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CHAPTER 5 

 HAIR GENERATION 

 

Apart from facial features, hair style also reflects important personal traits. The 

resulting work will likely be unsatisfactory if we fail to take into account the hair part of a 

caricature painting. However, most current caricature or portrait generation systems seldom 

address the hair drawing issue due to large variation of hair styles. It is difficult to obtain an 

appropriate solution to deal with all hair styles. Liang et. al [24] lay emphasis on learning how 

an artist draws caricatures. Their system simply draws the contour of the hair instead of the 

complete hair texture. [28] defines 31 feature points to mark the contour of hair style 

manually and provides classified and well-designed hair styles for quick matching. Large 

amount of templates needs to be collected to accommodate every kind of hair style. It is 

difficult to find a matching style automatically. Automatic hair segmentation is another 

challenging issue. It is tedious for users to label the hair contour point by point. In addition, 

owing to the diverse hair styles (refer to Fig. 5-1) and lack of geometrical structure, it is not 

  

Figure 5-1. Variation on hair styles. 
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suitable to predict the position of hair region using approaches similar to those employed for 

facial feature extraction. The varied and mottled hair colors also contribute to the difficulty of 

hair segmentation.  

In this chapter, we attempt to address the automatic hair generation problem with the 

objective to develop some ‘workable’ solutions. A method for separating the hair part from 

the face image is described in the first section. In section 5.2, we experiment with several 

approaches to generate hair painting by coloring the hair region.   

 

5.1    Hair Segmentation 

 

We present a new approach based on color segmentation to extract the hair region 

from the facial image for most normal hair styles. Before the color segmentation process, the 

experiment environment should be adjusted. Because there exists subtle changes in an 

individual’s hair color, we propose to extract the sample color for each person instead of 

using a fixed set of color samples.  We also incorporate the information on skin color to 

 
Figure 5-2. (left) The original RGB color space. Colors are distributed in 256x256x256 space 

(right) The new 6x6x6 color space. Colors which clustered in the same group are considered as the 

same color. 
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enhance the segmentation results. A coarsely quantized (6x6x6) RGB color space as shown in 

Fig.5.2 is employed to reduce the computational complexity. 

 

5.1.1 Hair Color Sampling 

 

To determine dominant hair colors of the subject, we utilize the average face data and 

the eye positions extracted previously to locate three possible sub-regions of the hair (Refer to 

Figs. 5.3a-c.).  Three primary colors are then extracted from these three sub-regions to 

compensate for lighting difference and non-uniformity in color.  The first color sample is 

picked randomly from one sub-region.  The second color is associated with the pixel which 

has the largest color difference from the first sample.  The last primary color is the one 

which maximizes Eq.(5.1) among the pixels in the remaining region.  

 

 
(a)            (b)              (c)              (d)    

Figure 5-3 (a) The red circles are the positions of irises which we extracted from the user image. (b)The red 

polygons on the user’s face are the shape of eyes. We use the positions and sizes of irises to approximate 

these polygons. (c) The three red rectangles above the eyes are the sub-regions of hair. We extract three 

different colors as sample colors of hairs. (d)  The two red rectangles below the eyes are the sub-regions of 

skins. We extract the color as sample color of skin.    
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( ) ( ) ( ) 222222 )2()2(2)1(11 bbggrrbbggrrDifference −+−+−+−+−+−=   (5.1) 

where (r1, g1, b1) is the RGB value of the first color sample, (r2, g2, b2) is the RGB value of 

the second color sample, and (r, g, b) is the RGB value of the current pixel.  

 

All pixels that possess color similar to the three dominant colors and connected to these 

sample pixels are grouped into the hair region. However, the skin pixels are frequently 

included if their colors are analogous to those of the hair, as depicted in Fig. 5-4. Under such 

circumstances, it becomes imperative for us to consider the skin color to arrive at more 

accurate segmentation results. 

 

5.1.2 Skin Color Sampling 

 

Empirical studies indicate the upper cheek is the most suitable place to extract skin color. 

We make use of the previously obtained eyes positions to approximate the upper regions of 

 
(a)             (b)               (c)              (d)    

Figure 5-4 (a) The original user image. (b) The result of hair segmentation without sampling skin color. 

