Scholar Publishing Group

International Journal of Neural Network 0 S P G
https://doi.org/10.38007/NN.2020.010102 g,
ISSN 2790-2692 \Vol. 1, Issue 1: 9-16

Open Access Journals

Face Recognition System in Intelligent Building Based on
Neural Network

Wencheng Li"
Yunnan Normal University, Kunming, China
“corresponding author

Keywords: Neural Network, Intelligent Building, Face Recognition, Recognition System

Abstract: The development of intelligent building is based on its own perception and
recognition functions to acquire and process the information of the space environment
inside the building and the external world and other resources. This paper is based on the
theory of neural network. First, the development status and trend of artificial intelligence at
home and abroad are introduced. Secondly, the existing face recognition problems are
analyzed, and a new improved neuron mapping method is proposed. Then, a set of face
recognition system experiment scheme is designed, which is verified using MATLAB, and
its performance is significantly improved through simulation experiments with testers. The
experimental results show that the recognition accuracy of the face recognition system
based on neural network algorithm is more than 90%. This shows that the recognition rate
of the system meets the needs of users.

1. Introduction

With the increasing demand for human-computer interaction in the field of computer technology
and engineering and the in-depth research on the issue of decentralization, a new branch concept of
artificial intelligence has been proposed, and a good momentum of development has been achieved.
At the same time, because people have increasingly high requirements for safety and comfort and
need to ensure the real-time transmission of information in practical applications, face recognition
in intelligent buildings has become an important topic [1-2].

Neural network is a nonlinear system which is simulated and calculated by a large number of
neurons. It has a very high position in the human brain. With the in-depth study of intelligent
buildings, scholars at home and abroad have also made some research achievements. Some scholars
have proposed a face recognition technology based on the characteristics of strong adaptive ability
and low energy consumption of artificial neural network (BP). The face recognition technology can
effectively overcome the problems of false judgment rate of traditional recognition, poor timeliness
and difficult information processing, and can provide high-precision image features in different
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scenes. However, this method requires a lot of computing time [3-4]. Some scholars have proposed
to establish a face recognition method in intelligent buildings based on BP algorithm. Other
scholars believe that a training and testing model for face recognition based on BP neural network is
constructed. Some scholars use the fuzzy C-means fuzzy card theory, combined with human eye
technology, visual system, etc., to achieve the identification and information interaction of people in
different scenes in a complex indoor environment [5-6]. Therefore, this paper studies and designs
the face recognition system in intelligent buildings based on neural networks.

Based on the related research results at home and abroad, this paper proposes a face recognition
algorithm based on neural network. This method combines training, learning and judgment based
on artificial neuron to obtain a model that can be directly applied to calculation with high accuracy
and strong uncertainty. At the same time, simulation experiments show that this system can
effectively describe complex and changeable scenes, and can extract the required parameters from
its feature information in a short time. It has the advantages of real-time and accuracy.

2. Research on Face Recognition System in Intelligent Building Based on Neural Network
2.1. Intelligent Building

Intelligent building is a process of perception, detection, recognition and control of buildings.
Due to the differences between different regions, the design must take into account the climatic
conditions, landform and other natural factors as well as other social and environmental factors.
Intelligent buildings use computer, sensor technology, communication network and other high and
new technologies to automate the management of various facilities in the buildings, so as to achieve
the harmonious development of "man machine™ [7-8]. At present, there are two views on the
definition of intelligent building concept: in the narrow sense, it refers to a science that studies the
characteristics and laws of human living environment and behavior based on modern information
technology, and controls and optimizes the function. In a broad sense, it emphasizes the role of
knowledge and comprehensive application in computer field, electronic communication industry,
network technology and other disciplines, so as to form a highly rational structural system with
certain characteristics. The intelligent building mainly realizes the information transmission of the
internal and external environment of the building through the application of computer and
communication technology, carries out scientific management, and provides a safe, comfortable,
convenient and fast living space for people. At present, China has a relatively mature system in
construction. However, its development progress is restricted by factors such as lack of complete
system theoretical guidance and imperfect relevant laws and regulations. On the other hand, there is
no unified standard in China to regulate the conversion relationship and coordination between
different functional modules in intelligent buildings [9-10].

