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Abstract
Security threats, security requirements, and adopted security policies in the new 
mobile environment have changed. As a key issue in the development of mobile 
communication, the mobile communication network security authentication mecha-
nism has attracted the attention of academic circles and industry, and research on its 
security has become a research hotspot. Firstly, aiming at the security threats and 
security requirements in the heterogeneous mobile communication network envi-
ronment, the architecture of the security authentication mechanism in this mobile 
environment is proposed. The security architecture consists of three layers (trans-
port layer, service layer, application layer) and four domains (user domain, access 
domain, network domain, and application domain), and defined security features. 
The security architecture includes functional entities such as public key infrastruc-
ture and application servers and defines new security features for security threats in 
the application domain and user domain, so that the security architecture can meet 
the heterogeneous mobile communication network environment. Security needs. 
Secondly, a linear combination kernel function is used to construct a new class of 
kernel functions with different characteristics in a linear combination and satisfy the 
Mercer theorem. The combined kernel function has both global kernel function and 
local kernel. The advantages function and their weight on the combined kernel func-
tion can be adjusted by the weight coefficient factor, and a better comprehensive pre-
diction effect is obtained in the support vector machine model. Finally, the experi-
mental results also show that the support vector regression machine model based on 
combined kernel function can achieve higher learning precision.

Keywords  Combined kernel function · Artificial intelligence algorithm · Mobile 
communication network · Security authentication mechanism
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1  Introduction

As people ask for personal communication, that is, anyone can communicate any 
information (voice, data, text, and images) with any object (person or computer) 
anywhere, at any time, and realize mobility in communication to achieve per-
sonal communication key [1–3]. Since mobile communication technology sup-
ports mobility, mobile communication becomes an indispensable communication 
technology for personal communication. Correspondingly, the convergence of 
various mobile communication networks has become the trend of the develop-
ment of next-generation mobile networks. The ultimate goal of development is 
to implement a coordinated heterogeneous mobile communication network sup-
porting mobility and multiple access methods. The mobile environment in this 
paper is the environment composed of this heterogeneous mobile communication 
network.

The various security issues in the new mobile environment are more com-
plex than the security issues in the individual mobile communication networks, 
and the corresponding security threats, security requirements, security policies, 
etc. have changed. As a key issue in the development of mobile communication 
networks, mobile communication network security has attracted the attention of 
industry and academia, and its security research has become a research hotspot 
and focus. Research on security issues in the mobile environment requires, on the 
one hand, the integration of various independent network security mechanisms to 
support various security services in the mobile environment, on the other hand, 
researching new security requirements and designing appropriate security archi-
tecture and security solutions.

Based on the security threats and security requirements in the mobile com-
munication network environment, this paper proposes an anonymous, cross-trust 
domain roaming authentication scheme for the authentication requirements of 
network access domains in mobile environments. A linear combination kernel 
function is used to construct a new class of kernel functions with different char-
acteristics in a linear combination and satisfy the Mercer theorem. The combined 
kernel function has both global kernel function and local kernel function. The 
advantages and the effect of the artificial intelligence algorithm adjusted by the 
weight coefficient factor on the combined kernel function have achieved a better 
comprehensive prediction effect in the support vector machine model.

2 � Research on anonymous authentication scheme for mobile 
communication network security authentication

In a heterogeneous mobile communication network environment, mobile 
users roam between different networks and can choose to access different net-
works to obtain communication services and multiple mobile applications. In 
such an application scenario, network access authentication and service access 
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authentication of mobile users are the key to ensuring roaming security of users 
in heterogeneous networks. Since mobile users need to access the network and 
obtain services on the non-home visited network, in addition to access authen-
tication and service access authentication, the identity anonymity and location 
secrecy of mobile users involve the privacy of users and the protection of secu-
rity mechanisms. In addition, undeniable services as security services are also 
urgently needed for application scenarios such as billing and mobile payment 
applications.

Network access and service access in the mobile environment are based on 
authentication [4–6]. In the network access authentication research [7, 8], the 
home network authentication server usually provides the local user with the 
authentication service on the home network; when the mobile user roams to other 
networks, the mobile user initiates an access request to the access network authen-
tication server and accesses The network authentication server and the home net-
work authentication server jointly complete the authentication of the roaming 
mobile users and support the network access of the roaming mobile users. In the 
authentication of the application service [9–11], the application server needs to 
authenticate and negotiate the session key for the access user. The authentication 
requires the user’s own authentication and the authentication to which the appli-
cation server belongs.

