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Abstract

Enhancing land-use classification accuracy with digital satellite data is a key challenge in land management,
and data fusion algorithms can help improve the results. This study compares the performance of different
data fusion algorithms in improving land-use classification accuracy. In this study, Landsat 9 data from 2024
was utilized as the most recent available information. During the fusion process, Landsat 9 multispectral data
with a 30m resolution and panchromatic data with a 15m resolution were combined. After necessary
preprocessing and corrections, a land-use map was prepared, including classes for orchards and agricultural
lands, residential and industrial areas, mountainous and foothill areas, and clayey areas and covered plains.
Then, the data fusion algorithms including Simple, Brovey, IHS, Gram—-Schmidt, and ESRI were applied to
the digital data. A land-use map was generated for each dataset using the Support Vector Machine algorithm.
The methods' performance was then assessed and compared based on the overall accuracy and Kappa
coefficient. The results indicated that the overall classification accuracy was 80.29% before applying data
fusion algorithms and increased to 89.87% afterward, showing a 9.58% improvement. The performance
varied among the evaluated algorithms, with the Simple method achieving the highest accuracy of 89.87%
and demonstrating better results than the other data fusion techniques. Map accuracy assessed with the
Kappa coefficient revealed that the Simple method also scored the highest, with a value of 0.82, followed by
Brovey (0.78), Gram—Schmidt (0.745), ESRI (0.63), and IHS (0.568). Overall, choosing an appropriate data
fusion algorithm significantly influences classification accuracy, with the Simple method being the most
effective for creating land-use maps from Landsat 9 data in the study area.
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Extended Abstract

Introduction

Land use is a vital indicator of how humans use land and plays a crucial role in managing natural resources,
spatial planning, and environmental monitoring. Accurate maps of land use are especially critical in dry and
semi-arid regions due to scarce water resources, delicate ecosystems, and swift changes driven by human
activities. Remote sensing data offers an effective method for acquiring current spatial information for land-
use mapping and environmental monitoring, thanks to their wide coverage and capability to deliver detailed
spatial and spectral data. Landsat data have been widely used for land-use and land-cover studies because of
their continuous data availability, broad spatial coverage, and suitability for monitoring changes in terrestrial
environments (13, 20). A major limitation of satellite remote sensing data is the trade-off between spatial and
spectral resolution. Panchromatic data provide relatively high spatial resolution but limited spectral
information, whereas multispectral data provide richer spectral information but lower spatial resolution (1,
13). This limitation may reduce classification performance, particularly in heterogeneous landscapes. Image
fusion is therefore an important approach for integrating spatial and spectral information and improving
satellite data quality. Pixel-level fusion methods can combine information before classification and
potentially improve land-use class representation (3, 5, 9). However, fusion performance depends on input
data characteristics, the algorithm used, and the study area's environmental conditions. Previous studies have
demonstrated differences among fusion techniques in preserving spatial and spectral information (3, 5).
Therefore, evaluating alternative fusion algorithms is necessary for identifying an appropriate method for
improving land-use classification accuracy. This study compared the performance of different data fusion
algorithms in improving land-use classification accuracy using Landsat 9 digital data in eastern Isfahan, Iran,
and identified the most effective fusion method for producing a reliable land-use map under the study area's
environmental conditions.

Materials and Methods

The study took place in the Fasaran region in eastern Isfahan, situated within Iran's central plain. Covering
about 63,500ha, the area features a fairly uniform plain landscape and a semi-arid climate. Fig. 1 illustrates
the geographical location of the study area. A Landsat 9 OLI-2 image for Path 163 and Row 37, acquired on
19 April 2025, was used. Multispectral Bands 1 to 7, with a spatial resolution of 30m, and Panchromatic
Band 8, with a spatial resolution of 15m, were selected for image fusion. The characteristics of the Landsat 9
image and the spectral and spatial specifications of the bands used in the study are presented in Table 1.
Once the satellite data was retrieved from the USGS database, initial preprocessing steps, including
preparing an appropriate color composite and clipping the study area, were carried out. Image fusion was
then performed in ArcGIS 10.8 to integrate the spectral information from multispectral data with spatial
information from the panchromatic band. Fig. 2 presents the overall processing workflow. Five fusion
algorithms were evaluated: Brovey, IHS, Esri, Simple Mean, and Gram-Schmidt. In the Brovey method, the
fused pixel value is computed with Equation 1, while in the IHS method, the intensity component is
determined using Equation 2. In the simple mean method, the fused pixel value is calculated as the average
of the multispectral and panchromatic pixel values, according to Equation 3. The Gram-Schmidt method
involved creating a simulated panchromatic band by combining multispectral bands based on Equation 4.
These images were then classified with a supervised support vector machine algorithm. Four land-use
categories were identified: mountainous and foothill areas, clay and plain lands, residential and industrial
zones, and orchards and agricultural fields. Training samples were collected through field observations, local
knowledge, high-resolution imagery, and visual analysis of Google Earth. Classification accuracy was
assessed using overall accuracy and the Kappa coefficient.

