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Abstract: Compressive sensing based image reconstruction that improves the algorithm to applying hybrid
approach which is DWT and DCT. First, by using wavelet transform, wavelet low frequency of the sub bands in
which the image is decomposed in to low frequency and high frequency wavelet coefficients, second is to applied
DCT on low frequency coordinates and construct the hybrid transformation. Use the measurement matrix
measure the high frequency coefficient components and combine with DCT low frequency components image and
sparse signal output is applied on compressive sensing. In compressive sensing, random measurement matrices are
generally used and {1minimisation algorithms often use linear programming to cover sparse signal vectors. But
explicitly constructible measurement matrices providing performance guarantees were and (lminimisation
algorithms are often demanding in computational complexity for applications involving very large problem
dimensions. To improve the PSNR (pick signal to noise ratio) of reconstructions image uses different matrices such
as Gaussian random matrix, hadmard matrix.
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1. INTRODUCTION

In digital multimedia technology is applicant in almost every field of the communication such as in digital images and
video processing uses increased tremendously because of the advance computers and digital cameras. Therefore, the size
of the data could be affected on memory space, bandwidth, and transmission time and transmission rate.so, compression
method is applied to reduce the size of the data in terms of the redundancy and discarded that all components therefore
less time will be required to download these images. Best performance of the image compression techniques is wild area
in digital communication. There are several image compression techniques but mainly applicant on images such as
Discrete Cosine Transform (DCT), Discrete Wavelet Transform (DWT), and Huffman Technique, arithmetic coding etc.
At last reconstruction the image to use linear programming to cover sparse signal vectors techniques and improve
compressive sensing algorithm.

DCT: This technique has some important properties: 1.finite sequence of data points is articulated. 2. These sequences are
oscillated in terms of cosine functions.3. This data points are generating at different frequencies. In this case cosine
function has been used for real image instead of sine function for image compression.

DWT: This method is consisting basically couple of main parts, first is numerical analysis and second is functional
analysis. In this both types of analysis, the wavelets are sampled as a self-ruling or sovereign unit of division of sub
bands. Wavelet transformation is the essential mainstay which is used for signal processing and image compression. The
wavelet is dividing the signal in to the sub bands and set up different window scaling from of basic functions.

JPEG: This technique is famous for its proficient compressing compensate else fullcolour or grey scale digital images.
This technique is deliberated lossless and lossy technique.
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JPEG 2000: JPEG 2000 improves rate-distortion trade-off and subjective image quality. In this technique we can store
different part of same picture using different quality. The implements class of JPEG is JPEG 2000. JPEG 2000 has same
quality components of JPEG in appearance to features ascendable and edits ability. [3][12]

Compressive Sensing: Compressive sensing is reconstruction of the signals or images that contains common type of
structures that, enables and intelligent and concise representation. Image is compressed by partial numerical of
projections, hence it ashen the saddle with processing, storage, and transmission. At the receiver, the sparse recovery
surety to recovered images with less differences conflicts with the base truth.

2. PROJECT WORK FLOW
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Figure: 1 Work flow of image reconstruction

Table 1 file information

File information Image 1 Image 2
File format .bmp .bmp

Size 26.6 MB 1.2MB
Dimensions 6016 X 4000 1672 X 2104

3. RAW IMAGES TAKEN AS INPUTS
DESCRIPTION:

Hybrid Subspace Sparse Sampling: Digital imaging is not easy beyond visible spectrum and especially for large scale
images. Imaging based on compressive sensing is a promising strategy to tackle such problems since there are large
number of measurement which large capturing time. If the compression ratio could be improved while maintaining the
same image quality, shorter acquisition times would be possible.

Lower frequency region has most coefficients concentrated for natural images. However there always exist some
frequency coefficient which are low that are too small to be significant. Thus the direct measurements that correspond
with these zero coefficients would be wasted. Inspired by dimensional reduction in data analysis where data are
represented by its structural components, a novel projection matrix is proposed to sense the structure of an images
sparsity.
The image reconstruction and multi-scale image recovery schemes are used to reduce number of required measurements
.Proposed one hybrid pattern which uses the low frequency information measured via DCT and DWT during acquisition
to enhance the subsequent compressed image. This hybrid patterns and compare to proposed hybrid subspace sparse
(HSS) sampling and expected to improve the image quality at the same sample ratio.
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4. BLOCK DIAGRAM
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Figure: 3: Basic block of compressive sensing

5. HYBRID MEASUREMENTS

The image quality depends only on the number of measurements used for the reconstruction instead of the particular
subset or order of the measurements. However, this scheme is confined to static or slow moving scenes, because of the
large number of required measurements so from this process compression ratio should be increased and consume the
response time.

