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ABSTRACT

This research sets up a conceptual design of eefatobile healthcare device through the qualitycfiom
development (QFD) with the analytic network proc@sNP) and the theory of inventive problem solving
(TRIZ). We use a three-stage QFD in order to camsttle customers’ requirements, extend the whole
design process, and calculate the weight of thesdaf quality (HOQ) by implanting ANP. Some
contradictions to the top-side items of the “houéa” “how” parts) are able to be overcome by TRIZ.
After integration of the three methods, the analydiaracterizes the features and their prioritieste
future device. We believe that the device will ptish healthcare system to be more efficient andigeo

a better service for an aging society.

Keywords: Conceptual design; QFD; ANP; TRIZ Mobikalthcare device; House of quality.

1. Introduction

The viewpoints towards health care are nowaday® raod more important with the impending societies
of the developed countries, because of technolbdamzelopments in information and communication and
the increasing demand for sophisticated health. delledical companies in many countries are now
designing and developing healthcare devices ttasaraller and lighter. For example, Hidalgo, one of
Cambridge Wireless’ longest standing founder membén 2012 launched the Equivital EQO02
LifeMonitor, which is a small detection device tliaih detect, record, and transport users’ healtditon
(Vivonoetics, 2013). As a result, the future tresfdthe medical technology and service industryhist t
users can receive immediate health care servicegslng a mobile healthcare device and can easily
receive a telemedicine service. Therefore, the gmef our research is a future conceptual dedign o
mobile healthcare device by employing creative amdovative thinking and integrating product
development methods in order to break throughithié &nd restriction of design. We develop the gehe
process of the conceptual design, which considetsonly the customers’ requirements, but also the
product functions and the costs. We believe thiatghocess can be applied to the conceptual design
many different areas and provide useful informatma research and development (R&D) department.

This paper proposes a process of a product’s cturedegesign that consists of three main methodBD Q
(quality function development), ANP (analytic netlw@rocess), and TRIZ (theory of inventive problem
solving). QFD is a structured approach for intdgrathe “voice of the customers” into a new product
design (Sullivan, 1986). We propose a sequenckdose of quality (HOQ) with three stages or phages
development: product deployment, component depboymand cost deployment. We further consider
ANP so as to prioritize the importance or weiglutsthe left-side items of each “house” (or “what&ms)
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for interdependence. Some contradictions on thesiag items of the “house” (or “how” items) are el

be overcome by TRIZ. The detailed process genemtk=msible conceptual design draft of a mobile
healthcare device for managing people’s healthyditiom in their daily life. In addition, we factor
customer requirements into every aspect of thegsmc

Our mobile healthcare device combines many detgcsarch as blood glucose meter, blood pressure
meter, heartbeat detection, etc., and includesthtzak software that analyzes, records, and manages
users’ information of their health condition. Wdieee that this conceptual design of a mobile healte
device can provide a new direction to the healéndadustry.

2. Literature Review

A good product design has to include customergdliremqments and the product’s functions and cost. QFD
is a method to process customers’ requirementssgtaan Clausing, 1988) into a product specification
Because there are many factors and their weighle tdetermined, and even contractions among them,
other techniques such as ANP and TRIZ play supmpribles in the process to eliminate difficultiexla
gain benefits (Carnevalli and Miguel, 2008). Toedirthe new product development, we review related
works in regards to three areas: (i) QFD, ifitegration of QFD and TRIZ, and (iiiptegration of QFD
and ANP.

2.1 QFD

QFD is a general concept that provides a methottamislating customers’ requirements into suitable
technical requirements for each stage of produetldpment and production (Sullivan, 1986). It aghie
these goals by using the house of quality (HOQ)iclwhs presented by a matrix describing the
relationship between customers’ requirements, fanctand characteristics (Hauser and Clausing, 1988
A typical HOQ consists of several elements to m#ie translation. In addition, QFD on the whole
involves a sequence of “houses” from design charestics, specific components, and production psce
to a quality plan (Stevenson, 2009). However, thelmer of needed “houses” depends on the target and
its complexity at problem solving. For instance,a@hand Wu (1998) organized four stages: translate
requirements into technical measures, technicalsorea into parts characteristics, parts charatitsris
into process operations, and process operationslay-to-day production requirements.