When a mobile user roams between multiple heterogeneous mobile communica-
tion networks, the authentication service needs to meet the security requirements of 
network access and service access. These security requirements are as follows:

(1)	 Authentication to access the network or application server. The user can authen-
ticate the validity of accessing the network authentication server and the applica-
tion server and prevent the fake server or the application server from impersonat-
ing the user.

(2)	 Authentication of the home network. The user and the access network authentica-
tion server can authenticate the home network authentication server to prevent 
spoofing attacks.

(3)	 Authentication for roaming mobile users. In the roaming environment, during the 
process of network access authentication and service access authentication, the 
home network authentication server, the access network authentication server, 
and the application server can authenticate roaming mobile users to prevent 
unauthorized users from accessing the network or services.

(4)	 Session key negotiation. In the roaming authentication process, the mobile user 
negotiates the session key with the access network authentication server or the 
application server, and encrypts and protects the key data by using the negotiated 
session key.

(5)	 User anonymity and privacy protection. Mobile users hide their true identity in 
the visited network and protect the privacy of users, including private informa-
tion such as identity and location.

(6)	 Data confidentiality and integrity. For the data transmitted between the mobile 
user and the authentication server or the application server, the encryption 
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mechanism is used to ensure the confidentiality of the data, and the integrity 
protection mechanism is used to protect the data integrity and prevent theft and 
tampering of the key data.

2.1 � Application environment and authentication model

The network infrastructure of the heterogeneous mobile communication network 
includes: various mobile communication networks (GSM, 3G, etc.) and wireless 
access networks, as shown in Fig. 1, wherein the main constituent entities are:

1. Mobile terminals, including mobile phones, PDAs.
2. Authentication Server (AC, Authentication Centre).
3. Application server (AS, application service).
The anonymous authentication protocol for users and multi-services across the 

trust domain proposed in this paper is implemented in the application environment 
as shown in fig. through this authentication protocol is for mobile users and access-
ing network authentication servers (VAC, Visited AC). Mobile users establish trust 
relationships with ASs, support mutual authentication and session key negotiation, 
and meet the security requirements of mobile users.

The authentication system model mobile user (User) shown in Fig. 1 completes 
network access authentication and service access authentication by performing a 
two-phase protocol:

In the first stage, the User initiates an access service request to the VAC, com-
pletes the network access authentication with the help of the home network authen-
tication server (HAC, Home AC), and establishes a trust relationship between the 

data transmission

Cloud computing 
environment

End user

End user

End user

End user

Wireless access point A

Mobile phone A Mobile phone B
Wireless access point B

application server

Mobile communication server
Wireless network router

application server Authentication serverAuthentication server

Fig. 1   Schematic diagram of mobile communication network
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User and the VAC. In the second phase, the user initiates a service request to the 
AS, and the AS initiates an authentication request to the VAC. According to the 
request of the VAC, the AS completes the anonymous authentication and service 
access control of the User, and completes the session key negotiation with the User.

2.2 � Multi‑trust domain user and multi‑security authentication protocol

2.2.1 � Protocol initialization

This section proposes Anonymous Authentication and Access Control Proto-
col (AAAP), which implements authentication of users and multiple services in a 
mobile environment and also provides an anonymity protection mechanism.

According to the authentication model of Fig.  1, AAAP is divided into two 
sub-protocols:

1. Sub-protocol 1, Anonymous Access Control Protocol (AAP);
2. Sub-Protocol 2, Authentication for Multi-Services Protocol (AMSP). The 

AAAP protocol is based on a hybrid cryptosystem. Before the protocol is executed, 
the entity in the protocol needs to be initialized first. Initialization work includes:

3. A key KHV needs to be shared between the HAC and the VAC for authentica-
tion and message protection between ACs. The shared KHV can be pre-configured, 
or it can be negotiated between the HAC and the VAC. In a heterogeneous network, 
the authentication between different trust domain networks may not have a trust 
relationship. A trust relationship establishment mechanism is required to establish 
mutual trust relationships, and KfiV negotiation is completed based on the trust rela-
tionships. Considering scalability, the scheme based on public key cryptosystem is 
more suitable for heterogeneous mobile communication network environment.

4. The AC distributes IDA to its own managed AS through a secure channel. 
Among them, PriKEAS and PriKSAS are, respectively, the encrypted private key 
and the signed private key, which need to be stored securely, and other parameters 
can be disclosed.

