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With the rapid development of modern economy, the advertising industry is crucial to economic and social development, and
information technology has made a significant contribution to the development. Outdoor advertising is not only an important
part of a city’s image but also reflects the overall appearance of a city’s economy, politics, and culture. With the emergence of
IoT technology, new advertising communication modes are constantly updated. The Internet of Things is at the forefront of
information technology and provides a major impetus for the development of the advertising industry today. This paper
studies the intelligent advertising design strategy based on the Internet of Things technology, which is a truly responsive
advertising communication mode that serves the needs of the audience. Through multisensory interaction design, an effective
interaction between people and advertisements can be formed. And it adopts a variety of crawling strategies to analyze the
intelligent web advertisement crawler system to collect advertisement data in the Internet. The research results show that the
repetition rate of advertisements captured by the best priority strategy is stable at around 25%, and the overall advertising
information repetition rate is the lowest.

1. Introduction

With the rapid development of information technology, the
Internet of Things, known as the third information revolu-
tion, has attracted widespread attention from all walks of
life. It has played an important role in accelerating economic
and social development and has become an important driv-
ing force for today’s global economic and social develop-
ment. As an important means of disseminating
information, the Internet has naturally become an important
place for advertising. Unlike traditional media such as televi-
sion, newspapers, radio and magazines, advertising on the
Internet has its own unique advantages. This is unmatched
by traditional media advertising.

People found that the current offline advertising did not
achieve the expected effect. There is a certain blindness in
the advertising process. With the development of economy
and the advancement of science and technology, people are
no longer satisfied with simple sensory interaction of infor-
mation. Instead, it pays more attention to multisensory
interactive design that is experiential, intuitive, and interest-

ing. This is getting more and more attention. Humans use
the five senses of sight, hearing, taste, smell, and touch to
perceive things at the same time. Therefore, in the dissemi-
nation of a certain experience, if the media mobilizes the
audience’s senses more, the human perception will be more
simulated. At present, much of outdoor advertising is still
only a form of communication; visual and sound advertising
is the most common. The target audience is very diverse, and
the lack of information from other senses tends to affect peo-
ple’s experience with an advertisement, thereby affecting its
reach and persuasiveness. For example, there are currently
many outdoor advertisements in many subway stations,
mostly in the form of billboards. But they only communicate
information to the public through visual images and words.
Of the tens of thousands, very few actually stopped to look.
Therefore, it is necessary to introduce the concept of multi-
sensory interaction into the advertising field in order to bet-
ter utilize the commercial value of advertising.

In the era of big data, information is flooding the work,
life, and study of modern people. Information as a commu-
nication tool is inseparable from advertising, but people’s
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sensory experience in public spaces must be respected. The
novelty of this work is to combine the concept of multisen-
sory design, select the appropriate communication medium,
take the new media as an effective platform, and take the
audience’s perspective as the starting point. It is people-
oriented. It considers the relationship between the media
and the audience in a three-dimensional and multidimen-
sional manner. It fully mobilizes the audience’s sensory
experience, allows the audience to actively participate in
the advertising experience, and creates a different sensory
experience. It is not only an innovation in media technology
but also a new interaction between different media.

2. Related Work

Today, the Internet of Things (IoT) and robotic systems are
the main drivers of technological innovation trends.
Leveraging the strengths of both technologies, IoT-assisted
robotic systems can reveal a potentially disruptive opportu-
nity. Scilimati et al. provides an experimental analysis of an
IoT-assisted robotic system for environmental monitoring.
The main results of the analysis show that (i) drones do
not incur any significant overhead due to on-board IoT
devices and (ii) the overall quality of service in terms of net-
work join time, data retrieval delay, and packet loss rate
meets the mission requirements. These results facilitate fur-
ther development in a larger-scale setting [1]. Loureiro and
Kaufmann explore the impact of individual attitudes toward
advertising and country-of-origin images (brand origin and
country of manufacture) on brand equity creation and
examine how brand typicality moderates the impact of
brand origin macroimages on perceived quality. Three cri-
teria guided the choice of brands. The first criterion is to
choose a brand that is well known to consumers. The second
is to choose a brand with a unique brand origin and major
country of manufacture. The third and final criterion is to
consider brands at different positions in the brand ranking.
In order to estimate the structural path coefficient and Boot-
strap technology, the partial least squares (PLS) method is
used in the research. The partial least squares method is used
to find the fundamental relationship of two matrices, that is,
a latent variable method that models the covariance struc-
ture in these two spaces, but the practicability is not strong
[2]. An estimated 85% of social TV activity discusses TV
shows, so it is valued by broadcasters and advertisers. This
has led to research into audience behavior when engaging
in multiscreen events. Fossen and Schweidel provide real-
time feedback on how an advertisement is being considered
by viewers. First, the study conducted an in-depth study of
word-of-mouth induced by TV commercials in social TV.
At the same time, the study also looked at the impact of
the brands advertised and the programs aired by the adver-
tisements. The second question studied was the interaction
between online engagement programming and advertising
brands. However, studies have found that excessive engage-
ment with programming can negatively impact advertising
viewing [3]. Nwokah and Ngirika examine the impact of
online advertising on customer satisfaction of Nigerian
online retail companies. Of the 384 questionnaires distrib-

