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ABSTRACT

The development of society has led to the continuous development and progress of artificial
intelligence technology, and has also led to an increasing demand for graphic design. In order to
better solve the problems of color deviation, poor design effect, and high design cost in traditional
graphic design, this article applied artificial intelligence image identification system to graphic
design to overcome the problems of traditional graphic design. The elements extracted from the
graphic database were denoised and enhanced by means of mean filtering and histogram
equalization; after image preprocessing, Deep Learning (DL) algorithms were used to construct an
image identification system, and the modules and visualization interfaces of the system were
introduced. Through experiments, it could be found that the average expert rating of the graphic
design scheme designed by the DL based image identification system was 8.818 points, and the
satisfaction rate of the 20 users selected for the DL based image identification system was above
93.4%. In summary, using DL to construct an image identification system and applying it to graphic
design could effectively improve the overall effect of graphic design and increase user satisfaction
with the designed graphic scheme.

Keywords: Graphic Design, Artificial Intelligence, Image Identification Systems, Deep Learning,
Machine Learning

1. Introduction

The background of the development of artificial intelligence can be traced back to the 1950s [1],
when people began to try to simulate the thinking and behavior of human intelligence. With the
development of computer technology and increasing computing power, artificial intelligence has
gradually become a hot topic in the field of science and technology. In the past few decades, Al
technology has made great progress, especially in the fields of machine learning and deep learning,
which has laid a solid foundation for the development of image recognition technology[2].
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With the continuous progress of computer vision and image processing technology, image
recognition technology has been widely used in various fields. In the field of industrial
manufacturing, image recognition technology can realize the automatic detection and quality control
of products, avoid the impact of human factors on product quality, and then improve production
efficiency and product quality [3-4]. In the field of security, more and more security systems through
image recognition technology, can be realized on the scene of the people and objects in the rapid and
accurate identification and monitoring, so as to improve security efficiency and judgment accuracy
[5-6]. In the medical field, by analyzing and recognizing medical image data, it can help doctors
diagnose diseases more accurately and improve the treatment effect and patient survival rate [7-9].
The importance of image recognition technology lies in its ability to bring more efficient production
methods, safer and more reliable monitoring means, and more accurate medical diagnosis and
treatment methods to various industries. From simple QR code scanning to complex face recognition
systems, image recognition technology has become an indispensable part of modern society [10].
The development background of artificial intelligence provides a broader development space for
image recognition technology and brings more possibilities and opportunities for various industries.

In modern society, visual communication is more and more important, and people pay more
attention to its visual effect and expressive ability for some information with specific purposes. In
this context, graphic design, as a communication tool, has become an important means of
commercial publicity, cultural heritage and brand building [11]. In graphic design, the designer
determines the corresponding design scheme according to various considerations such as brand
positioning, product attributes and target audience, so that the designed works have a clear
positioning and form brand image and product image in the market [12-14]. At the same time, make
the brand, company, organization or product in the market through a certain logo, brand elements or
image spokesman and other means, in the minds of consumers to form a cognitive, easy to identify,
remember and transfer [15-16]. In the field of graphic design, the image recognition technology of
artificial intelligence has gradually begun to be applied.

The production characteristics of each period would have a certain impact on the characteristics of
art. With the continuous development of technology, art is more perfectly and vividly displayed in
people’s vision, triggering new “thinking” and new social values. The development of artificial
intelligence technology has led to widespread application of image identification technology. Graphic
design also plays a very important role in many fields, and the development of artificial intelligence
image identification systems has brought new development space for graphic design. The image
identification technology formed by artificial intelligence mainly uses computer technology to
process images, and then obtains the final processed images through the staff. The overall technical
principle is relatively simple, which is conducive to overcoming the problems of complex operations,
high operating costs, and low accuracy of traditional image identification. Therefore, this article
applied the artificial intelligence image identification system to graphic design. By combining graphic
design with artificial intelligence, it is found that it could effectively improve design efficiency, and
expand creative space, so as to achieve the best user experience and graphic image creation, and
extract image data more accurately through the artificial intelligence image identification system.