QFD was derived from the quality requirements gfalés manufacturing industry in the late 1960s and
has been used worldwide in many industries anchbases. Due to the complexity of deployment, variou
guantitative methods have been suggested to imghavecliability and objectiveness of QFD (Chan and
Wu, 2002). One well-known method is the analytieraichy process (AHP) to prioritize customers’
requirements. According to the review by Ho (2008j, papers combine QFD and AHP, applying the
integration to different areas. However, the lifiitas are the independences among customers’
requirements, leading to ANP as an appropriate odeitistead.

2.2 Integration of QFD and ANP

ANP is a generalization of AHP dealing with deparmme and feedback in the entire decision structure
(Saaty, 2004). There are various ways to suppoid.Q¥k straightforward way to use AHP/ANP is to
determine the weights of customers’ requirementsl@manded quality, and then put them into QFD
process. Karsak et al. (2002) proposed a modeldaddi&® for the inherent dependencies in the QFD
process. Partovi and Corredoira (2002) used ANBetermine the intensity of synergy effects among
column variables of two sequential HOQs for thedfiérof the sport of soccer. Partovi (2006 and 2007
considered ANP as having the same role for fadititation selection and process selection, respagti

in three HOQs. Raharjo et al. (2008) argued thatipus works using ANP are limited and proposed a
general network framework for ANP with five clustegoal, demanded quality, quality characteristic,
new product design (NPD) risk, and competitors. &eal. (2008) suggested an ANP-based multi-caiteri
decision making model in which a four-dimension H@®@kes three translations. Here, HOQ helps the
decision-making process go more smoothly. Gend.g2810) presented an ANP network with three
clusters to determine the initial important weigfds HOQ. Blyukézkan and Berkol (2011) employed
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ANP to determine the importance levels in the HS@me other techniques, e.g., goal programming, are
also embedded for a special purpose in the integjfatocess.

2.3 Integration of QFD and TRIZ

TRIZ is a systematic approach for analyzing thadkinf challenging problems where inventiveness is
needed (Altshuller, 1984), and it has been appliedvarious areas, especially for the effective
development of new technical systems (llevbare.e@13). Yamashina et al. (2002) argued thatipres/
works could not effectively integrate QFD and TRi#fectively and proposed the innovative product
development process in which QFD is used for obigirustomers’ requirements. Wang et al. (2005)
pointed out the same weakness of previous stuiiemgrated TRIZ by QFD for obtaining customers’
inputs, and realized both methods on a set of sofwRecently, the combinations of QFD and TRIZehav
been targeted at some real-world applications, #g.re-use of consumer packaged goods (Vezetdl,
2011) and the design of a customized tracheal ghéelgoza et al., 2012). Here, TRIZ is the corehaf
product/service development, while QFD is for setttustomers’ requirements. On the contrary, Yedl. et
(2011) proposed a four-phase QFD for the desiga wétebook PC in which TRIZ is exploited to solve
the problem in each phase. The QFD study is the franework of the development.

Based on these reviews, we propose a three-stagehése) QFD model with ANP and TRIZ for a
conceptual design of a future mobile healthcarécaeior better coherence.

3. The proposed model
In the proposed integrated model the main framevi@ik three-stage HOQ that can collect the variable
considerations, including customers’ requiremenstsnvall as the product’s functions, components, and
costs for the conceptual design process. In tisetivo houses, ANP obtains the priorities of tHedale
items with dependence and feedback. To let the evbohceptual design become more complete and
innovative, TRIZ is considered to eliminate the tcadictions among the top-side items of the second-
stage HOQ so as to find a better solution to thbiladealthcare device.

We divide the suggested procedure into six stepsllasvs.

