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a b s t r a c t
QR code(Quick Response Code) is a popular two-dimensional matrix that randomly consists of black and
white square modules. While the appearance of QR codes are often visually unpleasant, it leads to the increasing demand for the aesthetic QR codes. However, it may turn out to be unreadable if changes to the
modules of the QR code are inadequate. Therefore, to resolve this conﬂict, we propose a method to generate an aesthetic QR code, which is based on the RS(Reed–Solomon) error correction mechanism in QR code
encoding rules. First, according to the characteristics of the QR code, we mark the positions of codewords as
codeword layout. Then, we detect salient regions of the background image to generate the saliency map. The
next step is to combine it with the saliency map and codeword layout to calculate saliency values, then sort
and select proper codewords as changeable regions. Finally, we propose the hierarchical module replacement
rules. The theoretical maximum value of the changeable areas is the redundancy capacity T of RS error correction. Compared with the existing methods, our algorithm can maximize the changeable areas and highlight
the important regions of background image. This algorithm has better aesthetic effects, while maintaining
the rate of successful decoding.
© 2015 Elsevier Inc. All rights reserved.

1. Introduction
Quick Response Code, also called QR code in short, is a kind of
two-dimensional barcode designed by a Japanese company Denso
Wave in 1994. QR code is deﬁned as an open standard and public
patent. QR code is a matrix consisting of a series of black and white
squares, called modules, placed in a speciﬁc order. Because of the
widespread use of smart phones with a camera, the two-dimensional
code applications have become more and more popular, such as electronic coupons, tickets, payment by code scanning billboards and
so on.
There are several studies regarding the research topics of QR
codes, such as an increase information capacity with QR codes
(Vongpradhip, 2013) , data hiding research with QR codes (Dai et al.,
2014; Huang et al., 2011).
Because the traditional QR codes have poor visual effects, how to
design the aesthetic QR codes has recently become a hot research
topic.
In the early days, most of the aesthetic codes were designed manually by artists based on original QR codes since ordinary people
could not afford the expensive design cost. Artists modiﬁed the QR
∗
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codes usually by ﬁlling color in the modules, replacing small objects,
smoothing edges, adding logos or other skills. In the last step, the
modiﬁed aesthetic codes had to be manually detected to see whether
they were readable. Such a manual effort wastes a lot of manpower
and resources, and it can hardly guarantee the accuracy of decoding. Recently, some researchers have begun to engage in the automatic generation algorithm of aesthetic QR codes (Wakahara and
Yamamoto, 2011; Wakahara et al., 2010; Ono et al., 2008; Lin et al.,
2013; Chu et al., 2013; Chengfang Fang et al., 2014), V. company;
P. company, (Garateguy et al., 2014). They have developed some algorithms to strike a balance between the best aesthetic effects and
the successful recognition rate.
In order to deal with these problems, we utilize the characteristics
of the codewords in QR code, and the arrangement of the RS error
correction blocks, which determine the locations of the codewords
and RS blocks. The locations and shape of those codewords construct
the codeword layout marked as candidate changeable regions. In the
consideration of the redundance feature of the RS principle, the maximum value of the changeable areas is determined by the error correction capacity. Image saliency detection technology is used to compute
the saliency value of the background image and generate the saliency
map. Then, according to the codeword layout, the background image is divided into codeword-blocks and the average saliency value
of each codeword-block is calculated. The average saliency values of
codewords are sorted in descending order and the ﬁrst k crucial codewords are chosen as changeable regions. In this paper, a hierarchical
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changeable rule of modules is proposed so that the background image
can emerge more in the QR code area. Also, modules can be replaced
by a variety of shapes. Finally, the aesthetic QR code is generated so as
to maximize the changeable areas, highlight important areas of background image, and achieve a better balance between aesthetic effects
and recognition rate.
2. Related works
The studies addressed on QR codes beautiﬁcation proposed methods for generating beautiﬁed QR codes automatically or interactively.
These methods are divided into two categories:
The ﬁrst one is a group of methods that enforce logos directly based on the characteristics of the QR symbol (Wakahara and
Yamamoto, 2011; Wakahara et al., 2010; Ono et al., 2008). Wakahara
and Yamamoto (2011) proposed the algorithm adding logos directly
in the padding regions Fig. 1(a). Ono et al. (2008) proposed a system
for decorating 2D barcode with some illustrations by using a realcoded genetic algorithm. However, these methods just use the simple powerful error correction capability to overlay two images rather
than adequately synthesize the background image with the QR image
and they do not consider maximizing the changeable areas.
The second one is the module-level aesthetic processing (Lin et al.,
2013; Chu et al., 2013; Chengfang Fang et al., 2014), V. company;
P. company, (Garateguy et al., 2014). The module is the smallest
atomic unit of QR symbol. In order to achieve a better aesthetic effect, some algorithms use modules for image fusion or second division. Lin et al. (2013) proposed to make the padding regions and parity regions as the changeable regions, and to deal with the QR beautiﬁcation by saliency perception. In order to obtain larger changeable
regions, the approach upgrades the QR version. However, with higher
QR versions, the number of alignment patterns increases rapidly.
Fig. 1(b) shows that there is a large amount of alignment patterns
in the person’s face, which affects the overall aesthetic effect. The
alignment pattern (Information technology automatic identiﬁcation
and data capture techniques, 2006) is what enables the decode software to re-synchronize the coordinate mapping of the image mod-