uted in total, 285 were used for analysis. The findings show
a positive and strong relationship between online advertising
and customer satisfaction. Online advertising has a clear
impact on customer satisfaction. The study concluded that
online advertising largely affects customer satisfaction. How-
ever, online advertising is a key factor in determining cus-
tomer satisfaction. Because it is considered to be the point
of interaction between the customer and the company that
buys its product. But research is not comprehensive enough
[4]. Man discusses the impact of brain function on the crea-
tive aspects of graphic design. Creativity is the basic compo-
nent of the psychological structure of graphic design talents,
and creativity is the soul of advertising design. Without
innovation, where can creativity come from? It refers to
the ability of advertising design talents to have new ideas
and new structures and to invent new images, new methods,
and new ideas in advertising design activities. The main pur-
pose of modern advertising is to create customers, create
images, create benefits, and create the future. Therefore, cre-
ativity is an important part of the entire advertising design
intelligent structure and design talents [5]. With the rapid
development of NFC (Near Field Communication) technol-
ogy, Tian-Yu and Liu proposed a laundry label with NFC
tags to meet the digital requirements of the clothing indus-
try. They developed a clothing information system with
NFC-enabled mobile phone, mobile Internet, and enterprise
information center. After the experiment, consumers can
read and write NFC laundry tags on their mobile phones
to easily obtain information on washing and clothing care.
NFC laundry tags will meet the standards required for wash-
ing. The emergence of NFC laundry tags will provide a nat-
ural basis for smart fitting recommendations and accurate
targeted clothing advertising information. However, it is dif-
ficult to realize all aspects at present [6]. The above research
has carried out a detailed analysis of the application of intel-
ligent advertising design and Internet of Things technology.
It is undeniable that these studies have greatly promoted the
development of the corresponding fields. We can learn a lot
from the methodology and data analysis. However, the
research on intelligent advertising design in the field of IoT
still needs to continue to develop and improve. It is neces-
sary to fully apply these techniques to research in this field.

3. Intelligent Advertising Design Strategy
Method Based on Internet of
Things Technology

The Internet of Things is a connected combination of the
Internet, communication networks, and television networks.
The Internet of Things (IoT) refers to the use of information
sensors, such as radio frequency identification (RFID) sen-
sors, infrared sensors, global positioning systems, and laser
scanners, to connect any object with the Internet in accor-
dance with the agreed information exchange and communi-
cation protocols to achieve a network for intelligent
identification, tracking, monitoring, and control. The core
and foundation of IoT is the Internet. It is a network that
extends and expands on the basis of the Internet. IoT
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provides connectivity between sensors. It uses various smart
technologies such as cloud computing and pattern recogni-
tion for sensor connection and smart processing to expand
its application field. Through intelligent analysis, processing,
and data mining, it is possible to understand the interactions
between people and things. Ultimately, the goal of intelligent
control and scientific governance of the physical world can
be achieved [7]. This is why, for IoT, application develop-
ment is at the heart of development. And user experience
is the goal of this development [8].

Today, advertising can be divided into two main forms.
The first is offline advertising, such as billboards, advertising
machines with rotating images, and video advertisements
that play on screens. The second is online advertising, such
as advertisements placed by major websites through adver-
tising platforms. Each type of advertising has its advantages
and disadvantages, especially offline advertising [9]. Offline
advertising is generally in the form of distribution. The web-
site is very flexible. Offline advertising is also mainly
achieved by means of store sales, road shows, and in-depth
distribution. Offline advertising is more direct, fast, and
accurate in terms of product sales feedback and long-term
market response analysis. Because of its complex and
changeable environment, it needs to have a wider range of
production requirements. But its shortcomings are also
obvious, such as lack of purpose, poor interactivity, and
inability to catch people’s attention [10].

The advertiser’s purpose of advertising is to use the least
amount of money for advertising to get the most profit. They
do not care about which advertising technology the advertis-
ing service provider chooses and do not care whether the
advertisements are placed in newspapers, magazines, TV,
or the Internet. However, for advertising service providers,
what kind of advertising form to use, what kind of advertis-
ing technology to use, what kind of media to put in, and how
to locate target users are all factors that they need to con-
sider, because these factors will affect the click rate of adver-
tisements, the conversion rate of advertisements, and then
their own profits [11]. Figure 1 shows the ecological environ-
ment of Internet advertising. Advertisers hand over advertis-
ing information and advertising requirements to advertising
networks. An advertising network mainly refers to advertis-
ing network and brand advertising network. The advertising
network aggregates network media resources such as portal
websites and a large number of small- and medium-sized
websites and places Internet advertisements on the specific
web pages of the websites in the network media. When a net-
work user browses to a specific page through a browser, the
Internet advertisements delivered by the advertising network
will be displayed to the user. If the user sees the advertise-
ment and has click behavior and subsequent purchase of
goods or services, the advertiser’s advertisement will be
processed and delivered by the advertising network, affecting
the user and reaping its value as an advertisement [12].

Outdoor advertising based on the concept of multisen-
sory design refers to the effective interaction between people
and advertisements through the interaction between peo-
ple’s five senses on the basis of traditional visual communi-
cation as the main form of expression. This form of

communication can be expressed through different commu-
nication tools [13]. Advertising increases multisensory inter-
action and is aimed at creating a good advertising experience
for the audience. Through innovative and attractive interac-
tive methods, we can better understand the ideas conveyed
by advertisements and deepen the audience’s understanding
of the value of advertisements and brands [14]. In the pro-
cess of selecting and paying attention to information, con-
sumers’ senses are increasingly fatigued, and their
personalized requirements are greatly enhanced.

