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Abstract This paper proposes a method for decorating 2-dimensional barcode with some illustrations inside the
code without detracting machine-readability. The proposed method formulates the task of finding appropriate po-
sitions, scales, and angles of illustrations, and solves the task by using real-coded genetic algorithm. The proposed
method also uses multiple barcode decoder with the aim of improving decode feasibility of the decorated barcode.
In addition to still QR code images with illustrations, the proposed method can generate animated QR codes with
illustrations, which attracts the attention of the people more than the still QR codes. The animated QR code
generation is formulated and solved by hill-climbing algorithm so that illustration positions are adjusted according
to positions and movement specified by user.
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of linking from physical world object is known as a hardlink

1. Introduction
or physical world hyperlinks [1].

QR code (Quick Response code)™®V, a kind of two-
dimensional barcode investigated by Denso Wave as shown
in Fig. 1, is currently used in Japan as a so-called shortcut to
get a URL, e-mail address, phone number and so on. Most
Japanese mobile phones have cameras and QR code scanner.
By holding a mobile phone over QR codes printed on papers,
billboards, or television screens, users can get decoded infor-
mation and browse Web sites, or send e-mails without typing
URLs or e-mail addresses on their mobile phones. This act

(1) : QR code is trademarked by Denso Wave, inc.

Although QR code can involve various information such as
URL, e-mail address, short sound, and so on, users cannot
know what kind of information is implanted in it (from QR
code itself). In addition, QR code is unattractive and occu-
pies an area in limited, worthy space of papers, billboards,
or other media.

QR code has an error correction function which can sup-
plement at most 30% data loss. An illustration therefore can
be put inside a QR code. QR code decorated with an illus-
tration is more attractive than a general, plain QR code. In
addition, it can let humans know what kind of information
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Fig. 1 QR code.

is implanted in the code.

However, putting an illustration into QR code often dam-
ages implanted information. It is difficult to find an appro-
priate place in order to let the error correction work well
and keep machine-readability. Larger illustrations or more
images make this problem more difficult.

This paper proposes a method for generating two-
dimensional barcode incorporated with some illustrations
inside the code without affecting machine-readability and
stored information. The method formulates the task of find-
ing appropriate position, scale, and angle of an illustration,
photo, logo or other image item put into QR code as an opti-
mization problem. By using Real-Coded Genetic Algorithms
(RCGA) (], the method finds positions in which a given image
item can be merged without damaging machine-readability
and stored information.

A simple animated QR code generation method is also
proposed in this paper. An animated QR code involves illus-
trations moving and/or transforming inside the code. The
proposed method for generating an animated QR code is an
improved one from previous work (2], (3] in terms of formula-
tion, optimization operator, and quality evaluation of gener-
ated QR code. The proposed method formulates an anima-
tion QR code generation problem as just one optimization
problem instead of a set of still QR code decoration problems.
The proposed method also uses optimization operators de-
signed for this problem, and quality evaluation functions to
maintain natural, smooth illustration movement.

Experiments have shown that our method can generate
still QR codes containing at most 10 illustrations and an-
imated QR codes involving at most 8 illustrations and at
most 32 frames with keeping natural illustration movements

and machine readability.
2. QR-code decoration method

2.1 Basic idea
The principles of the QR code decoration method with
illustrations [2], [4] are as follows:
1) Formulating the task of decorating QR codes
by placing illustrations into the code as an optimiza-
tion problem.

Deciding the positions of illustrations requires iteration of

Fig. 2 Chromosome representation.

trial production of the barcode with the illustrations and
test for decoding practicability. This is because we cannot
know the appropriate places where the illustrations should
be placed in the barcode in advance. We therefore formulate
this task as an optimization problem. The objective function
is composed of feasibility of decoding evaluated by QR code
decoders, and adequacy of positions and other parameters of
the incorporated image based on human-readability.

2) Using real-coded genetic algorithm to find an
appropriate image position.

Genetic algorithm (GA) [5] is a well-known meta-heuristics
[6] for optimization inspired by evolutionary biology. GA
can produce better solutions by recombining good “building
blocks” [5]. Traditionally, genes are represented in binary,
but real values and other encodings have also become possi-
ble in recent years. Because positions and other parameters
providing a barcode with illustrations should be real numbers
instead of sequences of binary variables, the method utilizes
real-coded GA [7-9].

3) Evaluating solution candidates by multiple
QR code decoders.

