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1. Research Motivation

• Existing hyperspectral images have resolutions much lower than that of high 
resolution color images (WV-2, WV-3, etc.)

• Fusing color images with hyperspectral images will yield high spatial 
hyperspectral images that will enhance the performance of many 
applications. 

• In Loncan et al.’s paper, over 10 algorithms were evaluated. We divide the 
methods into 3 groups:
– Group 1: PSF is needed
– Group 2: No need of PSF
– Group 3: Single image super-resolution methods

• New single image super-resolution algorithms such as the PAP-ADMM 
appear in the literature.

• There are fusion algorithms (no need of PSF) developed by our team 
(hybrid color mapping (HCM)) and others (Group 2) that can be used to 
address the above fusion problem. 
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• Q1: Since there are some new development in single image super-
resolution algorithms recently, will a single-image super-resolution 
method alone be sufficient to produce high-resolution hyperspectral 
images?

• Q2: Is it possible to incorporate PSF into our HCM algorithm? If yes, 
how much will the single-image super-resolution improve the HCM 
performance?

• Q3: Will the use of PSF also help improve Group 2’s performance? 

1. Research Motivations
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2. Technical Approach

PSF
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2. Technical Approach

• Step 1: Downsample HR color to LR color

• Step 2: Determine the mapping between a LR color pixel and a LR hyperspectral
pixel

• Step 3: Map HR color to HR hyperspectral. 

Remark 1: Hybrid Color Mapping (HCM) – Incorporate some selected bands in LR H into

the LR C; also introduce a white band in LR C. 

Remark 2: Local HCM – Divide the whole image into non-overlapping patches and each

patch has its own transformation matrix T.

Color Mapping
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Plug-and-Play – Alternating Direction Method of Multipliers (PAP-ADMM)

• Consider the j-th band of the hyperspectral image, the relationship between low and 
high resolution pixels is given by

where D is downsampling matrix, A is the blur matrix containing the PSF.

• The problem of image super-resolution is to solve an optimization.

2. Technical Approach
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Data

• AF data from the Air Force.
– 267 x 342 x124,
– ranging from 461nm to 901nm.

• NASA AVIRIS
– 300 x 300 x 213, 
– ranging from 380nm to 2500nm

• To simulate the low-resolution 

hyperspectral images, we downsample 

the images spatially with a factor of K = 

9 (3 x 3) using a 5 x 5 Gaussian point 

spread function.

• HR color images are taken from the 

appropriate bands of the high-resolution 

hyperspectral images.

3. Experimental Results

AF

NASA AVIRIS
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Comparison between HCM and PAP-ADMM

• Single image resolution method is not sufficient. This answers Q1.

• Fusing PAP-ADMM with HCM can significantly improve performance. 
This answers Q2.

3. Experimental Results

Table 1: Comparison of HCM and PAP-ADMM using the NASA image.

Methods RMSE CC SAM ERGAS

PAP-ADMM [19] 66.2481 0.95311 0.78477 1.9783

HCM [17] 44.3475 0.94915 0.99064 2.0302

PAP-ADMM+HCM 30.1907 0.96719 0.90084 1.7205
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Comparison with Groups 1 to 3 Methods

PAP-ADMM does not help Group 2 methods because Group 2 methods have 

built-in high frequency content injection by using pan info. Consequently, having 

PAP-ADMM as the pre-processing step to Group 2 methods overcompensates the 

images. This answers Q3.

3. Experimental Results
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3. Experimental Results

Comparison with Group 2 (AF image)
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3. Experimental Results

Comparison with Group 2 (AF image)
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3. Experimental Results

Comparison with Group 2 (NASA AVIRIS image)
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3. Experimental Results

Comparison with Group 2 (NASA AVIRIS image)
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Comparison with Groups 1 and 3 (AF image)

3. Experimental Results
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Comparison with Groups 1 and 3 (AF image)

3. Experimental Results
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Comparison with Groups 1 and 3 (NASA AVIRIS image)

3. Experimental Results
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Comparison with Groups 1 and 3 (NASA AVIRIS image)

3. Experimental Results
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4. Conclusions and Future Research

• We presented a new fusion algorithm to enhance the resolution of
hyperspectral images by combining high resolution color images 
with low resolution hyperspectral images. 

• Our new algorithm is an integration of a hybrid color mapping 
algorithm and a single image super-resolution algorithm. While the 
concept of the new approach is simple, the performance is 
comparable to Group 1 methods and better than most of Group 2 
methods.

• Future research direction will be focused on speeding up the 
algorithm, and investigating the performance gain in classification 
and other high-level vision tasks such as target detection.


