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CHAPTER 1 

INTRODUCTION 

 

Nowadays it is common to see amateur painters at popular tourist spots drawing pictures for 

sightseers.  Some of these pictures attempt to achieve high fidelity, while others are 

exaggerated, cartoon-like portraits that try to capture the essence of the subject with a bit 

flavor of humor or sarcasm. Experienced artists can often go beyond likeness, revealing the 

unique combination of character and appearance of the model through very simple, yet 

powerful sketches (e.g., refer to Fig. 1-1) generally known as ‘caricatures’.  

Caricature is defined [29] as an exaggerated likeness of a person made by emphasizing 

all of the features that make the person different from everyone else.  The core of caricature 

drawing is concerned with how distinct features of a face are extracted.  Besides observing 

 

 

Figure 1-1. Three different caricaturists’ rendering (right) from the same model (left).  

From Hughes [18]. 
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the size and shape of the subject’s features, the distance between the features and their 

placement in relation to the other features also needs to be considered.  Personality is 

certainly a good point of view for capturing one’s features, but we will not involve this part 

because it is difficult to identify or extract one’s personality from a single photography. 

Furthermore, the drawing style is one of important factors that make the caricature more 

acceptable.  We can see how different caricaturists would approach a portrait of the same 

person in Fig. 1-1.    

 

1.1 Objective 

 

With rapid progresses in information technology, people look forward to consigning 

routine tasks to computers instead of human labor.  Human beings have devoted to endow 

computer with the ability of being a capable substitute for a real person.  Things that are 

once considered achievable only by humans can now be performed by computers.  The 

application of computers has gone beyond pure number crunching and is gradually expanding 

to areas that require some degree of intelligence such as artistic activities.  For example, 

many people would like to create or imitate artistic works even though they lack the talent to 

paint like famous artists Van Gogh or Picasso [21].  A computer will not make an instant 

artist. However, it can provide powerful tools for an average person to draw with the styles of 

specific artists [17].  It can also transform a photo into a painting with particular touches 

[16].  

The objective of the research presented in this thesis is to develop a novel system that can 

generate a caricature image just like a real caricaturist.  The proposed system can not only 

capture the traits of the object being drawn, but can also imitate the drawing style by different 
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artists.  We develop the caricature generator with an emphasis on exaggerating distinct facial 

features from a single frontal image. In order to estimate the degree of exaggeration, the 

average female and male face are pre-computed in our system from a face database of 50 

Asian females and 50 Asian males respectively.  The individual variation can be found by 

comparing with the average face. The painting style is not defined algorithmically.  Instead, 

we attempt to transfer the pattern from one source image drawn by an artist to the destination 

image.  Changing the drawing style is as simple as changing the source image. 

 Automatic facial features extraction is a major issue in caricature generation.  Most 

image processing software cannot process a specific region without human intervention. 

Users have to label the irregular region of interest by themselves.  For example, lasso tool is 

often used in Adobe® Photoshop® to extract a specific region.  A high quality caricature 

requires accurate positioning of all features.  Nonetheless, it is laborious to mark those 

irregular features manually.  To lessen the burden on the users, we have also devised an 

algorithm to extract facial features automatically.   

 

1.2 Related Work 

 

Since its inception in the 1960s, the term photorealistic computer graphics has been 

dominated by the goal of generating images that mimic the effect of a traditional photographic 

camera.  The techniques were perfected to a point where the resultant handmade images 

could hardly be distinguished from real photographs.  Nowadays, even very complex scenes 

with many objects found in nature can be generated by computer. [1] presents a simple texture 

synthesis algorithm that is well-suited for a specific class of naturally occurring textures.  

More recent research in this area concentrates on special effect that increases even more the 
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realism of the computed images, such as the simulation of global illumination.  [20] presents 

a two pass global illumination method based on the concept of photon maps.  

