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Abstract — Subspace learning is an effective image feature
extraction and classification technique, which generally includes
supervised and unsupervised subspace learning methods. Parallel
computing is an effective technique in solving large-scale learning
problems. It splits the original task into several subtasks and
reduces the time complexity. Parallel computing reduces the time
complexity by splitting the original task into several subtasks. a
parallel subspace learning framework is developed in this paper.
In this method, first the sample set is divided into several subsets
by designing two random data division strategies that are equal
data division and unequal data division. These two strategies
correspond to equal and unequal computational abilities of nodes
under parallel computing environment. Then, projection vectors
from each subset are calculated in parallel. The graph embedding
technique is employed to provide a general formulation for
parallel feature extraction. After combining the extracted features
from all nodes, a unified criterion is presented to select most
distinctive features for classification. The proposed approaches
can outperform several related supervised and unsupervised
subspace learning methods, and significantly reduce the
computational time.
Key Words — Feature selection, Graph embedding, Image
recognition, Subspace learning method

I. INTRODUCTION
Subspace learning is an effective and widely used image
feature extraction and classification technique. Subspace
learning generally includes supervised and unsupervised
subspace learning methods. The vast amount of data in realworld applications has greatly increased, and many subspace
learning methods often suffer from large computational burden.
However, for the large-scale image recognition issue in realworld applications, many subspace learning methods often
suffer from large computational burden. In order to reduce the
computational time and improve the recognition performance
of subspace learning technique under this situation, the idea of
parallel computing is introduced. Parallel computing is an
effective technique in solving large-scale learning problems. It
splits the original task into several subtasks and reduces the
time complexity. Parallel computing reduces the time
complexity by splitting the original task into several subtasks.
A parallel subspace learning framework is developed in this
paper. In this framework, first divide the sample set into several
subsets by designing two random data division strategies that
are equal data division and unequal data division. These two
strategies correspond to equal and unequal computational
abilities of nodes under parallel computing environment. Next,
calculate projection vectors from each subset in parallel. The
graph embedding technique is employed to provide a general
formulation for parallel feature extraction. After combining the
extracted features from all nodes, a unified criterion to select
most distinctive features for classification is presented.
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II. BACKGROUND
Local Difference Binary Pattern (LDBP) is based on the
comparisons between center pixel and its neighboring pixels,
but the relationship among neighbor pixels is not considered
[1]. Local Neighbor Binary Pattern (LNBP) is combined with
LDBP to construct a spatial representation for scene
recognition, because that LNBP can provide complementary
information regarding neighboring pixels for LDBP. A method
for building recognition is presented in forward looking
infrared (FLIR) images with clutter background, which is
composed of the several sub-procedures [2]. The target is
identified by fusing the line features and multi-frame
integration. A novel method for semantic segmentation and
object recognition in a road scene using a hierarchical bag-oftextons method has been presented [3]. The method relies on
integrated color and near-infrared images and uses the
hierarchical bag-of-textons method to recognize the spatial
configuration of objects and extract contextual information
from the background. The histogram of the hierarchical bag-oftextons is concatenated to textons extracted from a multi-scale
grid window to automatically learn the spatial context for
semantic segmentation. Segmentation of anatomical structures
from medical images is a challenging problem, which depends
on the accurate recognition (localization) of anatomical
structures prior to delineation. A study generalizes anatomy
segmentation problem via attacking two major challenges:
automatically locating anatomical structures without doing
search or optimization, and automatically delineating the
anatomical structures based on the located model assembly [4].
The supervised and unsupervised parallel subspace learning
approaches are available, which are called parallel linear
discriminant analysis (PLDA) and parallel locality preserving
projection (PLPP) [5].