Step 1: Identify three HOQ items

Step 2: Calculate the priorities of the left-sitlms

Step 3: Acquire the what-how relationship

Step 4: Obtain the important ratings of HOWs

Step 5: Eliminate the contradiction of components

Step 6: Point out the main developments
3.1 Identification of three HOQ items
We execute questionnaires, in-depth interviews, soehario analysis to obtain data on customers’
requirements, product functions, component itemsl, their costs. The data are then supplied to each
HOQ. The first-stage HOQ (HOQ1) is for product dsmphent. We assign a list of the customers’
requirements to the left side of the first housé pnt the items of product functions at the tope il the
house. We then transfer the items of the producttfons into the left side of the second-stage HOQ
(HOQ?2), i.e., component deployment, and allocate itams of the component to the top side of the
second-stage HOQ. In a similar way, we relocateatdms of the components to the left side of thelth
stage HOQ (HOQ3), i.e., cost deployment, and seitéims of the costs to the top of the house.

Stage 1: Product deployment Stage 2: Component deployment Stage 3: Cost deployment
HOQl ProductFunctiors \ HOQZ Comnoners \ HOQ3 ot
Customers’ Product
Requirements Functiors | Componers

Figure 1. A three-stage HOQ
3.2 Calculating the priorities of the left-side itens
Two methods are utilized to calculate the pricsita the different structures of HOQ. For HOQ1 and
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HOQ2, there are a feedback and dependence amans; is@d so we use ANP to obtain the priorities of
the left-side items. However, it is obvious that mave to calculate each component’s priorities @Q-3.
Thus, we take the arithmetic mean to calculatetlmities of HOQ3's left-side items.
3.2.1 Procedure of ANP
For HOQ1 and HOQ2, we select ANP to compute theorities of left-side items. The process can be
divided into three phases.
Phasel: Establish the structures

In HOQ1, the goal of the ANP structure is customerguirements, and the criteria that influences
the goal is HOQ1's left-side items. In the same,wag goal is the product functions, and the ddtérat
influences the goal is the left-side items of HOBZ.using questionnaires, we can ensure the rekibd
both networks.

Figure 2 illustrates the network structure of tbft-side items for HOQ1. A single arrow indicates a
one-way relationship. For example, the arrow thavés from demand 2 and feeds into demand 3 implies
the relationship of demand 2 having an influencelemand 3.

| Customers’ Rauirement |

\ 4
|
1

Figure 2. The network structure of the left-sidaris for HOQ1

Phase?2: Make pair-wise comparisons

We ask selected experts to evaluate all item2@aitpair-wise. They have to consider the questions
including “Which criteria should be emphasized n®rand “How much more?”. The responses are
represented in numbers, which are based on Sdagy&indamental scale (Saaty, 1980). Similar qaasti
about the relations of the interdependences amioagctiteria are also executed. The experts have to
answer some questions such as “Which criteria wfluence C1 more: C2 or C3?” and “How much
more?” (Saaty, 2004). Hence, various pair-wise ampn matrices are constructed for each criteédin.
comparisons will be examined by the consistendg tatconfirm their consistency.
Phase 3: Establish a supermatrix and calculatkntiiteng priorities

After arranging the local priorities vectors of tpair-wise comparison matrices, we obtain an
unweighted supermatrix. We then weight the block¢he supermatrix by the corresponding priorities,
which are derived from the clusters, to a weighsegermatrix, whose columns are stochastic. We
multiply the supermatrix by itself until the prités of each column are stable and limiting priesitare
obtained.
3.2.2 Procedure of arithmetic mean
We ask three experts to evaluate the importana®miponents and to fill in the questionnaire, whieh
measured by the 5-point Likert scale. After gettihg importance of components, we use the aritlimeti
mean to aggregate the priority of each component.
3.3 Acquiring what-how relationship values
The experts fill in the values of importance in th@Q relationship matrices of what-how. Traditidpal
the relationship between the top-side items artesldé items is described as strong, medium, waiad,
no relationship by the value of 9, 3, 1, or 0, exsjvely (Stevenson, 2009).
3.4 Combining the priority and the relationship: Obtaining the important ratings of HOWs
The main output of the HOQ process is the impontatimg of the HOWSs. As a result, we have to coasid
the priorities of the left-side items and the rielatmatrix of HOQ simultaneously. In order to cdéta the
important ratings of the HOWSs, we generally talsinaple additive weighting formula (Stevenson, 2009)

