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Visual-friendly Aesthetic QR Code Generation
using Image Style Transfer

Tong Wu, Jiansheng Chen, Yiqing Huang, Yu Wang

Abstract—The quick response code, abbreviated as QR Code,
is often presented as a two-dimensional matrix consisting of
black and white modules that carry digital information. Visually,
the vanilla QR Code is not friendly to human being since it is
originally designed to be read by machines. Many efforts have
been made in recent years to improve the visual appearance of
the QR Code while maintaining its machine readability. Among
all the proposals, the blending based methods aiming at achieving
a balance between an aesthetic outlook and reading robustness
have attracted most attentions. However, a common problem
of existing blending based methods is that most dispersed data
points are not successfully blended into the background, leading
to unpleasant visual disturbances. Therefore, we propose a QR
Code beautification algorithm that uses an intermedia images
to help blending the QR Code and background image more
naturally by reducing the scattered points while preserving the
reading robustness at the same time. The intermedia image is
produced using a modified neural style transfer network, which
adopts a basic aesthetic QR Code as the content input and the
background image as the style reference. We also introduce a self-
defined mask allowing the user to select the region of interest in
the background image of which the appearance will be preserved
to the largest extent. Experimental results show that our method
is able to stably produce QR Codes that are both machine
readable and visual-friendly to human.

Index Terms—QR Code beautification, Style Transfer, Image
Fusion, Image Quality Assessment.

I. INTRODUCTION
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Fig. 1: Aesthetic QR Codes generated using previous methods.

W ITH the increasing popularity of smartphones, the
Quick Response (QR) code has been widely used in

daily lives due to its convenience and robustness in delivering
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information. Vanilla QR Codes share similar and somewhat
boring appearances since they mainly consist of seemingly
irregularly arranged black and white modules. As shown in
Fig. 1, efforts have been made to improve the aesthetics of
QR Code for years. Early approaches [1], [2], [6], [9], [10]
mainly focus on the insertion of small pieces of images, like
logos or icons, into the QR Code. By utilizing the ability of QR
Code to resist partial defects, these insertion based methods
perform local modifications to the code while guaranteeing its
readability. However, these modifications have to be small in
size and are usually not sufficiently visually informative. To
solve this problem, researchers began to study the approach to
change the global appearance of the QR Code by blending the
whole code into a background image [4], [5], [7], [8], [11]–
[17]. These blending based methods beautify the QR Code by
globally enriching the color and visual content. Besides the
automatic methods mentioned above, aesthetic QR Codes can
also be manually designed by revising the shape of modules
and the overall style [3]. However, designers have to ensure
the decodability by continuously doing tests with a QR reader
throughout the whole designing process which can be very
laboring and time-consuming.

A basic principle for any QR Code beautification method is
to ensure that the original information encoded is not tampered
and the generated aesthetic QR Code can be successfully
scanned and correctly decoded by normal QR readers under
most circumstances. In vanilla QR Codes, high contrast black
and white square modules arranged in a lattice layout are
used to achieve high reading robustness in real-life applica-
tions by reducing the impact of environmental factors such
as illumination, camera angles and imaging noises during
capturing. However, in QR Code beautification, the color,
shape and layout of some of the modules have to be changed
to accommodate the texture of the image to be inserted
or blended. These modifications will inevitably reduce the
reading robustness of the QR Code and therefore need to
be carefully controlled. In the insertion based methods, such
control is usually realized by straightly limiting the size and
location of the inset. As such, most part of the original QR
Code has to be kept unchanged, leading to relatively insuf-
ficient beautification effects. In the blending based methods,
such control is achieved by constraining the relative brightness
of different pixels in the background image. As such, more
flexibility can be provided when making global changes to the
QR code, leading to the increasing popularity of the blending
based method in the research community. In this paper, we
focus on the blending based automatic QR Code beautification.

The main challenge of the blending based QR beautifi-



2

Fig. 2: Examples of aesthetic QR Codes generated using the proposed method. Zoom in to reduce the impact of the screen
resolution on the reading robustness.

cation is to bridge the huge texture gap between a vanilla
QR Code and the background image. The QR Code was
initially designed to be suitable for information encoding and
decoding by machines. The binarized block modules in the
QR Code image are machine-friendly but not human-friendly.
Background images, whether natural or artificial, are visual
friendly to human beings. However, they cannot directly serve
as the carrier of encoded information for QR decoders. An
intuitive way of blending these two intrinsically different kinds
of images while ensuring the decodability of the result is to

modify the background image so that the relative intensity of
certain pixel pairs comply with the QR Code image. However,
this will introduce visually unpleasant block patterns to the
background image, especially in the areas where the pixel
intensity distributions of two images are highly inconsistent.
To deal with this problem, R. Cox utilized the non-uniqueness
of the QR Code and rearranged the modules of the QR Code
to make it as close to the binarized background image as
possible [17]. However, areas of inconsistency still exist in
most cases and the generated results still contain a significant
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amount of scattered blocks which may cause visual discomfort.
Since the disturbing block patterns cannot be completely

