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Abstract - Image compression is more important for the efficient data transfer of the data and to maintain the secrecy of the 
data that is to be transmitted. The main problem that is faced in the compression is the effective decompression. The input 
images that is compressed may not be more effectively restored in the compression process based on quantization using 
Cosine Transformations or Wavelet transformations. While using transformations the pixel information were lost. To 
overcome these process encoding process were employed. In the encoding process the pixel information were well preserved 
but the compression efficiency is not improved. Inorder to overcome this problem Lossless Patch Wise Code Formation 
(LPWCF) is employed. In the patch wise code generation the compression process is based on the pixel grouping and 

removing the relevant and recurrent pixels. In the proposed method the images were first reduced in size by combining the 
current pixel with the previous pixel. The resulting image size is nearly the half of the size of the input image. The resulting 
image is then divided into small patches. In the patch recurrent pixels and their locations were identified. The identified pixel 
locations were placed previous to the pixel value and the process is repeated for the complete image. The result of the each 
patch acts as the code. In the receiver side the same process is reversed inorder to obtain the decompressed image. The 
process is completely reversible and hence the process can be employed in the transmission of the images. The performance 
of the process is measured in terms of the compression ratio and the image quality analysis of the input and the 
decompressed image based on PSNR, MSE and SSIM. 
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I. INTRODUCTION 

 

A huge amount of  memory storage space to store and 

transmit the image raw data in various 

applications[1]. Compression of hyperspectral images 

(HSI) is the most important research area for the 

efficient data transfer of analyzing land areas in the 

earth. In the compression process, mainly two types 

of techniques are progressed such as lossy, and 
lossless compression. For lossy process, the 

redundant data are eliminated from some image 

information are damaged. In contrast, lossless 

compression achieves greater compression ratios than 

lossy compression without loss of information. The 

redundancy of image data represented in terms of 

spatial, spectral, or temporal redundancy. The main 

problem that is faced in the compression is the 

effective reconstructing image data onto minimum 

loss of pixels. The discussion of various image 

compression algorithms and their merits demerits 
applications that utilized to reduce the image size of 

reducing the quality[2]. 

 

They are fractal image compression, discrete cosine 

transform, coding of wavelet coefficients, lossless 

compression algorithms, fuzzy compression, 

hyperspectral compression algorithm, data re-

ordering technique, color image compression, and the 

Hadamard based image decomposition and 

compression algorithms. The lossy hyperspectral 

image [3] compression techniques are analyzed in 

this research area. 

The major requirement of HSI compression are to 

reduce the on-board size, download time, and the 

communication channels capacity. The main intention 

of this work are to reduce the transmission overhead 

and also evaluate the number of compression 

algorithms used for processing the onsite HSI data[4]. 

The comparison of Wavelet based compression 

techniques of HS image information as follows: 

binary embedded zerotree wavelets (BEZW), 3D-Set 
Partitioning In Hierarchical Trees (SPIHT), and the 

3D-Set Partitioning Embedded bloCK (SPECK)[5]. 

This shows an effective lossless compression 

technique of hyperspectral image. Hence, the input 

images that are compressed by using a compression 

technique have been produced less amount of 

efficiency. Although using transformations the pixel 

information was lost. To overcome these issues 

encoding process is employed. The Lapped 

Transform and Tucker Decomposition (LT-TD)[6]is 

used to compress the HSI. In this research, the lapped 
transform is utilized to decorrelate the each band of 

an HSI. To rearranging the three-dimensional (3D) 

wavelet sub-band configurations from the diverse 

frequencies of transformed coefficients and which it 

is named out as third-order tensors. Finally, the core 

tensor is formed due to the sub-band disintegration 

rule and 3-factor matrices by Tucker decomposition. 

Then, most of the original tensor energy is preserved 

from the core tensor, and using the bit-plane coding 

algorithm which encoded the tensor code into the bit-

streams. In the encoding process, the pixel 

information was well preserved but the compression 
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efficiency is not improved. These brief reviews of 

image compression techniques conveys that lost the 
pixel information and needs the large memory storage 

is the major issues to be solved in a better 

compression technique. This paper proposes the 

lossless patch wise code formation (LPWCF) scheme 

to overcome the issues in the compressing technique. 

The following points shows the objectives of the 

proposed technique illustrate as: 

 pixel grouping   it is employed for removing 

the recurrent and relevant pixels in the input 

image based on the compression process. 

