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Polarization Ghost Imaging System Based on Compressed Sensing

Zhang Na' and Wang Bin-bin

Institute of Computer Science and Engineering of Henan University and Urban Construction, Pindingshan, Henan,

467036, China

Abstract: Polarization ghost imaging system combines the strength and the polarization detection, expanded the obtained
information from the ghost imaging system, can effective target detection and identification. The conventional correlation
polarization ghost imaging system requires a large amount of sampling data, and signal to noise of the restored result is
low. Polarization ghost imaging system based on compressed sensing is proposed to get the intensity and polarization in-
formation of the object using the detected information from the point detector. In the simulation experiment, the same re-
flectivity but different polarization characteristics of objects are employed. The results show that the high quality of the
object intensity and polarization information can be obtained with fewer sample number compared with the correlation
method, and it can improve the real-time performance. Finally, using image fusion algorithm to merge the intensity and
polarization information, recognized by fusing information can be effectively carried out a variety of objects.
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1. INTRODUCTION

The ghost imaging system as a name for correlated imag-
ing or single pixel imaging attracts extensive attention
worldwide by domestic and overseas scholars [1-3]. The
light source modulates in the ghost system, The beam of
light is divided into two parts using the beam splitter, one
beam is detected with a resolution of CCD, and the other is
obtained strength by the single pixel detector after shining
objects. Light distribution using the CCD detector and shin-
ing the objects is relevant. The image of exposure scenarios
is acquired by the relevant algorithm. If the light distribution
is predicted at the location of shining objects, the CCD opti-
cal path can be omitted, the ghost imaging system is
achieved. The structure of the ghost imaging system is easy,
it can be imaged at the waveband which conventional CCD
cannot imaging, therefore it has important application. In
addition to this, single detecting are quickly responding, and
can compensate for the shortcomings of matrix CCD which
has low response time, can image with high resolution in the
three-dimension structure. In 2013, British scientist has build
up the three-dimension ghost imaging system using the algo-
rithm from multiple perspective, and carry on the face high
resolution 3d imaging, The results of the study is published
in Science, and is highly appreciated by domestic and for-
eign scholars. The same year, three-dimensional ghost imag-
ing technology is realized by the pulse time sequence at
Shanghai Institute of OpticsFine Mechanics, China, they
gained the image which has the lateral resolution of 2cm and
the longitudinal resolution of 60cm at one thousand metres.
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At present, Related research has already covers all aspects of
the ghost imaging system, and the theoretical system has
been built up perfectly [1].

In recent years, the polarization detection technology
which adding the polarization diversity between different
objects at the same time of using albedo object properties has
received the most attention in the field of traditional plane
array imaging, and it has been widely used in the field of
object identification, classification and so on [4]. However,
in a lot of ghost imaging studies, Object image is generally
obtained by the albedo features, Only a few studies focus on
the influence of light polarization characteristics on the sys-
tem imaging, Theoretical and experimental results show that
polarized light can be used to provide the system of image
contrast. In the case that two different objects have the same
albedo, If imaging by traditional ghost imaging technology,
we are unable to recognize the target effectively, so Polariza-
tion detection ghost imaging technology is presented and the
simulation experiment results are given by Anhui light ma-
chine of Chinese academy of sciences, and the result of the
simulation Confirmed that the different material objects can
be identified by the polarization detection, the related algo-
rithm is adopted for image restoration [6], Because the rele-
vant algorithm needs a large number of hits, so it reduces the
system real-time nature. The compression sensing algorithm
in ghost imaging has been widely used in the ghost imaging
system [7-13], The algorithm assumes that the object infor-
mation under certain transformation is sparse, that is to say,
it contain very small amounts of non-zero elements, This
hypothesis is correspond with most object information in real
life. The paper [7-13] confirmed that this algorithm can not
only effectively reduce the sampling number but also im-
prove the image resolution and signal-to-noise ratio. Com-
pression sensing algorithm is adopted in this paper to deal
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Fig. (1). Sketch-map of polarimetric ghost imaging.

with the polarization ghost imaging system to obtain the im-
age information. Finally we will get a variety of different
information for data fusion, That can distinguish objects of
different material by data fusion [5].

2. THE CALCULATION OF POLARIMETRIC GHOST
IMAGING

Fig. (1) shows the structure of polarization ghost imaging
system. The light of laser light source exit via the phase
modulation system, then go through the polarization state of
generator, generate specific polarization of light to illuminate
the object, The reflected light is divided into two orthogonal
polarization state beam respectively by two single pixel de-
tector for intensity information after polarization analysis
system. According to the results of analysis in literature [6],
we can get two normalized strength obtained from the detec-
tor respectively.
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Where m,; and m,, are the characteristic parameters of

linear polarization and circular polarization respectively, /;
and L are the total light intensity information of the two de-
tectors. Can be said a detector for the light intensity distribu-
tion of single pixel information II and polarization difference
between IP. We derive from (1) that the light intensity distri-
bution of single pixel detector /; and the polarization differ-
ence Ipis as follows