According to the different sensory objects of interaction,
interaction can be divided into “visual interaction” and
“behavioral interaction.” “Visual interaction” refers to the
interaction of an audience with an image through visual
media. This is a traditional “one-way” information transfer
method [15]. “Behavioral interaction” refers to the actual
participation of the audience in the interaction of the space
through the presentation of the medium. This is an experi-
ential “two-way” information transfer [16]. No matter how
perfect the visual interaction is, even if it is flat and three-
dimensional, it is just an image. People are unable to experi-
ence the sound, smell, weight, texture, and other sensory
stimuli of objects in images. But through behavioral interac-
tions, these sensations that require imagining can take place.
Other sensory functions, such as touch and hearing, can give
the audience a more realistic sense of presence [17]. Other
sensory functions, such as touch and hearing, can give
viewers a more authentic sense of immersion. Most sensory
research focuses on sight and hearing. These are generally
considered to be the two most important human senses.
Sight and hearing are two senses that are relatively easy to
integrate and associate. The biggest advantage of audiovisual
advertising is that it is intuitive and imaginative, spreads fast,
and has a wide coverage. The combination of image and
sound gives people the opportunity to imitate and reproduce
real life. Table 1 is a comparison of the retention rate of
auditory memory with that of visual memory [18]. It can
be seen from Table 1 that the memory retention rate of the
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Figure 1: The ecological environment of Internet advertising.
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audiovisual combination has been greatly improved after 3
days, reaching 60%.

The advertisement itself uses relatively simple interac-
tions, combining visual interactions and qualitative click
interactions to analyze IoT business models. The business
model refers to the law and logic of value creation. It refers
to the process of creating value for customers under the
action of a certain value transfer mechanism in the value
network environment of different places [19]. Through the
analysis of IoT business models, we can understand the
development process of IoT business models and the basic
types of IoT business models. Only by clarifying the develop-
ment needs of the IoT market and connecting related IoT
topics can we create value for customers faster and more
effectively, discover the rules of IoT value creation, and pro-
vide basis and guidance for IoT technology-based advertis-
ing. Designing an IoT-based business model will provide
the foundation and guidance [20].

The emergence of new media applications such as big
data, cloud computing, Internet of Things, mobile Internet,
and O2O has changed the information dissemination
method of online commercial advertising. O2O stands for
Online To Offline, which also combines offline business
opportunities with the Internet, making the Internet the
front desk for offline transactions. On the one hand, “online
thinking” is changing people’s way of thinking; on the other
hand, “Internet+” is rapidly innovating in all walks of life.
Table 2 shows the market share of various forms of online
advertising in China from 2016 to 2018. As can be seen from
Table 2, the scale of the Internet and netizens in China is
growing rapidly.

The significance of new media is to spread and share
experiences. From a media development perspective, the
use of multisensory compensatory media is in line with the
audience’s tendency to experience comprehensive and
authentic experiences when receiving information [21]. In
the era of big data, the public receives information from all
directions every day. They prefer two-way communication
with the communicator rather than simply passively receiv-
ing information. The more senses used to receive informa-
tion, the more authentic the information and the more
effective the communication [22]. In conclusion, technology
has brought countless changes to people’s way of life. In the
context of IoT development, designing advertisements that
enable multisensory interaction can gain many benefits [23]:

(1) Various forms of expression and richer creativity

(2) Use media integration strategies to achieve high
returns with low investment

(3) Create a contextualized experience to reach a wide
range of people

These advantages largely meet the needs of most adver-
tisers. The advertising communication mode based on the
Internet of Things technology is composed of seven ele-
ments: source, channel, sink, advertiser, advertising effect,
personal data center, and data resource library. The interre-
lationships among various elements and the dynamic infor-
mation flow process composed of interrelationships jointly
construct this communication mode, as shown in Figure 2.

Generally speaking, IoT data is fragmented and irregu-
lar. Most user data is vague and indeterminate. Therefore,
these data need to be quantified and processed before they
can be analyzed. This includes data preprocessing, data nor-
malization, and clustering. Among the related functions of
data mining rules, the Apriori algorithm is often used. This
algorithm has certain advantages. It uses an iterative method
of layer-by-layer search to find out the relationship of item
sets in the database to form rules. The process consists of
concatenation (matrix-like operations) and pruning (remov-
ing unnecessary intermediate results). The research proves
that the algorithm achieves good correlation results on user
data. In this paper, we use the Apriori algorithm to correlate
IoT data in data mining mode and complete data analysis.

Before applying relevant rules to IoT data samples, the
data samples need to be divided into batches. The IoT data
then needs to be normalized before applying the Apriori
algorithm for data association.

Suppose the incomplete data sample set is Xa = fx1, x2,
::, xng ⊂ SR, xc = ðxc1, xc2,⋯, xcrÞT ∈ SR. The subsets of sam-
ple set Xa are Xw and Xp, which have

Xw = xc xc ∈ Xa, 1 ≤ c ≤ njf g, ð1Þ

Xp = xi xi ∈ Xa, 1 ≤ i ≤ njf g, ð2Þ

Xw ∩ Xp =∅,Xw ∪ Xp = Xa: ð3Þ

The set of eigenvalues is

Xm = xcj xcj = ?1 ≤ j ≤ s, 1 ≤ c ≤ n
��� �

, ð4Þ

Table 1: Comparison of retention rates of auditory memory and
visual memory.

