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Abstract—This article uses a concurrent design 

method for the design of the toaster. Search for 

existing products, safety regulations for analysis, and 

then determine the functional items of the toaster 

through Objectives tree and Functional Analysis, and 

design specifications. The form of the toaster is 

thought to be created by Morphological Analysis. After 

selecting the elements of the Objectives tree and using 

Analytical Hierarchy Process to calculate the 

evaluation weight, Pugh selects the better design. 

Finally, the color scheme is used to per-form the final 

color matching step, and the aesthetic degree is 

calculated to evaluate the color scheme. We apply CAD 

technology to integrate the concurrent design process 

to shorten development time and achieve complete 

commoditization results. 
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I.  INTRODUCTION 

 The purpose of the user is to quickly get toast, and 
the internal cleaning is often neglected by the user due 
to complexity. Directly replace old machines and 
purchase new machines, causing unnecessary waste in 
environmental protection and money. In terms of 

cleanliness：(a)There are electrical and hot parts inside 

the toaster, so users will be afraid of machine damage 
caused by cleaning. (b)The interior of the toaster is 
complex, and cleaning the interior is too expensive for 
the consumer. Dirty inside the machine will have a 
negative impact on the environment and health. 

II. THEORETICAL BACKGROUND 

A. Objectives tree 

 Objectives tree setting is an extremely important step 
in product development. The aim of the objectives tree 
method is to clarify design objectives and sub-
objectives, and the relationships between them[1]. The 
process of drawing the target tree not only helps people 
to clarify the design goals but also helps the client 
managers and design teams to unify the goals. Knowing 
the design goals of the product, we can design products 
that truly meet the needs of the market. 

B. Function Analysis Method 

The aim of function analysis is to establish the 
functions required, and the system boundary, of a new 
design[1]. In the design process, the input and output are 
used to define the function of the whole product and give 
a limit to the product function. Then the whole function 
is subdivided into multiple sub-functions, and the 
interaction of all sub-functions is carried out in the black 
box. Then search for the appropriate elements to 
perform these sub-functions and the interactions 
between them, and you can find many alternatives to 
perform these explicit functions. 

C. Morphological Analysis 

The basic procedure of Morphological Analysis is 
reorganizing or combining all of the possible solutions 
to achieve a variety of design proposals. This method 
can generate a lot of design options and feasible 
solutions. Based on the content of a problem, 
Morphological Analysis produces a matrix that can 
solve the problem; it includes existing or traditional 
problem-solving methods[3]. 

D. Analytical Hierarchy Process 

The analytic hierarchy process was developed by US 
scholar Thomas L. Saaty in 1971. It is applied to fields 
with uncertainty and the strategic decision of problems 
with multiple assessment criteria [4]. The procedure is 
to de-compose a complex system into a hierarchy to 
capture the basic elements of the problem and then calls 
for simple pairwise comparison judgments to develop 
priorities in each hierarchy[5]. The operating procedure 
consists of six steps which are respectively: (1) analyze 
the problem and spread assessment indices out; (2) 
construct the hierarchy framework; (3) establish the dual 
matrix; (4) seek a solution to eigenvalues and 
eigenvectors; (5) examine the consistency of the dual 
matrix; (6) solve for the priority weights of various 
indices[6] 

E. Pugh concept selection 

The basic method of this method is to score the 
design ideas according to the degree of consumer 
demand. After comparison, the highest score is selected 
as the best design. The operating procedure consists of 

four steps： 
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(1)Determine comparison items;(2)Select the 

alternatives to be compared(datum);(3)Score, +(+1)：

better than datum, -(-1)： poor than datum, S(0)：

equivalent or incomparable with datum;(4)Calculate the 
total score[2][7] 

F. Color Aesthetic 

Hiroshi Ohchi and Birkhoff's theory of aesthetics 
proposed by Moon and Spencer, a set of color aesthetic 
formulas constructed by order and complexity. Two 
elements to consider the aesthetics, Element in Order 
and Element in Complexity. M indicates aesthetics, O 
indicates Order, C indicates complexity.M=O/C is 
Aesthetic evaluation[8][9]. 

III. CASE STUDY 

To understand the difference in market products by 
discussing the related image of the existing commercial 
toaster with Image scale(Fig. 1). Complex, concise as 
the vertical axis of coordinates. Rounded, rigid as a 
coordinate horizontal axis. We can see that the current 
products on the market lack a rigid and concise product 
shape. Then compare the brand, material, size, and function 
of the eight products on the market(Fig. 2). It can be known 
that the main baking functions of the products are perfect, but 
it is difficult to disassemble and clean the interior baking 
space.  

 
Fig. 1. Image scale  

 
Fig. 2. Existing product 

A. Function Analysis 

From this functional analysis, the operation of the 
toaster can be clearly understood(Fig. 3). The generated 

debris dust, waste heat, etc. are included in the design 
specifications. 