Pixels that are connected to and have similar colors to those of hair sample pixels are considered as hair.

(c) Hair segmentation with sampling skin color. We use the function IsHairNotSkin() to reduce the error 

of the hair segmentation. (d) The result of hair region repair process    
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the left and right cheeks (refer to Fig.5-3d).  We then analyze the color distribution of these 

two regions and extract the dominant color of the skin. This dominant color is used to 

represent the skin color. The function IsHairNotSkin() described in Fig. 5.5 is applied 

to reduce the error of hair segmentation. Pixels whose color value are similar to the sample 

skin color instead of the sample hair color will be deleted from the hair region.  We 

determine the color similarities by the distance of RGB value.  An example of the resulting 

hair region is presented in Fig 5.4c. 

5.1.3 Hair Region Repairing  

 

Due to the proximity and color similarity of the eyes and eyebrows to the hair, the 

system may confuse the eyes and eyebrows with hair (Refer to Fig.5.4 (c)).  The repair 

process listed below can further solve the problem:  

 

Step1: Label the region of the left eye and the left eyebrow.  Because we have detected the 

locations of the irises before, the desirable region can be approximated with the 

average face data. 

Function boolean: IsHairNotSkin( int x , int y) 

{ 

   Color current_color = the color at coordinate (x,y) of source image 

if ( current_color is more similar to hair sample colors than skin sample color) 

      return true 

   else 

      return false 

}   

Figure 5-5  Function IsHairNotSkin 
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Step2: Label the region of right eye and right eyebrow.  We use the same way as step1 to 

get this region. 

Step3: Search all pixels within the left region from the center to the left side of the face, and 

form top to down (refer to Fig. 5-6).   

Step4: Delete the pixels whose upper neighbors are not part of the hair region.  Because 

the growing directions of hairs are usually from top down, the pixels whose upper 

neighbors being all empty cannot possible be the hairs. 

Step5: Search all pixels within the right region from center to the right side of the face, and 

from top down.  

Step6: Delete the pixels whose upper neighbors do not belong to the hair region. 

 

 

        
(a)                       (b) 

Figure 5-6 (a) Hair region repair process. Search all pixels within the right region from the 

center to the right side of the face, and form top to down.  Search all pixels within the left 

region from the center to the left side of the face, and form top to down (b) The gray ones are 

the pixels of the hair region and the white ones are not.  We delete the pixel (x,y) whose 

upper neighbors do not belong to the hair regions within the search regions.   

(x,y) 
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Some results of applying the above repairing process are shown in Fig. 5-7c. Finally, we 

use the Pyramid down and Pyramid up [5] processes to fill in some tiny holes of the hair 

region. The results are demonstrated in Fig. 5-7d.  
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(a)   

 
(b)  

 
(c)  

 

(d) 

Figure 5-7 (a) Original images  (b) Hair segmentation with hair color samples. The eyes and eyebrows 

are easily included in the hair region.  (c)The results of repair process. Eyes and Eyebrows are deleted 

from the hair region.  (d)The final results of hair segmentation. Some tiny leaks of the hair region are 

filled. 
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5.2    Hair Style Generation 

 

Although the current caricature drawing system is capable of creating the face portion of 

the cartoon, it is not practical to generate caricature without hair. We have stated previously 

that automatic hair style generation is a challenging issue due to the great variation of hair 

styles painting (refer to Fig. 5-8). The image metamorphosis approach used to generate face 

caricature is not applicable to handle hair transformation. However, the diversified hair styles 

do provide strong clues to personal characteristics. It is absolutely necessary to incorporate a 

‘workable’ hair drawing function to complete the caricature system. In the following 

subsections, we will conduct several experiments to attempt to come up with possible 

approaches to automatic hair style generation. 

 

5.2.1 The first experiment: Hair generation using fixed palette 

 

In this experiment, we do not consider the painting style of the artists. Instead, in the 

case of real paint where painters are given a limited number of color pencils, a fixed palette  

 

Figure 7-9. We include the most common twenty-eight colors in our palette 
 

Figure 5-8. The large variation of hair styles drawn by the sane artist 
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shown in Fig 5.9 is used to simulate the artist’s coloring of the hair. We describe three 

different methods which can be adopted to color the hair as follows.    