Holding time
After 3
hours

After 3
days

Auditory memory retention rate 68% 10%

Visual memory retention 75% 25%

Audiovisual combination retention
rate

80% 60%

Table 2: Market share of different forms of online advertising in
China, 2016-2018.

Online advertising market size
(billion yuan)

Year-on-year
growth (%)

2016 2808 34.10%

2017 3508.1 24.90%

2018 4186.7 19.30%
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Xu = xcj xcj = determine the value 1 ≤ j ≤ s, 1 ≤ c ≤ n
��� �

,
ð5Þ

Xm ∩ Xu =∅, Xmj j + Xuj j = Xaj j: ð6Þ
j j represents the number of elements in the set.
Suppose the completeness rate of data sample Xa is

denoted by p:

p =
nu
ns

=
Xuj j

Xaj j × s
: ð7Þ

The impact factor of data sample xc on cluster analysis is
represented by θc:

θc =
1, xc ∈ Xw,

1 −
xcj
�� ��
xcj j , xc ∈ Xp, xcj ∈ Xm, 1 ≤ j ≤ s:

8><
>: ð8Þ

Similarity λ between data samples xi and xj:

λ = xic − xjc
�� ��, 1 ≤ c ≤ sð Þ∧ xi ∈ Xuð Þ∧ xj ∈ Xu

� �
: ð9Þ

Let the sample set X = fx1, x2, ::, xng ⊂ SR be a finite set
of samples of n modes in the mode space. Among them, xc
= ðxc1, xc2,⋯, xcrÞT ∈ SR is the feature vector of the data
sample xc. xcj is the assignment on the jth dimension feature
of the feature vector xc.

The affiliation between xc and xið1 ≤ i ≤ cÞ is constrained
by hic = hXi

ðxcÞðhic ∈ ½0, 1�Þ. In order to facilitate the calcula-
tion, it is recorded in the form of a matrix, denoted as u =
½uic�k×n.

Let user information domain X = fx1, x2,⋯, xng be the
object to be classified. Each object is measured by m indica-
tors, xi = fxi1, xi2,⋯, ximg, i = 1, 2, ::, n, and the original data
matrix can be obtained as

x11 x12 ⋯ x1m

x21 x22 ⋯ x2m

⋯ ⋯ ⋯ ⋯

xn1 xn2 ⋯ xnm

0
BBBBB@

1
CCCCCA: ð10Þ

Once you have the raw data, you can standard deviation
transform the data:

xij′ =
xij − �xj

sj
  i = 1, 2,⋯, n ; j = 1, 2,⋯,mð Þ: ð11Þ

Among them,

�xj =
1
n
〠
n

i=1
xij, ð12Þ

sj =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
〠
n

i=1
xij − �xj
� �2s

: ð13Þ

After transformation, all variables take values between ½
0, 1�. After the original matrix has been established, a fuzzy
similarity matrix is established according to the original
matrix. The fuzzy similarity matrix represents the degree of
similarity between objects, λij = rðxi, xjÞ. There are four
main ways to calculate λij:

The angle cosine method solves the similarity coefficient:

λij =
∑m

c=1 xic − �xij j xjc − �xj
�� ��ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑m
c=1 xic − �xið Þ2

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑m

c=1 xjc − �xj
� �2q : ð14Þ

Among them,

�xi =
1
m
〠
m

c=1
xik, ð15Þ

�xj =
1
m
〠
m

c=1
xjk: ð16Þ

The maximum and minimum method is

λij =
b
∘m

c=1
min xic, xjc

� �

b
∘m

c=1
max xic, xjc

� � , i, j = 1, 2,⋯, n: ð17Þ

The arithmetic mean and minimum method is

λij =
b
∘m

c=1
min xic, xjc

� �

1/2 b
∘m

c=1
xic + xjc

� � , i, j = 1, 2,⋯, n: ð18Þ

The geometric mean and minimum method is

λij =
b
∘m

c=1
min xic, xjc

� �

b
∘m

c=1

ffiffiffiffiffiffiffiffiffiffiffiffiffi
xic ⋅ xjc

p , i, j = 1, 2,⋯, n: ð19Þ

After calculating λij, the fuzzy similarity matrix can be
obtained, which is the similarity between different elements.

The IoT market has broad prospects, but most of the
existing IoT advertising business models are extensions of
traditional media advertising business models. Therefore,
the targeted advertising business model based on IoT tech-
nology should improve the IoT advertising business model
based on the existing IoT advertising business model.
Through the effective aggregation of the operating entities
of the Internet of Things advertising business model, the

5Wireless Communications and Mobile Computing



application of the targeted advertising business model based
on the Internet of Things technology can be realized. The
targeted advertising business model based on the Internet
of Things technology is composed of four elements: operat-
ing entities, users, product (service) provision, and value
acquisition, as shown in Figure 3.

In this mode, hardware equipment manufacturers, sys-
tem integrators, telecom operators, and service and content
providers are formed to jointly provide products (services).
It builds an advertising platform for the dissemination of
advertising information between advertisers and consumers
and realizes targeted advertising dissemination based on
the Internet of Things technology. It also derives benefits
and value from advertisers’ sales performance and con-
sumers’ advertisement subscriptions. The development of
triple play and multiscreen integration has prompted the
integration of various terminals such as computers, smart
TVs, and mobile phones. The collaboration and aggregation
between operating entities and the application of cloud com-
puting technology enable the establishment of personal data
centers and data resource libraries and then build a targeted
advertising platform based on the Internet of Things tech-
nology. The targeted advertising platform perceives user,
context, geography, and other related information through
the terminal. It collects and aggregates relevant information
through intelligent channels and establishes a personal data
center and data repository. Through cloud computing, data
mining and analysis processing are carried out to achieve
intelligent matching between advertisements and users.
The advertising content is determined according to the
behavior characteristics and needs of each user, and the ori-
entation and precision of advertising communication are
truly realized.