M*N measurement samples, reconstruction algorithms are used to reconstruct the image. The wavelet decomposition
divides the image into high-frequency coefficients and low-frequency coefficients, most high-frequency coefficients are
around zero and therefore can be considered as sparse. However, the low frequency coefficients cannot be considered as
sparse since they concentrate most of the image energy and they are the approximation of the original image. Therefore,
when putting the low-frequency coefficients together with the high frequency coefficients to multiply with the
measurement matrix, the coherences among the low-frequency coefficients will be disrupted, and the reconstructed image
will have a degraded performance.
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Besides sparsity, another character natural scenes have is that the most nonzero coefficients mostly concentrate in the
lower frequency portion of the spectrum, the standard image compression format JPEG is based on this character. To keep
only the low frequency components of the image and neglect other components reduces the image size considerably.
However, in this way the high frequency components would be discarded almost regardless of compression ratio. Thus
the image would lose some high frequency details. Since the high frequency components are sparse but very image
specific, they are ideal for encoding with the randomized measurements. Thus we designed hybrid patterns composed of
two types of patterns, low frequency patterns ®@s and random projection or

Here patterns ®s are used to extract the low frequency components/structure. Once the low frequency part is subtracted
from the image, the target image would become sparser and the number of random projection used for CI would be
smaller. Thus a higher compression ratio is expected. In this section two methods used to generate low frequency
components/structure patterns will analyse the optimal number of low frequency components patterns to form the hybrid
patterns for both methods.

Image recovery: For two hybrid pattern, using on DWT and DCT, the image reconstruction Process, the low frequency
components/structure measurement as bs and the random measurement as br. Image recovery is to reconstruct x from the
inverse problem in Eq. (1).

@)
Steps to recover image:

Step 1: Extract the low frequency components/structure from corresponding measurements through least square
minimization see in Eq.

x,=min||® x_—-b_|,
5 X, 5 5 F 1 (2)

Step 2: Calculate the equivalent random measurements of the high frequency residual through subtracting measurements
the prior knowledge from the corresponding measurements of whole image.

b, =b -,
@)

Step 3: Reconstruct the higher frequency residual through norm 1 minimization

s =min{|| s |: b, = P, Ps}
5

(4)

Step 4: Add two parts to generate the final reconstructed image

Xx=x, +W¥s
®)

Compressive sensing, address these inefficiencies by directly acquiring a compressed signal representation without going

through the intermediate stage of acquiring N samples. Consider a general linear measurement process that computes M <

N inner products between x and a collection of vectors {¢j}=1 as in yj=( X,pj). Arrange the measurements yj in an Mx1

vector y and the measurement vectors ¢ t, j as rows in an MxN matrix . Then, by substituting , y can be written as

y=0x = O¥s =0s (2)

where 6=0Wis an MxN matrix. The measurement process is not adaptive, meaning that @ is fixed and does not depend
on the signal x. The problem consists of designing a) a stable measurement matrix @ such that the salient information in
any K-sparse or compressible signal is not damaged by the dimensionality reduction from x€ RN to ye RM and b) a
reconstruction algorithm to recover x from only M ~ K measurements y (or about as many measurements as the number
of coefficients recorded by a traditional transform coder).
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Figure 4: (a) Compressive sensing measurement process with a random Gaussian measurement matrix ® and discrete
cosine transform (hybrid) matrix W. The vector of coefficients s is sparse with K =. (b) Measurement process with 6 =Y ®.
There are four columns that correspond to nonzero W coefficients; the measurement vector y is a linear combination of
these columns. !

6. RESULTS
Table: 2 comparisons of results
NO. ALORITHMS PAPERS PROJECT RESULTS
RESULTS (db.) PSNR (db.)
1 DCT [2] 26.23 Imagel-28.35
Image 2-24.33
2 DWT [2] 40.36 Imagel-40.21
Image 2-42.07
3 DWT+DCT BASED CS[1] [3] | 46.56 Imagel-46.40
Image 2-47.31

Table: 3 Using different matrices for image reconstruction in the improved CS algorithm

NO. MEASUREMENT PROJECT SIMULATION BASE PAPER RESULTS
MATRIX RESULTS PSNR(db) PSNR(db)[1]
1 Gaussian random matrix | Imagel:42.025 30.0455
Image2:42.039
2 Bernoulli matrix Image1:42.2082 30.1990
Image2:42.2028
3 Toeplitz matrix. Imagel:42.3292 30.1518
Image2:42.3261
4 Hadamard matrix Imagel:42.5228 32.2892
Image2:42.5254

7. CONCLUSION

In this thesis, two ways of improving compressive sensing and imaging system’s efficiency are demonstrated. Hybrid
subspace sparse sampling is designed to superior the compressive imaging. Here, discussed to implement on the
compressive image as two methods with the random projection, these methods more rapid classification compared with
purely measurements matrix. Actually the number of required measurement for making reasonable classification decision
is reduced by when utilizing projection patterns. Pattern is very robust to reduce the noise and get better quality image
after reconstruction. Compressive imaging and compares two hybrid (DCT+DWT) compressive image conspired real
time application and experimental. These hybrid compressive imaging methods providing of predesigned patterns to
extract the low frequency formation coupled with random projections broadly used for compressive imaging. Presents an
acquire data comparison for novel dimensional reduction methods for compressive classification, which are on the prior
knowledge to improve to adapted L1 technique based in basis pursuit to define sparse coefficient.
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To sum up, large amount of easily achievable image data nowadays, on one hand do challenge current image processing,
transmission and storage abilities. On another hand, they are source of knowledge that could take advantages from to
design more efficient acquisition systems.

Reconstructed image performance comparisons are given for different measurement matrices uses as Gaussian random
matrix, Bernoulli matrix, hadamard matrix, Toeplitz matrix to get better reconstructed image performance pull off with
higher accuracy.
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