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RINGKASAN : Kertas kerja ini bertujuan untuk menerangkan bagaimana teknik QFD 
membantu penulis merekabentuk sebuah perkakas pengukur anthropometrik berdasarkan 
maklumat dari pengguna. Langkah-/angkah pembangunan perkakas dimulakan dengan 
menjalankan satu kajiselidik pengguna atau pe/anggan bagi mengenalpasti kemahuan serta 
kehendak mereka dan memlai prestasi perkakas sedia ada, menjana matrik perancangan, 
mengenalpasti dan menjana keperluan teknika/ perkakas flu, melakukan penanda aras teknikal 
dengan tujuan untuk meningkatkan prestasi perkakas sediada dan melengkapkan matrik QFD 
itu. Berdasarkan matrik QFD, 3 rekabentuk konsep perkakas pengukur anthropometrik yang 
berbeza telah dapat dihasilkan. Setelah itu, dengan menggunakan konsep matrik "scoring" 
penulis memilih rekabentuk terbaik yang akan difabrikasi. Sebelum memulakan kajiselidik 
anthropometrik, perkakas pengukur anthropometrik itu telah diuji-guna untuk menyelidiki 
samaada ia sesuai dan boleh digunakan untuk mengukur dimensi-dimensi anthropometrik. 
Berdasarkan data dari pengukuran uji-guna anthropometrik, penulis mendapati perkakas 
pengukur anthropometn"k ini boleh digunakan untuk mengukur empat puluh enam dimensi 
data anthropometrik di dalam postur duduk dan berdiri. 

ABSTRACT : This paper aims to demonstrate how the QFD technique helps the authors to 
design an anthropometrical measuring equipment based on the input of the users. The 
development steps began by conducting a survey of users or customers to identify their wants 
and evaluate the current equipment, drawing planning matrix, identify and drawing technical 
requirements of the equipment, and perform technical benchmarking to improve the 
performance of current equipment to complete the QFD matrix. Based on the QFD matrix, 3 
different conceptual designs of anthropometrics measuring equipment were generated. By 
using the scoring matrix concept, the authors then selected the best design to be fabricated. 
Prior to anthropometrics survey, trial on anthropometrical measurement was conducted on 
the fabricated prototype to investigate how well it is fit for use to measure the anthropometrics 
dimensions. The authors found that this fabricated anthropometrical measuring equipment 
could be used to measure forty-six anthropometrical dimensions in the sitting and standing 
posture, based on trial anthropometrics measurement. 
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INTRODUCTION 

Quality function deployment (QFD) is a useful tool that can help a designer move towards a 

more proactive product development. It guides design teams through the conceptualization, 

creation and realization process of new products or to improve the current design. It is an 

overall concept that provides a means of translating customer requirements into the appropriate 

technical requirements for each stage of product development and production (Sullivan, 1986). 

It originated in Japan in the 1970s and has been successfully applied by many Japanese, 

American, and European companies for their product development. QFD is the customer 

driven planning process to guide the design, manufacturing, and marketing of goods. Many 

multinational companies have used this technique with impressive results. For example, Toyota, 

which is considered as a large multinational company in the world, realized a 20 per cent 

reduction in start up costs on the launch of a new product between January 1977 and October 

1979 as a result of using QFD. By 1982, start up costs had fallen 38 per cent from the 1977 

baseline and by 1984, the start up costs were reduced by 61 per cent (Summers, 2000). 

Xerox and Ford initiated the use of QFD in the United States in 1986 with remarkable results. 

The 1992 model Cadillac, considered as a very good car model and had attracted many 

buyers was planned and designed entirely using the QFD technique. Currently, the QFD 

technique is used successfully by electronics, appliances, clothing, and construction equipment 

manufacturers such as General Motors, Ford, Mazda, Motorola, IBM, Kodak, Procter and 

Gamble, Xerox, Hewlett-Packard, and T& T (Besterfield et al., 1995). 

This study aims to demonstrate how QFD technique helped the authors in developing a 

prototype's design of anthropometrics equipment that can be used to measure anthropometric 

dimensions of a subject. The prototype design was generated based on the input of the users. 