The Internet advertising market has grown so rapidly
and has reached a considerable size. Internet content pro-
viders and advertisers pay more attention to the placement
of advertisements and the marketing effects brought about

by them. These are very important for Internet advertising.
The main function of the intelligent web advertisement
crawler system is to capture the network advertisement data
from the massive web pages. In the face of extremely large-
scale web page data, the system must be able to quickly find
pages containing online advertising information. The repeti-
tion rate of advertisement information contained in these
pages should be as low as possible, and these pages should
cover as much advertisement information as possible. Then,
the advertisement data is extracted from the source code

Advertisers Source Smart
pipeline Terminal Accommodation Advertising

effectiveness

Data
repository

Communication

Information
access

Advertising
information

provided

Information use

Messaging
Advertising
messaging 

Information
use 

Information
feedback

Information
reception

Personal data center

Information
collection

Information
provided

Information
provided

Data processing and
content matching

Multi-dimensional perception
and information gathering

Personalized needs
and customization

Information
feedback

Information
feedback Signal channel

Cloud computing

Figure 2: Advertising communication model based on IoT technology.

Advertisers Consumers

Hardware
manufacturers

System
integrator

Telecom
operators

Service &
content

providers

User
Advertising
information

dissemination

Value
Capture 

Products, 
services
offered

Value capture

Value
capture

Collaborate,
aggregate, build

Operating
body Advertising platform based

on IoT technology 

Figure 3: Advertising business model diagram based on IoT
technology.
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corresponding to the web page according to the specified
format, and the data is saved in the database. The overall
design of the system is mainly divided into five modules:
download module, extraction module, strategy module,
interface module, and IO module, as shown in Figure 4.
Combined with the research on the web advertising crawler
system in this paper, the system should achieve the following
functional goals:

(1) Realize the best crawling strategy. Under the guid-
ance of the strategy, the system can capture a large
amount of advertising data quickly, without
repetition

(2) The advertisement extraction algorithm should be
universal and efficient. On pages with different page
layouts on different websites, advertising data can be
extracted efficiently

(3) Provide a graphical interface. It is convenient for
users to control the operation of the advertisement
crawler system, and at the same time, it can support
the test of the advertisement extraction effect on a
single web page

Client SDK: integrate with third-party applications devel-
oped by application developers and encapsulate advertising
update and display logic. Advertising delivery system: commu-
nicates with the client SDK through a specified protocol to
provide advertisements for integrated third-party applications.
Advertising display system: it communicates with the client
SDK through a specified protocol to provide support for
advertising display on third-party applications integrated with
the SDK. Data analysis system: originally record the data of
the advertisement delivery effect in the client-side SDK. It

includes display, click, browse, and download, to conduct
summary data analysis and form corresponding reports
and statistical results. Advertising management system: it is
the unified management background of this system.
Through this background, users with different roles can
perform operations such as advertisement management,
report browsing, and system management according to the
definition of role permissions. According to the functional def-
inition of each subsystem, combined with consideration of the
nonfunctional requirements of the system, the hardware
topology is defined as shown in Figure 5.

The subsystem deployment structure on the server side
can be seen from Figure 5. The advertisement delivery system
corresponds to the delivery server, the advertisement display
system corresponds to the advertisement display server, the
advertisement management system corresponds to the adver-
tisement management server, and the data analysis system
corresponds to the data analysis server. The database server
consists of a server and a server node. Both the advertisement
display server and the delivery server are composed of one
server, which can achieve load balancing. The advertising
management background only has the advertising manage-
ment function. Considering security, usability, and improving
the efficiency of advertisement delivery and display, it is
deployed on a separate server physical node to reduce the
impact on advertisement delivery and display and reduce the
possibility of the entire system platform crashing. Because
the statistical analysis server needs to undertake large statisti-
cal computing tasks, it will also be deployed on the physical
node separately at this stage.

4. Intelligent Advertising Search Design
Strategy Experiment

4.1. Overall System Architecture. In recent years, with the
increasing influence of the Internet in people’s daily life, it
has become a very important advertising medium alongside
TV and newspapers. With its wide coverage and strong
interactivity, online advertising has attracted many adver-
tisers to go online. In this paper, a method for extracting
advertisement data from web pages is designed. By monitor-
ing and analyzing advertisement data in a large number of
different types of web pages, it collects advertisement data
from the Internet based on an intelligent online advertise-
ment search system. The system starts with a predefined
sequence of URLs, automatically downloads web data from
the Internet, and then extracts advertising data from web
pages. It consists of two main processes.

(1) Crawl web pages containing advertisement informa-
tion from massive web pages on the Internet

(2) Perform subsequent processing on the crawled web
pages. Divide the web page into blocks, locate the
advertisement data block, and then extract and save
the advertisement information

The overall system architecture of the general web
crawler is shown in Figure 6.

