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ABSTRACT

As a famous cultural wealth, the sketch of fresco is one of the
most important art expression forms in the World Heritage.
To avoid the damage of natural and human factors, painters
can only use photos and videos to depict sketch in most world
culture heritage sites, otherwise real frescos. Therefor, a com-
putational method for extracting sketch is helpful and mean-
ingful in sketch copying and researching area. However, ex-
isting approaches with the incomplete fresco are not enough
to deal with the challenge of sketch extraction. In this paper,
we proposes a framework to generate sketch of fresco with
frescos as input. To reduce noise and refine detail lines, we
adopt hierarchical segmentation technology to extract sketch-
es of different regions respectively, and splice those sketches
into an integrated sketch. For replacing the missing content
and getting a complete sketch, we provide recommendation-
s from a database of many existing fresco sketches elements
for users to select. At last, users can adjust sketch based on
vectorization to achieve optimization. Our framework can be
used for artists or learners to study painting sketch images and
research fresco art. The experimental results demonstrate the
effectiveness of our framework.

Index Terms— Fresco; Sketch generation; Structure of
fresco; Missing part of fresco

1. INTRODUCTION

Fresco (Figure 1(a)), with smooth lines, rich color and unique
content, is a famous cultural treasure in the World Heritage.
Early sketches of frescos were drawn by artists with reference
to real frescos. Afterwards, to avoid the effect of light and hu-
man destruction, most famous fresco heritage sites have for-
bidden people to enter into. Currently, real frescos cannot be
seen, and just the photos or videos are provided for painter-
s to copy. Therefore, extracting the sketch (Figure 1(b)) by
computational method is urgently needed and meaningful for
artists and learners to depict sketch of fresco.
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Fig. 1. The Dunhuang Mogao Grottoes Fresco and the sketch
generated by our framework.

However, with only frescos as input, sketch extraction
from fresco is still challenging. At first, due to the damage
of the natural and human factors, frescos are missing and un-
complete. Then, even with complete frescos, it is not nec-
essarily able to get the full sketch through existing technolo-
gies. ShadowDraw system [1] with a large amount of images
data to train, only helps users draw sketch in existing cate-
gories, but it is difficult to gain sketch with only a fresco data.
Though image segmentation method can extract single fres-
co, the importance of the extracted lines and contents need to
be considered.
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Fig. 2. The flowchart of sketch generation. Input image (a) is segmented to hierarchical structure (b). The users select the color
to decide structure block sets (c) and (d), then input image (a) is also divided into (e) and (f) corresponding (c) and (d). After
splicing the extraction sketches (g) and (h) into a mosaic sketch (i), users select the missing contents (j) in the interface of (a)
and replace them with recommendations. The final image (l) is optimized from (k) using vectorization.

In this paper, we propose a sketch generation framework
with a given fresco. We use the term ’sketch’ to mean a art for-
m that expresses the fresco content using lines. To minimize
global noises and refine local detail lines, we segment fresco
into different closed regions, and sketches of different region-
s are extracted respectively, and we introduce the concept of
’structure block’ to represent every segmented region. In or-
der to obtain a complete sketch, we replace missing regions
and optimize generation sketch. Our experimental results are
worthy for copying and researching. Moreover, they can also
be showed in exhibition center or visitor center.

Overall, the contributions of this paper are:

∙ We propose a tracing and exhibition tool for artists or
learners to study painting sketch images and research
sketch art and fresco art.

∙ We design a framework to generate sketch with interac-
tion of users using reliable methods: we present a strat-
egy to get detail lines by extracting hierarchical struc-
ture blocks and replacing missing contents, we build a
database that includes some elements of sketches drawn
by artists, and we provide a vectorization approach to
adjust details of sketch.

The rest of this paper is organized as follows. In Section 2,
we give an overview of related work. In Section 3, we present
the framework with relevant algorithms. The results and eval-
uation is shown in Section 4. Finally, Section 5 concludes our
work.

2. RELATED WORK

Sketch is a rendering technique available to humans, e.g., an
interactive sketch recognition system [2] has been proposed to
understand how humans depict the visual world using sketch-
ing. Sketch is also an art form of painting, e.g., an example-
based stroke stylization approach [3] has been introduced for
digital painters to generate expressive handwriting. Sketch
image can also be extracted in frequency domain, a frame
stylized curve model [4] with users’interaction can generate
smoother and more multifarious sketch. Yong Jae Lee pro-
posed ShadowDraw system [1] to dynamically adapt to the
users drawing and provide real-time feedback of shadow im-
ages from thousands of images. ShadowDraw produced more
realistically proportioned line drawing than others, but only
draw images classified by its database.

