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ABSTRACT

This paper first introduces the regional power marketing management platform, after which the 3 major
functional modules of this power marketing management platform are designed. Then MobileFFaceNet is
used as the basic network for face recognition feature extraction in the context of deep learning, and the
SE module is used to optimize the network performance and network expressiveness. Afterwards, the
Taylor expansion of the negative log-likelihood function is used as an optimization criterion to optimize
the face detection model (MTCNN) and the face recognition model (SE-MobileFaceNet). Finally, the
running eftect and performance of SE-MobileFaceNet model are measured. The main conclusions are as
follows: in 1:1 mode, the accuracy of SE-MobileFaceNet model for the three datasets DRDS, DE and
DPDS is 95.99%, 96.98% and 98.83%, respectively. In addition, the SE-MobilelFaceNet model can avoid
excessive redundant calculations, so that its recognition rate reaches 95%.The accuracy of the SE-
MobileFaceNet model for monitoring and recognizing the information of the management platform ranges
from 97.43% to 100%, and it has a good operating eftect in the identification of the regional electric power
marketing management information platform, and the overall satisfaction rate of the testers for the model
is also >85%. The overall satisfaction of the testers to the model is also >85%. Obviously, the SE-
MobileFaceNet model proposed in this paper has a very broad application in regional power marketing
management information platform identity recognition.

Keywords: SE module, negative log-likelihood function, Taylor expansion, MTCNN; SE-MobileFaceNet,
identification

1. Introduction

Under the background of big data, power marketing has become an indispensable part of power supply
enterprises, which is directly related to the profitability and market competitiveness of enterprises. With
the rapid changes in the informationization construction of power supply enterprises, the standardized and
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unified power marketing management mode is particularly important, which can improve the work
efficiency and customer satistaction of power supply enterprises and maximize the economic benefits [17].

The establishment of intelligent power marketing information platform, through its intelligent
information processing capabilities, unified standardization and management of the huge power user group,
to achieve the safe, efficient and stable operation of the power grid system [2-37. The intelligent power
marketing management information platform follows the principles of simplicity, practicality, security, and
convenience, and is able to meet a variety of user needs, and the types of data managed are diversified,
providing an important type of service for analysis and statistics and decision support applications [4-7].
[t can integrate artificial intelligence as well as big data technology to meet the hardware and software
applications required for decision support, online analysis, user needs, data security applications, and
sharing [8-97. By standardizing and unifying the management of power marketing, it can significantly
improve efficiency, optimize resource allocation, and maximize economic benefits [10-117.

The security of advanced metering infrastructure is particularly important for smart grids. It is not easy
to change the existing communication methods and protocols for deployed wireless terminals, and it is
difficult to deploy new security mechanisms above the data link layer [ 12-147. Therefore, there is an urgent
need for an authentication mechanism that is independent of existing communication protocols to improve
the security and reliability of power system communications and support the construction of new power
systems [157].

Liu, J. et al. showed that in power marketing services, traditional monolithic architecture business
applications are very difficult to deal with multi-concurrent or cross-discipline distributed data interaction
problems, and then proposed business applications based on spring-boot and spring-cloud technologies
with microservices architecture [ 167. Lin, H. et al. pointed out that customer service business intermediary
platforms can effectively improve the power supply service, promote marketing lean management, and
optimize electricity consumption policy, examined the problems encountered in designing customer service
business intermediary platform, and elaborated the relevant technical solutions [177. Qian, Q. et al.
proposed the construction of an integrated grid marketing and distribution system to realize data
integration and sharing among connected users, in addition to which, the technical architecture and
business model of the system provided experience for the construction of other power marketing
management information platforms [ 187].

Wang, X. et al. designed a blockchain-based authentication mechanism for the three types of processes
included in electric power communication networks: endpoint authentication, intra-domain authentication,
and cross-domain authentication, and experimentally evaluated and analyzed the scalability and robustness
of the proposed cross-domain authentication mechanism [197. Garg, S. et al. designed a key negotiation
protocol based on bi-directional authentication, which allows the smart meters to communicate with a
domain network gateway to establish a secure channel for communication and improve the security of the
communication and computational overhead of the smart metering infrastructure [207. Yan, L. et al.
analyzed the impact of lightweight authentication and key negotiation scheme on the security and
performance of the smart grid, which provides two-way authentication, key negotiation, key update and
multicast mechanisms to prevent various attacks [217]. Zhu, L. et al. examined the impact of fog computing
in smart grid systems to construct a fog node-based privacy-preserving authentication and data fusion
scheme for smart grids, which performs grid billing through anonymous authentication while utilizing a
homomorphic Paillier cryptosystem for smart meter data aggregation [227].

