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Introduction 

 Morphing is defined as an animated transformation from 

one image to another image. Morphing involves image 

processing techniques like warping [36], cross dissolving, 

transformations, interpolations. Cross dissolving allow to fade 

one image to another image using linear interpolation. This 

technique is visually poor because the features of both images 

are not aligned, and that will result in double effect. In order to 

overcome this problem, warping is used to align the two images 

before cross dissolving. Warping determines the way pixels 

from one image are correlated with corresponding pixels from 

the other image [43]. It is needed to map the important pixels, 

else warping doesn’t work. Filmmakers from Hollywood use 

advanced morphing techniques to generate special effects. Even 

Disney animations are made using morphing, for speeding 

production. Because there are a small number of applications to 

generate face morphing, there is an increased interest in this 

domain. This field of morphing has a tremendous scope in the 

applicators like animation, image data security [54]. Image 

morphing has been the subject of much attention in recent years. 

It has proven to be a powerful visual effects tool in film and 

television. There are many breathtaking examples in film and 

television depicting the fluid transformation of one digital image 

into another [17]. Image metamorphosis between two images 

begins with an animator establishing their correspondence with 

pairs of feature primitives, e.g., mesh nodes, line segments, 

curves, or points [39]. Feature specification is the most tedious 

aspect of morphing [1].The sequence of images should form a 

natural-or reasonable-looking transition from the first image to 

the second. This problem is ill posed because of a priori 

information about the images or the scene that they depict. [2].  

3D geometry morphing techniques have been developed for 

polygonal meshes [3] [4] [5] and volumetric representations [6] 

[7] and they allow for additional effects such as changes in 

viewpoint. Many real objects have geometry and surface [51] 

[53] properties that are too difficult to model or recover by 

traditional graphics and computer vision techniques. Light fields 

are often used to model the appearance of such objects from 

multiple viewpoints and a method for morphing based on the 

light field representation has recently been proposed [8]. With 

user specification of 3D polygon features in the light fields, this 

approach effectively combines the advanced morphing effects of 

3D geometry morphing [52] with the fine appearance details of 

ages. Takaslii Kanai [9] compares the issues in 3D 

metamorphosis to establish surface correspondence between the 

source and target objects. By which each point on the surface of 

the source object maps to a point on target surface .To improve 

the quality of 3D morphing between two triangular meshes [50], 

particularly considering the issue like the metamorphosis of 

arbitrary meshes. In general, the two meshes have different 

topological structures, that is, vertex/edge/face graph structures 

[9]. Seungyong Lee et al. [10] describes another method of 

morphing called layered Morphing. It consists of two kinds of 

processes. One is a process to separate a base image into layered 

images and the other is to perform the morphing of images layer 

by layer. The first process is to separate a base image into 

layered images. Suppose there is a base image in which one 

object is in front of another object keeping a part of it out of 

sight. In this case, if you perform morphing without separating it 

into layers, the resulting image cannot present observers a 

partially hidden by another object even when they change their 

position [10]. Sederlmg et al. [11] Presented an improved 

interpolation method, in which interpolated entities are edge 

lengths and angles between edges rather than vertex locations. 

An optimization algorithm is performed, solely for the purpose 

of ensuring that the intermediate polygons define closed shapes. 

This method handles many situations successfully, including 

cases where the shapes are affine transformations of each other 

or where parts of the shapes are transformed affinely [11]. 

Steven et al. [12] describe the effect of 2D and 3D morphing. 

Recently there has been a great deal of interest in morphing 

techniques for producing smooth transitions between images.
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These techniques combine 2D interpolations of shape and colour 

to create dramatic special effects. 

The remaining paper is organized into four sections. Section 

II discusses the different morphing techniques depending on the 

pixel transformation. Section III discusses the morphing 

techniques depending upon the interpolation. Section IV 

discusses the other morphing techniques. Section V reports the 

observation and comparison. The paper is concluded in the last 

section. A comprehensive bibliography of more than 50 

references is provided for the user for further research. The 

references include the most relevant papers recently published as 

well as some older papers, which can give a comprehensive 

outline of the developments in the field of research. 

Transformation methods 
 The work on image transformation started in early 1980s. 

Mesh warping was pioneered at Industrial Light & Magic ILM) 

by Douglas Smythe for use in the movie Willow in 1988[13] 

[14]. It has been successfully used in many subsequent motion 

pictures [48]. T. Beier and S. Neely [15] developed a model for 

pixel transformation using field morphing. It transforms the 

pixels corresponding to the lines drawn on source and 

destination image. Thin plate Spline is another technique of 

image morphing [19]. It transforms the pixels corresponding to 

the surface positions. Affine, linear and bilinear transforms are 

used to generate the morphs [19]. The following section 

discusses the mesh morphing, field morphing, thin plate Spline 

and coordinate transformation techniques. 

Mesh Morphing      

 A mesh M is described by the connectivity k of its vertices, 

edges, and faces and geometric positions V of the number of  

vertices. The geometric realization φ V of the mesh maps {V, k} 

be the set of all points comprising the mesh and, thus, describes 

the shape of the object represented [45]. Aaron W. F. Lee 

describes the techniques for multi resolution mesh morphing 

[46] [44].G.Wolberg [14] illustrate the 2-pass mesh warping 

algorithm. There are two images in the morphing process; one is 

a source and destination image. Consider the image sequence 

shown in Figure 1. The middle image represents a 

metamorphosis (or morph) between the two faces at both ends 

of the row. G.Wolberg[14] describes the algorithm for mesh 

morphing. It consider the two meshes Ms (source) and 

Mt(target).These two meshes are linearly interpolate the mesh 

M.Is and It are source and target images respectively. The use of 

meshes for feature specification facilitates a straightforward 

solution for warp generation: bicubic spline interpolation [14]. 