 LPWCF  it is used to generate the compressed 

code which reduces the image size of the nearly 
half of the original size. 

 proposed method  it is capable of reducing the 

image size of a greater extent, thus reducing the 

transmission time and improve the security of the 

original image. 

 decompressed image  it is obtained from using 

the reversible process 

 

Recently, the significant efforts have been made 

directed towards the hyperspectral image 

compression algorithms. Therefore, the evolution of 
the opinions, interests, and comments on the 

hyperspectral image compression was discussed. 

Sujithra, et al. [7]presented the Walsh Hadamard 

Transform (WHT) and the Discrete Wavelet 

Transform (DWT) was utilized to compress the 

hyperspectral images based on the spectral and spatial 

information in the images. They applied DWT, to 

split the HSIs into the subband imageries. After that, 

each transformed block DC value were split and low-

frequency sub-band of each block was performed 

based on the WHT technique. The main purpose of 
this transformation were to achieve high bit per pixel 

per band and compression ratio. Cheng and Dill 

[8]discovered the new dual-tree Binary Embedded 

Zerotree Wavelet (BEZW) algorithm for compressing 

the HSI based on the lossless to lossy schemes. They 

achieved 3-D integer reversible hybrid transforms and 

decorrelate spectral and spatial data from 

acclimatizing the Karhunen- Loeve transform and 

DWT. Then, optimized the discovered performance 

results due to an asymmetrical dual-tree structure. 

The large number of spectral bands occupied for 

image transmission also high. Huber-Lerner, et al. 
[9]suggested the Principle Component Analysis that 

surveyed the Discrete Cosine Transform (PCA-DCT) 

compression technique for reducing hyperspectral 

images size. It was considered only lossy 

compression technique on the spectral axis and it 

represent as a simple and implementation for the fast 

processing method. 

They introduced the widely held Reed-Xiaoli (RX) 

algorithm and the enhanced quasi-local RX (RXQLC ) 

was utilized as to detecting the target based method. 

In this scenario, transmission time and storage space 

was also high.Du, et al. [10]introduced the JPEG2000 

with PCA for spectral decorrelation. They retained 
the PCs and compressed the majority of information 

about the dataset. Furthermore, the PCA+JPEG2000 

has been preserved the valuable HSIs information on 

avoiding the presence of anomalies, unmixing, and 

the classification. The compression efficiency was 

not in an effective range.Amrani, et al. [11]endorsed 

the lossless principal polynomial analysis (PPA) for 

evading the issues such as side information, energy 

compaction property, and the integer mapping. They 

developed two generalization techniques of PPA was 

Backwards PPA and the Double-Sided PPA. The 

redundant and complexity were the major issues in 
this endorsed model. Narmadha, et al. [12]utilized the 

DWT with CANDECOM/PARAFAC (DWT-CP))for 

compressing the hyperspectral image. Initial process 

of compression process was performed in each 

spectral band by utilizing the (9/7) bi-orthogonal 

wavelet based on the 2DWT technique. Therefore, 

reached high compression ratio due to the CP in the 

4-wavelet sub-band HSIs. Finally, the elements of the 

core tensors were coded by exploiting the Adaptive 

Arithmetic Coding (AAC) algorithm. The redundant 

information was the major issues in the utilized 
model.Wu, etal. [13] recommended the high-order 

lossless compressing technique for HSIs based on the 

clustered Differential Pulse Code Modulation with 

Removal of Local Spectral Outliers (C-DPCM-

RLSO) methods. The special effects of spectral 

outliers were removed mainly by a multiple linear 

regression twice processes. In this research work, 

clustered all the spectral lines and employed linear 

regression for evaluating the prediction coefficients. 

For each band of each class, the values were 

predicted and sorted the difference between predicted 

values and actual values. Then, identified and 
removed the spectral outliers and the resulting 

spectral lines were utilized to take away the 

regression for estimating the predicted values and the 

ending prediction coefficients. Lastly, the entropy 

coded were performed in between the original and the 

predicted image residuals. 

