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Abstract 

In this paper, we propose a method of embedding the spectral 

information into an RGB image by robust watermarking. The 

difference between an original image and a multispectral image 

estimated from the RGB image by Wiener estimation is referred to 

as the residual. The estimated spectral residual data are compressed 

by JPEG2000 and embedded into the wavelet coefficients of 

chrominance channel. When a multispectral image is reconstructed 

from an RGB image, our proposed method can improve the quality 

of the reconstructed multispectral image in comparison with a 

multispectral image estimated by Wiener estimation because the 

residual data can be extracted from the watermarked RGB image. 

Additionally, if the watermarked RGB image is compressed with a 

lossy compression method, the proposed method can obtain the 

high-quality reconstructed multispectral image because this method 

uses robust watermarking. The experimental results show that there 

is almost no significant difference in the RGB image. 

 

1. Introduction  
Multispectral images (MSIs) enable more accurate color 

reproduction than RGB images. MSIs have been used in remote 

sensing and digital archive of artworks. Because MSIs have a large 

amount of data, MSI compression methods which Karhunen-

Loève transform (KLT) [1]

 not compatible 

with the conventional RGB imaging system widely used for image 

reproduction. Therefore, an MSI is difficult to transmit, display and 

store in the conventional color imaging system. If we can use MSIs in 

the RGB imaging system, the transmission, display, and storage of 

MSIs become more efficient. An MSI can be used as an RGB image 

by converting the MSI into the RGB image, but the spectral 

information is mostly lost by this conversion. Although high-

dimensional signals such as MSIs can be estimated from the RGB 

images by solving linear inverse problems [4], [5], the estimated 

MSI is greatly inferior to the original MSI because it is estimated 

from limited spectral information. The conventional spectral 

reconstruction methods from the RGB images with additional data 

[6] can improve the quality of the reconstructed multispectral image, 

but  not compatible with a conventional RGB imaging 

system. A method of embedding binary data into JPEG2000 bit 

streams based on the layer structure [7] can extract the embedded 

binary data perfectly. Therefore, the MSI can be reconstructed by 

the same way as Shinoda et al.’s method [6]. However, this method 

does not have complete compatibility with the conventional color 

imaging. On the other hand, in the spectral reconstruction methods 

without additional data, embedding the compressed residual data of 

the estimated spectral information into lower bit planes of the RGB 

image [8] has been proposed. This method improves restoration 

accuracy of multispectral image  

Table 1. The data format of spectral information and RGB images, the 

quality of RGB images and restored MSIs, and the compression 

tolerance of RGB images in each method. 

Method 
Data 
format 

Quality 
of RGB 
image 

Quality of 
restored 
MSI 

Compressio
n tolerance 
of RGB 
image 

Wiener 
estimatio
n 

RGB Ideal Low Yes 

Shinoda 
et al.  [6] 

RGB and 
JPEG200
0 

Adjust-
able 

Adjustabl
e 

Yes 

Ando et 
al.[7] 

JPEG200
0 

Adjust-
able 

- - 

Shinoda 
et al. [8] 

RGB High High No 

Proposed RGB High High  Yes 

 

because the reconstructed MSI can be obtained by adding the 

residual data to the MSI residual data to the MSI estimated from the 

watermarked RGB image. However, if the watermarked image is 

compressed, this method cannot reconstruct the MSI because lower 

significant bits may be changed by this compression. The 

conventional embedding methods by robust watermarking have 

been proposed [9]-[11], but a method which can embed a large 

amount of data such as the residual data into RGB images and 

extract embedded data perfectly has not been proposed. 

Table 1 shows the data format of spectral information and RGB 

images, the quality of RGB images and restored MSIs, and the 

compression tolerance of RGB images in each method. From the 

comparison of the conventional methods, a practical method, which 

can convert an MSI into a true RGB format, have a compression 

tolerance of the RGB image, and reconstruct a high-quality MSI 

from the RGB image, has not been proposed. 

