
Scholar Publishing Group 

Machine Learning Theory and Practice 

https://doi.org/10.38007/ML.2021.020201 

ISSN 2790-0983 Vol. 2, Issue 2: 1-8 
 

 

Copyright: © 2021 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited 
(https://creativecommons.org/licenses/by/4.0/). 

 
1 

Functional Design of Home Service Robot Based on 

FAHP-FAST Combination Method 

Jie Zhang
1
 and Bo Zhang

2
 

1
Nanchang Institute of Science and Technology, Nanchang 330108, China 

2
Jiangxi Traffic Senior Technical School, Nanchang 330105, China 

605380043@qq.com 

Keywords: FAHP-FAST Combination Method, Home Service Robot, Artificial 

Intelligence Device, Data-Driven Technology 

Abstract: With the rapid development of advanced sensing technology, there are more and 

more ways to sense the health status of engineering equipment, which provides more 

possibilities for the acquisition of big data of equipment running FAHP-FAST combination. 

Therefore, the development of data-driven home service robot technology has ushered in a 

new opportunity, and the problem of home service robot with random degradation 

equipment for big data processing has attracted the attention of a large number of scholars. 

Firstly, this paper summarizes the research background, main methods and ideas, and core 

issues of home service robot based on the characteristics of FAHP-FAST. This paper 

analyzes the basic research ideas and development trends of home service robot technology 

based on hybrid model and data driven, home service robot technology based on 

FAHP-FAST, home service robot technology based on statistical data driven, and home 

service robot technology based on combination of FAHP-FAST and statistical data driven, 

at the same time, combined with the characteristics of random degradation equipment 

FAHP-FAST combined big data and the core problem of uncertainty quantification of 

home service robot, the limitations and common problems of current research are deeply 

analyzed. The research shows that the number of services of home service robots based on 

FAHP-FAST combination method is 36% more than that of machine learning discrete 

robots, and the mapping relationship between FAHP-FAST combination data and failure 

time of home service robots is established to realize home service robots, which provides a 

more efficient service mode for home service robots with random degraded devices under 

the background of big data. 

1. Introduction 

With the rise of Internet collaborative development wave, the number of community resources 

and personnel of home service robot is growing exponentially, which causes the information 
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overload of home service robot. It is difficult to match suitable home service robots according to 

task requirements. Therefore, the introduction of design technology into the home service robot 

community came into being. Because the ordinary home service robot camera can not obtain the 

three-dimensional coordinates of the object, the binocular home service robot camera is used to 

collect the image information of the target object, and the mask technology is used to remove the 

background image information, retain the target image information and calculate its centroid, the 

coordinates of the centroid camera are transformed into the world coordinates, that is, the 

coordinates of the target object of the home service robot. 

Wang HM proposes a method called FAHP-FAST, which enhances the design of developers by 

considering their professional knowledge and development habits [1]. Begel a proposes a developer 

recommendation system for open source repositories (DEV EC) hybrid design system, which 

combines the methods based on development activities and knowledge sharing activities to design 

suitable developers for open source projects [2]. Š Mite D's home service robot design based on 

collaborative filtering (CF) has achieved great success. Firstly, the similarity between the tasks to be 

completed and the tasks completed is calculated, and then the tasks to be completed are assigned to 

the similar home service robots [3]. Liu P proposed a design method of multi relationship fusion for 

home service robot, which considered multiple implicit relationships, then integrated these 

relationships based on joint matrix decomposition, and generated design results based on deep 

neural network [4]. Liu x proposes a strategy model based on meta learning, which first filters out 

those home service robots that are unlikely to participate in a given challenge, and then designs the 

top k home service robots that may win the challenge [5]. The existing methods pay more attention 

to the professional ability of home service robots and the interaction information between home 

service robots and tasks, and ignore the cooperation between home service robots, resulting in the 

poor quality of the overall task completion. In this paper, we consider the cooperation between 

home service robots and home service robots, and describe the cooperative development of home 

service robots as a RBC problem. Guided by the optimization of the overall task completion quality, 

we design the home service robots. 

According to the characteristics of FAHP-FAST, this paper first summarizes the research 

background, main methods and ideas as well as the main problems of home service robot under big 

data. This paper analyzes the home service robot model and data-driven home service robot 

technology, home service robot technology based on FAHP-FAST, statistics driven home service 

robot technology, FAHP-FAST and statistics driven home service robot technology. Basic research 

ideas and development trends, combined with quantitative random degradation device and 

FAHP-FAST, are the core problems of the uncertainty of the home service robot combining big 

data, which are the limitations of the current research, even the common problems. 

