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In vast areas, accessing satellite images with appropriate spatial
resolution, such as Landsat images, is often challenging. dditionally,
the temporal resolution of the Landsat satellite does not allow for the
examination of short-term changes in phenomena such as vegetation.
The aim of this research is to utilize temporal and spatial fusion
techniques of Landsat-8 and MODIS satellite images to prepare a
Normalized Difference Vegetation Index (NDVI) map. For this
purpose, six image fusion algorithms—NNDiffuse (Nearest Neighbor
Diffusion), PC (Principal Component), Brovey, CN (Color
Normalized), Gram-Schmidt, and SFIM—were applied in an
experimental area in Khuzestan province. After evaluating the results
of these algorithms and selecting the most appropriate algorithm based
on statistical indicators (spectral criteria such as the correlation
coefficient and spatial criteria such as the Laplacian filter), the spectral
and spatial information from the red and near-infrared bands of eight
mosaic Landsat-8 images (30 m resolution) were combined with the
red and near-infrared bands of one MODIS image (250 m resolution).
To investigate vegetation cover, the NDVI was calculated using the
fused satellite image for Khuzestan province. The results showed that
the NNDiffuse fusion algorithm demonstrated very high accuracy
among the tested algorithms in terms of spatial evaluation and spectral
quality criteria. Consequently, this algorithm was selected to combine
the red and near-infrared bands of Landsat-8 and MODIS images.
Compared to the original Landsat-8 image, the NDVI map prepared
using this algorithm had the lowest statistical errors, with an RMSE
(Root Mean Square Error) of 0.1234 and an MAE (Mean Absolute
Error) of 0.081.
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Extended Abstract

Introduction

Vegetation in terrestrial ecosystems is an essential indicator for environmental assessment
and plays a critical role in maintaining ecosystem balance. One of the most useful tools
for monitoring land surface cover and the effects of climatic factors is the use of remote
sensing data. Vegetation indices are widely employed as criteria for analyzing land cover
changes, including vegetation dynamics and other environmental factors. Among these,
the Normalized Difference Vegetation Index (NDVI) is one of the most widely used
vegetation indices derived from satellite images. This index is based on the difference in
spectral reflectance between the red and near-infrared bands, which are influenced by the
state of vegetation. The simultaneous use of both spatial and temporal resolution in
remote sensing monitoring systems is a critical issue in this field. To address this,
numerous algorithms have been developed. One of the most important topics in satellite
image fusion is the temporal-spatial integration of images from different sensors. In this
type of fusion, images with high temporal resolution are combined with those having high
spatial resolution. A significant challenge in using Landsat satellite images for monitoring
and calculating environmental variables is their 16-day temporal resolution. In contrast,
the MODIS sensor provides daily images but with lower spatial resolution. The absence
of a single sensor with both high spatial and temporal resolution has led to the
development of models that combine data from sensors with high spatial resolution (but
low temporal resolution) and those with high temporal resolution (but low spatial
resolution). Researchers have categorized image fusion algorithms into three general
groups: pixel-based methods, feature-based methods, and decision-based methods. This
research focuses on pixel-based methods to fuse Landsat-8 and MODIS satellite images.
The primary goal of this study is to utilize spatial and temporal fusion techniques of
Landsat-8 and MODIS images to prepare a Normalized Difference Vegetation Index
(NDVI) map. By fusing these two types of satellite images, it becomes possible to
leverage their respective advantages in a single image. After evaluating the results of
various pixel-level image fusion algorithms and selecting the most suitable one based on
statistical error calculations and spectral-spatial criteria, an NDVI map was prepared for
Khuzestan province.

Material and Methods

In this research, data from MODIS and Landsat-8 sensors were used. After preprocessing
the Landsat-8 and MODIS images, six image fusion algorithms—Brovey, NNDiffuse,
Gram-Schmidt, PC (Principal Component), CN (Color Normalized), and SFIM
(Smoothing Filter-based Intensity Modulation)—were evaluated using various statistical
criteria.

First, the results of the six fusion algorithms were assessed in an experimental area in
Khuzestan province. Statistical measures such as mean, standard deviation, and
correlation of spectral reflectance for the red and near-infrared bands were used, along
with spectral and spatial evaluation criteria. Additionally, statistical indices including
Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Mean Bias Error
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(MBE) for the NDVI index were compared with the results obtained from the original
Landsat-8 image. After selecting the best image fusion algorithm, the spectral and spatial
information from the red and near-infrared bands of eight mosaicked Landsat-8 images
(30-meter resolution) were fused with the red and near-infrared bands of one MODIS
image (250-meter resolution). This approach minimized errors caused by the non-
simultaneity of Landsat-8 images while preserving better spatial and spectral information.
To investigate vegetation cover, the Normalized Difference Vegetation Index (NDVI)
was prepared for Khuzestan province using the fused satellite image.

Results and Discussion

The results indicate that the NNDiffuse fusion algorithm is more accurate than the other
algorithms for merging the red and near-infrared bands of Landsat-8 and MODIS satellite
images. The NDVI extracted from this algorithm had the lowest RMSE (0.1234) and
MAE (0.081) compared to the original Landsat-8 images. In contrast, the CN algorithm
showed the highest errors, with RMSE (0.28), MAE (0.25), and MBE (-0.244). The
NNDiffuse algorithm allows for the individual combination of corresponding bands,
which is one of the reasons for its superior performance compared to other algorithms in
this study. This algorithm also demonstrated the highest spatial correlation with the
original Landsat-8 near-infrared band, excelling in edge preservation and spectral quality.
It is important to note that both spatial and spectral criteria should be used simultaneously
to evaluate a fusion algorithm, a point often overlooked in many studies. Based on these
criteria, the NNDiffuse algorithm was selected as the final fusion algorithm. Using this
method, the red and near-infrared bands of Landsat-8 and MODIS images were
combined, and an NDVI map of Khuzestan province was prepared.

Conclusion

The evaluation of six image fusion techniques revealed that the NNDiffuse algorithm is
the most suitable method for mapping vegetation in the study area. Accessing
simultaneous satellite images with high spatial resolution, such as those from the Landsat
series, remains a challenge in large-scale studies. Additionally, the 16-day temporal
resolution of Landsat images limits their ability to capture short-term changes in
phenomena. Therefore, the use of satellite image fusion techniques, such as combining
Landsat images with MODIS data, can be highly beneficial for various studies. A
comprehensive evaluation of fusion algorithms requires simultaneous consideration of
both spatial and spectral features. This research addresses this challenge, and its results
can serve as a valuable reference for similar studies.
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