We propose a method of embedding the estimation error of 

MSI into an RGB image to have a tolerance against JPEG2000 

compression. An RGB image calculated from an original MSI by 

using the CIE XYZ color matching function under the standard 

illuminant of D65, color conversion matrix and a gamma function. 

The RGB image is converted to YCbCr color space. The difference 

between the original MSI and the MSI estimated from the RGB 

image by Wiener estimation is defined as the residual data. The 

estimated residual data are compressed and embedded into wavelet 

coefficients of one of chrominance channel. This watermarked RGB 

image can be used as a simple RGB image. If the MSI is required, 

the residual data are extracted from the RGB image and the 

reconstructed MSI is obtained by adding the residual data to the MSI 

estimated from the RGB image. If the watermarked RGB image is 
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compressed, the MSI can be reconstructed because our proposed 

method uses robust watermarking. Additionally, conventional 

methods [8], [12] are difficult to reconstruct images of non-visible 

wavelength, but our proposed method can improve the image quality 

of non-visible wavelength because these data are embedded into the 

wavelet domain of watermarked RGB image.  

This paper is organized as follows. Our proposed method is 

presented in Section 2. The results are given in Section 3. We 

conclude this paper in Section4. 

2. Watermark embedding and MSI 
reconstruction 
The flow diagram of embedding and reconstructing process of 

our method is shown in Figure 1. In the embedding side, the original 

B-band MSI is defined as 𝒇 = [ 𝑓1, 𝑓2, ⋯ 𝑓𝑖 , ⋯ 𝑓𝐵]𝑇 . The original MSI 

is obtained from spectrum reflectance 𝒓 = [ 𝑟1, 𝑟2, ⋯ 𝑟𝑖 , ⋯ 𝑟𝐿]𝑇 as  

 
 𝒇 = 𝑯𝒓, (1) 

 
where 𝑯 is B×L matrix including illuminant and camera function. 

Thus, 𝒓 can be estimated by Wiener estimation as 

 
 𝒓 = 𝑫𝒇, (2) 

 
 𝑫 = 𝑹𝒓𝒓𝑯𝑻(𝑯𝑹𝒓𝒓𝑯𝑻)−1, (3) 

 
where 𝑫 is a L×B matrix and represent the Wiener estimation matrix 

to convert from an MSI to a spectral reflectance and 𝑹𝒓𝒓 is an L×L 

autocorrelation matrix of 𝒓. An original MSI is converted to a linear 

RGB image by using a spectral reflectance and the CIE XYZ color 

matching functions under the standard illuminance D65 as   

 
 𝑮 = 𝑪𝑻𝑬𝑫𝒇 (4) 

 
 = 𝑨𝒇,      (5) 

 
where 𝑮 is a linear RGB image calculated by an MSI, 𝑪 is a 3×3 

matrix and represent the XYZ to linear RGB color transform, 𝑻 is 

the CIE XYZ color matching functions of 3×L matrix, 𝑬 is a L×L 

diagonal matrix and represent the spectrum of illuminant, and 𝑨 is a 

3×B matrix to convert from a spectral reflectance to a linear RGB 

image. 𝑮 is converted to nonlinear sRGB color space by gamma 

correction, the nonlinear RGB image is defined as 𝒈. 𝒈 is applied 

on inverse gamma correction. The MSI defined as 𝒇′ is estimated 

from 𝒈 by Wiener estimation as 

 
 𝒇′ = 𝑼𝒈, (6) 

 
 𝑼 = 𝑹𝒇𝒇𝑨𝑻(𝑨𝑹𝒇𝒇𝑨𝑻)−1, (7) 

 
where 𝑼 is a B×3 matrix and represent the Wiener estimation matrix 

to convert from an linear RGB image to an MSI, 𝑹𝒇𝒇  is a B×B 

autocorrelation matrix of 𝒇.  