I,=1+1,

1,=1-1,. @

In order to get the information of object using the detect-
ed information from the point detector, we need to learn that
the light intensity distribution at illuminating objects. The
Calculation of ghost imaging is derived that the phase infor-
mation is accurately controlled that phase modulation system
applied on the light beam. It can be obtained the speckle
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distribution of the objects through the related computer
simulation program. According to the wave transmission
equation, we can get the intensity distribution by the com-
puter program. By the light intensity distribution and single
pixel detector information can be obtained according to the
relevant calculation formula to obtain the inversion. We can
get the information of object using the detected information
from the point detector through the intensity distributiion and
single pixel detector. The formula is as follows

il(")(x).
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Where x is two-dimension coordinate, N is the num-
ber of sampling, /\” indicates the information obtained

from the single pixel detector. We use the the strength
information of the two single pixel detector and the polar-
ization difference information instead of 7, in (3), thus

the intensity distribution of information and the polariza-
tion distribution of the objects is achieved. when the for-
mula (3) is used to get the information of object using the
detected information from the point detector, in order to
gain the high quality information of objects, the number
of sampling we needed is far greater than the number of
total pixels, it greatly reduces real-time performance of
the polarization ghost imaging system.

3. POLARIZATION GHOST IMAGING
BASED ON COMPRESSED SENSING

SYSTEM

According to the above image retrieval process, the Nth
sampling intensity can be expressed as

N 1" (x0)G(x) =1 )
Where G(x) is the strength information of the object or

the polarization information. Using the matrix form to trans-
form (4), we can obtain the following statement

1G=1 )



Polarization Ghost Imaging System Based on Compressed Sensing

Where / is the row vector distribution of light intensity
distribution, G is the column vector representation of ob-
jects. In the ghost imaging system, we need to carry out the
illumination of different light intensity distribution for the
scene repeatedly, and in turn, get the light intensity infor-
mation through single pixel detector. The total process of N-
light intensity information collection can be indicated as ma-
trices

1,G=1,, Q)

Where, I, is n-times measurement matrix, line S (less

than N ) means the row vector form of the §-th collection
of illumination intensity distribution, 7, is the column vec-

tor form of the intensity distribution acquired from the N -th
T
.,];N)] , T is the

matrix transpose operation. Assume K is the total pixels for
the inversion image, In order to obtain that the number of
sampling N is greater than or equal to K accurately. Based
on the related formula (3), the sampling number could be far
greater than K . For sample number less than K, When
conducting matrix solution, multiple solutions exist, namely
the underdetermined equations have no unique solution.
Most of the image information in some transform (such as
Fourier transform and discrete cosine transform) is sparse,
namely the matrices contain a large number of zero ele-
ments, so based on this property, the compression perception
algorithm provides the solution of underdetermined equation
accurately [12, 13]. The sparse transform of the signal can be
represented as

G=vya (7

single pixel detection,, 1, = [lg),lf}f),..

Where y is sparse matrix. Using the formula (6) and (7),
we can converts the problem of solving the object infor-
mation G for solving the problem of sparse signals o , that
is

(;c =arg minHaH subjectto [ yor=1,, , ®)

For the solution of (8), matching pursuit algorithm, in-
terior-point method and gradient method can be adopted.
By solving the sparse signal o , the object information G
can be solved by the sparse transform formula of signal.

Inserting the the single pixel detector for intensity distri-
bution information and polarization difference information
into the formula (8) respectively, the intensity distribution of
the information and polarization difference information can
be obtained. Compression algorithm can be used to get high
quality image information in a few hits, it can be verified
through the simulation experiment in the next section.

4. SIMULATION EXPERIMENT

In the process of the simulation experiments in this sec-
tion, we study on the relevant methods under different
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Table 1. Three objects of polarization parameters.

my; ms3
steel 0.975 0.99
stone 0.385 0.35
wood 0.215 0.16

sampling number and compression method to obtain the ob-
ject information. We compare using the sampling rate in the
experiment. The definition is as follows

B=N/K )

Polarization ghost imaging system can obtain a variety of
object information, G, and G, is the intensity information

and polarization information of the object respectively. In
order to understand the nature of the object preferably, we
need to integrate a variety of information effectively. In this
section, we carry on the multiple information fusion by RGB

principle, Intensity information G, is channel R infor-
mation, polarized information G, is the information of
channel G, G,+G, is the information of channel B . GR

is the fusion image, it means

GR(.,:,1)=G,,

GR(:,:,2)=G,, (10)
GR(;,:,3)=G,+G,.

We compose the scenario with three kinds of materi-
al(steel, stone, wood) in the simulation experiment, two ob-
jects are made of steel and stone, and the background are
made of wood. We represent the polarization properties of
three kinds of material by polarization parameters (Table 1)
which is obtained from the indoor experiment. We get the
experiment to scenario in two case separately, in the first
case, two objects have the same reflectivity and have small
differences with background reflectivity, and in the second
case, two objects have the same reflectivity and background
reflectivity has big difference. Fig. (2) is the result of the
simulation in the two case.

