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Abstract

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, depicting the transformation of one digital image into another. When this process is used effectively, the photograph can be transformed into anything a person wants with dramatic effects. In This project we implemented various techniques of image morphing and compared them. We tried to automate the process as much as possible.
1. Introduction

Image morphing is the transformation of images. It is most often used in the movie industry with incredible special effects. Morphing is a powerful tool that can enhance many multimedia projects, presentations, education and computer based training. Basically, morphing is achieved by coupling image warping with color interpolation. As the morphing proceeds, the first image is gradually distorted and is faded out, while the second image starts out and is faded in. The middle image is fifty percent of both images. Morphing involves the image processing techniques of cross-fading and warping. There are various techniques in implementing the morphing and they depend on how you establish the correspondence between the two images. Some techniques requires the use of points and lines for correspondence in the source and destination image and some techniques use the features in the images such as intensities to find the correspondence between the  images. The techniques which use image parameters for correspondence are much more complex.

There are many implementations of image morphing. The algorithms are based on mesh warping, field morphing, radial basis functions, thin plate splines, energy minimization, and multilevel free-form deformations. In this project we implemented three types of morphing techniques and they are feature based morphing, mesh morphing and view morphing. Among these three methods view morphing is much more complex to implement. We implemented these algorithms in Matlab and the images were acquired from a digital camera
2. Field morphing
This is a feature based morphing technique in which we select the feature lines interactively. It is called field morphing because it is based upon fields of influence surrounding two-dimensional control primitives. In this morphing technique we first warp the two images so that they have the same "shape", and then cross dissolve the resulting images. Warping the image is the key criteria. Warping can be done either by forward mapping or reverse mapping. In forward mapping we scan the source image pixel wise and copy them to the destination image at appropriate positions. In reverse mapping, we go through the destination image pixel wise and sample the correct pixel from the source image. In this project we implemented the algorithm devised by Beier and Neely. This uses the reverse mapping technique.
2.1 Field morphing algorithm
We first select the corresponding N feature lines (N=5) in the source and destination images interactively. The number of feature lines is directly related to the quality of the morphing. A pair of corresponding lines in the source and destination images defines a coordinate mapping from the destination image pixel coordinate to the source image pixel coordinate. Multiple-line algorithm was implemented. Each feature line has a corresponding influence around the neighboring pixels.  The effect of a feature line over a pixel transformation is determined by a weight, given by equation (1). 

	
	(1)


‘a’ is the line strength. ‘b’ is the fall-off, which determines how the relative strength of different lines falls off with distance. ‘p’ is the line length. 
For multiple lines, the algorithm is as follows:
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	Figure1.  Multiple line pairs


For each pixel X in the destination image:
Dsum = (0,0)

Weightsum = 0

for each line Pi, Qi 

calculate u, v based on Pi and Qi
calculate Xi' based on u, v and Pi', Qi'

calculate displacement Di= Xi-Xi' for this line

dist = shortest distance from  X to Pi, Qi

Weight = ( length p/(a+dist))b
Dsum +=Di * weight

Weightsum +=weight

X'=X + DSUM/Weightsum

destination Image(X)= source image (X′)

The figure above shows influence of two lines P1'Q1' and P2'Q2'. The location X' is a weighted average of pixel locations X1' and X2'. The pixel X' in the source image is mapped to X in the destination image.
3. Mesh Morphing

Mesh morphing is also a feature based metamorphosis technique. Meshes have become a widespread and popular representation of models in computer graphics. In mesh morphing we have two meshes: the source mesh with Ns vertices and the target mesh with Nt vertices. Our goal is the construction of a correspondence map between (S) and (T). The warping algorithm we have implemented is a two pass warping algorithm described in [3].
3.1 Mesh Morphing Algorithm

1. From the grid point of both the images, an intermediate grid is linearly interpolated.

M3 = (1 – diss) * M2 + diss * M1 (5)
Where ‘diss’ is a cross dissolve factor, determines what portion of the both images is shown in the intermediate image. M1 is the mesh grid in the source image and M2 is the corresponding grid points in destination image.

2. The source and destination images are then warped to the intermediate grid points (M3). The first pass resamples the source image based on a map generated by fitting a spline over the mesh’s vertical spline. The second pass resamples the source image based on a map generated by fitting a spline over mesh’s horizontal spline. 

3. After resultant warped images are then cross-dissolved using the factor mentioned above to produce an intermediate image between the source and destination.
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	   Figure 2. Mesh morphing, grid points in source and destination images


4. View Morphing

View morphing is an image morphing technique by Steven Seitz and Charles Dyer. The basic idea for developing view morphing is that, though the general morphing techniques develop 2D transition between images, differences in object viewpoint often cause unnatural distortions in image morphs that are difficult to correct manually. So view morphing develops a method to preserve the 3D shape of images in the morph. When morphing between different views of an object, view morphing creates new views of the object with a more realistic transition. View morphing is a 2-dimensional morph that tries to keep the 3-dimensional feel. 

4.1 View Morphing Algorithm

View morphing algorithm consists of three steps.

1. Pre-warping: This brings the image planes into alignment without changing the optical centers of the cameras. 

2. Morphing the pre-warped images. This is accomplished by linearly interpolating positions and colors of corresponding points using any morphing technique.
3. Post warping: By this the image plane of new view to its desired position and orientation is obtained.

5. Results 

5.1 Field Morphing results:
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	Figure 3: Gradual transition from source 

to destination using field morphing




5.2 Mesh Morphing results:
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	Figure 4: Gradual transition from source to destination using Mesh morphing




6. Discussion and Conclusions 
The three different morphing techniques are studied elaborately and implemented. Implementing the view morphing was tough and we were not satisfied with the results. So we did not include the results. In field morphing five corresponding feature lines were selected. The time of execution is just few seconds and is really fast. Good results are obtained in feature based morphing. The execution time for mesh morphing was long and it took about two minutes for the execution. 

Among the three morphing techniques, view morphing preserves the shape of the images. View morphing can produce images that are strikingly life like and visually convincing. The transition of the images is not so perfect in mesh morphing.

Though all the techniques for morphing produce effective image transitions they do not ensure that the resulting transitions are natural. But view morphing makes them look like a natural phenomenon. 
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