Then the residual data is obtained from the difference between 

𝒇 and 𝒇′. However, non-visible components of 𝒇′ are zero  

 
 

 

 
Figure 1. Proposed embedding and reconstruction scheme. 

since non-visible components cannot be estimated from the RGB 

image. In this case, the residual data distributions are different 

between visible and non-visible components and it is hard to embed 

(and reconstruct) non-visible components. Thus, we update 𝒇′ for 

reducing such effects before calculating the residual data. We use 

the shortest and longest wavelengths of visible components for 

interpolating such zero components as  
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𝒇′ ∶= {  

𝑓𝑠
′   if  𝑖 < 𝑠

𝑓𝑖
′          if  𝑠 ≤ 𝑖 ≤ 𝑙 

𝑓𝑙
′   if  𝑙 < 𝑖

 , (8) 

 
where, 𝑠 and 𝑙 are the band indices corresponding to the shortest and 

longest visible wavelengths, respectively. We set the shortest and 

longest wavelengths to 380 and 780 nm according to the domain of 

the color matching function 𝑻. After updating 𝑓′, the residual data 

defined as 𝒆 can be obtained as 

 

 𝒆 = 𝒇 − 𝒇′. (9) 

 
𝒈 is converted to YCbCr color space defined by the ITU-R BT.601, 

and two-dimensional DWT is applied on one of chrominance 

channel. In this paper, a 9/7 real wavelet filter is used. When high 

frequency sub-bands such as LH1, HL1 and HH1 is used for 

watermarking, it is difficult to have a compression tolerance because 

the edge information of an image is likely lost by the compression. 

When low frequency sub-bands such as LL2 is used for 

watermarking, the watermarked RGB image is greatly deteriorated. 

Therefore, we choose the intermediate frequency sub-bands such as 

LH2, HL2 and HH2 for robust watermarking. The obtained residual 

data are encoded by JPEG2000 with multi-component transform 

lossy mode with KLT. If M and N is the height and width of an RGB 

image respectively, the compressed residual data defined as 𝒆𝒄 are 

truncated into 𝑀/4 × 𝑁/4 × 3  bits equal to the total number of 

wavelet coefficients in sub-bands LH2, HL2 and HH2. 𝒆𝒄 is divided 

into 3 parts and made two-dimensional data as 𝑊𝑘(𝑥, 𝑦) (1 ≤ 𝑘 ≤
3, 1 ≤ 𝑥 ≤ 𝑀/4, 1 ≤ 𝑦 ≤ 𝑁/4) to embed 𝒆𝒄  into LH2, HL2 and 

HH2 defined as 𝑆1, 𝑆2, and 𝑆3 respectiveley. 𝒆𝒄  is embedded into 

LH2, HL2 and HH2 of one of chrominance channel as 

 

 𝑆𝑘(𝑥, 𝑦) = {  
+𝛼𝑘 if  𝑊𝑘(𝑥, 𝑦) =  1

−𝛼𝑘 if  𝑊𝑘(𝑥, 𝑦) =  0
  , (10) 

 
where 𝛼𝑘 is the parameter of watermark strength. If we increase the 

value of 𝛼𝑘, a tolerance against compression can be strong, but the 

quality of the watermarked RGB image is deteriorated. Therefore, 

the minimum value of 𝛼𝑘 in a range that the embedded data can be 

extracted perfectly is embedded into 𝑆𝑘 . Our previous work [12] 

used the same 𝛼 for those three sub-bands, but the proposed method 

uses three different 𝛼 for each sub-band. After watermarked channel 

is composed, YCbCr is reconverted to the watermarked RGB image, 

and the watermarked RGB image is defined as 𝑔𝑤 . Because we 

suppose that the watermarked RGB images are compressed in RGB 

imaging system, the watermarked RGB image compressed and 

decompressed by JPEG2000 is defined as 𝑔𝑤
′ . 