Most recent mobile phones on the market in Japan in-
volve a. QR code decoder software developed by mobile phone
manufacturers or other subcontract software developers. Al-
though it is hard to prepare and use the same QR code de-
coders in our method as mobile phones use, we try to ensure
the robustness of generated QR codes by using multiple de-
coders. The more QR code decoders the method uses, the
more mobile phones can read the generated codes.

2.2 Chromosome representation

QR code design problem involves continuous variables of
which the number is 4 x N; + 1, where N; indicates the
number of illustrations: x- and y-axis positions z;, ¥: , an
inclination 6;, and a scale s; for each illustration i, and QR
code direction fgr. A chromosome, i.e. genotypic represen-
tation, consists of the variables coded as integers and real
values. Positions and an inclination are coded as integers,
scales as real values, and QR code direction as four discrete

values: 0, 90, 180, or 270 degrees. The phenotypic represen-
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1

2 make individuals C; by random

3: repeat

4 generate decorated QR code images (PTYPE) from C;

5 apply QR code decoders to the decorated QR code im-
ages and calculate P(C;)

6: calculate Q(C;) and fitness F(C;)
7 select elites to preserve
8: crossover by BLX-a
9: mutation
10: until the stop condition is satisfied
11: end

Fig. 3 Algorithm for decorating still QR code by GA.

tation is formed by placing illustrations along the variables,
as shown in Fig. 2.

2.3 Process flow

The inputs are a general QR code and illustrations. The
QR code can be easily generated by using open software or
services on various web sites.

The QR code decoration method iterates generation of dec-
orated QR codes and evaluation of the QR codes by using
software decoders. Real-coded GA [7-9] is adopted to opti-
mize the illustration placement, as shown in Fig. 3. The
method utilizes blend crossover (BLX-a), a simple crossover
operator for real-coded GA proposed by Eshelman [9]. The
algorithm shown in Fig. 3 stops when fitness of the best so-
lution reaches 1.0, or the number of generations reaches the
pre-defined limit.

2.4 Fitness calculation with QR code decoders

The QR code decoration method uses more than one QR
code decoder to evaluate individuals, which are QR codes
decorated with illustrations inside, for the sake of enhancing
robustness of the decoding feasibility of the decorated code.
Fitness F(C) of an individual C is a product of success rate
in decoding P(C) and appropriateness of illustrations’ posi-
tions Q(C):

F(C) = P(C)*" x Q(C)**” )

P(C) indicates how C can be decoded properly and is cal-
culated as following equation:

Z pk(C) x 'w,(f)
PC)= -+~ )

()

pk(C) is calculated from decode result of a decoder k;
pk(C) = 1if a decoder succeeds in extracting information. In
the case that a decoder k does not produce any data except
the fact that the decoder failed to decode, px(C) = 0 when

the decoder failed. In the case that a decoder k can present
decode error amount, px(C) is calculated by subtracting er-
ror rate from 1.0. w,(f) is a weight parameter.

The method uses Psytec QR Code Decode Library &2
(Psytec decoder) and Open Source QR Code Decode Library
®3 (open source decoder). Psytec library outputs informa-
tion embedded in a given QR code only when the code is
decodable, and does not produce any information when the
code cannot be decoded. Open Source decode library out-
puts information embedded in the code even when the library
cannot decode the code entirely. Thereby the decode error
rate can be calculated by comparing the library’s output and
embedded information.

Q(C) indicates how C places illustrations appropriately in
its QR code, and calculated as follows:

(9)

Q) =[Ja(c) @®)
1

The previous method uses following four functions ¢:(C)
through g4(C) to calculate Q(C): how illustrations are over-
lapped each other (gq1(C)), how illustrations are placed ap-
propriately inside of QR code (g2(C)), how large illustrations
are magnified (¢3(C)), and how illustrations are magnified or
reduced with the same scale between illustrations(gs(C)).
Additional three functions g5(C), gs(C), and ¢7(C) are
newly proposed in this paper in order to enhance macine-
readability of decorated QR codes. g5(C), gs(C), and ¢7(C)
indicate how the position detection patterns, the timing pat-

terns, and the format patterns are covered by illustrations.

3. Extension of the proposed method for
generating animated QR codes

3.1 Basic idea

The proposed method in this paper generates animated
QR codes, in which illustrations move and/or transform in-
side the QR code. The differences between generating still
and animated QR codes are as follows:

1) Letting users specify the positions of illustra-
tions in advance.

