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Abstract— This study has been undertaken to investigate 

different methods of hyperspectral image visualization. 

Hyperspectral satellite sensors yield images of high spectral 

resolution that contain hundreds of spectral channels 

enclosing infrared and visible wavelengths. Hyperspectral 

data are well described by their spectral and spatial 

resolution. The spatial resolution measures the relationship 

between pixels in terms of their geometry while spectral 

resolution measures variations as a function of wavelength 

within image pixels. Hyperspectral imaging provides a very 

high spectral resolution. The operations on hyperspectral data 

are normally carried out by assuming it as a 3D data cube. 

But dealing with high dimensional data is complicated and 

very time-consuming. So the efficient dimension reduction 

technique is an important research area, as HSI offers a 

wealth of information. The visualization technique aims at 

building an efficient RGB image or a grayscale image that 

helps to drain the complete information easily. The paper 

aims at reviewing the different methods of HSI visualization 

in the literature. 

Keywords: Hyperspectral Image Visualization, Segmented 

principal components transformation (SPCT), Linear Fusion 

I. INTRODUCTION 

Hyperspectral imaging acquires information across 

a wide range of spectral bands. The spectral channel of such 

a hyperspectral data extends over the visible and infrared 

wavelength spectra. HSI imaging was initially applied on 

satellite and airborne platforms for remote sensing 

applications but today HSI finds applications in numerous 

fields like agriculture and water resources control, military 

defense, archeology, art conservation, medical diagnosis, 

investigation of crime scene details, forensic medicine, 

mineralogical mapping of the earth surface, food quality 

control, etc. But the human eye can see only in a limited part 

of electro-magnetic spectrum and discriminate between 

objects and processes in that restricted spectral range 

depending on the spectral responses differences. Normally a 

human visualizes an image in ultimately three different 

bands. The minimal number of spectral bands is always a 

restriction factor for material differentiation. As HSI helps to 

gain several hundred spectral bands of observed scene in a 

single accession. The expanded spectral resolution of the HS 

images allows for detailed investigation which was 

impossible with low spectral resolution images. The present 

displays can display images that consist of the utmost three 

bands. So the challenging complication is how to display such 

HS images using normal monitors without loss of 

information. Hence different methods in the field of 

hyperspectral image visualization are reviewed 

The rest of the paper is organized as follows. 

Methods of visualization are explained in section II. 

Decolorization algorithm are presented in section III. 

Concluding remarks are given in section IV. 

II. METHODS OF VISUALIZATION 

A. Band Selection using Mutual Information 

Mutual information calculates statistical reliance between 

two random variables, here the case with bands, so that result 

helps to estimate the relative utility of each band to the 

purpose of classification. B.Guo et al.[6] had used MI 

measure for spectral image classification. The procedure for 

band selection includes estimating MI with the help of a priori 

knowledge of the observed scene to reduce dependence on 

ground truth. Bands are chosen with the help of mutual 

information to complementary conditions and the correlation 

value of the bands. MI method circumvents iterative 

searching, which in turn leads to less computational cost 

solution for the time-critical applications. 

Entropy calculation is sometimes used 

straightforward for band selection. Entropy could estimate 

the data available in each band and applied the ranking. Band 

selection done according to the top ranking. To calculate 

entropy (H)consider a random variable A  with values in the 

set A with probability distributions p(A). Then 

H(A) = − ∑ p(A) log p(A)

A∈A

                                     (1) 

The method is effective only when entropy encodes 

the most differentiable information. But its calculation is 

done without any reference objectives which highlights that 

amount of information measured by the entropy is deficient 

of a benchmark. So the measurement is taken across two 

variables, the spectral image and reference image. 

Method has some drawbacks. It relies on the 

reference map that is not always available, which is a case 

needs to be estimated. For the estimation, apriori knowledge 

requires the use of the spectral signature library to recognize 

near wavelength range in which the signature of interest is 

included. 