 The reconstructed process is an inverse process of the 

embedding side. The watermarked RGB image defined as 𝑔𝑤
′  is 

converted to YCbCr color space. The watermarked channel is 

conducted by 9/7 real wavelet transform. If sub-bands LH2, HL2 

and HH2 of the watermarked channel is defined as 𝑆𝑘
′ , the 

compressed residual data are extracted from 𝑆𝑘
′ as 

 

 𝑊𝑘
′(𝑥, 𝑦) = {  

1     if  𝑆𝑘
′(𝑥, 𝑦) ≥ 0

0     if  𝑆𝑘
′(𝑥, 𝑦) < 0 

  , (11) 

 

where, 𝑊𝑘
′ are the extracted residual data. These residual data are 

merged into a vector data and decoded by JPEG2000. An MSI 

estimated from 𝑔𝑤
′  by Wiener estimation is defined as 𝑓′′ . The 

reconstructed MSI defined as 𝑓𝑅 is obtained as 

 

 𝒇𝑹 = 𝒇′′ + 𝒆′. (12) 

 

3. Experimental Results 
In this section, we show the peak signal-to-noise ratio (PSNR) 

of both watermarked RGB images and reconstructed MSIs in the 

conventional method and our proposed method. Figure 2 shows test 

images. Figure 2 (a) and (b) consist of 512×512 pixels, 8 bits / pixel 

with 16 bands. These images were captured with a camera with 16 

band filters [13] having the spectral sensitivity shown in Figure 3. 

These filters cover only visible wavelengths. Figure 2 (c) and (d) are 

airborne visible/infrared imaging spectrometer data [14] consist of 

782×15892 pixels, 16 bits / pixel with 224 bands from 366nm to 

2496nm. In figure 2 (c), (d), and (e), We trim the imaging 

spectrometer data [14] to 512×512 pixels and choose 9 bands which 

the center of wavelength are 443nm, 492nm, 541nm, 589nm, 638nm, 

665nm, 714nm, 763nm, and 802nm. The watermarked RGB images 

are compressed by JPEG2000 with lossy mode because it is 

presumed that the watermarked RGB images are compressed in 

RGB imaging system. In this paper, Kakadu [15] is used as a 

compression tool. Table 2 shows the value of 𝛼𝑘 in each image. In 

the Table 2, 𝛼𝑘 are obtained by the following procedures. Firstly, 

𝛼𝑘 are set to 1. Secondly, we increment 𝛼𝑘 in each band so that the 

embedded binary data can be extracted perfectly when the 

watermarked RGB image are compressed by JPEG 2000 with bit 

rate from 24.0 bpp to 2.4 bpp. Table 3 shows the PSNR of 

watermarked RGB images and reconstructed MSIs in the 

conventional method and the proposed method. The watermarked 

RGB images are compressed by JPEG2000 with bit rate of 4.8 bpp 

and 2.4 bpp. In the case of bit rate = 24.0 bpp, the RGB image is not 

compressed by JPEG 2000.The MSIs reconstructed by only Wiener 

estimation are estimated from RGB images compressed by 

JPEG2000 with each bit rate. The watermarked RGB images in 

Shinoda et al.’s method are embedded the residual data into the 

lowest bit plane of the RGB images. If the watermarked images in 

Shinoda et al.’s method are compressed, it is difficult that the MSIs 

are reconstructed from the decoded RGB image because the 

embedded data cannot be extracted perfectly. Therefore, the PSNR 

which MSI reconstruction is difficult is replaced by “-” in Table 3.  

The quality of MSIs reconstructed by our proposed method 

outperforms that of MSIs reconstructed by only Wiener estimation. 

Even if the watermarked RGB images are compressed, our proposed 

method can reconstruct the high-quality MSIs from the decoded 

RGB images.  

Figure 4 and Figure 5 show the original RGB images, the 

watermarked RGB images, and the watermarked RGB images 

compressed with 2.4 bpp in the proposed method. It is almost no 

significant difference relative to the original RGB image. Figure 6 

shows the reconstructed image of Toys in each method.  From Figure 

6, the proposed method can reconstruct higher quality MSI than 

Wiener estimation. Figure 7 shows the reconstructed image of VI1 

in each method. In Figure 7, it is difficult to reconstruct the near-

infrared image in Wiener estimation method, but proposed method 
can reconstruct the non-visible image. 
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(a) Toys (b) Scarf 

  

(c) VI1 (d) VI2 

 

 

(e) VI3  

Figure 2. Test images. 