2. Design and Implementation of an Artificial Intelligence Image Identification
System

2.1. Dataset Preparation and Annotation

After the design task is clarified, the first thing to do is to collect data. Data collection is the
foundation of design, and the quality of the collected data directly affects the overall level of design.
Usually, stakeholders would provide some information, and designers can build on this information.
When faced with a large amount of data information occurring simultaneously, many people always
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try to categorize these data and distinguish between useful and unnecessary data information. This
is what graphic designers need to accomplish first. Graphic designers would collect data related to
design and record this data. Identifying and establishing the relationships between different groups
of conflicting information is the most challenging part in graphic design. The graphic design database
is shown in Figure 1.
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Fig. 1. Graphic design database

At present, computer graphics image processing technology is more and more widely used in real
life. The calculation method is as follows:

. . : 1
q, = sigmoid (log ztsij) SR (1)

logits; represents the estimated tag value of the image, and ¢, represents the value calculated
by the activation function of the image.

Assuming that the true value of the label corresponding to the input image is X, the formula for
calculating model loss is as follows:

loss;, :—[xlj*lnqy.+(1—xl.j)ln(1—qyﬂ (2)

Among them, X; representsthe j—?h truevalueofthe i—th image.
Every time an image is correctly classified, the image feature center is updated. The calculation
formula is as follows:

((ZZ”IAWU )/ n— Qq)z)
2

(3)
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In the process of scene imaging, spatial sampling, and quantization, images are often affected by
various external noise, thereby reducing image quality. Image noise is the most direct problem that
directly affects the human eye’s image observation. In order to minimize noise as much as possible, it
is necessary to denoise the images contaminated by noise. Mean filtering and median filtering can be
used to process the images, and mean filtering is the focus. By studying images of different sizes and
adding corresponding image content, the quality of the images can be improved to achieve the best
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image identification results. The comparison effect of using mean filtering to denoise the image is
shown in Figure 2.

Original image Image after adding salt and pepper noise Median filtering

Fig. 2. Image denoising and contrast effect using mean filtering

The mean filtering algorithm is an important component of image modeling and is commonly used
for processing noisy images. It can filter out unnecessary noise related to image strength. The
specific expression is as follows:

-1
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Among them, ¢ (v:.b,) represents the pixels of the selected image.

The histogram equalization algorithm is a special method for image processing. For the image data
processed by this method, the contrast of the pixels at the top of the histogram is improved, while the
contrast at the bottom of the histogram is reduced. This gradually displays local image information in
the output histogram, thereby improving the contrast of the image and improving the subjective
visual effect of the image data. In order to see the effect more intuitively, histogram equalization is
used to process an image in the graphic design database. The processed effect is shown in Figure 3.
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Fig. 3. Image processing effect of histogram equalization algorithm

At the same position, there are usually three independent light signals, and the relationship
between pixels and input light signals in the photo system is simulated as follows:

0" =" (") =1 (7) R (7)d(7) ©)

Among them, 6" is an identity function; v is the response value of the n—th channel; R
is the camera sensor’s response function for the n—th channel; & (}/) is a linear transformation
for the color matching function.

The calculation formula of histogram equalization is as follows:

Ravg = Z R,
t=1 k=1
M N
Gavg = Z G, (6)

M
Bavg = ZZB,k

t=1 k=1

Among them, Ravg, Gavg,and Bavg represent the common colors of the image.

The larger the selected neighborhood at the edge details of the image, the greater the degree of
blur in the preprocessed image. Introducing a threshold can reduce blurring effects, and the mean
method is defined as follows:

Ly ewy)eler)— 3 g(xy)>w
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Among them, P, represents the edge value of the image, and g(x,y) represents the selected
image.

