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ABSTRACT: Computer   graphics   provide   a   powerful   

and   efficient   way   for   visualization communication 

between different ideas like abstract and concrete ideas, for 

creating, manipulating, and interacting with these 

representations. Beginners don't know techniques or more 

the visualization – what data we get is most important.  To 

arrive at visual result is depend on techniques used in 

computer graphics. Visualization is any technique for 

representing diagrams, text, sound, video etc. by 

graphically.  A integrated collection of computer graphics 

techniques for visualization's scientific behavior is 

presented by Computer Visualization. Visualization is used 

in most of field in our daily life and has ever expanding 

application like medical science, whether forecasting, 

education, Engineering, interactive multimedia, 

entertainment, simulation, training etc. There are various 

types of visualization techniques have been proposed and 

many are under research. Various techniques are useful 

and significant for visualization application contexts 

according requirements. This paper elaborates various 

techqunies currently used for visualization. It is a very 

challenging task to read  a  large  number  of  papers,  

books  and  concerned  articles to capturing essential 

information. The main aim of this paper is to know, learn 

and to provide basic visualization techniques. The key terms 

scientific visualization, Volume Visualization Techniques, 

Music Visualization are covered in this paper as possible. 

 

I. INRTODUCTION 
Visualization is a recipe of computing. It transmutes the 

symbolic into the geometrical, enabling researchers to  look  

over  their  simulations  and  computations.   Visualization is 

technique for seeing the unseen. It elongates the process of 

scientific search and nourishment profound and unexpected 

insights. It is already revolutionizing the way scientist do 

science in many fields. Visualization is more than a method 

of computing. Visualization is the method of shifting 

information into a phenomenal form, enabling users to 

observe the information. The resulting visual display enables 

the scientist or engineer to perceive visually features which 

are hidden in the data but nevertheless are needed for data 
exploration and analysis. The use of visualization to present 

information is not a new phenomenon. Visualization has been 

used in many areas such as in data plots for overa 1000 years, 

drawing that is used for scientific purpose, in maps etc. There 

is a major impact on the display of behavior by three 

dimensions visualization due to rapid advances. Mercantile  

 

development in the area of engineering design and 

educational research use three dimensions which has become 

a central component. The paper contains a basic overview of 

the fundamentals  of scientific visualization and volume 

visualization which is also part of computer graphics with a 

practitioner-oriented review of the latest  three  dimension  
graphics  display  and  visualization  techniques.  Each topic 

which  is covered in this topic is taken and analyzed   are 

written by eminent dabsters in the field. 

 

A. Mapping from computer representations to perceptual 

(visual) 

Following figure shows a basic idea of encoding techniques 

to enhance human communication and understanding. 

 
 

Any visualization technique has three minimal criteria to 

achieve to be pondered a pragmatic visualization. These 

criteria are useful to draw the line between a lot of things are 

often called visualization and what we consider in this field, 

is good visualization. Brief detail on three visualization 
criteria is following: 

• Data based on Non- Visual: - There are many fields that 

data must come from essence or from where at least not 

visible instantly like inside of the human body, so we can say 

that it is a purpose of visualization to communicate with data 

which is non- visual directly.  Using visualization technique 

we transform invisible to visible. Image processing and 

image photography are out using these rules. 

• Produce an image –Some time image which are are not 

clear using the technique of visualization occasionally.  

Visualization is a primary means of communication, 

additional information provided with the help of modalities.  
It is not visualization if is only a small part of image. 

• Readable and recognizable – Visualization must provide a 

way to learn something about data is most important criteria. 

There must be a least some relevant aspects of concerned 

data that can be read when a transformation of non –trivial 

data in image is performed. 
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There are many examples in our daily life where techniques 

of visualization are used and fulfill the criteria of 

visualization in the sense of scientific visualization, music 

visualization, and volume visualization or any other 
techniques of visualization. 

 
 

B. Music Visualization Technique: 

There are much music visualizes, one of the most effective is 

MilkDrop visualizes. Not only does it have a huge range of 

different styles that it can transition between, it’s also very 

good at detecting beats and different instruments, so the 

visualization  really fits the music. Since it creates images 

from wave data, it clearly fulfills the first two criteria. But 
what about readability? Can you tell which song was played 

when the image above was created? This is not a 

shortcoming,  it’s simply not the goal of music visualization  

to be readable (and it would be very difficult). But music 

visualization plugging are not visualizations in the 

pragmatic/information visualization sense. 

