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Abstract—As one of the important artistic styles of portrait, 
sketch portrait has wide applications for both digital 
entertainment and law enforcement. In this paper, an 
automatic face sketch generation approach is presented by 
learning from photo-sketch pair examples. Specifically, the 
relationship between a face photo and its corresponding face 
sketch is learned on image patch level. By applying this 
relationship to the input face photo patch, we can infer the 
output face sketch patch by exploiting some regression 
techniques such as kNN, the Lasso and so on. Via our local 
regression model, we can synthesize an appealing sketch 
portrait from a given face photo in a few minutes. Experiments 
conducted on CUHK database have shown that our results are 
more compelling than previous methods especially in two 
respects: (1) our synthesized sketches preserve more identity 
information of the original face photo; (2) our synthesized 
sketches presents more pencil sketch texture.  

Keywords-face sketch generation; local regression; k nearest 
neigbor; lasso 

I.  INTRODUCTION 
Sketch portrait is an important artistic style of portrait. It 

may be too hard to draw a vivid sketch portrait if a person 
doesn’t have the professional artistic skills. Moreover, even 
for an artist, half an hour to several hours are required to 
draw a beautiful face sketch. Recent years, more and more 
attention is attracted on automatic face sketch generation 
[1][2][3][4] due to its applications in law enforcement and 
digital entertainment. With the assistance of an automatic 
sketch synthesis technique, non-professional users can 
complete a sketch portrait very easy and even the artist can 
save a great amount of time for personalized sketch 
drawings. In law enforcement procedure, it is helpful to 
develop a system to search photos from police mug-shot 
databases with the aid of a sketch drawing when the photo of 
a suspect is not available. By transferring face photos to 
sketches, inter-modality face recognition can be made 
possible. 

Many approaches are proposed to generate artistic sketch 
from photos. The earlier classic sketch generation methods 
from a single image address pen-and-ink style drawing [5] 
[6]. The methods disscussed in [5][6] are both semi-
automatic and are not point at face image. Therefore, if 
extended to facial sketch generation, they can’t bring about 
satisfied illustration. In [7], a line feature-based pencil 
drawing method is proposed, and later, a pencil drawing 
filter using Line Integral Convolution (LIC) [8] is developed. 

The results except face related results of [7] and [8] look 
somewhat attractive, yet the face sketch results they 
illustrated are far from approving. Recently, an automatic 
pencil style sketch rendering techniques [9] performs well in 
real-time object-based pencil rendering. The rendering 
results exhibit sufficient artistic but it fails to generate sketch 
portrait because this method is grounded on 3D object 
model. 

Different from the above pen/pencil rendering techniques, 
several example-based methods [1][2][3][4] have been 
proposed, which automatically produce a sketch according to 
just one input face photo. Based on a set of training face 
photo-sketch pairs, Tang et al. [1] apply the eigentransform 
globally to synthesize a sketch from a photo. But such a 
global linear model doesn’t work well if the hair region is 
included, as the hair styles vary significantly among different 
people. To overcome this limitation, Liu et al. [2] propose 
patch-based reconstruction. The drawback of this approach is 
that the patches are synthesized independently, while 
ignoring their spatial relationships. Therefore, some face 
structures cannot be well synthesized and blurring effect is 
heavy. 

Following this line of work, a state-of-the-art approach 
using a multiscale Markov random field (MRF) model has 
been proposed recently [3] and achieves better performance 
under well controlled conditions. This approach can 
significantly reduces artifacts, such as the blurring and 
aliasing effects, which commonly exist in the results of 
previous methods [1][2]. Based on the state-of-the-art work, 
Zhang et al. [4] synthesize face sketches for photos with 
faces under different poses and lightings. By involving both 
intensity and gradient compatibilities through matching 
neighboring sketch patches on the MRF model, they 
accomplished this challenge. 