Results and Discussion

The classification process produced land-use maps with different spatial representations and classification
accuracies. In the present study, ground truth data for each land use were used, as shown in Fig 3. The results
obtained from the Simple Mean, Gram—Schmidt, ESRI, Brovey, and IHS fusion methods are presented in Fig
4. The spatial distribution of the four land-use classes differed among the fusion methods, indicating that the
selected algorithm influenced the representation and delineation of land-use classes. The estimated areas of
the land-use classes obtained from the five fusion methods are presented in Table 2. For orchard and
agricultural lands, Brovey produced the largest estimated area at 14,791.7ha, whereas IHS produced the
smallest area at 8,223.01ha. For residential and industrial lands, Esri produced the largest estimated area at



Comparison of Data Fusion Algorithms' ... 87

28,334.8ha, while Brovey produced the smallest at 18,430.7ha. In clayey and covered-plain lands, the IHS
method identified the largest extent (25,914.1 ha), while the Esri method produced the smallest (18,341.1ha).
For lands in mountainous and foothill regions, Brovey estimated the largest area, while Esri estimated the
smallest. These variations show that the fusion algorithm can significantly influence the spatial
representation and area calculations of specific land-use categories. Table 3 clearly shows the differences in
classification accuracy among the evaluated methods. The Simple Mean Method achieved the highest overall
accuracy (89.87%), with Brovey close behind at 83.6 percent. IHS followed at 79.19 percent, Gram—Schmidt
at 77.07 percent, and Esri at 65.08 percent. The highest Kappa coefficient was also for Simple Mean at 0.82,
then Brovey at 0.78, Gram—Schmidt at 0.745, Esri at 0.63, and IHS at 0.56. The unfused multispectral image
achieved an overall accuracy of a certain percentage. Using the simple mean method, the classification
accuracy improved by 9.58 percentage points over the original multispectral image. These findings indicate
that combining spatial information from the panchromatic band with the spectral details of multispectral data
can enhance classification results. However, the variations in estimated areas between different fusion
methods suggest that overall accuracy alone does not fully capture how each algorithm performs for specific
land-use categories.

Conclusion

The results showed that choosing a data fusion algorithm significantly impacts land-use classification
accuracy and how land is spatially represented. Of the five methods tested, Simple Mean achieved the
highest overall accuracy of 89.87% and a Kappa coefficient of 0.82. It also increased accuracy by 9.58
percentage points compared to the unfused multispectral image. Variations in the estimated land areas across
the methods further highlighted the influence of fusion algorithms on land-use depiction. In eastern Isfahan's
environmental conditions, Simple Mean proved to be the most effective among the tested algorithms for
creating a land-use map from Landsat 9 data.

Keywords: Land use, Remote sensing, Support Vector Machine, Accuracy assessment
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Fig 1. Geographical location of the study area
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Fig 3. Ground truth map of the study area
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Table 1. Characteristics of Landsat 9 spectral bands
Band Name Wavelength (um) Spatial Resolution Band Number
Coastal aerosol 0.45-0.43 30 Band 1
Blue 0.51-0.45 30 Band 2
Green 0.59-0.53 30 Band 3
Red 0.67-0.64 30 Band 4
Near Infrared 0.88-0.85 30 Band 5
Short Infrared1 1.65-1.57 30 Band 6
Short Infrared2 2.29-2.11 30 Band 7
Band 8 panchromatic 0.90-0.52 15 Band 8
Clrrus 1.38-1.36 30 Band 9
Thermal Infraredl 11.19-10.60 100 Band 10
Thermal Infrared2 12.51-11.50 30 Band 11
Landsat 9
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I
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Fig 2. Flowchart illustrating the research methodology
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Fig 4. Land-use classification maps generated through various fusion techniques

Table 2. Comparison of land-use class areas (ha) using different fusion algorithms

3609000

3602000 3609000

3595000

3609000

3602000

3595000

3595000

land-use Brovey Gram Esri IHS Simple
Agricultural & Horticultural 14791.7 13240.7 11445.3 8223.01 12473.1
Residential & Industrial 18430.7 18636.4 28334.8 23985.4 21314.4
Clayey & covered Pediments 23186 25718.5 18341.1 29514.1 23313.2
Mountainous and Foothills 6852.33 5962.19 5436.7 5435.42 6456.94

Table 3. Classification accuracy percentages based on different fusion algorithms

Fusion Esri Gram IHS Brovey Simple
Overall Accuracy 65.08 77.07 79.19 83.6 89.87
Kappa Coefficient 0.63 0.745 0.56 0.78 0.82
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