5. The AC distributes the ID, SP, IDAC to the User managed by itself through 
the secure channel. Where SP (Secret Parameter) is a secret parameter shared by 
AC and User SP = H(R⊕ IDAC)⊕ IDU , R is a random number produced by AC. 
IDu, SP, KUAC require secure storage and other parameters can be made public. 
On the mobile client side, a smart card is used as a security management module to 
securely store various parameters.

2.2.2 � Anonymous access control protocol

AAP implements mutual authentication between mobile users and VAC and estab-
lishes a trust relationship between mobile users and VAC. AAP also has the charac-
teristics of user anonymity. The access network cannot know the user’s real identity, 
thus ensuring the privacy of the user’s location information.

RETRACTED A
RTIC

LE



5951

1 3

Application of combined kernel function artificial…

The AAP protocol is described as follows: In Step 1, User constructs and sends 
a network access request to the VAC. In the message Ru, Ruo, Ru1 is User gener-
ates random number; Hn(RUo) is the last value of the hash chain generated by User 
calculation; TIDUser is the temporary identity of the user, and its value is calcu-
lated, i.e. TIDUSER = SP⊕ H(RU1 ⊕ IDVAC) , TU is the current timestamp of User 
EKUAC(RU,RU0, IDVAC,H

n(RU0)) It is obtained by using the key shared by the user 
and its HAC.

After the VAC receives the request message, it verifies the timestamp Tu. If Tu is 
valid, then a random number Rvac is generated and TIDUser and Ru are recorded. VAC 
uses KHV to calculate the message authentication code. The VAC adds a timestamp 
Tvac to construct the message sent to the HAC.

After AAP is successfully executed, User and VAC establish a trust relationship, 
that is, User registers a hash chain on VAC. The re-authentication of User and VAC 
is done using hash chain assistance, without the help of HAC, and the update of the 
session key.

(1)

Step 1, USER → VAC ∶ TIDuser,Ru,EKUAC(RU,RU1, IDVAC), IDHAC, TU

Step 2, VAC → HAC ∶ TIDuser,RVAC,RU, TVAC,EKUAC(RU,RU1, IDVAC,H
nRU0)

Step 3, HAC → VAC ∶ EKHV(RVAC,H
0(RU0),H(IDU ⊕ RVAC))

Step 4, VAC → User ∶ EKUVAC(RU,RVAC, IDVAC, KUVAC)

(2)
Step 5, User → VAC ∶ TIDUser,RU,EKUVAC(RU,H

J(RU0))

Step 6, VAC → User ∶ EKUVAC(RU, KUVAC)

Table 1   Comparison of performance of access network access authentication schemes

Document 3 Document 4 Document 8 This article

Exponential operation – – – –
Public key cryptography 1 time – – –
Public key decryption operation 1 time – – –
Signature operation 2 time – – –
Signature verification operation 2 time – – –
Certificate certification 2 time – – –
Symmetric encryption operation 2 time 5 time 3 time 3 time
Symmetric decryption operation 2 time 5 time 3 time 3 time
Hash operation 5 time 2 time 2 pieces 6 + n time
U-V 2 pieces 3 pieces 2 pieces 2 pieces
H-V 2 pieces 2 pieces 2 pieces 2 pieces
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2.2.3 � Performance analysis

The AAAP protocol is divided into two sub-protocols, AAP and AMSP, which, 
respectively, perform anonymous access control to the access network and service 
access authentication with any application service in the visited network and support 
entity authentication across the trust domain when the user roams. Table 1 compares 
the performance of AAP with other access network access authentication protocols. 
In the performance comparison, the performance of the network access authentica-
tion phase is compared, and the performance of the session key update phase is not 
included. The parentheses in Table 1 are the operations performed by the client.

Table  1 compares the performance of AAP with other access network access 
authentication protocols. In the performance comparison, the performance of the 
network access authentication phase is compared, and the performance of the ses-
sion key update phase is not included. The parentheses in Table  1 are the opera-
tions performed by the client. As shown in the table, AAP is similar to Scheme 1 
proposed by Jiang}41. It uses symmetric encryption and decryption, Hash opera-
tion, etc. to calculate the overhead, but the symmetric encryption and decryption 
operation of AAP is two times less. In the AAP, the client does not have expensive 
operations such as exponential operation, public key encryption and decryption, sig-
nature/verification, and certificate verification, so the performance is more efficient 
than the solution 2 of the literature. At the same time, the user in AAP completes 
mutual authentication and key negotiation operations through only two messages. 
The parameter n (length) of the hash chain in the AAP can be selected according 
to different requirements, and the hash chain can be generated by pre-calculation 
before execution of the protocol.