ules in the event of moderate amounts of distortion of the image.
Chu et al. (2013) proposed halftone QR code that divided the module into 3 × 3 small modules. Next, the readability and reliability
function was created to control the module replacement. However,
due to the rough halftone particles, the aesthetic effects should be
improved Fig. 1(c). Chengfang Fang et al. (2014) formulated the generation as an optimization problem that considers operations carried
out by the barcode reader. The optimization algorithm minimizes the
visual distance between the QR code and the logo. However, the module changeable threshold value uses experiential parameter. What’s
more, although the saliency detection is used, the important area of
background in aesthetic QR code is still damaged, such as the damaged face in Fig. 1(d). V. company replaced the modules with some
private algorithm. The free version seems unpleasant, with the destroyed background and a rough outline Fig. 1(e). P. company product
has a similar effect Fig. 1(f).
According to the human visual system, people always pay more
attention to the visual center of the picture. It is annoying if the noiselike modules are right on the visual center of picture. After we carefully studied four methods (Lin et al., 2013; Chengfang Fang et al.,
2014), V. company; P. company and compared the examples of beautiﬁed QR codes, we obtained the following observation. Those methods
cannot completely avoid noise-like modules from the background of
a beautiﬁed QR code.
Therefore, we propose a method for an aesthetic QR code, which
is closely combined with redundancy error correction rules, codewords structural features and saliency detection (Goferman et al.,
2012) technology. In addition, hierarchical replacement rules are used
to enhance the effect. We replace the codewords in the changeable regions with those in the background regions. While in the unchangeable regions, the modules are replaced based on a threshold
value, so that the exposed regions of the background can be maximized. In order to highlight the visual effect and enhance the interest of the aesthetic QR code, users can make a module of a special
shape of modules to replace the normal ones. Experimental results
show that our method generates a better visually pleasant aesthetic
QR code, which can stay away from the noise-like modules in the

(a) Method 1

(b) Method 2

(c) Method 3

(d) Method 4

(e) Method 5

(f) Method 6

Fig. 1. Beautiﬁed QR codes with several methods.
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Fig. 2. System overview.

most salient regions of background, and maintain visual integrity of
the aesthetic QR code.
3. Algorithm
In this paper, we propose an algorithm to generate an aesthetic
QR code. Fig. 2 provides a workﬂow. The algorithm needs an information string and its desired version, error correction level, k value,
module in custom shape, and a picture as background image. Here,
k value represents the number of codewords that want to change. It
is deﬁned by the user and should be less than the error correction
capacity.
The proposed method which is designed for aesthetic QR code
consists of four steps. We will elaborate some details in next subsections:
(1) Construct codeword layout
We propose a “codeword layout” which is used to guide the
generation of changeable regions. The reasoning and steps
needed to construct the codeword layout will be described in
Section 3.1.
According to the QR code standards[ISO/IEC 180 04 20 06], we
mark the position of each RS block, and the position of codewords in every RS block to construct the codeword layout Ic .
In accordance with the RS error correction coding mechanism,
the capacity of error correction codewords is the maximum
changeable codeword in the RS block. The RS block is a structure of QR code deﬁned in QR code standard. In order to further
improve the quality of aesthetic QR code, the area of changeable regions can become larger by changing the version or error correction levels, which will be described in Section 3.2.
(2) Obtain saliency map
The saliency detection is an algorithm that detects the regions
which most people think are important, and these regions are
called salient regions. The saliency map is a map of salient regions. Since saliency detections are not the focus of this paper,
we used software downloaded from the Internet. This saliency
detection is applied to generate a saliency map Im of background image. If users want to change the salient regions, it
is allowed to mark the new regions on a saliency map, such as
the one shown in Fig. 2. We mark the face of “lena” in order to
get a better quality resulting image.

