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ABSTRACT

Aiming at the problems of low color matching efficiency, difficulty in expansion, and lack
of standardization in the process of realizing data visualization in the front-end, a set of
automatic color matching schemes suitable for various chart types is proposed. This method
uses a color selection function to randomly select colors from qualified color intervals to
construct multiple palettes, and then uses genetic algorithms to optimize them. The fitness
function will evaluate the quality of the palette from the two aspects of perceptibility and
harmony between colors. Finally, the front-end chart library (ECharts) will be used to present
the results of this method, and the user will be investigated in multiple dimensions, and
positive results have been obtained.

Keywords: Data Visualization - Color Calculation - Genetic Algorithm - Color Space -
Systems Engineering.

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



Applied Human Factors and Ergonomics International AH IF E

International

INTRODUCTION

The color design in data visualization allows users to efficiently understand data, discover
rules, and explore tasks as the goal, focusing on mining the relationship between color and
data, tasks, equipment and other visualization application environments. However, in actual
visualization applications, the process of color design is usually an iterative trial-and-error
process, that is, designers or users iteratively try different color designs and judge their
rationality based on personal subjective perception [1]. The optimization of colors in
visualization can be described from two aspects: perception and harmony, that is, the
optimized visualization chart needs to enhance the degree of recognition between different
data, while ensuring the harmony of the overall color matching of the chart.

Color Space and Color Calculation

Color Space

The color space refers to the color range defined by the color model. The frequently used
color spaces mainly include RGB, CMYK, Lab, etc.

RGB is a device-related color model, which uses a three-dimensional rectangular
coordinate system to represent colors. The red, green, and blue primary colors are additive
primary colors[3]. Mixing each primary color together can produce a composite color. It is
the most commonly used color model for the front end.

The Lab color model is a color model developed by CIE (International Commission on
Illumination) and has nothing to do with equipment. The Lab color model takes the
coordinates Lab, where L represents brightness; the positive number of a represents red, and
the negative end represents green; the positive number of b represents yellow, and the
negative end represents blue. Any color in nature can be expressed in Lab space. Its color
space is larger than RGB space.[4] The color information that RGB can describe can be
mapped in Lab space.

Color Calculation

Due to the differences between the human eye and the colorimeter in the color evaluation
methods and shapes at different positions in the chromaticity diagram, there is a problem of
mismatch between the measured data and the visual observations during color evalua-tion.
The CIEDE2000 color difference formula was published by CIE in 2001[4]. It provides an
improved industrial color difference calculation process and is currently a more accurate
color difference calculation formula.

Judd and Wyszecki defined color harmony as a pleasing effect that produced by two or
more colors in neighbouring areas[6].Li-Chen Ou[7] et al suggested the three colour
harmony factors, chromatic effect (HC), lightness effect (HL), and hue effect (HH)
respectively, are assumed to be independent of each other. This means that each factor is
correlated linearly with colour harmony value if and only if the other two are held constant.
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Furthermore, they came up with the following color harmony calculation formula:

HZHc+HL+HH (1)

Among them, H is the total harmony, Hc represents the harmony of the chroma, H. represents
the harmony of the lightness, and Hu represents the harmony of the hue.

GA OPTIMIZATION

Genetic Algorithm (GA) is a computational model that simulates the biological evolution
process of natural selection and genetic mechanism of Darwin's biological evolution theory,
and is a method of searching for the optimal solution by simulating the natural evolution
process. The genetic algorithm takes all the individuals in the species group as the object,
and uses randomization technology to guide an efficient search of a coded parameter space.
Among them, selection, crossover and mutation constitute the genetic operation of genetic
algorithm; The five elements of parameter coding, initial population setting, fitness function
design, genetic operation design, and control parameter setting constitute the core content of
genetic algorithm[12].

Initializing Seed

Since the color space selected by the algorithm is LAB, the population is initialized directly

in the LAB color space. The chromosome is composed of multiple LAB arrays. The length

of the chromosome array is determined by the number of data to be displayed. The positions

0, 1, and 2 of the LAB array represent the values of L, A and B respectively. At the same

time, in order to prevent the brightness and saturation from being too high or too low, and to

ensure the rationality of colors in data visualization applications, certain restrictions are
imposed on the color selection of chromosome genes:

1. Color brightness should be high in data visualization to ensure that the information is
easy to perceive. But too high brightness will also cause distraction and visual fatigue,
so the value range of L is limited to 50 to 80.