Table 2 shows the performance comparison of the AMSP access service authen-
tication protocol. As shown in Table  2, the various computational overheads of 
AMSP are relatively low, especially the various computational overheads of the UE 
are relatively low, so the AMSP conforms to the limited computing performance of 
the mobile terminal and is more suitable for use in a mobile environment. AMSP 
works with AAP to take advantage of the trust relationship established by AAP, 
which reduces the overhead of the protocol.

Table 2   Performance 
comparison of access service 
authentication schemes

Document 6 AMSP

Public key cryptography 2 time 1 time
Public key decryption operation 1 time 1 time
Symmetric encryption operation 1 time 2 time
Symmetric decryption operation 1 time 2 time
Signature operation 2 time 2 time
Signature verification operation 1 time 2 time
Certificate verification 1 time –
Hash operation N + 5 time –
Number of messages sent and 

received by users
4 pieces 2 pieces
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Network access authentication and access authentication for application services 
in different trust domains are key to supporting roaming user security. Therefore, 
the authentication problem of access authentication and application service access 
between different trust domain networks is considered uniformly, and an anonymous 
user and multi-service authentication protocol is proposed. The protocol uses secret 
segmentation to implement user anonymity. The hash chain mechanism is used to 
establish a trust relationship between the user and the access authentication server, 
which reduces the authentication overhead. During the authentication process, ses-
sion key negotiation is also completed, and the update of the session key is sup-
ported, and the risk of cryptanalysis caused by the reused key is reduced. Accord-
ing to the analysis and comparison, our protocol meets the security requirements 
in the roaming environment, and is superior to other comparison schemes in terms 
of performance, and is more suitable for use in the mobile communication network 
environment.

3 � Application of combined kernel function support vector regression 
artificial intelligence algorithm in mobile security authentication

The kernel method has been widely used before the emergence of support vector 
machines. In the early twentieth century, Mercer proposed the concept of positive 
definite kernel function and regenerated Hilbert space from the mathematical point 
of view [10–13], and gave the kernel function. The positive and sufficient condition, 
the Mercer theorem, has been used extremely successfully in mathematics, signal 
processing, and machine learning.

Kernel technique is one of the key problems in the research of support vector 
machine. Different kernel functions are selected to correspond to different support 
vector machine algorithms, thus producing different classification or prediction 
estimation effects. Therefore, the selection of kernel function affects the fitting and 
prediction performance of the support vector machine mobile communication secu-
rity authentication model to some extent. The kernel function is characterized by 
replacing the high-dimensional inner product operation with the inner product oper-
ation. The calculation amount has nothing to do with the dimension of the space. 
By selecting the relevant parameters of different kernel functions, the VC dimen-
sion can be implicitly changed, so that the linear partition surface is obtained. The 
smallest is empirical error. It can be seen that the performance of the support vector 
machine will mainly depend on the selection of the kernel function.

Different kernel functions and their parameters can be selected by trial and error, 
but this will bring a huge amount of work and may not achieve the desired classifi-
cation or prediction effect. Therefore, we should select the corresponding adaptive 
kernel function based on different data sample information. The kernel function is 
essentially a dot product form of the feature space, which can be directly calculated 
in the original low-dimensional space without the explicit form of the nonlinear 
mapping.
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The kernel function can be divided into two categories: global kernel function 
and local kernel function. The global kernel has a global nature, allowing data sam-
ples that are far apart to affect the support vector machine model, which is charac-
terized by a strong learning ability and relatively weak generalization performance; 
local kernels only allow close proximity. The data sample points have an impact on 
the support vector machine model, which is characterized by a strong generalization 
performance and a relatively weak learning ability. When a certain kernel function 
is selected, it corresponds to a learning model, and then different pattern recogni-
tion or predictive estimation learning machines are obtained. The following will be a 
detailed analysis of several typical kernel functions and on this basis try to construct 
an adaptive hybrid kernel function.

3.1 � Construction of synthetic kernel functions

Multi-core learning has evolved from the field of bioinformatics [14–16]. When 
introducing the classification of gene functional patterns based on heterogeneous 
data information, the method of kernel optimization was introduced; then some 
weighted multi-core function learning methods appeared, and some of the most 
common multi-core learning methods were constructed by a linear combination of 
multiple basis kernel functions. Starting from the most basic kernel function, we 
construct several commonly used hybrid kernel functions by maintaining the opera-
tion of the kernel function.