QUALITY FUNCTION DEVELOPMENT 

Akao (1990) defined QFD as "a method for developing a quality design aimed at satisfying the 

customer and then translating the customer's demand into design targets and major quality 

assurance points to be used throughout the production phase". Meanwhile, Sullivan (1986) 

defined QFD as "a system to assure that customer needs drive the product design and 

production process". On the other hand, Hauser and Clausing (1988) describes QFD with a 

different emphasis, "quality function deployment focuses and coordinates skills within an 

organization, first to design, then to manufacture and market goods that customers want to 

purchase and will continue to purchase." 
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QFD is an interdisciplinary method aimed at improving the quality of products (Menon et al., 

1994). QFD is a suitable method for products whose users or customers already have the 

experience and are able to say what their needs are. QFD is very suitable for existing products, 

which are to be redesigned, and also for existing products for which new application areas are 

being sought (Ottoson and Nordin, 1997). The QFD is considered to be a good method for the 

achievement of better ergonomic quality (Willen, 1997), when the users and customers know 

what they want from a product. 

Many Japanese, American, and European companies have applied the QFD technique 

successfully for their product development. It is a :Vrocess"that can help companies to make 

the key trade-offs between what the customer wants and what the company can afford to 

provide. As its name suggests, the QFD approach is based on deploying user expectations 

(the "Whats") in terms of design and production-related parameters (the "Hows") for the new 

product. This process is represented by a succession of double entry "Whats/Hows" tables 

allowing the correlations between entries to be identified and prioritized. The first matrix also 

referred to as "the House of Quality" (HoQ) because of its shape as shown in Figure 1 is the 

most recognized form of QFD. In addition to "Whats/Hows" correlations, this matrix allows the 

integration of elements related to analyzing product competition and also in identifying synergies 

and/or contradictions between different product characteristics. Thus, this matrix offers the 

twin advantage in facilitating the transition between the world of the user and that of the 

designer, and also combining all the relevant data in the same document for decision-making 

in relation to product development (Marsot, 2005). 

A. 

Customer Needs 
(WHATs) 

E. 

Technical 
Correlation Matrix 

C.Technical Measures (HOWs) 

D. 

Relationship Matrix 
between 

Customer Needs (WHATs) 
and 

Technical Measures (HOWs) 

F. 

Technical Matrix 

B. 

Planning 
Matrix 

Figure 1. Illustration of main parts of the QFD matrix (Marso!, 2005) 
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QFD APPLICATION TO DESIGN ANTHROPOMETRIC MEASURING EQUIPMENT 

In this paper, the authors present the application of QFD to develop the design of anthropometric 

measuring equipment. The development steps began with identifying what the users want by 

conducting a survey of users or customers, evaluating the performance of current equipment, 

drawing planning matrix, identifying and drawing technical requirements of the equipment 

and conducting a technical benchmark to improve current equipment until QFD matrix was 

completed. 

Survey of Customers 

In order to determine the customer requirements about the anthropometric measurement 

equipment, a survey of respondents was conducted. Customer survey was conducted at 

Department of Industrial Engineering, Atma Jaya Catholic University Jakarta, Indonesia. The 

respondents should comply with the criteria required by the authors i.e. they should have 

knowledge about anthropometry and its measurement technique. The authors required 

respondents who have knowledge on subjects related to ergonomics field. By having this 

knowledge, the authors' assume that the respondents understand the meaning of anthropometry 

and its measurement techniques. 

For this purpose, a set of questionnaire was designed. The questionnaire consists of two 

parts, Part A and Part B, both using Likert scale on a scale 1 to 5. In part A, the questions were 

intended to get information about the attributes of equipment considered most important by 

the users or customers. Respondents were asked to answer the given questions by giving the 

value of Likert scale on a scale of 1 to 5. In this case, Likert scale value of 5 is considered as 

the most important attribute for equipment design. Meanwhile, in part B, questions were intended 

to know the satisfaction level of existing equipment used by the users. Likert scale value of 5 

indicated that the users felt strongly satisfied with the existing equipment, 4 indicated satisfied, 

3 neutral, while 2 indicated unsatisfied and 1 indicated that they felt strongly unsatisfied. 

