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Abstract: Relying on the development of smart cities, the art of intelligent interactive space 

has received extensive attention, forcing traditional industries to start the road of intelligent 

transformation. How to improve the intelligence level of spatial interaction has attracted 

much attention. In view of this problem, it is of great significance to study the intelligent 

spatial interaction method. The application research of voice interaction technology is 

gradually expanding in spatial interaction, and its performance advantages are crucial for 

solving intelligent transformation problems. This article aims to study the art of intelligent 

interactive spaces based on the needs of smart cities under internet technology, and also 

analyzes the construction of voice signal processing, voice interaction technology, and 

interaction systems. The results indicate that: The interactive space art embedded in this 

system has a higher user experience satisfaction score than the traditional interactive art, 

with a difference of 27.57%. It can be seen that the system can meet the needs of intelligent 

interactive space art, and the level of intelligence and user satisfaction have been greatly 

improved. 

1. Introduction 

Voice interaction technology plays an important role in various fields of daily habits, with 

significant effects in solving intelligent interaction problems and a wide range of applications. 

However, in the field of human-computer interaction, the application and research of voice 

interaction technology are relatively limited, and there is still significant room for development. 

Therefore, the study of using voice interaction technology to enhance the level of intelligent 

interaction space art is of great significance. 

At present, with the continuous advancement of intelligent transformation under the concept of 

smart city, more and more scholars have explored intelligent spatial interaction. Among them, to 

achieve remote control of machines, Chen T investigated the predictive remote operation of 

computer numerically controlled (CNC) machines virtually controlled by gestures [1]. To assess 

user emotions in real-time systems, Hibbeln M discussed the use of human-computer interaction 
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input devices to infer emotions [2]. Rozado D proposed the open source accessibility software 

FaceSwitch and showed how to help subjects with movement disorders to interact effectively with a 

computer hands-free [3]. Michalakis K discussed deploying the Internet of Things (IoT) on existing 

Internet infrastructure to extend this interaction by providing customized applications and services 

that allow human-computer interaction to be integrated into the automation of everyday life [4]. For 

more efficient interaction, Correia N N proposed Audio Visual User Interface (AVUI), a new type of 

UI that connects interaction, sound and image [5]. However, the intelligent level of the methods 

used for space art interaction is not high.  

Voice interaction technology can be used in intelligent space interactive art, and has a good 

performance in the accuracy of speech recognition. Among them, in order to study the 

environmental factors affecting speech recognition in interaction, Birch B used the speech 

activation system he developed to conduct a multi-environment human-computer interaction test [6]. 

To improve the accuracy of speech recognition for speech interaction, Zhang H proposed a 

cross-modal speech-text retrieval method using an interactively learned convolutional autoencoder 

(CAE) [7]. Motta I conducted an online questionnaire survey of smartphone users and interviewed 

users of voice assistants to understand the timing and problems of users using voice assistants [8]. 

To improve the effectiveness of voice interaction, Cho E examined the effects of mode, device, and 

task differences on perceived human similarity and attitudes toward voice-activated VA [9].  

In order to solve the above-mentioned problem of low intelligence of interactive space art, this 

paper uses voice interaction technology to analyze the space art voice interaction system, and 

simulates the algorithm and system to achieve the effect of improving user interaction experience. 

The innovation of this paper is: Using Internet technology, it analyzes how speech acquisition, 

speech recognition and text output in interactive systems play a role in the research and research of 

intelligent interactive space art based on the needs of smart cities under Internet technology. The 

proposed intelligent voice interaction system is expounded. Through experiments, it is found that 

the system runs stably, has strong intelligent interaction, and greatly improves the user interaction 

experience. 

2. Method of Intelligent Interactive Space Art 

2.1 Content and Organization of This Paper 

The idea of smart city has been deeply rooted in the hearts of the people, and the traditional 

space art interaction method cannot meet the increasingly intelligent needs of users, so it is very 

important to improve the intelligence level of space art interaction [10-11].  