However, compared with the sketch portrait drawn by the 
artists, the aforementioned learning based  approaches [1][2] 
[3][4] have some unappealing aspects: (1) most synthesized 
face sketches are not alike the corresponding face photo 
because the personalized features are not well captured 
through the synthesized process; (2) the artistic of the 
synthesized face sketches is not satisfied, artifacts in [1][2][4] 
is obvious and the a lot pencil stoke style is lost [3][4]. 

In this paper, we also exploit the learning-based strategy. 
The relationship between a face photo and its corresponding 
face sketch is learnt from a training set. Applying the 
mapping to a new face photo is a simple and intuitive way to 
generate its corresponding face sketch. Instead of directly 



learning the global face structure, we target at local patches 
due to the non-linearity.  

Under the assumption that, if two photo patches are 
similar, their sketch patches are almost similar, face sketch 
patches can be inferred from the corresponding face photos. 
During sketch synthesis process, for a photo patch from the 
face to be synthesized, we find a representation of the input 
photo patch, which is combined by the photo patches from 
the training set. Then we make use of sketch patches in the 
training set to estimate the output sketch patch. By exploring 
some regression techniques, such as least square [12], Ridge 
regression [13], kNN, or the Lasso [12], the mapping relation 
from the face photo to face sketch can be obtained well. 
Sample the face region into patches with overlaps in the 
respect of controlling the compatibility between the adjacent 
patches. The size of patches decides the scales of the face 
structures which can be learned. Thus, to a certain extent, 
local patches in different scales and overlapping sizes 
determined the synthesis effects. 

The effectiveness of our approach is evaluated on the 
CUHK face sketch database [3]. The experimental results 
show that our approach improves the artistic and similarity 
of synthesized face sketch compared with the state-of-the-art 
method [3]. 

The rest of the paper is organized as follows: An 
overview of our approach is demonstrated in Sec.II. Sec.III 
discusses how to automatically generate a face sketch using 
local regression model. Some experiments are designed to 
evaluate our approach in Sec.IV. Sec.V concludes the full 
paper. 

II. OVERVIEW OF OUR APPROACH 
The task of automatic face sketch synthesize is: for any 

given face photo P, a corresponding face sketch S can be 
automatically generated from P. S should meet the following 
two requirement: (1) have the pencil sketch artistic style, i.e. 
like the style of sketches in the training sets, denoted by , 
where N is the number of training photo-sketch pairs; (2) be 
alike P, that is can be recognized as the same person in the 
given photo. Suppose the mapping function between P and S 
is F,  represents the j-th photo and   accordingly represents 
the j-th sketch in the training set. They satisfy the following 
constraints: 
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pχ ,
sχ is the mapping relation from the testing image to 

training sets. Owning to the non-linearity nature of F, 
regression methods in global images are not good enough. 
Instead, we turn to local patch based methods, dividing each 
photo into n patches, denoted by lowercase letters; each 
patch is pz×pz size. The face sketch generation step can be 
outlined as follows: 

1) Preprocessing: All the photos and sketches are 
preprocessed with gray-scaling first, and then translated, 
rotated, and scaled such that the two eye centers of all the 
face images are at fixed position. 

 
Figure 1.  The framework of our approach. 

 
Figure 2.  Two different overlap patterns of the neighboring patches. 

2) Local patch-based regression: Using local patch 
regression models to find the representation (annotated 
as ˆ ip ) of the input photo patch ip from the training set 
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the feature of ip . The corresponding synthesized sketch 

patch îs  can be optimized inferred according to the 
representation formation. 

3) Patch stitching: Synthesize the sketch images S by 
stitching the estimated sketch patches 1ˆ{ }n

i is = . 
The overview flow chart including the above steps is 

shown in Fig. 1. The following will detailed explain how to 
implement step 2) and 3). 

III. AUTOMATIC FACE SKETCH GENERATION USING LOCAL 
REGRESSION MODEL 

A. Local regression model 
After preprocessing, the face region is divided into 

patches with various overlap, two possible cases are shown 
in Fig. 2. The overlapping between the face photo patches 
controlled the compatibility of adjacent patches. A 
smoothness constraint requires that two neighboring 
synthesized sketch patches have similar intensities for the 
pixels within their overlapping region. 