In this study, 92 respondents participated. Respondent's answers were tabulated in Table 1 

and Table 2. From respondent's answers, the authors could determine the design priority of 

equipment attributes based on customer's need (indicated as priority number in Table 1 and 

Table 2). 

114 



No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Application of Quality Function Deployment in the Design 
and Fabrication of an Anthropometrics Measuring Equipment 

Table 1. Respondent's answers to questionnaire in Part A and priority 

number of equipment's attributes 

Customer needs Respondent Answer Total Score Average Priority 
1 2 3 4 5 Value Number 

Provide clear output of mesurement 2 62 3 25 0 92 235 2.554 9 

Simple scale and pointer so that it's 10 57 2 20 3 92 225 2.446 13 
easy to interpret 

Light total weight 43 43 5 1 0 92 148 1.609 19 

Strong construction to sustain force 0 54 3 35 0 92 257 2.793 8 
of body weight 

Stable when performing measurement 3 47 6 34 2 92 261 2.837 7 

Simple design and size of equipment 0 11 4 61 16 92 358 3.891 2 

Good moving mechanism for pointer 4 59 7 22 0 92 231 2.511 11 

Capability to measure human 0 7 1 70 14 92 367 3.989 1 
body dimension 

Ability to assemble and disassemble 13 63 13 3 0 92 190 2.065 16 

Good aesthetics 4 60 8 20 0 92 228 2.478 12 

The equipment could not be used for 19 53 9 10 1 92 197 2.141 15 
long period of time 

Quick output reading and interpretation 7 50 12 23 0 92 235 2.554 10 

Consistency of output during 15 51 3 21 2 92 220 2.391 14 
measurement 

Easy to operate 5 20 0 63 4 92 317 3.446 5 

Easy to pack and has special box 20 60 12 0 0 92 176 1.913 17 

Easy to move or transport 1 34 0 57 0 92 297 3.228 6 

Easy to assemble and disassemble 28 54 2 8 0 92 174 1.891 18 

Easy maintenance 3 16 2 68 3 92 328 3.565 3 

Part and component are easy to get 2 16 2 72 0 92 328 3.535 4 
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Table 2. Respondent's answer to questionnaire in Part B to know the 

satisfaction level of existing equipment 

Customer needs Respondent Answer Total Score Average 
1 2 3 4 5 Value 

Provide clear output of mesurement 0 0 1 54 37 92 404 4.391 

Simple scale and pointer so that it's 0 2 0 30 60 92 424 4.609 
easy to interpret 

Light total weight 0 17 5 45 25 92 354 3.848 

Strong construction to sustain force 0 3 3 60 26 92 385 4.185 
of body weight 

Stable when performing measurement 0 1 7 62 22 92 381 4.141 

Simple design and size of equipment 0 0 3 48 41 92 406 4.413 

Good moving mechanism for pointer 3 38 8 39 4 92 279 3.033 

Capability to measure human 0 0 1 48 43 92 410 4.457 
body dimension 

Ability to assemble and disassemble 0 5 10 63 14 92 362 3.935 

Good aesthetics 4 40 11 33 4 92 269 2.924 

The equipment could not be used for 0 1 11 64 16 92 371 4.033 
long period of time 

Quick output read ing and interpretation 0 5 6 57 24 92 376 4.087 

Consistency of output during 0 0 3 38 51 92 416 4.522 
measurement 

Easy to operate 0 1 0 41 50 92 416 4.522 

Easy to pack and has special box 0 5 3 62 22 92 377 4.098 

Easy to move or transport 0 2 6 60 24 92 382 4.152 

Easy to assemble and disassemble 0 1 10 53 28 92 384 4.174 

Easy maintenance 0 13 7 57 15 92 350 3.804 

Part and component are easy to get 2 21 3 46 20 92 337 3.663 
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Drawing up the "whats" list or Customer Requirements 

The initial stage of a design process involved identifying and formalizing various expectations 

with regard to the equipment to be designed ("Whats" list). In order to determine "whats" lists, 

a set of questionnaire was designed and filled out by respondents. Based on customer's 

survey, a total of 92 questionnaires were filled out by the respondents. The questionnaire filled 

out by the respondents was very useful in determining the "whats" lists or customer requirements 

while constructing the QFD matrix. 