The proposed method requires rough positions of illustra-
tions for each frame. In case that illustrations placed at
the specified positions damages implanted information and
makes mobile phones hard to decode the code, the proposed
method tries to find appropriate positions which avoids dam-
aging the implanted information and as near as the specified
position.

2) Generating animated QR code by decorating

some still QR codes with illustrations and playing

(#2) : http://www.psytec.co.jp/product/03/
(#3) ! http://sourceforge.jp/projects/qrcode
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: begin
initialize solution candidate C
evaluate C
repeat
repeat
select an illustration i at random
select a frame f at random
until ¢ is permitted to adjust positions and §§f ) *0
forn=1to N, do
10: select an operator at random
11: make C/, by the selected operator
12: end for

© ® N DN

13: generate a QR code image of C, involving illustrations
for each frame

14: apply QR code decoders to frame images in C’, and
calculate P(C%)

15: calculate Q(C/,) and F(C})

16: select C}, in C}, whose F(Cy,) is the highest

17: if F(C}) 2 F(C) then

18: C«Cy

19: end if

20: until the stop condition is satisfied
21: end

Fig. 4 Algorithm for decorating and generating animated QR
code by HC.

them as movie frames.

The previous method [3] formulates an animation QR code
generation problem as a set of optimization problems which
are still QR code decoration problems. The proposed method
in this paper formulates the animation QR code generation
problem as just an optimization problem instead of the set
of still QR code decoration problems; all frames are gener-
ated simultaneously in order to maintain the continuity of
illustration movements.

3) Adopting Hill-Climbing (HC) algorithm to
optimize illustration positions. Simple HC algorithm is
sufficient to find appropriate illustration positions because
desirable positions are given and local search around the
given positions is particularly effective.

The proposed method uses some specific operators de-
signed for this problem in addition to previous work [3]. The
added operator allows revising illustration positions with
minimal effects on illustration trajectory.

4) Quality evaluation:

The proposed method uses additional quality evaluation
functions to previous work (3], allowing to maintain the given
illustration trajectory.

3.2 Process flow

Fig. 4 shows the process flow of animated QR code gener-
ation by the proposed method. The proposed method gener-

ates all frames simultaneously whereas the previous method
individually generates a still QR code with illustrations for
each frame. HC is a single point search algorithm and has
a solution candidate C. In each iteration of HC, neighbors
C, (n=1,...,Ny,) of C are generated and the best solution
candidate C}, in Cy, is chosen. If F(C}) is equal or higher
than F(C), substitute C}, for C. The process stops when the
iteration number reaches the limit.

The neighbors CY, is made in line 5 through 12. First, an
illustration ¢ and a frame f is selected at random, and then
an operator is selected. If a user specifies that illustration
4 should not move, or that the size of ¢ at frame f should
be zero, then ¢ and f must be selected again. The proposed

method uses the following four operators:

a) Translocation: This operator changes i’s positions
with the same amount determined randomly at all
frames to keep i’s movement parallel to the specified
trajectory.

b) Rough adjustment: This operator changes i’s posi-
tions at all frames within P; [%] of the search range.

c) Fine adjustment: This operator changes i’s position
at frame f within P, [%] of the search range.

d) QR code rotation: This operator changes background
QR code direction at random.

The above operators are selected with the possibility
Pirans, Proughy Pfine, 8nd Protate, respectively. One of the
three operators, translocation, rough adjust, and fine adjust-
ment, is selected first, and then QR code rotation operator
is applied with the possibility Protate.

3.3 Evaluation of solution candidates

Evaluation of solution candidates is conducted using the

following equation:
F(C) = Pa(0)"” x Qa(C)*”, @

where P4(C) and Q4(C) are the decode possibility and the
decoration quality, respectively. w® and w(® are weight
parameters.

Most of mobile phones try to decode QR code continu-
ously like taking a movie, so not all of animation QR code’s
frame must be decoded. Decode possibility P4(C) is hence
calculated by the following equation instead of eq. (2):

Ne-nizmore D pu(C) x wf?
Pa(C) =

k

II : )

P 3w
k

where Nr indicates the number of frames, and pi(C®***9) is

the f-th frame’s decode possibility from the best one in solu-

tion candidate C in order of the decode possilibilty. N

indicates the tolerance number of frames which cannot be
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Table 1 Parameter configuration for generating still QR codes.