2.2. System Design

DL has developed NN technology and has been widely applied in the field of Machine Learning (ML),
which can be used to solve many practical problems and has achieved great success in image
identification. For images, the processing sequence is generally to first obtain the edges of the image,
then create the first image, and finally merge it into multiple complex images. The model of DL is
multi-layer, with many matching neurons, and the first layer in the network usually contains edge
data. Meanwhile, as the number of layers increases, more uncertainty is obtained. DL can be used in
many applications, and supervised learning is one of the main manifestations of DL.

Convolutional layer, also known as feature extraction layer, is mainly used to extract image features
through convolution. The specific expression is as follows:

v =h[2yf1*g!§+x_’§j (8)

./ENj

The i—th feature map of the convolution layer & isrepresented by y/,and # is the activation
function in the convolution operation.

A basic form of logistic regression is a kind of regression for multi class classification problems,
which solves the problem when different data are mutually exclusive. The expression is as follows:

7(6)= —%{iﬁl{ﬂ” =i} 1og(q(x<") =i 5 9))} 9)

Among them, f represents the mean square deviation between the predicted value of the given
function and the actual value of X, which reflects the degree of deviation between the predicted
value and the actual value.

For DL image identification systems, training and testing are the most important parts of the
system. Testing refers to obtaining recognition results of some images based on patterns and their
parameters, so as to determine the quality of the training mode. On the results page, users can select
the images they want to see one by one, and support classified viewing, ensuring that users can find
specific types of images every time. When displaying the results, the results of image identification
and image annotation would be displayed simultaneously. The position of the target is marked with a
box, and the type of each target is displayed in a list. By using a graphical interface to set parameters
for calling images for recognition of other images, the system can also be published online, and
others can recognize the uploaded images through a browser. The specific module diagram of the
system is shown in Figure 4.
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Fig. 4. System module diagram

2.3. Module Detailed Design

During the evaluation phase, descriptions of the training and testing processes, as well as validation
results of the testing process, can be obtained. By reading this information, the relationship between
each region in each image and the target size is calculated. In the application stage, the reason for
accepting the testing method is calculated based on the reference data obtained through training
regarding the relationship between target position and size. The usage method of training images
and testing evaluation images is the same, both of which are set by modifying parameters, then
importing processing code, and then inserting analysis steps. Finally, the execution code can be run.
During the operation process, the interface would display the progress status, and users can judge
the operation status based on the status. If it is not normal, they can make modifications. The
schematic diagram of training and testing images is shown in Figure 5.



6682

Y. ZHANG

Insert observation
node

User

y

Modify the parameter
setting file

4

Import image

execution code

4

Classify the pass image code

y

Run the image to
execute the code

4

Observe the operation of the code

i

YES

NO

Output image model

Fig. 5. Schematic diagram of training and testing

2.4. Design Requirements and Interaction Design

According to the needs of graphic design, suitable user interfaces are created, allowing users to
understand and communicate graphic design on the created DL image identification system. The
human-machine interface should be able to easily handle different interactive tasks. The output of
the problem should be easy to understand and have less additional information. It can directly
process image data, with a high degree of automation and ease of business operations. It can display
the results of graphic design to users based on tables or graphical methods. The language used in
human-machine interfaces should be standardized and consistent, especially in professional terms,
which must be maintained consistently. The interface of the image identification processing system is

shown in Figure 6.
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Fig. 6. Image identification processing system interface
3. Application Practice and Case Evaluation of Graphic Design

Motion graphics design is also called dynamic design for short. Motion graphics design involves
many aspects. It is based on a certain static view and reconstructed into an image that would move
and change in a period of time through animation software. Motion graphics design is different from
traditional graphics. It has no clear lines and boundaries. It is an art discipline that integrates
multiple technologies and expands multiple categories. Motion graphics design is not only a concept
in graphic design, but also a teaching and skills based on movies and graphics. Animation design
involves creating images in cartoons like comics. It can be seen that the main difference between
graphic design and behavioral animation design lies in their different content. The specific
differentiation is shown in Table 1.
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Table 1. Comparison of differences between animation design and graphic design

