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ABSTRACT 

Image morphing has received much attention in recent years. It 

has proven that a powerful tool for visual effects in film and 

television, enabling the fluid transformation of one digital image 

into another. This paper will be focus on the several methods 

and techniques which are used in morphing.These are the 

selected method and technology for the introduction: 

Triangulation based morphing, Mesh warping, Field morphing, 

Moving Least square, As rigid as possible. 

1. INTRODUCTION 

Image metamorphosis has proven to be a powerful tool for 

visual effects. There are now many breathtaking examples in 

film and television of the fluid transformation of one digital 

image into another. This process, commonly known as 

morphing, is realized by coupling image warping with color 

interpolation. The idea is to specify a warp that distorts the 

source image into the destination. As the morphing proceeds, the 

source image is faded out and is gradually distorted, while the 

destination image starts out totally distorted toward the source 

image and is faded in. early images in sequence more like source 

image. The middle image of the sequence is the average of the 

source image distorted fifty percentages toward the destination 

image and the destination image distorted halfway back toward 

the source image. The last images in the sequence are look 

similar to the destination image. The middle image is key frame; 

if middle frame looks good then entire morphing sequence will 

look good. 

Image metamorphosis between two images begins with an 

animator establishing their correspondence with pairs of feature 

primitives, e.g., line segments,mesh nodes,points or curves. 

Each primitive specifies an image feature or landmark. The 

feature correspondence is used to compute mapping functions 

that define the relationship between all points in both images.in 

spatial forms. Feature specification is the tedious aspect of 

morphing. Although the choice of allowable primitives may 

vary, all morphing approaches require careful attention to the 

precise placement of primitives. Given feature correspondence 

constraints between both images, a warp function over the whole 

image plane must be derived. This process, refer as warp 

generation, is essentially an interpolation problem. 

In 1986, image morphing is applied for the first time in the 

Golden Child filmmaking. However, the more detailed 

morphing implementation had started from Willow film in 1988 

until now[6]. Apart in filmmaking, image morphing also had 

been used in video making since 1985. Godley & Crème, an 

English rock duo is the first one who introduced the cross-fade 

morphing effect in their music video, “cry”. The famous James 

Cameron’smovie, “Terminator” and the Michael Jackson’s 

“Black & white” music video also became very popular because 

of the implementation of image morphing. Nowadays, beside 

applying image morphing in films, television shows, videos, 

images and video game, image morphing also implemented in 

multimedia projects like presentations, education, electronic 

book illustrations and computer-based training. It is not only 

specific to entertainment use. 

2. MORPHING PRINCIPLE 
Before the development of morphing, image transitions were 

commonly achieved by cross-dissolves technique, which applies 

linear interpolation to sallow one image to another. As a result, 

the image looks bad because of the ghosting effects. To solve 

this problem, morphing is introduced. It is realizedby combining 

image warping with cross-dissolve or color interpolation 

technique. The idea is to synthesize a fluid transformation from 

one image toanother [4]. 

3. MORPHING ALGORITHMS 
Before the development of morphing, image transitions were 

generally achieved through the use of cross-dissolves, e.g., 

linear interpolation to fade from one image to another. Figure 1 

depicts this process applied over five frames. The result is poor, 

owing to the double exposure effect apparent in misaligned 

regions. This problem is particularly apparent in the middle 

frame, where both input images contribute equally to the output. 

Morphing achieves a fluid transformation by incorporating 

warping to maintain geometric alignment throughout the cross-

dissolve process[4]. 

3.1 Triangulation Based Morphing 
This method consists of first dissecting the Definition space into 

a suitable set of triangles with the given data points as the 

corners of the triangles. Then, each of the triangles is 

interpolated independently. Several criteria for an optimal 

triangulation are known. But Delaunay triangulation maximizes 

the minimum inner angle of all triangles to avoid thin triangles. 

If the pixels lie on a regular grid, the correspondence between 

triangles and pixels is easily known in constant time, and thus 

each pixel can be mapped to its new location in constant time[4]. 

This method has been applied to image warping the visual 

appearance of the result is quite acceptable if the deformations 

are small and if enough data points are provided so that changes 

of the transform coefficients between neighboring triangles 

remain small. A smooth deformation can be obtained by using 

nonlinear patches within the triangles, A problem common to all 

triangulation-based methods for image warping is that fold over 

can easily occur. The term fold over describes the occurrence of 

overlapping deformations, that is, several nonadjacent pixels in 

the input image are mapped to the same pixel in the output 
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image. With triangulation-based methods, this happens if the 

orientation of the corner points changes for any of the triangles, 

that is, the triangle is flipped over by the deformation[4]. 

Triangulation based Image Morphing Algorithm 

1. Enter source image, destination image and control 

points for each image. 

2. Divide each image into mesh of triangles using four 

corners and given control points as vertices. 

3 Interpolate between each source and destination 

triangles pair to generate warped frame. 

4. Then warped frame is cross dissolved with given cross 

dissolve factor. 