Parameter Value
Number of individuals 10
Number of elites 2
Crossover BLX-a
a 0.2
R 0.3
Crossover rate 0.8
Mutation rate 0.03
Generations Ny x 50
(w(P)(2)) (2.0, 1.0)
WP, wi) (0.8, 0.2)

@9, w{, v, w®, (0.5,0.5, 1.0, 0.5,

wgq),wgq),w?’)) 0.2, 0.1, 0.1)

decoded well. The lower Ni¥™°™ allows mobile phones to
scan the QR code more quickly, but the problem becomes
more difficult to solve.

The proposed method uses the following equations to cal-
culate decoration quality Q4(C) instead of eq. (3).

Np
Q4(0) = 3= Q) ()
f=1

CY) s a subsolution of frame f which corresponds to a so-
lution of still QR code decoration problem. Q(C )) can
therefore be evaluated by eq. (3).

Although ¢; through g7 can evaluate each frame quality of
animated QR code, the proposed method uses following func-
tions gg through g2 instead of g; through g7 in order that
placing illustrations as near as the specified positions takes
first priority and keep illustration movements the same as
the specified ones.

gs(C'") is a function which evaluates the difference be-
tween the specified positions of illustrations and the positions
in which the illustrations are placed in C). go(C'") and
q10(CY) are functions which evaluate the difference between
the specified scales and angles of illustrations, and scales and
angles in which the illustrations are placed in C¥), respec-
tively.

q11(C¥) and q12(CY) are new functions proposed in this
paper. gi1(C") evaluates how the illustrations move in ac-
crdance with the specified trajectories. g12(C¥)) evaluates
how the illustration scale changes in accordance with the

specified scale changes.
4. Example outputs

In this section, we demonstrate some examples of deco-
rated still QR codes by combining illustrations as described
in Section 2.. Parameters were configured as shown in Ta-

ble 1. The proposed method uses 10 individuals, which is

(e) Example 7.

(f) Example 8.
Fig. 5 Example still QR codes.

Table 2 Parameter configuration for generating animated QR

code.
Parameter Value
Number of neighbors at each iter- 10
ation Np
Iteration limit 200
Search range of operators 0.2

(Ptrunay Praughy Pfiney Protate) (0‘7, 0.1,0.2, 0.1)
N;?'wre 0.1
(@, (@) (2.0, 1.0)
() 1Py (0.8, 0.2)
(0.01, 2.0, 2.0, 2.0, 3.0)

(w

(wgq) (a) . (a) . (a) (Q))

yWg > Wig H Wiy 's Wig

quite smaller than general GA configuration, because only
one semi-optimal solution is sufficient in this experiment.
Fig. 5 shows output examples with various illustrations.
Examples 1, 2, 3, and 4 shown in Fig. 5 involve two, four,
two, and ten illustrations, respectively. Example 1 implies
that this QR code involves an e-mail address of someone’s
mobile phone. Example 2 and 3 are appropriate for implant-
ing web site addresses in which users can acquire weather
forecast and a train timetable, respectively. Translucent col-

ors would be promising to enlarge illustration sizes as shown
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(f) 14th Frame. (g) 18th Frame.

(h) 20th Frame.

(i) 22th Frame.

(j) 26th Frame.

Fig. 6 Example animated QR code generated by the proposed method.

in Fig. 5(e) and (f).

Next, we tried to decorate and generate animated QR code
involving 8 illustrations and 32 frames. Fig. 6 shows the
generated QR code. The animated QR code is generated for
implanting URL of a cosmetics manufacturer’s web site. It
must attract the attention of the people to show the ani-
mated QR code on monitors installed in trains, displayed on

cosmetics counter in department stores, and so on.
5. Adopting rosubt optimization

As a future work, it must be a good idea to introduce ro-
bust optimization [10], [11] into the proposed method in this
paper. Robust optimization technique is applicable to im-
prove robustness againsft partial damage or small stain on
a decorated QR code. Additional machine-readability eval-
uation would be conducted for decorated QR code images
which are damaged or stained with random noise.

6. Conclusions

Proposed in this paper is a method for generating an ani-
mated QR code in which illustrations, photographs, logo or
similar move and/or transform. Animated QR codes attract
people’s attention more effectively than general QR code.
The proposed method uses real-coded GA to optimize illus-
tration positions, scales, and angles at all frames simultane-
ously. The proposed method also uses operators and quality
evaluation functions to keep illustration movement natural
and smooth.

In the future, we plan to combine interactive evolution-
ary computation [12], and apply the combined model to the
proposed QR code generation method.
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