(3) Select best changeable regions
The changeable region is a region that can be replaced by the
background image completely, and selecting the best changeable region means choosing a better region to highlight the
background image according to the saliency map.
First, we map these blocks of the codeword layout Ic to
the saliency map Im , and calculate the saliency value. These
blocks’s sizes and positions of Ic are mapped to Im , which divided Im into blocks. For example, as shown in Fig. 2, the red
block in the saliency map is one block mapping from the codeword layout. Therefore, the average value of each codeword
block is calculated, which is called saliency value. Each codeword has its own saliency value.
Then, we sort these codewords with saliency values in descending order, and select the ﬁrst k codewords as the best
changeable regions. The example of the sorted codewords’ table is demonstrated in Fig. 2. Similarly, other RS blocks can
ﬁnd the best area, consisting of the changeable regions of a QR
code. The ﬁnal area of the changeable regions of a QR code is
the number of RS blocks multiplied by the k value. The details
about changeable regions are elaborated upon in Section 3.3.
(4) Propose hierarchy replacement rules
For the changeable regions, the corresponding regions of background picture can be put to the QR code directly. Whereas, for
the un-changeable regions, we propose module replacement
rules based on the threshold. The example of two regions is
illustrated in Fig. 2.
In order to highlight the visual effect and enhance the interest
of the aesthetic QR code, users can make customized modules
to replace the normal ones. The replacement rules are elaborated upon in Section 3.4. The result of an aesthetic QR code
can highlight the important regions of background, and, simultaneously, maintain the integrity of the background in the
code.
3.1. Construct codeword layout
In this section, we analyze the distribution of the codewords in
each RS block, and the aligned features of codewords in QR symbols.
Then the codeword layout is constructed to guide the generation of
the changeable region.
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Table 1
Error correction characteristics for QR Code (Information technology automatic
identiﬁcation and data capture techniques, 2006).
Version

Codeword

level

EC codeword

3

70

L
M
Q
H
…
H

15
26
36
44
…
2430

RS block

(n, k, t)

1
1
2
2
…
…
…
40
3706
20
61
n = total number of codewords, k = number of data codewords,
t = error correction capacity

(70, 55, 7)
(70, 44, 13)
(35, 17, 9)
(35, 13, 11)
…
(45, 15, 15)
(46, 16, 15)

Table 2
Distribution of codeword in each RS block of version 3-H.
RSblock

Data codeword

Block 1
Block 2

D1
D14

Error correction codeword
Fig. 3. Example of codeword layout of version 3-H.