Important ratings of a HOW

=Y (the priorities of WHATS x relationship of valuetiveen WHATs and HOWS) @
3.5 Eliminating the contradictions of components
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In the HOQZ2, there is a correlation matrix on tbefr The correlation between the top-side items of
HOQ2 indicates that “+" is a positive correlatioetiveen two items, meaning that if a researcher
emphasizes on devising one of them, then it wilféase the benefit of another item. Howevet,shows
a negative correlation between two items, i.eq, iésearcher improves one of them, then it wikdetate

the other. In other words, negative correlationplyibottlenecks or contradictions of components and
restrict deploying the translation.

After confirming the correlation matrix with conttiations from these negative correlations, we URE&ZT

to transfer these contradictions into the appréo@rigarameters among the 39 Engineering Parameters
(Altshuller, 1984). We then divide these parameiteis “Improving factors” and “Worsening factord/Ve
abstract the original problem into the form of TRIZolution process and check the 39x39 Contramficti
Table to find the principle numbers. According hte tefinition of 40 Inventive Principles, we caeritify
some possible developments and ideals.

3.6 Recognizing the main points of development

In the final stage, we consider both the importatings of HOQs and also the possible ideas frofZTR
According to the output information from QFD, highorities of the development can be suggested.

4. Case study
We illustrate a case of conceptual design for ailmdigalthcare device as follows.
Step 1: Identify three HOQ items
The abundant information by questionnaires, inddeptterviews, and scenario analysis help

construct the three-stage QFD. HOQ1, HOQ2, and H@®S8ent the deployment of product, components,
and cost, respectively.

Step 2: Calculate the priorities of the left-sithars
After ensuring all the items of the three houses,calculate the priorities of the left-side iteme W
use ANP in HOQ1 and HOQ?2 and arithmetic mean in BOThere are 11 demands under customers’
requirements to form an ANP network of the leftesittms for HOQL1.
As mentioned in Phase 2 of Section 3.2.1, we agletbxperts to make comparisons among criteria and
check their consistency. Because of space limiiatie only show the left-side items’ unweighted
supermatrix of HOQL1 in Table 1. We then computeviégghted supermatirx and the limiting supermatrix.
Table 2 lists the items of the numbers designatable 3 presents the limiting priorities of thetdside

Customers 1-1 12 1-3 1-4 1-5 16 1-7 1-8 1-9 1-10 1-11
Requirements
Customers’ 0.0000 0.0000 0.0000 0.0000 0.0040 0.00p0 0.00000000. | 0.0000 0.0000 0.000( 0.0000
Requirements
1-1 0.04009 0.0000 0.0000 0.0000 0.0000 0.0q00 00.0p 0.0000 0.0000 0.0000 0.000D 0.0000
1-2 0.02075 0.0000 0.0000 0.0000 0.0000 0.0000 00.0p 0.0000 0.0000 0.0000 0.000D 0.0000
1-3 0.10643 0.0987 0.1200 0.0000 0.0000 0.0000 00.0p 0.0000 0.0000 0.000d 0.000D 0.0000
1-4 0.16711 0.30808 0.39384 0.27615 0.00p0 0.0000.0000 0.0000 0.0000| 0.0000 0.0000 0.0000