 Method 1: Drawing hairs with a single hair color 

We compute the dominant color, i.e., the color which occurs most frequently in the hair 

region and color the region with this dominant color. The results are shown in Fig 5-10 b. 

 Method 2: Drawing hairs with a fixed number of colors 

The twenty-eight colors shown in Fig.5-9 are selected to cover the range of possible hair 

colors. To color the hair region, we perform a horizontal scanning and replace the color of 

each pixel with the closest color in the palette. The results are shown in Fig 5-10 c. 

 Method 3: Drawing hairs with a fixed number of colors + smoothing 

Slightly mottled areas are present in Fig 5-10c. The artifact is most eminent in the third 

object. To remove the mottled areas, we use the 3x3 kernel when we compute the most 

similar color of one pixel. The most similar color of each pixel within the kernel is 

selected from our palette. We assign the most frequently selected color within the kernel 

to the pigment of this pixel. The results are shown in the Fig 5-10d.    

 

 

 

Figure 5-9. We include the most common twenty-eight colors in our palette 
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(a)  

(b)  

 
(c) 

 
(d) 

Figure5-10. (a) Original images (b) Draw the hair region with the main color of their own hairs. (c) Draw the 

hair region with our palette. (d) Draw the hair region with our palette and 3x3 smoothing kernel. 
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5.2.2 The second experiment: Hair generating by mimicking artist’s work 

 

The methods presented in the preceding experiments concentrate mainly on coloring, 

instead of styling, of the hair region. Very few elements of caricaturing are injected into the 

painting process. A hair generation system that is capable of learning the drawing style from 

one sample image would be more consistent with the procedure that we have developed for 

sketching the face components.  

Toward the above objective, we will introduce a scheme to analyze the hair styling 

pattern in terms of color and strokes.  The process is divided into two phases: color analysis 

for palette setting and stroke analysis for brush setting. The first phase is aimed at setting 

appropriate color tuning parameters and attempts to find the relationship between the edge 

emphasizing style of the artist’s work (Refer to Fig. 5-11). The Pen parameter and the Brush 

parameter will be set in this phase.  

In the second phase, the system begins to generate a new caricature with the parameters 

set at the first stage. The colors in the new image will be chosen according to the palette 

parameters. The Pen for contour tracing and the Brush for texture drawing are also ready to 

use. (Refer to Fig. 5-12). Finally, we can combine the hair image with the facial parts as 

shown in Fig.5-13.    
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 Figure 5-11. The two phases of style analysis: color and stroke analysis phase 

 
Figure 5-12. The two phases of style analysis: .Caricature generating phase 

 
Figure 5-13. Combination of the facial caricature and the hair image. 
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 Analyzing the painting style of a caricature sample 

Many artists like to emphasize the objects contours with different colors or brush sizes. 

Therefore, the colors and the brush sizes of contour painting comprise important features of 

drawing styles. When these attributes are utilized in the sample caricature, we have to 

separate the contour part of the painting before analyzing other feature such as the dominant 

color. This is achieved by observing that: (1) the position of the contour usually coincides 

with the prominent edge in the image, and (2) the contour is generally drawn by a brush of 

fixed size.  

In order to analyze the contour painting style, the gradient operator is applied to get 

the normal line equation of each edge pixel (refer to Fig. 5-14). The gradient direction (u ,v) 

of an image I at location (x,y) is defined as ),(
y
I

x
I

∂
∂

∂
∂ and its normal line equation is vx-uy =k.  

We use the function: GetContourColor described in Fig.5-15 to analyze the color 

distribution around the edge.   