This article proposes a study on the art of intelligent interactive space based on the demand for 

smart cities under internet technology [12]. This paper analyzes the performance of the speech 

acquisition and speech recognition algorithms and the system construction method, and improves 

the speech endpoint detection algorithm by combining multi-features to build an intelligent speech 

interaction system. The experimental results have shown that the interactive space art using the 

intelligent voice interaction system has a better experience on the interactive body than the ordinary 

interactive mode.  

2.2 Construction of Intelligent Voice Interaction System 

According to the collection of user interaction requirements, it can be obtained that since the 

establishment of the smart city concept, users' intelligent demand for space art interaction has been 

increasing day by day. They are not satisfied with the modal and simplified interaction experience 

of traditional interaction methods, and urgently need more intelligent interaction methods. As one of 
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the most natural ways of interaction between humans and computers, voice has developed rapidly in 

recent years through artificial intelligence technology. Now, voice interaction technology is subtly 

changing people's living habits in various fields [13].  

Aiming at the intelligent needs of users in interactive space art, this paper will build an 

intelligent voice interaction system using voice interaction related technologies [14]. It is applied to 

interactive space art in order to improve its intelligence level and promote the effect of user 

experience and satisfaction. 

The intelligent voice interaction system goes through a series of processes such as voice signal 

preprocessing, voice recognition, semantic understanding, voice synthesis, and output from voice 

signal acquisition to voice output [15]. The process is shown in Figure 1: 
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Figure 1: Speech recognition process 

Preprocessing: In the processing of speech signals, good features are needed to obtain the 

expected results [16]. Operations such as pre-emphasis and noise reduction are necessary operations 

in the preprocessing stage. Its mathematical definition expression is shown in Formula (1):  

11)(  zZQ                                   (1) 

Among them, the value of   is close to 1. 

The sound is then segmented into frames and manipulated using the overlapping segmentation 

method. Then, each frame is weighted with an appropriate window function to obtain a windowed 

sound signal. The expression is shown in Formula (2): 

)(*)()( xcxewe                                   (2) 
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Among them, )(xc  is the window function; )(xe  is the speech signal of each frame. Choosing 

an appropriate function according to the actual situation can better reflect the effect. 

Feature extraction: The short-term analysis method will be used for the characteristic analysis of 

the non-stationary signal such as speech [17]. The speech features are analyzed below. 

The short-term average zero-crossing rate is the number of changes in the signal symbol of each 

frame sampling point of the signal, which changes with the frequency and can be used to roughly 

judge the spectral characteristics. Its definition is shown in Formula (3):  
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Among them, )(ne  is the discrete signal; N is the effective length of the signal. 

The symbolic function definition in the above formula is shown in Formula (4): 
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The short-term average energy can track the change trend of the speech signal, and the difference 

between the voiced frame and the unvoiced frame is obvious, so using this function can effectively 

identify the effective initial segment of the speech [18]. Its definition is shown in (5): 
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Among them, )(nc  is the window function. 

Mel frequency cepstral coefficient is also one of the audio signal characteristics, referred to as 

MFCC. The MFCC feature extraction process is shown in Figure 2: 
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Figure 2: MFCC feature extraction 

In order to average the contribution of each dimension and reduce the effects of audio signal 

distortion, further processing must be done using average normalization. After processing, it is 

shown in Formula (6): 
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Among them, M is the feature of the current frame; M  is the background noise feature; C is 

the standard deviation of the background noise feature. 

In this paper, the L2 norm is used as the final judgment feature to calculate the L2 norm of each 

frame, and its definition is shown in Formula (7): 
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Among them, the order of features is n. 

Endpoint detection: The function of endpoint detection is to detect the start and end points of the 

sound signal [19]. The performance of the algorithm is different for different characteristics. There 

are some problems in the traditional algorithm. Based on this, this paper improves the endpoint 

detection algorithm. 

