Image Processing for The HSL color space

Introduction

I'm sure most of us are aware that when you need to specify a color to your PC, you do it with an RGB triple or ARGB if you want to specify transparency. What this in essence means is that your CRT has three color guns, and your LCD has sets of three colored lights to make up a pixel. The merging of differing levels of these three colors equate to the range of colors that can be displayed by your computer, like this:


This is, however, not the only possible way to describe color, nor is it a method that makes much sense to humans. If I were to ask you how to describe orange, or yellow, or purple, using RGB, chances are you'd have to undergo some trial and error to work it out. HSL is the most common color system that exists to be human friendly, rather than machine friendly.

As RGB stands for red, green, blue, so to, HSL is an acronym, in this case for hue, saturation, luminance. The three components of color are best specified in that order, as they represent a constant refining of the value ( that is, saturation and luminance values are close to meaningless without a hue ).

Hue

The hue is the actual base color being used, free of any modification to brightness or strength. It is commonly represented as a circle, in which the hue value ( which ranges from 0 to 360 ) indicates the angle in degrees of the color as present on the wheel. The following image shows the hue circle, with constant luminance and saturation at 50%. 
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Saturation

Saturation describes how 'colorful' a color is, for example, a fluorescent color would have a high saturation. In order to demonstrate this, I have provided three screenshots, all of the hue wheel with 0 luminance, and with .25, .5 and .75 saturation. A saturation of 0 makes an image greyscale ( as it has no color in it ), and so I don't provide an image at 100, because I wanted the range shown to be even.
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Luminance

Luminance describes how bright a color is, so that full luminance is always white, and no luminance is always black. In order to demonstrate this, I have provided three screenshots, all of the hue wheel with 0 luminance, and with .25, .5 and .75 saturation. 
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The color chart

The sample application continues to build on previous installments, and thus builds the code base for use in other projects. There is now a new menu called 'colorspaces', with a view to expanding it to cover other color spaces in the future. The 'HSL Chart' menu item brings up a dialog with a hue circle, and a slider on the side, like this:
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The hue wheel either modifies saturation, or luminance from the centre to the outside, and the slider then modifies luminance or saturation accordingly. This should give you a really good idea of exactly how these parameters work, and how they modify colors.

Using the code

So, we have this color space, but what do we do with it ? Well, two things pop immediately to mind. First, we can provide means so that a user can select colors using this color space, instead of having to provide an RGB triple. Secondly, we can provide image filters that allow modification of an image based on these three values. But in order to do any of this ( or even to do what you've seen already ) we need to be able to move within this color space, we need to be able to convert between HLS and RGB. In order to do this, the first component we will examine is the HLS class. 

HLS class

All the new code is in the ColorSpace.cs file. The first class in there is called YUV, another color system that I wrote a class for, but do not examine here. Next is the HLS class, which encapsulates a HLS color. It keeps these values in private members and exposes them through properties, so that we can correct out of bounds values. I choose not to throw an exception, because when we use this class with filters, we will amost certainly pass in an out of bounds value.
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        private float h;

        private float s;

        private float l;

        public float Hue

        {

            get

            {

                return h;

            }

            set

            {

                // Note that we don't just clamp, as 365 degrees, for 
                // example, is 5 degrees plus a full turn.
                h = (float)(Math.Abs(value)%360);

            }

        }

        public float Saturation

        {

            get

            {

                return s;

            }

            set

            {

                s = (float)Math.Max(Math.Min(1.0, value), 0.0);

            }

        }

        public float Luminance

        {

            get

            {

                return l;

            }

            set

            {

                l = (float)Math.Max(Math.Min(1.0, value), 0.0);

            }

        }

The constructor with no arguments is private so that we can't construct an HLS object without specifying it's values. We also provide a property called RGB, which returns a Color that maps to the current HLS values.

In addition, two static methods are provided, which return an HSL object from either a Color, or specified red, green and blue values. Our filters will use these static methods to build an HLS object, then modify one of these values before requesting the modifed colors.