3.2 Mesh Warping 
Mesh warping was pioneered at Industrial Light &Magic (ILM) 

by D. Smythe for use in the movieWillow in 1988 (Smythe 

1990). It has been successfullyused in many subsequent motion 

pictures.To illustrate the two-pass mesh warping 

algorithm,consider the image sequence shown inFig. 5. The five 

frames in the middle row representa metamorphosis (or morph) 

between the two facesat both ends of the row. We refer to these 

two images as IS and Id, the source and the destination 

images,respectively. The source image is associated withmesh 

MS. It specifies the coordinates of controlpoints, or landmarks. 

A second mesh Md specifiestheir corresponding positions in the 

target image.Meshes MS and Md are respectively shown overlaid 

on IS and Id in the upper left and lower right images of the 

figure. Notice that landmarks such as the eyes, nose, and lips lie 

below the correspondinggrid lines in both meshes. Together, MS 

and Md are used to define the spatial transformationthat maps all 

points in IS onto Id. The meshesare constrained to be 

topologically equivalent; i.e.no folding or discontinuities are 

permitted. Therefore, the nodes in MT may wander as far from 

MSas necessary, as long as they do not cause self-intersection. 

Furthermore, for simplicity, the meshesare constrained to have 

frozen borders [6]. 

All intermediate frames in the morph sequence arethe product of 

a four-step process: 

Foreach frame f do 

 Linearly interpolate mesh M, between Msand Md 

 Warp IstoI1.using meshes Msand M 

 Warp Id toI2.using meshes Mdand M 

 Linearly interpolate image If, between I1 and I2 

End 

Figure 5 shows this process. In the top row of thefigure, mesh 

MS is shown deforming to mesh Md,producing an intermediate 

mesh M for each framef. These meshes are used to warp IS into 

increasinglydeformed images, thereby deforming IS fromits 

original state to those defined by the intermediatemeshes. The 

identical process is shown in reverseorder in the bottom row of 

the figure, whereId is shown deforming from its original state. 

Thepurpose of this procedure is to maintain the alignment of 

landmarks between IS and Id as they bothdeform to some 

intermediate state, producing thepairs of I1 and I2 images shown 

in the top and bottomrows, respectively. Only after this 

alignment ismaintained does a cross-dissolve between 

successivepairs of I1 and I2 become meaningful, asshown in the 

morph sequence in the middle row.This sequence was produced 

by applying theweights [1, 0.75, 0.5, 0.25, 0] and [0, 0.25, 0.5, 

0.75, 1] to the five images in the top and bottomrows, 

respectively, and adding the two sets together.This process 

demonstrates that morphing issimply a cross-dissolve applied to 

warped imagery [6]. 

3.3 Field Morphing  
This technique was developed by Beier and Neely simplifies the 

task of feature specification. Instead of using mesh and splines 

to specify feature, this method makes use of line segments. A 

pair of corresponding line segments defines a mapping from one 

image to other image. 

 

Figure 1Single line pair [1] 

Using reverse mapping a pair of corresponding lines in the 

sources and destination images defines a coordinate mapping 

from the destination image pixel coordinate X to the source 

image pixel coordinate  X’.for line PQ the position  as shown in 

figure 1of  along the line is given by 
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Value of u goes from 0 to 1 as the pixel moves from P to Q and 

is less than 0 or Greater than 1 outside that range. 

Finally the mapping of X to X’ is given by 
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For a single line pair the algorithm as described in [3] and is 

given by[1] 

For each pixel X in the destination image do 

Compute u and v in the destination image 

Compute the Xin the source image for that u and v 

Set the destination image pixel X to the value of the 

source image pixel X’ 
End 
Multiple pairs of lines can specify more complex 

transformation. The Displacement of a point in the source image 

is a weighted sum of the transformation due to each line pair 

with the weights depending on the distance and line length. For 

each line pair a position X’ is calculated. Then a displacement 

Di is calculates as[1] 

XXD ii  '  

Finally a weighted average of these displacements is calculated. 

The weight assigned to each line should be strongest when the 

pixel fall exactly on the line and weaker when the pixels are 

further away from the line [1]. 
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Where length is the length of the line, dist is the distance from 

pixel X to the line and a,b and p are constants that are varied  

chosen to control the warp. 

 

Figure 2Multiple line pair [1] 

For each pixel X in the destination image. 

 DSUM= (0, 0) 

 Weight sum=0 

 For each line 

  Dist=shortest distance from X to PiQi 

  Weight 

  DSUM+=Di*weights 

X’=X+DSUM/weight 

Destination image(X) =source image (X’) 

End 

The procedure for calculating pixel positions for a warped image 

is then as follows: A morphing operation blends between the 

source and destination image. Corresponding lines are defined in 

the two images. Each intermediate image of the morph is 

defined by creating a new set of line segments by interpolating 

the lines from their positions in the source image to their 

positions in the destination image. The source and destination 

images are distorted towards the lines in the intermediate image. 

