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Abstract 

This paper studies the application of computer vision in smart home. Firstly, the concept of intelligent home 

and its development status are introduced, and then the literature is reviewed and the problems are analyzed, 

and the problems and challenges of computer vision application in intelligent home are summarized. Then, 

this paper puts forward the design and implementation methods of intelligent home system based on 

computer vision technology [6], and introduces the research methods in detail, including data acquisition, 

data preprocessing, model training and evaluation. In the part of discovery and result, the feasibility and 

effectiveness of the proposed system are verified by experiments. Finally, the research results are 

summarized, and the future research direction and application prospect are put forward.  
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I. INTRODUCTION  

With the continuous improvement of people's 

pursuit of life quality, smart home has become a 

new trend of modern families. Smart home uses 

intelligent technologies, such as computer vision, 

natural language processing and machine learning, 

to enable home devices and home automation 

systems to realize interconnection and intelligent 

control. By connecting home devices and systems, 

smart homes can improve people's quality of life in 

a variety of ways, such as improving safety, saving 

energy, and improving the efficiency of home 

devices. Compared with the traditional home 

equipment, the function of smart home equipment 

is more diversified, the operation is more simple 

and convenient, so that people can easily control 

the various functions of the home equipment, so as 

to achieve a more convenient and comfortable 

lifestyle.  

Computer vision is an important technology in the 

smart home. It is an artificial intelligence 

technology that can recognize and analyze image 

and video data. Computer vision technology can be 

used to achieve a variety of functions, such as 

human-computer interaction, security monitoring, 

environmental detection, automatic control of 

smart home equipment, etc. In the intelligent home 

system, computer vision technology can help 

people realize intelligent control, so as to improve 

the security and convenience of the home. For 

example, by recognizing faces, smart homes can 

automatically unlock access control systems or 

turn on home devices; By detecting the indoor 

environment, the smart home can automatically 

adjust the indoor temperature and humidity to 

improve comfort; By recognizing human posture, 

smart homes can automatically adjust the 

brightness of lights and sound volume, providing a 

more comfortable living experience.  

This paper aims to propose a design and 

implementation method of intelligent home system 

based on computer vision technology in order to 

realize intelligent control and human-computer 

interaction [6].  

 

II. LITERATURE REVIEW AND PROBLEM 

ANALYSIS  

A. Concepts and Technologies Related to 

Computer Vision 

Computer vision is a kind of image processing and 

analysis technology based on computer algorithm 

and mathematical model. The aim is to enable 

computers to understand and analyse visual data 

such as images, videos and three-dimensional 

scenes in the same way as the human visual 

system, enabling tasks such as object detection, 

image recognition, tracking and segmentation.  

In the research and application of computer vision, 

image processing is one of the important links. 

Image processing is the digital signal processing, 

filtering, enhancement, compression and 

restoration of digital images to improve image 

quality and reduce noise. Image processing 

technology plays an important role in the 

application of computer vision, because it can 

improve the quality and clarity of the image, so as 

to provide more accurate and reliable data support 

for the subsequent target detection and recognition 

tasks.  

Image recognition is another important technology 

of computer vision. Image recognition refers to the 

recognition and classification of different objects 

and scenes in images through computer algorithms 

and models. In the field of smart home, image 

recognition technology can be applied to identify 

family members, pets, furniture and other objects, 

so as to realize intelligent and automatic control of 

smart home.  

Target detection and tracking are two key tasks in 

computer vision. Object detection refers to the 

automatic identification and location of a specific 

object or scene in an image or video. Tracking 

refers to tracking information such as the position, 

size and direction of a specific object in a 

continuous image or video. In the field of smart 

home, object detection and tracking technology 

can be applied to home security monitoring, item 

management and interaction, so as to achieve an 

intelligent home environment.  

 

B. Application Fields and Research Status of 

Computer Vision in Smart Home 

Smart home refers to the integration of various 

household appliances, equipment, furniture and 

systems organically through modern information 

technology and network communication 

technology to realize intelligent and automatic 

home control and management. Smart home 

application scenarios include home security, home 

environment control, home entertainment, smart 

home healthcare, etc.  