 

The major drawbacks of the recommended method 

were slower and lower average bit-rate. Nahavandi, et 

al. [14]introduced new adaptive compression method 

like Extended New Lossless Compression Method 
(ENLCM) for hyperspectral data. This technique was 

comprised of three different approaches: 

 Based on the histogram evaluation, 

separated the corrupted bands of the other 

bands 

 Utilized Binary Hybrid Genetic Algorithm 

with Particle Swarm Optimization 

(BHGAPSO) to optimize the uncorrupted 

bands and finding the group of bands of 

minimum correlation between each other 
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 Finally, the suggested visually lossless 

compression method utilized to code the 
remaining bands 

In conclusion, the compressed bit-stream was created 

based on the above mentioned three compression 

steps due to the addition the three compression 

process results and this process was utilized to 

storage or transmission sections. 

Zhang, et al. [15]presented a multi-dimensional or 

tensor data processing approach for compressing and 

reconstructing the hyperspectral image (HSI).They 

received core tensor which multiplied by a matrix 

factor beside an individual mode from the 

decompression of original tensor information based 
on the developed tensor decomposition technology, 

and it was represented from the observed 

hyperspectral image. After compressing the HSI to 

the core tensor, the multi-linear projection through 

the factor matrices utilized to reconstruct the data. 

Shahriyar, et al. [16]aimed to compress the 

hyperspectral image without loss of image 

information. This paper invented the binary tree of 

lossless predictive HS coding scheme was employed 

to assemble the integer residual bitmap from the 

residual frame. After creating the large homogeneous 
blocks of adaptive size from utilizing the high spatial 

correlation in HS residual frame and also utilized the 

context-based arithmetic coding method to create a 

code that was represented as a unit. Amrani, et al. 

[17] employed the regression wavelet analysis 

(RWA) for lossless coding of remote-sensing data. 

They utilized the multivariate regression with the 

wavelet-transformed components relationships. This 

analysis suggested three regression models evade the 

issues was accuracy, component scalability and 

computational complexity. But the estimation 

accuracy was the major drawbacks in this 
recommended analysis. 

Zhang, et al. [18]focused on the hyperspectral un-

mixing compressive sensing model (HUCSM) 

problems. They have developed three main aspects in 

this research for solving the issues in the 

reconstruction process and identifying the end 

members from an HS image: 

 Created novel constraints for representing 

the spatial local similarity and spectral 

sparsity of the profusion matrix 

 Locally similar sparsity-based hyperspectral 
un-mixing compressive sensing (LSSHUCS) 

method to improve the reconstruction 

accuracy 

 Lagrangian algorithm to solve the problem 

of HUCSM 

 

But, the un-mixing model cannot reveal that 

reconstruction accuracy accurately. Fu, et al. 

[19]suggested the spectral–spatial adaptive, sparse 

representation (SSASR) to efficiently compress the 

hyperspectral image (HSI). Primarily, constructed the 
super pixel and then designed the spectral signatures 

for each super pixel. Lastly, Huffman coding was 

performed to achieve the bit stream without 
considered the contextual arrangement in the sparse 

quantities from the sparse coefficients. Therefore, the 

major consideration implemented on the contextual 

arrangement of the sparse quantities. Shen, et al. 

[20]utilized the new lossless compression algorithm 

on arbitrarily shaped the region of interests (ROIs) in 

the hyperspectral images. First of all, decorrelate the 

hyperspectral image spatially and spectrally by a two-

stage prediction method. Secondly, the prediction 

residuals were encoded based on the Golomb Rice 

(GR) coding method. After that, several grouping of 

full context pixels and boundary pixels with the 
connected residuals were represented from the 

mixture geometric model. The data overload was the 

major problem that limits the accuracy of the image.  

The loss of image pixels, large memory storage 

space, and the transmission time were considered as 

the major drawbacks to achieving the better 

performance in the proposing technique. 

 

LPWCF implementation is mainly for reducing the 

memory storage space and improving the security of 

the original image data. Fig. 1 represents the 
proposed HSI compression and decompression 

process flow diagram. 

 
Fig. 1 Workflow of the proposed system. 

 

The major processes in proposed work to reduce the 

transmission time consumption without reducing the 

quality of the image are listed as follows: 
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 Pixel Grouping 

 Code Generation 

 Image Decompression 

 

The detailed description of each process in the 

proposed work is presented in next sub-sections. 

Table I present the variables used in the proposed 

algorithm. 