2.2. Face Recognition of Intelligent Buildings

Face recognition in intelligent buildings is a very complex system, because it requires a lot of
data, such as buildings, access control, etc. However, the traditional methods of artificial
recognition can no longer meet the requirements of accurate extraction and processing of these
information. At present, the domestic research on the application of neural networks in face
recognition is not very sufficient. First of all, due to the cultural and environmental differences in
different regions, the imbalance of regional development has led to the existence of security risks in
intelligent buildings in some regions. Second, because of the vast territory of China and the uneven
economic level in various regions, it is also difficult to identify buildings. The development of
intelligent buildings originates from the research on the internal environment of buildings,
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human-computer interaction and other aspects. But at present, China is still in the initial stage in
this regard, so the recognition technology is not fully mature. For neural networks, it is a nonlinear
mapping. This characteristic is mainly shown in that neurons have a strong multi degree of freedom
and distributed structure, and different types of neurons can be connected with each other and carry
out information transmission and processing. Artificial neural networks usually use the process of
simulating human brain neural system to process input data and form mathematical models after
organization to achieve human functional requirements. It is based on the system and obtained by
optimizing the training set in the input-output relationship. It can simulate the information
extraction process, pattern recognition, learning and recognition functions of the human brain
nervous system and realize the characteristics of automatic simulation and parallel computing. At
the same time, it also overcomes the defects of linear instability caused by traditional algorithms
and insufficient time-varying phenomena, and can be applied to the fields of complex nonlinear
function approximation and unsupervised learning [11-12].

2.3. Face Feature Recognition

Identification is an important link in intelligent buildings, and also the most basic and main part
[13-14]. The purpose of face recognition is to distinguish between different environments and
different candidates. Under the background of traditional technology, the collected information is
the feature description generated by image or text data, but this feature is called static mode or non
dynamic state (such as noise point). There is a complete mapping relationship between input and
output in neural network. In face recognition, there are many ways of recognition, but there are
mainly two kinds: one is based on features. For example, this paper uses a relatively simple, easy to
implement and widely used classifier. This method is also called BP neural network. Others need to
preprocess the image (including gray scale adjustment) or extract the background to determine
whether it is O or larger than the real face information, and then use this algorithm to convert the
collected data into feature vectors contained in the training sample space [15-16]. Figure 1 is a flow
chart of face recognition features.
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Figure 1. Face recognition feature process
2.4. Neural Network Technology

The structure of neural network is a kind of self-learning, self-learning and imitation function,
which can automatically calculate the input-output process under the condition of uncertain objects.
Human brain neurons generate corresponding association or state feedback after processing external
information. All nodes in the neural network can choose their own weights and connection strength
to determine whether the connection parameters are correct. Different connection methods will have
multiple obvious end patterns corresponding to specific points, that is, the same node receives the
same result when it receives the same signal and inputs it as a training set to the output process,
which is called "neural network™ [17-18]. Figure 2 is the flow chart of the neural network algorithm.
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Figure 2. Flow chart of the neural network algorithm

The neural network is a neuron that imitates the human brain and learns by connecting weights
in the brain cells and the nervous system. Face recognition technology mainly includes: pattern
classification, feature extraction and hidden layer. The structure of artificial neural is simple but not
economical, and it is easy to be affected by environmental factors to produce distortion or distortion.
However, the diversity, variability and predictability of biological intelligence parameters make it
greatly improve and challenge the performance of face recognition. Neural network is a kind of
unsupervised computing method. It will simulate the human brain nervous system and be
established by imitating, learning and recognizing a large number of connection weights composed
of neurons. It can describe the internal relations between input signals and their behavioral
characteristics in many ways, such as artificial pattern recognition or classification processing. In
supervised training systems, linear mapping is usually used to approximate nonlinear functions, or a
simple and easy to implement topology is used to transform complex problems into single
dimension and multiple solutions. In order to effectively recognize the face, it is necessary to obtain
the feature vector that can best represent the face. Discrete Cosine Transform (DCT) is usually used
in the graphic image coding process. It has the advantages of high compression ratio, strong ability
to separate high and low frequency information, etc. It is a classical transform coding method for
digital rate compression. The edge of the image also contains a lot of effective recognition features.
The edge of an image refers to a collection of pixels whose surrounding pixels have a step change in
grayscale or a roof change, which contains important features for object classification and
recognition. We cannot discard this part of data directly. If f (X, y) is a face image with a resolution
of mxn in the spatial domain, the corresponding DCT transformation and IDCT inverse
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transformation formulas are:

F(x,y)= EC(x)C(y)f (x, y)cos_(zx +1)mu | cos—(2y +1)wv ]
= . 2m 2n (1)

F(0:9)= S0 0 v)o] B2 o 2202 o

The face is segmented according to the position distribution of the edge contour and texture
features of the face image, and each face image is DCT transformed. Then, the image block located
in the middle area of the face is identified by the low frequency component of the DCT coefficient,
and the image block located in the image edge area and containing the image edge contour or
occlusion factors is identified by the high frequency component of the DCT coefficient, This can
not only preserve the effective local details of the face, but also weaken the impact of occlusion,
lighting and expression changes on the essential features of the image.

3. Experimental Process of Face Recognition System in Intelligent Building Based on Neural
Network

3.1. Composition of Face Recognition System Based on Neural Network

Face Image Feature Feature
— ) —»

aoquision OIEpIOceSSing extaction matching

Figure 3. Face recognition system

The intelligent building face recognition system based on neural network consists of two parts,
namely, feature extraction module and data preprocessing module. First, the classifier samples are
selected from the training set, and the selected samples are zeroed, reverse compressed, etc. Then,
the output weight estimation and learning vector space matching (SOLP) are realized at the input
layer through an adaptive process. After calculation and storage, a parameter is obtained as the
number of God elements N. The neural network algorithm is one of the unsupervised nonlinear
function optimization methods, which is a global search strategy based on statistical feature
extraction. This link mainly includes three aspects: image preprocessing and binarization. The
former refers to selecting a specific pixel in the same area as a sample for training, while the latter
means that all elements in the entire space scene belong to the range that the object face recognition
system needs to perceive, that is, the segmentation result output object is a single or multiple sub
blocks (as shown in Figure 3).

3.2. Performance Test of Face Recognition System in Intelligent Buildings

The performance test of face recognition system in intelligent building mainly includes hardware
test and software debugging. According to the system performance requirements, the principle of
neural network algorithm is analyzed, the input module is determined to be an external neuron
structure, and the parameter matching method based on SOFM for recognition, the distribution
model of training samples, and the corresponding relationship between the output vector and the
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expected value are designed, The accuracy and reliability of the results obtained after verifying
whether the performance indicators of the face recognition system proposed in this paper meet the
expected objectives and test environment requirements.

4. Experimental Analysis of Face Recognition System in Intelligent Building Based on Neural
Network

4.1. Performance Test and Analysis of Face Recognition System in Intelligent Buildings
Table 1 shows the test data of recognition accuracy of face recognition system.

Table 1. Face recognition accuracy test

Test times Idenufy;?gpr:gmber of Training data Identification accuracy(%)

1 231 21 95
2 214 23 98
3 243 20 94
4 245 25 97
5 223 23 99
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Figure 4. Performance test and analysis of face recognition system

The performance test analysis of face recognition system in intelligent buildings mainly includes
the recognition accuracy. In this paper, effective information is obtained through data statistics and
calculation of the identified error rate. However, due to the complexity and variability of the actual
situation, it is not enough to rely on these feature parameters alone. At the same time, factors such
as the frequency of mismatching and the noise after preloading should also be considered to affect
the judgment results. In addition, in the training, it is also found that local errors or non optimal
accuracy values may be perceived to cause recognition failure. It can be seen from Figure 4 that the
recognition accuracy of the face recognition system based on the neural network algorithm is as
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high as 90%. This shows that the recognition rate of the system meets the needs of users.
5. Conclusion

With the development of society and the popularization of intelligent buildings, people put
forward higher requirements for the construction of smart cities. In this paper, a complete and
effective face recognition system is established based on neural network. First, it introduces the
research background and significance, the current situation at home and abroad, and the related
domain knowledge. Then, it analyzes and expounds the problems existing in the traditional
recognition methods. Finally, it gives a specific example that combines neural network technology
and applies it to the actual scene, that is, it uses artificial neurons to simulate human body
recognition to complete the process of extracting features of human face behavior information in
buildings.