 
 

VisualIDs are a very clever idea to help the user tell files 

apart: they making picture from the names of files to produce 

visually similar icons for files with similar names. Since they 
are based on data and are visual, they could be visualization. 

But they also fail the readability test; you cannot tell which 

image represents which filename. A poetry visualization I 

discussed earlier has the same properties. 

 
C. Visualization Techniques 

How to achieve success and to reach our goals and how to 

use our mind is a taught by technique of visualization. That is 

major impressive method to use fantasy capabilities to instate 

our aims. With visualization techniques we make our brain 

believe that attaining desired goal is possible.  All these 

methods train us how to use it in the occurrence we have 

appetency and dream we wish to gain. Visualization is 

process of manipulating, representing creating the visual 

display that is in our cerebrum. 

 
II. SCIENTIFIC VISUALIZATION 

The practice of producing  graphics  represents  of  scientific  

phenomena  is  called scientific visualization.  It may be field 

of research process, when the graphics are used for 

exploration, commentation, understanding and may guide the 

direction of the research itself, from tweaking parameters to 

asking new questions. In this paper, we will give an 

introduction to the field of scientific visualization. Scientific 

visualization is a field in and of itself, so we will cover only 

the topics which are most likely to be of use to users in our 

community who are new to the field.   It may similarly be 

used in production environments, such as medical 
procedures,  as one part of a larger  mission.  It may be used 

for persuasive  or educational purposes, grant applications, in 

the classroom, site reviews, etc. 

 

A. The Scientific Visualization Pipeline 

There are a number of steps between raw data and a finished 

visualization. In some cases you may be able to use one tool 

for the full data-to-pictures process – many people do all of 

their work, including graphical display, using a single 

package such as Matlab. In other cases, you may use 

multiple tools – for instance, you might use different 
software for each of these tasks: data collection, data 

analysis, conversion into a form for visualization, applying 

visualization techniques, and producing beautifully  rendered  

output.  Whether within one package, or distributed across 

many, the steps represented in the figure below occur in any 

visualization. 
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Let’s look at one example, a steady-state simulation of fluid 

flow through some sort of cavity. 

•  Use a simulation program to produce pressures at a 
set of points. (Produce input data.) 

• Compute the gradient of pressure to produce vectors 

at each of the set of input data points. (Analyze, filter, 
and reformat.) 

• Drop virtual particles into this vector field, and 

compute the path they would follow in the field. 

(Apply scientific visualization techniques.) 
• Produce a set of polygons representing a tube bent to 

match the path. (Map to geometry.) 

• Create a digital image from a virtual camera of the 
polygonal model. (Render, post process.) 

• Use a web browser to view the resulting image. 

(View results.) 
From the point of our discussion of scientific visualization, 

the focus of this process is the application of scientific 

visualization techniques to create a render able geometric 

model. In the middle stages of this flow of data through the 

pipeline lies a conversion from specific models in the science 

domain to those of the graphics domain. The representations 

which lie between the science-specific model and the 

graphics data structure which  are common  to many domains 

– this collection of techniques/representations/models  

comprises the heart of scientific visualization. Most sci-vis 

packages actually include the full pipeline, with varying 

degrees of depth on the ends. 
 

B. Data Representation in Scientific Visualization 

 
In scientific visualization the phenomenon under study is 

usually modeled by measurements at a discrete set of points 
in space. These may be thought of as representational 

samples of the underlying mathematical function governing 

that phenomenon. There is often a mesh or ―topology‖ 

associated  with the points which enables interpolation  of 

that implied function. From a data point of view, we are 

working with a set of attributes (scalars, vectors, tensors, etc) 

attached to the set of points in space. The position of the data 

points may be given explicitly as (x,y,z) coordinates, or may 

by implicit (as in the case of a regular grid). In this section 

we will describe the most common forms which this 

takes.The  domains which we describe below may generally 

have arbitrary dimension. We will give illustrations of the 2-
d version for clarity and simplicity,  but we will describe the 

3-d versions, since that is what occurs most commonly in 

scientific visualization applications.Regular mesh. (Also 

referred to as a regular grid or uniform lattice.) This is 

probably the most commonly seen representation of the 

model domain ecause it is conceptually simple and clear, it 
corresponds  naturally to array  types  provided  by  

programming  languages,  and  there  is a large  body  of  

traditional mathematics organized around uniform 

samplings. All ―grid lines‖ are parallel to coordinate axes,  

and the  spacing  between  cells  is uniform  within  each  

irection.  There  is an implicit ―topology‖ of the underlying 

domain, by which we mean a set of ―solid‖ cells which 

partition the domain, which can be used for interpolation. 

