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                     Abstract 
 In order to improve the living quality of existing users, we make innovative designs of refrigerators to enhance the 

comprehensive satisfaction and market competitiveness of products and implement the application of the fuzzy analytic 

hierarchy process in product design. Through the interview and investigation of the refrigerator’s own characteristics, design 

elements, and users, we determine the indicators of each design element of the refrigerator, establish the refrigerator indicator 

structure hierarchy model based on the AHP analytic hierarchy process, design a multi-functional refrigerator as the general 

goal of decision-making, and take the intelligent management control, safety, health and environmental protection, and 

Internet of things service functions as the criteria layer to calculate the weight and check the consistency of the indicators at 

all levels. According to the analytic hierarchy process (AHP) results and design index elements, a multi-functional refrigerator 

is designed as an example. The overall design example and each design index are evaluated using the comprehensive fuzzy 

evaluation method. According to the fi nal evaluation score, the design generally meets users' needs, but some indicators also 

need improvement. The feasibility and rationality of case design are determined through the analytic hierarchy process, case 

design, and fuzzy comprehensive evaluation. The insuffi  cient parts are found, which is convenient for later improvement and 

optimization and provides an eff ective reference for product design. 

   Keywords     Fuzzy analytical hierarchy process    ·  Multi-functional refrigerator    ·  Criterion layer    ·  Consistency test  

      Introduction 

 In recent years, with the continuous improvement of people’s 

pursuit of quality of life, smart home has quietly entered 

public life under the background of the rapid development 

of the Internet and artifi cial intelligence. Most of the exist-

ing refrigerator designs are designed and evaluated on the 

basis of function, energy saving, color, shape, and other ele-

ments, lacking integration, systematization, and clear design 

ideas and indicators. The product intelligence does not meet 

users’ needs and lacks emotional interaction and experience 

interest, so it is impossible to improve user satisfaction at 

a deeper level. The fuzzy analytic hierarchy process can 

realize the combination of the traditional analytic hierar-

chy process and fuzzy comprehensive evaluation method, 

make the product design process hierarchical, systematic, 

and scientifi c, transform uncertain qualitative problems into 

quantitative problems for analysis and evaluation, improve 

the reliability of design and evaluation, and be widely used 

in product design and evaluation (Zhi-hou and Phi-peng 

 2021 ; Juan et al.  2014 ; Yue and Xiao  2020 ; Yan et al.  2016 ; 

Rui-dan et al.  2022 ; Zi-you et al.  2021 ; Feng et al.  2017 ). 

 Yang Liu et al. ( 2019 ) and others studied the design 

and application of the fuzzy analytic hierarchy process 

in the intelligent rice cooker and made a comprehensive 

evaluation to provide a reference and basis for the needs of 

users and enterprises. Yu et al. ( 2021 ) and others used the 

fuzzy analytic hierarchy process to design and evaluate the 

children's educational robot. Through the result analysis, the 

feasibility of this method in product design was verifi ed. 

 In this paper, the design elements and indicators of the 

multi-functional refrigerator are determined by investigating 

users’ needs, and the structural level extension analysis is 

carried out. We carry out scheme design according to the 

obtained element index weights. Then, according to the 

factor index value, the fuzzy method comprehensively 

evaluates the design scheme. Through the overall 
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comprehensive evaluation and each index evaluation, the 

feasibility and rationality of the innovative design of the 

multi-functional refrigerator are verifi ed so as to ensure the 

pertinence of the product R & D design. 

   Research status and design elements 
of multi-functional refrigerator 

 In recent years, China’s refrigerator industry has developed 

rapidly and has gradually become the manufacturing 

center of refrigerators worldwide. However, the popularity 

of refrigerator products is not high, and the profi t rate of 

products is low. From the perspective of removing brands, 

the innovation degree of refrigerator products in China is 

not high, the homogeneity is serious, the design elements 

are too few from the consumers’ perspective, and the 

design points of intelligent and emotional products are not 

grasped. Based on this, how to dig out new demand points 

from users’ pain points has become the key to the innovative 

design of refrigerators. This requires designers to apply 

scientifi c design processes to ensure the design ideas meet 

users’ needs. Specifi c considerations can be made from the 

following aspects. 