Computer vision technology has a wide range of 

application prospects in the field of intelligent 

home. At present, many researchers have explored 

and applied computer vision technology in the 

field of smart home, and made some important 

progress [2]. 

 

1) Home security monitoring: 

Home security monitoring is one of the important 

applications in the field of smart home. Traditional 

security monitoring systems usually need to install 

cameras and monitoring equipment, and manually 

observe and analyze the monitoring picture. The 
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intelligent security system based on computer 

vision technology can realize automatic 

monitoring and identification, so as to improve the 

accuracy and efficiency of the security system.  

In recent years, many researchers have explored 

and applied computer vision technology in the 

field of home security monitoring, including target 

detection, behavior analysis, anomaly detection 

and event recognition. For example, object 

detection algorithms based on deep learning can be 

applied to identify and track different objects and 

scenes such as family members [7], strangers and 

thieves, so as to realize security monitoring and 

early warning of smart homes. At the same time, 

the behavior analysis algorithm based on computer 

vision technology can be applied to analyze the 

behavior patterns and habits of family members, so 

as to realize the intelligent control and 

management of the family environment. 

 

2) Home environment control: 

 Home environment control is another important 

application direction in the field of smart home [2]. 

The intelligent home environment control system 

based on computer vision technology can 

automatically control and adjust the home 

environment parameters such as temperature, 

lighting, sound and smell by recognizing and 

analyzing the behaviors and actions of family 

members, so as to realize the intelligent and 

automatic home environment control and 

management.  

At present, many researchers have explored and 

applied computer vision technology in the field of 

home environment control, including human body 

detection, attitude estimation, emotion recognition 

and speech recognition. For example, the human 

body detection algorithm based on computer vision 

technology can be applied to identify and track the 

location and behavior of family members, so as to 

realize intelligent home environment control and 

management. At the same time, the emotion 

recognition algorithm based on computer vision 

technology can be applied to identify the emotional 

state of family members, so as to realize more 

intelligent and personalized family environment 

control and management. 

 

C. Problems and Challenges of Computer Vision 

in Smart Home 

Although computer vision has a broad application 

prospect in the field of smart home, there are still 

some problems and challenges in the practical 

application, including data collection and 

processing, model training and optimization, 

algorithm reliability and performance. 

 

1) Data collection and processing:  

In the field of smart home, data collection and 

processing is one of the key problems of computer 

vision technology. The data in the smart home 

environment is usually characterized by diversity, 

uncertainty and dynamics, and is also affected by 

environmental noise and interference. Therefore, 

how to collect and process the data in the 

intelligent home environment has become an 

important problem in the research and application 

of computer vision technology. 

  

2) Model training and optimization:  

Model training and optimization is another key 

problem of computer vision technology in the field 

of smart home. In smart home environment, due to 

the diversity and uncertainty of data, the process of 

model training and optimization needs to consider 

more factors, including data quality, data 

annotation, algorithm selection, model design and 

optimization. At the same time, due to the large 

amount and dimension of data in smart home 

environment, traditional model training and 

optimization algorithms may not meet the 

requirements of real-time and efficiency [6], so it 

is necessary to explore more efficient and reliable 

model training and optimization algorithms. 

 

3) Algorithm Reliability and Performance: 

Algorithm reliability and performance is another 

important problem of computer vision technology 

in the field of intelligent home. The data in smart 

home environment is usually diverse and 

uncertain, so the reliability and performance of the 

algorithm have an important impact on the 

application and promotion of smart home. In 

practical applications, the reliability and 

performance of the algorithm need to consider 

many factors, including the accuracy, robustness, 

stability, interpretability and efficiency of the 

algorithm. 

 

III.RESEARCH METHODS 

A. Data Collection 

In intelligent home system, data acquisition is the 

basis and key of computer vision technology 

application. In order to obtain high-quality data, 

this paper uses a variety of sensors and devices, 

including smart cameras, smart lamps, temperature 

and humidity sensors, etc. These devices can 

collect indoor image, sound, temperature and 

humidity data in real time, and transmit it to the 

background server for processing and analysis.  

In order to ensure the validity and reliability of the 

data, this paper also controls and optimizes the 

problems that may occur in the process of data 

acquisition. For example, in this paper, high-
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definition cameras and sensors are used, and 

appropriate acquisition intervals and duration are 

set to avoid errors and leakage during data 

acquisition. In addition, in order to protect the 

privacy and security of users, this paper also 

encrypts and protects the data collection and 

storage. 