Download module

Extraction module

Module strategyModule interface

IO module

Advertising
information

database

Internet

Figure 4: Overall system frame diagram.
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According to the architecture in Figure 6, the DNS reso-
lution module is used to resolve the host part in the URL
into the corresponding web server IP address. This module
also caches the parsed information for quick query in the
future. The HTTP download module gets the URL seed from
the URL queue. Request the DNS parsing module based on

the URL seed to get the IP address of the web server. It uses
the HTTP protocol to request the robot.txt file of the site to
determine whether the web page corresponding to the URL
is allowed to download. If allowed, the web page is down-
loaded with an HTTP request. Otherwise, skip this URL seed
and continue to the next cycle. If the web page is

MySQL database
server

MySQL database
server

MySQL management
nodes, SQL nodes

Ad management serverStatistical analysis
server

Casting server Casting server

Ad display
server

Ad display
server

Smart terminal (integrated
SDK)

Terminal

Firewall

Figure 5: Topology diagram.

URL libraryDNS resolution

HTTP
download Web processing URL processing

URL queue

Internet

Web library

Figure 6: General web crawler system architecture diagram.
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downloaded successfully, the web page is handed over to the
web page processing module for processing. The module
saves the source code of the web page in the database,
extracts all the hyperlinks in the web page, and passes the
extracted hyperlinks to the URL processing module. The
module first filters the URL. The filtering process includes
removing invalid hyperlinks and expanding the links whose
path information in the hyperlinks are relative paths into
absolute paths. Then, the URL is deduplicated, and finally,
the URL is processed according to the crawler’s strategy,
and the URL is added to the queue after the processing is
completed.

4.2. Crawling Strategy. In graph theory, breadth-first search
is a graph search strategy. Only two basic operations can
be performed during the search process: (1) visit and check
a node in the graph; (2) gain access to all other nodes con-
nected to the current node.

Depth-first search is also a graph search algorithm.
Depth-first search starts from the root node and traverses
along a certain path until a node has no further downward
path. At this point, backtracking to the parent node of the
node, the execution flow of the specific algorithm is as
follows:

(1) Visit the root node, and add the root node to the
node stack that has not completed the visit

(2) If the node element on the top of the stack has a
child node that has not completed the visit, then take
out the child node and visit and add the child node
to the node stack of the unfinished visit

(3) If all the child nodes of the node element at the top
of the stack have completed the visit, the current

node is marked as visited, and the node is popped
out of the node stack that has not been visited

(4) Repeat steps 2 and 3 until the unfinished node stack
is empty, and the states of all nodes are marked as
visited

Best-first search is also a graph search algorithm. During
the search process, it selects the most valuable nodes to visit
according to certain rules. On how to calculate the node
value, a heuristic evaluation function is generally used. This
evaluation function usually takes into account the descrip-
tion of the node, the description of the ultimate goal of the
search, the information collected in the search process so
far, and additional knowledge about the problem domain.
Of these, additional knowledge about the problem domain
is the most important. Best-first search selects the current
best candidate node. Algorithms often use priority queues
to achieve efficient selection. The execution flow of the algo-
rithm is as follows:

(1) Calculate the value of all initial nodes, add them to
the priority queue to be accessed, and initialize an
empty list to save the visited nodes

(2) Obtain the head node of the priority queue, visit the
node, and add the node to the visited node list

(3) Get all child nodes of the currently visited node. If
the child node does not exist in the visited node list,
calculate the value of the child node and add it to the
priority queue of the node to be visited

(4) Repeat steps 2 and 3 until the priority queue of the
node to be accessed is empty and all nodes have been
accessed
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When the best-first search algorithm is used in the
crawler system, the system must have a clear goal, analyze
the similarity or correlation between the URLs of all the
pages to be crawled and the system goals, and calculate the
importance of the URL. The calculation process can com-
bine the link graph formed by all the discovered URLs and
the specific content of the downloaded web page. The system
always chooses the most important URL to download first.

The advertisement extraction algorithm is the founda-
tion of the entire web advertisement crawler system. If there
is no good extraction algorithm to distinguish and extract all
the advertisement information and other information in the
web page, the resources consumed by the system will be
wasted. Therefore, an efficient advertisement information
extraction algorithm can greatly improve the performance
of advertisement crawler. The performance of the extraction
algorithm can be evaluated by the precision rate and the
recall rate. The definitions of each index are as follows:

Accuracy =
Number of advertisements extracted from the web page
Total number of results extracted from theweb page

,

ð20Þ

Recall =
Number of advertisements extracted from the page

Total number of advertisements in the page
:

ð21Þ

5. Experiment Analysis of Intelligent
Advertising Search Design Strategy

According to the rules of the breadth-first policy, the torrent
URLs extracted from the same page should have the same
priority, and the torrent URLs corresponding to the page

have a higher priority than the torrent URLs extracted from
the page. According to the rules of the depth-first strategy,
the seed URL extracted from the web page has a higher pri-
ority than the corresponding seed URL of the web page. But
all torrent URLs extracted from the same web page have the
same priority. This is consistent with the breadth-first strat-
egy. Moreover, the depth-first strategy usually has a limit
value of search depth, which can ensure that the crawler
does not sink too deep into a website. Using the breadth-
first strategy and the depth-first strategy to assign the prior-
ity of seed URLs, the statistics of the number of advertise-
ments obtained are shown in Figure 7. Figure 8 shows the
statistics of the advertisement repetition rate for the
breadth-first strategy and the depth-first strategy.

When the breadth-first search algorithm is used in the
crawler system, the system can quickly cover a large number
of different sites. But the deep pages of the site take a long
time to collect.

The advertisement crawler system selects the torrent
download network with the highest priority in the current
state. The statistics of the number of advertisements
obtained by the system operation are shown in Figure 9.

