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Abstract— Image Enhancement is a topic in research over the past 

few decades. Image enhancement techniques are used in image 

processing to improve the overall quality of image as desired by 

the user. Remote Sensing is one such domain, where the use of 

image processing techniques is used extensively to enhance the 

visual quality of satellite images. In satellite image enhancements, 

not many open source tools are available which help in efficient 

image enhancements. There has always been an effort by the open 

source community to develop image processing systems to benefit 

the users. The Satellite Image Enhancement Toolbox (SIET) is an 

effort to help the Remote Sensing users enhance satellite images 

efficiently. SIET is a Java based tool, with its Graphical User 

Interface (GUI) built using Java Swing while the image processing 

operations are implemented using Java Advanced Imaging (JAI) 

library. SIET makes use of Prewitt, Sobel, Robert’s cross, 

Laplacian of Gaussian, Kirsch, smoothing and sharpening filters 

for image enhancement. The toolbox is tested with LISS III images 

of Indian Satellite IRS P6. The tool is an effort to bring the best 

out of the current open source technology in satellite image 

processing so as to benefit satellite image users. The toolbox 

provides opportunity to the open source community to further 

enhance the functionality of SIET. 

Keywords— Satellite images, open source,  Java, JAI,  Remote 

Sensing, edge enhancement, Kirsch, Laplace, Sobel, Robert cross, 

Prewitt  

I. INTRODUCTION 

Image enhancement is a topic in research over the past few 
decades. Image enhancement is a sub area of Image processing 
which focuses on processing the image to make the raw image 
suitable for information extraction as per the desired application. 
Remote sensing is one such area where satellite image 
processing is performed for application oriented themes. Remote 
Sensing helps in acquiring the Earth data from a distant source 
through space and air borne sensors. These remotely sensed 
images hold information in varied forms and contains 
information for different types of applications. Depending upon 
the nature of application or theme these images are subjected to 
image enhancement techniques to extract out meaningful 
information from the available data. Hence it becomes utmost 
important to enhance the quality of image so as to extract 
meaningful information from it. 

Theme specific experts are able to extract the desired 
features for required application only when the images are able 
to express the ground feature explicitly. Image enhancement 
increases the visual perception of the image and experts are able 
to extract desired information form the image. One of the 
important feature of the images are edges. Edges represents the 
local intensity changes. Hence, there has always been an effort 
to develop effective algorithms to extract edges from images 
effectively. Various edge detection algorithms are used as a 
preprocessing step in image processing. Algorithms such as 
Canny, Canny-Deriche, Sobel, Roberts cross, Prewitt, etc. are 
widely used for edge detection in image processing. 

There are several techniques to detect edges which are 
mainly categorized as gradient and Laplacian.[1][2] 

Gradient Edge Detection method: In this method, the edges 
are detected by looking the maximum and minimum in the first 
derivative of the satellite image. 

Laplacian Edge Detection method: In this method the edges 
are detected by searching the zero crossings in the second 
derivative of the satellite image. The edges are basically one-
dimensional shape of a ramp and calculating the derivative of 
the satellite image can highlight its location. Consider the signal 
S in Fig.-1 where a function is shown by the jump in intensity, 
showcasing edges in satellite images 

 

 

Figure 1 Signal with an edge shown by the jump in intensity 
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Plot of first derivative with respect to time (gradient) of the 
signal shown in Figure-1 is shown in Fig.-2 

 

Figure 2 First derivative S’ (gradient) of the signal S 

The derivative of the signal shows a maximum value located 
at the center of the plot in the original signal. The strategy 
regarding locating an edge is usually characteristic on the 
“gradient filter” category of edge filters. A pixel location is 
declared an edge location if the value of the gradient exceeds 
some tolerance. As mentioned before, edges will have higher 
pixel intensity values than those surrounding it. So when a 
tolerance is determined, you are able to examine the particular 
gradient importance to the tolerance importance and identify a 
good edge each time the particular tolerance is usually 
surpassed. Furthermore, if the first offshoot is at a greatest, the 
second offshoot is usually zero. Consequently, a different option 
to locating the spot of your edge would be to identify the 
particular zeros within the minute offshoot.[1][2] The second 
derivative can be understood from Fig.-3 

 

Figure 3 Second derivative S’’ of the signal S 

 

Many tools have focused on implementing the edge 
detection techniques to extract edges effectively but either the 
tools are proprietary in nature or no proper mechanism is 
provided to implement them in a standard operational form. A 
limited number of tools are available in open source domain for 
satellite image processing. 