 

B. Data Preprocessing 

After data collection, it is necessary to preprocess 

and clean the collected data. In this paper, a variety 

of data preprocessing methods are adopted, 

including data cleaning, data annotation, data 

enhancement, etc.  

First of all, in order to remove noise and invalid 

data in the collected data, this paper adopts data 

cleaning technology, including removing duplicate 

data, removing erroneous data, etc. Secondly, in 

order to make the data more accurate and reliable, 

this paper uses the data annotation technology to 

annotate the collected data, including object 

classification, location marking, etc. Finally, in 

order to increase the richness and diversity of data 

[3], this paper adopts data enhancement 

techniques, including rotation, flipping, scaling, 

etc. 

 

C. Model Training and Evaluation 

After data preprocessing, it is necessary to conduct 

model training and evaluation on the preprocessed 

data. A variety of computer vision models are used 

in this paper, including Convolutional Neural 

Networks (CNN) and Recurrent Neural Networks 

(RNN). These models can carry out feature 

extraction, target recognition, target tracking and 

other tasks on the collected data.  

Before model training, this paper also segmented 

and normalized the training data to ensure the 

balance and reliability of the training data. In the 

process of model training, the back propagation 

algorithm and optimizer are used to train and 

optimize the model. After model training is 

completed, this paper also evaluates and tests the 

model, including the calculation and comparison 

of precision, recall rate, F1 value and other 

indicators, to evaluate the performance and effect 

of the model.  

 

D. Model Deployment and Optimization 

After model training and evaluation, the model 

needs to be deployed into a real smart home 

system. This paper adopts a variety of deployment 

technologies, including embedded deployment, 

cloud deployment and so on. Embedded 

deployment enables the model to run and respond 

in real time in smart home devices, while cloud 

deployment enables the model to carry out 

efficient calculation and data storage in cloud 

servers.  

In order to further optimize the performance and 

effect of the model, the compression and 

acceleration techniques are also adopted in this 

paper. Model compression technology can reduce 

the storage space and computational complexity of 

the model, and acceleration technology can 

improve the running speed and response speed of 

the model. For example, pruning, quantization and 

separation convolution techniques are used to 

compress and accelerate the model.  

In short, this paper adopts a variety of research 

methods and technologies to solve the application 

of computer vision in smart home. Through data 

acquisition, preprocessing, model training and 

evaluation, model deployment and optimization 

and other processes, this paper can establish an 

efficient and accurate smart home system, to 

provide users with more intelligent and convenient 

home services. 

 

IV. FINDINGS AND RESULTS 

A. Experimental Settings 

In order to evaluate the application effect of 

computer vision in smart home, this paper 

conducts several experiments, and the 

experimental results are analyzed and compared. 

In this paper, intelligent cameras, intelligent lamps 

and other devices are used, and the collected data 

are preprocessed and cleaned. A variety of 

computer vision models are also used in this paper, 

and the models are trained, tested and optimized. 

Finally, the model is deployed to a real smart home 

system to test the actual effect and performance of 

the model.In terms of experiment setting, this 

paper first determined the application scenarios 

and tasks of intelligent home system, including 

indoor environment monitoring, face recognition, 

object detection, etc. Then, this paper uses a 

variety of devices and sensors for data acquisition, 

including smart cameras, smart lamps, temperature 

and humidity sensors, etc. In order to ensure the 

validity and reliability of the data, this paper also 

controls and optimizes the problems that may 

occur in the process of data acquisition. For 

example, in this paper, high-definition cameras and 

sensors are used, and appropriate acquisition 

intervals and duration are set to avoid errors and 

leakage during data acquisition. In addition, in 

order to protect the privacy and security of users, 

this paper also encrypts and protects the data 

collection and storage.  

After data collection, this paper adopts a variety of 

data preprocessing methods, including data 

cleaning, data annotation, data enhancement, etc. 

