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II. DATASET AND METHODS

A. Landsat data receiving 
Landsat data also as many other types of remote sensing data are provided by USGS web-

service EarthExplorer (https://earthexplorer.usgs.gov/). All presented data is in free access. The 

EarthExplorer user interface is an online search, discovery, and ordering tool, with powerful 

filtering tools and area search interface, based on GoogleMaps. Landsat archive contains images 

in all spectral bands, including longwave infrared data, in GeoTIFF format. 

For this research a pair of Landsat-8 imagery stack were acquired. Study area 
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Fig. 3 Visual comparison between detalization of raw longwave data from Landsat-8 (left) and 

processed surface temperature image (right) 

 

Detailed temperature end emissivity estimation procedure presented in [12]. 

C. Basics of subpixel spatial resolution enhancement technique 
Subpixel superreosution technique [13] is based on specific processing of minimum two 

images of the same territory with subpixel shift, with distribution of the same feature and 

radiometrically equivalent. Subpixel offsets are stochastic linear deviations of pixel nets per 

pixel share that occur when rescannig the same area. In case of using temperature data, those 

images must be taken in the same time, otherwise temperature difference would make 

distortions in resulting enhanced image. This technique extracts features from both of images, 

what makes spatial resolution enhancement possible. 

Obtaining an image of enhanced spatial resolution from a pair of images of low spatial 

resolution is achieved by realization of the next actions: 

- subpixel shift estimation; 

- estimation of the joint noise image as the difference between input images; 

- merging of low-resolution input images into a common resampled image by interlaced scan 

into a grid of high resolution with replacing two pixels diagonally with pixels of input images, 

taking into account the subpixel offset and noise matrix; 

- estimation of the inverse operator matrix estimation, for the rest of the pixels restoration; 

- enhanced image restoration; 

- iterative image reconstruction for irregularities and suppress noise elimination. 

The corresponding software has been developed to perform the procedure for restoring the 

high definition image [13]. 

Emissivity for a period of Landsat revisit time (up to 16 days) used to be an appropriate data 

for sub-pixel processing. However, the proposed improvement for this technique allow 

adopting it for temperature images processing, despite the significant temperature difference. 

Frequency domain processing permit extracting particular frequency components, which can 

be utilized instead of emissivity images. 

D. Fuzzy imagery filtering in frequency domain 
FFT allows transferring data from spatial or time domain into frequency domain. Amplitude 

spectrum as the main output data for gives detailed information about frequency components, 
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Using the suggestion, that contrast edges between different landscape objects remains 

unchangeable for a long period, imagery pairs of high frequency components distribution 

becomes the appropriate data for superresolution technique, because its equivalency despite 

time difference. After estimation of high frequency components distribution data, it merges 

with low-frequency components, and in result we have enhanced surface temperature data. Each 

amplitude spectrum value is represented as absolute FFT roots value: 
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spectra were merged with low-frequency components of each of the images. Inversed Fast 

Fourier Transform performs transition from frequency domain into spatial domain. 

 

 

Fig. 7 General flowchart of frequency component merging for imagery spatial resolution enhancement 

III.  RESULTS AND DISCUSSION 

Estimation of the spatial resolution enhancement conducted using modulation transfer 

function (MTF) of input images and resulting image and its comparison. This technique also 

help to compare the efficiency of both approaches: threshold separation and fuzzy separation. 

MTF analysis demonstrated that threshold technique gives nearly 74 % of spatial resolution 

enhancement [14], relatively to input images. Fuzzy approach 12 % appeared to be more 

effective, than threshold, which utilizes binary separation logic. Next figure demonstrates visual 

difference temperature images before and after superresolution processing. 

 

 

 

 
Fig. 8 Comparison between images before (left) and after (right) superresolution processing 
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According to existing factsheet (https://www.usgs.gov/land-resources/nli/landsat/landsat-9), 

next Landsat satellite, Landsat-9, would have longwave infrared sensor (TIRS-2) with the same 

spatial resolution as TIRS, mounted on Landsat-8, and data informativity will remains the same. 

Proposed improved technique for thermal imagery spatial resolution enhancement is an 

effective way of processing of available variety of collected Landsat data, starting from 1984. 

This amount of big data is an appropriate information for detailed temperature imagery long-

term time series processing. Results of this processing will help in long-term urbanized areas 

development and expanding analysis, its effect on public health and environment: ecosystems, 

natural landscapes and water bodies. In addition, it will be useful for further development 

planning and expanding. 
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