 Due to the continuous improvement of people’s living 

quality, the refrigerator’s single refrigeration and freezing 

function can no longer meet people’s needs. The design 

direction of the refrigerator is gradually developing towards 

personalization, scene, and fashion. First, refrigerators 

should give users beautiful visual enjoyment. A product 

with an exquisite appearance and rich artistic characteristics 

is more likely to catch consumers’ eyes and enhance their 

purchasing desire. At the same time, the shape of the 

refrigerator should also consider the coordination with the 

home environment and fully integrate into the user’s living 

environment. In the human–machine design of refrigerators, 

design elements such as intelligence, interaction, and 

humanization should be embedded (Xiao-peng et al.  2020 ) 

to ensure users’ convenient and effi  cient operation in the 

use process, which is also the main trend of future home 

appliance product design. In addition, the refrigerator design 

should also ensure the safety of users in the process of use, 

and the realizability and cost of refrigerator production, 

materials, and processes should be considered from the 

manufacturing perspective. 

 According to the preliminary design analysis, the design 

concept of the multi-functional refrigerator is based on 

“cross-border” thinking, innovatively integrating the 

refrigerator and sofa to provide users with a comfortable, 

convenient, and high-quality new experience of home life. 

A modular design idea is adopted for the whole product to 

ensure the convenience of the product in manufacturing, 

transportation, and other links. We embed intelligent 

mobile phone wireless charging and intelligent voice 

control technology into product functions to improve 

the convenience and fun of users operating products and 

increase the core competitiveness of products. Refrigerator 

refrigeration and freezing are designed separately, with 

reasonable regional distribution to ensure the diversifi cation 

of goods placed by consumers (Jun  2020 ). The shell part of 

the product is made of spray-free materials, which makes 

the appearance more beautiful to meet the personalized and 

customized consumption needs of later promotions. 

     Establishment and analysis 
of the hierarchical structure model 
of refrigerator 

   Construction of hierarchy model 

 The analytic hierarchy process (Jing et al.  2021 ) can divide 

various factors of a complex system into a hierarchical 

hierarchy according to their interrelationship and 

subordination. It relies on expert experience and direct 

evaluation of the importance of factors at the same level, 

uses consistency criteria to test the importance of evaluation, 

and then synthesizes in the hierarchical structure to obtain 

the overall ranking of the importance of decision-making 

factors relative to objectives. 

 The design of a multi-functional refrigerator is a 

systematic and multifaceted process. According to the 

market research, user interviews, refrigerator design 

elements, and the analysis of the emotional needs of the 

existing consumer groups, the multi-functional refrigerator 

is designed from three aspects: intelligence, safety, health 

and environmental protection, and Internet of things service 

functions. The hierarchical model of the overall structure of 

the refrigerator is established. The top layer is the general 

target layer, the bottom layer is the design object layer, and 

the middle layer is the criterion or index layer. This paper 

divides the structure of multi-functional refrigerators into 

three levels: general objective level, criterion level, and 

design object level. 

 The general objective layer “A” is to design a multi-

functional refrigerator, and the standard test layer is “B 1 ” 

intelligent management and control, “B 2 ” safety, health, 

and environmental protection, and “B 3 ” Internet of things 

service functions. The indicators of the design layer are 

“C 1 ” wireless charging, “C 2 ” intelligent induction control, 

“C 3 ” food management, “C 4 ” equipped with safety switch, 

“C 5 ” high flame retardant and heat-resistant materials, 

“C 6 ” classifi ed and classifi ed food storage, “C 7 ” super cold 

storage capacity and energy conservation and environmental 

protection, “C 8 ” voice scene interaction, “C 9 ” real-time 

online query of food information in the refrigerator, and 

“C 10 ” entertainment emotion interaction and see Table  1  for 
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the evaluation indexes of the multi-functional refrigerator 

hierarchy model.  

 The evaluation indicators of the design level are described 

as follows:

    •  “C 1 ”- wireless charging: The product panel is equipped 

with a 15W wireless charger, which can provide fast 

and convenient charging services for consumers’ smart 

devices anytime.  

   •  “C 2 ”- intelligent induction control: Computer intelligent 

control, touch the inductive button, and you can realize 

the control and adjustment of the refrigeration system 

and the audio system between the directions.  