By observing the results of the previous three crawling
strategy experiments, it can be found from the statistics of
the number of advertisements that after the advertisement
crawler system has downloaded the same number of web
pages, the best priority strategy grabs the most nonrepetitive
advertising information, followed by the breadth priority
strategy, and the least is the depth-first strategy. All three
strategies will capture certain repeated advertisement infor-
mation. Among them, the number of duplicate advertise-
ments captured by the depth-first strategy is the largest. It
can be seen from the figure that the repetition rate is stable
at around 80%. The number of duplicate advertisements
captured by the breadth-first strategy is second only to the
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depth-first strategy. It can be seen from the figure that the
repetition rate is stable at around 40%. The best-first strategy
also crawls the fewest number of duplicate advertisements.
Its overall advertising message repetition rate is the lowest.
It can be seen from the figure that the repetition rate is stable
at around 25%.

We collected 100 different large-scale comprehensive
portal websites and small- and medium-sized websites from
the Internet and used the home pages and specific content
pages corresponding to these 100 websites. A total of 200
web pages are used as the test dataset for the web advertise-
ment information extraction experiment. The designed web
advertisement extraction algorithm is used to extract adver-
tisement information, and the results are shown in Table 3.

Figure 10 counts the statistics of web pages containing
advertisements among the 1000 downloaded web pages
under each policy condition. As can be seen from the figure,
when the optimal priority strategy is used, the most web
pages that do not contain advertising data are downloaded.
At the same time, the most downloaded web pages did not
contain duplicate advertising data.

Compared with the breadth-first strategy and the depth-
first strategy, when the best-priority strategy is adopted, the

advertising crawler system can crawl nonrepeated advertis-
ing information more quickly and comprehensively, and
the captured advertising information is less likely to be
repeated. When the breadth-first or depth-first strategy is
adopted, the advertising crawler system will capture a large
amount of duplicate advertising data, wasting a lot of
resources. This is because the best-priority strategy deter-
mines that the crawler can spread to the entire Internet more
quickly. It is more inclined to preferentially download web
pages that contain a lot of advertising information and have
a small repetition probability. So it is easier to download to
pages that do not contain any advertising data and pages
that do not contain any duplicate advertising data. While
breadth-first and depth-first are based on a graph of links
between pages, it is easier to download to many pages on
the same site. The number of advertisements placed on the
same site by the advertising system is certain, so the proba-
bility of duplicate advertisement data on the downloaded
web page is greater.

Traditional media advertisements are not interactive due
to technology and time constraints. The interactivity of
intelligent advertising makes “interpersonal communica-
tion” more and more prominent. It breaks the time limit;
users can send instant feedback to advertisers. Through the
feedback, you can know the user’s attitude towards the
advertisement to improve and adjust in time. This enhances
the effectiveness of the advertisement. Smart advertisements
combine a variety of design expressions to make the adver-
tisements have a stronger sensory impact and attract users
to browse the advertisements. Compared with traditional
advertisements, interactivity brings a stronger experience,
attracts users’ attention, and creates a sense of immersion
when watching advertisements.
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Table 3: Advertisement extraction results for different page
numbers.

Dataset Average accuracy rate Average recall rate

100 0.833 0.842

200 0.835 0.878

300 0.83 0.88

11Wireless Communications and Mobile Computing



6. Conclusion

Smart advertising is an advanced stage in the development
of Internet advertising, with many unique advantages. How-
ever, due to technical limitations, many advantages are not
really reflected, resulting in poor matching effect and inaccu-
rate targeting of targeted advertising. With the development
of Internet of Things technology, the two fields of IT (Infor-
mation Technology) and CT (Communication Technology)
have been integrated, forming a new technical field of ICT
(Information Communication Technology). The physical
network technology provides technical support and guaran-
tee for the improvement and development of targeted adver-
tising. With the changes of the times, people’s material life
has become richer. There are more and more product brands
in the same category, and market competition continues to
intensify. In the new market strategy, each consumer is an
independent existence. But among a consumer group, they
have similar values, consumption outlook, and even aes-
thetic habits. The multisensory interaction design of adver-
tisements can make good use of this feature to segment
consumers. It can disseminate information for specific con-
sumer groups.

Data Availability

Data sharing is not applicable to this article as no new data
were created or analyzed in this study.

Conflicts of Interest

The author states that this article has no conflict of interest.

Acknowledgments

This study is funded by the Tianjin Education Science Plan-
ning Project (DGE210040)—Research on the Coordinated
Development of Education in Beijing-Tianjin-Hebei.

References

[1] V. Scilimati, A. Petitti, P. Boccadoro et al., “Industrial Internet
of Things at work: a case study analysis in robotic-aided envi-
ronmental monitoring,” IET Wireless Sensor Systems, vol. 7,
no. 5, pp. 155–162, 2017.

[2] S. Loureiro and H. R. Kaufmann, “Advertising and country-of-
origin images as sources of brand equity and the moderating
role of brand typicality,” Baltic Journal of Management,
vol. 12, no. 2, pp. 153–170, 2017.

[3] B. L. Fossen and D. A. Schweidel, “Television advertising and
online word-of-mouth: an empirical investigation of social
TV activity,” Operations Research, vol. 58, no. 4, pp. 377–
380, 2018.

[4] N. G. Nwokah and D. Ngirika, “Online advertising and cus-
tomer satisfaction of E-tailing firms in Nigeria,” Intelligent
Information Management, vol. 10, no. 1, pp. 16–41, 2018.