 

Fig. 3. Function analysis 

B. Objectives tree 

Based on previous analysis and survey data, the 
Objectives tree can be drawn and can be divided into 
four levels: safety, operation, clean, and function(Fig. 
4). 

 
Fig. 4. Objectives tree 

C. User behavior and interviews 

The toaster is a small household appliance 
commonly used in the home. Therefore, the target group 
of the user is set to be a woman of the family around 40 
years old, and observe the behavior pattern and the 
usage habits and problems through interviews. By 
observing the user's behavior, the following points can 

be drawn：1. Pay more attention to the toaster interface 

and ease of operation in the hectic 2. Too busy to clean 
the inside of the machine 3. The amount of baking is 
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insufficient 4. The toaster is difficult to clean, too lazy 
to clean 5. It is very hot to take toast by hand. 

D. Design goals and specifications 

Based on the above data and methods, the toaster can 
be summarized into six important design goals and 

specifications ： 1. Is it easy to disassemble and 

assemble? 2. Is the chip tray easy to clean? 3. Is the 
shape rig-id and concise? 4. Is it easy to switch? 5. Is it 
easy to take the toast? 6. Is the baking device easy to 
clean? 

E. Morphological chart 

List the possible forms of the toaster (the way of 
taking the toast, the form of the stand, the form of the 
switch, the form of collecting debris), and obtain the 
morphological chart(Fig. 5). Combine these forms to get 
five Ideas(Fig. 6). 

Idea 1：A1、B3、C1、D2    Idea 2：A2、B1、C2、

D2 

Idea 3：A3、B2、C2、D1    Idea 4：A4、B4、C3、

D3 

Idea 5：A5、B3、C2、D3 

 
Fig. 5. Morphological chart 

 
Fig. 6. Ideas 

F. Concept assessment 

This case uses the geometric averaging method in the 
AHP method to calculate the weight value. Pugh will be 
used to evaluate the best alternative. First, the AHP 

comparison matrix is applied to six design parameters：

1. Is it easy to disassemble and assemble? 2. Is the chip 
tray easy to clean? 3. Is the shape rigid and concise? 4. 
Is it easy to switch? 5. Is it easy to take the toast? 6. Is 
the baking device easy to clean? (Fig. 7). Then use the 
geometric mean method to calculate the weight. It is 
necessary to confirm whether the matrix is usable, 
confirm C.R<0.1, and calculate C.R=0.093<0.1, the 
matrix is available. Then proceed to Pugh. In this case, 
choose the toaster of Philips as the evaluation standard, 
compare the design idea with the design parameters, and 
then calculate the weight of the solution(Fig. 8).  

Idea2(0.696) > Idea4(0.528) > Idea1(0.296) > 
Idea3(0.116) > Idea5(-0.123) 

 
Fig. 7. Pairwise comparison matrix 

 
Fig. 8. Pugh concept selection 

G. 3D Modeling 

Draw the shape and internal structure with 
Solidworks(Fig. 9) and render the material with 
Keyshot(Fig. 10). Then draw the engineering 
drawing(Fig. 11) to facilitate the subsequent processing 
and manufacturing operations. 

  

Fig. 9. 3D Model  

                                

Fig. 10. Rendering 
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Fig. 11.  Engineering drawing 

H. Color planning 

From the previous market research, we found that 
rigid and concise shape is an opportunity for the market. 
Therefore, we selected the blocks that conform to 
modern, serious and rational with the three-color hue 
and image scale developed by Nihon shikisai Research 
Institute(Fig. 12). It can be seen from the figure that it 
belongs to the lower right corner block, and then selects 
similar colors for color matching. There are six 
schemes(Fig. 13) and a non-color scheme(Fig. 14). 

 
Fig. 12. Three-color hue and image scale 

 
Fig. 13. Color schemes         

                  
Fig. 14. Non-color scheme 

I. Color aesthetic calculation 

First enter Photoshop to perform color capture of the 
Pantone color table, get RGB values, and then input the 
values into Munsell Conversion for conversion to obtain 
the value of Munsell HVC(Fig. 15). Then put this value 
into the formula and calculate it with the table to get the 
aesthetic value of each scheme(Fig. 16). 

A.0.76398 > B.0.70796 > D.0.67416 > F.0.57673 > 
G.0.37303 > E.0.28205 > C.0.17413 

 

Fig. 15. Munsell Conversion 
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Fig. 16. The aesthetic value of schemes 

IV. DISCUSSION AND CONCLUSION 

This paper adopts the methods and concepts of 
concurrent engineering, integrating market research, 
product design, and computer-aided design. Conduct 
market research to confirm product opportunities, 
actually understand consumer needs and product 
shortcomings, and set design specifications and design 
goals. Consider design specifications and objectives into 
the design, and then perform Pugh assessment to bring 
the results closer to the design goals. The computer-
aided design allows the product concept to be more fully 
present.  

Finally, the color scheme is complemented by the 
aesthetic calculation, and the best color scheme can be 
obtained to facilitate the subsequent commercial 
manufacturing process. 
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