   •  “C 3 ”- food management: Understand the quantity and 

shelf life of food in the refrigerator and remind the user 

of the food preservation time and reasonable diet.  

   •  “C 4 ”- equipped with a safety switch: The power socket 

is equipped with a safety switch. When the power 

consumption of household appliances exceeds the safety 

range, the safety switch will automatically cut off  the 

power supply to avoid danger.  

   •  “C 5 ”- high fl ame retardant and heat-resistant materials: 

High fl ame retardant and heat-resistant materials are used 

inside the refrigerator to improve the safety performance 

of the product.  

   •  “C 6 ” -classified and classified food storage: The 

refrigerator is designed with two partitions in each 

refrigerated drawer to facilitate the classifi cation and 

storage of food. The food is stored in diff erent areas, so 

that food is stored in diff erent areas.  

   •  “C 7 ” -super cold storage capacity and energy conser-

vation and environmental protection: The refrigera-

tor adopts the compressor’s mechanical direct cooling 

system design. In the working state, the switch on time 

can be automatically adjusted according to the tempera-

ture changes inside and outside the refrigerator and the 

amount of food stored. It has a super strong refrigeration 

capacity, achieves environmental protection and energy 

saving, meets the national environmental protection 

standards, and ensures the quiet operation of the product.  

   •  “C 8 ” -voice scene interaction: The temperature and 

refrigeration mode can be adjusted and controlled in real-

time through voice or remote to meet users’ special needs 

in real-time.  

   •  “C 9 ” -the real-time online query of food information 

in the refrigerator: It can query the food information in 

the refrigerator in real-time through the network, set a 

shopping list, and remind the user to buy food.  

   •  “C 10 ” -entertainment emotion interaction: Watching 

movies, listening to music, entertainment, and Internet 

access.    

    Construction of judgment comparison matrix 

 After the hierarchical structure model is established for 

the multi-functional refrigerator, the judgment comparison 

matrix is constructed by the judgment comparison and 1–9 

comparison scale method (Zhan-li et al.  2021 ) (see Table  2  

for the 1–9 comparison scale method), and the pairwise 

comparison matrix of the indicator layer of the multi-

functional refrigerator to the total target layer and the design 

object layer to the indicator layer is established.  

 The pairwise comparison matrix between each level is:

      

where   vij     represents the importance of   vi     relative to   vj    . 

 (1)M =

⎡⎢⎢⎢⎣

v11 v12 ... v1n

v21 v22 ... v2n

... ... ... ...

vn1 vn2 ... vnn

⎤⎥⎥⎥⎦

  Table 1       Evaluation index of multi-functional refrigerator hierarchy model  

  The general objective layer    The standard test layer    The indicators of the design layer  

  “A” -a multi-functional refrigerator    “B 1 ”- intelligent management and control    “C 1 ”- wireless charging  

  “C 2 ”- intelligent induction control  

  “C 3 ” food management  

  “B 2 ”-safety, health, and environmental protection    “C 4 ” -equipped with safety switch  

  “C 5 ” -high fl ame retardant and heat-resistant materials  

  “C 6 ” -classifi ed and classifi ed food storage  

  “C 7 ” -super cold storage capacity and energy 

conservation and environmental protection  

  “B 3 ” -internet of things service functions    “C 8 ” -voice scene interaction  

  “C 9 ” -the real-time online query of food information in 

the refrigerator  

  “C 10 ” -entertainment, emotional interaction  
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     Weight vector and consistency test 
(Bing-jiang  2014 ) 

 The power, sum-product, and square root methods are 

commonly used for calculating the weight vector. The square 

root method is adopted in this paper. The calculation process 

is as follows:

   (1)      Calculate the product of each row of the matrix and the 

nth root value   Gi    :

      

Where i is the line number, i = 1, 2,…, n   

  (2)      Normalize   Gi     to obtain the index weight value   Wi     of 

each level

      

where i is the line number, i = 1, 2,…, n     

 At this time, the weight vector

       

 Through the analysis of the design elements of the multi-

functional refrigerator, the user questionnaire survey, and the 

designer’s cognitive evaluation, the judgment comparison 

matrix and the relative weight value of each element index 

of the multi-functional refrigerator design are shown in 

Tables  3 , 4 , 5 , 6 .     