It is precisely because the kernel function has the above-mentioned good compu-
tational properties, which also provides a certain theoretical basis for us to construct 
various forms of synthetic kernel functions. First, several synthetic kernel functions 
of the linear combination are introduced.

1.	 Direct summation

2.	 Weighted summation

3.	 Weighted polynomial expansion method

(3)

(1) K(x, x
�

) = K1(x, x
�

) + K2(x, x
�

)

(2) K(x, x
�

) = �K1(x, x
�

)

(3) K(x, x
�

) = K1(x, x
�

)K2(x, x
�

)

(4) K(x, x
�

) = limK1(x, x
�

), Limit kernel function

(4)K(x, y) =

N∑

i=1

Ki(x, y)

(5)K(x, y) =

N∑

i=1

�iKi(x, y)
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At present, this paper improves the multi-core synthesis method for the appli-
cation of combined nuclear techniques and the further improvement of the weight 
coefficient.

1. Non-stationary multi-core method
The so-called smooth combination of the basis kernel function, that is, for the 

input sample points, the weights corresponding to different kernel functions are 
unchanged, which is an averaging process for the samples. If each input sample is 
given different degrees of importance, that is, construct a multi-core non-stationary 
combination structure, such as the discriminant function of the conventional support 
vector machine:

When different weight coefficients are introduced to the kernel function, a discri-
minant function of the synthetic kernel support vector machine is formed:

Furthermore, for the non-stationary combined kernel function, the discriminant 
function of the corresponding support vector machine can be improved to:

2. Local multi-core method
Based on the weight assignment problem of a known characteristic base, a local 

multi-core learning method is proposed in the form of a gating model. The corre-
sponding discriminant function of the support vector machine is:

Among them, the gating function definition is:

(6)K(x, y) = �K
p

1
(x, y) + (1 − �)K

q

1
(x, y)

(7)f (x) =

l∑

i=1

yi�iK(xi, x) + b

(8)f (x) =

l∑

i=1

yi�i

N∑

j=1

�jKj(xi, x) + b

(9)f (x) =

l∑

i=1

yi�i

N∑

j=1

�jKj(xj, x) + b

(10)f (x) =

l∑

i=1

yi�i

N∑

j=1

�j(x)Kj(xi, x)�j(xi) + b

(11)�j(x) =
exp

�
⟨vn, x⟩ + vn0

�

∑N

i=1
exp

�
⟨vn, x⟩ + vn0

�
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3.2 � Linear combined adaptive kernel function

According to the above methods of constructing kernel functions, this paper adopts 
a typical linear combination method, which combines a polynomial kernel with 
global properties with a Gaussian radial basis kernel with local properties to con-
struct a form of a smoothly combined mixed kernel function, in order to obtain a 
kernel function with better learning ability and generalization performance for sam-
ple information sets with different feature distributions.

By adjusting the weight coefficient, the mixed kernel function can adapt to dif-
ferent data sample information, which is equivalent to the prior knowledge of the 
specific problem when selecting the kernel function.

Figure 2 is a characteristic plot of the mixed kernel function when 0.2, 0.5, 0.7, 
and 0.9 are, respectively, taken, where the test input is a one-dimensional sample 
point x = 0.2, and the kernel parameters are taken as 0.5, 1, and 2, respectively. It can 
be seen from the figure that the mixed kernel function combines the characteristics 
of the RBF function and the polynomial function.

It can be seen from Fig. 2 that the combined kernel function not only has a promi-
nent effect on the realization of the small-scale information close to the test point, 
but also retains the global information away from the data at the test point, and 
maintains the radial basis function. The interpolation ability is combined with the 
better extrapolation performance of the polynomial function.

This paper intends to adopt such a combined kernel function with adaptive 
performance and apply it to the modelling of support vector machine regression 

(12)Kaix = �Kpdy + (1 − �)Krbf

Fig. 2   Linear combined kernel function curve
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algorithm, and through the “acid rate” of mobile organic solvent in printing and dye-
ing wastewater, mobile communication security certifies simulation experiments to 
verify the effectiveness of the algorithm.

Therefore, the excellent properties of the kernel-based support vector machine 
method are mainly reflected in:

(1)	 The support vector machine method based on statistical learning theory is a 
problem of solving strict convex quadratic programming in the algorithm, so 
the global optimal solution can be obtained, thus effectively overcoming the 
traditional neural network and other algorithms to easily fall into the local pole. 
Small value problem;

(2)	 Designed for limited sample data information. And adopting the SRM principle, 
it effectively avoids the occurrence of the “over-learning” phenomenon in the 
traditional modelling method and obtains a better generalization ability;

(3)	 The introduction of nuclear techniques avoids the inner product operations of 
high dimensionality. Through the known nonlinear mapping, the learning sam-
ples are mapped from a low-dimensional input space to a high-dimensional 
feature space, thereby effectively avoiding the “dimensionality disaster” problem 
caused by low-dimensional space operations.