D2
D15

D3
D16

…
…

D13
D17

E1
E23

E2
E24

E3
E25

…
…

E22
E44

QR code standard deﬁnes the structure of the QR symbol, including the encoding region and function pattern. RS error correction
algorithm is used to generate EC Codewords(error correction codewords) and appended to the data sequence. The data and EC Codewords consist of RS blocks. Table 1 shows, depending on the version
and level, there are one or more RS blocks, i.e. version 3-H has two
RS blocks, each block has 13 data codewords and 22 EC Codewords.
This paper use version V–E, where V represents the version number
(1–40) and E represents the error correction level (L/M/Q/H). Considering the different capacities of each RS block in one QR code, we use
one RS block as a basic processing block, so that each block can be
processed separately.
The codeword in the QR code symbol is arranged in special order.
The sequence of ﬁnal codewords is arranged from top to bottom as
shown in Table 2, i.e., D1, D14, D2, D15, …, E22, E44. Then, starting
from the bottom right corner, the codewords of the ﬁnal sequence are
arranged from right to left, from bottom to top and back from top to
bottom, until it is fulﬁlled. Fulﬁlled means that all of the codewords
were put into the QR encoding region and ﬁnished. This assembles
the codewords in each RS block by taking data and error correction
codewords from each block in turn. Such a particular arrangement
allows codewords uniformly distributed in the QR code, so as to resist
a certain degree of alteration attacks effectively.
Therefore, our method utilizes the arrangement of codeword to
mark the codewords’ positions for each RS block, and constructs the
codeword layout. The area represents the candidate changeable region. There are two steps:
(1) As shown in Table 1, according to the desired version and level,
the number of RS blocks, the number of data codewords, the
number of parity codewords and the error correction capacity
of each RS block are determined.
(2) We mark the positions of each RS block, and the positions of
codewords in every RS block to construct the codeword layout.
For example, Fig. 3 shows the 3-H version’s codeword layout. It
indicates the condition of RS blocks and codewords. The red region
denotes one RS block, and the green region denotes another RS block.
Each number in a small colored region represents a codeword, and
the codewords with gray are the parity codewords.
3.2. Area of changeable regions
The RS error correction coding mechanism is applied in QR code.
When QR code is attacked, it can restore part of the erroneous data. RS

coding is a [n,k] non-binary linear block code which can correct both
random and burst errors. The n represents the total number of codewords, k represents the number of data codewords. Also, the length
of parity codeword is n-k, t errors can be corrected, where

t = n − k/2

(1)

RS has a good error correction ability for burst errors. EC Codewords can correct two types of errors, erasures (erroneous codewords
at known locations) and errors (erroneous codewords at unknown
locations) (Information technology automatic identiﬁcation and data
capture techniques, 2006). Erasures requires one EC Codeword, while
errors needs two EC Codewords in order to correct them.
For example, the QR code symbol of 3-H version, has 2 RS blocks,
the error correction capacity of each RS block is 11 (see Table 1). The
RS error correction coding mechanism can correct 11 error codewords
at most in one RS block. This means that one area with no more than
11 codewords can be freely modiﬁed, so that there is up to 22 codewords’ regions can be used as the changeable regions in the 3-H version. As long as QR codes have the capability to recover data, we can
use the error correction capacity as the max area of the changeable
regions.
QR code with different versions and levels have different error correction capacity. For QR code symbols, it goes from 21 × 21 modules
(Version 1) to 177 × 177 (Version 40) modules. Given the same level
of error correction, along with the rise of the version, the number of
modules will increase, the QR symbol’s area will also increase, eventually, it will beneﬁt the background integration. Thus, we can conclude that because of the increase of error correction capacity, the
changeable regions’ area will increase accordingly. And so it is in the
case of same version with different error correction level. Therefore,
when generating aesthetic QR codes, it’s important for us to choose
a large version and error correction levels appropriately, so that the
changeable region’s area can be increased.
3.3. Changeable regions of RS blocks
Our method makes use of the redundancy feature of the error correction mechanism to determine the error correction capacity as the
theoretical maximum number of changeable region’s area. In this section, saliency detection technology is applied to obtain the important
regions of the background image. And, by combining with the codeword layout, we acquire the optimal changeable regions that can prevent modules from covering important regions of background. In this
case, the aesthetic QR code maintains the integrity of the salient regions of the background image. It has better visual effects than other
methods.
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(a) Changeable regions is 12 (b) Changeable regions is 28 (c) Changeable regions is 40

(d) 5-H-12

(e) 5-H-28

(f) 5-H-40

Fig. 4. Version 5-H with different area of changeable regions, (a) (b) and (c) QR codes different area of changeable regions, (d) (e) and (f) format:version-error correction levelchangeable regions.