Since remote sensing acquires huge amount of data, with 
various file formats, it is not possible for all the tools, to process 
the data efficiently. To address this problem, an attempt has been 
made to develop a tool named Satellite Image Enhancement 

Toolbox (SIET) on open source software technology. The tool 
is built using Java (J2SE) with the help of JAI (Java Advance 
Imaging) Library. The main focus of the tool has been to 
enhance the quality of image through easy and simple steps. The 
tool provides facility to apply various Edge detection algorithms 
such as Sobel, Laplace, Prewitt, Kirsch and Roberts cross. Along 
with this, the tool also facilitates sharpening and smoothing of 
the satellite images. SIET was tested with sample satellite 
images and the results were found to be satisfactory. SIET has 
been attempted to implement the edge detection algorithms 
using the available open source tools and provide a single 
integrated tool of Image Enhancement, for edge detection with 
various algorithms. 

II. IMAGE ENHANCEMENT TECHNIQUES 

Image enhancement are the techniques used to improve the 
overall quality of image as desired by the user. In the process of 
image enhancement, filters play a very important role. Image 
processing filters helps to attenuate some frequencies while 
enhance others. Operations such as smoothing, sharpening, 
detecting edges are performed through various filters. 

Convolution is technique of applying a window, kernel of 
specific size and shape, on an image where the output pixel value 
depends on the weighted sum of the input pixels within the 
window where the weights depends on the applied filter which 
is assigned to every pixel of the window itself. Filters make use 
of various sized kernels to perform filtering operation. 

The various image enhancement techniques used are 

Image Smoothing 

Image smoothing is a technique in image processing which 
helps to reduce the level of noise content in an image. This is of 
huge importance in satellite images, where the noise factor is 
often induced due to many factors such as sensor errors, 
atmospheric disturbances, etc. To reduce the high intensity noise 
disturbance within a particular section of image, smoothing 
operations can be used. There are two types of filters by which 
the smoothing can be performed. 

 Linear Filters 

 Non Liner Filters 

Image Sharpening 

Image sharpening is a technique in image processing which 
helps to pass the high intensity frequency signals in an image. 

Edge Enhancement 

Prewitt Operator 
It is a discrete differentiation operator, computing an 

approximation of the gradient of the image intensity function. At 
each point in the image, the result of the Prewitt operator is either 
the corresponding gradient vector or the norm of this 
vector. Prewitt operator uses two 3×3 kernels which 
are convolved with the original image to calculate 
approximations of the derivatives - one for horizontal changes, 
and one for vertical. If we define I as the source image, 
and GX and GY two images which at each point contain the 

http://en.wikipedia.org/wiki/Difference_operator
http://en.wikipedia.org/wiki/Image_gradient
http://en.wikipedia.org/wiki/Convolution
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horizontal and vertical derivative approximations, the latter are 
computed as shown in equation (1) and equation (2): 

GX = [
−1 0 +1
−1 0 +1
−1 0 +1

] ∗ I   (1) 

GY = [
−1 −1 −1
0 0 0

+1 +1 +1
] ∗ I   (2) 

Where * denotes the 2-dimensional convolution operation. 

The x-coordinate is defined in equation (1) as increasing in 
the "right"-direction, and the y-coordinate in equation (2) is 
defined as increasing in the "down"-direction of image. At each 
point in the image, the resulting gradient approximations can be 
combined to give the gradient magnitude, using equation (3): 

G = √GX
2 + GY

2    (3) 