Fig. (3) is the result of the simulation experiment, it pro-
cess the result of the two algorithm unitarily. Line A and B
in Fig. (3) is the scenario intensity information and the polar-
ization information using the detected information from the
point detector. The column 1 to 5 express the samples 200,
400, 600, 800, 1000 respectively. The row C and D is the
scenario intensity information and the polarization infor-
mation using the detected information from the point detec-
tor, the column 1 to 5 is the samples 4000, 8000, 12000,
16000, 20000. Experimental results show that high quality
image information can be obtained by compressed sensing
algorithm with small sampling number(600 groups of sam-
pling number, sampling rate 8 =15% ). Although the relevant
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Fig. (2). Two different case scenarios: A) The first case; B) the second case.
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Fig. (3). Experiment results: A and B show the results obtained by compressed sensing algorithm, C and D show the results obtained by cor-

related algorithm. The 1-5 columns indicate different sampling numbers.

hits (20000 groups of sampling number, smapling rate
B =500% ) is very big, the SNR of the image information is

still very low. The results of the algorithm verify that com-
pressed sensing can reduce the number of sampling effec-
tively. At the same time can improve the resolution of the
object and the signal-to-noise ratio. Through the polarization
information obtained from the two kinds of methods, it is
different to distinguish the stone object and background

in the result when recovering by the correlation algorithm.
On the other hand, it is easily distinguished that the scenario
has three different material composition In the polarization
information which obtained by the compressed sensing.
Comparing the intensity with polarization information, we
can observe that it is different to identify and distinguish of
the object only by the intensity information in the case that
the objects has the same reflectivity. Moreover, it can
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Fig. (4). Image fused results: A) fused results obtained by compressed sensing algorithm; B) fused results obtained by correlated algorithm.

The 1-5 columns indicate different sampling numbers.
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Fig. (5). Experiment results: A and B show the results obtained by compressed sensing algorithm, C and D show the results obtained by cor-

related algorithm. The 1-5 columns indicate different sampling number.

effectively distinguish between different material objects
when combing the polarization information. The polarization
information in the figure indicates the degree of polarization,
The greater the intensity, the greater the degree of polariza-
tion, it verify that the steel has a high degree of polarization,
secondly the stone, and the degree of polarization of the
wood is minimal. In case with more information, data fusion
is in need, so it is effectively to identify scenes through the
result of the fusion. Fig. (4) shows the two algorithms for

the strength of the information and the polarization infor-
mation of the fusion results, the results show that although
the fusion image obtained from the relevant algorithm can
distinguish different material object, the SNR is very low,
while the fusion image obtained by compression perception
has a high signal-to-noise ratio, it is more easier to recognize
the different material object.

Fig. (5) shows the results of the experimental simulation
in the second case. Line A and B in Fig. (5) is the scenario
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Fig. (6). Image fused results: A) fused results obtained by compressed sensing algorithm; B) fused results obtained by correlated algorithm.

The 1-5 columns indicate different sampling number.

intensity information and the polarization information using
the detected information from the point detector, The column
1 to 5 express the samples 200, 400, 600, 800, 1000 respec-
tively. The row C and D in Fig. (5) is the scenario intensity
information and the polarization information using the de-
tected information from the point detector, the column 1 to 5
is the samples 4000, 8000, 12000, 16000, 20000. Because of
the normalized processing to the results, the results can be
seen that the experimental results and laws are basically
identical with the first case, it shows that the difference of
contrast has little influence upon the inversion results of the
normalized through the two kinds of algorithms. Fig. (6)
shows the two algorithms for the strength of the information
and the polarization information of the fusion results, it is
recognize the different material objects, But the signal to
noise ratio of the image obtained from the relevant methods
is low, and the signal-to-noise ratio obtained by compressed
sensing algorithm is very high.

Through the analysis of the simulation experiment, it can
be seen that the high quality of the object intensity and polar-
ization information can be obtained with fewer sample num-
ber when recovering the information by compressed sensing
algorithm, Which can satisfy the real-time requirement of
polarization ghost imaging system. Multiple information
fusion algorithm is used to collect the results to recognize a
variety of different polarization characteristics of objects
with the same reflectivity effectively.

CONCLUSION

According to the characteristics of the polarization ghost
imaging system, Polarization ghost imaging system based on
compressed sensing is proposed to get the intensity and po-
larization information of the object using the detected infor-
mation from the point detector. It overcome the conventional
algorithms need a large number of hits, and the problem of
low SNR image. Comparing the compressed sensing method
with the method in this paper in the simulation experiment, it
can get high quality image information in the case of low

sampling number obtained by compressed sensing algorithm.
Finally using digital image fusion algorithm to obtain a vari-
ety of different information fusion, it can effectively identify
and distinguish the same reflectivity but different polariza-
tion characteristics of objects through the fusion results.
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