B. Joint Band Prioritization and Band-Decorrelation 

Approach to Band Selection 

The method uses a band prioritization band decorrelation 

approach for choosing the optimal bands. The former 

prioritizes the bands concerning their relative information 

content. It does not take care of spectral correlation. But uses 

an eigen analysis procedure to form the so-called loading 

factor matrix, where the loading factors are utilized to rank 

the priorities. Chang et al.[7] used these procedures for band 

selection. 
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Fig. 1: Band prioritization and decorrelation method 

1) PCA(Principal Component Analysis) 

It uses Karhunen Loeve Transform to transform the data so 

that the principal component along the maximal variance 

direction is chosen(MVPCA). But the result obtained using 

maximum variance PCA is not satisfactory as all bands in the 

image are correlated and hence the chosen bands with the 

approach yet correlate to the eliminated bands. 

2) NAPCA(Noise Adjusted PCA) 

Variance calculated not always project the real signal to noise 

ratio(SNR) owing to the dissimilar variance of the noise. 

Consideration should be given to both variance of noise and 

that of data. So the deficiency of normal PCA can be 

corrected by using NAPCA where the transformed principal 

components are judged by SNR. Procedure goes on with 

formulating a covariance matrix hence the noise adjusted 

matrix becomes identity allowing the interpretation as SNR. 

3) MMCA(Fishers Discriminant Analysis) 

The method gives ranking to the bands based on their     

effective use in classification. Apriori knowledge of class 

membership of samples should be known. MMCA(Minimum 

Misclassification Canonical Analysis)uses fisher's 

discriminant function and enables to minimize the 

misclassification error. Minimizing misclassification aims at 

maximizing the Rayleigh quotient. 

4) OSP(Orthogonal Subspace Projection) 

When the mixed pixel classification problem arises, the   

solution could be found with linear unmixing. NAPCA go 

with subspace projection to abolish unsolicited signatures and 

suppress the noise. Inturn OSP rank principle components in 

decrementing order of SNR magnitude by magnifying the 

required signature annihilation and noise suppression. 

C. Segmented Principle Component Transformation 

Segmented principal components transformation (SPCT) is 

used to divide bands into well-correlated subgroups. Jia et 

al.[3] used this transformation process for dimension 

reduction and display. So the method relays on redundancy 

reduction. Different transformations are applied to each of the 

subgroups and the resulting separabilities provide a path for 

the feature selection process. Further transformation helps to 

achieve a good data reduction ratio and leads to three most 

significant bands for color visualization enables visual impact 

for photointerpretation and choosing a training field. 

 
Fig. 2: Segmented Principal Component Transformation 

D. Constrained Band Selection Method Based on 

Information Measures  

Irrelevant bands are removed by entropy calculation of each 

band concerning its neighborhood. Chang et al.[8] used 

information measures for band selection. The method uses 

Normalized Information(NI) at second and third orders to sort 

out triplet of bands with maximum information content and 

minimum redundancy. Two core features of visualization are 

considered such as perceptual appeal which incorporates 

naturalness and information content. The first and second-

order measurement incorporates entropy, mutual information 

and conditional mutual information. Where third order 

calculates the overall correlation called the multivariate 

constraint or multi-information which measures the 

difference of the sum of marginal and joint entropies of the 

set. One of the important attributes of this method is the 

spectrum segmentation where the bands of one segment will 

have any type of similarity. The method aims at the genuine 

optimization of maximum information and minimum 

intrinsic redundancy for tristimulus color display. 

Although this band selection method provides a 

superlatively natural result, the outcome is poor in terms of 

information content. Moreover, the calculation of the second 

and third orders is done indiscriminately. Also, the method 

does not consider the order in which values appear which is 

the spatial information. 

E. Spectrally weighted envelopes 

For the RGB display of hyperspectral data, different spectral 

envelopes are used. RGB channels obtained by a fixed linear 

integration operation of original HSI with three different 

spectral envelopes. Principal Component Analysis is opted 

for the image-adaptive envelopes which satisfy the goal of 

computational ease. Jacobson et al.[4] explained the goals 

and solutions for hyperspectral display using weighted 

envelopes. 