Color Picker

Most HSL color pickers present a hue wheel with varying saturation from the centre to the edge, and then a slider to set luminance for the chosen hue/saturation combination. I don't like this format, because naturally values towards the centre of the circle are underrepresented, and harder to pick. Instead, I propose a system of three sliders, one each for hue, saturation and luminance. Saturation and luminance on the hue slider are set to .5, as is luminance on the saturation slider. Therefore, it's intuitive to move from left to right and select a color.
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As you can see, text boxes are provided as well as sliders, the selected color is shown on the right, and it's RGB values are also displayed. The test application will remember the selected color and initialise the dialog with that color when OK is pressed. The HSLColorPicker has a SelectedColor property which can be set before displaying the dialog, and which returns the selected color after the dialog is closed. It returns a Color rather than a HSL object, but can easily be changed if desired. 

Image filters

Three image filters are provided, one each for hue, saturation and luminance. The filters take a float and multiply the value being filtered by that number, so that 1 is an identity transform. This causes all values to trend evenly, but has the side effect of stopping values of 0 from changing at all. There are numerous ways around this, including adding a small number to values before multiplication, or accepting a value to add as well as one to multiply by. The hue filter is kind of odd, give the nature of the hue wheel, it simply changes the colors to unrelated values. The saturation and luminance filters are, however, quite useful and worth incorperating into any image processing library. 

As always, I present my son as a model for my filters. From top to bottom is the normal image, the hue filter, the saturation filter, and the luminance filter. I've tried to use extreme values to exaggerate the effect to make it obvious. The saturation effect in particular is not that obvious, because his car is fluorecently colored anyhow. 
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Conclusion

There are numerous ways to represent color, in this article I have focused on one way that is commonly used in paint programs and so on, and which translates easily to human understanding. This means both that it's a good way of asking people to select a color, and that filtering by enhancing or suppressing these values will result in an effect that has uniform meaning to the human eye. Any person who needs to ask a user to select a color should consider using HSL as the means of doing so.

             SYSTEM  IMPLEMENTATION

5.1  REQUIREMENT ANALYSIS

The completion of this thesis requires the following Software & Hardware
Software Requirements

Hardware Requirements
PROCESSOR


-
Pentium IV

RAM




-
32 MB 

SECONDARY STORAGE
-
1 MB 

MOUSE



-
Logitech 

5.2 SOFTWARE DESCRIPTION

Microsoft.NET Framework


Microsoft made the specifications for .net development platform freely available for the compiler vendors in the form of common language specification (CLS). The common language specifications provide the specifications for a language to compile into a common platform. The compiler vendors must design the compiler in such a way that the compiled code conforms these specifications. These compilers compile the programs written in the high level language into a format called intermediate language format.



Common Language Function


This IL code format is not the machine language code. So, in order to execute the program we need to compile it again into machine language.This is done by the Common Language Functions(CLR). The Just-in-time compiler(JIT compiler) of th CLR takes the IL code as input and Compiles it and executes it.





A Sample view of .NET Framework



C#.NET framework

Microsoft .NET 


The Microsoft .NET software developers list can br downloaded from Microsoft official website. It contains the following:-

· Compiler for C#

· Common Language Runtime

· CLR Debugger

· .Net base classes

· Some utilities

C#  Base Classes :


A significant part of the power of the .Net framework comes from the base classes supplied by microsoft as part of the .NET framework. These classes are all callable from C# and provide the bind of basic functionality that is needed by many applications to perform, amongst other things, basic system, windows, and                  . The types of purposes you can use the base classes to do include

· String handling

· Arrays, lists,maps etc.,

· Accessing files and the file system

· Accessing the registry

· Security

· Windowing

· Windows messages

· Database access [14]

Visual C# .NET 2003 is the modern, innovative programming language and tool for building .NET-connected software for Microsoft Windows, the Web, and a wide range of devices. With syntax that resembles C++, a flexible integrated development environment (IDE), and the capability to build solutions across a variety of platforms and devices, Visual C# .NET 2003 significantly eases the development of .NET-connected software. 