Funding
This article is not supported by any foundation.
Data Availability

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

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

[1] Anastasia Iskhakova, Daniyar Volf, Roman V. Meshcheryakov:Method for Reducing the
Feature Space Dimension in Speech Emotion Recognition Using Convolutional Neural
Networks. Autom. Remote. Control. 83(6): 857-868 (2020).
https://doi.org/10.1134/S0005117922060042

[2] Mehdi Abdollahpour, Tohid Yousefi Rezaii, Ali Farzamnia, Ismail Saad:A Two-Stage Learning
Convolutional Neural Network for Sleep Stage Classification Using a Filterbank and Single
Feature. IEEE Access 10: 60597-60609 (2020). https://doi.org/10.1109/ACCESS.2020.3180730

[3] Myasar Mundher Adnan, Mohd Shafry Mohd Rahim, Amjad Rehman Khan, Tanzila Saba,
Suliman Mohamed Fati, Saeed Ali Bahaj:An Improved Automatic Image Annotation Approach
Using Convolutional Neural Network-Slantlet Transform. IEEE Access 10: 7520-7532 (2020).
https://doi.org/10.1109/ACCESS.2020.3140861

[4] Sonam Aggarwal, Sheifali Gupta, Ramani Kannan, Rakesh Ahuja, Deepali Gupta, Sapna
Juneja, Samir Brahim Belhaouari:A Convolutional Neural Network-Based Framework for
Classification of Protein Localization Using Confocal Microscopy Images. IEEE Access 10:
83591-83611 (2020). https://doi.org/10.1109/ACCESS.2020.3197189

[5] Anjali Agrawal, Seema N. Pandey, Laxmi Srivastava, Pratima Walde, Saumya Singh, Baseem
Khan, R. K. Saket:Hybrid Deep Neural Network-Based Generation Rescheduling for Congestion
Mitigation in  Spot Power Market. IEEE Access 10: 29267-29276 (2020).
https://doi.org/10.1109/ACCESS.2020.3157846

[6] Michael Opoku Agyeman, Andres Felipe Guerrero, Quoc-Tuan Vien:Classification Techniques

15


https://doi.org/10.1134/S0005117922060042
https://doi.org/10.1109/ACCESS.2022.3180730
https://doi.org/10.1109/ACCESS.2022.3140861
https://doi.org/10.1109/ACCESS.2022.3197189
https://doi.org/10.1109/ACCESS.2022.3157846

International Journal of Neural Network

for Arrhythmia Patterns Using Convolutional Neural Networks and Internet of Things (loT)
Devices. IEEE Access 10: 87387-87403 (2020). https://doi.org/10.1109/ACCESS.2020.3192390

[7] Mehdi Trabelsi Ajili, Yuko Hara-Azumi:Multimodal Neural Network Acceleration on a Hybrid
CPU-FPGA Architecture: A Case Study. IEEE Access 10: 9603-9617 (2020).
https://doi.org/10.1109/ACCESS.2020.3144977

[8] Khaled A. Alaghbari, Mohamad Hanif Md. Saad, Aini Hussain, Muhammad Raisul
Alam:Activities Recognition, Anomaly Detection and Next Activity Prediction Based on Neural
Networks in Smart Homes. IEEE Access 10: 28219-28232 (2020).
https://doi.org/10.1109/ACCESS.2020.3157726

[9] Adal A. Alashban, Al-Hanouf Al-Aljmi, Norah F. Alhussainan, Ridha Ouni:Single
Convolutional Neural Network With Three Layers Model for Crowd Density Estimation. IEEE
Access 10: 63823-63833 (2020). https://doi.org/10.1109/ACCESS.2020.3180738