As the primary goal is to provide consistent display, 

instead of fixed weight implementation a stretched 

CMF(Color Matching Function) method is implemented. It 

advantages the more natural-looking colors without any 

strong popout effect. Moreover, CMF provides good edge 

preservation. Avoid preattentive distractions with 

conventional PCA. 
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F. Linear Fusion  

Aims at projecting spectral image onto basis functions 

intended for RGB primaries of a standard display. The 

projection lessen information but enable datapoint to be 

represented by a single color. Gupta et al.[5] used the linear 

fusion approach for display purposes. Principal components 

analysis based method yields inconsistent results. Although 

stretched CMF provides a good result it is insufficient for 

applications like passive radar video. 

Constant luma basis is used to track equal luma and 

chrominance differences. The basis samples circular curve 

systematically in CIELab color space. But there are some 

practical obstructions to constant luma basis as it provides 

poor system optimized architecture and poor summarization 

due to decreased interoperability. 

Constant luma border basis is adopted for acquiring 

equal luma while preserving stabilization between equal 

chroma difference and best sRGB gamut operation. But 

method disadvantages from visualizing complex data sets. 

G. Bilateral Filtering 

The method uses the fusion of spectral data that selectively 

blends maximum possible details of the source image to form 

the output image. Kotwal et al.[10] first proposed display of 

HS image by fusion using a bilateral filter which is a 

nonlinear and non-iterative one and performs well in 

preserving edges. The procedure goes with calculating every 

pixel value in the fused image by a normalized weighted 

average of pixels among bands at a particular point.  

Hierarchical fusion is used to overcome the demerit 

of washing out the minor details in linear fusion. But with this 

procedure good fusion quality could be achieved only by 

using appropriate values for parameters of tuning and fusion. 

H. Nonlinear Methods of Dimensionality Reduction  

Incorporates Non-Linear Methods For Dimension Reduction 

Acquiescing The Designer To Represent Wished Colors For 

Endmembers Of Interest. Where Spectral Information Are 

Selected From Libraries Or Hand Selection. Jeffery Et 

Al.[22] Test Non Linear Methods For Hsi Visualization. 

1) KNN(K Nearest Neighbors) 

Determines the K nearest training points in the set for each 

pixel in the image and merge training output with 

exponentially decaying weights. Drawbacks with this 

approach are, when the K neighbors are high, the image gets 

washed out. The method is not portable and deals with 

exceedingly intensive computation. 

2) ANN(Artificial Neural Network) 

Dimension reduction is done using the neural net with a 

single hidden layer. Intended end members are highlighted 

with suitable artificial colors, remaining with the natural 

pixels. ANN seems to be better than KNN wherein the former 

contours are well preserved and computationally easier. A 

drawback with ANN is that it is arduous to predict how the 

new spectral inputs are managed by the net. Moreover, the 

method brings out some unnatural colors that are difficult to 

interpret. 

3) Probabilistic Overlay Method 

The method employs the neural net to not only distinguish the 

probability of each class but uses those probabilities along 

with user preferred artificial colors to accomplish an overlay 

map. Resulting color can be generated by fusing the overlay 

color with natural RGB. The figure shows comparisons of the 

three methods in terms of mean square error. 

The output images with overlay method have all the 

benefits of the neural net and there will not be any colors that 

are not either natural or a linear combination of the user 

preferred artificial colors. Moreover, the overlay method 

functions good even when endmember classes of interest are 

large in numbers  

 
Fig. 3: Comparisons of different nonlinear method 

I. Decolorization-Based Hyperspectral Image Visualization 

The recent approach of hyperspectral image visualization 

incorporates a distinct field of image decolorization, where 

the contributions of decolorization can be fully utilized. The 

approach includes band segmentation where the high 

dimensional data is partitioned into subgroups to reduce the 

redundant information. The averaging-based technique is 

adopted in every subset to minimize redundancy. The 

dimension reduced image is sliced into three groups with 

approximately similar size to build a pseudocolor image. 

Decolorization executed on three adjacent bands to create an 

image for visualization. Method conserves salient details of 

original bands also enhances separability of classes.As the 

decolorization approach provides a better visualization 

result,some algorithms to perform efficient decolorization are 

reviewed. 