 According to the weight value of the total target layer of 

the multi-functional refrigerator in Table  3 , the importance 

of the first level weight index of the multi-functional 

refrigerator is ranked as follows: “B 2 ”-safety, health, and 

environmental protection “B 1 ”- intelligent management and 

 (2)Gi =
n

√√√√ n∏
j=1

vij

 (3)
wi =

Gi

n∑
i=1

Gi

 (4)w =
(
w1, w2, ⋅ ⋅ ⋅, wn

)T

control “B 3 ” -Internet of things service functions. According 

to the investigation and analysis results, users put the multi-

functional refrigerator’s safety, health, and environmental 

protection fi rst, followed by intelligent management control 

and Internet of things service functions. 

 It can be seen from Table  4  that in demand for intelligent 

management and control, the wireless charging function and 

the food management function have the same importance, 

followed by the intelligent induction control function. 

  Table 2       Satty 1 ~ 9 Comparison scale method  

  Pairwise comparison 

criteria  

  Meaning    Content  

  1    Equally important    Expressed as the same importance of the two elements  

  3    Slightly important    Indicates that the former element is slightly more important than the latter  

  5    Very important    Expressed as the former element is very important relative to the latter  

  7    Obviously important    Expressed as relative to the latter element, the former element is very important  

  9    Absolutely important    Expressed as relative to the latter element, the former element is absolutely important  

  2, 4, 6, 8      Used as a compromise between the above criteria  

  Reciprocal      When the current element is compared with the next element, if one of the above 

standard values is given, the weight value of the next element is the reciprocal 

when compared with the previous element  

  Table 3       Pairwise comparison 

matrix and weight value of total 

target layer  

    B 1     B 2     B 3     Weight-W  

  B 1     1    1/2    2    0.297  

  B 2     2    1    3    0.539  

  B 3     1/2    1/3    1    0.164  

  Table 4       Pairwise comparison 

matrix and weight value of the 

intelligent layer  

  B 1     C 1     C 2     C 3     Weight-W  

  C 1     1    2    1    0.4  

  C 2     1/2    1    1/2    0.2  

  C 3     1    2    1    0.4  

  Table 5       Pairwise comparison matrix and weight value of HSE layer  

  B 2     C 4     C 5     C 6     C 7     Weight-W  

  C 4     1    1/2    1/3    1/3    0.109  

  C 5     2    1    1/2    1/2    0.189  

  C 6     3    2    1    1    0.351  

  C 7     3    2    1    1    0.351  

  Table 6       Pairwise comparison 

matrix and weight value of IOT 

service function layer  

  B 3     C 8     C 9     C 10     Weight-W  

  C 8     1    2    2    0.5  

  C 9     1/2    1    1    0.25  

  C 10     1/2    1    1    0.25  
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 It can be seen from Table  5  that among the requirements of 

safety, health, and environmental protection, food is classifi ed, 

stored in diff erent areas, and super cold storage capacity. 

Energy conservation and environmental protection are of 

the highest importance and have the same weight, followed 

by the selection of high fl ame retardant and heat-resistant 

materials for the refrigerator and, fi nally, the provision of 

safety switches. 

 It can be seen from Table   6  that among the functional 

requirements of the refrigerator Internet of things service, 

voice or remote real-time regulation and control are the fi rst 

consideration and concern of users, followed by real-time 

information query and entertainment emotional interaction, 

and the two are of equal importance. 

 When establishing the pairwise comparison matrix, 

there are often contradictions in judging the importance of 

things due to the complexity of the problem and the errors 

in subjective judgment. For example, when it is judged 

that the importance of the element X is higher than that 

of Y and that of Y is higher than that of Z, there may also 

be a contradiction that the importance of the element Z is 

higher than that of X. Therefore, it is necessary to check the 

consistency of the pairwise comparison matrix to determine 

whether the calculated weight vector is reasonable. Generally, 

the consistency ratio index (CR) is used to measure and test. 

The calculation formula are shown in ( 5 – 7 ).