The Planning Matrix 

The Planning Matrix helped to perform a strategic planning to develop and generate conceptual 

designs of the anthropometric equipment based on input by the users. Just as the customer 

needs section is a repository of qualitative customer data, the planning matrix is the repository 

for important quantitative data about each customer need. The planning matrix consists of 

some different types of data, each of which must be described separately. 

Importance to customer 

The importance to customer column is the place to record how important each need or benefit 

is to the customers. Absolute important values are obtained by a survey in which respondents 

were asked to rate the importance of each need on a five Likert scale (Part A question in the 

questionnaire) . This part A questions were intended to collect information about the attributes 

of anthropometric equipment considered most important by the users. A total of 92 respondents 

filled out the questionnaire and the average of absolute importance to customer values were 

calculated as shown in Table 1. 

Customer Satisfaction Performance 

The customer satisfaction performance is the customer's perception of how well the current 

anthropometric equipment is meeting the customer's needs. The values were obtained by a 

survey in which respondents were asked to rate how well he or she feels the product has met 

each of their need (Part B questions in the questionnaire). This part B questions were intended 

to show the satisfaction level of current equipment used by the users in our Laboratory. This 

part B also used Likert scale with 5 values. A total of 92 respondents filled out the questionnaire 

and the average of customer satisfaction performance values were calculated as shown in 

Table 2. 
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Goal and Improvement Ratio 

In the goal column of the Planning Matrix, the authors decide what level of customer 

performance is to be met by the newly developed anthropometric equipment. The goal values 

were expressed in the same numerical scale as performance level. Likert scale with 5 values 

was used to determine the goal value with 5 considered as the highest value. If the authors' 

targeted goal is higher than the current level (customer satisfaction value), then the higher 

value will be given for the goal column. The goal, combined with current satisfaction values 

were used to set the improvement ratio. The formula to determine improvement ratio is to 

divide the goal by current satisfaction performance (Akao, 1990). 

Goal 

Current satisfaction performance 
= Improvement ratio (1) 

Sales Point 

The sales point column-contained information characterizing the ability to sell the equipment 

based on how well each customer need was met. The most common values assigned for 

sales point are as follows; 1 for No sales point, 1.2 for Medium sales point, and 1.5 for Strong 

sales point (Akao, 1990). 

Raw Weight 

The raw weight column contains a computed value from the data and decisions made in 

Planning Matrix columns to the left. It models the overall importance to the development team 

of each customer need, based on customer's importance, improvement ratio and sales point 

value. The value of Raw Weight for each of the customer need is determined as follows 

(Akao, 1990): 

Raw Weight = Importance to customer x Improvement Ratio x Sales Point (2) 

Based on the step-by-step methodology from the above sections, the Planning Matrix was 

constructed as shown in Table 3. This Planning matrix will help the authors to generate and 

develop conceptual designs of the anthropometric equipment based on input by the users. 
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Table 3. Customer survey results and the planning matrix 

Customer needs Importance Customer Goal Improvement Sales Raw 
to customer Satisfaction Ratio Point Weight 

Performance 

Primary Product Attribute 

Provide clear output of mesurement 4.392 2.555 5 1.957 1.2 10.315 

Simple output display so that it's 4.609 2.446 5 2.044 1.5 14.139 
easy to interpret 

Light total weight 3.848 1.609 5 3.108 1.2 11.484 

Strong construction to sustain force 4.185 2.794 4 1.432 1.5 8.99 
of body weight 

Stable when performing measurement 4.142 2.837 4 1.410 1.2 7.009 

Simple design and size of equipment 4.414 3.892 4 1.028 1.2 5.446 

Good moving mechanism for pointer 3.033 2.511 4 1.593 1 5.798 

Capability to measure human 4.457 3.99 5 1.253 1.5 8.384 
body dimension 

Ability to assemble and disassemble 3.935 2.066 5 2.420 1.2 11.432 

Good aesthetics 2.924 2.479 4 1.614 1 5.664 

The equipment could be used for 4.033 2.142 4 1.867 1.2 11 .301 
long period of time 