Since the change of noise in the actual living environment is impermanent, the buffer is used in 

this paper to track the change trend of the short-term zero-crossing rate, and the threshold update 

rule is shown in Formula (8): 

stdh HHY 
                                  (8) 

Among them, 
},...,,{ 10 nh HHHH 

 is the buffer; H  is the data mean;   is the update step; 

stdH
 is the standard deviation. 

The threshold update rule of MFCC L2 norm is defined as Formula (9): 

  HYm                                    (9) 

Among them,  ,  is the adjustment factor; H  is the mean value of the background noise 

norm. 

Finally, the scanning idea is integrated in confirming that the speech is an effective segment, and 

the absolute difference method is used for comparison. The purpose is to solve the problem of 

various waveform shapes of short-term average zero-crossing under various noise conditions. This 

strategy can effectively reduce the false detection rate, reduce the number of system requests to the 

cloud, reduce system energy consumption, and improve system response speed. 

This paper discusses the use of probabilistic and statistical modeling in speech recognition and 

text analysis for intelligent voice interaction systems. The speech recognition module uses Bayesian 

principles to predict sequential text outputs from speech input. Text analysis, using methods like 

TF-IDF and mutual information, extracts features to recognize user intent. The system integrates 

several modules through ROS, including audio preprocessing, cloud-based speech recognition, 

intent recognition, speech synthesis, and playback, enhancing human-computer interaction. The 

system's performance and stability are tested to optimize the user experience in interactive spaces 

[20]. 

3. Data Sources for Intelligent Interactive Space Art 

The data in this paper is divided into two parts: questionnaire survey data and functional test data. 

Part of it is the current demand information of interactive space art users and the user experience 
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evaluation information of interactive space art collected by issuing questionnaires to users.  

In this paper, questionnaires were distributed to 300 users through online questionnaire surveys 

to collect information on the current interactive space art experience. The specific content of the 

questionnaire survey is shown in Table 1: 

Table 1: Example of user experience survey table 

Question1 How about the current interactive space art experience? 

Sequence Answer options 

User 1 A Very dissatisfied 

User 2 D Very satisfied 

User 3 B Average 

User 4 C Satisfied 

Question2 What do you think is lacking? 

Sequence Answer options 

User 1 B Interactive experience 

User 2 B Interactive experience 

User 3 D Content 

User 4 C Interactive mode 

Among them, question 1 collects information on the user's current experience satisfaction, and 

sets four answer options: very dissatisfied, average, satisfied, and very satisfied. Question 2 collects 

information for the shortcomings of current interactive space art, and sets four answer options: 

appearance; content, interaction method, and interactive experience. 

In this paper, the collected 100 pieces of music and voice audio are processed and tested for the 

functions of each module of the system. The data parameters used in the test are as shown in Table 

2: 

Table 2: Test data parameters of module function part 

Project Data 1 Data 2 Data 3 

Type of data Music Music Chat 

Length of time 58 16 5 

File name "My heart Will Go 

On" 

"Bell" "Greeting" 

File format Mp3 Mp3 Mp3 

The data types that contain the test data are divided into two types: music and dialogue; the 

parameters also include the audio duration, file name and file format. 

4. Results and Discussion of Intelligent Interactive Space Art  

This paper firstly investigates the status quo of space art intelligent interaction through a 

questionnaire survey, and analyzes user needs to improve the space art interaction method and then 

improves the method. It builds an intelligent speech recognition system, tests the function of the 

system and then applies it to the interactive space art to test its effect. After the results are obtained, 

the results are analyzed and discussed below. 