Users can set different values of k, and get different size of changeable regions, so as to make different results.
Fig. 4(a), (b) and (c) shows some experimental results with different size of changeable regions, and Fig. 4(d), (e) and (f) shows the
ﬁnal results that apply the rules of module replacement in the next
section. The error correction capacity of version 5-H is 44 codewords.
The size of changeable regions in Fig. 4(a) is 12 codewords, and the
ﬁnal result seems very poor that shows only half of the person’s face
Fig. 4(d). The size of changeable regions in Fig. 4(b) is 28 codewords,
accounting for 63% of the error correction capacity. The visual effects
of the person’s face is much better than the ﬁrst one Fig. 4(e). The
size of changeable regions in Fig. 4(c) is 40 codewords, accounting for
90% of the error correction capacity, and the ﬁnal result looks quite
well that shows a complete person’s face.
3.4. Hierarchical replacement rules
In this section, after the changeable regions are determined, we
put the corresponding regions of background picture to the QR code.
The codeword is the basic unit of the changeable region. However,
one codeword is composed of 8 black or white modules. When a
codeword is changed, it means the 8 modules are changed simultaneously. Therefore, in this paper, we propose a novel method that
changes the QR code with hierarchy replacement rules. These proposed replacement rules consist of two levels. These proposed replacement rules consist of two levels:
(1) For the codewords in the changeable regions, the corresponding regions of background regions are put directly to the synthesis QR code.
(2) For the modules in the un-changeable regions, there are four
cases respectively in Eq. (2).

⎧
0,
⎪
⎪
⎨

if Ti
−1, if Ti
Q=
1,
if Ti
⎪
⎪
⎩
0,
if Ti


< T0 Ni = 0,

> T0 Ni = 0,

< T0 Ni = 1,

> T0 Ni = 1.

(2)

where Q = 0 represents the module is replaced by the background
directly, Q = −1 represents the module is replaced by the customized
black module, Q = 1 represents that the module is replaced by the
customized white module.
The token Ti represents the average value of binarized blocks, the
block size are the same size as modules of QR code(example blocks as
shown in Fig. 5(a). T0 represents the threshold of background picture.
In our experiment, Otsu’s method is used to calculate the threshold
T0 . Otsu’s method (Otsu, 1979), named after Nobuyuki Otsu, is used
to automatically perform clustering-based image thresholding.
Ni = 0 represents the black module in QR code, and Ni = 1 represents the white module in QR code(example blocks as shown in
Fig. 5(b).
The Eq. (2) is explained in the view of the decoding steps. For the
second case in Eq. 2, to a black module (ﬁrst block in 2 × 2 blocks
of Fig. 5(b), if Ti is greater than the threshold T0 , the module will be
decoded incorrectly with white (ﬁrst block in 2 × 2 blocks of Fig. 5(a).
So the module region is replaced with a customized black module
(ﬁrst block in 2 × 2 blocks of Fig. 5(c). Customized module will be
elaborated in next part.
For the fourth case in Eq. (2), to a white module (second block in
2 × 2 blocks of Fig. 5(b), if Ti is greater than the threshold T0 , the module in the background image will be decoded correctly with white
(second block in 2 × 2 blocks of Fig. 5(a). Because it will not be ﬂipped
to a black module when decoding, the module region can be replaced
with the background image directly (second block in 2 × 2 blocks of
Fig. 5(c).
For the other cases in Eq. (2), we use the a similar approach.
In order to beautify the aesthetic QR code and avoid the effect on
the QR decoding steps, we search for a kind of module which is closest to the raw square module, as shown in Fig. 6(a). However, after
studying the sampling method and histogram method for modules
in zxing’s barcode scanner(developed by google’s team). It uniformly
sampled four rows with red color to compute the histogram Fig. 6(b).
So, we made the circular mask (such as Fig. 6(c) to replace Fig. 6(a).
The weight wi, j is larger when closer to the center of the circle. Eq. (3)
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(b)

(a)

(c)

Fig. 5. Example of Eq. (2): (a) The blocked binary background image; (b) Original QR; (c) Aesthetic QR.

(b). The shape of the module as shown in Fig. 7(b) is similar to the
module of V.company Fig. 1(e). However, their methods are not as
good as ours since they cannot maintain the integrity of important
regions of background.
4. Results and discussions

(a)

(b)

(c)

(d)

4.1. Experimental setup

Fig. 6. The replacement method of customized module: (a) Inscribed circle; (b) Sampling diagram; (c) Circular mask; (d) Extracted from aesthetic QR.

is used to generate the synthesis module.