In this paper, we first carry out the general design and construction of the structure and system function
modules of the regional electric power marketing management platform. After that, it designs the 8 major
modules of camera management module, face detection and user interface module related to identification
in the power marketing management platform. Then, in the context of deep learning, MobileFaceNet is
used as the basic network for face recognition feature extraction, and the SE module is added to optimize
the performance of the network as well as to improve the expressive ability of the network. After that, a
Taylor expansion based on loss function is used as an optimization criterion to optimize the face detection
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model (MTCNN) and face recognition model (SE-MobileFaceNet), respectively. Finally, the performance
of the face-based identification model proposed in this paper is evaluated, and the application effect of the
model is evaluated in real cases. It is expected that it can provide a reference basis for the research of
identity recognition technology of regional power marketing management information platform.

2. Construction of face identity recognition model for information platform based
on electric power service

2.1.  Querall design of the power marketing management platform

2.1.1.  Overall structural design. The system consists of two parts: the master service platform and the
terminal system.

The master service platform includes a PC server station, where the face recognition system and
database are installed and the face sample files of customers are stored. It provides face detection, sample
library management, face recognition and other functions, and realizes the data interface with the power
marketing management information system.

The terminal system is categorized into two types: sitting terminals and power self-service terminals.
The desk terminal is a PC with a camera, which is used to collect face samples when the bank teller opens
the electricity service for the customer. The power self-service terminal is equipped with a camera and
camera control management software, which is used to collect customer face samples in the operation
environment. The overall structure is shown in Figure 1.
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Fig. 1. Overall structure of face recognition system

The main station service platform interacts with the seating terminal. When a customer applies for the
opening of electricity service, the bank teller enters the customer's electricity account number, electricity
account name, bank account number, bank account name, electricity address and other information, and at
the same time collects a sufficient number of a set of face sample photos. After the business work is
completed, the above data is transmitted back to the main station service platform as a whole.

The interaction flow between the master station service platform and the power self-service terminal is
shown in Figure 2. When the customer swipes the card on the terminal, the electric power system notifies
the face recognition system in real time, and the face recognition system orders the terminal to start the
camera to complete a set of shooting, and after the shooting is completed, the bank card account number
and the face sample image are transmitted back to the master station as a whole, and the master station
starts the relevant follow-up work. The transmission of information is bidirectional.
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Fig. 2. Interaction between the master station and the terminal

2.1.2.  System Functional Module Design. The functional module relationship is shown in Figure 3. The
system is divided into three main functional modules: face detection, sample library management and face
recognition, and two auxiliary functional modules: camera management and archive management.
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Fig. 8. Function module
2.2.  Design of the main functional modules of the power marketing management platform

2.2.1.  Camera management module. The function of camera management module is mainly to complete
the control of the camera and fulfill the specific image and video acquisition and transmission tasks. Among
them, the camera of the sales counter should accept the direct management of the counter business software;
the camera of the power “one card” terminal should accept the remote management of the main station
service platform. Take the power “one card” terminal camera as an example to carry out the detailed design
of the module.

Workflow. The terminal camera management module can run automatically with the start of the
operating system. After starting, it opens the listening port and listens for commands from the main station
service platform. After receiving the commands, it will analyze them and complete difterent tasks according
to the meaning and parameters of the commands.

2.2.2.  Face Detection Module. The function of the face detection module is mainly to complete the face
detection and segmentation operation on static photos, and according to the need, it can choose to save the
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sample library or use it for face recognition. In this paper, we adopt the face detection technology of
MTCNN face library [23-247.

Workflow: first determine the static image or dynamic video that needs to be detected; then, perform
image preprocessing on the static image (or frames of the dynamic video), including the completion of the
conversion of the color space, adjusted to the standard size, histogram equalization, etc.; the
implementation of face detection on the preprocessed image; and finally, the face part is separated from the
image, and the special time.