These two resulting images are cross dissolved throughout the 

morph. The authors used two different methods for interpolating 

the lines. One method simply interpolates the endpoints of each 

line. The other method interpolates the center position and 

orientation of each line as well as the length of each line. In the 

first case, if a line is rotated it would shrink in the middle of the 

morph[1]. 

3.4 As Rigid As Possible Interpolation 
Given two objects together with a set of point-to-point 

correspondences between user-defined control (anchor) points, 

one can define an elastic transformation between the objects that 

exactly satisfies the correspondences. However, to reduce the 

distortion of the in-between shapes, it is advisable to determine 

the rigid part of the transformation and interpolate it separately 

from the elastic part. The rotational component of the rigid part 

should be interpolated so that the object is non-deforming, e.g. 

using quaternion interpolation. The rigid-elastic decomposition 

of the warp function and its particular interpolation are so 

chosen to minimize the distortion of the intermediate shapes. 

The rigid part performs the general positional changes, while the 

fine details are gradually changed by the elastic part[2]. 

In many applications, this decomposition does improve the 

morphing results, though it cannot prevent local distortions in 

cases of body movements which are more involved as may be 

found in articulated objects. The underlying assumption is that 

the movement can roughly be approximated by rotation, 

stretching and translation. If we consider objects such as 

animals’ bodies or sophisticated mechanical objects, such as 

industrial robots, it is clear that even the simplest movements 

cannot be well approximated by a single rotation and translation. 

To reduce distortions in transformations of bodies comprising 

local rotations, the decomposition should be more elaborate. The 

idea is to determine local non-distorting motions rather than a 

global one. The composed shape morphing should behave 

locally as close as possible to the ideal local ones. Figure 3 

shows a blend between an elephant and a giraffe. The two 

shapes are aligned and a single rotation cannot prevent the 

distortions of a linear interpolation, whereas the locally least-

distorting interpolation yields a pleasing blend of such 

articulated objects. 

 
Figure 3The homeomorphic dissections of the shapes in the 

elephant-giraffe example[2] 

In this method Least-distorting Triangle-to-triangle morphing is 

done .in this two method is possible .in first method user assume 

that source and destination image have only one triangle and 

while in other method triangulation is done and  for morphing 

the use affine mapping[2]. 
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Where P and Q denote are the source and destination image 

vertices respectively. 

Here translation does not take into account for shape 

interpolation since it does not describe any property of the shape 

itself except for its placing in the scene, here we need to 

consider intermediate shapes by varying the rotation and scaling 

parts comprising. and matrix A is responsible for the morphing 

and its value is evaluate using SVD[2]. 

Figure 7 shows the result of this algorithm between Egyptian art 

pieces. In which triangulation were used to map texture to the 

shape. 

3.5 Moving Least Square 
This method is use for the deformation of the image based on 

the moving Least Square.in this method author was  avoid the 

need to triangulate the input image. Thismethod  is based on 

collections of points with which the user control the  

deformation. Let p be a set of control point and q is the 

deformed position of the control point p. in this method one 
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deformation function is constructed which satisfying the 

property like interpolation, smoothness and Identity property. 

Suppose for a given point v in the image author solve affine 

transformation lv(x) that minimizes [3] 

2
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Where pi and qi are row vector and the weights wi have the form 
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Now since lv(x) is an affine transformation, lv(x) consists of two 

parts :a linear transformation matrix M and a translation T. 

TxM(x)lv   

Here translation matrix T will be removed from the 

minimization problem further simplifying this equation so 
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Where p* and q* are weighted centroids. 
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With this observation we can substitute T into equation 9  

**v q)Mp-(x(x)l   

Based on this insight, the least squares problem of equation 7 

can be rewritten as  
2

ˆˆ
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i
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Transformation matrices M. In particular M can be different 

type of the transformation like Affine Deformations, similarity 

Deformations and Rigid Deformation[3]. 

4. CONCLUSION 
In conclusion, there are some methods had been chosen, which 

is triangulation based morphing, Mesh warping ,field morphing, 

Moving Least square,As rigid As possible,In the triangulation 

based morphing based on the landmark whole image is divided 

into triangle(sub-image).and each triangle simple linear 

interpolated to compute warp frame and warp frame is cross 

dissolve to get morphed image. In Mesh warping the meshes is 

bicubicspline interpolation to computed warp function.Field 

Morphing has advantage over the Mesh warping, fieldmorphing 

approach attempted to simplify feature specification with the use 

of line pairs toselect landmarks insted of points.In As rigid as 

possible interpolation both images are divided into sub images 

using the compatible triangle and Least-Distorting Triangle(sub 

image)-to-Triangle (sub image) Morphing, while in moving least 

square algorithm the image is deformed using the affine 

transformation, rigid deformation give best result compare to the 

affine deformation and similarity deformation. 
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Figure 4Triangulation based Morphing 
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Figure 5Mesh warping 

 
Figure 6Field Morphing 

 
Figure 7As rigid As Possible 

 
Figure 8Moving Least Square 