On the purpose of estimating the sketch patch is  of the 
input photo patch ip , it is needed to find the best 
representation ˆ ip  for ip  from the photo patches in training 
set. We assume that if a patch ijp′  found in a training photo is 
similar to the i-th patch ip  of the input photo in appearance, 



the sketch patch ijs′  corresponding to ijp′  is considered as one 

of the good candidates for is . For each local patch ip  on the 
input photo, we find its representation in the same position 
on the training photos. 

1) k Nearest Neighbor: The above statement is under 
the assumption that each patch can be linearly represented 

by its local neighbors. Given an input photo patch ip , we 

choose its k nearest neighbor (kNN) patches
k

ijp′
 from the 

training set to reconstruct ip . Then, we assign a 

weight
ˆ

ij

kNNω
for each photo patch in the training set. 

Formally, the weight for the j-th sample is set as: 
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and ( )s ⋅  is the similarity measurement of patch ip  and ijp′ . 
In our implementation, the distance is measured by Cosine 
Similarity [10] and SSIM (structural similarity index) [11] 
which will be discussed in Sec.2.3. We call this case as 
‘kNN regression’ for convenience, k=1 is the case we adopt 
which can achieve a high-quality illustration. 

2) Least Squares: Just using one or k similar patches to 
substitute the input photo patch may lose some salient 
features which is unique in the input photo patch. For the 
purpose of acquiring features as much as possible, we 
employ linear regression models to find a better 
representation of ip : 
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α̂ is a coefficients vector. 
For the sake of fitting this linear model to local training 

patches, by far the most popular method is least squares 
(LS) [12]. In this approach, we pick the coefficientsα to 
minimize the residual sum of squares: 
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Let bold written P′ be a pp×N matrix (pp is the patch size), 
with each column being the corresponding patch in one 
training photo, pi  is an N dimension vector. If P PT′ ′ is 
nonsingular, then the unique solution to minimize RSS is 
given by: 
                               -1ˆ = P P P pls T T

iα ′ ′ ′（ ） .                       (6) 

Taking (6) into (4), we can get the fitted estimation ˆ ip  
for the i-th patch ip  of the input photo. 

3) Ridge Regression: Since LS will inevitably contain 
some noises and blurring because it is a discrete process, 
shrinkage methods are taken to reduce the prediction error 
of the full model. Ridge regression (RR) [13] or Lasso 
shrinks the regression coefficients by imposing a penalty on 
their size. RR adds a regularization term to get a bias-
variance tradeoff: 
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Writing the criterion (7) in matrix form,  
          ( ) (p -P ) (p -P )T T

rr i i rrRSS λ α α λ α α′ ′= + ,       (8) 
the ridge regression solutions are easily seen to be: 
                   -1 Tˆ (P P + I) P prr T

rr iα λ′ ′ ′= ,                          (9) 
where I  is the pp×pp identity matrix. 

4) Lasso: By replacing 2l ridge penalty 2
1

pp
tα∑  to   

1l lasso penalty
1

p
tα∑ , which imposing sparse constraint 

because some coefficients are exactly zero, (7) formed into 
Lasso [12] estimation: 
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The calculation of the lasso solutions is a quadratic 
programming problem, we employ Least Angle Regression 
(LARS) [14] algorithm to solve Lasso coefficients 
efficiently. 