 The research of Non-Photorealistic Rendering (NPR), unlike photorealistic rendering, 

frees oneself from physical constrains of reality.  NPR strives to convey an impression rather 

than just convey details of a scene's appearance.  It has been devoted to producing images 

that appear to be drawn by hand. [16] presented a method for creating an image with an 

oil-painting appearance from a photograph. They “paint” an image with a series of spline 

brush strokes.  Winkenbach and Salesin [34] described a system for automatically creating 

pen-and-ink illustrations from 3D models.  Salisbury et al. [30] described a technique for 

producing pen-and-ink illustrations from images.  Curtis et al. [8] produce watercolor 

paintings by a semi-automatic algorithm.  There is a growing interest in NPR research 

because of its expressive power for creating handmade-like paintings as well as for generating 

artistic drawings with given styles.  [17] describes a new framework for processing images 

by example, called “image analogies.” The framework involves two stages: a design phase, in 

which a pair of images, with one image purported to be a “filtered” version of the other, is 

presented as “training data”; and an application phase, in which the learned filter is applied to 

some new target image in order to create an “analogous” filtered result.  However, existing 

image transformation algorithms that convert a photo into oil painting or pencil touch can 

only change the overall drawing style, lacking the ability to selectively exaggerate facial 

features to generate interesting portrait caricatures.  
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1.2.1 Survey of caricature drawing 

 

Cartoonists such as Hughes[18] and Redman [29] published books on teaching the 

techniques of drawing caricatures. General guidelines do exist for beginners.  However, 

caricature drawing is still considered a work of art. A first attempt to develop 

computer-assisted caricature generation system is made by Brennan. In [2], an interactive 

system for producing sketches with exaggeration is reported.  Koshimizu et al. [21] 

proposed a template-based approach to create facial caricatures with adjustable exaggeration 

rates.  The sketches generated by PICASSO are line-based.  The lines that comprise the 

sketch become fragmented when the deformation is too large.  Yang et al.  [36] took a 

somewhat different approach. A collection of face components such as the eyes, the nose, and 

the mouth are first archived and stored in a database.  The photo of the subject is analyzed 

and classified.  A portrait caricature is then synthesized using corresponding parts from the 

database.  Liang et al. [24] followed an example-based approach to learn the individual style 

of an artist. Satisfactory results have been obtained only with large amount of training data for 

each artist.  

In general, the process of caricature generation is divided into two parts.  One is shape 

exaggeration; the other is style transfer. In the second part, there are several different 

approaches for generating sketches from input face images: generative approach, 

template-based approach, and transformative approach.  We briefly discuss existing systems 

in these three major categories in the following. 

 Generative approach 

[23] used the feature geometric attributes obtained by analyzing of image moment and 

texture of each region.  Thus, the drawing results represent not only the local region 
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information but also the feature characteristics.  It is inspired and devised to 

correspond to a real pencil drawing process: A painter often divides a scene into regions, 

observes the distinctive features, and applies the pencil strokes accordingly.  [26] 

simulated the actual outlines of facial features by knowing some key points and 

rendered a new pictorial in a NPR system using bold edges and large regions of constant 

shade. [28] proposed a similar system which transforms photo images into relative 

feature vectors and generates 2D caricatures respectively.  Such kind of systems is 

self-reliant, since they did not attempt to observe and learn from the artist’s products to 

generate caricatures.  The drawing style of caricatures generated by those systems is 

fixed. There is no need to collect any extra image for style learning.  But sometimes 

they produce stiff and inexpressive sketches. If the drawing style is changed, the 

rendering process also has to be redefined. 

 Template-based approach 

Template-based systems, such as [27], classify every facial part independently and 

replaces corresponding picture from the database for synthesizing the caricature images.  

This is one of the simplest ways to produce sketches.  However, a large amount of 

pictures have to be collected for the same style in order to match various facial features.  

Discontinuities in image may occur when putting all pieces of face components 

together.   

 Transformative approach 

[9] presents a system that generates sketches by learning from example sketches drawn 

with a particular style by an artist.  Given an input image pixel and its neighborhood, 

the conditional distribution of a sketch point is computed by querying the examples and 

finding all similar neighborhoods. An “expected sketch image” is then drawn from the 
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distribution to reflect the drawing style.  The facial sketches are obtained by 

incorporating the sketch model.  Experimental results demonstrate the effectiveness 

and lifelikeness.  Nonetheless, the drawing style of those systems depends on the given 

source image.  A large amount of examples must be prepared for the querying process.  