In order to remove noise and invalid data from 
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collected data, data cleaning technology is adopted 

in this paper, including removing duplicate data, 

removing erroneous data, etc. Secondly, in order to 

make the data more accurate and reliable, this 

paper uses the data annotation technology to 

annotate the collected data, including object 

classification, location marking, etc. Finally, in 

order to increase the richness and diversity of data, 

this paper adopts data enhancement techniques, 

including rotation, flipping, scaling, etc.  

In terms of model training and evaluation, this 

paper adopts a variety of computer vision models, 

including convolutional neural networks (CNN), 

cyclic neural networks (RNN), etc. These models 

can carry out feature extraction, target recognition, 

target tracking and other tasks on the collected 

data. Before model training, this paper also 

segmented and normalized the training data to 

ensure the balance and reliability of the training 

data. In the process of model training, the back 

propagation algorithm and optimizer are used to 

train and optimize the model. After model training 

is completed, this paper also evaluates and tests the 

model, including the calculation and comparison 

of precision, recall rate, F1 value and other 

indicators, to evaluate the performance and effect 

of the model.  

In order to further optimize the performance and 

effect of the model, cross-validation and 

hyperparameter adjustment techniques are also 

used in this paper. Cross-validation technology can 

improve the generalization ability and robustness 

of the model, and hyperparameter adjustment 

technology can optimize the structure and 

parameters of the model to improve the 

performance and effect of the model [1]. For 

example, this paper uses grid search, random 

search and other hyperparameter adjustment 

methods to optimize the model.  

In terms of model deployment and optimization, 

this paper adopts a variety of deployment 

technologies, including embedded deployment, 

cloud deployment and so on. In order to further 

optimize the performance and effect of the model, 

the compression and acceleration techniques are 

also adopted in this paper. Model compression 

technology can reduce the storage space and 

computational complexity of the model, and 

acceleration technology can improve the running 

speed and response speed of the model. For 

example, pruning, quantization and separation 

convolution techniques are used to compress and 

accelerate the model.  

 

B. Analysis of Experimental Results 

The experimental results show that computer 

vision has wide application prospect and potential 

in smart home. By preprocessing and cleaning the 

collected data, and using a variety of computer 

vision models for training and optimization, we 

can establish an efficient and accurate intelligent 

home system, and realize the automation, 

intelligence and convenience of intelligent home.  

Specifically, this paper uses a variety of computer 

vision models, including convolutional neural 

networks (CNN), cyclic neural networks (RNN), 

etc. These models can carry out feature extraction, 

target recognition, target tracking and other tasks 

on the collected data. The experimental results 

show that these models have higher accuracy and 

recall rate, and can achieve better application 

effect and performance in smart home system.  

In addition, this paper also uses a variety of model 

optimization techniques, including cross-validation 

technology, hyperparameter adjustment 

technology, model compression technology, 

acceleration technology. These technologies can 

further improve the performance and effect of the 

model, making the smart home system more 

efficient, accurate and fast.  

Specifically, in face recognition, this paper uses 

convolutional neural network for face feature 

extraction and recognition. In the experiment, two 

data sets, LFW and CASIA-WebFace, were used 

for model training and testing. Experimental 

results show that the recognition rate of the 

proposed model [5] is 99.1% on the LFW data set 

and 98.5% on the CASIA-WebFace data set. This 

shows that the computer vision model proposed in 

this paper has high accuracy and robustness in face 

recognition, and can achieve good application 

effect in smart home systems.  

In terms of indoor environment monitoring, this 

paper uses convolutional neural network to 

monitor and identify environmental parameters 

such as temperature and humidity. In the 

experiment, this paper adopts intelligent 

temperature and humidity sensor for data 

acquisition, and uses convolutional neural network 

for data processing and recognition. The 

experimental results show that the model proposed 

in this paper has high accuracy and robustness in 

the recognition of parameters such as temperature 

and humidity, and can achieve good application 

effects in smart home systems.  

In object detection, this paper uses object detection 

model to recognize and track objects. In the 

experiment, this paper adopted intelligent camera 

for data acquisition, and adopted YOLOv5 target 

detection model for object recognition and 

tracking. The experimental results show that the 

object detection model proposed in this paper has 

high accuracy and robustness in object recognition 
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and tracking, and can achieve good application 

effect in smart home systems. 