Image segmentation techniques [5] in 2004, combining
pixel texture information with color information, treated the
specified pixel as pixel seed to grow the region in accor-
dance with the principle of level set diffusion. This method
achieved better results in Japanese comics. Hierarchical im-
age segmentation [6] introduced the gPb and gPb-owt-ucm
algorithms, the contour detector gPb provides equal or bet-
ter precision for most choice of recall, compared favorably
with other leading techniques, and gPb-owt-ucm provides u-
niversally better performance than alternative segmentation
algorithms. Edge detection algorithms Marr-Hildreth [7], So-
bel [8] and Canny [9] have their own advantages in contour
extraction process [10], while improved Canny method [11]
is more conducive to detect boundary of color image. For fea-



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

Fig. 3. The feature extraction. From left to right: 𝑚𝑃𝑏, 𝑠𝑃𝑏,
𝑔𝑃𝑏, closed contour.

ture extraction, the SIFT method [12] is a classical description
approach by using a histogram to represent the difference of
image shape and appearance. Recently, the BiCE method [13]
is better than SIFT to record the feature of line.

3. THE PROPOSED FRAMEWORK

The goal of our framework is to generate sketch of a given
fresco. There are four major parts in this framework (Fig-
ure 2). Firstly, we get frescos’ structure and structure blocks
(Figure 2(b)). Based on users’ selection, we divide structure
blocks into sets (Figure 2(c)(d)) and obtain corresponding re-
gions (Figure 2(e)(f)) of original images. Then, we extract
lines (Figure 2(g)(h)) and splice them into a full sketch (Fig-
ure 2(i)). Thirdly, we select and replace the missing contents.
Finally, we provide the vectorization operation to optimize
the result.

3.1. Hierarchical Structure Segmentation

To get frescos’ structure from original image, we use hier-
archical image segmentation technology [6]. There are two
stages in this method, i.e. feature extraction and closed re-
gions generation. Considering the importance and difference
of lines in different regions (most lines may be noise in a re-
gion), users can divide structure blocks sets to gain different
sketches using different parameters.

Globalized probability of boundary(gPb) based fea-
ture extraction gets primary structure contour of image. As
the noise of fresco distributes randomly and unfit common
Gaussian noise and Saline noise. we extract the gPb feature
with texture channel as the fourth channel to control the im-
pact of noise. Different from the method [6] used 17 Gaus-
sian derivatives, we convolves the gray scale of image 𝐼 (Fig-
ure 2(a)) with Gabor wavelet [14] to produce the texture chan-
nel, in order to extract more detail feature of structure.

The 𝑔𝑃𝑏 feature (Figure 3(c)) combines the local contour
𝑚𝑃𝑏 (Figure 3(a)) that focus on edge and the global 𝑠𝑃𝑏 (Fig-
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Fig. 4. The color structure image. The threshold 𝑇 is
0.1, 0.12, 0.15, 0.2 respectively.

ure 3(b)) that pays attention to outstanding curve of image:

𝑔𝑃𝑏(𝑥, 𝑦, 𝜃) = Σ𝑠

∑

𝑖

𝛽𝑖,𝑠𝐺𝑖,𝜎(𝑖,𝑠)(𝑥, 𝑦, 𝜃)+𝛾 ⋅𝑠𝑃𝑏(𝑥, 𝑦, 𝜃)

(1)
each pixel 𝑝(𝑥, 𝑦) is placed with a circular disc, which is split
into two half-discs by a diameter at angle 𝜃. The left side of
plus sign is 𝑚𝑃𝑏 feature, 𝑠 stands for scales, 𝑖 indexes four
feature channels, 𝛽𝑖,𝑠 is the weight of each channels relative
contribution, and 𝐺𝑖,𝜎(𝑖,𝑠) means the distance of histograms
between two halves of a disc. Then we adopt spectral cluster-
ing to optimize above 𝑚𝑃𝑏 and obtain new spectral feature
𝑠𝑃𝑏, 𝛾 is the weight of 𝑠𝑃𝑏.

