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Abstract - The advancements in the field of remote sensing and geographic information has led the way for continuous 
improvement in the resolution and precision of satellite imaging sensors. Hyperspectral imaging, also known as imaging 
spectroscopy, is a key element in remote sensing. Significant constraints limiting the performance of instruments like hyper 
spectral sensors are the available transmission bandwidth and the on-board storage capacity. The compression step, thus, 
becomes a crucial part of the acquisition system as it enhances the easiness to store, access and transmit information. Ideally, 
the compression should be lossless to ensure preservation of the scientific value of data. Hyperspectral images exhibit 
significant spectral, spatial correlation whose exploitation is crucial for compression. In this project less complex method for 
Hyperspectral image compression is implemented based on differential prediction. The proposed scheme consists of a 
difference coder, two predictors and a Huffman codec. The processing of the pixels varies depending on their position in the 
image. The resulting difference between the predicted values and the actual pixel values are encoded into variable-length 
codewords using the Huffman codebook. The performance of the proposed algorithm is evaluated on AVIRIS images. 
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I. INTRODUCTION 
 
Image sensors, whether used to observe the Earth 
from space or to explore deep space and distant 
bodies, always seek better data quality to improve the 
scientific or the strategic value of the information 
provided. Improving the performance of such sensors 
often requires an increased spatial resolution, the 
radiometric precision and possibly the number of 
spectral bands. Hyperspectral images are generated 
from airborne sensors like the NASA’s Airborne 
Visible/Infrared Imaging Spectrometer (AVIRIS) or 
from satellites like NASA's EO-1 with its 
Hyperspectral instrument Hyperion. The precision of 
these sensors is typically measured in spectral 
resolution, which is the width of each band of the 
spectrum that is captured. If the scanner detects a 
large number of fairly narrow frequency bands, it is 
possible to identify objects even if they are only 
captured in a handful of pixels. However, spatial 
resolution is a factor as important as spectral 
resolution. If the pixels are too large, then multiple 
objects are captured in the same pixel and become 
difficult to identify. If the pixels are too small, then 
the energy captured by each sensor cell is low, and 
the decreased signal-to-noise ratio reduces the 
reliability of measured features. The acquisition and 
processing of hyperspectral images is also referred to 
as imaging spectroscopy or as 3D spectroscopy. 
Hyperspectral imaging has been widely used in 
remote sensing applications such as resource 
management, terrestrial vegetation, mineral 
exploration, surveillance, environmental monitoring 
to search and rescue, military reconnaissance, and 
urban planning. Hyperspectral sensors look at objects 
using a vast portion of the electromagnetic spectrum. 
Certain objects leave unique fingerprints' in the 
electromagnetic spectrum known as spectral 

signature. These 'fingerprints' enable identification of 
the materials that make up a scanned object. 
Hyperspectral data are in a way similar to video data, 
where wavelength corresponds to time, but their 
statistical properties are different: there is no motion 
between hyperspectral spectral planes but changes in 
color, as illustrated in Figure 1. 
 

 
Figure 1: An illustration of Hyperspectral image 

 
High-spectral resolution instruments, fall within this 
global evolution. Such sensors, named either imaging 
spectrometers or hyperspectral sensors, are becoming 
increasingly common nowadays. However, lossless 
compression techniques provide compression ratios 
of about two or three; a limitation which is enforced 
in the hyperspectral case due to the noise inherently 
present is such high-resolution sensors. Near lossless 
compression becomes an increasingly acceptable 
choice during the sensor definition. Hyperspectral 
imagery, or spectral imagery, involves observing the 
same scene at different wavelengths Figure 1. 
Typically, each of the image pixels is represented by 
hundreds of values, corresponding to various 
wavelengths. These values correspond to sampling of 
the continuous spectrum produced by the pixel. 
Sampling of the pixel spectrum at very high 
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resolution allows pixel identification (materials, 
minerals, gases, etc.). The availability of the spectral 
information for each pixel lead to new applications in 
all fields that use remote sensing data (agriculture, 
environment, or military), and can help improving the 
understanding of the solar system (mineral or gas 
identification). 
 