Sobel Operator 

It is also a discrete differentiation operator, computing an 
approximation of the gradient of the image intensity function. At 
each point in the image, the result of the Sobel operator is either 
the corresponding gradient vector or the norm of this vector. The 
Sobel operator is based on convolving the image with a small, 
separable, and integer valued filter in horizontal and vertical 
direction and is therefore relatively inexpensive in terms of 
computations. On the other hand, the gradient approximation 
that it produces is relatively crude, in particular for high 
frequency variations in the image. The Kayyali operator for edge 
detection is another operator generated from Sobel operator. We 
define ‘I’ as the source image, and GX and GY are two images 
which at each point contain the horizontal and vertical derivative 
approximations, computed in equation (4) and equation (5) 

GX = [
−1 0 +1
−2 0 +2
−1 0 +1

] ∗ I   (4) 

GY = [
−1 −2 −1
0 0 0

+1 +2 +1
] ∗ I   (5) 

Where * denotes the 2-dimensional convolution operation. 

The magnitude of G is calculated using the same equation (3) 

Robert’s cross Operator 
It was one of the first edge detectors and was initially 

proposed by Lawrence in 1963.[3] As a differential operator, the 
idea behind the Roberts cross operator is to approximate 
the gradient of an image through discrete differentiation which 
is achieved by computing the sum of the squares of the 
differences between diagonally adjacent pixels. In order to 
perform edge detection with the Roberts operator we 
first convolve the original image, with the two kernels shown in 
equation (6) and equation (7) 

GX = [
+1 0
0 −1

] ∗ I    (6) 

GY = [
0 +1

−1 0
] ∗ I    (7) 

Let I (x, y) be a point in the original image and GX (x, y) be 
a point in an image such that it is formed by convolving with the 
first kernel. Let GY (x, y) be a point in an image formed by 
convolving with the second kernel. The gradient can then be 
computed as shown in equation (8) 

∇I (x, y) = G(x, y)= √GX
2 + GY

2  (8) 

Laplacian of Gaussian Operator 
The Laplacian is a 2-D isotropic measure of the 2nd spatial 

derivative of an image. The Laplacian of an image highlights 
regions of rapid intensity change and is therefore often used for 
edge detection. The Laplacian is often applied to an image that 
has first been smoothed with something approximating as 
Gaussian Smoothing filter in order to reduce its sensitivity to 
noise. The operator normally takes a single gray level image as 
input and produces another gray level image as output.[1] 

The Laplacian L(x, y) of an image with pixel intensity values 
I(x, y) is computed by equation (9) 

L(x, y) =
∂2I

∂X2 +
∂2I

∂Y2    (9) 

Since the input image is represented as a set of discrete 
pixels, we have to find a discrete convolution kernel that can 
approximate the second derivatives in the definition of the 
Laplacian.[4] The output image is computed as shown in 
equation (10) and (11). 

G = [
1 1 1
1 −8 1
1 1 1

] ∗ I    (10) 

Or 

G = [
−1 2 −1
2 −4 2

−1 2 −1
] ∗ I   (11) 

 

Kirsch Operator 
The Kirsch operator is a non-linear edge detector that finds 

the maximum edge strength in a few predetermined directions. 
It is named after the computer scientist Russell A. Kirsch. The 
operator takes a single kernel mask and rotates it in 45 degree 
increments through all 8 compass directions: N, NW, W, SW, S, 
SE, E, and NE. The edge magnitude of the Kirsch operator is 
calculated as the maximum magnitude across all directions as 
described in equation (12).  

hn,m = maxZ=1,…,8 ∑ ∑ gij
(Z)1

j=−1
1
i=1 . fn+i,m+j (12) 

𝑔(1) = [
+5 +5 +5
−3 0 −3
−3 −3 −3

]   (13.1) 

𝑔(2) = [
+5 +5 −3
+5 0 −3
−3 −3 −3

]   (13.2) 

𝑔(3) = [
+5 −3 −3
+5 0 −3
+5 −3 −3

]   (13.3) 

http://en.wikipedia.org/wiki/Convolution
http://en.wikipedia.org/wiki/Difference_operator
http://en.wikipedia.org/wiki/Image_gradient
http://en.wikipedia.org/wiki/Norm_(mathematics)
http://en.wikipedia.org/wiki/Convolution
http://en.wikipedia.org/wiki/Difference_operator
http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Convolution
http://en.wikipedia.org/wiki/Nonlinearity
http://en.wikipedia.org/wiki/Edge_detection
http://en.wikipedia.org/wiki/Russell_A._Kirsch
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𝑔(4) = [
−3 −3 −3
+5 0 −3
+5 +5 −3

]   (13.4) 

so on. The value of gz  is computed from the equations 13.1, 
13.2, 13.3, 13.4. The edge direction is defined by the mask that 
produces the maximum edge magnitude. 