Furthermore, some special features will not be present if they were never displayed in 

the examples.   

 

1.2.2 Facial feature extraction 

 

Automatic extracting of facial features is required for many computer vision and graphics 

applications.  Li et al. [22] proposed an automatic facial sketch system that uses a 

generalized symmetry operator, rectangle filter, and characteristic shapes to detect the 

locations of facial feature points.  There is much prior work on extracting facial features. 

Some of them derive the locations of facial features directly out of front-view images (e.g. [4] 

[13]).  But more often, segmentation of facial regions is first done and then facial features 

are searched inside these regions (e.g. [11]).  An excellent survey on human and machine 

recognition of faces is given in [6].  

In recent years, the model-based approach towards image interpretation, named 

deformable template models, has proven to be very successful.  This is especially true in the 

case of images containing objects with large variability.  Among the earliest and most well 

known deformable template models is the Active Contour Model – also known as Snakes 

proposed by Kass et al. [19].  Snakes represent objects as a set of outline landmarks upon 

which a correlation structure is forced to constrain local shape changes.  In order to improve 

specificity, many attempts at handcrafting a priori knowledge into a deformable template 
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model have been carried out.  These include the work of Yuille’s et al. [35], which 

parameterizes a human eye using ellipses and arcs. In a more general framework, Cootes et al. 

[7] proposed the Active Shape Models (ASM) where shape variability is learned through 

observation. In practice, this is accomplished by a training set of annotated examples followed 

by a Procrustes analysis [14] combined with a principal component analysis.  For further 

information on deformable template models, the reader is referred to the survey given in [12]. 

 

Some new approaches have proposed a multi-stage classification procedure that 

reduces the processing time substantially while achieving almost the same accuracy as 

compared to a much slower and more complex single stage classifier. [32] describes a 

machine learning approach for visual object detection which is capable of processing images 

extremely rapidly and achieving high detection rates.  [25] extends their rapid object 

detection framework for a novel set of rotated Haar-like features, which significantly enriches 

this basic set of simple Haar-like features with great efficiency.  These algorithms would be 

useful to detect the face region in our system.  

 

In this thesis, we adopt the eye extraction algorithm from [31]: a fast method for locating 

iris features in frontal face images based on the Hough transform.  Their approach is mostly 

based on the Hough transform while current methods for eye feature extraction use 

deformable templates.  The advantage of the Hough transform over using templates is that 

the final result is computed from a number of independent partial solutions. The Hough 

transform is therefore well-suited for the fusion of partial results with predictions from a 

model. 
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1.3 Overview 

 

Experienced caricaturists are good at extracting and exaggerating facial features. 

However, with previous efforts as summarized above, the automatic process of locating 

unique facial features and determining a proper exaggeration rate remains a difficult problem. 

In this thesis, we attempt to address some of the important issues in automatic facial 

caricature generation from two respects. Firstly, we define a face model based on MPEG-4 

parameters.  A novel feature extraction process is developed accordingly. Secondly, using a 

reference caricature as the basis, we formulate caricature generation as a metamorphosis 

process.  A new algorithm on painting style imitation is also presented.  Experimental 

results verify that the proposed approach is both efficient and effective.  To make the 

caricatures generated by our system more versatile, we experiment some different approaches 

to generate the hair painting of caricatures. 

The rest of this thesis is organized as follows.  In Chapter 2, the proposed face model is 

defined.  The computation and representation of average face data is also elucidated. Chapter 

3 explains the automatic feature extraction process.  Chapter 4 discusses the key steps in 

determining the exaggeration rate and the placement of face components.  Several 

illustrations of facial caricature generation are then provided.  Chapter 5 describes several 

approaches for hair painting and the corresponding experimental results.  Chapter 6 provides 

a brief summary of this research and comments on future developments. 
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