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Abstract: This paper gives an in depth insight into the current as well as the previous systems or techniques that have been used
in order to perform advanced image processing.

These systems or techniques have been implemented or tested in the areas of Germany, The United States of America, India,
China, Indonesia and many more. The review aims to explore challenges and opportunities in the field computational and image
processing areas of the industry.
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I. INTRODUCTION
Today, Advanced Image processing techniques have come a far way from what they were a few decades ago. With the advancement
in technology and faster computers and methodologies it has become easier to compute and process larger and complex
applications.
Advanced Image Processing is quite a tedious process. Some systems may have come up with a solution by looking into a specific
category of image processing but they do have a few drawbacks. Over the years many algorithms have surfaced from TIN, Adaptive
TIN, The Mahalanobis Classifier, Neural Networks and so on.

Il. EVOLUTION OF ADVANCED IMAGE PROCESSING
An easy way to comply with the conference paper formatting requirements is to use this document as a template and simply type
your text into it.

The existing advanced image processing systems are classified into three types.:

A. Digital Elevation Model (DEM)
A Digital Elevation Model (DEM) is a digital representation of the bare ground topographic surface or terrain. DEMs are used often
in geographic information systems, and are the most common basis for digitally-produced relief maps.

B. Digital Surface Model (DSM)
A Digital Surface Model (DSM) is an elevation model that captures both the environment's natural and artificial features.

C. Digital Terrain Model (DTM)

Digital Terrain Model or DTM in short, is one of the three advanced image processing models that helps enable a better
understanding of satellite or remotely sensed images.

DTM is a 3-Dimensional model near-replica of the bare earth that consists of all the topographic features such as the depth, height,
length and so on.

Over the years, many researchers and scientists have with the help of Digital Surface and Digital Elevation Models generated
techniques to help build the Digital Terrain Model, which is by far the most successful feat in the area of research.

Earliest notable attempt on tackling DTM was made in the year 2002, by M.A. Rajabi, J.A.R. Blais (14), a Classifier that would take
into account the technique of stereo measurements on the remotely sensed images using the Shape For Shading method to derive
geometric information about the objects in the images.
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Table. 1. Image processing methods over the years.

Sr. Year Method

1 1995-2000 Drainage Enforcement
Approach

2 2000-2005 A Feed-Forward Back-
Propagation Network

3 2005-2010 Interpolating Method

4 2010-2015 Four Closest Neighbors (FCN)
Algorithm

5 2015-2020 Interferometric Synthetic

Aperture Radar

A few attempts were made in the year 2016 which made the use of neural networks, both Convolutional Neural Networks (CNN)
and Avrtificial Neural Networks (ANN) (17,18). In the Convolutional Neural Networks method (17) the team had labeled the satellite
image into five categories, vegetation, ground, road/parking/railroad, building and water. The choices for the architecture
parameters of a single-layered CNN were evaluated and used for classification. A combination of four CNNs with varying
contextual size that ran in parallel achieved the best classification accuracy of 94.49%. In the artificial neural network (18) method
the network classified image points into the classes "ground”, "man-made objects"”, "vegetation" and "water". This enabled the
proposed method to use different approaches to achieve the dsm for different areas. The generated dtm contained varying terrain,
which was better than the robust hierarchical interpolation (4,5,9) method, for highly vegetated areas and steep hillsides.

In 2021, there are two more techniques used with Neural Networks namely, Generative Adversarial Networks (GANs) (21) and
Triangulated Irregular Network (TIN) (9,19,22). Each of which help in the terrain generation of the created Digital Surface Models
or the Remotely Sensed Images. GANs were used for the height map construction and 3D Model construction (21). Whereas, TIN

was used to create the classification of points on the surface (9,19,22).

I1l. APPLICATIONS
Advanced Image Processing on Satellite or remotely sensed images brings with them a variety of applications, some of which are
listed below:
1) Extracting terrain parameters for geomorphology (5)
2) Modeling water flow for hydrology or mass movement (for example avalanches and landslides) (5,6)
3) Modeling soils wetness with Cartographic Depth to Water Indexes (DTW-index)
4)  Creation of relief maps (5)
5) Rendering of 3D visualizations.
6) 3D flight planning and TERCOM
7)  Rectification of aerial photography satellite imagery
8) Reduction (terrain correction) of gravity measurements (gravimetry, physical geodesy)
9) Terrain analysis in geomorphology and physical geography (5)
10) Geographic Information Systems(GIS) (1)
11) Engineering and infrastructure design (3,5)
12) Satellite navigation(for example GPS and GLONASS)
13) Flight simulation
14) Precision forestry
15) Surface analysis
16) Intelligent transportation systems(ITS)
17) Auto safety/ Advanced Driver Assistance Systems(ADAS)
These are just a minuscule amount of applications that we have listed here. Advanced Image Processing has been a guiding light to
many organisations and governments to help them to expand and develop in their infrastructure, farming, prevention from natural
disasters and much more.
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IV.ANALYSIS