Closed contour optimization recovers the gPb contours
and gain hierarchical segmentation regions by using the Ori-
ented Watershed Transform(OWT) [6] and Ultrametric Con-
tour Map(UCM) [15]. Firstly, the OWT can produce a set of
initial regions 𝐸(𝑥, 𝑦, )from the gPb contours signal. Then
using an agglomerative clustering procedure, we form these
regions into a hierarchy that can be presented by an UCM,
the real-valued image obtained by weighting each boundary
by its disappearance. The hierarchical segmentation results
include closed contours an closed regions for strengthening
strong boundary and preserving weak boundary. Differen-
t thickness lines represent different hierarchical information
(Figure 3(d)).

Then we fill each structure block with the mean color us-
ing different threshold T. Figure 4 shows different structure
blocks by adjusting T. From the results, we can see that the s-
maller threshold gains more meticulous and clutter structure,
while the larger threshold gains less and rougher structure.
We provide a user interface for adjusting threshold to gain the
color structure image 𝐸 (Figure 2(b)).

Structure block sets division provides an interface that
users can select structure blocks color to divide structure
blocks into sets. The color of structure block instead of block
itself to be divided. Some structure blocks with more noise
or less lines can be divided into a same set in order to reduce
generated lines, and others also can be divided into several
sets to gain lines of varying degrees. The number of sets de-
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Fig. 5. The BiCE descriptors matching. The red and the green
of image (c) represent respectively the eye element (a) and
(b).

pends on the users themselves with reference to the noise and
content information of structure block. In this paper, We di-
vide the blocks into two block sets (Figure 2(c) and (d)) and
gain the corresponding image areas (Figure 2(e) and (f)) in
original image.

3.2. Sketch Generation

In this section, we generate the sketch 𝑆𝑘 (k=1,2,...) of above
each structure block sets and splice all sketches into a full
sketch corresponding original image.

Line extraction gains basic sketch of fresco. At first,
in order to control noise, we introduce the 𝐿0 minimiza-
tion method [16] to smooth original image areas (Figure
2(e)and(f)). Then, we choose the improved Canny [11] to
detect edge 𝑆𝑘 (Figure 2(g)and(h)) using different thresholds.
If there are so many structure blocks sets to extract lines, the
improved Canny method runs faster than the gPb method.

Sketch mosaic completes a whole sketch image. In accor-
dance with the position in the image 𝐼 , we merge all sketch
images 𝑆𝑘 into a whole sketch 𝑆 (Figure 2(i)).

3.3. Missing Content Replacement

From 𝑆, we found some parts contain discontinuous or in-
complete lines. Therefore, we build a database of feature de-
scriptor according to existing Dunhung frescos, and provide a
function for finding and replacing missing areas with several
recommendations after users select missing areas.

Feature descriptors database creation derives from the
fact that many contents of fresco repeatedly and similarly
appear in history , and some artists have drawn a lot of s-
ketches, such as Dunhung Fresco in China. Then we create
a huge database (Figure 2) with partial sketch elements of
above contents and their feature descriptors (Binary Coherent
Edge) [13].

We collect a larger number sketches painted by artists, and
extract the intact elements with specific categories, e.g., eye,
mouth and nose. Elements in same category were stored in
same size. Then we compute the feature of these elements.
The BiCE descriptors describe an edge based on its orienta-
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Fig. 6. The recommendations of missing regions. The left
column shows the missing regions, the second column shows
the edge of the missing regions, the other five columns show
the recommendations ranked at the top five. (a)(b)(c) respec-
tively index left eye, right eye and mouse of fresco.

(a) (b)

Fig. 7. The comparison between non-vectorization sketch im-
age (a) and vectorization sketch image (b).

tion 𝜃, position (𝑥, 𝑦) and length 𝑙. Here we adopt a four
dimensional histogram 𝐻(𝑥′, 𝑦′, 𝜃, 𝑙) to describe every line,
where the new coordinate frame (𝑥′, 𝑦′) aggregates position
(𝑥, 𝑦) with a standard 2D rotation matrix.

To improve the speed of matching, we binarize the sub-
sampled histogram 𝐻’s value by assigning the value 1 to the
descriptors, which are higher than some threshold (the thresh-
old is 0.2), and 0 to others. Then the edge histogram is bina-
rized to encode edge locations, orientations and lengths. Fig-
ure 5 shows the descriptors of eyes in fresco. The red and the
green of image (c) represent respectively the feature of eye
element (a) and (b).