      

      

      

where,   CI     is the consistency index,  𝜆max     is the maximum 

characteristic root,   MW      is the new vector obtained by 

multiplying the pairwise comparison matrix M by the weight 

vector W,  (MW)i     is the ith vector of MW, n is the order of 

the matrix. 

   RI     is a random consistency index, and its value is measured 

by experiments. It can be seen in Table  7  for some values. 

At that time,   CR < 0.1     , its pairwise comparison matrix had 

a good consistency and reasonable weight. Otherwise, it is 

considered that the inconsistency cannot be adopted, the 

pairwise comparison matrix needs to be reconstructed, and 

the consistency test should be conducted.  

 (5)CR =
CI

RI

 (6)CI =
𝜆max − n

n − 1

 (7)𝜆max =
1

n

n∑
i=1

(Mw)i

wi

 We can see Table  8  for consistency test results of pairwise 

comparison matrices according to formulas ( 5 ,  5  7 ) and 

weight values of pairwise comparison matrices at each index 

level.  

 It can be seen from Table  8  that the consistency of the 

pairwise comparison matrix of the index layer relative to 

the general target layer of the multi-functional refrigerator 

and the design object layer relative to the index layer is 

good, which meets the requirements of the consistency 

inspection. The pairwise comparison matrix constructed by 

each layer and the weight value calculation is reasonable and 

acceptable. The application of AHP in this design is feasible. 

    Case design and evaluation 

 According to the weight results of each design object 

element in the analytic hierarchy process of the multi-

functional refrigerator and the weight analysis of the 

hierarchical structure model of the refrigerator and each 

functional index, the innovative design of the refrigerator 

is focused on the intelligent management control, safety, 

health and environmental protection, and the Internet of 

things service function. Based on the fuzzy comprehensive 

evaluation method, the evaluation model and analysis of 

the designed refrigerator are established. The evaluation 

results verify the rationality of refrigerator design and the 

application of AHP and fuzzy comprehensive evaluation 

method in product design. 

   Design of multi-functional refrigerator 

   Intelligent management control 

 With the development of the intelligence era, product 

intelligence is more and more favored by people. To facilitate 

the charging of intelligent products, 15W wireless fast 

charging is set on the armrest panel for charging intelligent 

electronic products. We set up an intelligent management 

  Table 7       Average random 

consistency index RI value  
  Matrix order    1    2    3    4    5    6  

  RI    0    0    0.58    0.90    1.12    1.24  

  Table 8       Consistency test results  

    A    B 1     B 2     B 3   

  λmax    3.011    3    4.228    3  

  CI    0.006    0    0.076    0  

  RI    0.58    0.58    0.90    0.58  

  CR    0.0195    0    0.084    0  
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system to identify the food placed in the refrigerator and 

set the fresh-keeping reminder function according to 

diff erent food types to improve the nutritional value of food. 

Intelligent touch panel control is set. The touchscreen design 

makes the refrigerator look full of science and technology. 

When the functions of the refrigerator are controlled and 

adjusted, only touch is required. 

    Safe and environmentally friendly use of refrigerators 
and healthy food 

 According to the investigation and analysis of the design 

elements of the existing refrigerator, the product must be 

safe during use, and the fresh-keeping food must be healthy. 

The safety switch shall be set at the power socket, and the 

internal power line of the refrigerator shall be designed 

with high fl ame and heat resistance to improve the safety 

performance of the refrigerator during use. As most families 

currently use refrigerators, the amount of refrigerated food 

is small. Still, there are many kinds, so more partitions 

and partitions should be added inside the refrigerators so 

that each kind of food can be stored in order by category, 

and the food can be prevented from tasting each other. 

The refrigerator is equipped with silver ion antibacterial 

technology and provides four refrigeration operation modes: 

intelligent, quick cooling, quick freezing, and holiday. The 

comprehensive power consumption is 0.99 kWh / day, which 

is energy-saving and environmentally friendly. 

    Internet of things service functions 

 With the Internet of Things’s development, the refrigerator 

with voice or remote interaction and entertainment functions 

can better meet people’s living needs. During the design, 

the built-in voice interaction function in the refrigerator 

allows the user to operate the functions of the refrigerator 

without hands. For example, you can tell the refrigerator to 

lower (raise) the temperature of the freezing room and the 

refrigerating room or ask it what the weather is like that day 

and whether there is any current political news. 