Fant’s algorithm was used to resample the image in a separable 

implementation [13, 14].The advantage of this technique is that 

controls are given to the animator [49]. The disadvantage, if the 

grid size increases the computations also increases. Figure 1 

shows the example of mesh morphing. 

     
Figure 1.Mesh Morphing 

Field Morphing 

 Beer and Neely [15] proposed a technique for morphing 

based upon fields of influence surrounding two-dimensional 

control primitives. This approach is called field morphing. It is 

based on the pixel distance with respect to the lines drawn on 

source and destination image. There are two ways to warp an 

image. The first, called forward mapping, scans through the 

source image pixel by pixel, and copies them to the appropriate 

place in the destination image. The second, reverse mapping, 

goes through the destination image pixel by pixel, and samples 

the correct pixel from the source image. The most important 

feature of inverse mapping is that every pixel in the destination 

image gets set to something appropriate. In the forward mapping 

case, some pixels in the destination might not get painted, and 

would have to be interpolated. The author also proposes the 

transformation techniques with one pair of lines and two pair of 

lines. We can mark only one feature on source and destination 

image using single line and using multiple lines we can mark 

many features on both the images to increase in 

efficiency.Vector calculus is used to find the distanace of the 

pixels from the lines and pixel transformation to destination 

image.This is a superior technique but the disadvantage is all the 

controls are given to the animator.The future scope of this 

technique is automatic feature selction for morphing.  

C. Thin Plate Spline Based Image Morphing 

` Fred L. Bookstelin has invented the method of Thin-plate 

Spline [47] in the year 1989.The author proved that this is a 

conventional tool for surface interpolation over scattered data. It 

is an interpolation method that finds a minimally bended smooth 

surface that passes through all given points. The name Thin 

Plate comes from the fact that a Thin-plate Spline more or less 

simulates how a thin metal plate would behave if it was forced 

through the same control points. Let us denote the target 

function values Vi at locations (Xi,Yi) in the plane, with 

i=1,2,…….p  where p is the number of feature points. In 

particular, we will set Vi equal to the coordinates (Xi,Yi) in turn 

to obtain one continuous transformation for each coordinate. An 

assumption is made that the locations (Xi,Yi) are all different 

and are not collinear. 

 Figure 2 is a simple example of coordinate transformation 

using Thin-plate Spline. It starts from two sets of points for 

which it is assumed that the correspondences are known (a). The 

Thin-plate Spline warping allows an alignment of the points and 

the bending of the grid shows the deformation needed to bring 

the two sets on top of each other (b) [24]. In case of Thin-plate 

Spline applied to coordinate transformation we actually use two 

splines, one for the displacement in the x direction and one for 

the displacement in the y direction. The two resulting 

transformations are combined into a single mapping [19].The 

morph depends upon  the stretching of the Thin plate.  

 
Figure 2: Coordinate Transformation using Thin-plate 

Spline 

Coordinate Transformation Morphing 

 There are many coordinate transformations for the mapping 

between two triangles or between two quadrangles. It is usually 

used affine and bilinear transformations for the triangles and 

quadrangles, respectively. Besides, bilinear interpolation is 

performed in pixel sense. 

Affine Transformation 

Suppose there are two triangles ABC and DEF. An affine 

transformation is a linear mapping from one triangle to another. 

For every pixel p within triangle ABC, assume the position of p
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is a linear combination of A, B, and C vectors. The 

transformation is given by the following equations 

CBAp 321    

1321     λi ≥0 

FEDpTq 321)(    

 2, are unknown and there are two equations 

 2 can 

be solved, and they are used to obtain q. The affine 

transformation is a one-to-one mapping between two triangles 

[19]. 

 Bilinear Transformation 

 Suppose there are two quadrangles ABCD and EFGH, 

according to Figure 3. 

The bilinear transformation is a mapping from one 

quadrangle to another. For every pixel p within quadrangle 

ABCD, it is assumed that the position of p is linear combination 

of vectors A, B, C, and D. Bilinear transformation is given by 

the following equations: 

vDuuvCBvuAvup )1()1()1)(1(   0≤u, 

v≤1 

vHuuvGFvuEvuq )1()1()1)(1(   

` There are two unknown components: u and v. Because this 

is a 2D problem, we have 2 equations. So, u and v can be 

solved, and they are used to obtain q. Again, the bilinear 

transformation is a one-to-one mapping for two quadrangles 

[19]. 

Cross Dissolving 

 After coordinate transformations for each of the two facial 

images are performed, the feature points of these images are 

matched. i.e., the left eye in one image will be at the same 

position as the left eye in the other image. To complete face 

morphing, we need to do cross-dissolving as the coordinate 

transforms are taking place. Cross dissolving is described by the 

following equation, 

),()1(),(),( yxByxAyxC      0≤α≤1 

 Where A, B are the pair of images, and C is the morphing 

result. This operation is performed pixel by pixel, and each of 

the color components RGB is dealt with individually [19]. Table 

1 compares the stated methods with different parameters. This 

comparision will help the researcher to classify and choose the 

appropriate method.  
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