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Abstract—The article is devoted to the development of mathematical models based on combining images 
obtained by remote sensing means with different spatial and radiometric resolutions. An analysis of 
modern means of remote sensing, which form images that are fixed under the same positional conditions 
of projection, in different spectral ranges of radiation, was carried out. Images formed in a wide spectral 
range and have a higher linear resolution than images formed in narrower ranges, but the latter contain 
spectral information. An applied model of combining images captured in different spectral ranges using 
the pyramidal wavelet transform has been developed. The optimal model of decorrelation of spectral 
channels of multispectral images based on signal entropy was determined. 

Index Terms—Remote sensing; multispectral image; panchromatic image; fusion image; wavelet-
decomposition; wavelet-synthesis; decorrelation; signal entropy. 

I. INTRODUCTION 

Modern remote sensing system in the visible and 
infrared electromagnetic spectrum provides 
photogrammetric images, which are mathematically 
created with use central projection. The acquisition 
of remote sensing data in these spectral ranges is 
based on the detection of radiation reflected from 
Earth's surface objects, from natural (e.g., the Sun) 
and artificial (e.g., active radar) sources of radiation. 
The significant advantage of this type of data is that 
it is captured under the same positional conditions 
for different spectral ranges. However, the spatial 
brightness distributions significantly differ due to 
the various reflective characteristics of sensing 
objects in different spectral ranges. Wide spectral 
range data (panchromatic images, PI), have a 
considerably higher linear resolution than images 
got in narrow spectral intervals that form 
multispectral images (MSI). On the other hand, MSI 
contain spectral information absent in panchromatic 
images. A characteristic feature of modern remote 
sensing images is that their brightness distributions 
are discretized at the moment of capture, meaning 
that the brightness of each pixel is measured with a 
certain level of precision and recorded as a digital 
value that can be processed by a computer. 

II. PROBLEM STATEMENT 

The current level of requirements for the 
accuracy of interpreting images get by remote 
sensing techniques necessitates the use of methods 
to enhance their informativeness, in particular by 

combining high spatial and spectral resolution in a 
one image, which corresponds to the concept of 
"Data Fusion" [1]. The main condition that such 
methods must meet is to ensure a linear 
representation of the brightness distributions of the 
primary images in a set of processed spectral data. 

III. RELATED WORKS 
In studies devoted to the processing of MSI, the 

main attention has been given to improving their 
visual quality without considering the physical 
mechanisms of fixation of species-specific 
information, in particular inter-channel correlation, 
which makes it impossible to determine the 
informativeness of images from the perspective of 
their analysis and interpretation [2] – [5]. Some 
studies are based on the transition to color-difference 
metrics, in which the decorrelation of primary 
spectral data is implemented, but these methods only 
take into account the contribution of spectral 
information contained in primary MSI [6], [7] – [9]. 

The works of Daubechies I., Chui C., Strang G., 
Mallat S., Coifman R., Meyer Y., Wickerhauser M., 
Antonini M., Villasenor J., Vetterli M. formed the 
basis of a number of applied methods for 
implementing the concept of Data Fusion based on 
the principles of pyramid decomposition of primary 
data, dedicated to pyramid decomposition [10], 
defined as wavelet analysis [11] – [16]. The group of 
methods built on the use of such mathematical 
method is devoid of most of the mentioned 
drawbacks [17] – [22], but they also do not take into 
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account the nature of species-specific data formation 
and are not sufficiently developed. 

IV. PROBLEM SOLUTION 
A. The proposed fusion model 

For the effective fusion of images with high 
spatial and spectral resolution, a method with pre-
transformation is proposed. Method is based on the 
processing of one of the most informative channels 
formed by decorrelating the MIS spectral channels, 
followed by its pyramidal decomposition using 
wavelet bases. This pre-transformation can be by 
analogy with the principal component analysis 
method or the method based on the convert to other 
color metrics [23], [24]. The proposed fusion 
method can be presented by the following 
mathematical model: 

1) Geometric and radiometric correction of MSI 
and PI. 

2) Contrast and contour correction of MSI and PI.  
3) Resampling the MIS to match the spatial 

resolution of the panchromatic image. 

   RGB r r .XYZf f  

4) Decorrelating the original multispectral image 
represented in the RGB metric to the virtual XYZ 
metric. 