II. APPROACH 
 
Hyperspectral images exhibit significant spatio-
spectral correlation whose exploitation is crucial for 
compression. The project aims at implementing a 
prediction based lossless compression technique that 
can be employed for onsite processing of 
hyperspectral image data, to reduce the transmission 
overhead. In hyperspectral images there are two kinds 
of correlations that can be exploited. One is spatial 
correlation between adjacent pixels in a spectral band, 
and the other is correlation between pixels in adjacent 
bands. 
Hyperspectral image can be downloaded from the site 
http://compression.jpl.nasa.gov/hyperspectral/    and 
can be processed using MATLAB hyperspectral 
toolbox.In this project an efficient method for 
Hyperspectral image compression is implemented 
based on differential prediction with low complexity. 
The proposed scheme comprises of a difference 
coder, two predictors and a Huffman codec. The 
processing of the pixels varies depending on their 
position in the image. The difference between the 
predicted and the actual pixel values are encoded into 
variable-length codewords using the Huffman 
codebook. The performance of the proposed 
algorithm has been evaluated on AVIRIS images. 

Here we use spatial compression of HSI. Lossless 
compression technique is implemented and 
demonstrated by designing the encoder and decoder 
parts separately as shown in the block diagrams. 
 
III. ALGORTHM 
 
The algorithm of the proposed encoder is described 
below. 
Encoder 
The encoder block diagram is shown below in figure 
2. It consists of an optimized selector, which 
separates the rows and columns and direct them to the 
respective blocks as shown in encoder block diagram. 
Median Edge Detector (MED) a combination of 
simplicity and efficiency. MED uses only three causal 
pixels to determine a type of pixels area which is 
currently predicted. The second predictor is the 
Gradient Adjusted Predictor (GAP), which is a 
context-based adaptive predictor, most important 
advantage of the GAP predictor is high adaptability. 
It finds the best context from the information 
available to encoder and decoder Figure.2 represents 
the components of encoder of the proposed scheme. 
One important feature in the scheme is the way in 
which the pixels are directed based on their location 
within the single band. During encoding, the task of 
directing, the data flow is carried out by the 
optimized selector. The pixels present in the first row 
and the first column of the band are differentially 
coded. While those pixels present at the second row, 
second column and last column are computed using 
MED predictor and the remaining all pixel values are 
calculated using GAP predictor. 

 

 
Figure 2: Encoder Block Diagram 

 
Difference Encoder  
In the encoder, the first row and the first column are 
processed by the difference coder. Here the pixel of 
the location (1,1) is set as reference pixel and I is 
retained without compressing it, then the first row is 
coded as follows: the pixel at the location (i,1) is 
subtracted from the pixel at the location (i-1,1) to get 

the difference value of the pixel at location (i,1) for i 
> 1. Similarly the elements of the first column are 
coded as follows: the pixel at the location (1, j) is 
subtracted from the pixel at the location (1, j-1) to get 
the difference value of the pixel at location (1, j) for j 
> 1. First row and first column are coded using 
Huffman code. 
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MED Predictor 
The first predictor median edge detector (MED) is the 

shown in figure 4, the current pixel ‘X’ is predicted 
based on its three neighboring pixels Ra, Rb and Rc.  

 

 
The predicted value Px of ‘X’ is given by 

 
Gradient Adjusted Predictor 

 
One of the most important feature of GAP predictor 
is its high adaptability, as it recognizes weak, regular 
and sharp horizontal and vertical edges, as well as 
smooth areas. The neighboring pixels of the current 
pixel Y are as shown in Figure 4. The symbols N, E 
and W denote north, east and west respectively. To 
detect edges, predictor uses local gradient estimation 
and three heuristic defined thresholds. Vertical and 
horizontal gradients are estimated as follows: 

 
gv= |W-WW|+|N-NW|+|N-NE| 
gh=|W-NW|+|N-NN|+|NE-NNE| 
 

Py is calculated as follows:

– 
 
For 8-bit per pixel alphabet, threshold 1, threshold 2 
and threshold 3 are 80, 32 and 8 respectively. The 
results of median and GAP predictor are subtracted 
by the correlated pixel locations of the original input 
image to obtain the difference matrix. 
 