The loss function of MTCNN for detecting faces and generating the human risk window with 5 key
points is shown in the following equation, where i represents the input face image label, P is the
detection output face chance, Y is the deviation value of the detection output face window coordinates
from the coordinates of the 5 key points, and Y is the true value:

L =—((y log(p,)) + (L - y;* )L ~log(p)))) v {0, (1)
Lti)ox — yibox _ yibox 2 yibox c R4 (Q)
Lliandmark — 9ilandmark _ yilandmark z yilandmark c RlO (3)

Combining the face detection task, the face window task and the keypoint detection task, the total loss
is shown in Equation (4), where N is the total number of training samples, & is the task weight, in PNet

and RNet, oy, =1 a,, =0.5 04 =0.9, and in ONet, oy, =1, &, =0.5 0 gmac =1, B 1s whether or
not face samples, ﬁij =0 or 1,and L is the loss for each of the above tasks:

N

— ipi
Loss=> >  ap'L (4)
i=1 je(det,box,landmark)
Eventually, PNet realizes rough screening of faces and heavily deletes non-face windows, and RNet and
ONet fine-screen the resulting windows respectively, thus improving the overall operation speed and
accuracy of the network.

2.2.3.  User interface module. If the video file or camera can not be opened, the software interface will
provide an error message, after confirming the error, you can choose to open the video file or camera again.
The diftference between the Pause Recognition and End Recognition buttons in the user interface is that
when you click on the Pause Recognition button and then click on the Start Recognition button, you can
continue the recognition process. Clicking on the End Recognition button and then clicking on the Start
Recognition button does not allow the recognition to continue. If you want to recognize again, you need
to open the video file or camera again. This is because the video or camera resources have been released
after the End Recognition button.

2.3.  Based on SE-MobileFaceNet face identification technology

2.3.1.  The MobileFaceNet model. Face verification is an important identity authentication technology,
which is increasingly used in mobile and embedded devices, however, most of the high accuracy face
verification models nowadays are built on deep and wide CNNs, and large CNNs require large
computational power, which is unsatisfactory for mobile devices and embedded platforms. The number of
parameters and computational power of several commonly used large face verification models are on the
order of G. Therefore, it is necessary to use a lightweight face verification model in the identification of
regional power marketing information platform.

In this paper, MobileFaceNet is used as the base network for face recognition feature extraction [257].
MobileFaceNet is a very efficient CNN model, which is a lightweight neural network specially designed
for mobile devices. The number of parameters in the model is less than 1 million, and the model size is
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small, but the accuracy rate is very high, which is very suitable for mobile devices.MobileFaceNet replaces
the global average pooling layer in the general face recognition model with a global deep convolutional
layer, which allows the network to automatically learn the weights of different points, and thus improves
the accuracy of the model.

2.8.2.  Network Performance Optimization of the MobileFaceNet Model. On the premise that
MobileFaceNet already maintains high accuracy and small number of parameters and computation, in
order to further optimize the performance of the network and improve the expressive ability of the network,
we add the SE module to MobileFaceNet, i.e., to further improve the accuracy of the network through the
strategy of feature recalibration.

The SE module mainly consists of two operations, Squeeze and Excitation. Firstly, the whole spatial
features on a channel are compressed into a global feature, and the global average pooling operation is used
to compress each feature map, so that the dimension of the output matches the number of input feature
channels, and the C feature map finally becomes the output of 1x1xC, so as to make it have a global
feeling. Then there are:

H W

1 -
z=F (u)=—"— u(i,j),zeR® 5
c sq( c) wagg c( J) ( )
Global descriptive features were obtained by compression operation followed by excitation operation to
make predictions about the importance of individual channels. The gate mechanism using sigmoid as the
activation function is used. Then there are:

s=F,, (2,W) = o(g(2W)) = o(W,ReLU (W2)) (6)

c c
where W, e RT, W, e RCX?. In order to reduce the model complexity as well as to improve the

generalization ability, two 1x1 fully connected (FC) layers are introduced, the first fully connected layer
W, is the role of dimensionality reduction, I is the number of coefficients of dimensionality reduction
and uses the ReLu activation function, and then the second one recovers the original dimensionality
through the fully connected layer W,, which obtains the real number series of the 1x1xC, and finally, the
real number series corresponding to the individual channels learned is passed through the sigmoid
activation function to get the values between 0 and 1, which are the weight coefficients for each channel.