[10] Mohamed Hassan Essai Ali, M. Lotfy Rabeh, Sherif Hekal, Abeer N. Abbas:Deep Learning
Gated Recurrent Neural Network-Based Channel State Estimator for OFDM Wireless
Communication Systems. IEEE Access 10: 69312-69322 (2020).
https://doi.org/10.1109/ACCESS.2020.3186323

[11] Khurram Ali, Safeer Ullah, Adeel Mehmood, Hala Mostafa, Mohamed Marey, Jamshed
Igbal:Adaptive FIT-SMC Approach for an Anthropomorphic Manipulator With Robust Exact
Differentiator and Neural Network-Based Friction Compensation. IEEE Access 10: 3378-3389
(2020). https://doi.org/10.1109/ACCESS.2020.3139041

[12] Abdollah Amirkhani, Masoud Shirzadeh, Mahdi Molaie:An Indirect Type-2 Fuzzy Neural
Network Optimized by the Grasshopper Algorithm for Vehicle ABS Controller. IEEE Access 10:
58736-58751 (2020). https://doi.org/10.1109/ACCESS.2020.3179700

[13] Abdulgader M. Almars, Malik Almaliki, Talal H. Noor, Majed Alwateer, EIl-Sayed
Atlam:HANN: Hybrid Attention Neural Network for Detecting Covid-19 Related Rumors. IEEE
Access 10: 12334-12344 (2020). https://doi.org/10.1109/ACCESS.2020.3146712

[14] Ammar Amjad, Lal Khan, Noman Ashraf, Muhammad Bilal Mahmood, Hsien-Tsung
Chang:Recognizing Semi-Natural and Spontaneous Speech Emotions Using Deep Neural
Networks. IEEE Access 10: 37149-37163 (2020).
https://doi.org/10.1109/ACCESS.2020.3163712

[15] Adrien Badré& Chongle Pan:LINA: A Linearizing Neural Network Architecture for Accurate
First-Order and Second-Order Interpretations. IEEE Access 10: 36166-36176 (2020).
https://doi.org/10.1109/ACCESS.2020.3163257

[16] Jae-Woo Baek, Choongseop Lee, Hyunsoo Yu, Suwhan Baek, Seokmin Lee, Seungmin Lee,
Cheolsoo Park:Automatic Sleep Scoring Using Intrinsic Mode Based on Interpretable Deep
Neural Networks. IEEE Access 10: 36895-36906 (2020).
https://doi.org/10.1109/ACCESS.2020.3163250

[17] Abualkasim Bakeer, Ihab S. Mohamed, Parisa Boodaghi Malidarreh, Intissar Hattabi, Lantao
Liu:An Artificial Neural Network-Based Model Predictive Control for Three-Phase Flying
Capacitor ~ Multilevel Inverter. IEEE  Access  10: 70305-70316  (2020).
https://doi.org/10.1109/ACCESS.2020.3187996

[18] Siham Bakkouri, Abderrahmane Elyousfi:Early Termination of CU Partition Based on
Boosting Neural Network for 3D-HEVC Inter-Coding. IEEE Access 10: 13870-13883 (2020).
https://doi.org/10.1109/ACCESS.2020.3147502

16


https://doi.org/10.1109/ACCESS.2022.3192390
https://doi.org/10.1109/ACCESS.2022.3144977
https://doi.org/10.1109/ACCESS.2022.3157726
https://doi.org/10.1109/ACCESS.2022.3180738
https://doi.org/10.1109/ACCESS.2022.3186323
https://doi.org/10.1109/ACCESS.2022.3179700
https://doi.org/10.1109/ACCESS.2022.3146712
https://doi.org/10.1109/ACCESS.2022.3163712
https://doi.org/10.1109/ACCESS.2022.3163257
https://doi.org/10.1109/ACCESS.2022.3163250
https://doi.org/10.1109/ACCESS.2022.3187996
https://doi.org/10.1109/ACCESS.2022.3147502