MQR (i, j) = Morig (i, j) × (1 − wi, j ) + Mback (i, j) × wi, j

(3)

where wi, j  [0,1], MQR (i,j) is the pixel (i,j) in the synthesis module,
MOrig is the pixel of module in the original QR image, and Mback is the
pixel of the module in the background image. Fig. 6(d) gives the example of a synthesis module, which was extracted from an aesthetic
QR image using this mask. There are some small inﬂuences on the
QR decoding step, but have a better performance of the aesthetic QR
code.
In order to make the QR code more interesting, we propose to use
a variety of custom shaped masks to achieve different visual effects,
such as star mask, diamond mask and other special masks. These patterns cannot only be correctly decoded, but also increase the exposed
area of background in aesthetic QR codes than the original QR with
square modules. Some examples are clearly shown in Fig. 7(a) and

(a) Star mask

In this experiment, the module size of the aesthetic QR code was
16 × 16 pixels. We tested with 6 different background pictures and
3 different QR versions. The experiment was carried out in indoor
environment with normal lighting, and the aesthetic QR code was
displayed on the PC monitor(HP Compaq LE1911) with white background. We tested two kinds of barcode readers (UC browser’s decoder plug-in, zxing’s barcode scanner) on the same hardware devices (Android mobile mi 2s). In each test, we must make the camera
focus on the QR code, and the whole QR code was captured in the
frame of barcode reader. The time for decoding was 3 s. When a barcode reader decode a QR code, it will respond showing whether or
not the QR code has been decoded correctly. We considered that the
decoding test was a failure if it couldn’t decoded correctly with useful
messages within 3 s. Each decoding test can be repeated 3 times.
4.2. Experiment I
In this experiment, we tested the relationship between changeable area and decoding rate. We calculated the ratio of number of

(b) Circle with square outline mask

Fig. 7. Aesthetic QR codes with different shapes of custom module.
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Fig. 8. Relationship between changeable area and decoding rate.

Fig. 9. Relationship between background picture and decoding rate.

successful decodes among all samples in our experiments. We called
the ratio as decoding rate. Fig. 8 shows, the different version and
different error correction level, different areas of changeable regions
with different backgrounds have different situations. Keeping the version and error correction level unchanged, the larger the changeable
regions, the lower the decoding rate. However, the best balance between visual effect and decoding rate was about 50% to 60%. If the
area of changeable regions were beyond 70%, the decoding rate was
decreasing although the visual effect was better.
We also analyzed the inﬂuence of the characteristics of the background picture to decoding rate. Experimental results showed that
different kinds of background had a great impact on decoding rate.
Fig. 9 shows that aesthetic QR codes with backgrounds named “Hdulogo”, “Hangzhou” and “Lincoln” had a higher decoding rate since the
backgrounds of these images were of single and pure color, which
rarely interfere with the progress of the decoding work (Fig. 10(a),
(b) and (e). Whereas, the backgrounds named “Girl”, “Lena” and
“Einstein” had relatively lower decoding rate (Fig. 10(c), (d) and (f)

(a) 5-H-44

(b) 5-H-40

(c) 6-H-44

(d) 5-H-28

(e) 5-H-36

(f) 6-H-36

Fig. 10. Randomly selected examples of aesthetic QR codes with different backgrounds of features(format:version-error correction level-changeable regions).
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(a) δ=0.1

(b) δ=0.3

(c) δ=0.4

Fig. 11. Version 5-H of 28 changeable areas with different variances δ ’s.

Table 3
Gaussian noises with different variances related to decoding rates.
Aesthetic
QR code
4-H
5-H
6-H

Gaussian blur variance δ .
0.1

0.2

0.3

0.4

81% (39/48)
83.3% (55/66)
79.8% (67/84)

75% (36/48)
77.3% (51/66)
73.8% (62/84)

64.6% (31/48)
74.2% (49/66)
61.9% (52/84)

50% (24/48)
51.5% (34/66)
54.8% (46/84)

because of their complexity of the context and the messy colors,
which would undoubtedly lead to the incorrect binarization results
and lower decoding rate.
4.3. Experiment II
To test the robustness against noise, we added Gaussian noise
with variance between 0.1 and 0.4 to aesthetic QR code. The experiments proved that aesthetic QR code can withstand a certain degree of noise attacks. Fig. 11(a), (b) and (c) gave examples of one aesthetic QR code with different degree of Gaussian noise variance. The
results are given in Table 3. When Gaussian blur coeﬃcient was increasing, most of the aesthetic QR codes were still able to be decoded.
Therefore, the algorithm can be robust against various attacks, such
as Gaussian noise.