Finally, it is the operation of recalibrating the weights, the weights of the output through the excitation
are regarded as the importance of each feature channel, and then the recalibration of the original features
in the channel dimension is completed by weighting them channel by channel to the previous features as
shown in the following equation. Then there are:

X. = Fscale(u,,s,) =s. -u, (7)

In the above equation Fscale denotes the channel-by-channel corresponding multiplication, where U,
denotes the Cth element of U, S, denotes the Cth element of S that is output after the excitation
(Excitation) operation, and X, denotes the Cth element of X . The SE module is added to the
MobileFaceNet structure because MobileFaceNet contains a residual structure, so the SE module is

embedded into the residual learning branch in the residual structure.
In this paper, we will optimize both the face detection model (MTCNN) and the face recognition model
(SE-MobileFaceNet) using the loss function based Taylor expansion as an optimization criterion,

respectively. A training set D ={X ={X,X,-*-, Xy }hY ={Y¥o, Yi,**» Yu}} is first assumed, where X and
y represent  the inputs and target outputs, respectively. = Network  parameter
W = {(\/Vll,bll),(le,bf),---,(WE' ,bLC')} is optimized to minimize the loss value C(D|W), the loss function
is chosen to be a negative log-likelihood function [267, and the network is pre-initialized using the pre-
trained parameter W, .
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In the optimization process, a subset of parameters W' that we set to maintain the accuracy of the
network, i.e, C(D|W ") ~C(D|W), is determined, and then the difference between the loss value of the
network for this subset of parameters and the loss value of the original set of parameters is minimized, and
this minimization problem is viewed as a combinatorial optimization problem. Then there are:

min . |C(D|W")-C(D|W)| st. [|W'[,<B, (8)

where in ||W l,<B means that the number of nonzero parameters in W' is less than or equal to B, so

that ift W' =W , the global minimum of the error function will be obtained.

The optimization approach uses the convolutional kernel pruning method, which focuses on pruning the
feature maps from the convolutional layer, where we denote a set of feature maps with dimension H; xW,
and the number of channels C, by Z, € R™MMWG This feature mapping can be represented either as an
input to the network Z;, or as an output Z; through the convolutional layer, where 1 €[L,2,---,L], and a
single feature mapping is denoted 2, where ke[L2,...,C,]. The convolution layer | performs a
convolution operation (*) on the input set of feature mappings Z,_,, where the parameters of the

convolution layer, Wl(k) e RGP , are computed as follows:
k) _ (k) (k) (k)
=0, R(z »w™ +0) (9)
In the above equation ZI e R™™M is the result of summing the result of the convolution of each

(k) gl(k)

convolution kernel of size P>*P and its input feature mapping and the deviation b, is an

optimization gate function, @, €{0,1}", which is used to determine whether to retain or prune that

particular feature mapping during forward propagation.
Find a subset of non-zero parameters with finite W' and try to minimize

|AC(h) |/ C(D|W)-C(D|W)| . By means of a Taylor expansion based approach, we directly
approximate the change in the loss function by removing specific parameters. Let N be the output of

parameter i, for the feature mapping, h= {Z(()l), 29, Z,(_C‘)} . For the sake of illustration, we consider the

loss function to depend equally on the parameters and the output computed from the parameters:

C(D|h)=C(D|(w,b),). then there are:
|AC(h) HC(D,h =0)—C(D,h)| (10)

If h, is optimized, C(D,h =0) denotes the value of the loss when this parameter is 0: if h, is not
optimized, C(D,h) denotes the value of the loss when it has this parameter. To approximate AC(h,),
first-order Soler polynomials are used first, and for function f (X), the Taylor expansion of the function
at X=a is:

f(x)= Zp: (p)( )(x a)” +R,(x) (11)

p=0
where f™(a) isthe P thorderderivativeof f atpoint @ and R,(X) isthe P thorder cosine term.
Approximating C(D,h, =0) using a first-order Taylor expansion at h, =0 yields:

C(D,h =0)=C(D,h)- Ch +R/(h =0) (12)

where R;(h; =0) can be computed in Lagrangian form, and since retaining the first-order residual term
yields a large number of computations, we ignore the term. The above equation can then be obtained by
bringing it into the equation solving for |Ac(h,)|:
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oC oC
6 (h)=AC(h)|=|C(D,h)———h -C(D,h)|=|=—Nh 13
re () = AC(h) = C( )5hi ( )H&h‘ (13)

From the above equation, it can be seen that using the Taylor Expansion based clipping criterion
requires the product of the cumulative activation values and the gradient of the loss function over the
activation values, which can be easily computed in backpropagation. € available when calculating
multivariate outputs, for example, when it is a feature mapping:

1 oC
K)y _ (k)
gTE (Zi ) - Mzm: 5251:“) Zim (14‘)

In the above equation M 1is the length of the feature mapping after vectorization. If the sample size of
the batch is greater than 1, this criterion is calculated for each sample and finally the average of these
samples is obtained. In the selection ranking for optimization, sometimes the results obtained will be
related to the depth of the network in which it is located, using the use of L2 regularization to achieve the
normalization of the difterent layers:

o(z")

060y ")

2.3.3.  Face feature matching. The feature-based matching method is used to determine the identity of a
tace, which only needs to measure whether the current feature vector is close enough to the preexisting

6(z) =

feature vector corresponding to the reference face after extracting the features that can represent the face
through the network, that is, to calculate the distance or similarity between the two vectors. Currently,
there are many ways to calculate the distance or similarity between two vectors, and the results of the same
calculation method may be very different in different scenarios.

In face recognition, Euclidean distance or cosine distance is usually used to measure the similarity
between two face feature vectors to determine whether the objects in different pictures are the same person.
Euclidean distance is the most intuitive measure of vector distance and is relatively simple because it is a
direct calculation of the absolute distance between two points in space, which is calculated as (5). The
smaller the distance dist, the more similar the features are. Then there are:

n

dist(A,B)=,[> (A -B) (16)
i1

When using Euclidean distance based metrics, two points should be noted, one is not required to feature
normalization but the output of the previous layer should be bounded as much as possible, such as using
the Tanh activation function rather than ReLLU. Another point is to do a “stretch” on the output results,
because the Euclidean distance is often related to the length of the feature is significant, hundreds of
thousands of such, while face similarity is a percentage, by modifying the sigmoid function to map the
distance to between 0 and 1, the modified formula is shown below. Face similarity is a percentage, by
modifying the sigmoid function to map the distance to between 0-1, the modified formula is shown in the

following equation:

_ 1
5= 1+e*+F

(17)

Where X is the distance, only need to calculate the parameter «,f can calculate the percentage.
sigmoid itself the nature of the guarantee O ~ 1, but to decide where should be dense need to determine
a, B, calculate @, can traverse the validation set of their own data, for example, so that X the smallest
hours $=0.9, X thelargest s=0.1, inverse solution to the two parameters, so that the whole data out
of the final distribution of the distance is a more reasonable 0-1 fraction, or percent similarity.
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Cosine distance, also known as cosine similarity, measures the difference between two objects by
calculating the cosine of the angle @ between the two vectors. As c0s@ tends toward 0, the closer the
two vectors are, the smaller the difference, meaning that the closer the value is to 1, the more similar the
taces are, and the formula for cosine similarity is shown in the formula below:

A gAXBi (19)
I8l - B -fEer s

i=1 i=1

similarity = cosé =

In this section, by analyzing different calculation methods and combining the feature extraction method
in this paper, the cosine similarity is finally chosen as the criterion for feature matching after comprehensive
analysis, and the effectiveness of cosine similarity as a feature matching algorithm is also verified in a large
number of literatures as well as practical applications.