2. Atthe same time, in order to ensure that the colors have proper hue and saturation, and
avoid problems such as indistinguishable or overly prominent colors, the values of A
and B are limited to two intervals: [-100,-14] and [14,100].

3. In order to ensure the overall harmony of the initialized chromosomes, the brightness
of each gene in each dye is equal, and the difference in brightness is mainly completed
by cross and mutate.

On the basis of satisfying the above conditions, in order to ensure the running speed, the

number of chromosomes of the sample is finally set to 500.

Fitness Function

Wang et al. [8] combined the existing color difference calculation formula CIEDE2000[5]
and the color harmony calculation formula proposed by Li-Chen Ou et al.[7], and de-rived a
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comprehensive color calculation formula for calculating the score of two colors in the data
visualization chart:

S(Cp' Cq) = D(Cp' Cq) + O‘H(Cp' Cq) O]

Where, S(C,, Cq) represents the final score of the two color combinations, H(C,, C)
represents the harmony score of the two color combinations, D(C,, C,) represents the
calculated value of the color difference, and o represents the coefficient used to determine
whether the overall visual effect emphasizes contrast or harmony. In Wang's algorithm, a is
a constant, but after trying to optimize data with different amounts of data, it is found that:
when the amount of data is small, the larger contrast will make the chart appear disorderly,
so the value of a should be increased; when the amount of data is large, the harmony is too
high will make it difficult to distinguish between different color blocks. From this, the
solving equation of a is obtained:

a = 110n~0-66 2

For the specific process of obtaining a, please refer to the user research section in Section 5.

Refer to the optimization ideas of Fang et al.[9], the fitness function obtained by the fitness
function is the lowest score Smin(Cp, Cq) of the two color combinations in each set of
palettes. By maximizing Smm(Cp, Cq), the final optimization result can be obtained. In this

model, the top 30 percent with the highest fitness score in each generation is directly inherited
to the next generation.

Crossover Function

The crossover function first randomly selects two palette arrays, from which the one with
the highest fitness is selected as the parent chromosome. Repeat the previous opera-tion to
obtain the mother chromosome. After that, the start position and end position of the gene that
randomly crossed, the gene fragments in this interval are exchanged, and two new
chromosomes are returned. After testing, when the probability of crossover between
chromosomes is set to 30%, a good balance can be achieved between visualization and
operating efficiency.

Mutation Function

The mutation function randomly selects a LAB array on the palette where the mutation
occurs, randomly selects the value of A or B, and replaces it with any value within the value
range ([-100,-14]U[14,100]). Lightness is not mutated here, because lightness has a greater
impact on delta-E, and its mutation is easy to obtain greater fitness, which will eventually
lead to evolution toward an increase in lightness difference. After testing, when the
probability of mutations between chromosomes is set to 30%, a good balance can be achieved
between visualization effects and operating efficiency.

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



Applied Human Factors and Ergonomics International AH IFE

International

FRONT-END IMPLEMENTATION

There are many programming languages for data visualization. This model chooses

JavaScript to develop, mainly based on the following reasons:

1. Currently, the Web terminal is developing rapidly, and it has a huge user group due to
its advantages of simple interaction and easy access.

2. A set of front-end codes can be applied to various terminal devices, shielding the
differences of user terminals

3. Open source frameworks such as Vue, React, and the open source visualization library
ECharts can greatly improve development efficiency.

The model in this article will rely on Vue and ECharts to develop and implement. Its

advantage is that it is conducive to the two-way binding characteristics of VVue, which can

greatly improve the efficiency of view refresh and enhance the interactive experience. The

specific implementation process of this model is shown in Figure 1:

set mutate
function

Initialize seads

Bind aptimized
colors to the
chart

Figure 1. Operation flow chart of optimization model

The final optimization result is shown in Figure 2 The pie chart and bar chart are drawn
using ECharts as the result display.

'
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Figure 2. Interface of palette optimization system

RESEARCH AND ANALYSIS

The experiment in this article is carried out in two steps. First, it is necessary to test the effect
of different a values on the results, and then obtain the calculation equation of a. Then, test
the validity of the experimental equation, select the optimized palette to draw the chart, and
test the user's subjective evaluation of the chart from six dimensions.
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o Test

In the o test experiment, the subjects were asked to perform 5 optimization operations when
the data volume was 4, 6, 8, 10, 12, 16, and 22.

