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ABSTRACT: This paper is about interpolation in computer graphics. In the context
of computer animation, interpolation is in battening, or filling in frames between the
key frames. It typically calculates the in between frames through use of
piecewise polynomial interpolation to draw images semi-automatically. For all
applications of this type, a set of "key points" is defined by the graphic artist. These
are values that are rather widely separated in space or time, and represent the
desired result, but only in very coarse steps. The computed interpolation process is
then used to insert many new values in between these key points to give a "smoother"
result. In its simplest form, this is the drawing of two-dimensional curves. The key
points, placed by the artist, are used by the computer algorithm to form a smooth
curve either through, or near these points. For a typical example of 2-D interpolation
through key points see cardinal spline. For examples which go near key points
see nonuniform rational B-spline, or Bézier curve. This is extended to the forming of
three-dimensional curves, shapes and complex, dynamic artistic patterns such as used
in laser light shows. The process can be extended to motions. The path of an object
can be interpolated by providing some key locations, then calculating many in
between locations for a smooth motion. In addition to position, the speed or velocity,
as well as accelerations along a path, can be calculated to mimic real-life motion
dynamics. Where the subjects are too large or complex to move, the camera position
and orientation can be moved by this process. This last is commonly called motion
control.
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INTRODUCTION

In mathematics and computer science, interpolation is the process of finding the unknown
values by using given data. Going further, orientations of objects and parts of objects can
be interpolated as well as parts of complete characters. This process mimics that used in
early cartoon films. Master animators would draw key frames of the film, then, junior
animators would draw the in-between frames. This is called in betweening or tweening and
the overall process is called "key frame animation". To make these motions appear
realistic, interpolation algorithms have been sought which follow, or approximate real life
motion dynamics. This applies to things such as the motion of arms and legs from frame to
frame, or the motion of all parts of a face, given the motion of the important, key points of
the face. Defining the motion of key strands of hair, spread around an animal, can be made
into full fur. Using custom algorithms, motions with unique, unnatural and entertaining
visual characteristics can be formed. The color of an object can be defined by key color-
locations or frames allowing the computation of smooth color gradients around an object or
varying in time. Algorithms such as the Kochanek–Bartels spline provide additional
adjustment parameters which allow customizing the in-between behavior to suit a wide
variety of situations. The article on tweening currently demonstrates several of these.
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Part-A:

History of Interpolation: Edmund Whittaker, a professor of Numerical Mathematics at
the University of Edinburgh from 1913 to 1923, observed “the most common form of
interpolation occurs when we seek data from a table which does not have the exact values
we want.” Throughout history, interpolation has been used in one form or another for just
about every purpose under the sun. Speaking of the sun, some of the first surviving
evidence of the use of interpolation came from ancient Babylon and Greece. Around 300
BC, they were using not only linear, but also more complex forms of interpolation to
predict the positions of the sun, moon, and the planets they knew of. Farmers, timing the
planting of their crops, were the primary users of these predictions. Also in Greece
sometime around 150 BC, Hipparchus of Rhodes used linear interpolation to construct a
“chord function”, which is similar to a sinusoidal function, to compute positions of
celestial bodies. Farther east, Chinese evidence of interpolation dates back to around 600
AD. Liu Zhuo used the equivalent of second order Gregory-Newton interpolation to
construct an “Imperial Standard Calendar”. In 625 AD, Indianastronomer and
mathematician Brahmagupta introduced a method for second order interpolation of the sine
function and, later on, a method for interpolation of unequal-interval data.

Part-B:

Applications of interpolation Engineering:

Interpolation in digital signal processing:

In the domain of digital signal processing, the term interpolation refers to the process of
converting a sample digital signal(such as a sampled audio signal) to that of a higher
sampling rate using various digital filtering techniques(e.g., convolution with a frequency-
limited implulse signal).In this application there is a specific requirement that the harmonic
content of the original signal be preserved without creating aliased harmonic content of the
original signal above the original Nyquist limit of the signal. An early and fairly
elementary discussion on this subject can be found in Rabiner and Crochiere’s book
Multrirate Digital Signal Processing.

General Ideas Regarding the Use of the Interpolation in the Numerical Analysis:

There are certain cases when approximation solutions are useful within the numerical
methods field itself. Some of these cases are presented in the next sections.

Approximation of the Initial Solution for Iterative Methods:

Let us consider a theoretical problem where the formulation of the problem depends on
some parameters and an iterative solution is possible. It is well known that the final
solution depends on the initial approximation in terms of accuracy and of computer
runtime. Figure 1 : Approximation is used to evaluate an initial solution which is close to
the final solution 542 If some solutions can be found using an initial solution which is not
accurate, the next initial solutions can be evaluated by the use of an interpolation method.
In this way the computer time decreases and the accuracy is increased. Figure 1 illustrates
this case
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Calculus of the Integrals

Let us consider that a set of points are known, that is Pj xj , y j , j 1, N . Usually these points
result from experimental studies. There must be computed the integral of the function
approximated by this set of points.
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Figure 2 – Two ways to compute the integral of a function defined by a set of points

A first method to compute the integral is to use the summation of the areas of the
trapezoids defined by two consecutive points. This is a coarse approximation, but if the
points are close one to the other the accuracy may be considered satisfactory.

The second method has two stages. The first one is to approximate the set of points using
one of the previously mentioned interpolation methods, and it results a set of equations
like. The second stage is to analytically integrate the functions and to calculate the result.
In his case the source of errors is in the interpolation stage.

A similar approach can be used to compute the derivative of the functions, either using the
initial points, or using the appropriate interpolation functions.

The error for each of the methods may be evaluated for a certain dataset. Basically, it is

necessary to use as many methods exist, in order to have several results which, ideally,

must be close one to the other.

Applications of the Moving Average in Experimental Data Processing

As mentioned before, important sources of the points considered in interpolation problems
are the experiments. For instance, a thorough experimental and numerical study was
carried out regarding the state of strains and stresses in the block cylinder of a military
naval engine, in running conditions.

The experimental data were used to calibrate the numerical FEM model, so the
experimental data was checked, double checked and over checked in order to offer a high
degree of confidence. Several states of the running conditions were studied and several
millions of experimental values were acquired. In this way there was verified the
repeatability of the experimental data for all the measurement points.

The slight differences are normal for the real conditions where the complete and precise
repeatability cannot be reached.
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Figure 4 - Repeatability of the experimental values for the same measurement point

As it can be noticed, there are several local oscillations of the measured data, being necessary a
method to smooth the curves.

CONCLUSION

The main aim of this paper is to present the importance of interpolating ideas in various
areas of compute applications for researches that they can use interpolating concepts for the
research. An overview is presented especially to project the idea of interpolation. So, the
interpolating section of each paper is given importance than to the other sections.
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