2. FAHP-FAST Combination Method and Service Robot Distribution Algorithm 

2.1. Home Robot Detection Equipment Based on FAHP-FAST Combination Method 

Tens of thousands of sensors are installed in the modern industrial manufacturing line to collect 

the running process information and product quality information of FAHP-FAST combined 

industrial equipment[6]. For example, large industrial robot manufacturers monitor millions of 

industrial robots by using cloud platform to obtain the real-time signals such as rotation speed, 

angle, position, temperature and vibration of each robot joint, it is necessary to process the data 

above TB level every day [7]. However, while these FAHP-FAST combination methods provide 

rich information for the perception of equipment health status and the design of home robots, the 
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data quality is uneven due to the changeable equipment working conditions and mutual coupling of 

information, and the big data of state FAHP-FAST combination presents different statistical 

characteristics [8]. According to the characteristics of FAHP-FAST combined data [9]. 

Compared with other deep learning networks, convolutional neural network can process force 

signal, vibration signal, acoustic emission signal, optical signal and other high-dimensional raw data 

more effectively, and can automatically extract degradation feature information from FAHP-FAST 

combined data, it is suitable for processing FAHP-FAST combined big data and has the function of 

noise reduction [10]. At the same time, the amount of network parameters is relatively small, and 

the training is more convenient and efficient, so it is easy to build a deeper network structure [11]. 

However, the health features contained in FAHP-FAST combined data of random degradation 

equipment are often time-series related, while convolutional neural network has insufficient ability 

to extract time-series features in dealing with big data, it is easy to cause the loss of important 

temporal features, which is unfavorable to the design of home robot[12]. Therefore, convolutional 

neural network is often combined with other depth networks when applied to the design of home 

robot[13]. 

2.2. AI Home Service Robot Distribution Algorithm 

Transfer the task Ω Publish to the home service robot community, first of all, the task Ω It is 

decomposed into a set of related subtasks, i.e Ω={Ω 1, Ω 2, Ω 3,..., Ω n}, Ω N represents the n 

subtask, and each subtask is completed by one or more home service robots. Then, the history 

information of the home service robot is obtained from the home service robot community to 

represent the m-th home service robot. Each home service robot can only complete one subtask at a 

time. 
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Where w means that the home service robot completes the subtask Ω The k capacity index value 

of n. Due to the different requirements of each employer, there are differences in the scores of home 

service robots for completing the same task, and the abilities of different home service robots are 

not the same, and the quality of completing the same task is also different [14]. Therefore, the 

ability measurement of home service robot to complete various tasks is the primary focus. Finally, 

the mapping relationship between home service robot and task is modeled by using e-cargo model 

to solve the design problem of home service robot [15]. The e-cargo model is applied to the design 

scene of home service robot, and all home service robots cooperate to complete the task, forming a 

development team. Based on the above definition, e-cargo is used for modeling. 
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The task is decomposed into a set of related subtasks and published to the home service robot 

community; Then, a set of candidate home service robots is searched to design suitable home 
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service robots for each task. The task is mapped to a role, and the task set corresponds to the role set. 

The home service robots are mapped to agents, and the home service robots are set Λ={Λ 1, Λ 2, Λ 

3,..., Λ m} Corresponding proxy set a = {A1, A2, A3,..., am}; the task of home service robot is 

mapped to the role of agent and the ability index set of home service robot. 

Λ+αW)Xβ-(In=AW)y-(In                     (3) 
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Corresponding to the agent qualification value set M. So far, the e-cargo modeling is completed. 

Therefore, the method of solving group role assignment can be used to solve the design problem of 

home service robot, and finally the design result of home service robot can be obtained through 

CPLEX. 

3. Functional Design of Home Service Robot Based on FAHP-FAST Combination Method 

3.1. Research Methods 

This paper first summarizes the research background, main methods and ideas as well as the 

main problems of home service robot under big data. This paper analyzes the home service robot 

model and data-driven home service robot technology, home service robot technology based on 

FAHP-FAST, statistics driven home service robot technology, FAHP-FAST and statistics driven 

home service robot technology. Basic research ideas and development trends, combined with 

quantitative random degradation device and FAHP-FAST, are the core problems of the uncertainty 

of the home service robot combining big data, which are the limitations of the current research, 

even the common problems. 

3.2. Experimental Design 

For robot teaching and learning tasks, we must first know the initial position and target position 

of the target object in the task, that is, we need to obtain the coordinates of the target object. 

However, the traditional calibration method is slow and low precision. This paper uses visual 

information to realize the automatic recognition of the target object and obtain the corresponding 

coordinates. Aiming at the problem that it is difficult to reproduce and generalize the teaching 

trajectory when the initial position is the same as the target position, the segmented learning method 

based on DMP model is adopted to imitate the teaching trajectory, and the motion trajectory similar 

to the teaching trajectory is planned, so as to realize the generalization of the robot in the position 

space. 