items of HOQ1 and HOQ?2.
Table 1. The limiting supermatrix of the left-sitiems in HOQ1
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1-5 0.11493 0.18146| 0.0000 0.0000 0.0000  0.0do0 000.0] 0.0000 [ 0.0000] 0.0000 0.000p  0.0000
1-6 0.0669 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 | 0.0000{ 0.0000 0.0000 0.0000
1-7 0.0283 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 | 0.0000{ 0.0000 0.0000 0.0000
1-8 0.05272 0.0000 0.0000 0.0000 0.0000  0.0q00 00.0p 0.0000 | 0.0000{ 0.000Q 0.000p 0.0000
1-9 0.29803 0.41176| 0.48614 0.72385 0.00p0  0.00000000 | 0.0000| 0.0000] 0.000 0.0000  0.0000
1-10 0.05126 0.0000 0.0000 0.0000 0.0000  0.0000 000.0{ 0.0000 | 0.0000| 0.0000 0.0000 0.0000
1-11 0.05347 0.0000 0.0000 0.0000 0.0000  0.0d00 000.0] 0.0000 | 0.0000] 0.0000 0.000p  0.0000
Table 2. The items of the designated numbers
1-1 Software functions 1-7 Appearance
1-2 | Hardware functior 1-8 Portabiity
1-3 Usekfriendly 1-9 Accuracy
1-4 Efficiency 1-10 | Reasonable price
1-5 Privacy 1-11 After-sales service
1-6 Customization
Table 3. The priorities of the left-side items dP1 and HOQ2
Left-side items of HOQ1 Priority Left-side items ofHOQ2 Priority
Software functior 0.0400¢ Diet contro 0.0143!
Hardware functions 0.02075 Dose interval remind 0.11509
User-friendly  _ __ 0.10643 | _ Exerdise conditipn recarder . 0.06232 = g o g _
2 [fiiciengy | 8 X P Ko uhlity 8f sleep chedk = | GomRe S = D & o
Product T o2 £ Be 7 5 235 T o )
! = |Privac§ 3o 9.E14p3 B c Reddllafly pgySicdl examipaion P | @38 | £ 8 g w 3
Functions SCystomizgtion & § P69 & = 2 DPDYeEerjation — P | 019414 >3 Sg 2
S Appearadc 8 0028 P o GPs fpr med;;ﬁal facilitie _é (1.03342 % s g
Customers’ Portabiltty a || od2y: [ < 2 | ICcax 2 (.044 S <2 3
Redqui Accuragy 5 0.29803 | & 5 Align tothospital = | 0.18264 § ® 3 @
quirements . —- =) - = = <
Reg sonabgp ice 0.05126 Emergency support system .088H S = Q'
After-satesservice 005347 Privacy-authorizatiomction 01791
Disassemble small detection device 0.01768
Telemedicine servit 0.1235!

Steps 3 & 4: Acquire the what-how relationship abthin the important ratings of HOWs
Tables 4, 5 and 6 show the relationship matrix lsatAhow in HOQ1, HOQ2 and HOQ3,

respectively
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Software functions 0.0401 o O o o o o o o o o o
Hardware functions 0.0208 A =] u] o ] u] o ] o
User-friendly 0.1064 =] u] =] u] u] o o =]
Efficiency 0.1671 = O = O = =
Privacy 0.1149 = o A o o o o = o
Customization 0.067 o O O o O o o o o o o
Appearance 0.02§ A A A A =] A
Portability 0.0527 o A O o o o o o
Accuracy 0.2980) o o o ] o o o o o
Reasonable price 0.0513 o A A A m] o o A
After-sales service 0.053p A A o m] A o A m] ] o
Importance 3.7824 3.918y 4.32 3.981L7 2.409 2.1609.8163 1.9612 4.3774 6.195 4.893 2.1972 1.840:
Table 4. Information of HOQ1
Table 5. Information of HOQ2
0w C os) ® 2T O (@) =e] =1 93 o =2 |w) v
25| F |8 5|83 2| § |39 d5|dE 8|5 18|
Components o > w g s g2 s g 23 B3 3 5 2 & 3 ) <
Zzm a ) = ° 0, 8 oy o P 22| 5, X A o ° °
) pro =) o o 3 S S S=4 o3 & o = - =
Q @D @, N =} s, = 0 Q > = (%)
= IS = ) 5 8 3 o o g = 2. 3
Q@ 2 o <} i =4 ® ® 3 3= ] 2 o N D
= o S g 5 a o % D 53 2 ‘g a Y @
= =1 =. - =.
Product 8| 3 & s | @ 3 g 25 | S0 ol € 5 2 2
i ] &4 i c T |52 |7 @ 5} =
Functions g g % @ 2. 5 ® ‘g g = =3 S 3 g. 2
i = 3 <] < « 3 = )
i g | %
= e
Diet control 0.0143 m} O m} A A o O o
Dose interval
) 0.1151
remind A © A = © ©
Exercise condition
recorder 0.0623 o o A A o o m} O o o yaN
Quality of sleep
0.0189
check ° °© A A o O °
Regularly physical
examination 0.0165 A A A © A ©
OPD reservation 0.1041 o o O o
GPS for medical
facilities 00334\ o o o o o o A
IC card 0.0441 A O A o o A o o
Align to hospital 0.1826 A O A A o A o A O
Emergency support
system 0.08821 o © A A ° o ° A o o a] o o A
Privacy
authorization 0.1791 A A A A o o o
function
Disassemble small
detection device 0.0177 ) © °© o ° o a) o o o
Telemedicine
service 0.1236 o A A o o o ] o [}
Importance 3.6772 | 3.7456| 1.2792 25067 22374 6.3916 0.91829148.| 0.3876| 1.0906 1.4180 3.3240 0.4237 1.8766 44.42 0.7064
Table 6. Information of HOQ3
o W) = < 0T
Costt o] 2 2 y | 223
- S & g @ 3@
o] S 0 = Q Q
5 o =X o)
g 9 2 0 3
i 3 z
Micro-Electro-Mechanical Systems 09375 o o o
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Wireless sensor network 0.624 O O o m]
USB 3.0 0.625 O o
Bluetooth 4.0 0.6875 O o