At present, the support vector machine algorithm has shown excellent perfor-
mance in practical research and application. In particular, support vector machine 
regression algorithm has not only been successfully applied to time series-based 
predictive estimation research, but also applied research in such areas as nonlin-
ear modelling and prediction, optimization control.

The support vector machine regression algorithm has also been widely used in 
mobile communication security authentication modelling, especially in the steady-
state mobile communication security authentication modelling, thus promoting the 
development of mobile communication security authentication technology. This 
paper discusses an improved soft-interval support vector regression algorithm based 
on nonlinear loss function and gives an application simulation example of the algo-
rithm in mobile communication security authentication modelling.

4 � Instance verification

4.1 � Modelling and simulation analysis of support vector machine mobile 
communication security authentication

According to the actual experimental requirements, in order to minimize the 
influence of errors caused by the experimental process, the rate of the output vari-
able acid fuchsine is determined. The input variable is a parameter that is closely 
related to Y and easy to measure: PH value.

(13)y = f (x1, x2, x3, x4)
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1. Acquisition of support vector machine sample set
This test is a simulation test of the reaction process in the dyeing wastewater treat-

ment mechanism model. A total of 134 data were collected. Firstly, it is divided into 
two parts, 90 sets of data are randomly selected as the training sample set required 
by the modelling process to build the model, and the remaining 44 sets of data are 
used as test sample sets to verify the validity of the built model.

2. Data processing
Standardized normalization of the input and output values for each dimension 

of the collected 134 sets of raw record data:

3. Model selection the following support vector machine regression machine 
algorithm is used to establish a mobile communication security authentication 
prediction model. The algorithm flow is:

(1)	 Select test data set

(2)	 Selecting an appropriate positive precision 0 and a penalty parameter C > 0;
(3)	 Construct and solve the optimal problem of convex quadratic programming

(4)	 Construction decision function

4. Adjust model parameters and improve model accuracy
This is a multi-form kernel function support vector machine to predictive regres-

sion of the objective function, the parameters need to be adjusted, the 0.01 insensi-
tive loss function is used in the modelling process, and the approximate range of 
parameters is given when the initialization parameters are optimized.

� ∈ (0, 1), � ∈ (0.01, 100),C ∈ (0.1, 1000) , In this way, a certain blindness can 
be avoided when the optimization algorithm performs parameter optimization, and 
at the same time, for the convenience of programming, a parameter is taken. g =

1

2�2
 

instead of changes in nuclear parameters.
For the advantages and disadvantages of the model trained by the support vector 

machine, using the generalized root-mean-square error RMSE and the squared cor-
relation coefficient Scc (squared correlation coefficient), the smaller the RMSE, the 
larger the Scc, and the better the training model. RMSE and Scc are given by:

(14)X∗
i
=

(Xi − Xmin)

(Xmax − Xmin)

(15)T = {x, y} =
{
x1, x2, x3, x4, yi

}
, i = 1, 2, 3… 134

(16)
1

2

134∑

j=1

(�∗
i
− �i)(�

∗
j
− �j)K(xi, xj) + �

134∑

i=1

(�∗
i
+ �i)−

134∑

i=1

yi(�
∗
i
− �i)

(17)f (x) =

134∑

i=1

(𝛼∗
i
− 𝛼̄i)K(xi, x) + b̄
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The following experiment uses Intel Pentium processor 1.8 GHz CPU} 512 MB 
RAM PC as the hardware platform. In the software environment of MATLAB7.6, 
the MATLAB version of libsvm-toolbox developed by Professor Lin Zhiren of Tai-
wan University is used as the original toolbox. Using the fast and efficient support 
vector machine pattern recognition and regression prediction software package, 
libsvm provides executable files and source code for Windows series systems. The 
parameters involved in support vector machines are relatively small and have inter-
active verification (Cross Validation—CV) function. On this basis, the correspond-
ing auxiliary function plug-ins (including genetic algorithm and particle swarm opti-
mization algorithm) are added to the regression problem to facilitate the selection of 
the best parameters and the mobile communication security authentication model 
based on kernel function support vector machine regression algorithm simulation.

