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1. Project Goal

The project is to develop a system that measures spectrum 
with very high resolution. The spectrum of scene radiance 
is characterized by a distribution of intensity at each 
wavelength. Conventional RGB cameras perform a 
very gross quantization of this distribution, integrating 
the product of the intensity with three color filters that 
are significantly spread over wavelength. Inevitably, 
information about the scene radiance, and hence about the 
physical constituents of the scene, is lost in this process.

The goal of hyperspectral imaging is to acquire much 
more faithful representations of the scene radiance. The 
typical output of a hyperspectral imaging system is a set of 
intensity values that represent the integrals of the radiance 
against many color filters, each of which is well-localized 
in wavelength. The availability of such a detailed, physical 
representation of the scene is critical for faithful color 
reproduction. It is known that spectral information is useful 
to detect anomalies in medical image analysis. Moreover, 
they are also known to enhance the performance of a number 
of computer vision tasks, including segmentation, tracking, 
and recognition. Therefore, spectral imaging not only 
enables us to capture pure physical quantity of materials, 
but would also push the limits of current technology that 
utilizes RGB imaging.

Unfortunately, this utility comes at a price: the spatial 
resolution of current hyperspectral imaging systems is 
severely limited compared to that of RGB cameras. It is not 
trivial to increase the spatial resolution of current spectral 
cameras (some of them are even limited in the spectral 
resolution). Recording images with a number of spectral 
bands requires not only a larger number of exposures 
but also longer exposure times to ensure good signal-to-

noise ratio in low-light conditions. Higher resolution in 
sensor itself would not solve the problem at once, since 
it can further cut down the number of photons reaching 
to the sensors, though the high-resolution in the spectral 
bandwidth already reduces them. Alternative solution is to 
use extremely large imaging sensors, but they are costly and 
have to be designed specially. Thus, it is very interesting to 
investigate new imaging mechanisms which can acquire 
detailed radiance information without sacrificing spatial 
resolution.

2. Technical breakthrough

With this project, we developed a practical high-resolution 
hyperspectral imaging system based on a high-resolution 
RGB camera and low-resolution hyperspectral camera. A 
two-step process is introduced for combining these two 
measurements to estimate a high-resolution hyperspectral 
image. First, we obtain an optimal set of basis functions for 
representing the reflectances of the various materials in the 
scene. Motivated by the simple observation that there are 
likely to only be a few materials contributing to each pixel 
in the hyperspectral image, we cast the unmixing problem 
as one of sparse matrix factorization, and solve it via L1-
minimization. We use the basis obtained from this method, 
together with the high-resolution RGB observation to 
reconstruct the spectrum at each location. The method can 
efficiently obtain very accurate spectrum estimates with 
a significant resolution gap between the high-resolution 
RGB camera and low-resolution hyperspectral camera.

The difference in our approach to the existing spectral 
imaging methods is that we exploit high-resolution RGB 
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camera as auxiliary information. Our approach is similar 
to those in remote sensing and color research; they use a 
high-resolution panchromatic image with a low-resolution 
hyperspectral image to increase both spectral and spatial 
resolutions. They tend to either distort the spectrum or blur 
the result since only the luminance values are upsampled. 
However, our method is much more accurate thanks to 
the correct estimate of reflectance basis functions based 
on observation that each pixel is composed of only a few 
reflectances, and recent successful findings in sparse matrix 
factorization. 

Another class of methods use image filtering techniques is 
used to interpolate the spectra in higher resolution. Since 
these methods assume the interpolated values are spatially 
smooth, they often over-smooth the image details in the 
reconstructed hyper-/multi-spectral images. In contrast, 
our method respects the relationship between the RGB and 
hyperspectral channels, ensuring that the recovered high-
resolution hyperspectral image produces the same high-
resolution RGB image as the input. It also ensures that the 
more detailed spectral properties of the recovered image 
agree with those of the hyperspectral input.

To assess the performance of the proposed method, we 
conducted both simulation and real-world experiments.  
We compared the method with the component substitution 
method, which is the state-of-the-art method in remote 
sensing area, as well as three methods based on Principal 
Component Analysis (PCA) that we have developed for 
a quantitative comparison. In the simulation experiment, 
the method achieves the smallest reconstruction errors in 
seven images out of eight tested images. For the real-data 
experiments, we developed a spectral camera by our own 
hardware setup and captured hyperspectral images as well 
as a very high-resolution RGB image. Our method also 
provides visually pleasing results for those images. More 
details are explained in our publication.

3. Innovative Applications 

Capturing spectrum at microscopic level of details would 
reveal more about the material and bring a lot of advantages 
for analyzing objects. The applications can be many: In 
medical image analysis, the spectrum can be used to detect 
anomalies that are not distinguishable from RGB images 
alone. The use of hyperspectral imagery has been shown to 

enhance the performance of a number of computer vision 
tasks, including segmentation, tracking, and recognition.

However, one of the important applications of the current 
results is definitely for museums and cultural heritage to 
record their artwork with faithful color reproduction. The 
technique is particularly useful, since the capturing time 
can be greatly reduced, in contrast with current existing 
cameras. Usually, there are strict time limits on how long 
art work can be exposed to strong lighting, and a time limit 
for setting up a hyperspectral camera inside a special site 
(e.g., museums which need to be locked at night). Thus, in 
very high-resolution hyperspectral imaging, the developed 
method has a significant advantage. 

The captured images can be used in many ways: For 
example, they can be used to analyze the ancient pigments, 
and to determine when the artwork was painted. The 
spectral information can be used to distinguish pigments 
that are indistinguishable to human eyes. It also enables 
us to faithfully reproduce the artwork in different formats; 
then we are able to enjoy their colors on any display as if we 
are seeing them at the site. Furthermore, it can be exploited 
to identify constituents on the surface of important objects; 
e.g. microorganisms on historic walls, iron in ink that are 
almost fainted on the paper surface, etc.

4. Academic Achievement

The work was accepted to IEEE Conference on Computer 
Vision and Pattern Recognition (CVPR), one of the most 
qualified conferences in computer vision research field. We 
are also preparing for a journal publication that includes 
additional experiments and devices to speed up the 
calculations.

5. Achievement in Talent Fostering

I would like to thank Hongxun Zhao and Yoshie Kobayashi 
(D1 and M2 at the time of the project) in our lab for helping 
me to test different devices, setup the hardware and carrying 
out the experiments.
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Paper publication
1) Rei Kawakami, John Wright, Yu-Wing Tai, Yasuyuki 

Matsushita, Moshe Ben-Ezra, Katsushi Ikeuchi, 
High-resolution hyperspectral imaging via matrix 
factorization, accepted by CVPR 2011

2) Rei Kawakami, John Wright, Yu-Wing Tai, Yasuyuki 
Matsushita, Moshe Ben-Ezra, Katsushi Ikeuchi, High-
resolution hyperspectral imaging, International 
Journal of Computer Vision, 2012 [Planned.])

Other Publication
Seminar Talk:
R. Kawakami, T. Morimoto, R. T. Tan, J. Wright, Y. Tai, M. 
Ben-Ezra, Y. Matsushita and K. Ikeuchi, Measurement 
and Analysis of Photometric Properties for e-Heritage, 
Graduate Seminar in Chinese Academy of Science and 
Technology, Feb, 2011.




