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Abstract — In this paper, the extended offset-sparsity 
decomposition methods are applied to multispectral image for 
enhancement, which contain principle component analysis of 
offset-sparsity decomposition (PCA-OSD) method and pseudo-
I channel offset-sparsity decomposition method. The PCA and 
pseudo-I channel method could reduce the negative impaction 
of enhancement in the spectral domain. On the other hand, OSD 
enhances the image by increasing the sparsity, which leads to 
lower entropy with more data information. The extended 
sharpness and contrast quality measurements are applied for 
multispectral images. The experimental results demonstrate 
that extended OSD offers better performance of enhancement 
with acceptable spectral affection.  

Index Terms — principle component analysis (PCA), 
offset-sparsity decomposition (OSD), Pseudo-I channel, 
Multispectral image, quality measurement.   

I. INTRODUCTION  

     Image enhancement is an important area for the researches in 

image processing. In early days, grey images are targeted for 

enhancement, which includes spatial domain methods [1-3] and 

frequency domain methods [4-6]. Later, the methods are 

extended to the color image [7-9]. As the development of image 

application, the requirement of image enhancement is needed in 

multiply areas, such as, medical ultrasound image [10], biology 

microscopy image [11], remote sensing image [12] and so on.  

     In these methods, the enhancement is applied to a single 

spectral image or to the intensity (I) component of Hue-

Saturation-Intensity (HSI) in a color image. In Kopriva’s work, 

a novel offset-sparsity decomposition enhancement method is 

applied, which could reduce the image entropy and contain more 

information than original one. Furthermore, Fu’s work indicated 

that enhancement of I channel in HSI image could extend gray 

image enhancement to color images, which inspires our work to 

extend OSD method further. Based on our knowledge so far, it 

is the first time for such an enhancement method to be applied 

to multispectral images.  

II. PROPOSED METHOD 

A. Image Matrix  

      According to [11], the color or multispectral image could 

be expressed as:  

                           R	 	 S	 	O	 	E ;                       (1) 

where n represents the n-the spectral channel in an image, R 

denotes an original image, S represents its enhanced image, O 

is an offset, and E denotes the error. With the OSD method, an 

enhanced image could be extracted from the observed original 

image. Note that OSD is applicable to a single-band image. 

B. Principle Component Analysis  

      PCA is one of most popular statistical technique for all the 

scientific filed. It could extract the main information from data 

matrix and represents with principal components. In the 

proposed PCA-OSD method, PCA is applied to a multispectral 

image data matrix, and OSD is applied to the selected principal 

components, the inverse-PCA is applied to generate the 

original-size image. The flow chart of PCA-OSD method is 

shown in Fig. 1.  

 
Fig. 1. The flow chart of PCA-OSD 



C. Pseudo-I Channel  

     For the pseudo-OSD method, the spectral of multispectral 

image are divided into groups of each 3 spectral channels, then 

treat those 3 spectral as an RGB image for the following process. 

The flow chart is shown in Fig. 2.  

 

Fig. 2. The flow chart of Pseudo-I channel-OSD 
 

III. PERFORMANCE MEASURE  

     

 For color images, the color quality enhancement (CQE) is 

porposed [14,15], which is the combination of colorfulness, 

sharpness and contrast metrics. And the coefficients of CQE for 

each metric comes from training samples. 

    0.02	 log	
| | . log	 .       (2) 

According to the definitions in [14, 16], the extended sharpness 

and contrast metric are applied independently to show the 

enhancement quality in multispectral image: 
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where the original image is divided into  blocks, and 

; ,  and ; ,  are maximum and minimum of the image 

respectively in each block. The AME is the contrast in a single 

spectral, and contrast is the mean of all the spectral in image. 

IV. EXPERIMENTS AND RESEULTS  

A. RGB Image  

 
     The PCA-OSD method has been applied to a regular RGB 

image or a multispectral image. The OSD method enhances a 

spectral channel in image, and I channel OSD method enhances 

I channel in the HSI space, are compared.  In the multispectral 

each three spectral are treated as Pseudo-RGB channel for HSI 

transform. The enhancement results for RGB image are shown 

in Fig. 2.  