III. PREVIOUS WORK DONE
Minguang Song et al. have proposed Spatial Image
Representation by Combining LDBP with LNBP [1]. Spatial
principal component analysis of census transform histograms
(PACT) was proposed to recognize instance and categories of
places or scenes in an image. An improved representation
called Local Difference Binary Pattern (LDBP) was proposed
and performed better than that of PACT. LDBP is based on the
comparisons between centre pixel and its neighbouring pixels,
but the relationship among neighbour pixels is not considered.
Local Neighbour Binary Pattern (LNBP) is combined with
LDBP to construct a spatial representation for scene
recognition, because that LNBP can provide complementary
information regarding neighbouring pixels for LDBP. LNBP
describes local structures, and therefore could improve scene
recognition task. A method was proposed to combine LDBP
with LNBP, and it is easy to implement, and nearly no
parameter to tune and fast to evaluate.
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Xiaoyu Yang et al. have proposed a method for Building
Recognition from FLIR Images [2]. Building recognition from
Forward Looking InfraRed (FLIR) image with cluttered
background is a challenging task. In general, building detection
has focused on the stereo images or multiple aerial images
analysis. It combines image processing algorithms with
methods from computer vision, pattern recognition, and
artificial intelligence fields, to recognise the building. To obtain
regions of interest (ROIs), iterative segmentation is used for the
result image of background suppression, and features extraction
of ROIs and matching hold the ROIs that are closest to
predicted features. The target is identified by fusing the line
features and multi-frame integration. Clutter background is
defined as the reflected radiations of the natural ground scene
including soils, rivers, vegetation, lakes, buildings.
Yousun Kang et al. have presented a novel method for
semantic segmentation and object recognition in a road scene
using a hierarchical bag-of-textons method [3]. Current drivingassistance systems rely on multiple vehicle-mounted cameras to
perceive the road environment. The method relies on integrated
colour and near-infrared images and uses the hierarchical bagof-textons method to recognize the spatial configuration of
objects and extract contextual information from the
background. The histogram of the hierarchical bag-of-textons is
concatenated to textons extracted from a multiscale grid
window to automatically learn the spatial context for semantic
segmentation. This method presents the road scene
understanding system, which can be achieved by both object
recognition and semantic segmentation using multiband
images. The system should automatically partition a road image
into semantically meaningful regions, each labeled with a
specific object class. Three-dimensional object modeling and
recognition remains an exciting research area in the
development of vision-based intelligent vehicle systems.
Ulas Bagci et al. have proposed Hierarchical Scale-Based
Multiobject Recognition of 3-D Anatomical Structures named
hierarchical ballscale based multiobject recognition (HSMOR)
[4]. Segmentation of anatomical structures from medical
images is a challenging problem, which depends on the
accurate recognition (localization) of anatomical structures
prior to explanation. This study generalizes anatomy
segmentation problem via attacking two major challenges:
automatically locating anatomical structures without doing
search or optimization, and automatically explaining the
anatomical structures based on the located model assembly. For
first challenge authors proposed intensity weighted ball-scale
object extraction concept to build a hierarchical transfer
function from image space to object (shape) space such that
anatomical structures in 3-D medical images can be recognized
without the need to perform search or optimization. For second
authors integrate the graph-cut (GC) segmentation algorithm
with prior shape model. The aim in model based segmentation
is to build a model which contains information about the
expected shape or appearance of the anatomical structure of
interest and match the model to new images. Model based
techniques can significantly improve the efficiency of the

recognition and quantitative analysis of anatomical structures
compared to manual methods.
Xiao-Yuan Jing et al. have proposed Supervised and
Unsupervised Parallel Subspace Learning for Large-Scale
Image Recognition [5]. In real-world applications issue, many
subspace learning methods often experience from large
computational load for the large-scale image recognition. To
reduce the computational time and improve the recognition
performance of subspace learning technique, the idea of
parallel computing is introduced. Parallel computing reduces
the time complexity by splitting the original task into several
subtasks. A parallel subspace learning framework is developed.
In this framework, first the sample is divided set into several
subsets by designing two random data division strategies that
are equal data division and unequal data division. These two
strategies correspond to equal and unequal computational
abilities of nodes. Under this framework, proposed an
unsupervised and supervised subspace learning approaches
called PLDA and PLPP. Based on the unified criterion of
feature selection, PLDA selected features with the largest
Fisher scores by estimating the weighted and unweighted
sample scatter, while PLPP selected features with the smallest
Laplacian scores by constructing a whole affinity matrix.

IV. EXISTING METHODOLOGY
While bag-of-words models are popular and powerful tools
for generic object recognition, they completely discard spatial
layout and contextual information. However, it is important to
extract the spatial configuration of an object and contextual
information from the background for better categorization and
image segmentation. Aspects of contextual information and the
spatial relationships between objects can be used to capture
notions such as the fact that fish tend to be in water and sheep
often stand on grass. In a road scene, however, spatial ordering
constraints exist such as a car above a road, and lanes are
demarcating the road. It is necessary to order structural
information between objects from the background. Similar
intuition has been proposed for texture classification. Only
local neighborhood distributions were employed with
representations inspired by MRF models. In the MRF
framework, the probability of a pixel being the central pixel
depends only on its neighborhood.
A hierarchical bag-of-textons method uses pairs of regular
grid windows and neighborhood textons combined with
multiple resolutions [3]. The resolution of grid windows is
expanded since there exists a special relation between texture
and distance. Multiscale perceptual mechanisms of human
vision allow that a particular band of spatial frequencies
dominates visual processing for a given distance of viewing. In
other words, whether spatial frequencies correspond to close
objects or far objects, the hierarchical method could be trained
to discriminate between different special frequencies. The
hierarchical bag-of-textons method can be seen as an extension
of
the
shape
filter
of
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Fig. 1. Multiband image dataset
TextonBoost. It is capable of coping with both texture and
relative spatial ordering and the frequency constraints of
objects. A feature vector consists of the grid point’s
coordinates within the image as a location cue. The
histograms consisting of the multiscale bag-of-textons of the
feature vector are concatenated. Outside the image
boundary, there is no contribution to the feature response.