 According to connect the mobile phone app with 

the refrigerator system, you can query the food in the 

refrigerator in real time to facilitate the user to buy food. 

The touch screen on the panel and the sound on the back 

give the refrigerator the functions of music playing and 

entertainment online and improve users' satisfaction in the 

use process. 

 The overall eff ect diagram and top view of the multi-

functional refrigerator are designed by integrating the 

refrigerator’s color, process, material, and other factors, as 

shown in Figs.  1  and  2 .                 

 As can be seen from Figs.  1  and  2 , the multi-functional 

refrigerator has a sofa seat function, which is convenient 

for rest or conversation with visiting guests. The side of the 

sofa is the main part of the refrigerator and has the function 

of refrigeration. The lower part of the sofa is the functional 

structure of the refrigerator. The overall shell of the multi-

functional refrigerator uses the sheet metal process, with 

sharp corners and corners, highlighting the characteristics 

of white appliances, and the production cost of the sheet 

metal process is low. The surface of the handrail is made 

of borosilicate glass, which is light, thin, and hard, has 

good thermal shock and chemical corrosion resistance, 

and complies with the industrial standards of the China 

Household Electrical Appliance Association. 

 In terms of function, the refrigerator adopts an 

independent double temperature zone and a detachable 

drawer design to scientifi cally store food, ensure no odor, 

and facilitate users’ daily cleaning and maintenance. The 

back is equipped with a 5.0 wireless Bluetooth speaker 

device, which can enjoy music anytime. The armrest panel 

  Fig. 1       Overall eff ect drawing of the multi-functional refrigerator  

  Fig. 2       Top view of the overall eff ect of the multi-functional refrigera-

tor  
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is equipped with 15W wireless fast charging, which can be 

used for charging intelligent electronic products and further 

extending product functions. 

     Fuzzy comprehensive evaluation 

 The fuzzy comprehensive evaluation method is based 

on the idea of fuzzy mathematics to evaluate the actual 

comprehensive problems. The principle of the fuzzy 

comprehensive evaluation method is to divide a specifi c 

comprehensive evaluation problem into dry evaluation 

indexes, determine the evaluation set, and then calculate 

each index’s weight vector and weight judgment matrix. The 

matrix and the index weight vector are fuzzy and normalized 

in the fuzzy comprehensive evaluation method to obtain 

comprehensive evaluation results. The fuzzy comprehensive 

evaluation process is as follows (Ying-li and Hong  2022 ): 

   Determining evaluation indicators and comment sets 

 We take the opinions of user survey and review experts, 

intelligent management control, safety, health, and 

environmental protection, Internet of things service function 

and their subsets as the evaluation index elements that were 

denoted by   𝜕 =
{
𝜕1𝜕2𝜕3

}
     , and we determine that the subset 

of evaluation elements is   𝛽i =
{
𝛽ij

}
i, j = 1, 2, ⋅ ⋅ ⋅n     . Setting 

the comment set. In the article, we set the satisfaction rating 

of the refrigerator as very satisfi ed, very satisfi ed, satisfi ed, 

dissatisfi ed, very dissatisfi ed, and assign the corresponding 

value as   N = {90, 80, 70, 60, 50}    . 

    Determining the weight vector matrix 

 It can be seen from Tables  3 , 4 , 5 , 6  that the weight vectors of 

the evaluation indexes of the total target layer and its criteria 

layer are:

       

       

       

        

    Constructing weight judgment matrix H 

 We invite ten design experts and thirty users to jointly 

evaluate the various indicators (factors) of the multi-

functional refrigerator design scheme (i.e., judging the 

evaluation object from a single indicator) and score them 

based on the evaluation criteria and grades. After scoring, 

W = (0.297, 0.539, 0.164)

W1 = (0.4, 0.2, 0.4)

W2 = (0.109, 0.189, 0.351, 0.351)

W3 = (0.5, 0.25, 0.25)

we take the average value of the scores of each indicator 

after each evaluation and make the fi nal score the evaluation 

result. Where   H1     represents the evaluation results of 

the indicators of the criterion layer   B1     ,   H2     represents the 

evaluation results of the indicators of the criterion layer   B2     , 

and   H3     represents the evaluation results of the indicators of 

the criterion layer   B3    .