In this paper, the binocular camera is used to capture the object image and import the image 

information, including the background RGB image and the background depth image when the 

object is not added, and the foreground RGB image and the foreground depth image after the object 

is added. At the same time, the binocular camera and the background should be in the same position 

before and after the object is added. Frame the region of interest on the foreground RGB image, and 

record the two-dimensional image coordinates R (x, y) of the upper left corner of the region. The 

next step is target recognition and position recognition for the objects in the region. The image 

mask has a pixel value of 1 in the object and 0 in the background, so the number of rows, columns 
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and total number of each pixel with a value of 1 can be detected. According to the principle of 

centroid calculation, the two-dimensional image coordinates of the object top centroid relative to 

the region of interest are calculated by using image mask. 

4. Results and Analysis 

The experiment set different conflict rate, different number of tasks and the number of service 

ratio of home service robot, compared the solution time of this method with exhaustive method and 

greedy method, N / A means that there is no result in more than 30 minutes, and compared the 

number of times that the solution value of this method is greater than or equal to greedy method, the 

experimental data is shown in Table 1. 

Table 1. The number of service robot solutions and greedy method 

Item Time Optimal solution Modular Quality Exhaustive 

Depth 3.96 2.05 2.17 2.35 3.92 

DMP 3.58 4.6 3.32 2.78 5.45 

Pixel 3.16 2.05 1.41 5.77 1.51 

Mask 3.32 1.04 2.84 2.42 1.32 

Threshold 6.44 4.64 6.73 1.84 2.69 

 

 

Figure 1. The impact of the increase in the number of home service robots 

As shown in Figure 1, it can be seen that with the increase of the number of home service robots, 

the solution time is also increasing. Firstly, compared with the exhaustive method, the performance 

of the proposed method is better than that of the exhaustive method. Because the exhaustive method 

considers all the cases in each step, it takes a lot of time, and only when m = 10, the exhaustive 

method can get the desired result in 30 minutes. Therefore, the exhaustive method is not applicable 

to the actual home service robot community. Further observation of the conflict rate shows that with 

the increase of the conflict rate, the time consumed by this method is also increasing, while there is 

no correlation between the time consumed by the exhaustive method and the conflict rate. 

As shown in Table 2, compared with the greedy algorithm, the greedy algorithm only considers 

the local optimal solution in a small range, so the solution time is faster, but the magnitude of MS 

can be ignored. However, the number of times of greedy method to obtain the optimal solution is 
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far less than that of this method, and when the problem increases to a certain scale, the greedy 

method can not obtain the global optimal solution. Therefore, this method is superior to the greedy 

method. 

Table 2. Local optimal solution of greedy algorithm 

Item  Mask Threshold Time Optimal solution Modular Quality Index 

Greedy 4.47 4.14 3.98 4.23 2.53 3.02 4.26 

Exhaustive 4.47 1.24 1.29 2.48 3.37 5.32 3.23 

Pixel 3.48 1.95 4.61 2.71 3.44 4.8 4.8 

Depth 6.19 5.62 2.81 6.63 2.63 3.58 3.77 

DMP 6.01 5.04 1.89 3.57 3.76 4.22 6.18 

 

 

Figure 2. The complexity of FAHP-FAST modular mass 

As shown in Figure 2, according to the complexity characteristics of FAHP-FAST modular 

quality, the quality attribute shows a multi-level structure, and the change of its multi-level is an 

important factor affecting the quality of SMN modularization. It is not comprehensive to reflect the 

connotation essence of product quality attributes by a single overall ranking of product quality, 

which fails to reflect the characteristics of other local quality attributes. As a result, it will lead to 

the lack of quality attribute information at the micro level. In this paper, the FAHP-FAST modular 

quality attribute of home service robot is taken as an example. Based on the references, the macro 

level quality attribute is mapped to the micro level, and the quality characteristics, quality level and 

quality behavior of the first level index are subdivided twice to form the FAHP-FAST modular 

quality attribute multiple decomposition tree, to comprehensively reflect the essential characteristics 

of FAHP-FAST modular quality attributes. 

5. Conclusion 

In this paper, a multi module hierarchical house of quality model of home service robot based on 

FAHP-FAST is proposed to reveal the quality collaborative interaction law of multi-dimensional 

modular robot. Fuzzy DEMATEL method and fahp-qfd method are used to solve the problem of 

asymmetric autocorrelation matrix of customer demand and quality attributes, and the initial weight 

of FAHP-FAST modular quality attributes is obtained, the key quality attributes are identified 

according to the weight. The research on the weight calculation method of quality attributes in 
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complex products and multi-level processes is helpful to solve the problem of FAHP-FAST 

modular quality attribute identification, which includes inter module organizational behavior quality 

characteristics, multi module product quality characteristics and multi module service quality 

characteristics. The traditional quality attributes are product oriented quality characteristics, which 

pay more attention to the requirements of product physical characteristics, and take the realization 

of product functional characteristics as the final solution. Considering that FAHP-FAST provides 

customers with integrated system solutions for products and services, its quality attributes must 

cover customers' requirements for products and services. 
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