Huffman Coding 
Huffman coder generates a Huffman codebook. It is a 
variable length code which codes the pixels based on 
the probability of occurrence of the value. It 
generates a short code for values which has a higher 
probability and longer codes for values that repeat 
seldom. The values of first row and column and as 
well as the difference matrix are coded using 
Huffman coding technique. 

 
Figure 3: Decoder Block Diagram 
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Decoder 
Decoder performs the reverse operation of the 
encoder.  Decoder block diagram is shown in 
Figure3. 
Huffman Decoder 
The Huffman decoder is employed at the beginning to 
decode the bit stream based on the Huffman 
codebook. The incoming compressed bit stream is fed 
to a Huffman decoder which applies the Huffman 
algorithm to revert the binary bits into codes 
according to the Huffman codebook generated while 
coding. The variable length codes are obtained at the 
output of the block. The output of the Huffman 
decoder is fed to the optimized distributor which 
performs the separation of the first row, first column 
and the error matrix. The first row, first column are 
decoded by the difference decoder, the output of 
which is fed to the MED and GAP estimator to 
compute the original data by adding the estimated 
data to the error matrix as, outputted by the Huffman 
decoder, respectively. The so obtained pixel values 
are arranged using an output buffering tank, which 
can be stored or processed as per the requirement. 
The first row and the first column are decoded using 
this block. The first row is decoded as follows: To 
decode the pixel at location (i,1), the pixel at the 
location (i,1) in the error matrix is added with pixel at 
the location (i-1,1) in the decoded matrix. Similarly to 
decode the first column, the pixel at the location (1, j) 
in the error matrix is added with pixel at the location 
(1, j-1) in the decoded matrix. Now, we have the 
decoded values of the first row and first column. 
 
MED Estimator 
The output of the difference decoder i.e., the decoded 
values of the first row and first column is applied to 
the MED estimator. The MED estimator uses the 
same algorithm as that used in the encoder to estimate 
the values of the second row and second column. 
These predicted values are added with the respective 
elements of the error matrix to obtain the decoded 
values of the second row and second column. It is to 
note that we do not use the MED estimator to 
estimate the pixels of the last column at this stage. 
After this stage, we have the decoded values of the 
first row and first column as well as second row and 
second column of the image. This is given as the 
input to the GAP estimator. 
 
GAP Estimator 
The GAP estimator is used to estimate the rest of the 
pixels other than the last column using the same 
algorithm as used in the encoder. These estimated 
values are added with the corresponding error 
elements. The MED estimation for the last  
column is done after the GAP algorithm is run for the 
entire remaining rows and columns. Also these MED 
estimated values of the last column are added with 
the corresponding error elements in order to obtain 
the decoded values. At this stage, we have the 

decoded image which is same as the original image 
and this image is rearranged in the correct order at the 
output buffering tank of the decoder. 
 
IV. RESULTS 
 
The proposed compression algorithm is implemented 
on the hyperspectral .bip images. These Hyperion 
Level 0 (raw, uncalibrated) images are provided by 
the EO-1 Mission, NASA/USGS. Each image has 
width 256 cross-track samples, 242 spectral channels, 
and the height indicated in the table below. The 
Hyperion imager produces 12-bit data samples. In the 
files here, each sample is stored as a 2-byte unsigned 
integer in little-endian byte order, samples arranged 
in BIP order.  
 

 
Figure 4: Hyperion Image Erta Ale 

 

 
 

 
The Hyperspectral images were decoded lossless. 
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