5) Pyramidal decomposition using a specified 
wavelet basis up to a given decomposition level (L) 
for the corresponding brightness channel (X): 
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6) Pyramidal decomposition using a specified 
wav6elet basis up to a given decomposition level (L) 
for the PI: 
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7) Forming new components of the 
decomposition according to the chosen rule for 
combining coefficients: 
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8) Wavelet synthesis and transform to the RGB 
color metric: 
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The level of wavelet decomposition can be 
determined experimentally or computed by solving 
an optimization problem based on a selected quality 
criterion for the fused image. The maximum level of 
decomposition is determined to the next expression: 

2log ,
1
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W

Ln
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where LS is the signal length, LW is the maximal 
length of wavelet filter. 
B. The choice of informativeness criterion for the 
fused image 

The traditional integral characteristic (IC) of the 
informativeness of signals of any physical nature is 
entropy, the definition of which was given in 
classical works by C. Shannon regarding quantized 
and discretized one-dimensional signals in the 
context of the general theory of information [25]: 

l ,ogi i
i

E p p   

where λ is an arbitrary constant, pi is the frequency 
of the ith quantized signal level. Entropy as a 
measure of informativeness should satisfy the 
axioms of Hinchin [26]. 

But Shannon's entropy does not correspond to the 
generally accepted interpretation of images as 
carriers of information about material objects, 
according to which an image is more informative the 
greater the range of brightness levels it contains. On 
the other hand, the brightness of each point of a 
projection image is proportional to the radiation 
energy that reaches it from the corresponding point 
of the object. Taking this into account, we introduce 
the generalized concept of entropy as a measure of 
informativeness for MSI (hereinafter referred to as 
"signal entropy") [27], [28]: 
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where 푝 = 푛푁 ∑ 푚푁⁄  and nN  is the number 
of pixels with brightness level n (n = 0, ..., 255). 
This criterion was used to assess the quality of fused 
images as an IC. 
C. The choice of decorrelation method 

A comparative analysis of wavelet fusion 
methods with pre-transformation based on color 
metrics HSV and YIQ to the wavelet fusion method 
without pre-transformation depending on the level of 
decomposition has been done. The signal entropy 
criterion was used as the effectiveness IC. The 
creation of new wavelet decomposition components 



 
70                                                                    ISSN 1990-5548   Electronics and Control Systems  2023. N 1(75): 68-72 
 

 

was realized using the rule of replacing detail 
wavelet decomposition components of MSI with the 
corresponding detail wavelet components obtained 
from the wavelet decomposition of PI. The wavelet 
decomposition was done for four filters represented 
by two groups – orthogonal (db4, db6) and 
biorthogonal (bior 3.3, bior 4.4). Three sets (Fig. 1) 
were corresponding to three fusion methods.  

The results indicate that the most effective 
method by signal entropy is the fusion method with 
pre-transformation based on the YIQ color metric, 
which allows achieving MSI spectral. 

 
Fig. 1. The effect of using merging methods with a 
transition to decorrelated metric, on the example of 

representatives of orthogonal and biorthogonal wavelet 
bases: Daubechies 4 and 6 order, Villasenor 8/4 and 9/7 

(Vertically – normalized value of signal entropy, 
horizontally – decomposition level) 

D. Experimental results 
The proposed image fusion model was tested on 

images obtained from the IKONOS satellite 
(panchromatic spatial resolution - 1 m, multispectral 
spatial resolution – 4 m). Examples of primary 
panchromatic, multispectral, and fused images 
(using Daubechies wavelet basis of level 
4 decomposition) are shown in Figs 2 – 4.  

The results indicate an increasing dynamics of 
signal entropy depending on the decomposition 
level, starting from the second level, regardless of 
the type of wavelet decomposition (Fig. 5).  

Based on visual and numerical analysis, it was 
determined that the minimum-optimal decomposition 
level should be higher than the third level.  

The use of decorrelation of MSI significantly 
reduced the computational complexity.  

The optimal method of MSI channels 
decorrelation was determined from the perspective 
of "signal entropy". 

 
 

 
Fig. 2. Primary panchromatic image 

 
Fig. 3. Primary multispectral image 

 
Fig. 4. Fusion image 
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V. CONCLUSIONS 

The proposed linear mathematical model of 
fusing MIS and PI provides an increase in the 
informativeness of primary species-specific data 

from the standpoint of their thematic interpretation 
and analysis. Further development of this model 
involves its adaptation for processing hyperspectral 
images get by remote sensing. 