 
(Data in reg2Ddomain) 

The location of any point in the grid can be determined 
from the index and the limits of the domain. For instance, 

in 3 dimensions: 

x = xmin + ix*(xmax-xmin)    ix in [0,...,nx-1] y = ymin + 

iy*(ymax-ymin)    iy in [0,...,ny-1] z = zmin + iz*(zmax-

zmin)    iz in [0,...,nz-1] 

Note that the data is ―attached to‖ these points, but the 

underlying scientific model which produced this data may 

be considering this data in one of two ways: the points may 

be at the corners of computational cells, in which case the 

boundaries of the domain lie at x=xmin, x=xmax, y=ymin, 

y=ymax, z=zmin, z=zmax; or the points may be at the centers 

of computational cells, in which case the boundaries of the 

computational domain are a half step width beyond the 

given mins and maxs. Perimeter mesh.  (Also referred to as 

a perimeter grid or rectilinear lattice.) This is similar to the 

regular mesh described above, except that the spacing in 

each dimension may be non- uniform.In addition to the 

information given for the regular grid, we need lists of the 

coordinate positions in the x, y, and z directions. 

 
(Data in perim2Ddomain) 
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The location of any point in the grid can be determined 

from the index and the limits of the domain. For instance, in 

3 dimensions: 

Representation: 
x = xgrid[ix]    where ix in [0,...,nx-1] y = ygrid[iy]    where 

iy in [0,...,ny-1] z = zgrid[iz]    where iz in [0,...,nz-1] xgrid 

= (x_0, ..., x_{n-1}) 

ygrid = (y_0, ..., y_{n-1}) 

zgrid = (z_0, ..., z_{n-1}) 
Irregular mesh. (Also referred to as an irregular grid or 

curvilinear lattice.) Here the topology is the same as above 

(the cells are quadrilaterals in 2-d, cuboids in 3-d) but the 

points lie in arbitrary locations. The connectivity between 
points is implicitly given by the mesh structure (essentially 

by indexing), but the coordinates of each point need to be 

listed explicitly. 

 

 

 

 

 

 

 

 

 
 

 

(Data in quad2Ddomain) 

 

Representation: 

x_0 y_0 z_0 x_1 y_1 z_1 

... 

x_{n-1} y_{n-1} z_{n-1}   n = nx*ny*nz 

In any of the grid representations above, an important factor 

which varies with different packages and programming 

language is how the points are ordered in the grid, i.e., how 
the 1- d list of points in computer memory is mapped onto 

the multi-dimensional grid in space. Common terminologies 

talk about x (or y or z) ―varying fastest, which means that 

adjacent data points in the list correspond to marching along 

the x (or y or z) dimension of the grid. 

Polygonal domain.  Here the cells may have different 

numbers of vertices, edges, etc, so the elements need to be 

specified explicitly. In 2-d listing the vertices in order is 

enough to specify a polygonal cell. In 3-d, specifying the 

vertices is enough if we know that cells are convex. If 

not, in general we need to give explicit information about 
edges and/or faces. 

 

Representation in 2-d: 

x_0 y_0 x_1 y_1 

... 

x_{n-1} y_{n-1} 
index_0_0 ... index_0_{k_0}indices of vertices of polygonal 

0 index_{np-1}_0  ... index_{np-1}_{k_{np-1}} indices of 

vertices of polygon np-1The analogy in 3-d (irregular 3-d 

cells partitioning space) is somewhat more complicated, and 

arises rarely in sci vis, so we will not give more details on 

the computer representation here. Discrete points. We have 

no other information about their relation to each other. These 

may be randomly chosen sample points, or data from sensors 

at particular geographic locations, etc. 

 
 

(Data in discrete 2 Ddomain.txt.) 
Representation for each curve of ―length‖ n: 

x_0 y_0 z_0 x_1 y_1 z_1 

... 

x_{n-1} y_{n-1} z_{n-1} 

Curves. These are piecewise linear (1-d) objects embedded 

in the plane, or space. 

 

 

 

 

 
 

 

 

 

 

 

 

 

An individual curve may be represented as a list of explicit 

points or as a list of indices into a set of points, in an 

analogous manner to that for triangle meshes, above. 