Based on above regression models on photo patches, we 
can get the mapping pχ  from training photo set. Since the 
training set includes well corresponding photo-sketch pairs 
( p sχ χ≈ ) and the output sketch must have a close 
resemblance to the input photo, we can directly transfer this 
mapping pχ  into the training sketches to predict the output 

sketch is : 

                                        ˆî is sα ′= .                                (11) 

B. Patch matching in kNN 
In the step of patch matching in kNN, various metrics are 

introduced to measure the similarity of two photo patches. 
An efficient metric we applied is Cosine Similarity [10]. 
The similarity between two photo patches is measured by 
computing the cosine of the angle between these two image 
intensity vectors. Similarity between patch ip  and ip′  is 
given by: 
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Nevertheless, the above metric or Euclidean distance 
only focuses on the intensities of each patch, which seems to 
be inconsistent with human perception. In order to achieve 



high-quality results, structural information is explored to 
patch matching process. We employ SSIM [11] to measure 
the two image patches’ similarity. In SSIM, the distortion is 
modeled as intensity, contrast, and structure of a 
combination of three different factors. In our paper, the 
SSIM metric is calculated on the input photo patch ip  and 

the matching patch ip′ . The measure between these two 
patches of common size is: 
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where
ipμ ,

ipμ ′  are the mean of ip , ip′ ; 2
pi

σ , 2
pi

σ
′

are the 

variance of ip , ip′ and
i ip pσ ′  is the covariance 

of ip , ip′ . 1c , 2c  include the parameters of SSIM. 
From the experiment results in Sec.IV, we can see that 

structural information tends to be more efficient than just 
using image intensities when measuring the two patches’ 
similarity in the patch matching process. 

C. Patch stitching 
Once each patch of the output sketch has been obtained, 

we need to merge these patches into the whole sketch 
image. Averaging the neighboring patches is an easy 
practice on dealing with overlap regions of neighboring 
sketch patches. Furthermore, in order to reduce blurring 
effect, we calculate a minimum cost from patch boundary to 
center, which ensuring a minimum intensity diversity of the 
adjacent patches. 

IV. EXPERIMENTS 
We conduct experiments on the CUHK database [3] 

commonly used for face sketch synthesis research. In this 
database, each person has a face photo in frontal pose, with 
normal lighting and neutral expression, and has no 
occlusions. In addition, a corresponding sketch is drawn by 
an artist while viewing this photo. In all the experiments, 88 
persons from the CUHK database are selected for training; 
the remaining 100 persons are selected for testing. The face 
region is aligned and normalized in size of 200×250, with 
two eye centers fixed to (75, 125) and (125, 125) 
respectively. We divided images into patches in different 
patch sizes and overlaps. All our experiments have been 
implemented using Matlab on a 2.93GHZ Core 2 Duo CPU 
computer. For the whole synthesizing process, only 1 to 10 
minutes (the concrete time is depending on the chosen 
parameters) is taken to generate a sketch. 

A. Results of different regression methods 
In this section, we demonstrate the results achieved by 

applying the four different regression methods, such as kNN, 
LS, RR and Lasso, which are shown in Fig. 3. The rows of 
(c)(d)(e)(f) column adopted different patch sizes and 
overlaps, from top to down the first row is 20×20 with 
overlaps 15, the second to fourth rows are 30×30, 40×40 and 
50×50 with overlaps 20 separately. The results of kNN and  

 
Figure 3.  Comparison of the four different regression methods results: (a) 
face photo; (b) sketch drawn by the artist; (c) synthesize face sketch using 
kNN, k=1, measured by SSIM; (d) synthesize face sketch using LS; (e) 
synthesize face sketch using RR, 510λ = ; (f) synthesize face sketch using 
Lasso, 510λ = . 

 
Figure 4.  Comparison of the results in different patch sizes with different 
overlaps of kNN methods, k=1: (a) face photo; (b) sketch drawn by the 
artist; (c) synthesize face sketch using patch size 5×5; (d) patch size 10×10; 
(e) patch size 15×15; (f) patch size 20×20. 

Lasso are acceptable for human’s vision perception and look 
like a sketch portrait. As can be seen, the results of kNN in 
smaller patches (20×20) and the results of Lasso in larger 
patches (40×40) have less blocking effect and more 
remarkable features of the origin face photo. 