 
Fig. 5. Dynamics of signal entropy depending on the level of decomposition  

(From left to right: wavelet bior 2.4, bior 5.5, db4) 

REFERENCES 

[1] R. Mahler, “Optimal/robust distributed data 
fusion: a unified approach,” Proceedings of SPIE, 
vol. 4052: Signal Processing, Sensor Fusion, and 
Target Recognition, no. 4, 2000, pp. 128–138. 
https://doi.org/10.1117/12.395064 

[2] V. K. Shettigara, “A generalized component 
substitution technique for spatial enhancement of 
multispectral images using a higher resolution data 
set,” Photogrammetry engineering and remote 
sensing. vol. 58, no. 5, 1992, pp. 561–567. 

[3] C. Pohl and J. L. Van Genderen, “Multisensor 
image fusion in remote sensing: concepts, methods 
and applications,” International journal of remote 
sensing. vol. 19, no. 5, 1998, pp. 823–854. 
https://doi.org/10.1080/014311698215748 

[4] K. Vani, S. Shanmugavel, M. Marruthachalam, 
and Vani K. “Fusion of IRS-LISS and pan images 
using different resolution ratios,” Proceedings of 
the 22nd Asian Conf. on Remote Sensing, 
Singapore, vol. 1, 2001, pp. 146–151. 

[5] J. S. Lee and K. Hoppel, “Principal components 
transformation of multifrequency polarunetric 
SAR imagery,” IEEE Trans. Geosci. Remote 
Sensing, no. 30, 1992, pp. 686–696. 
https://doi.org/10.1109/36.158862 

[6] W. Pratt, Digital image processing, 3 ed., Wiley, 
2001, 725 p. https://doi.org/10.1002/0471221325 

[7] A. H. Pellemans, R. W. Jordans, R. Allewijn, 
“Merging multispectral and panchromatic SPOT 
images with respect to the radiometric properties 
of the sensor,” Photogrammetric engineering and 
remote sensing, vol. 59, no. 1, pp. 81–87, 1993. 

[8] M. Chiarella, D. A. Fay, R. T. Ivey, N. A. 
Bomberger, and A. M. Waxman, “Multi-sensor 
image fusion, mining, & reasoning: Rule sets for 
higher-level AFE in a COTS environment,” 
Proceedings of the 7th International Conference 

on Information Fusion, Sweden, Stockholm, 2004, 
pp. 983–990. 

[9] C.-M. Chen, G. F. Hepner, R. R. Forster, “Fusion 
of hyperspectral and radar data using the IHS 
transformation to enhance urban surface features,” 
ISPRS J. Photogramm. Remote Sensing, vol. 58, 
no. 1–2, pp. 19–30, 2003. 
https://doi.org/10.1016/S0924-2716(03)00014-5 

[10] P. J. Burt and E. H. Adelson, “The laplacian 
pyramid as a compact image code,” IEEE Trans. 
on Comm., vol. 31, no. 4, 1983, pp. 532–540. 
https://doi.org/10.1109/TCOM.1983.1095851 

[11] K. Charles Chui, An Introduction to Wavelets, 
Academic Press, San Diego, 1992. 

[12] Daubechies, Ten Lectures on Wavelets, SIAM, 
vo1. 61, Philadelphia, 1992. 
https://doi.org/10.1137/1.9781611970104 

[13] G. Strang and T. Nguyen, Wavelets and filter 
banks, Wellesly-Cambridge press, 1997, 520 p. 

[14] S. Mallat, A wavelet tour of signal processing, 
Academic Press., 1999, 851 p. 
https://doi.org/10.1016/B978-012466606-1/50008-
8 

[15] G. Strang and T. Nguyen, Wavelets and filter 
banks, Wellesly-Cambridge press, 1997, 520 p. 

[16] B. Girod, F. Hartung, and U. Horn, Subband image 
coding. In Subband and wavelet transforms: 
design and applications, Boston, MA: Kluwer 
Academic Publishers, 1995, 472 p. 
https://doi.org/10.1007/978-1-4613-0483-8_7 

[17] B. Aiazzi, L. Alparone, F. Argenti, and S. Baronti, 
“Wavelet and pyramid techniques for multisensor 
data fusion: a performance comparison varying 
with scale ratios,” Proceedings of SPIE, vol. 3871: 
Image and Signal Processing for Remote Sensing, 
pp. 251–262, 1999. 
https://doi.org/10.1117/12.373263 



 
72                                                                    ISSN 1990-5548   Electronics and Control Systems  2023. N 1(75): 68-72 
 

 

[18] P. Hill, N. Canagarajah, and D. Bull, Image fusion 
using complex wavelets, 
http://www.bmva.ac.uk/bmvc/2002/papers/88/full
_88.pdf. https://doi.org/10.5244/C.16.47 

[19] G. Hong and Y. Zhang, “Effects of different types 
of wavelets on image fusion,” Proceedings of XXth 
ISPRS Congress, Istanbul, Turkey, 2004, pp. 915–
920. 