4.2 � Model optimization results and analysis

In order to increase the contrast of the experiment, the modelling and simulation 
process of this chapter will optimize the parameters of the support vector machine 
models based on different kernel functions by genetic algorithm (GA) and particle 
swarm optimization (PSO).

Through the statistical experimental data, we can look at the influence of the pen-
alty factor c and RBF radial basis kernel parameters on the support vector machine 

(18)RMSE =

√√√√1

l

l∑

i=1

(f (xi) − yi)
2

(19)Scc =

∑l

i=1
f (xi)yi

∑l

i=1
f (xi)

2 −

�∑l

i=1
f (xi)

�2

Fig. 3   Simulation of the fitting curve of the poly kernel function (GA algorithm) and (PSO algorithm)
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model, respectively. For the polynomial kernel function, the Gaussian radial basis 
kernel function can achieve better in the regression prediction accuracy. In the fol-
lowing experiment, the kernel function of the support vector machine is selected as 
the Gaussian radial basis function.

In the experiment, the parameter � = 0.01, � = 0.25 is first fixed, and the error 
penalty parameter c is changed between (0.1 and 100).

The research is funded by horizontal projects and the data generated is not shared.
(1) Experimental simulation of support vector machine model based on single 

base:
Firstly, using the polynomial (Poly) kernel function with global characteristics 

and the Gaussian radial basis (CRBF) kernel function with local characteristics, the 

Fig. 4   Simulation fitting curve of RBF kernel function (GA algorithm) and (PSO algorithm)

Fig. 5   Parameter set optimization selection view of artificial intelligence genetic algorithm based on the 
kernel function
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“acid rate” mobile communication security authentication model of support vector 
machine is established. The simulation fitting of the model is carried out. The curve 
is shown in Figs. 3, 4, and 5. Wherein the abscissa represents the sample points, and 
the vertical coordinates represent the corresponding actual target variable values and 
model prediction estimates.

The generalized root-mean-square error RMSE and the mean square correlation 
coefficient Scc are used to evaluate the simulation results. The definitions of RMSE 
and Scc are given by Eqs.  (18, 19), where RMSE is used as the prediction error 
between the model prediction output and the actual sampled output value while the 
metric Scc is used as the average predictive accuracy indicator for the model. The 
statistical results of the parameters are shown in Table 3.

The simulation results of the two models are analysed. When the polynomial 
(Poly) kernel function with global properties is used, the prediction error of the test 
set is 0.0132 or 0.0078, and the accuracy is greater than 0.01 for the given accuracy 
only 0. 6672, compared to its higher training set fitting accuracy, there has been a 
significant “over-learning” phenomenon, as shown in Figs. 3 and 4. The reason is 
that when the test set sample or the newly collected data contains strong noise data, 
the model obtained from the original training set no longer adapts to the new sample 
distribution feature; instead, the Gaussian radial basis (RBF) core with local char-
acteristics is used. In the function, the model shows a good learning ability, and the 
fitting precision of the training set has sometimes reached 0.9836. The error of the 
training and prediction model is also much lower than that of the polynomial kernel 
function, as shown in Fig. 4.

However, due to its unique properties, the Gaussian radial basis function only has 
an obvious effect on the sample in a small field whose sample distance is equivalent 
to its nuclear width. For example, when taking a small value, the learning and pre-
diction accuracy of the model is better than when it is good to take a larger value. 
Because the RBF kernel function is good at extracting the local properties of the 
sample information, it has poor extrapolation ability, especially when the distribu-
tion characteristics of the sample data are loose, which will lead to a significant 
decline in the learning ability of the model.

At the same time, in the above simulation test, in order to verify the influence of 
the relevant parameters of the support vector machine on the model, the above two 
models, respectively, adopt the genetic algorithm (GA) as shown in Fig. 3, and the 

Table 3   Statistics of different 
basis kernel functions 
under different optimization 
algorithms

Parameter Training set Test set C d&g

RMSE Scc RMSE Scc

Poly kernel function
 GA 0.0017 0.9399 0.0132 0.6672 97.56 d = 3
 PSO 0.0064 0.8421 0.0078 0.7397 54.24 d = 2

RBF kernel function
 GA 0.0004 0.9836 0.0054 0.8141 43.21 g = 1.39
 PSO 0.0032 0.8890 0.0066 0.7734 53.91 g = 0.11
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particle swarm optimization algorithm (PSO) is shown in Fig.  4, to optimize the 
relevant parameters is of the model. It can be seen from the statistical data in Table 3 
that the model fitting effect of using genetic algorithm to optimize the ginseng is 
also better than the particle swarm optimization algorithm. Taking the support vec-
tor machine model based on Gaussian radial basis kernel function as an example, 
the final parameter selection result of GA is C = 43.21, g = 1.39, and the average 
prediction error of training set and test set are 0.0004 and 0.0054, respectively. The 
prediction error is small.