parallel computing system, the nodes may have the same or
different configurations. Different configurations generally
reflect different computational abilities. According to the
computation abilities of nodes, two data division strategies
are designed.
i) EDD (Equal Data Division) strategy:
If the nodes have the same computational abilities, set the
sample numbers of divided subsets to be equal, i.e., N1 = N2
= · · · = NL .
ii) UDD (Unequal Data Division) strategy:
If the nodes have unequal computational abilities, make
the computing time of all nodes as similar as possible for the
parallel computing system. Thus, the sample numbers of
divided subsets are unequal, i.e., N1,N2, · · ·,NL are unequal.
Set the numbers in the experiments according to the actual
computational abilities of computers.

V. ANALYSIS AND DISCUSSION
Fig. 1 shows example color, near-infrared, and groundtruth images from the data set. The sequences contain eight
object classes, with each assigned a color, as shown in Fig.
1. The hierarchical bag-of-textons method is compared with
the conventional bag-of-textons method for both multiband
and color images. The training error nonlinearly decreases
as the number of iterations increases. Since random feature
selection improves training time, a 10% random feature
selection proportion is got. The method achieves
considerably better recognition of either close or distant
objects such as cars, sidewalks, and lanes. The accuracy
against the test set is measured as the pixel-wise
segmentation accuracy, which is, in other words, the
percentage of pixels that are assigned the correct class label.
The category average may be fairer and more rigorous, as it
normalizes for category bias in the test set. The main
limitation of this system is the weakness in recognition of
shape-based objects such as pedestrians and cyclists. A
multiband image that includes the near-infrared and visible
color spectra is superior to a plain color image for image
segmentation, because near-infrared light can transmit and
reflect different spectra relative to the color of foliage, the
road, and the sky.

B.
Graph Embedding-Based Parallel Feature
Extraction
After dividing the dataset into several subsets, extract
features from these subsets in parallel by using the graph
embedding technique. Graph embedding can express a large
family of subspace learning methods with a general
formulation. The dimensions of the projection vectors from
different subsets are the same. Then integrate the projection
vectors derived from all subsets and construct a total
projection.

C.

Since the sample set is randomly divided, the training
samples from one class may be assigned to different subsets.
The number of the projection vectors is usually large. To
save the computing time in the classification stage and
enhance the recognition effect, design a unified feature
selection criterion to choose a small number of extracted
features. After calculating the feature scores of all features ,
select a small number of features with the smallest feature
scores.

VI. PROPOSED METHODOLOGY
A parallel subspace learning framework with a graph
embedding technique is proposed. The framework contains
the three parts as follows:
A. Equal and unequal data division strategies,
B. Graph embedding-based parallel feature extraction,
C. A unified criterion for feature selection.
Fig. 2 shows the flowchart for the proposed framework.

A.

Unified Criterion for Feature Selection

VII. POSSIBLE OUTCOMES AND RESULTS
The computers in the experiment are called computational
nodes. The configuration parameters are CPU and RAM.
Different configurations have different computational
abilities. According to the EDD strategy, the training dataset
is equally and randomly divided into subsets. Each subset is
then assigned to one computer. According to the UDD

Equal and Unequal Data Division Strategies

Let there are Nj samples, and
= N. The samples
of one class may be distributed into many subsets. In the
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CONCLUSION
In this paper, a parallel subspace learning framework is
presented for large-scale image recognition tasks. This
framework contains three parts: the designed EDD (Equal
Data Division) and UDD (Unqual Data Division) division
strategies, graph embedding-based parallel feature
extraction, and a unified criterion for feature selection. Two
real parallel computing environments corresponding to EDD
and UDD strategies are established. By utilizing this
framework as a tool, the existing subspace learning methods
can improve their recognition performance. And it can be
applied to the large-scale image feature extraction and
classification tasks.
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