In the o test experiment, the subjects were asked to perform 5 optimization operations when
the data volume was 4, 6, 8, 10, 12, 16, and 22. The alpha value for the first time is determined
and calculated by an empirical formula, and the alpha value for the next four times is adjusted
by the subjects according to their own feelings: If you feel that the color of the picture is not
harmonious, increase the value of a; else, increase the value of a. In order to eliminate the
interference of shape, size and position, the subjects only need to observe the color palette
and make an evaluation during this process. The experimental results are shown in Table 1:

Table 1: The mean value of alpha obtained with different amounts of data.

Data amount | Average 01 02 03 04 05

4 42.16 38.40 ]43.20 |]44.60 43.40 41.20
8 27.84 28.20 |]25.40 |]30.20 28.60 26.80
12 22.80 24.20 ]23.20 |23.40 22.80 20.40
18 18.00 1640 ]118.40 |]18.20 20.40 16.60
24 14.16 14.60 ]15.20 |]13.60 14.20 13.20
32 9.92 8.80 12.40 |9.40 10.20 8.80

According to the average value of a corresponding to each value, use the function fitting
tool in Excel to obtain the formula for obtaining a:

a = 110n=966 (D)
Where, a is the required parameter, n is the number of target data.

Validity test of experimental model

The validity test of the experimental equation combines multiple color design guidelines for
data visualization. Referring to the color design guidelines for data visualization proposed
by Bujack et al.[10], this experiment measures the six indicators of distinguishability,
orderliness, uniformity, visual importance, aesthetics, and smoothness.

In response to the above indicators, the Likert scale method was used to test the
participants’ experience of using the histogram and pie chart of a company’s fire risk
indicator data obtained before and after the optimization of the model. The scale used in the
test consists of a set of statements. Each statement has five types: "Much better than the
former"”, "Better than the former", "No obvious difference in perception”, "Weaker than the
former"”, and "Much weaker than the former". Answer, the corresponding scores are 5, 4, 3,
2, and 1. results obtained are as follows:

Table 2: The mean value of alpha obtained with different amounts of data.
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Amount | Total | Discrimin | Orderlin | Uniformit | Importa | Aesthetics | Smoot
ability ess y nce hness
7 22.00 |4.27 3.73 3.73 4.27 3.40 2.60
10 21.00 |3.93 3.67 3.53 3.67 3.53 2.67
15 20.47 |3.73 3.20 3.67 3.27 3.80 2.80

From the statistical results in the above table, it can be seen that the overall effect of the
optimized chart is good, and the average total score under each number is better than the
standard score of 15 points. Discriminability, Uniformity and Aesthetic, all have good
performance under different values, indicating that the chart has found a good balance
between discernibility and aesthetics. As the amount of data increases, the value of
Importance decreases.

CONCLUSIONS

In this paper, combining the existing color difference calculation formula and delta-E
formula, on the basis of the existing color fusion calculation formula, the calculation formula
of a value is proposed. At the same time, genetic algorithm is used to realize the optimization
model of palette in front-end environment using JavaScript language, combined with the
currently widely used front-end framework Vue and front-end visualization library ECharts
for visual presentation, and use it for user research.

The innovations of this paper include:

1. When the two colors are combined, the calculation of the o value is explored to make it
suitable for application scenarios with different data volumes;

2. Combine genetic algorithm to build an optimization model of palette, and explore a
variety of situations, which has a wide range of applications;

3. Use JavaScript language to implement the model, which can be directly applied to the
Web interface display;

4. According to the role of color in multiple dimensions in data visualization, user research
was conducted to prove the validity of the results.

According to the results of user research, although the color palette obtained by the method

in this article has good effects in terms of aesthetics and efficiency, there are still many areas

to be optimized:

1. The score of the palette in this article is determined by the lowest score of the palette
color pairwise combination. To get this score, it is convenient to double cycle the palette
array, which has high time complexity and the overall running time of the program.
Longer

2. When assigning the color of the palette to the graphics, the size of the data is only
corresponding to the level of brightness, and the influence of factors such as hue and
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warmth on the importance of the data is not considered;
3. The application in data visualization only explores simple bar charts and pie charts, and
lacks research in complex visualization models.
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