Because the sample distribution characteristics of different production input 
data are different, even if the acquisition and extraction process of the same type of 
sample data inevitably contains various errors and noise interference, the focus of 
improving the performance of the support vector machine model is that the design 
is suitable. The kernel function is for a particular problem. Combined with the data 
of this simulation experiment, it can be found that the performance of the “acid rate” 
mobile communication security authentication model established by the hybrid 
kernel function support vector machine is better than the kernel function using the 
global characteristic or the local characteristic, and the hybrid kernel function is 
adopted. It can be concluded that, using the support vector machine algorithm, we 
can achieve the required accuracy requirements and generalization capabilities with 
the predicted output of the system model.

The experimental results in this paper show that the combined kernel function 
has good interpolation performance while maintaining good generalization perfor-
mance, which ensures that the mobile communication security authentication learn-
ing machine model achieves high learning accuracy to a certain extent. And it has a 
good “robustness”. By adjusting the weight coefficient edge of the combined kernel 
function to change the performance of the combined kernel function support vector 
machine model, it is equivalent to integrating the prior knowledge of the actual pro-
cess into the parameter step of adjusting the combined kernel function; the model is 
introduced due to the introduction of the combined kernel function. It has superior 
data adaptability and nonlinear processing capability. Therefore, accurately selecting 
or constructing a suitable kernel function from a given practical problem, and opti-
mizing the selection of the relevant parameters of the support vector machine, is the 
key to using the support vector machine algorithm for regression prediction.

The simulation experiment results show that the model prediction value and the 
real value of most experimental sample data have achieved a good fitting effect, and 
the prediction accuracy can meet the requirements of the actual wastewater treat-
ment process, and the accuracy is low and offline to some extent. The detection of 
large time lag and high cost provides an effective method and idea for the intelligent 
process.

The experimental results in this paper show that the combined kernel function 
has good interpolation performance while maintaining good generalization perfor-
mance, which ensures that the soft measurement learning machine model achieves 
high learning accuracy while it has a good “robustness”. By adjusting the weight 
coefficient edge of the combined kernel function to change the performance of the 
combined kernel function support vector machine model, it is equivalent to integrat-
ing the prior knowledge of the actual process into the parameter step of adjusting 
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the combined kernel function. Due to the introduction of the combined kernel func-
tion, the model has more superior data adaptability and nonlinear processing capa-
bility. Therefore, accurately selecting or constructing a suitable kernel function from 
a given practical problem, and optimizing the selection of the relevant parameters of 
the support vector machine, is the key to using the support vector machine algorithm 
for regression prediction.

5 � Conclusion

This paper introduces the support vector machine constructed by the combined 
kernel function. The combined kernel function supports vector regression machine 
modelling method, combines the advantages of global kernel function and local ker-
nel function, has good regression precision and generalization ability, and it is used 
in the mobile communication safety certification modelling of “acid rate” in waste-
water treatment process. Through a comparison of several methods, it is verified that 
the selection of this combined kernel function support vector machine model has a 
good fitting effect, and the generalization error of the model is significantly reduced. 
The premise of the realization of the support vector machine theory advantage is to 
select the optimal correlation parameters or parameter combinations of the model, 
and whether the generalization ability of the support vector machine model can be 
realized, and also closely related to the parameter selection in the model, for the sup-
port vector regression. There is no unified theoretical support for the optimization of 
related parameters in the machine algorithm. The intelligent optimization algorithm 
is used to optimize the parameters of the single base kernel and the combined kernel 
function support vector machine model. The simulation results of the experimental 
sample data set also show that: it is advisable to optimize the parameter selection 
method of adaptive genetic algorithm. The combined kernel function support vec-
tor machine mobile communication security authentication model constructed on 
the basis of this optimization parameter has better learning precision and “robust 
characteristic”.

In the field of mobile communication control, dynamic artificial intelligence 
models are often used. Therefore, the support vector machine algorithm for 
online training will be a problem worth studying. Considering that many practical 
process systems use nonlinear time signals and discrete time series as their input 
variables. Therefore, support vector regression machines that can efficiently pro-
cess procedural input variables will be a problem worth studying.
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