Missing content selection provides an interface for users
to pick up the missing contents. We show the original image 𝐼
and the sketch image 𝑆 in user interface. The user can identify
the differences by comparing 𝑆 with 𝐼 and manually select the
missing contents caused by fresco itself or extraction process
(Figure 2(j)) in 𝐼 .

Missing content replacement make some parts of sketch
more complete. The selected missing regions are smoothed
and detected edge by the system. Then the BiCE descriptors
gained will match all BiCE descriptors in database. The yel-
low regions in Figure 5(c) show the matching result between
(a) and (b). To generate satisfying sketch, the system recom-
mends several replaced elements of database for users (Figure
6). One of the recommendations may be user’s expectation
(Figure 2(k)).
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Fig. 8. The results with hierarchical structure. From left to
right: original image, structure image and sketch image.

3.4. Sketch optimization

Sketch optimization provides user interface to ensure that s-
ketch can be applied to multi-resolution and modify local s-
ketch. This paper proposes a polygon tracking algorithm [17]
to reconstruct vector representation of sketch. This algorith-
m decomposes edge of sketch image into several paths with
black and white regions, and displaces these paths by appro-
priate geometry figures, finally, transforms the geometry fig-
ures into smooth contour. Comparisons between input sketch
image and final vector-based sketch image is shown in Figure
7.

At last, a plain sketch (Figure 2(l)) with complete infor-
mation outputs in our framework.

4. RESULTS AND EVALUATION

We collected Chinese Dunhuang Mogao Grottoes Frescos as
experimental material. The input images of system were
the original color image of fresco, and the sketch elements
in database came from existing copying sketches painted by
artists.Figure 8 demonstrates a better result through a hier-
archical structure segmentation. We see the main structural
contour and content still contain outstanding and detailed in-
formation of lines, but the background area with less lines
and more noise is removed. In results, as damage and noise,
complex lines in main structural blocks are impossible to be
avoided. On the contrary, the phenomenon that the color is
fading and the lines are not obvious has been prevalent in fres-

( )a ( )b

Fig. 9. The results of some incomplete lines. The fill color
and line color are closed in each box. In column (a), the box-
es at the same location in different row images represent the
same content. The same as column (b).

Fig. 10. The satisfaction of users. NP: Non-painting users,
NCP: non-computer painters, CP: computer painters.

co, there are some incomplete lines in our method, as shown
in Figure 9.

We have conducted a user study to measure satisfaction
of our results. There were three categories of users: non-
painting users(NP user); non-computer painting users(NPC
user); computer painting users(CP user). The number of each
category was thirty and those were chosen randomly from our
university to participate in the study. We provided original
fresco images and our sketch images to all users, they gave
the satisfaction score (1-10, high score means high satisfac-
tion) of our results. To evaluate effectively, we also provided
some conditions as a reference, such as the proximity between
original fresco and sketch, the importance of remain content,
the integrity of lines, the artistry of lines and so on. The result
of evaluation is shown in Figure 10.

We can see almost all the investigators are satisfied about
our results. Non-painting users felt our results were more
convenient to copy fresco. For painter and artists, our results
were very realistic and art. Among them, non-computer paint-
ing users thought our method was very novel and meaningful
for them to paint, and computer painting users thought this
method can be applied to bulk for sketches, but there are also
some limits and additional operations, such as remove some
noise part artificially.



Our framework focus on Dunhuang Mogao Grottoes Fres-
cos, but also apply to other frescoes with obvious feature of
lines, even other painting art image. The resulting sketch can
be widely used in many fields. For example, as an adjunct of
the research and analysis about art pictures, as a learning tool
to copy sketch in art world and as a novel exhibition way in
Museum of Art.

5. CONCLUSION

In this paper, we have analyzed the process of sketch gen-
eration, and proposed a sketch generation framework includ-
ing: structure extraction, sketch generation, missing content
replacement and sketch optimization. The final results are
satisfactory for research and application.

For future work, we suggest two aspects for studies:
(1) There are some limitations of our study about fresco

itself. For instance, painting style is also an important char-
acteristic to measure in all stages of sketch generation. So the
sketch results can be optimized better. One possible way to
approach this problem is to create a larger feature database
including sketch style feature.

(2) We will invite artists to measure and apply our system
to improve our results and obtain better sketch.
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