 
Table I 

Symbols and Descriptions 

List of 

Variables 
Description 

R, C 
Corresponding row and the 

column of the image pixel 

Z Compressed code 

MSB Most Significant Bit 

LSB Least Significant Bit 

i, j Length and size of the patch 

Pk  Compressed image patches 

VPk
 Unique patches 

 

A. Hyperspectral Image 

In conventional color image, the light spectrum is 

split into three broad overlapping image slices such as 

Red, Green, and Blue bands. While a hyperspectral 
image splits the spectrum into numerous tinny image 

slices. The HSI consists of hundreds of spectrum 

bands and that bands mainly depends the 

hyperspectral camera.Fig.2 represents the input 

hyperspectral Image. 
 

 
Fig.2 Hyperspectral Input Image 

 

B. Pixel Grouping 

The current and previous band of all using the causal 

pixels which represent the current pixel row and 

column of the image. If a current pixel value is equal 

to the neighboring value then assign neighboring 

pixel value. Otherwise, assign the previous pixel 

value to the current pixel. The group of pixel vectors 

represent n and consider the hyperspectral input 

image as, 

X =  xi ∈ RB              
(1) 
 

Here j=1, 2, 3,….., n and B represent the number of 

spectral bands. The spatial location (coordinates) and 

vector of spectral values are characterized in each 

pixel of the HSI. The main objective of the pixel 

grouping is the significant reduction of the redundant 

information and improve the compressed image 

quality. The two main steps involved in the pixel 

grouping as, 

 Removing the relevant and recurrent pixels 

 Grouping the pixel 
 

 
Fig. 3  Pixel Grouping Image 

 

C. Code Generation 

After applying, Lossless patch Wise Code Formation 

(LPWCF) method to derive the code for the 

compressed image. The major advantage of using this 

proposed method illustrates as, 

 

 Preserved the pixel information 

 Reduced the image size 

 Low transmission time 

 Improved security of the original image 

 Low computational complexity with high 

compression efficiency 

 

The LPWCF code generation scheme is performed 

based on the compressed image as the required source 

of the system. Initially, reduced the image size by 

combining the previous pixel value with current pixel 

value. Then the compressed image is divided into 

number of small patches and identifies the frequent 

pixel value and their corresponding positions in an 
image. The identified pixel locations are located in 

the current pixel value, and the progression is 

repetitive for the complete image. The outcome of 
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each patch acts by means of the code is the required 

code. 
 

The proposed algorithm to generate the compressed 

code is listed as follows: 

 

Lossless patch wise code formation algorithm 

Input; Raw Hyperspectral Image 

Output; Compressed Code 

Step-1: 
[R C] =Image; 

Step-2: 
Initialize Code Z=1 

Step-2: 
for i=1 to R 

Step-3: 

LSB (Cp) =Np; 

end for loop 

// Cp Current Pixel; 

NpNeighbouring Pixel 

Step-4: 

Compressedimage =LSB (Cp); 

// LSB Least Significant Bit 

Step-5: 

Pk =Patches (Compressedimage ); 

// k1,2,3,…,Total number of Patches 

Step-6: 

VPk
= unique(Pk); 

Step-7: 

for i=1 to length (VPk
) 

Step-8: 

for j= 1 to size (Pk) 

Step-9: 

if VPk
(i)==Pk(j) 

Step-10: 
Count=Count+1; end if 

Step-11: 
if Count>1 

Step-12: 

Z=Z+1; 

end if; 

end for loops 

 

 

D. Image Decompression 

Image decompression is the reverse process of 

compression technique. It decompresses the 

compressed image into the large volume of 

hyperspectral image. In order to achieve the high 

quality of the hyperspectral image. The image 
decompression is performed under the following 

process are, 

 Decoding 

 Inverse Pixel Grouping 

 

The decoding is the reverse process of encoding 

technique. To break the compressed image code and 

identify the repeated pixels in the hyperspectral 

image. Then, identify the recurrent pixel locations 

and generate the patches. Applying lossless 
decompressing technique to decompress the image 

which is nearly half of the original size of the image. 

Again, perform the pixel grouping in an inverse mode 

to recover the original image. The image pixel which 

is split into MSB and LSB value. The MSB pixel 

value placed in the current row while LSB value 

placed in the next row. Then, go for next pixel image 

further continue the process until complete all the 

pixel in the compressed hyperspectral image. Finally, 

recover the decompressed image. 

Thus, the overall algorithm for decompression is the 

reversible process to that of LPWCF method. 
Therefore, the proposed LPWCF method is capable 

of reducing the image size to a greater extent and thus 

leads to reduce the transmission time. 