III. DECOLORIZATION ALGORITHMS 

Number of decolorization algorithms had been proposed in 

the literature for efficient dimension reduction which 

preserves local features, global features or both. 

A. Contrast maximizing and brightness preserving image 

conversion. 

The method uses a Global mapping .technique that exploits a 

linear combination of RGB channels of the color image 

implemented by Qiu et al.[19].It deals with the conversion as 

a constrained optimization problem targeted at boosting the 

variance of the grayscale image conditional to the constraint 

that it conserves illumination of the color image. The method 

employs no free parameter and finds a closed-form solution. 

B. Weighted multi resolution channel fusion 

The method aims to maintain the overall appearance and 

discriminability of the input color image. A weighted 

pyramid image fusion scheme is implemented to fuse RGB 

color channels into a single grayscale image. The utilization 

of smooth quality metrics as weights in the fusion scheme 

helps to manage visual contrast. 
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C. A contrast maximization method for color-to grayscale 

Conversion 

The optimization problem for the dimension reduction 

comprises boosting the contrast of output grayscale image 

and data fitting term between the luma of input and output. 

Jin et al.[20] implemented the method for conversion. To 

convert resulting objective function convex and a stable 

combination of RGB values requires the addition of a 

regularization term. 

D. Color sequence preserving decolorization 

Conserves the importance of color sequence by mapping the 

colors from image to a grid in the CIELAB color space as in 

Yoo et al.[18]. Then determine the most significant hues, 

thinning analogous cells of the grid to approximate a curve in 

color space. The method utilizes a weighted Laplacian eigen 

map to a monotonic array of gray levels. 

E. Bimodal Distribution-Based Optimization 

It is a contrast preserving algorithm based on bimodal 

distribution-based optimization. Which accordingly choose 

suitable orders to ensure original color contrast. Decolorized 

image is determined by a mapping function as the summation 

of the product of monomial basis with the uniquely calculated 

weight from two Gaussian mixture models. 

F. Extended RGB2Gray Model 

The method ideally chooses the three weighting parameters 

and hence expand the range of parameters[-1 1]. Work had 

been done by. Liu et al.[1] on this procedure. Such a weight 

range helps to maintain feature discriminability ordering of 

colors in the original image. Candidate images are acquired 

through a linear parametric model followed by a discrete 

searching solver algorithm for finding the result with the 

minimum function value. But the algorithm finds some 

difficulty to build the iterative procedure for tracking the 

model. Moreover takes more time for computation due to the 

expanded searching range of weights. 

G. Multi scale fusion 

Multiscale fusion is one of the novel decolorization strategies 

as proved by Cosmin Ancuti et al.[16].Along with three RGB 

channels, a fourth input corresponding to the result of the 

Helmholtz Kohlrausch effect is also applied in order to 

improve the global contrast. Moreover, three weight maps 

corresponding to saliency, well exposedness and chroma are 

also executed. Finally for the blending of the inputs with the 

weight map is done on a multi-scale fashion with Laplacian 

and Gaussian pyramid approximation to avoid the haloing 

artifacts that would otherwise arise during the linear fusion. 

IV. CONCLUSION 

Hyperspectral Image Visualization aims at a consistent 

depiction of hyperspectral data. As converting hundreds of 

spectral channels to three is prone to loss of information, the 

goal is to keep consistency, edge preservation, ease of 

computation, same energy white point, lowest effective 

difference, proper preattentive characteristics and finally a 

natural palette to the visualized results. Both band selection 

and transform-based methods are reviewed. Out of the 

hundreds of spectral bands, the available band selection 

method chooses the optimal bands according to some 

predefined criteria and rules. But the result is not consistent 

as it is highly prone to information loss. Different transform-

based methods are reviewed and studied. In the literature, 

numerous works are done for this dimension reduction 

problem each of which has merits and demerits. So the 

method could be chosen depending on the demand for 

application. Visualization using decolorization shows some 

superior and simple results. Hence the paper reviews some 

decolorization techniques also. 
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