Global positioning system 0.6875 o
Professional medical support system 076 o O o ]
Cloud computing 0.5625 O O O
Central processing unit 0.625 o

Open Services Gateway Initiative 0.62b 0O O ] O
Infrared thermal imaging temperature measpre  0.5625 O ] m]
Picture archiving and communication system 0.625 o o m] ]
Quick Response Code 0.6875 o ] m]
Wireless charging technology 0.5 o ]

Iris recognition system 0.5621 o O

Design of size and weight 0.5 A A o

Design of material and style 0.5626 o A

Importance 14.0625| 44| 42.6875 33 13.3125

Step 5: Eliminate the contradiction of components
In this stage we emphasize the component itemsafPonly. The contradictions in the correlation
matrix of HOQ2 are shown in Figure 3 and describethble 7.

225 C w ® LD (@] (@) oOps 22 O =3 O W)
P 5|1 G| 2| 283|129 |9E=EZ|2|2|3|§8|8
B = o [os} @ T BE& = = ® Fo |BE S o = 28 |28
P |l o | w| B | 2FEB | S| 3| 2Ra [P | x| 2| 3|9 |¢€

B m 0 : o) ) o 21 v o o o) 4] 8
— 17, o — he) = o - o B = o [} Q o o
@ by =g o g 3 =4 5 Es a o o = = =
Q @ N a. 2 3 o <. =) z S = = w. 3
5] > o 5| = | € ] ] 3 5| 9 o o | N o
z | 8 2| 3 ElIR w B | €| g|<S]| > g T
2| 5 glsa|le || 9Bz 8|218|¢|3 |8
= @ o «Q 2 ©3 (@) — g o =
@ ) ® p @ 9] Q o 9] @ s =
513 S| o S| =12 5| 818 3 | 3
2| 3 5| ¢ =ls|g|2|°|35]|%|&|3
o |~ 3 | s | e E <) =z | &
3 =) 2 < o
= = 1% Q ©

- 5] = <
= o
g =
Figure 3. Correlation matrix of HOQ2
Negative Correlation Description
. . ) . If we want to improve CPU speed, it will increake heed of
Central processing unit Wireless charging technolog electricity
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Professional medical
sugport syster

If the support system operates multi-processingilitdecrease CPU

Central processing unit
speec

Wireless charging
technology

If we need larger capacity to contain more eleitjrithen the need will

Design of size and weight result in heavier weight an larger volume of theicke.

Professional medical
support system

If the support system operates multi-processingiliincrease the

Wireless charging technology need of electricity.