Throughout the years we have seen methods increasing in complexity and providing with it more information to get a better and
clear Image. In 2005, Interpolation (4,5,9) was the very first method which was used to generate DEMs. Interpolation (4,5,9) played
a huge role in what we see today in the modern image processing tools. Interpolation works by estimating values at unknown sites
using known data.

For example, if you needed to know the temperature at noon but only had data between 11 a.m. and 1 p.m, you might use linear
interpolation to approximate the value. If you had an extra measurement at 11:30 a.m., you might observe that the majority of the
temperature rise happened before noon, and you could run a quadratic interpolation with this new data point. The more temperature
measurements you have which are close to noon, the more sophisticated your interpolation algorithm can be. Image interpolation
operates in two directions, attempting to approximate the colour and intensity of a pixel as closely as possible using the values of
nearby pixels. In contrast to air temperature changes and the ideal gradient described above, pixel values can shift dramatically from
one area to the next. As with the temperature example, the more information you have about the pixels around you, the better your
interpolation will be.

As a result, the more you stretch an image, the worse the results get, since interpolation can never add detail to an image that isn't
already there. As you see from the chart below the most popular of these has been Interpolation, Neural Networks and TIN
(4,5,9,17,18,19,22). Each of these methods have a different approach to achieving the final Digital Image. A special mention of

Agisoft (2,11,12) which has become a boom in recent years which has enabled people to create their own versions of the algorithm.
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Fig.1. Graph of Year VS Algorithm

Moving on to the various data sources from which the data is acquired during these experiments. According to our research into
these projects and research papers, we have concluded that IKONOS and SPOT are the most used satellite data sources. Cartosat,
Worldview and Vricon are also widely accepted data satellite sources. Infact Worldview has a variety of versions and each with a
different purpose to cater to the variety of problems that require specific imagery. Although IKONOS was decommissioned it is
still widely used today and is a big contributor to the research conducted today and before. Though GeoEye-1 was not popular, it is
a recently launched satellite and is capable of acquiring image data at 0.50-meter panchromatic (B&W) and 1.84-meter multispectral
resolution. It also features a revisit time of fewer than three days, as well as the ability to locate an object within just three meters of
its physical location.
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Fig. 2. Pie-Chart for various data sources from which the data is acquired
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Image processing has been known to have changed data processing techniques in the last decade with remote drone aircrafts and
satellites being able to get images which were transmitted and analysed remotely. It is a wide concept, it can be used in each and
every field from leaf detection to human disease detection.

The advanced image processing techniques and methods in regards to topography have been researched throughout the world.
However, in some areas around the world, these data are not so readily available and records can be either difficult to access,
incomplete or low quality. Few of the leading countries to have extensively researched on this topic are Germany, USA, India and
China, which make up around 50% of the total countries of origin of various authors and researchers.

Germany
12.5%

India India
12.5%

Indonesia

Fig. 3. Pie Chart Representing the various countries of the authors

The amount of research data nowadays is vast and readily available. The internet has played a significant role in providing authentic
and detailed information, in the form of research papers published by various authors all around the world. Few of the sites that have
a surplus collection of scholarly articles and research papers are Research Gate, MDPI. Apart from online sites, we can also derive
useful information through various Conferences and Journals on similar topics.

10

Research Gate MDPI 0P Conferences Journals Others

Fig. 4. Chart representing the various publication agencies
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VI.CONCLUSION

With the development of human society, human activities have significantly changed the surface morphology. The appearance of
man-made landforms, such as roads, dams, and farmland, has increased the complexity of the topography (3,6,5). Our Research
indicates that over the years we have seen massive improvements in the field of Advanced Image Processing and have better, faster,
informative and descriptive algorithms and techniques which enable us to understand and develop on satellite and remotely sensed
images. To this date we have concluded that the most advanced technology is AGISOFT (2,11,12) as it helps us to create 3D spatial
data for GIS applications (1) and for indirect measurements of objects of various scales. IKONOS and SPOT still remain and play a
vital role in providing high resolution imagery for such applications.
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