Product Reliability 

Quick output reading and interpretation 4.087 2.555 4 1.566 1.2 7.681 

Consistency of output during 4.522 2.392 5 2.090 1.2 11.347 
measurement 

Product Usability 

Easy to operate 4.522 3.446 5 1.451 1.2 7.874 

Easy to pack and has special box 4.098 1.914 5 2.612 1.2 12.85 

Easy to move or transport 4.153 3.229 4 1.239 1.2 6.175 

Easy to assemble and disassemble 4.174 1.892 5 2.643 1.5 16.548 

Easy maintenance 3.805 3.566 4 1.122 1.2 5.124 

Part and component are easy to get 3.664 3.566 4 1.122 1.2 4.934 

Drawing up the "Hows" List (Technical Requirements) 

Drawing up the "Hows" involves listing characteristics of anthropometric equipment that will 
enable the identified customer need to be satisfied. These characteristics could be engineering 
and/or ergonomics characteristics and they must be measurable (Target versus Achieved 
values). In order to determine the list of technical requirements of the anthropometric equipment, 
the authors worked together with the manufacturer who viewed the design in terms of 
manufacturing ability and constraint. Based on consensus, 20 technical characteristics of 
anthropometric equipment were identified, as shown in Figure 2. 
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Relationship Matrix 

The Relationship Matrix provides a mapping between technical characteristics on the one 

hand, and Customer needs on the other hand. Based on a consensus decision, the authors 

assigned a "strong", "medium", "weak or no" relationship value to each specific "what/how" 

pairing. For this reason an appropriate scale consisting of 3 scales of (9-3-1) was applied, 

illustrated by using symbols ( •-• -~) on the HoQ. For each of the scale, 9 refers to strong 

relationship, 3 refer to medium and 1 refers to weak or no relationship. This stage was one of 

the key elements of the QFD method because it was the one which permitted the transition to 

be made between what the users wanted and what the authors as designer could offer. 

Seeking Interactions Between How's (Technical Correlation Matrix) and Determining 

Direction of Improvement 

This stage of the HoQ process involves a paired comparison of the different design 

characteristics. The advantage of this triangular matrix was that it highlighted potential conflicts 

between ergonomics criteria and other design parameters from the outset in the product 

development process. Resolving these conflicts using creative techniques will avoid 

implementing remedial measures that are usually compromise-based and therefore not totally 

satisfactory, at the end of the design process. 

Calculating Technical Response Value (Relative Weight Value) 

Calculating technical response weight helped the authors as designers to prioritize the technical 

requirements based on customer needs. In this term, the authors calculated technical response 

weight based on raw weight values and importance to customer values. The value of relative 

raw weight is determined as follows (Akao, 1990): 

Relative weight value= 1 (relationship value x raw weight value) (3) 

Relative weight value= 1 (relationship value x importance to customer value) (4) 

Technical Benchmark 

In this technical benchmark, the authors figured out the current anthropometric equipment 

with the desired equipment to be achieved. In this case, the authors had used graphical 

benchmark comparison. From the graphic HoQ, one could see what are the technical factors 

of the current equipment that would be improved. 

120 



~~:~~~~ 

~=~~ ~~ 
~~-~~~ 

The House of Quality ~~ ~~ = ~~~~ ~ ~ 
~ ~~- ~ ~ ~ ~ 

.-.. ..-.. JI!:: .x: ..-.. >C:• -,,,c .x: '>,,,._ 

(QFD Matrix Result) .-.. .:x: >C :x: ..-.. .-. .._. .-.. >C: --- ~ 
---~.x:>C.-.. ----,,;><-:x:J'lf.....-.. ---~">C..,,,.,_~,ic,_ >C ----:x: ...... .x:--... .......... ">,,. !m!!l!. ~ ---..-..~.x: :x: ~ ,ii;. .x::x::-x:~ -,,,c ·- • .x: -,,,c >C>C:-,,,C :x: -- ··~f\)siti\,: ~-;r ,711;._ _,... .x:><.....-.-..._. .....--x::x:: -x: ~ ~-=- ....... "><.---"' .X::>C .-.. ~~ • - Po.ti\~ 

if!.! Moton•« Oltol ...... u..ure,o, Assembled - M°'"'ll-llffl P..Vcmp - ,: ;; Sa\.,. Nepli\'C 