      

      

       

    Synthesizing the fuzzy comprehensive evaluation results 
and calculating the weights 

        

       

        

 The second level comprehensive evaluation matrix is:

       

    Conducting comprehensive decision evaluation 

 The comprehensive evaluat ion weight  vector 

is:  Q = W ⋅ R = (0.423, 0.272, 0.177, 0.116, 0.012)    . 

 And it was converted into a hundred-point system; The 

fi nal evaluation result is:  Q ⋅ NT = 79.78     points. 

 The design object layer’s index evaluation score is 

obtained from each index’s evaluation results.in   H1        H2

    H3 criteria layer, as shown in Table  9 .  

 According to the results of the fuzzy comprehensive 

evaluation, the total score of the multi-functional refrigerator 

was 79.78. Considering the relationship between the 

evaluation level and the assignment, the multi-functional 

refrigerator basically reaches the level of user satisfaction 

(80 points), and there is still a certain distance from the level 

 (8)H1 =

⎡⎢⎢⎣
0.4 0.2 0.2 0.1 0.1

0.3 0.2 0.3 0.2 0

0.5 0.3 0.1 0.1 0

⎤⎥⎥⎦

 (9)H2 =

⎡⎢⎢⎢⎣

0.4 0.2 0.3 0.1 0

0.3 0.3 0.2 0.2 0

0.4 0.3 0.2 0.1 0

0.5 0.3 0.1 0.1 0

⎤⎥⎥⎥⎦

 (10)H3 =

⎡⎢⎢⎣
0.5 0.3 0.1 0.1 0

0.4 0.3 0.2 0.1 0

0.4 0.2 0.3 0.1 0

⎤⎥⎥⎦

R1 = W1 ⋅ H1 = (0.42, 0.24, 0.18, 0.12, 0.04)

R2 = W2 ⋅ H2 = (0.4162, 0.2891, 0.1758, 0.1189, 0)

R3 = W3 ⋅ H3 = (0.45, 0.275, 0.175, 0.1, 0)

 (11)R =

⎡⎢⎢⎣
R1

R2

R3

⎤⎥⎥⎦ =
⎡⎢⎢⎣

0.42 0.24 0.18 0.12 0.04

0.4162 0.2891 0.1758 0.1189 0

0.45 0.275 0.175 0.1 0

⎤⎥⎥⎦
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of user satisfaction (90 points). It shows that the designed 

multi-functional refrigerator can meet customers’ needs on 

the whole. 

 It can be seen from Table  9  that the design indicators 

of the multi-functional refrigerator are highly satisfi ed with 

the provision of safety switches, food management, super 

cold storage, energy conservation, environmental protection, 

voice or remote real-time regulation and control, and real-

time online query of things in the refrigerator, indicating that 

these indicators basically meet the needs of users. The scores 

of other indicators are satisfactory, and the satisfaction is 

not high enough. Among them, the scores of intelligent 

induction control, wireless charging, high fl ame retardant, 

and high heat-resistant materials are relatively low, and 

there are some shortcomings that do not meet users’ needs. 

Therefore, the design needs to be improved in the later stage. 

      Conclusion 

 Based on the internal demand of the development of the 

existing market economy and the improvement of peo-

ple’s quality of life, through the analysis of user demand 

and refrigerator design elements, the hierarchical structure 

model of the multi-functional ice box is established from 

three aspects of product intelligent management and con-

trol, safety, health and environmental protection, and Inter-

net of things service function by using analytic hierarchy 

process. Taking the design object layer as the design index, 

the multi-functional refrigerator is designed. Finally, the 

fuzzy comprehensive evaluation method is used to compre-

hensively evaluate the design scheme and each index. The 

satisfaction degree of the comprehensive evaluation value 

and the specifi c evaluation value of the index is obtained, 

which provides an important reference for the rationalization 

of the scheme design, the optimization of the index, and the 

improvement of the design. Due to the strong subjectivity 

of determining the weight vector, the design still has certain 

limitations and needs further improvement. 
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