differences, the famous local binary 

pattern (LBP) is introduced.
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Background: Local Structural Descriptors

Spatial distribution within neighbor pixels:

 The spatial joint distribution is analyzed with the co-occurring pixel 

values from neighborhood;

 The LBP succeeds in describing the spatial

correlation of the structure.

 However, the signed gray-level difference procedure

is too sensitive to disturbance.

 By using the signed gray-level differences, the famous local binary 

pattern (LBP) is introduced.
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Background: Local Structural Descriptors

Visual orientation:

 The HVS is sensitivity to visual orientation.

 Orientation information has been widely used in structural descriptor:

− SIFT, HOG, etc.

 The HVS exhibits substantial orientation selectivity for scene perception. 
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The Orientation Selectivity Mechanism

The OS mechanism in the primary visual cortex :

 The HVS responds preferentially to the edge regions of 

an input scene; 

 Because neurons in the primary visual cortex (especially in 

layer 4) exhibit substantial orientation selectivity
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The Orientation Selectivity Mechanism

The OS mechanism in the primary visual cortex :

 Orientation selectivity arises from the arrangement of 

neuron interaction; 

1 2( ( | )) ( ( | , , , ))nx x x x x

0 1 2( | , , , )nx x x x
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The Orientation Selectivity Mechanism

The OS mechanism in the primary visual cortex :

 Orientation selectivity arises from the arrangement of 

neuron interaction; 

1 2( ( | )) ( ( | , , , ))nx x x x x

 For simplicity, only consider the synapses between the 

central cell and its excited cells; 

1 2( ( | )) ( ( | ), ( | ), , ( | ))nx x x x x x x

( | )ix x
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The OS based Visual Pattern Modeling

The OS modeling : Interaction

 The interaction between two cortical neurons:

− Excitation if with similar preferred stimuli/orientations;

− Inhibition if with dissimilar preferred stimuli/orientations.
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The OS modeling : Interaction

 The interaction between two cortical neurons:

− Excitation if with similar preferred stimuli/orientations;

− Inhibition if with dissimilar preferred stimuli/orientations.

 Preferred orientation of each pixel in an image:
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The OS based Visual Pattern Modeling
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The OS modeling : Interaction

 The interaction between two cortical neurons:

− Excitation if with similar preferred stimuli/orientations;

− Inhibition if with dissimilar preferred stimuli/orientations.

 Preferred orientation of each pixel in an image:
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 Interaction between two pixels:
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The OS based Visual Pattern Modeling
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The OS modeling : OS based visual pattern

 The arrangement of interactions among the central pixel and 

its surrounding pixels:

1 2( | ) ( ( | ), ( | ), , ( | ))nx x x x x x x

The OS based Visual Pattern Modeling
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The OS modeling : fundamental pattern extraction

 Too many original patterns: the number of pattern increases

exponentially with the neighbor number.

 Pattern reduction: fundamental pattern

− Patterns with same excitatory subfield represent similar response 

The OS based Visual Pattern Modeling
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The OS modeling : fundamental pattern extraction

 Too many original patterns: the number of pattern increases

exponentially with the neighbor number.

 Pattern reduction: fundamental pattern

− Patterns with same excitatory subfield represent similar response 

 Fundamental patterns:

− A N-neighborhood local receptive field corresponds to N sector 

domains of the excitatory subfield;

− E.g., for an 8-neighborhood, there are 8 excitatory subfield, {0
o
, 
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o
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o
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o
, 180

o
, 225

o
, 270

o
, 315

o
}

The OS based Visual Pattern Modeling
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OS based structure extraction:

 A successful image structure descriptor should 

effectively represent:

− Intensity change;

− Spatial distribution.

Image Content Extraction

 The OS based pattern: represents the spatial distribution.

 For intensity change representation: gradient magnitude, 

2 2( ) ( ( )) ( ( ))h vx G x G x 
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OS based structural histogram:

 Mapping an image into a structural histogram: with both OS 

based pattern and gradient magnitude, the structural information 

is extracted:

Image Content Extraction
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Rotation invariance:

Application 1: Texture Classification
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Robustness:

Application 1: Texture Classification

Original PSNR=30dB          PSNR=23dB
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Texture Classification:

Application 1: Texture Classification

 TC10 database: 

− Training: images under 

‘inca’ illumination and ‘0◦’ 
angle (480 images); 

− Testing: the other images 

(480×8 images).

 TC12 database: 

− Training: same as that in TC10;

− Testing: images under

‘t184’ and ‘horizon’ 

illuminations and nine angles 

(480×2×9 images).

Jinjian Wu et al., "Visual Orientation Selectivity based Structure Description", IEEE TIP2015.
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Structural degradation caused by different distortions:

Application 2: Quality Assessment
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Structural degradation caused by different distortions:

Application 2: Quality Assessment

Though under a same level of noise, their qualities are different.
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Structural degradation caused by different distortions:

Application 2: Quality Assessment
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Structural degradation caused by different distortions:

Application 2: Quality Assessment

Different distortion types cause different structural degradation
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Performance on LIVE database

Quality assessment according to structural degradation:

Application 2: Quality Assessment
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Quality assessment according to structural degradation:

Application 2: Quality Assessment

Overall performance on CSIQ and TID databases

Jinjian Wu et al., "Orientation Selectivity based Visual Pattern for Reduced-Reference 

Image Quality Assessment", Information Science 2015.
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Conclusion

 In this paper, a novel structure descriptor is introduced.

 Inspired by the orientation selectivity mechanism in the 

primary visual cortex, the interactions among neurons 

are analyzed.

 By mimicking the excitation/inhibition in a local receptive 

field, a novel visual pattern is proposed to describe the 

spatial correlation among pixels. 

 Taking both the luminance change and visual pattern 

into account, a novel structural descriptor is designed.

 Applications on texture classification and quality 

assessment demonstrate the effectiveness of the 

proposed structural descriptor.
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