~( com-..v MwOutpul ..-.R- .a. ClmtnllOn ~- or t.nc1on11- --~-.... • .,. N~-pti,\? 

i i i 1 l I I E' 
!m!!l!. I i I I i i ) i I • ' SlroqJ ,_,.., ... 

ii: I ! J 0 .. M:diurnA.s!k'ICialkla 

:B 8: f 
ii ! i 

,. 
,\ • Weak "-Vil..'CiMion 

' 
lJ l! ~ II Jr 1 I ! i A 1 J i I ! f ! l l! 

1 i i 'IS l! ! : '_'. . ; :I! :I r f l. ~ : ....,..._d_: 
l 

0 

j i .. 
i ! ' j t • TMmott,IMblbf ... E e i I&. I 0 ~ .. 

! ! 
.. O•T8f9e119bell 

! I " l I J l = The ••• the better .. 
I 'i,,;: 2 :I - N ... . .. ... ... .. .. 2 :: ::! :? :! ~ :!! t:: !! e il~IO Qult-n GOii 

0 f I 0 0 I 0 0 0 0 0 0 (> 0 (l 0 f 1 0 o ·: CUIIOmer -......... ?' ... ,.' 

...... 
I\) ...... 

r~ PN\'idc clear ou1pu1 or mcasurcmcna I • • 0 0 U92 2.SSS s 

ti' Simme output cli""'II)' ,o lhat ii~ CG)' to.,......., 2 • • 0 • • • • • U09 2.446 ' y · ,_" 

.a; Lioht tolal ~cighl 3 0 0 • • • 3.141 1.609 ' tit f Smmg consuuctioo IO suswo force ofbod)· weight 4 0 • 0 0 0 • 6 4.IIS 2.7'>4 4 

i · Stable " -hen pcrfonnina measutct11cnl 5 • • 0 0 • • 4.142 2.837 4 
_ Simolc dcslu and six or ....... ,iftmcn1 " 0 0 0 • • 0 0 4.414 3.192 4 

I j Good mo,·ina Mc:cllanism ror Poimcr.trU11Ctional pen 7 A A 0 • • • 0 • 3.033 2.SII 4 
C--hitd\• to mcasun: human bod\· dimenstoa • 0 0 6 6 • • • • • 0 0 • • 4.457 3.9'JO 5 
Abiliw IO assemble and disassemble 9 0 0 0 0 0 0 0 • • 3.93, 2.066 5 

11 Good IICS1hctic:s 10 0 0 0 0 0 0 2.9H 2.479 4 . .. 
The cquipmcol could be ....i ror long - of lime II 0 • 0 0 0 0 • • 4.033 2.142 4 

j 
;l! Quic:k outnut n:adin• 1nd inu,m,ot•lion 12 • • 0 0 0 0 • • 4.017 2.SSS 4 
~ Consistcnc\· otOutDul durin11. inC'8SUl'CIDC1II 13 • • • • • • 0 • • • 4.S22 2.392 ' l:,m·IOopcrote 14 6 6 • • • • 0 0 4.522 3.446 5 t· Ea,· IO -· llld Im .....,,;al box u • • • 0 0 4.091 1.914 5 
:i US\· 10 mo,·c « llalspon 16 • • • • 0 4.ISJ 3.229 4 

"iiff I Eosv 10 .._blc 1nd di.......,blc 17 0 0 • • • • • 0 0 4.174 1.192 5 

'I e.os,.·m1irncn1no: II 0 • • • 3.IOS 3.S66 4 ~ Pin and comnr'lllrflt ere CU}' 10 ect 19 • • 3.6M 3.566 4 

Relaliw wfiptvalue 
2 ; I ~ a Ii: : Ii! Iii Ii! !;; i :3 s ~ ll ;; :;; SI a 
~ ::i 8 a a a ! ~ a a ~ i :!! :!! - .. .. - - .. .. .. 