 

 
Figure 5-14 Illustration of gradient direction (a) Original Image I.  (b) The gradient direction (u ,v) of an 

image I at location (x,y) is defined as ),(
y
I

x
I

∂
∂

∂
∂

and its normal line equation is L: vx-uy =k .   
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Figure 5-15 Function GetContourColor() 

 

To begin with, Canny edge detection is applied to mark the detected edges. Using the 

gradient operator and the function GetAroundPixels() (refer to Fig. 5-16)  to get the 

neighboring points of the marked pixels, the color of each pixel around these marked pixels is 

recorded. The number of pixels of each color is accumulated to obtain the most frequently 

Function GetContourColor() 
{ 

Apply Canny edge detection to the sample image 
for all pixels detected as edge 

Use Function GetNeighboringPixels() to get the coordinates of its neighbors 
whose positions are close to this pixel and on the line of the edge direction 
Extract the colors of these neighbors and add 1 to each color's own color       
counter 

        
Each color whose number of counter is larger than Threshold1, it will be included as 
a candidate color 

   
Rank these candidate colors with their own number of counter, the larger number of  
the counter, the higher rank of the candidate color 

   
for all candidate colors from the highest rank  

for (all pixels detected as edge and the color of the pixel is the same as this 
candidate color) 

          Use Function GetEdgeWidth() to get the edge width 
          Record the number of the edge width     

if (edge width is centered around a specific width) 
return this color 

 
  return null    // no contour painting  
 
} 
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appeared color around the edges. Then, the candidate colors of contour painting are 

determined by comparing the frequency of occurrence. With those candidate colors, we test 

their edge widths accordingly by the Function GetEdgeWidth() (refer to Fig. 5-17) to 

check whether the width of the corresponding brush is constant. If the edge width of this color 

has the same width, then this color is chosen as the desired color. We then use this color to 

extract the contour. The process of extracting the hair contour using the above approach is 

illustrated in Fig.5-18.  

Function Length::GetEdgeWidth( Point p1, Color candidateColor) 

{ 

Normal Line equation = GetLineEquation(p1)   

Search Point p2 along this normal line until the color is not similar to the candidateColor

Return distance (p1, p2) 

} 

Figure 5-17 Function GetEdgeWidth() 

Function Points::GetAroundPixels(Point p) 

{ 

Normal Line equation = GetLineEquation(p.x,p.y)   

Assume the line equation is y = mx+k 

if (the slope m >1) //the variation of y direction is larger than x 

return Points whose y value are p.y+1 and p.y-1 on the line   

else 

return Points whose x value are p.x+1 and p.x-1 on the line  

} 
 

Figure 5-16 Function GetAroundPixels() 
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After successfully extracting the brush size and color of the contour painting, we extend the 

edges within the hair region along their gradient direction to imitate the contour painting style 

of an artist. More results are shown in Fig. 5-19.   
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(a)              (b) 

          
(c)                                         (d)   

 
(e) 

Figure 5-18. The contour extracting process (a) Sample image of hair from the artist (b) Marked Edges with 

Canny edge detection (c) Sampling the colors around the edge. (d) Extract the edge width with a candidate color 

(e) Separate the contour part of image with the edge color 
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                     (a)                                           (b)  

   

(c) 

     

(d) 

 

(e) 

Figure 5-19. (a) Original images (b) The artist’s work (c) Drawing the edges of hair region with artist’s 

style (d) Combined (c) with coloring the hair region with the main color of hairs. (e) Combined (c) with 

coloring the hair region with palette . 
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5.2.3 The third experiment: Hair generation using texture synthesis 

 

Efros et. al. [10] proposed a non-parametric method for texture synthesis. The texture 

synthesis process can grow a new image outward from an initial seed patch, one pixel at a 

time. The conditional distribution of a pixel given all its neighbors synthesized is estimated by 

querying the sample image and finding all similar neighborhoods. The method aims at 

preserving as much local structure as possible and produces good results for a wide variety of 

synthetic and real-world textures. Given a sample texture image, a new image is being 

synthesized one pixel at a time. To synthesize a pixel, the algorithm first finds all 

neighborhoods in the sample image that are similar to the pixel’s neighborhood and then 

randomly chooses one neighbor and takes its center to be the newly synthesized pixel (refer to 

Fig.5-20).  Some examples of the synthesized textures are depicted in Fig.5-21.  