avoided, we argue that aesthetics of the beautified QR Code
can be improved by reshaping and recoloring these blocks
so that they can be blended into the background image more
naturally. We therefore propose to transfer the style of the
background image to the vanilla QR Code so that the shape
and color of the modules are changed to resemble that of
the objects in the background image. As such, the styles of
different areas in the generated aesthetic QR Code become
more visually consistent, leading to higher visual satisfaction.
We also introduce a preference mask to allow the user to
define the region of interest in the background image, which
will remain unchanged to the largest extent during blending
for realizing personalized aesthetic QR Code. An iterative
fine-tuning process is also proposed to automatically adjust
the parameters controlling the reading robustness of the final
output. Fig. 2 shows examples of the proposed visual friendly
aesthetic QR Code with different kinds of background images.
They can be successfully decoded by normal QR readers
directly from the screen.

Evaluating the decodability and reading robustness of the
beautified QR Code can be performed by empirical experi-
ments. However, evaluating the aesthetics of the QR beau-
tification result is not easy considering that aesthetic tastes
are intrinsically subjective. A possible metric is the similarity
between the background image and the beautified QR Code.
Nevertheless, high image similarity does not necessarily in-
dicate high visual satisfaction. In this work, we seek for a
natural overall look of the blending result by suppressing
visual disturbances induced by the scattered points or blocks.
Based on the results of user study, we find that higher intensity
continuity and style consistency in the blending results are in
general making the aesthetic QR Code more visual-friendly.

II. RELATED WORK

1) QR Code Beautification: Inserting small-sized images
like logos or decorations into the original QR Code was a
major approach in early works. These methods mainly take ad-
vantage of the error-correction capability of the Reed-Solomon
(RS) code, which means that readers do not have to capture
every single module in a QR Code correctly to successfully
decode it. S. Ono et al. [1] proposed a system that formulated
the task of finding the most appropriate positions, scales, and
angles for elements to be inset as an optimization problem. Lin
et al. [6] proposed an error-aware warping technique to deform
the elements inset, and they also reshaped the regular shape of
the modules into binary exemplars. These methods, however,
inevitably introduce bit errors, because the original codes are
partly replaced by insertions directly. To avoid such bit errors,
Baharav et al. [2] proposed a method that leaves completely
intact the error correction capacity of the code by changing
the transparency of the images inserted. Nevertheless, this kind
of compromise affects the appearance of the inserted images
quite obviously.

A common problem shared by the insertion based methods
is that only a very small part of the QR Code can be modified.

Therefore, the global visual appearance of the generated QR
Code remains similar to a vanilla one. To improve the visual
significance of the image to be added and to make a global
change to the appearance of the QR Code, blending based
methods have been introduced in recent years. Following the
idea of halftoning, Chu et al. [4] proposed to subdivide each
module into 3 � 3 sub-modules and bound the module’s
intensity to the center sub-module. As such, the gray-scale
values of all the other eight sub-modules can be changed
freely according to the binarized background image to be
blended. However, since the sub-module is the smallest unit,
the resolution of the generated QR Code is very low. R. Cox
utilized the error correction properties of the RS Code and
proposed an efficient QR Code beautification algorithm called
QArt based on Gauss-Jordan elimination [17]. QR Codes
generated by QArt share a roughly similar appearance with
the binarized background image. QArt is now adopted by
most of the blending based methods as the first step before
further processing. Lin et al. [7] achieved a relatively high
visual quality in the central area of the image with a specific
rendering strategy. However, the edges of the generated QR
Code remain the same as the original QR Code, leading to
visual dissatisfaction. Xu et al. [8] proposed to apply the
technique of neural style transfer to QR beautification. The
process of style transfer is executed after the generation of
the baseline aesthetic QR Code to provide users with more
choices of personality.

In most previous blending based methods, part of squared
modules or blocks still scatter in the generated QR Codes,
making them less visually friendly. Inspired by Xu’s work
[8], we argue that these visually annoying squared modules
or blocks can actually be better fused into the background
image by applying the style transfer process during the initial
blending stage.

2) Neural Style Transfer: With the prevailing of deep neural
networks, the task of image style transfer has gone through
extensive investigations during the past several years. Gatys
et al. [18] proposed a neural style transfer method leveraging
pre-trained deep convolutional networks such as VGG-19 [19].
Their main idea is to decompose and recombine the content
and style from two images by matching the Gram matrix
statistics of deep features using the method of optimization.
Johnson et al. [20] utilized perceptual loss functions to train
feed-forward networks for real-time texture transfer tasks in
place of the original time-consuming iterative optimization.
Recent works have included semantic segmentation as an op-
tional guidance [21], [22] to partly avoid the edge-distortions
during style transfer. More recently, Liao et al. [23] proposed
the Deep Image Analogy for visual attribute transfer. They
assume that the input image pairs have similar semantic
structures. Thus, by combining the technology of dense image
correspondence in deep feature space and neural style transfer,
a prominent visual effect at the pixel level can be achieved.

III. PROPOSED METHOD

A vanilla QR Code is composed of black and white square
modules that contain bit information of the embedded mes-
sage. Given a background image I , the beautification of a