[5] Z. Man, “On the impacts of loss of brain-neural functions on
creativity in graphic design,” Neuro Quantology, vol. 16,
no. 5, pp. 290–295, 2018.

[6] M. A. Tian-Yu, Z. D. Liu, and I. Center, “The design and
research on washing label with NFC,” Journal of Beijing Insti-
tute of Clothing Technology (Natural Science Edition), vol. 37,
no. 4, pp. 41–47, 2017.

[7] Y. Yang, Y. C. Yang, B. J. Jansen, and M. Lalmas, “Computa-
tional advertising: a paradigm shift for advertising andmarket-
ing?,” IEEE Intelligent Systems, vol. 32, no. 3, pp. 3–6, 2017.

0 100 200 300 400

Breadth first

Depth first

Best priority

Number of pages

St
ra

te
gi

es

Number of pages that do not
contain duplicate ads
Number of pages that do not
contain ads

0 200 400 600 800

Text ads (block)

Photo ads (block)

Flash ads (block)

Number of pages

St
ra

te
gi

es

1000
500

Figure 10: Statistics of downloaded web pages containing advertisements under each policy condition.

12 Wireless Communications and Mobile Computing



[8] T. Z. Ahram and W. Karwowski, “A taxonomic classification
for advertising design and development process based on con-
current engineering,” in Advances in the Human Side of Service
Engineering, vol. 494 of Advances in Intelligent Systems and
Computing, pp. 223–234, 2017.

[9] X. Fan, R. Xu, L. Cao, and Y. Song, “Learning nonparametric
relational models by conjugately incorporating node informa-
tion in a network,” IEEE Transactions on Cybernetics, vol. 47,
no. 3, pp. 589–599, 2017.

[10] S. Zhao and Q. Zhu, “Remanufacturing supply chain coordina-
tion under the stochastic remanufacturability rate and the ran-
dom demand,” Annals of Operations Research, vol. 257, no. 1-
2, pp. 661–695, 2017.

[11] J. Liu, Y. Zhang, and S. Xu, “Top-level design study for the
integrated disaster reduction intelligent service,” Geomatics
and Information Science of Wuhan University, vol. 43, no. 12,
pp. 2250–2258, 2018.

[12] R. Huang, A. Sato, T. Tamura, J. Ma, and N. Y. Yen, “Towards
next-generation business intelligence: an integrated frame-
work based on DME and KID fusion engine,” Multimedia
Tools & Applications, vol. 76, no. 9, pp. 11509–11530, 2017.

[13] G. Suciu, C. Boscher, and L. Prioux, “Insights into collabora-
tive platforms for social media use cases,” Studies in Informat-
ics and Control, vol. 26, no. 4, pp. 435–440, 2017.

[14] S. Greaves, S. Fifer, and R. Ellison, “Exploring behavioral
responses of motorists to risk-based charging mechanisms,”
Transportation Research Record, vol. 2386, no. 1, pp. 52–61,
2018.

[15] A. M. Mohan, “In 'darkest of markets,' beer pack design pro-
vides 24/7 'on-air' advertising,” Packaging World, vol. 25,
no. 3, pp. 10-11, 2018.

[16] K. Elshal, “Social intelligence in advertising design and its
impact on the recipient,” Journal of Design Sciences and
Applied Arts, vol. 2, no. 2, pp. 143–147, 2021.

[17] A. A. Wibowo and P. Ardhianto, “Iconology analysis in adver-
tising design, case study go-Jek billboard advertising: series
"Mager Tanpa Laper" in Yogyakarta-Indonesia,” International
Journal of Visual and Performing Arts, vol. 2, no. 1, pp. 8–14,
2020.

[18] A. M. The, “The significance of cultural change of the mental
image of street children in advertising design,” Journal of
Design Sciences and Applied Arts, vol. 1, no. 2, pp. 145–159,
2020.

[19] A. S. Min and J. Y. Yun, “Convergent study of the effect of
online advertising design using ASMR (autonomous sensory
meridian response),” The Korean Society of Science & Art,
vol. 37, no. 3, pp. 243–253, 2019.

[20] E. Uur, “Evaluation of hierarchical arrangements in vehicle
advertising design in terms o,” International Journal Of Eur-
asia Social Sciences, vol. 10, no. 38, pp. 1047–1058, 2019.

[21] S. Pryshchenko, “Creative technologies in advertising design,”
Creativity Studies, vol. 12, no. 1, pp. 146–165, 2019.

[22] H. Li, “Visual communication design of digital media in digital
advertising,” Journal of Contemporary Educational Research,
vol. 5, no. 7, pp. 36–39, 2021.

[23] Y. Ding, D. Luo, H. Xiang, W. Liu, and Y. Wang, “Design and
implementation of blockchain-based digital advertising media
promotion system,” Peer-to-Peer Networking and Applica-
tions, vol. 14, no. 2, pp. 482–496, 2021.

13Wireless Communications and Mobile Computing


	Intelligent Advertising Design Strategy Based on Internet of Things Technology
	1. Introduction
	2. Related Work
	3. Intelligent Advertising Design Strategy Method Based on Internet of Things Technology
	4. Intelligent Advertising Search Design Strategy Experiment
	4.1. Overall System Architecture
	4.2. Crawling Strategy

	5. Experiment Analysis of Intelligent Advertising Search Design Strategy
	6. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