Surface. These are 2-d objects embedded in space. The 
geometry is generally represented in the same manner as that 

described above for polygonal meshes in the plane. 
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x_0 y_0 z_0 x_1 y_1 z_1 

...x_{n-1} y_{n-1} z_{n-1} 

index_0_0 ... index_0_{k_0}                indices of vertices of 

polygonal 0 index_{np-1}_0 ... index_{np-1}_{k_{np-1}} 
indices of vertices of polygon np-1 

 

III. VOLUME VISUALIZATION 

Volume visualization is used to create two-dimensional 

graphical representations from scalar datasets that are defined 

on three-dimensional grids. Examples of 3D data range from 

medical placations like CT, MRI scans, confocal microscopy 

over ultrasound and seismic data to fluid dynamics. There are 

two fundamental types of volume visualization: direct 

volume rendering (DVR) algorithms and indirect volume 

rendering- or surface-fitting (SF) algorithms. 

 
Standard surface modeling only defines the opaque outer 

surface of an object, so you cannot see inside of it. The basic 

idea of volume visualization is to make the boundaries of an 

object transparent, so that one can see inside. Volume data 

consist of two different typical characteristics, which should 

be considered. They contain the essential interior information 
ofan  object,  but  geometric  representation  of  fire,  clouds  

or  gaseous  phenomena  cannot  be described. So you have 

to distinguish between shape (given by the geometry of the 

grid) and appearance (given by the scalar values or color, 

texture, lighting conditions, etc.). Even if the data  could  be  

described  geometrically,  in  general  there  are  too  many  

primitives  to  be represented.  In general,  volume  rendering  

can be  classified  in two  groups,  the direct  and indirect 

techniques. Further on there exist techniques for 2D scalar 

fields, or techniques which reduce  or  convert  volume  data  

to  an  intermediate  representation  (surface  representation), 
which can be rendered with traditional techniques. Another 

possibility is to consider the data as a semi-transparent gel 

with physical properties and directly get a 3D representation 

of it. 

IV. SLICING 

It is normal way for visualization and scaled fields are 

examined by it. They display the volume data mapped to 

colors on a 2 dimensional slice plane.. They generate 
opaque/semi- opaque surfaces. One problem is that all voxels 

from the same is surface have the same color, which only 

leads to a flat surface with a single color. A reasonable 3D 

effect originates only if one computes  the lighting of the 

surface on the basis of the normal vectors. Transparency 

effects:  Volume  material  attenuates  reflected  or  emitted  

light.  Indirect  volume  rendering techniques:  

 

The strategy of indirect volume rendering is to generate a 

surface model of the given volume data which is efficiently 

manageable and represent able. In general the surface is 

opaque. It is assumed that coherent structures (e.g. skin, 
bone) are represented by point sets with the same sampling 

rate. The surfaces of these pointsets are approximated by 

polygons. This   often   results   in   complex   

representations,   where   pre-processing   of   the   surface 

representation might help. Even graphics hardware is used 

for interactive display. In practice one starts with the volume 

data and tries to find a triangle mesh, that represents the 

volume as well as possible. Once the 2D mesh is found, it 

can be rendered with traditional techniques. 

 

A. Direct volume rendering techniques: 
The characteristic of direct volume rendering is the direct 

mapping of voxels on pixels of  a  2D  image   plane.   It  

allows   for  the  "global"   representation   integrating   

physical characteristics,  but prohibits interactive  display 

due to its numerical complexity  in general. Nowadays  

(2003)  it is possible  to realize  interactive  direct  volume  

rendering  on  standard graphic hardware for a volume with 

approximately 256 cubes with up to 5 fps.  

 

In practice the data can be considered as a semi-transparent 

gel and the user decides which parts of the object should be 
opaque or transparent. The final 2D image is computed by 

projecting, in visibility order, the voxels onto the image 

plane, and incrementally compositing the voxel's color and 

opacity into the final pixel. Opaque slice, opaque is surface 

and semi-transparent tissue.Thispicture shows the semi-

transparent  visualization  of a leg, cut below the knee. The 

goal of volume  rendering  is, to integrate  all different  

techniques  in order to represent  the data as ―good‖ as 

possible. But you have to keep in mind, that the most correct 

method in terms of physical realism must not be the most 

optimal one in terms of understanding the data. Further, to 

render and display 3D values, you always  have to create 2D 
images,  which involves  a projection and a loss of data, 

because you throw away one dimension. 

 

Different grid structures: 

• Structured: uniform, rectilinear, curvilinear 

• Unstructured 
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