3. Performance measurement of identification models

3.1.  Face detection effect of power marketing management information platform

When performing face recognition, there are two means to judge the identity information of an individual,
one is to judge in the form of 1:1 verification, i.e., to judge whether a pair of faces is the face of the same
person, when a pair of face features is input, the similarity of the pair of faces is compared, when it is higher
than the set threshold, it is determined that the pair of faces is that of the same person, and vice versa, it is
not. The other is to judge in the form of 1:N recognition, i.e., the identity of the input face is recognized.
When a face feature is input, it is compared with the N face feature vectors in the registry one by one in
terms of similarity to find out the face feature that has the largest similarity to the input face feature, and
if this similarity is higher than a set threshold, the identity of this face feature is returned, otherwise the
identity cannot be known. In fact, the 1:N form of recognition just repeats the 1:1 form of verification N
times, and their essence is still to recognize the identity of a face by measuring the similarity of two face
feature vectors. In the testing phase of this paper, all 500-dimensional feature datasets are extracted from
the fully connected layer for testing. Different angles of face shots dataset (DPDS), different expressions
dataset (DE) and different shooting distances dataset (DRDS). These three datasets are tested in a 1:1
validation format, and positive and negative sample pairs are judged according to the threshold. The two
datasets, the multiple frontal face shot expression dataset (NFDSP) and the multiple different distance
frontal face expression dataset (PDFFE), are tested in a 1:N validation format, where the samples to be
tested are similar to the samples in the face dataset as measured by the cosine distance, and the samples to
be tested are judged according to the similarity.

With the same test method and the same evaluation criteria, the test results of the two models on the
five datasets “DPDS, DE, DRDS, NFDSP and PDFFE” are shown in Figure 4. From the figure, we can
see that the accuracy of MobileFaceNet model is lower than SE-MobileFaceNet model in the case of the
same angular expression and distance of the face shooting. We found that the accuracies of the three
datasets of DRDS, DE and DPDS determined by the SE-MobileFaceNet model in 1:1 mode were 95.99%,
96.98% and 98.83%, respectively. Obviously, the SE-MobileFaceNet model can achieve better recognition
results regardless of the differences in the angle, expression, and distance of the face shot. In addition, we
also found that the two models have a large difference in the accuracy of face identity recognition between
the NFDSP dataset and the PDFFE dataset under the 1:N model. The accuracy of both SE-MobileFaceNet
models is above 90%, while the accuracy of MobileFFaceNet model is less than 90%. The reason for this
result may be related to the different spatial compression capabilities of the two models. It can be clearly
found that the SE-MobileFaceNet model is better than the MobileFaceNet model in power management
platform identity recognition in the detection results of all datasets.
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Fig. 4. Two models of the test results of the 5 Numbers

In order to evaluate the impact of the loss function in training the model, in this experiment the balancing
factor person is set to s=0 and s=1, and the sample size of the batch is < 1. That is, only the cosine
similarity as a feature matching algorithm plays a role in model training, and the other training conditions
are consistent with the case to train the model. The experimental comparison results of cosine similarity
teature matching algorithm are shown in Table 1. The results show that under five kinds of datasets,
MobileFaceNet and SE-MobileFaceNet with the addition of the loss function yielded 3.96%-5.90% and
2.96%-6.12% higher accuracy than without the loss function, which indicates that the addition of the loss
function improves the performance of face recognition in different shooting datasets.

Table 1. The result of the cosine similarity algorithm for the model training

MobileFaceNet SE-MobileFaceNet
Data set
$=0 s=1 $=0 s=1

DPDS 85.09% 90.99% 92.08% 97.01%
DE 86.97% 90.05% 91.96% 98.08%
DRDS 86.06% 90.02% 93.97% 96.93%
NFDSP 85.05% 89.85% 92.00% 96.06%
PDFFE 84.94% 89.07% 92.07% 95.92%

3.2.  Face identity recognition effect of power marketing management information platform

3.2.1. Face Recognition Performance Testing. In order to test whether the method used in this paper
can have an impact on the efficiency of detection as well as the probability of occurrence of errors in face
recognition of a regional power marketing management information platform, 100 test users of a regional
power marketing management information platform were subjected to face recognition, and were detected
by using MobileFaceNet (abbreviated as MFN) and SE-MobileFaceNet (abbreviated as SE- MFN) same
method for detection. According to the detection results, the recognition rate and false recognition rate
detection results under the two models are shown in Figure 5. As can be seen from the figure, the correct
rate of MobileFaceNet (MFN) model for face identity detection of 100 testers in regional electric power
marketing management information platform identity recognition is around 90%, and the error rate of
recognition under this method accounts for 10%. In contrast, when using the improved SE-MobileFFaceNet
(SE-MFN) model in this paper, the detection rate of the system is as high as 95%. Obviously, the accuracy
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of the improved SE-MobileFFaceNet model detection is significantly improved. Overall analysis reveals that
the sample detection results of both models are relatively stable, which to some extent ensures the
credibility of face recognition in the regional electric power marketing management information platform.
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Fig. 5. The recognition rate and the error detection results of the two models