Table 7. Description of the negative correlation
According to the TRIZ process of generating ideasfransfer these components into the appropriate
parameters and separate them into “improving paexthand “worsening parameter” in order to check
the 3%39 Contradiction Table and find the suitable Inkem®rinciples. Table 8 collates the information,
including the four contradictions, the transferredgineering parameters, and the final result of the
inventive principles of TRIZ.
Table 8. Collation of the contradictions

Improving Parameters
No. p ¢}

Worsening Parameters

Engineering Parameters

Inventive Principles

1 Central processing unit 39. Productivity 35. Pat@mehange 10. Prior action
Wireless charging technology 19. Use energy by ngwbject 38. Enrich 19. Periodic action

2 Professional medical support system Bévice complexity 12. Remove tension 26. Copy
Central processing unit 39. Productivity 17. Anottienension

3 Wireless charging technology 21. Power 8. Countigite 38. Enrich
Design of size and weight 01. Weight of moving abje 36. Phase transition 31. Hole

4 Professional medical support system 36. Device texitp 27. Cheap disposable 2. Take out
Wireless charging technology 19. Use energy by ngwbject 28. Mechanics substitution 29. Fluid

In the conceptual design stage we needhtimvative idea to help designers find the creativats
and think about the possibility of development. §hwe choose the appropriate principles and conside
these principles in order to offer future developtrdirections.

I.  Central processing unit VS wireless charging tetdmo
e 10. Prior action: Solar power energy
Using solar energy to store more power is the @adion to prevent it from being exhausted.
Il. Professional medical support system VS centralgasiag unit
» 12. Remove Tension: Multi-core CPU
In order to use the device effectively, we use #imare CPU to deal with the multiple tasks.
lll.  Wireless charging technology VS design of sizewaitjht
* 31. Hole: Porous media
Use porous media to reduce the weight of the étitgtcharging device.
V. Professional medical support system VS wirelessgitng technology
e 27. Cheap Disposable: Disposable battery
» 2. Take out: Disassemble battery

We can afterwards design a disassemble battergrayst that users will be able to charge several
batteries independently or consider disposabletestto maintain sufficient power of electricity.
Step 6: Point out the main developments

According to the importance of the three-stage HCG(pd the TRIZ, we recognize the main
developments and several creative ideas that iredacéuture design direction. This information pdes
some major characteristics of the future deviceasd shows the future needs of the healthcaresindu

I. Top three important product functiongi) Compatibility of medical systentii) Emergency
helping function, andiii) Privacy authorization function.

II. Top three essential component§. Central processing unifii) Professional medical support
system, andiii) Wireless sensor network.

lll. Top three major costé) Test cost(ii) Design cost, anlii) Material cost.

To help readers catch the sense of the devicerd-igghows a draft of the future mobile healthcare
device. In the front side, users have to verifyrtientification through iris recognition, and théhey can
start to use this device. In the back side, a blgldose meter, blood pressure meter, and exercise
condition detection are able to be dismantled afingrto the users’ requirements. The functions of
heartbeat detection and infrared thermal temperatueasure detect the users’ body condition. If the



Proceedings of the International Symposium on the Analytic Hierarchy Process 2013

situation is abnormal, then the device gives acedth its users. Moreover, if it is a serious ctindj then
the device provides a button for notifying a haspéind his/her emergency contact person.

Back side Front side

@ >
[Blood glucoseameter I:LT

Heartbeat

Infrared thermal \J;Z)

imaaina temperatur J

detection

Screen

———
[Blood pressure j

[Emergency butto&@ﬁ . — O [:‘6::_1_“’5 recognition
Exercise condition

A detectiot

Figure 4. Draft of the mobile healthcare device

5. Conclusions

This research presents an effective model for n@ayzt design by integrating a three-stage QFD, ,ANP
and TRIZ to reduce the time of development, ensustomers’ requirements in the specifications, and
guarantee cost savings. The proposed process $ajniteg a future mobile healthcare device points ou
some important features and also considers thesnekedustomers. This is a future direction for the
healthcare industry. The analysis shows that thgortant functions are its compatibility with medica
systems, an emergency helping function, and a gyivauthorization function; the essential technical
specifications are central processing unit, pradesd medical support system, and wireless sensor
network; test cost, design cost, and material shetld be emphasized more in the cost consideration
There are also some creative ideas that can bectidn for future development in the healthcadusiry.
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