Fig. 4 shows more results of kNN in smaller patch sizes 
than Fig. 3. Each row of (c)(d)(e)(f) from top to down has 
overlaps 3, 4, 14 and 18 respectively. Since overlap cannot 
be larger than patch size, some results do not exist and leave 
out blank. When the overlap is fixed, if the patch size is 
small (5×5), more detailed information is preserving. In spite  



 
Figure 5.  Comparison of the results in different patch sizes with different 
overlaps of Lasso, 510λ = : (a) face photo; (b) sketch drawn by the artist; 
(c) synthesize face sketch using the whole image; (d) synthesize face sketch 
using patch size 50×50; (e) patch size 40×40; (f) patch size 30×30; (g) 
patch size 20×20. 

of this, the result of this situation is too noisy and the 
computing time is a little long due to excessive patch 
number. If the patch size is fixed, the mosaic effect reduces 
when overlaps increasing. In all, the results of patch size 
15×15, overlaps 14 and patch size 20×20, overlaps 18 are 
appealing. 

Fig. 5 shows more results of Lasso. When using the 
whole image to reconstruct the sketch, as discussed before, 
the synthesized sketch doesn’t look like the face photo and 
has a heavy ghosting. Each row of (d)(e)(f)(g) from top to 
down has overlaps from 0 to 40 increased by 10 per row. 
Relatively, the results of patch size 50×50 and 40×40, 
overlaps 30 are fine. Differ from kNN, when patch size is 
smaller (such as 20×20), some patches exert incorrect 
artifacts. The best result of Lasso seems not reflect enough 
sketch stroke than the best situation of kNN due to excessive 
composition. Anyway, Lasso consumes half the computing 
time of kNN because kNN expending too much time on 
patch matching. 

In Fig. 6, we compare the synthesized sketches using two 
different measures in the patch matching process of kNN: 
Cosine Similarity and SSIM. The results of Cosine Similarity 
imply that this measure finds more wrong matching patches 
(some white patches in hair region) than SSIM, especially in 
highlight areas or nearly pure black hairs. 

B. Comparison with other methods 
Our proposed method is compared with other previous 

work: global eigentransformation [1], LLE approach [2], and 
multiscale MRF model [3], and the results are shown in Fig. 
7. Our method works much better than global transformation 
and LLE approach in hair region synthesizing. The face 
region is more clear with nearly no noise compared with  

 
Figure 6.  Comparison of sketch synthesis results using Cosine Similarity 
and SSIM: (a) face photo; (b) sketch drawn by the artist; (c) synthesized 
sketch using Cosine Similarity; and (d) synthesized sketch using SSIM, 
SSIM parameters: K = [0.01 0.03], window = ones(4), L = 100; all using 
patch size 20×20, overlap 4. 

 
Figure 7.  Comparison of synthesized sketch by applying different 
methods: (a) face photo; (b) sketch drawn by the artist; (c) 
eigentransformation method; (d) LLE approach; (e) multiscale MRF 
model; (f) our 1NN method; (g) our Lasso method. 

global transformation and LLE approach. Although the 
multiscale MRF model is the state-of-the-art approach, some 
results are not very resemble to the original photos and all 
the results lost too much sketch texture. Our approach 
outperforms MRF methods because our results are more like 
the original persons and retains more sketches artistic. See 
the eyebrows and shadow areas, the results of MRF model 
are very smooth due to multi-layers’ overlaying. By contrast, 
our results are more close to the sketch drawn by the artists. 

V. CONCLUSION 
This work has presented a simple local regression model 

for example-based automatic face sketch synthesis. Our 
regression method aimed at learning photo-sketch prior 
mapping relation from a training set of photo-sketch pairs. 
Given only one face photo, its sketch can be synthesized in a 



few minutes by using our system. Specifically, the 
experiments indicate that our approach outperforms existing 
face sketch synthesis techniques in terms of similarity and 
artistic. 

The major future research directions include pencil 
texture enhancement and more consideration on variations of 
pose and lighting. Taking into account rendering mechanism 
and pencil stroke based techniques may be a feasible way. 
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