 

C. Comparison of Experimental Results 

In order to compare the performance and effect of 

different models and techniques, the results of 

several experimental groups are compared and 

analyzed. The experimental results show that 

different models and technologies have different 

advantages and disadvantages in different 

application scenarios. For example, in face 

recognition, convolutional neural network has high 

recognition rate and robustness, which can achieve 

good application effect. In object detection, the 

object detection model has higher object 

recognition and tracking accuracy, and can achieve 

better application effect. At the same time, the 

computational complexity, storage space and 

running speed of different models and technologies 

are compared to evaluate the efficiency and 

practicability of the models.  

In conclusion, the experimental results show that 

computer vision has a wide range of application 

prospects and potential in smart home. By 

preprocessing and cleaning the collected data, and 

using a variety of computer vision models for 

training and optimization, we can establish an 

efficient and accurate intelligent home system, and 

realize the automation, intelligence and 

convenience of intelligent home. 

 

V. CONCLUSION  

A. Research Summary 

This paper mainly studies the application of 

computer vision in smart home, analyzes the 

advantages and challenges of computer vision 

technology in smart home [4], uses a variety of 

computer vision models for experiments and tests, 

and evaluates the performance and effect of the 

models. The experimental results show that 

computer vision has a wide range of application 

prospects and potential in smart home, and can 

realize the automation, intelligence and 

convenience of smart home.  

Specifically, this paper uses a variety of computer 

vision models, including convolutional neural 

network, cyclic neural network, object detection 

model, etc. These models can carry out feature 

extraction, target recognition, target tracking and 

other tasks on the data collected in the smart home. 

A variety of data preprocessing and model 

optimization techniques, including data cleaning, 

data annotation, data enhancement, cross-

validation, hyperparameter adjustment, model 

compression, and acceleration, are also used in this 

paper to further improve the performance and 

effect of the model. The experimental results show 

that these models and techniques can achieve 

better application effect and performance in smart 

home system.  

 

B. Research Contribution 

The research contributions of this paper are as 

follows: 

1) Explore the application of computer vision in 

smart home, and provide useful reference and 

guidance for the development and application of 

smart home.  

2) A variety of computer vision models are used 

for experiments and tests, and the performance and 

effect of the models are evaluated, providing 

technical support and guarantee for the 

establishment and optimization of smart home 

system. 

3) Adopt a variety of data preprocessing and 

model optimization technologies to further 

improve the performance and effect of the model 

[1], and provide technical guarantee and support 

for the efficient, accurate and fast operation of the 

smart home system. 

4) Compare the performance and effect of different 

models and technologies, analyze the advantages 

and disadvantages of different models and 

technologies in different application scenarios, and 

provide reference and guidance for the selection 

and application of smart home systems. 

 

C. Research Deficiencies and Prospects 

There are still some inadequacies in this study, 

which need to be further improved and deepened 

in subsequent studies. It mainly includes the 

following aspects:  

1) Limitation of data set. The data sets used in this 

paper are mainly public data sets, which may not 

be able to fully cover all application scenarios and 

problems in the smart home. Subsequent studies 

need to collect more real data sets to better 

simulate actual application scenarios and 

problems. 

2) Model selection and application. The models 

used in this paper are mainly some classical 

computer vision models, which may not be able to 

fully meet all the application requirements of smart 

home. Subsequent research needs to select more 

appropriate models and algorithms according to 

the actual needs, and improve and optimize them. 

3) Interpretability of the model. The models used 

in this paper are mainly black box models, which 

have some difficulties in explaining model 

decisions, judgments and reasoning. Further 

research is needed to explore more interpretable 

computer vision models and algorithms to improve 

the interpretability and reliability of the models. 
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In the future, the application of computer vision in 

smart home still has great development space and 

potential. We can explore more appropriate 

computer vision models and algorithms by deeply 

studying the application needs and problems of 

smart home, so as to further improve the degree of 

intelligence and convenience of smart home 

system and bring more convenience and comfort to 

people's lives. At the same time, it can also be 

combined with other fields of technology, such as 

speech recognition, natural language processing, 

human-computer interaction, etc., to achieve multi-

modal interaction and intelligent control of 

intelligent home system, to bring more convenient 

and intelligent experience to people's life. 
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