 

 

Figure 3. The spectral sensitivity used for Figure 2 (a) and (b). 

 

Table 2. The value of 𝜶 in each sub-band. 

Image LH2 HL2 HH2 

Toys 5 5 7 

Scarf 6 8 9 

VI1 5 5 7 

VI2 6 6 10 

VI3 2 3 3 

 

Table 3. The PSNR of watermarked RGB images and reconstructed 

MSIs.  

Image 

Bit rate 
of RGB 
image 
[bpp] 

Wiener 
estimation 
[dB] 

Shinoda et al’s 
method [dB] 

Proposed [dB] 

MSI MSI RGB MSI RGB 

Toys 

24.0 27.73 47.50 51.14 38.24 37.20 

4.8 27.65 - 42.71 37.57 35.77 

2.4 27.49 - 37.60 36.21 33.90 

Scarf 

24.0 28.74 46.29 51.14 35.49 33.49 

4.8 28.72 - 39.71 34.80 32.62 

2.4 28.60 - 34.63 33.43 30.93 

VI1 

24.0 25.51 36.88 51.13 32.43 37.30 

4.8 24.86 - 39.88 32.24 34.43 

2.4 23.64 - 36.07 31.19 31.65 

VI2 

24.0 29.26 44.80 51.09 38.18 38.86 

4.8 29.25 - 36.89 38.17 36.51 

2.4 29.23 - 33.01 38.02 34.06 

VI3 

24.0 41.37 49.69 51.13 47.79 46.40 

4.8 41.07 - 49.69 46.61 44.15 

2.4 40.73 - 42.77 45.69 41.78 
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(a) Original RGB image (b) non-compression (c) compression with 2.4 bpp 

   

(d) Original RGB image (e) non-compression (f) compression with 2.4 bpp 

Figure 4. The watermarked RGB image of Toys in proposed method. 

   

(a) Original RGB image (b) non-compression (c) compression with 2.4 bpp 

   

(d) Original RGB image (e) non-compression (f) compression with 2.4 bpp 

Figure 5. The watermarked RGB image of VI1 in proposed method. 

   

(a) Original MSI (b) Wiener estimation (c) Proposed 

Figure 6.  The reconstructed image of Toys in 730nm.  

   

(a) Original MSI (b)Wiener estimation (c) Proposed 

Figure 7. The reconstructed image of VI1 in 802nm. 

4. Conclusion 
We proposed a new method of embedding the estimated 

residual data into intermediate frequency sub-bands of chrominance 

channel to have a compression tolerance. The proposed method can 

display the high-quality watermarked RGB image with the 

conventional RGB systems. Additionally, the high-quality MSI can 

be reconstructed by the proposed method. In the future work, we 

would like to give the tolerance to resolution conversion and JPEG 

compression to the watermarked RGB image. Additionally, the 

future work is the improvement of the embedding method in order 

to adjust the quality of the reconstructed MSI and the watermarked 

image depending on the amount of the embedding residual data. 

References 
[1] Y. Nian, Y. Liu, Z. Ye, "Pairwise KLT-Based Compression for 

Multispectral Images," Sensing and Imaging, vol. 17, issue. 1, 2016. 

[2] V. Bhagya Raju, Dr. K. Jaya Sankar, Dr. C. D. Naidu and Srinivas 

Bachu, "Multispectral Image Compression for various band images 

with High Resolution Improved DWT SPIHT," International Journal 

of Signal Processing, Image Processing and Pattern Recognition, vol. 

9, no. 2, pp. 271-296, 2016. 

[3] A. Hagag, M. Amin, Fathi E. Abd El-Samie, "Multispectral image 

compression with band ordering and wavelet transforms," Signal, 

Image and Video Processing, vol. 9, issue. 4, pp. 769-778, 2015. 

[4] Y. Murakami, M. Yamaguchi, N. Ohyama, "Dictionary-Based 

Estimation of Spectra for Wide-Gamut Color Imaging," COLOR 

research and application, vol. 38, no. 2, pp. 120-129, 2011. 