Finally, reconstruct the original hyperspectral image 

with minimized size. Fig.4 shows the reconstructed 

HIS image. 

 

 
Fig.4 Reconstructed HS image 

 

E. Dataset 

The Airborne Visible/Infrared Imaging Spectrometer 

(AVIRIS) was developed in 1997 for collecting the 

hyperspectral images that are used for various 
research process. The four main datasets are taken 

such as Jasper Ridge, Moffett Field, Lunar Lake, and 

the Cuprite. This AVIRIS database was discovered in 

1987 by the NASA Jet Propulsion Laboratory. 

 

F. Lossless results in Bits per Pixel per Band 

The lossless results of predictive coding methods, 

compressing the whole hyperspectral images is 

illustrates in Table II. The proposed LPWCF methods 

is compared with the existing methods such as C-

DPCM, LUT, JPEG-LS, LAIS-LUT, M-CALIC, 3D-

BEZW. 
 

Table II 

Lossless results 

Coding 

Method 
Jasper Lunar Cuprite Moffett 

JPEG-LS 8.38 7.48 7.66 8.04 

C-DPCM-

20 
4.62 4.75 4.68 4.62 
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M-CALIC 5 4.91 4.89 4.92 

LUT 4.95 4.71 4.66 5.05 

LAIS-LUT 4.68 4.53 4.47 4.76 

3D-BEZW 4.75 4.62 4.52 4.51 

LPWCF - 4.9 1.0331 4.9554 

Among the predicting coding methods, the proposed 

LPWCF method acheives greater perormance over 

other methods. 

 

G. PSNR 

The proportion of the maximum power value in the 

signal to the total amount of power required for 

processing of noise signals is defined as the peak 

signal-to-noise ratio (PSNR). Dynamic range values 
have occurred in the signals. The higher 

reconstruction quality of the image depends on the 

larger PSNR value. Hence PSNR value is expressed 

in the logarithmic scale of decibels (dB). Therefore 

PSNR value is expressed in the mean - squared error 

(MSE) that have the maximum possible pixel value of 

HSI dimensions. For hyperspectral image, the PSNR 

of the reconstructed result as, 

 

PSNR = 20 log10
2552

MSE
           

(2)  

 

And 

 

MSE =
1

pq
  [c(i, j) − c  i, j ]2q

j=1
p
i=1          

(3) 

 

Where, c(i, j) represents the components of the HSI 

and  c  i, j  represents the reconstructed image 
components. 

The proposed PSNR value is compared with the 

traditional methods such as Stagewise Orthogonal 

Matching Pursuit (StOMP), Least Angle regression 

(LASSO), HYperspectral Coded Aperture (HYCA), 

hyperspectralUnmixing Compressive Sensing (UCS), 

and the Locally Similar Sparsity based 

HyperspectralUnmixing Compressive Sensing 

(LSSHUCS), LSSHUCS_nts1 [18]. 

 

 
 

From the figure, shows that the proposed LPWCF 

method compared with the traditional methods of 
urban dataset under. Hence, the proposed LPWCF 

method achieve higher PSNRs. 

H. SNR 

The SNRs is defined as the logarithmic proportion of 
the original image to the difference between the 

original image and the reconstructed images. This 

calculation is mainly used to estimate the 

hyperspectral image distortion ratio. The 

mathematical form of SNR is illustrated as, 

 

SNR = 10 log10
 R F

2

 R−R  
F

2           

(4) 

 

Where R  represents the reconstructed hyperspectral 
data. The ranges are derived from 0.1db and 

enumerate the rates by a bpppb. 

 

CONCLUSION 

 

Forecasting the relevant compression technique to 

compress the hyperspectral image without any loss of 
pixel information is the critical task in the proposed 

work. In this paper, the LPWCF scheme is proposed 

to generate the code for transmitting a large amount 

of image data. The pixel grouping method is 

employed to remove the noise and also reduce the 

recurrent and relevant image data. Then, generate the 

compressed code for transmitting the image data. 

After, applying the decoding process to which 

retrieve the compressed image. Finally, inverse pixel 

grouping process is performed to recover the original 

image without any loss of pixel in the image. The 

comparative analysis between the proposed LPWCF 
with the existing techniques is performed for 

analyzing the LPWCF performance. Hence, the 

proposed LPWCF method achieves greater results 

than the existing in terms of PSNR, SNR, and the 

lossless compression results. 
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