III. EXISTING TOOLS FOR SATELLITE IMGAE 

ENHANCEMENT 

To process satellite images various software packages are 
implementing image enhancement techniques. These softwares 
and tools are listed below. 

Exelis ENVI 

ENVI (ENvironment for Visualizing Images) software 
application is developed by the Exelis Visual Information 
Solution. It helps in analyzing and enhancing the satellite images 
with various functions available. It is used extensively in remote 
sensing and photogrammetry applications. The issue with using 
this software is that the license needs to be purchased and is 
commercial.[5]  

Erdas IMAGINE 

Currently licensed under the Hexagonal Geospatial, division 
of Intergraph Corporation, it offers a wide range of functions to 
analyze and enhance satellite images with its predefined 
functionality. Used widely in the geospatial industry for raster 
image processing and GIS. Main issue with using this software 
is that the license needs to be purchased as it is not freely 
available.[6]  

eCognition 

eCognition developer, currently under the Trimble 
Geospatial Imaging, is used extensively for Object based image 
analysis. The software package proves to be very useful in image 
enhancing as customized ruleset with image processing on 
object level can be performed. eCognition is widely used in the 
geospatial industry. The software can be used to process images 
but to export the results commercial license is needed.[7] 

Geomatica 

The software is developed by the PCI Geomatics. Used 
extensively in the geospatial domain for various image 
processing applications. The tool is again not freely available but 
a trial version can be downloaded from official website.[8] 

IDRISI 

IDRISI, developed by the Clark Labs at Clark University for 
analysis and processing of the satellite images. The tool is 
efficient for the image enhancement but the license is 
commercially available and needs to be purchased.[9] 

Matlab 

Matlab, developed by the MathWorks, is a multi-paradigm 
computing environement. Matlab provides various options for 
image enhancement but certain aspects needs to be programmed. 
The software is proprietary product of MathWorks and the user 
needs to purchase the license.[10] 

Orfeo Toolbox 

Orfeo Toolbox (OTB) is a remote sensing image processing 
software package. The project was started by the French Space 
Agency (CNES) in 2006 and the software is freely available. 
The software includes various image processing functions like 
image blurring, enhancement, segmentation, classification etc 
and growing participation is seen from the open source 
community.[11]   

IV. SATELLITE IMAGE ENHANCEMENT TOOLBOX 

It becomes difficult for the user to use techniques to enhance 
the satellite images as not all the available techniques are open 
source. The tools for satellite image enhancement are mostly 
commercial and costly to buy for an individual. At the same 
time, it is not easy for a novice user to write a piece of code for 
a small area of enhancement. The tools available under open 
source technologies are in great demand. Tools like the Orfeo 
Toolbox[11] are of great help for the individual users to work 
efficiently. 

Satellite Image Enhancement Toolbox (SIET), Fig. 4, is an 
effort to build a tool on open source technologies which can 
prove to be efficient for image enhancement. The tool is built 
using Java, with its Graphical User Interface (GUI) built using 
Java Swing[12] and the image processing library used is Java 
Advanced Imaging (JAI) Library[13]. JAI is a imaging 
Application Programming Interface (API) provided by the 
Oracle Corporation[14] providing a set of object-oriented 
interfaces that support a simple, high-level programming model 
which lets you manipulate images easily. The Java Image I/O is 
also used in the developed toolbox which helps in saving the 
outputs of the generated results in a specific format. SIET is 
completely based on open source software technologies. The 
SIET helps in loading satellite images with *.img format which 
is a proprietary format of Intergraph’s Erdas IMAGINE product. 
The toolbox has a simple GUI so that a novice user is also 
capable of working on image enhancement. 