In this experiment, we will modify Efro’s algorithm to mimic the artist’s style of hair 

painting. We considered the hair painting drawn by the artist as the input sample patch of the 

 
Figure 5-20. Algorithm Overview from [10]. Given a sample texture image (left), a new image is 

being synthesized one pixel at a time (right). To synthesize a pixel, the algorithm first finds all 

neighborhoods in the sample image (boxes on the left) that are similar to the pixel’s neighborhood 

(box on the right) and then randomly chooses one neighborhood and takes its center to be the 

newly synthesized pixel.  
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texture synthesis algorithm. The shape of the newly synthesized image is the same as the hair 

region which we extracted from the user image previously. Two additional shape masks are 

used to identify the hair region of the artist’s painting and the hair region of user image. As 

shown in Fig. 5-22, the pixels within the brown region are marked ‘1’ and the pixels within 

the black region are marked ‘0’. To synthesize a pixel, our algorithm first finds all 

neighboring regions in the sample image whose color distribution and local shape are similar 

to the pixel’s neighborhood. We then pick the most similar neighborhood and take its center to 

be the newly synthesized pixel. 

Prior to the texture synthesis process, we transfer the main color of the sample image 

into the hair color of the user image to account for possible color differences in the source 

images (refer to Fig. 5-23). The transfer process first extracts the main hair colors of the artist 

image Ca and the user image Cu. Assuming that the RGB color value of Ca = (r1,g1,b1) and 

Cu = (r2,g2,b2), we replace the color of each pixel (assume as Ci = (ri,gi,bi)) of the artist’s 

image with the new color value Ci = ( r2-(r1-ri),g2-(g1-gi),b2-(b1-bi) ) to make Cu the center 

color in the new image. The limitation of this color transferring process is that if the RGB 

color value of Cu is close to the boundary(0 or 255), the new value Ci of each pixel is easily 

out of boundaries. We replace such Ci with the boundary value to avoid this problem. 

      

(a)                 (b)                  (c)                  (d) 

Figure 5-21. Some examples of texture synthesis using [10] approach. (a) and (c) are original 

images, (b) and (d) are synthesized. 
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However, such approach result in most color values being the same in the new image. As 

shown in the Fig. 5-23b, most color are the same and the original texture is lost. Finally, we 

use the artist’s image as the sample image of the texture synthesis algorithm, and use the 

irregular shape of hair region as the output image. We paint the edges of the output image 

with the color of the contour of the artist’s image instead of random seeds. The results of 

applying our hair synthesis algorithm are depicted in Fig.5-24. Unfortunately, the results of 

this experiment (as shown in Fig.5-24) are not as good as we have expected and clearly leave 

some room for improvement. One reason is possible on account of the remaining problems of 

Efor’s algorithm. This algorithm has the tendency for some textures to occasionally slip into a 

wrong part of the search space. The system may start growing garbage or get locked onto one 

place in the sample image and produce verbatim copies of the original. The computational 

complexity of this algorithm is also high. 7939671 ms (about 2 hours and 12 minutes) are 

required for an Intel® Pentium IV 1.8G processor with 512MB of memory to generate a 

 
   (a)                      (b) 

Figure 5-22.The shape mask of (a) the artist painting (b) the hair region of user image. The pixels of brown part 

are marked 1 and the pixels of black part are marked 0. To synthesize a pixel, our algorithm finds all 

neighborhoods in the sample image that not only the color distribution but also the local shape are similar to 

the pixel’s neighborhood 
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200x200 image from a 64x64 sample image with a 13x13 search kernel.  Small search kernel 

will also generate the incorrect result because it can not get enough reference during the 

search process. Large search kernel, however, will increase the processing time.  

Finally, we combine some results of the caricature generation and the hair generation to 

verify the effect of our system. As shown in Fig. 5-25, the results look quite well after the 

combination process. However, the collision problem between the face and the hair part will 

happen in the combination process if the exaggerated shape of the face overlaps the hair 

region.   

 

(a)   

 

(b)                           (c)                             (d)   

Figure 5-23. (a) Recoloring the artist image with the main color of user image.(b) Recoloring with red (c) 
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Figure 5-24. The process and the result of our texture synthesis algorithm.  
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Caricature generation Hair generation 

+ =

=

(b) 

(c) (d) 

(e) (f) 

(a) 

Figure 5-25. Combining the results of the caricature generation and the hair generation. (a) The subject’s image (b) The result 

of the caricature generation (c) The result of the hair generation coloring with the single hair color (d) The result of Combing b 

and c (e) The result of the hair generation coloring with 28 selected colors  (f) The result of Combing (b) and (e)  
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