Distinguishing criteria

Graphic design

Animation design

Performance center of

gravity

Figurative products and graphics as the

carrier

Take the character as the carrier

Exercise method

Abstract movement-based

Centered on the logical movement of
the plot

Narrative center

Centered on explanatory narrative

Centered on the storyline

Design focus

Centered on graphic design

Centered on script and art design

Application area

Graphic design, packaging, advertising

Movies, TV

Communication of

information

Product promotion, visual experiment

Thoughts on the theme of a certain
story

Use object

Widely used objects

Smaller used objects

When users view a well-designed graphic design work, the display of details can help the audience
understand the design of the work. However, when users deeply understand the graphic design work,
understanding the specific design process can help them have a deeper understanding of the graphic
design work. The image processing interface of the DL image identification system is opened, and
two graphics are randomly selected from the database, which can be automatically generated by the
software or already created by others. One is used as the main image and the other as the
background image. The second step is to load the background image into the image window, and
then load the second image into another window. The third step is to click the image synthesis
command button to form a complex graphic design as shown in Figure 7. The fourth step is to save
the image to the computer disk.

Fig. 7. Complex graphic design based on image identification system

The DL based image identification system is applied to graphic design, and the images that need to
be processed are input into the image identification system. According to different processing
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requirements, different choices are made in the system to output the processed images. In order to
make a significant difference in the graphics, some changes can be made to the graphics, such as
flipping left and right, flipping up and down, flipping up, down, left and right, etc. These changed
graphics can be combined to obtain more exquisite and complex graphics. Figure 8 shows the
flipping situation of the image that needs to be designed, and Figure 9 is a complex graph formed

based on Figure 8.

Original picture Flip up and down
Flip up and down, left Flip left and right
and right

Fig. 8. Using the system for graphic flipping design

Fig. 9. Overall image of graphic design
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4. Evaluation of the Application of DL Based Image Identification Systems in
Graphic Design

By using different systems and software to design graphics and using the same graphics for the same
image, the resulting results are all different. In order to better evaluate the graphic design schemes of
image identification systems based on DL, 20 experts were randomly selected to rate 10 graphic
design schemes. The score is 1-10 points. The higher the score, the higher the overall evaluation of
the work. The evaluation mainly focuses on the visual perception, color, design speed, and overall
aesthetics of image design. The result of expert scoring is compared with the graphic design scheme
designed by the image identification system based on Computer Aided Design (CAD), Photo Shop
(PS), NN and ML. The final rating for 10 graphic design solutions is based on the average score of 20
experts. The specific scoring situation is shown in Table 2.

Table 2. Expert scoring

Graphic design number DL CAD PS NN ML
1 8.85 8 7.71 8.35 8.3
2 8.65 7.85 7.75 8.2 8.3
3 8.88 7.35 7.55 7.95 8
4 8.95 7.7 7.85 8 8
5 8.65 7.64 7.65 8 8.4
6 8.45 7.65 6.85 8 8.35
7 8.75 8.05 7.75 8.1 8.2
8 8.9 8.15 7.85 8.15 8.15
9 9.1 7.9 6.9 8.1 8
10 9 7.95 7.7 8.2 8.25