 

Figure 4 Satellite Image Enhancement Toolbox - GUI  
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The below concept illustrates the working of SIET. The 
kernel is applied to the input image which performs the 
following operation to calculate the pixel O22 of the output image 

 

Input Image 

I11 I12 I13 … I1i 

I21 I22 I23 … I2i 

I31 I32 I33 … I3i 

⁞ ⁞ ⁞ ⁞ ⁞ 

     

+ 
Image Enhancement Kernel 

[

K11 K12 K13

K21 K22 K23

K31 K32 K33

] 

= 
Output Image 

O11 O12 O13 … O1i 

O21 
O22 O23 … O2i 

O31 O32 O33 … O3i 

⁞ ⁞ ⁞ ⁞ ⁞ 

     

The main operations performed by SIET can be categorized 
in three sections 

 Edge Enhancement Operations 

 Smoothing Operation 

 Sharpening Operation 

The edge enhancement module enhances the edges through 
its various edge filters. The toolbox makes use of various 3x3 
kernels accomplish its task. The edge enhancement filters used 
are Prewitt filter, Sobel filter, Robert’s cross filter, Laplacian of 
Gaussian filter, Kirsch filter. The toolbox allows the user to 
select an edge enhancer operator from its menu list. Further edge 
enhancement is done by asking the user to load the desired 
satellite image and then mentioning the path for saving the 
output. Once the path is selected the operation is performed on 
the selected satellite image. The image can then be opened from 
the image viewer in the toolbox.  

SIET also allows for smoothing of the satellite images. Many 
a times, satellite images often tend to include high intensity 
noise. This can be removed with the help of a 3x3 smoothing 
filter implemented through the toolbox. The user needs to select 

the smoothing feature with mentioning the satellite image to be 
smoothed and the path for saving the file. The toolbox simply 
smoothen the image and helps in reducing the noise. SIET 
provides sharpening operator to sharpen the overall satellite 
image. The sharpening filter is a 3x3 kernel. 

V. RESULTS AND DISCUSSION 

The satellite image used for study is of LISS III sensor (Fig. 
5). The image has a spatial resolution of 23.5m with a spectral 
resolution of 4 bands (0.52-0.59, 062-0.68, 0.77-0.86, 1.55-1.70) 
µm. 

 
Figure 5 Original image - LISS III 

image shown in Standard FCC 

(Band : 3,2,1) 

 
Figure 6 Intensity Image 

Figure 7 After applying smoothing 
filter 

Figure 8 After applying sharpening 
filter 

Figure 9 After applying Prewitt 

Operator 
Figure 10 After applying Sobel 

Operator 

 
Figure 11 After applying Robert's 

cross operator 

 
Figure 12 After applying Laplacian 

of Gaussian operator 
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Figure 13 After applying kirsch 

operator 

 

. First the intensity image (Fig. 6) is generated using this 
image. The results obtained by processing the image in SIET can 
be seen in Fig. 7, 8, 9, 10, 11, 12 & 13.The smoothing helps to 
reduce the high intensity values. The smoothed image is 
obtained by the smoothing 3x3 filter. The edge enhancement, 
smoothing and sharpening filters have been successfully 
implemented using the open source JAI library. Reading of 
various geospatial file formats is also possible through the SIET. 
The current work involves the use of 3x3 Kernels but further 
development can include changing the window size of kernels. 
As observed from visual interpretation, Sobel, Prewitt and 
Kirsch are more sensitive to noise as compared to Laplacian of 
Gaussian. But there is a need for advancing the current tool to 
an upper level where the threshold analysis, statistical analysis 
can be implemented. The current toolbox is helpful for the 
remote sensing user in enhancing the satellite images using 
simple procedures. Thus we see that the use of open source 
technologies in implementing various image processing 
techniques can help reduce the cost of current image processing 
softwares. Simple GUI of SIET helps even a novice user to 
process satellite data easily.  

VI. CONCLUSION 

The tool is an effort to bring the best out of the current open 
source technology in satellite image processing so as to benefit 
the users. The toolbox provides opportunity to the open source 
community to further enhance the functionality of SIET. The 
toolbox provides opportunity to the future programmers to 
further enhance the functionality of SIET. We conclude that the 
image enhancement techniques can be well implemented 
through the available open source libraries and APIs. 
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