4.1 Intelligent User Interaction Requirements 

This paper analyzes the demand and improvement direction of intelligent interaction after 

collecting information on the current interactive space art experience by issuing questionnaires to 
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300 users. The specific results are shown in Figure 3: 

 

Figure 3: Current experience 

As shown in Figure 3: In the survey of satisfaction with the current interactive space art 

experience, most users are not satisfied with the current experience, accounting for 63.4% of the 

total number of respondents; according to the survey data on the deficiencies in the current 

experience, most users believe that there is still room for improvement in the interaction method 

and interaction experience, accounting for 58.7%. It can be seen that the current needs of users 

cannot be met. The improvement of interactive space art should focus on improving the interactive 

mode and interactive experience, which determines the direction for the system construction. 

4.2 Speech Recognition Algorithm Performance Test 

In this paper, the dual-threshold algorithm based on energy and cepstral distance and the 

improved algorithm in this paper are tested in different noise environments. The algorithm is tested 

for its accuracy by performing effective audio screening on 1000 prepared audio pairs, both voiced 

and unvoiced. The audio files are separately processed by adding noise and divided into four groups 

of -5, 0, 5, and 10 to test the algorithm. The specific results of the test are shown in Figure 4: 

 

Figure 4: Accuracy of speech interception in different noise environments 

As shown in Figure 4: In different test environments, the improved algorithm in this paper has 

improved accuracy in intercepting valid speech signals compared to the previous algorithm. 

Through the statistical calculation of the result data, the average interception accuracy of the 

energy-based dual-threshold algorithm is 80.3%; the average interception accuracy of the 

dual-threshold algorithm based on cepstral distance is 84.7%; the average interception accuracy of 
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the improved algorithm in this paper is 91.6%. It can be seen that the improvement of the algorithm 

in this paper improves the accuracy of speech signal interception and obtains higher performance, 

which lays a good technical foundation for the construction of the subsequent system. 

4.3 System Performance Test Evaluation 

This paper integrates each module after the system construction is completed, and evaluates the 

function of each module in the test environment and the actual use environment according to the 

evaluation method specified in the discussion. The system function is evaluated by the normalized 

index coefficient k. The specific results are shown in Figure 5: 
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(a) Test scenario 
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(b) Real scene 

Figure 5: Performance evaluation of each module in system operation 

As shown in Figure 5: the overall system runs smoothly and stably in the test and real scene use, 

but the evaluation index in the real scene is lower than the index in the test environment in terms of 

speech recognition and text recognition. This is because the actual environment in use is more 

complex than the test simulation environment, and there is a large gap between the data used for 

training and the input data in the real scene. 

4.4 Satisfaction Evaluation 

In this paper, 300 users are divided into 2 groups on average, in which group A is used for the 

interactive space art experience that integrates the intelligent voice interaction system constructed in 

this paper; group B is for the ordinary interactive space art experience, the time is 1 hour. After the 

experiment is over, the experience satisfaction of this interactive space art is evaluated, and the 
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information is collected and counted for comparison. The specific results are shown in Figure 6: 

 

Figure 6: Comparison of satisfaction ratings of different groups 

It can be seen from Figure 6 that the users who have experienced the interactive space art 

integrated with the voice interaction system constructed in this paper have higher satisfaction 

feedback than the users in group B who have experienced ordinary space art. In contrast, the 

interactive space art that integrates the intelligent voice interactive system proposed in this paper is 

superior to the ordinary interactive space art in all aspects, especially in terms of interactive mode 

and interactive experience.  

5. Conclusions  

The development of interactive space art is inseparable from the contribution of the Internet and 

voice interaction technology. It can be seen that this intelligent voice interaction system integrated 

with Internet technology is superior to traditional interaction methods in all aspects. Through the 

test of each module of the system, the evaluation of each module is carried out, and the evaluation 

coefficient is above 0.9, which generally speaking, the system runs smoothly and has good 

performance. Through grouping experiments, the overall satisfaction score of group A using the 

system in this paper can reach 4.46 points, indicating that the system constructed in this paper can 

meet the user's intelligent interaction needs in the interactive space art experience.  
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