As shown in Table 2, there were 10 graphic design schemes designed by five different image
identification systems, and the average score of 20 experts on these 10 schemes. The expert ratings
for the 10 schemes of the DL based image identification system were all above 8.44 points; the expert
scores for the 10 graphic design methods designed based on CAD, PS, NN, and ML image
identification systems were below 8.16, 7.9, 8.36, and 8.41, respectively. The expert rating for the
graphic design scheme designed by DL based image identification systems was much higher than
that of other image identification systems. In order to further investigate the superiority of the
graphic design schemes designed for DL based image identification systems, a study was conducted
on the 10 graphic design schemes in Table 2. The specific comparison results are shown in Figure 10.
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In Figure 10, the x-axis represents different image identification systems, and the y-axis represents
the expert scoring values. The elements represent the minimum to maximum, while the horizontal
line in the middle represents the average value. As shown in Figure 10, the minimum expert rating of
the graphic design scheme designed by the DL based image identification system was much higher
than the maximum rating of other system design schemes, and the average value was also much
higher than the expert rating of other systems. The average expert rating for graphic design solutions
designed by DL based image identification systems was 8.818 points, which was 0.994 points, 1.262
points, 0.713 points, and 0.623 points higher than the average expert rating for graphic design
solutions designed by the other four systems based on CAD, PS, NN, and ML, respectively. Among
them, the average score of the scheme designed by the ML based image identification system was
lower than that of the system expert based on DL, but higher than the other three, while the overall
score of the PS based image identification system was the worst.

The satisfaction rate of users with a system experience is also an important evaluation aspect that
determines the quality of a system. The higher the user experience satisfaction rate, the better the
performance of the system in all aspects. Conversely, if the satisfaction rate is lower, it indicates that
there is a certain problem with the overall performance of the system. The user experience
satisfaction rate of the DL based graphics recognition system is very high. In order to further
demonstrate its superiority in user experience satisfaction rate, 20 users were randomly selected
and their system experience satisfaction rate was surveyed. At the same time, the survey results were
compared with image identification systems based on CAD, NN, and ML. The specific user experience
satisfaction rate comparison results are shown in Figure 11.
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Fig. 11. Comparison of user experience satisfaction rates among different image identification systems

In Figure 11A, the x-axis represents the number of 20 extracted users, while the y-axis represents
the user experience satisfaction rate; In Figure 11B, the x-axis represents the different extracted
systems, and the y-axis represents the average user experience satisfaction rate. As shown in Figure
11, the user satisfaction rate with DL based image identification systems was much higher than the
other three systems. This was because using DL's image identification system could help users design
more excellent graphic designs, improve the overall presentation effect of graphic designs, and make
colors more colorful. Different special effects could be added to make the design more visually
appealing. As shown in Figure 11A, the user experience satisfaction rate of DL based image
identification systems was above 93.4%, while the user experience satisfaction rates of CAD, NN, and
ML based image identification systems were below 88.77%, below 92.24%, and below 93.29%,
respectively. The 8th user had the lowest satisfaction rate with the DL based image identification
system experience, which was only 93.41%. However, this was still 6.7%, 5.42%, and 2.51% higher
than the user experience satisfaction rates of image identification systems based on CAD, NN, and ML,
respectively. The 18th user had the highest satisfaction rate with the experience of CAD based image
identification systems, which was 88.76%. However, this was still 6.35% lower than the DL based
image identification system; the third user had the highest satisfaction rate with the experience of
image identification systems based on NN and ML, which were 92.23% and 93.28%, respectively.
However, the user experience satisfaction rates of these two image identification systems were still
1.44% and 0.39% lower than those of DL based image identification systems, respectively. As shown
in Figure 11B, the user experience satisfaction rate of the selected 20 users based on DL image
identification system was 94.47%, which was 7.92%, 3.85%, and 3.28% higher than that of the image
identification system based on CAD, NN, and ML, respectively.

For image identification systems, the accuracy of identifying different graphic designs was
beneficial for helping designers better carry out graphic design. The image identification system was
used to recognize eight types of graphic design, including positive and negative graphics, symbiotic
graphics, ghosting graphics, pun graphics, isomorphic graphics, textual graphics, gradient graphics,
and overlapping graphics. Through experiments, it could be found that the DL based image
identification system had very high accuracy in recognizing these 8 different types of graphic designs.
The experimental results are compared with the image identification systems based on CAD, NN, and
ML, and the specific recognition accuracy comparison results are shown in Table 3.