Visual C# .NET builds on a strong C++ heritage. Immediately familiar to C++ and Java developers, C# is a modern and intuitive object-oriented programming language that offers significant improvements, including a unified type system, "unsafe" code for maximum developer control, and powerful new language constructs easily understood by most developers. 

Developers can take advantage of an innovative component-oriented language with inherent support for properties, indexers, delegates, versioning, operator overloading, and custom attributes. With XML comments, C# developers can produce useful source code documentation. An advanced inheritance model enables developers to reuse their code from within any programming language that supports .NET. 

C# developers can join the newest, fastest-growing developer community, in which they can exchange code and resources, leverage skills across multiple computing environments, and contribute to the standardization process that ensures vibrant and active community participation. 

With a superior IDE, Visual C# .NET provides users with the ultimate developer environment, bringing together the development community and valuable online resources. The Start Page offers developers a one-click portal to updates, preferences, information on recently used projects, and the MSDN Online community. Improved IntelliSense, the Toolbox, and the Task List provide significant productivity enhancements, while AutoHide windows and multiple-monitor support help programmers maximize screen real estate and customize their development environment. New custom build rules make developing robust and powerful software easier than ever. 

Using the Web Forms Designer and XML Designer, developers can use IntelliSense features and tag completion or the WYSIWYG editor for drag-and-drop authoring to build interactive Web applications. With a few simple steps, programmers can design, develop, debug, and deploy powerful XML Web services that reduce development time by encapsulating business processes accessible from any platform. 

With Visual C# .NET 2003, developers can take advantage of Microsoft .NET and incorporate next-generation technology for resource management, unified types, and remoting. With Microsoft .NET, developers gain superior memory management technology for seamless garbage collection and reduced program complexity. Developers can use the Microsoft .NET Framework Common Type System to leverage code written in any of more than 20 languages that support .NET, while making efficient remote procedure calls. 

Developers can also use the tested and proven .NET Framework class library to gain powerful built-in functionality, including a rich set of collection classes, networking support, multithreading support, string and regular expression classes, and broad support for XML, XML schemas, XML namespaces, XSLT, XPath, and SOAP. And, with the Java Language Conversion Assistant (JLCA), programmers can begin migrating their Java-based projects to the Microsoft .NET environment. 

Using Visual C# .NET 2003, developers can construct powerful Web services that encapsulate business processes and make them available to applications running on any platform. Developers can easily incorporate any number of Web services that are catalogued and available in many independent Universal Description, Discovery, and Integration (UDDI) directories, providing a strong foundation of services and business logic for their applications. 

Visual C# .NET 2003 also enables developers to build the next generation of Windows-based applications. With visual inheritance, developers can greatly simplify the creation of Windows-based applications by centralizing in parent forms the common logic and user interface for their entire solution. Using control anchoring and docking, programmers can build resizable forms automatically, while the in-place menu editor enables developers to visually author menus directly from within the Forms Designer. 

Visual C# .NET 2003 is a modern, innovative programming language and tool for building .NET-connected software for Microsoft Windows, the Web, and a wide range of devices. With familiar C++-like syntax, a flexible integrated development environment (IDE), and the capability to build solutions across a variety of platforms and devices, Visual C# .NET 2003 significantly eases the development of .NET-connected software. 

Visual 
C# .NET provides users with a superior developer environment, bringing together the development community and valuable online resources. The Start Page offers developers a one-click portal to updates, preferences, information on recently used projects, and the MSDN Online community. Improved IntelliSense, the Toolbox, and the Task List provide significant productivity enhancements, while AutoHide windows and multiple-monitor support help programmers maximize screen real estate and customize their development environment. 

With Visual C# .NET 2003, developers can take advantage of Microsoft .NET and incorporate next-generation technology for resource management, unified types, and remoting. With Microsoft .NET, developers gain superior memory management technology for seamless garbage collection and reduced program complexity. Developers can use the Microsoft .NET Framework Common Type System to leverage code written in any of more than 20 languages that support .NET, while making efficient remote procedure calls. 
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