Rdadve ranor 1% 2.22 4 18 3.17 558 558 129 129 • 26 426 426 7 21 7 .21 455 800 5.55 5.$5 087 8511 522 5.22 

' - - . . . . .-- / ~ 

T .... lul •-pctith,: bclldlmult 4 .. . / ~ -- ..... ..... . . ,_ ..- --.. ""' o • existin& equipment 3 -..... " .. -,oocltic,·c 2 -- ~ - ... ... 
I 

Figure 2. QFD matrix result - helps to identify customer needs and technical requirements for conceptual 

lm...-,.il h!H" 
', - ·0 Point 

1.957 1.2 

2.IM-I 1., 

3.I011 1.2 

1.432 I.S 

1.410 1.2 

l.021 1.2 

1.$93 I 
1.253 1., 

H20 1.2 

1.614 I 
1.167 1.2 

1.566 1.2 
2.0'JO 1.2 

1.m 1.2 

2.612 1.2 

1.239 1.2 

2.MJ 1., 

1.122 1.2 

1.122 1.2 

"'Raw'tl 
WMIH1 

I0.3U 

14.139 

II .U4 

l .'J9 

7.009 

5,M6 

5.791 

1.384 

11 .432 

, .664 
11.301 

7.681 

11.347 

7.174 

12.IS 

6.175 

16.,41 

5.124 

4.934 

tu 

~ ::t.. 
~~ 
~~ ~- ~ 
~~ i:5· ::s 
::s C) 
C) .... 

;;;-& 
:::j ~ 

~~ 
S::i, 
!:3 !:: 
'6 ~ 
~~ 
Q) ::s 
S. t:::i 
&) {g 
~ c5' 
(!)~ el -:s 
!:: ~ 
;:j ..... 

~ · :S· 
!:h s 
~ Q) 

i:j· t:::i 
::Hl 
(b ~ · 
~ ::s 



Yanto, Baba Md Deros, Hotma A. Hutahean and Imelda 

Based on the development step from the above sections, the House of Quality (HOO) or also 

called QFD matrix was achieved as shown in Figure 2. This QFD matrix will help the authors 

to generate and develop conceptual design of the equipment based on the user's needs. 

Referring to Figure 2, one could see that technical requirements for main parts and functional 

parts of equipment have the highest relative factor value, followed by parts dimensions and so 

forth . It means that during design stage, the authors will prioritize technical requirements from 

the highest relative factor value (main parts and functional parts) to the lowest one (measurer 

or operator requirements) . 

CONCEPTUAL DESIGN RESULTS AND ASSESING CONCEPTS 

Conceptual Design Results 

Based on House of Quality (Figure 2), the authors generated three different concepts of 

anthropometric equipment, namely Concept A, Concept Band Concept C. These generated 

concepts are shown respectively in Figure 3a, 3b, and 3c. 

a. Conceptual design A 

Legend: 
1. Foot base 

2. Adjustable surface height 

3.Sealpan 

4. Modified anthropometer 4 
(to measure foot length and breadth) 

b. Conceptual design B c. Conceptual design C 

5. Vertical rod 
(for Modified anlhropometer 1- to measure height dimensionsof body 

6. Horizontal rod 
(for Modified anthropometer 2· to measure breadth dimensions of body 

7. A set of Modified anlhropometer 3- lo measure depth dimensions of body 

Figure 3. Results of the conceptual design of prototype - three different concepts 
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In order to select the best concept to be developed and manufactured, the authors used 
decision matrices (concept scoring matrix). This matrix was used to evaluate each concept 
with respect to a set of weighted selection criteria. The authors based their criticality to the 
functionality, measurement output, manufacturability, maintenance and storage, and other 
primary attributes to determined the weights and ratings values. The product development 
team with respect to the user's need and technical requirements select the criteria (as indicated 
in the questionnaire results). Table 4 showed the scoring matrix concept used by the authors 
to determine concept ranking. The concept with the highest total score was selected as the 
best concept to be developed and manufactured. 

Referring to Table 4, Concept A has total weighted score 383, Concept C 360 and Concept B 
359. Concept A has the highest total weighted score, hence being ranked number 1, followed 
by Concept C and Concept B. Based on total score, concept A was selected as the concept to 
be developed and manufactured. 