8.2.2.  Operational efficiency of face recognition. The face sequences are generated in real time by
detecting and tracking the faces detected by the camera in the regional power marketing process. The real-
time mainly analyzes whether the generation speed of face sequences matches the recognition speed. The
generation time and recognition method of different lengths of face sequences are plotted, and the results
of generation time and recognition method of face sequences under different sequence lengths are shown
in Figure 6 below. As can be seen from the figure, when the length of the face sequence is greater than 220,
the recognition speed of the face sequence is faster than the generation speed, at this time, the real-time
video recognition is no longer affected by the recognition speed. When the face appears in the video greater
than 7.26 seconds, the face detection and tracking module can ensure the real-time video. According to the
statistical results, the sequence generation rate is about 24.37 frames per second, which can ensure the real-
time recognition of faces in the video. Compared with the MobileFFaceNet model, the SE-MobileFaceNet
model can avoid too much redundant computation in the face sequence recognition time correlation, which
reduces the face recognition time. When the length of the face sequence increases, the recognition time
spent by the MobileFaceNet model increases linearly, while the recognition time of the optimized SE-
MobileFaceNet model in this paper slows down the growth rate with the increase of the sequence length.
In summary, the SE-MobileFaceNet model proposed in this paper runs well in real-time.
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Fig. 6. Face sequence generation time and recognition method

3.8. Examples

In the previous paper, the face identity of the regional electric power marketing management information
platform was recognized and tested. Next, this paper utilizes the SE-MobileFaceNet model to carry out
online intelligent monitoring of the staft at the main entrance and exit of a regional electric power service
management office building in City Z. According to the monitoring results, the test results of this paper's
model and the recognition satisfaction are comprehensively evaluated. For this paper's self-built face
database, selected the regional power marketing office building gate entrance scene for the experiment.
Experimentally collected video images are office building main gate entrance and exit, this section of the
video image is 4326 frames, basically can completely identify the traveler through this gate entrance and
exit. For the experimental scene in this paper, the use of screenshot software 25 frames per second to
intercept the video in the scene. Set the number of intervals in the experimental process for 8 frames, that
is, the experiments read the video image sequence order: the first frame, frame 9, etc. for the experiments,
the face localization results obtained. During the face localization experiments, the Adaboost algorithm is
first used for coarse face localization, and then the deep learning CNN is used to filter out the pseudo-face
regions. The face localization results are shown in Table 2. According to the statistical results in Table 2,
the method of this paper can get a better localization effect in face localization, at this time, the localization
correct rate of the main door exit and entrance of the office building is 97.44% and 98.23%, respectively.
And the missing localization situation may be due to the fact that in the entrances and exits of the office
building, when the target person just travels along the entrances and exits, it is impossible to localize the
real face image because the target is fuzzy. However, the frequency of this situation is extremely low.
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Table 2. Face positioning results

Experimental scene Office building
The average of the interval frame
Content Export Entrances
number
The number of faces
312 451 18
detected
Missing location number 8 7 1
Multi-location number 0 1 1
Correct location number 304 443 18
Accuracy (%) 97.44% 98.28% —

The statistical results of face identification in the office building are shown in Table 3. The results show
that the monitoring and identification accuracy of the management platform information based on the SE-
MobileFaceNet model proposed in this paper for each functional module all meets the testing requirements.
In the real-name entry and exit management module, the accuracy of the model's test results for the face
recognition accuracy, character correspondence and information recording of staft entering and exiting the
office building are all 100%, indicating that the test results of the online management platform
identification based on the SE-MobilelFaceNet model comply with the test standards. Next is the use of
monitoring equipment to locate and track the process of staff staying in the office building entrance area,
at this time, the model can reach 97.43% of the positioning rate of the monitoring staft through real-time
positioning. The accuracy rate of recognizing the staff's situation at the entrance of the office building
reaches 99.87%, and the accuracy rate of the results of the information query reaches 100%. In addition, in
the verification feedback module, the model achieves 100% accuracy in recognizing both the situation of
staff clocking in and clocking out feedback. Obviously, the accuracy rates of the model's comprehensive
identification of staff members are all highly attainable, which provides a certain degree of convenience for
regional power marketing management.

