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Exploring a hexagon-based visualization coding project implemented
in Python
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ABSTRACT

This study designed a hexagonal pixel swapping technique to examine how to create various design elements by changing
shape and color, and presented a practical example of applying data visualization by implementing it in the Python
language. Specifically, we proposed an example of hexagonal coordinate notation and a method of obtaining the corre-
sponding coordinate values and switching hexagonal pixels along the symmetry axis, and implemented a method of ex-
panding into clusters. The algorithm related to this hexagonal coding project is deeply related to the thinking ability of
repeatedly arranging hexagons according to coordinate calculations between the center points of the hexagon shape, in-
creasing saturation as the distance from the center increases, and calculating the part that determines the color by calcu-
lating the angle based on the center point. The results of this study indicate that hexagons can be used as a basic crea-
tion unit and converted into swapping and overlapping structures to help create and implement various shapes from a
design perspective and can be a tool to expand computational thinking.

Keywords: Hexagonal image transformation, Python coding, visualization project, computational thinking
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Table 1. Components of Computational Thinking

Wing(2008) ISTE&CSTA(2011) [ Google(2015)

Data Collection

Data Analysis

Data Analysis Pattern

recognition

Data Representation

Problem

Decomposition

Abstraction Decomposition

Abstraction
Abstraction Pattern
generalization

Algorithms and
procedures
Automation
Automation Parallelization
Simulation

Algorithm design

A a2 el ek thaE2| Q1 A1 Polya(1957)
© A 32 SAE ZA olsl, AlS 24, AlS A,
Hgd o] 4vAl = ARstTHIl T8ar fFA92019)=
A 2 FR(HSSD, 2016)00 AFE AlEs A&
sko] Table 294 o] =415}st{tH10, 111

Table 2. Computational thinking elements in problem
solving process

problem solving process otz fiis sy

elements
Problem recognition Problem Decomposition
Problem Analysis Abstraction
Data Collection
Data Analysis

Solution Exploration

Data Representation
Algorithms & procedures

Solution Implementation Simulation
. Automation
Evaluation Parallelization

%72t z30] A2l o)% meAEe] 2A| 4 74
oA AFY A Ao AFE Ao

Figure 1. Increase/decrease of X coordinate
index value

Fgure 2. Increase/decrease of Y coordinate
index value

Figure 3. (X,Y) coordinate index notation

239



- AFEH LS =74 ATH A4S -

QY 29 el F4 xS Armels Al & FAu,
wje} et ole EnA 874del 2 BAHE 28 99
BAYRE 2N o, b C d e 2 AFHES @
/\ R L CEETE I EERERERE
of vhg MaE Bl a4 % A5 A%
e 20 U1 o) F 92 48 2 o) FR T AL 22
2 2 o2 Hoglrh

EAM as FY3H4 direction?] 7 10)a1, FAH
ash 2307 b Aole] 91718 2R directione] ghe
Lach 22 22} 4 1 2 A 1208
3 L2 Ae 5

A =2

0,0 : = £
V3a

Figure 4. Calculating center coordinate
values in hexagonal shape
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# 014 oleshs WP Alg
reflection_matrix = decision_axis_symmentryGd)
for i in range(len(stamp_list)):

#3285 P82 59
original_vector =
np.array(temp_list[il[1J[0], temp_listlil[1111D
# oA olsshe B S arrayE W
reflection_xy = np.array(reflection_matrix)

# 3 FAES Tl "Ik FHx AR
reflected_vector = np.dot(reflection_xy,
original_vector)
turtle.setpos(reflected_vector(0],
reflected_vector{1])
turtle.stamp()

of symmetry

Figure 7. Image flipped left and
right

Figure 8. Swapping according to the vertical axis

of symmetry
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symmetric_x = np.array( [1, 0], [0, -1] D

AFE RS =24 Q74 4%)
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Figure 9. Image flipped upside
down
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Figure 10. Swapping along -60° axis of

symmetry
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rotation_60 = np.array(l
[math.cos(math.radians(60)),
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rotation_minus_60 = np.array(l
[math.cos(math.radians(-60)),

-math.sin(math.radians(-60))],
[math.sin(math.radians(-60)),
math.cos(math.radians(-60))]

D

symmetric_x = np.array({
(1, 0],
[0, -11

D

symmetric_minus_60_axis =

np.dot(rotation_minus_60,
np.dot(symmetric_x,rotation_60))
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Figure 11. Swapping along 30° axis of symmetry
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Table 4. Swapped hexagon examples along the various
axes of symmetry

-30° axis symmetry

-60° axis symmetry
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Table 5. Scaling up with hexagonal clusters

B/

Table 5ol A2} o] 3024 =271¢] &7+ 233 2
2|2=B 9] A7])E Hlus] B FAldA 277kx] o] A
ot tHEe & AUrk

SN T4 HEE T TS VIS T
A FHES Foks FHAA 71E Aol aol it gt
A E=H 7| Zol ax thet #Zel FsjAAl |
=3

Figure 12. Calculate the centroid coordinates of a
hexagonal cluster
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Figure 13. Primary colors of a hexagon cluster
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Table 6. Swapped hexagon clusters along the various axes

of symmetry
-30° axis symmetry -60° axis symmetry
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Table 7 Computational thinking components and examples

Process
pro(t))flem main features Coding implementation
solving
The basic unit shape is the
. hexagon. The main idea is
ggggﬂ% %eeco;gglsgnlglg triggered by repeatedly
rearranging the hexagons as
on .
objects,
The further away you are from
the center, the higher the
saturation. The arrangement of
z(;?;zrlz Abstraction | the center point of a hexagon is
also hexagonal. The change in
hue is in the form of a circular
spectrum.
HSV Theory/ Pythagorean
theorem for calculating hexagon
Data center coordinates/ Distance
collection calculation method from the
origin/ Hexagon shapes in turtle
graphics
Data analysis Repeated arrangement of
Finding Data hg:xagons according to
representatio | coordinate calculation between
n the center points of the
hexagon shape/
. Increase saturation by
Algorithm | i reasing the distance from the
and center and determine the color
procedure | by cajeylating the angle based
on the center point
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Implementation and error
Ing)tli;clrgne Checking and correction in codes by
debugging simulating the visualization of
method s .
the hexagons’ swapping
Automation Automation of checking no
errors in the entire algorithm by
Evaluati flexibly changing the size of the
on Parallelization | hexagon and the total number
of layers/ not much
parallelization yet
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