GRAPHIC DESIGN APPLICATION BASED ON ARTIFICIAL INTELLIGENCE 6689

Table 3. Accuracy of four image identification systems in identifying different graphic design types

Graphic design type DL CAD NN ML
Positive and negative graphics 93.44 88.23 92.22 91.05
Symbiotic graphics 95.71 86.51 91.48 90.57
Different shadow graphics 93.49 88.69 89.62 92.01
Pun graphics 94.95 87.82 91.87 90.27
Isomorphic graphics 92.39 86.97 90.81 91.58
Text graphics 93.68 85.85 90.12 91.17
Gradient graphics 94.99 84.77 90.77 90.85
Transparent graphics 93.58 85.89 91.59 92.31

As shown in Table 3, the accuracy of DL based image identification systems for recognizing these 8
different types of graphic designs was much higher than that of the other three image identification
systems. Among them, the DL based image identification system had a recognition accuracy of over
92.38% for different types of graphic designs. The recognition accuracy of image identification
systems based on CAD, NN, and ML for different types of graphic designs was below 88.7%, below
92.23%, and below 92.32%, respectively. The DL based image identification system had the lowest
recognition accuracy for isomorphic graphic designs, which was only 92.39%. However, this was still
5.42%, 1.58%, and 0.81% higher in recognition accuracy than image identification systems based on
CAD, NN, and ML; the DL based image identification system had the highest recognition accuracy for
symbiotic graphic design, which was 95.71%. This was 9.2%, 4.23%, and 5.14% higher in
recognition accuracy than image identification systems based on CAD, NN, and ML. The image
identification system based on CAD had the highest recognition accuracy for ghosting graphic design,
which was 88.69%. However, this was still 4.8% lower than the recognition accuracy of DL based
image identification systems; the image identification system based on NN had the highest
recognition accuracy for positive and negative graphic designs, which was 92.22%. However, this was
still 1.22% lower than the recognition accuracy of DL based image identification systems; the ML
based image identification system had the highest recognition accuracy for overlapping graphic
designs, which was 92.31%. However, this was still 1.27% lower than the recognition accuracy of DL
based image identification systems.

5. Discussion on the Application of Artificial Intelligence Image Identification
Systems in Graphic Design

5.1.  Extracting Typical Features of Images

The main process of ensuring image feature extraction is selection and extraction. Everything in this
world has its own characteristics, and each of them has the same characteristics in artificial
intelligence image identification systems. Being able to choose research and content suitable for
image identification is a solid foundation for ensuring the integrity and accuracy of final image
identification. Through most current applications of image identification, it can be seen that the most
important features of image identification are the shape, color, and texture of the image. Generally
speaking, in image identification, the first thing to be recognized is the color of the object, and then
specific information such as the position and volume of the recognized object is captured. However,
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when using image identification as a special too], it is necessary to consider the usage scenario and
the purpose that the technology aims to achieve, so as to set the priority of authentication. Each
image has many points when viewed from different perspectives. Therefore, in order to obtain clear
images, it is necessary to divide and classify the features of the images.

5.2. Intelligence

The intelligence of image identification processing is the biggest advantage of image identification
technology in artificial intelligence. Especially compared to traditional image processing technologies,
artificial intelligence image identification technology can intelligently select and analyze images, and
has functions that other recognition technologies do not have. These image identification tools can
not only display simple images, but also process, manage, and analyze image data, which is not easily
achieved by traditional computer image processing functions.

6. Conclusions

With the development of artificial intelligence technology, the value of image identification
technology lies in allowing computers to process a large amount of graphic information. The
processing process is to collect graphic information to extract features from this information, and
then classify and recognize graphics based on the extracted features. At the same time, image
identification based on artificial intelligence has a unique advantage in the accuracy of graphic
information recognition. As images focus more on the content itself, complex data information
becomes apparent, and graphic design cannot be displayed in a dynamic and visible manner. image
identification systems based on artificial intelligence can intelligently process images. Therefore, this
article applied artificial intelligence image identification systems to graphic design to improve user
satisfaction and better present graphic design to users.
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