Table 4. Concept scoring matrix to determine the best concept to be selected 

Concepts 
A B c 

Selection Criteria Weight Rating Weighted Rating Weighted Rating Weighted 
Score Score Score 

Functional design 25 
Easy to operate 8 4 32 4 32 4 32 
It could be used to measure target 9 4 36 4 36 4 36 
body dimensions 
It could support the weight of subject 8 4 32 3 24 3 24 
and stable when being used to 
perform measurement 

Other primary attributes 20 
Strong construction to sustain force 5 3 15 3 15 3 15 
of body weight 
Easy to assemble and disassemble 5 5 25 4 20 5 25 
It could be used for long period 5 3 15 3 15 3 15 
Simple design and size 5 3 15 3 15 2 10 

Measurement Output 20 
Quick reading and interpretation 6 4 24 4 24 4 24 
Clear output, no ambiquity 7 4 28 4 28 4 28 
Easy to read and consistent 7 4 28 3 21 4 28 

Maintenance and store 15 
Functional parts are easy to maintain 4 3 12 3 12 3 12 
Easy to clean 3 3 9 3 9 3 9 
Easy to store with a special box 4 5 20 5 20 5 20 
Parts are easy to replace 4 5 20 5 20 5 20 

Manufacturability 20 
Materials are available and easy to get 3 3 9 3 9 3 9 
Fabricated according to design's specification 5 3 15 3 15 2 10 
Easy to assemble and disassemble 3 4 12 4 12 4 12 
Light total weight 4 4 16 3 12 4 16 
Good aesthetics 5 4 20 4 20 3 15 

Total Score 383 359 360 
Rank 1 3 2 

Decision : Continue? Yes No No 
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FABRICATED EQUIPMENT AND TRIAL ON MEASUREMENT 

Since the best conceptual design of the prototype has been determined (conceptual design 

A), it was fabricated based on the design. The fabricated prototype of anthropometric 

measurement equipment and its main parts are presented in Figure 4. 

a. Visualization of Selected Design b. Fabricated Equipment Based on Design 

Figure 4. Visualization of design and fabricated equipment based on the design 

Since the prototype is aimed to measure a number of human body dimensions (anthropometric 

data), trial on anthropometric measurements were carried out in order to investigate whether 

the fabricated prototype is ready to be used for anthropometry survey. A total of 35 students 

were measured for the 46 body dimensions in standing and sitting posture. Each dimension of 

body segment was measured twice in order to ensure the reliability of output measurement. 

Measurer was blinded to the outcome of his/her previous measurement in order to reduce 

learning effects associated with repeated measurement. The measurement results showed 

that there were no significant difference between measurement 1 and 2, hence the prototype 

would be reliable to be used for anthropometric measurement. Some applications of fabricated 

prototype into anthropometric measurement are shown in Figure 5. 
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Foot Length 

Figure 5. Fabricated prototype of an anthropometrics measurement 

equipment and its main 

CONCLUSION AND RECOMMENDATIONS 

This paper is aimed to demonstrate how QFD technique helped the authors to develop a 

prototype for anthropometrical equipment that can be used to measure anthropometric 

dimensions of a subject. This QFD technique helped the authors to generate and develop 

conceptual design of the equipment based on the user's needs. The development steps began 

with a survey of users or customers to identify their wants and evaluate the current equipment, 

drawing planning matrix, identify and drawing technical requirements of the equipment, technical 

benchmark to improve current equipment until House of Quality was achieved. 
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Based on the House of Quality, three different conceptual designs of anthropometric equipment 

were generated. By using the scoring matrix concept, the authors selected the best 

anthropometrics equipment design to be fabricated. Prior to anthropometry survey, trial on 

anthropometrics measurement was conducted in order to investigate how well the fabricated 

prototype of anthropometric equipment would be ready to be used to measure the 

anthropometric dimensions. Based on trial of anthropometric measurement, the authors found 

that this fabricated anthropometric equipment could be used to measure 46 anthropometrics 

dimensions in the sitting and standing posture. 
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