Table 3. Results of intelligent monitoring test of factory management platform

Functional unit Test function Functional description Test accuracy(%) Test results
.. Face recognition for the Identify
1 Face recognition & 100% Y
entrance personnel correctly
The real-name Tracking personnel Results
system is in and out 2 Correspondence access to different places of 100% trackin
of the management time information &
module The recording man goes Record
3 Information record in and out of different 100%
places correct
The location of the
4 Personnel o Record
U personnel movement of the 97.43%
. positioning, . success
Location and factory area,
trajectory tracking Real-time query 0
. . . uer
module 5 Information query, personnel in the factory 99.87% Y
area success
6 Video monitoring Real-time play scene 100% Play success
The daily card situation is Successful
7 Staff card Y . 100%
summarized punch
. 8 Behavior The match between the Verif
Check-in module . . 97.52% Y
specification punch and the card player success
Verity the success of the Feedback
9 Result feedback y 100%
card success

Next, this paper randomly selects 100 users and 10 staft members in the region in 3.3 to evaluate the
satisfaction of the identification-related functional modules based on identification in the SE-
MobileFaceNet model used in the electricity consumption process. The questionnaire was administered to
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both staff and users, and the sample selection process was randomized to provide a high level of confidence
in the results of the questionnaire survey. The effective return rate of the questionnaire was 100%.The
results of the survey of 110 subjects on the 9 tested functions of the platform and the overall satisfaction
of the model (10) are shown in Fig. 7. The experimental results show that staff and users have different
satisfaction ratings for monitoring and recognizing the information of the management platform based on
the SE-MobileFaceNet model proposed in this paper. Among them, the former's ratings of satisfaction are
all greater than 92%, while the latter's satisfaction ratings differ greatly, and the users' satisfaction ratings
of most of the functions related to the identification of the management platform are around 84%-86%.
However, the overall satisfaction of users and staft with the platform's identification functions was high,
with satisfaction ratings of 86.15% and 93.24%, respectively.

100 91+

991 Ly 100.0

98.11
96.23
94.34
92.45
90.56
88.68
86.79
84.90

98+

Test function
Percentage of satisfaction(%)

Staff User
Tester type

Fig. 7. Identity management platform test function satisfaction survey results

4. Conclusion

In this paper, the overall design of the power marketing management platform is carried out first, and then
the SE-MobileFaceNet face feature extraction model is constructed in the context of deep learning. The
recognition performance of this model is analyzed and evaluated in the analysis section, and it is empirically
examined in the identification of power marketing platform. The main conclusions are as follows:

1) The optimized SE-MobileFaceNet model has higher accuracy in the test results when the angle,
expression and distance of the face shooting are the same. And in 1:1 mode, the DRDS, DE and DPDS
determined by this model are significant at the level of 0.05, when the accuracies of the three datasets are
95.99%, 96.98% and 98.83%, respectively. In addition, adding the loss function increased the accuracy of
SE-MobileFaceNet by 8.96%-5.90% and 2.96%-6.12% over the pre-optimization level for the five datasets.
At this time, the recognition rate of SE-MobileFaceNet model is as high as 95% and the error rate is only
5%. And the SE-MobileFaceNet model can avoid too much redundant computation in the face sequence
recognition time correlation, which reduces the time of face recognition.

2) The accuracy of the SE-MobileFaceNet model proposed in this paper for monitoring and recognizing
the information of the management platform all meets the detection requirements. Its recognition accuracy
in the three major modules ranges from 97.43% to 100%. In addition, the overall satisfaction of staff and
users with the monitoring and identification of management platform information based on the SE-
MobileFaceNet model proposed in this paper is greater than 85%, which proves that the SE-
MobileFaceNet model has a good operating effect in the identification of regional power marketing
management information platform.
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