[20] T. Z. Wei, W. J. Guo, and H. S. Li, “The wavelet 
transform application for image fusion,” 
Proceedings of SPIE, vol. 4058, no. 4, 2000, pp. 
462–469. 

[21] A. Garzelli, “Wavelet-based fusion of optical and 
SAR image data over urban area,” Proceedings of 
ISPRS Commission III, Symposium: 
Photogrammetric Computer Vision, Graz, Austria, 
2002, pp. B-59. 

[22] M. Gonzalez de Audicana and A. Seco, “Fusion of 
multispectral and panchromatic images using 
wavelet transform. Evaluation of crop 
classification accuracy,” Proceedings of 22nd 
EARSeL Annual Symposium: Geoinformation for 
European-wide integration, Prague, Czech 
Republic, 2002, pp. 265–272. 

[23] J. Nunez, X. Otazu, O. Fors, F. Prades, V. Pala, R. 
Arbiol, “Multiresolution-based image fusion with 
additive wavelet decomposition,” IEEE 
Transactions on geoscience and remote sensing, 

vol. 37, no. 3, 1999, pp. 1204–1211. 
https://doi.org/10.1109/36.763274 

[24] R. L. King and J. Wang, “A wavelet based 
algorithm for PAN sharpening Landsat 7 imagery, 
IEEE International, vol. 2, 2001, pp. 849–851. 

[25] C. E. Shannon, “A mathematical theory of 
communication,” Bell Syst. Tech. J., vol. 27, pp. 
379–423, 623–656, July-Oct. 1948. 
https://doi.org/10.1002/j.1538-
7305.1948.tb00917.x 

[26] A. Ja. Hinchin, Matematicheskie osnovanija teorii 
informacii, Fizmatgiz, 1954, 560 p. [in Russian] 

[27] V. M. Korchynskyi and O. M. Hordiienko, 
“Pidvyshchennia informatyvnosti proektsiinykh 
rastrovykh zobrazhen,” Prykladna heometriia ta 
inzhenerna hrafika. Pratsi Tavriiskoi derzhavnoi 
ahrotekhnichnoi akademii, vol. 4, no. 25, 
Melitopol: TDATA, 2004, pp. 33–37 [in 
Ukrainian]. 

[28] O. M. Hordiienko, “Vplyv parametriv 
funktsionalnykh veivlet-bazysiv na 
pidvyshchennia informatyvnosti proektsiinykh 
rastrovykh zobrazhen,” Heometrychne ta 
kompiuterne modeliuvannia. Kharkivskyi 
derzhavnyi universytet kharchuvannia ta torhivli, 
Kharkiv, vol. 8, 2004, pp. 96–100. [in Ukrainian] 

Received February 22, 2023 

Hordiienko Oleksandr. Candidate of Science (Engineering). Senior Lecturer. 
Aviation Computer-Integrated Complexes Department, Faculty of Air Navigation, Electronics and 
Telecommunications, National Aviation University, Kyiv, Ukraine. 
Education: Dnipropetrovsk National University, Kyiv, Ukraine, (2009). 
Research interests: remote sensing image processing, image fusion, artificial intelligence, wawelet trasformm algoritms, 
programming. 
Publications: 6. 
E-mail: Aleksandr.N.Gordienko@gmail.com 

О. М. Гордієнко. Об’єднання зображень дистанційного зондування за допомогою вейвлет-перетворень 
Статтю присвячено розвитку математичних моделей, покладених в основу об’єднання зображень, отриманих 
дистанційними засобами зондування з різними просторовими та радіометричними розрізненостями. Проведено 
аналіз сучасних засобів дистанційоного зондування, які формують зображення, що фіксуються при однакових 
позиційних умовах проекціювання, у різних спектральних діапазонах випромінювання. Зображення сформовані 
у широкому спектральному діапазоні і мають вищу лінійну розрізненність, ніж зображення сформовані у більш 
вузьких діапазонах, однак останні містять спектральну інформацію. Розроблено прикладну модель об’єднання 
зображень, зафіксованих в різних спектральних діапазонах з використанням пірамідального вейвлет-
перетворення. Визначено оптимальну модель декорреляції спектральних каналів багатоспектральних зображень 
за сигнальною ентропією. 
Ключові слова: дистанційні засоби зондування; багатоспеткральне зображення; синтезоване зображення; 
панхромне зображення; вейвлет-декомпозиція; вейвлет-синтез; декорреляція; сигнальна ентропія. 
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