 
Fig. 3. The color image enhancement results with different methods 

 
     In Fig. 3, the 1st PC means the PC that contains major 

information of image in PCA. In this case, the 3rd PC contain 

most of noise in original image. Based on human visual 

inspection, direct OSD enhancement changes the color of the 

image, where the enhanced image become more yellow in 

background than the original one. On the other hand, I channel 

enhancement has better performance, which makes the image 

more vivid than original one.  All the PCA-OSD enhancement 

results have the good performance in the color quality. 

Original image OSD enhanced image

I component OSD enhanced image OSD 1st PCs enhanced image

OSD 2ed PCs enhanced image OSD 3rd PCs enhanced image



Furthermore, it could enhance the original image (except 3rd 

PCs enhancement). Table 1 is shown the quantified 

enhancement performance, where contrast change coefficients 

are also applied for assessment [15].  

TABLE I.  QUANTIFIED COLOR IMAGE ENHANCEMENT RESULT  

 
Spectra
l angle 
mean 

Quality 
Colorful

ness 
Sharpnes

s 
Contrast 

Original 0  4.0758  1.0572  19.9368  0.6281 

Enhance 
each 

channel 
0.1735  5.2673  0.0969  28.3243  0.8867 

Enhance 
I 

channel 

6.02E‐
06 

4.3451  0.0828  23.1586  0.819 

Enhance 
1st PCA 

0.0046  4.1915  1.0473  20.2629  0.6271 

Enhance 
2ed PCs 

0.0601  4.6836  1.1657  22.795  0.6385 

Enhance 
3rd PCs 

0.0081  4.1123  1.0706  19.7481  0.6253 

 

B. Multispectral Image  

 
     The results for multispectral image are shown in Fig. 4 and 

Table 2. The dataset for multispectral image is the MATLAB 

built-in image ‘Paris’ (the first 6 spectral).   

     In Fig. 4, the color-infrared (CIR) imagery is applied to 

show the enhancement results of multispectral image, which 

takes the near infrared band as red, red as green, and green as 

blue.  In Table 2, the spectral angle mean, sharpness and 

contrast are considered for assessments.  

TABLE II.  MULTISPECTRAL  IMAGE ENHANCEMENT RESULT  

	 Spectral 
angle mean 

Sharpness Contrast 

Original 0	 28.6847	 0.58228	

Enhance 
each channel 

0.1040	 41.363	 1.1086	

Enhance 
pseudo-I 
channel 

0.0636	 33.2071	 0.7963	

Enhance 1st 
PCA 

0.0461	 26.7934	 0.7148	

Enhance 4th 
PCs 

9.763E‐04	 28.7279	 0.7228	

Enhance 6th 
PCs 

0.0025	 28.8094	 0.7205	

 

Fig. 4. The multispectral image enhancement results in CIR. 

       For this image, the OSD enhanced and Pseudo-I 

enhancement images have significant spectral change. On the 

other hand, the PCA-OSD results close to the original image in 

spectral.   

     According to Table 2, 4th PC OSD enhancement has the best 

performance to keep the spectral information of the original one, 

which has the smallest spectral angle mean. On the other hand, 

direct OSD has the best enhancement performance, which has 

the best sharpness and contrast.    

     In the different results of PCA-OSD enhancement, the 4th PC 

enhancement has the best performance when the spectral 

affection and enhancement performance are considered 

simultaneously. On the other hand, the 6th PC has a little better 

result in sharpness.  

CIR in Original OSD enhanced image

CIR with Pseudo-I Enhancement CIR with 1st PCs Enhancement

CIR with 4th PCs Enhancement CIR with 6th PCs Enhancement



V. CONCLUSION  

           

The proposed extended OSD method provided the 

acceptable enhancement result with little spectral quality 

damage. The I channel enhancement with OSD has the best 

performance for color image, which has nearly no spectral 

information loss. In the PCA-OSD method, the middle PCs 

enhancement offers better performance, because the first PC is 

for large homogenous areas, and lower-ranking PCs contains 

most of noise. According to the experimental results, there is a 

tradeoff between enhancement and spectral quality, which 

means more enhancement could lead to more de-quality of 

spectral in image. In our future work, we will apply the 

proposed the extended OSD method for hyperspectral image 

enhancement. 
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