and the V. company method. So we invited 20 participants to do a
subjective evaluation. The experiment was similar with Wakahara
and Yamamoto (2011). We asked them to score the images about the
attractiveness, clearness, the annoyance level of noise, and the visual similarity with original background image. The scores are ranged
from 1 to 10. The result was shown in Fig. 12. Apparently, our method
was better in all aspects because of the exposed background of aesthetic QR codes, though Fang et al.’s method consisted of saliency detection technology as well.
In this paper, we combined saliency map with an align feature of
codewords to ﬁnd the changeable regions. Fig. 13(a), (b) and (c) were
generated by using our method, Fig. 13(d), (e) and (f) were examples extracted from Fang et al.’s method, and Fig. 13(g), (h) and (i)
were generated by V.company’s web. Fig. 13(a), (b) and (c) shows the
faces in the noise free background with the changeable regions. The
changeable regions could highlight the salient features of background
and guarded them against noise-like modules, as well as maintained
the integrity of the important region in aesthetic QR codes. However, Fang et al.’s aesthetic QR codes were unable to prevent the faces
from being obscured by QR modules, and, obviously, its beautiﬁcation of aesthetic QR codes were much less. Based on the results of the
comparison, we could conclude that our method can generate better
beautiﬁed QR codes to highlight the important background regions.
4.5. Experiment IV

4.4. Experiment III
We wanted to discuss in-depth the beautiﬁcation effects of our
method by comparing it with Chengfang Fang et al. (2014) method

To test the scope of image types for the proposed method in this
paper, we performed the test with some test images in the USC SIPI
database (http://sipi.usc.edu/database), including Couple (no. 4.1.02),

Fig. 12. Subjective evaluation between Chengfang Fang et al. (2014) method and the V. company method.
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(a) Lena

(b) Linken

(c) Einstein
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House (no. 4.1.05), Tree (no. 4.1.06), Stream and bridge (no. 5.2.10),
and Truck and APCs (no. 7.1.05). To have better aesthetic effects, we
marked different salient regions on the saliency map manually according to different images. And to maintain the decoding rate , we
decreased the areas of the changeable regions. The background image
of Fig. 14(b) was clear, and the content of the image was in focus, so
the quality of the aesthetic QR code was good. The background image
of Fig. 14(a), (c), (d), (e) and (f) were complex, especially Fig. 14(e)
and (f), and the saliency values were distributed evenly throughout the saliency maps. However, Fig. 14(a), (e) and (f) still needed
more decoding time to decode QR messages because of the complex
image. We also compared the results with V.company as shown in
Fig. 14(g)–(l).

5. Conclusions and future work

(d) Lena

(e) Linken

(f) Einstein

(g) Lena

(h) Linken

(i) Einstein

Fig. 13. Examples of our method, Fang et al.’s method and V.company’ method.

In this paper, we propose a novel method to generate an aesthetic
QR code. We analyze the aligned features of codeword in QR symbols and construct the codeword layout. Using the QR code built-in
RS error correction coding mechanism, we obtain the maximum area
of changeable region. In our algorithm, saliency detection technology
is applied to generate saliency map, and is combined with codeword
layout to acquire changeable regions of QR code. With the changeable region, the important region of background picture can prevent
disturbing from QR modules and highlight the region.
However, due to the limitation of changeable area and error correction capacity, it would be interesting to further exploit the modiﬁcations of RS system encoding. From the view of encoding, RS system encoding places the data blocks and parity blocks in a ﬁxed position, but the data and parity blocks in non-systematic RS encoding

(a) No.4.1.02 QR

(b) No.4.1.03 QR

(c) No.4.1.05 QR

(d) No.4.1.06 QR

(e) No.5.2.10 QR

(f) No.7.1.05 QR

(g) No.4.1.02V.QR

(h) No.4.1.03V.QR

(i) No.4.1.05V.QR

(j) No.4.1.06V.QR

(k) No.5.2.10V.QR

(l) No.7.1.05V.QR

Fig. 14. Test for the appropriate types of images (a)–(f) were applied by our method, and (g)–(l) were applied by V. company.
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is not ﬁxed. Therefore, we can peel them off and enlarge the changeable area. The enhancement of aesthetic QR codes will be even more
perfect.
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