[5] P. Stigell, K. Miyata, M. Hauta-Kasari, "Wiener Estimation Method in 

Estimatingof Spectral Reflectance from RGB Images," Pattern 

Recognition and Image Analysis, vol. 17, no. 2, pp. 233-242, 2007. 

[6] K. Shinoda, Y. Murakami, M. Yamaguchi, N.Ohyama, "Lossless and 

lossy coding for multispectral image based on sRGB standard and 

residual components," J. Electron. Imaging, vol. 20, issue. 2, pp. 

023003-0-023003-12, 2011. 

[7] K. Ando, H. Kobayashi, H. Kiya, " A method for embedding binary 

data into JPEG2000 bit streams based on the layer structure," 

Proceedings of EURASIP EUSIPCO, pp. III-89 – III-874, 2009. 

[8] K. Shinoda, A. Watanabe, M. Hasegawa, and S. Kato, "Multispectral 

image estimation from RGB image based on digital watermarking," 

Optical Review, vol. 22, issue. 3, pp. 469-476, 2015. 

[9] L. Laur, P Rasti, M. Agoyi, G. Anbarjafari, "A Robust Color Image 

Watermarking Scheme Using Entropy and QR Decomposition," 

Radioengineering, vol. 24, no. 4, pp. 1025-1032, 2015. 

[10] Q. Sun, Y. Shao, L. Wang, L. Gui, W Yan, " Robust Watermarking 

Approach Based on Coefficient Comparison of Detail Sub-bands of 

DWT," International Conference on Future Computer and 

Communication Engineering, pp. 127-130, 2014. 

[11] K. J. Giri, M. A. Peer and P. Nagabhushan, " A Robust Color Image 

Watermarking Scheme Using Discrete Wavelet Transformation," I. J. 

Image, Graphics and Signal Processing, vol. 7, no. 1, pp. 47-52, 2015. 

[12] K. Banzawa, K. Shinoda, M. Hasegawa, S. Kato, " Multispectral data 

embedding into RGB image based on robust watermarking," IEICE 

Technical Report, vol. 115, no. 479, pp. 13-18, March 2016. 

[13] H. Fukuda, T. Uchiyama, H. Haneishi, M. Yamaguchi, and N. 

Ohyama, “Development of 16-bands multispectral image archiving 

system,” Proc. of SPIE, vol. 5667, pp. 136–145, 2005. 

21724th Color and Imaging Conference Final Program and Proceedings



 

 

[14] NASA JPL’s Airborne Visible/Infrared Imaging Spectrometer 

(AVIRIS) data, available at http://aviris.jpl.nasa.gov (accessed 29 Oct 

2015). 

[15] KakaduSoftware Ver.7.4, available at  

http://www.kakadusoftware.com (accessed 2 Jun 2015) 

Author Biography 
Kazushige Banzawa received a B.E. degree from Utsunomiya University, 

Utsunomiya, Japan, in 2016. His current research interests include 

multispectral imaging and digital watermark. 

Kazuma Shinoda received B.E. and M.E. degrees from Niigata University, 

Niigata, Japan, in 2005 and 2007, respectively, and his Ph.D. from Tokyo 

Institute of Technology, Yokohama, Japan, in 2011. He is currently an 

assistant professor in the Graduate School of Engineering, Utsunomiya 

University, Japan. His research interests include digital image processing, 

image compression, and multispectral imaging. He is a member of IEICE, 

IEEE, and ISO/IEC JTC1/SC29 WG1.  

Madoka Hasegawa received B.E., M.E., and Ph.D. degrees in Engineering 

from Utsunomiya University, in 1994, 1996 and 1999, respectively. She is a 

professor in the Graduate School of Engineering, Utsunomiya University, 

Japan. Her current research interests include image coding, image 

processing, digital watermark and graphical passwords. She is a member of 

IEICE, ITE, IIEEJ, IPSJ and IEEE. 

 

218 © 2016 Society for Imaging Science and Technology


