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Abstract

This thesis, focusing on user's Kansei, aims to support engineering activities of Kansei
design which is maintaining design traceability from upstream to downstream by capturing
the product as a system, in order to provide the Kansei value that users demand for consumer
electronics products, such as camera and keyboard. The targeted consumer electronics such as
smartphones, cameras, and personal computers, need to respond to changes of various users
need. Particularly in the case of mobile devices, portability, reduction in size and weight are
also required in the short development cycle of as short as about one year.

In the development and design of products carried out under such circumstances, design
tend to be progressed with priority to given functions and performance in the domain of
design for each specialized field such as mechanical, electricity, software, etc., without clear
definition of the needs related to the user's expected Kansei. Since it is not realized to deliver
design information including needs related to Kansei through the design process securely, it is
not possible to assure that the needs related to Kansei are satisfied at the final stage of design.

In this thesis, firstly, in order to define the needs related to Kansei expected by user
clearly, the method is proposed, that is to grasp the changing needs depending on the
situations of using the product and to derive the requirement by using the evaluation grid
method assuming the use cases. Next, in order to deliver design information including needs
related to Kansei securely without losing throughout the design processes, the method is
proposed, that is to manage design information related to Kansei, among requirement
definition, functional and structural design process based on MDM (Multiple Domain Matrix).
In addition, by using the system model, the procedure of system design with focus on user's
Kansei is explained, clarifying the interaction between the user and the target system. As a
specific target, author considers the digital single-lens camera and the keyboard for the
personal computer, whose interaction with the user is close, and examines the effectiveness of
the proposed countermeasure method.

This thesis consists of 6 chapters. Chapter 1 describes background of this study and the
current consumer electronics design process, and summarize the importance and difficulty of

design focused on user's Kansei. Then, the four problems of Kansei design that author deal
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with in this research are listed and describe the purpose and composition of this thesis based
on them. Chapter 2 proposes the approach of requirement analysis and target setting
considering use cases, and then describes the case applied to camera shutter sound quality
design. Chapter 3 proposes method to deliver design information including needs related to
Kansei securely without losing through the design process across demand definition,
functional design and structural design by using MDM. Chapter 4 describes the Kansei design
utilizing the system model described in SysML which enhances easy communication among
engineers with different expertise. In addition, the effectiveness by utilizing the system model
for the shutter sound quality design of digital single-lens camera is discussed in Chapters 2 to
3 and also the kansei design for keystroke operation of keyboard is examined. In Chapter 5, in
order to provide products that have Kansei value to many users and have stable sensory
evaluation, a frame work available to select a combination of few design parameters those
grasp the diversity of user preferences for Kansei value and get stable evaluate variations in
sensory evaluation test is proposed. Finally, Chapter 6 summarizes the conclusions obtained
in this research and describes the future prospects and expectations of applying the method to

kansei design proposed in this thesis.
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R 572002, EFE LS, SDIEIC X 2 EReakh 2 Hvy, B eedkh O KT — Z 1k
LataTicix, 77 2200 E, WFor, ERUFESITEZHWTWDS. 77 2 Z 5L
%, BLLMEOLONEI VA STZEMDNL, AVICHTEHEZF O L OZ2HED, IR
T HHETHY, 2a—FOBHRERE LSBT D7ZOICHW TS, FFoHr & ix

ZEBMITOOEL ST, BEROEBICEDLERFE2ELFETHY, HRE2FHTE D
MNLDORTCE DL DIZDIZHNTWD . BERDITIE, 258K (HWEH) 2T 5
BRic, BT 2EBOHERK GIHEH) OFEEZBEKOE CHEMEb L, W& ORFKEE R
L, TNz nll LTTPRRXEZ S 5 HFETH L. AETIE, BREL T &ML EORE
FHIC LT, EO XD RBERDELGT 200K EERL, RETNNTA—FOYHE
EERIMM OGRS, BELEORAEIMZ THIL TV,

13 avya—~x L7 hu=7 ZAORBRMERFHOEIR L BE

ZOEITIE, AR THGREETEarva—~vT LY hua =7 ZOEBIC OV TR,
JRPERR G OBUIR &, EHEICB D 2BREHERICOWTEAT 5. L1iE, REH-DFE
BB, MEERG OMERE, MBI, MBS AZ LD, xRl
Hrz~y 7 LEbDTHD[31][32]. HlxiE, £ FTORGBEL, BN KRE S, M
ERFESH, REIOMBRLTHY, MK, FTHES, R 077 2 M2y



TS, ZOMBIZH D EOREEEDN, AR THR LT oaryva—~vT Ly fn=)
ATHD.
OB, FIAIEAS—F Ty, AT, N=YFLarbta—FREDLIIT
SRk — YRR T2-ENH D, FICEANAS VEROLE T, HitE, VRl
PROOND b, —ERELEVRGOFEY A 7 10RhT, 2—F=—XDE~D
MihEE LS. 29 LIZRDO R TIToiL 5 - OBFE - 3G T, 2—¥F2KkD 5
BAEICED D =— A28k E L THIEIZER LR WVWEE, A, =X, Y7 MR EHM
DT EDREDRINT, HRBIOMRELEL L TRIZEDTLE) 2082V, &
WBHEHIB TR R D e B E A BB L72REH 21T 5 720iciE, RETAmEO&E VB
WIS D, Zhk7ea — R RO DFEMEICEH DA =— X2 Rk & L CHMICERL, ¥
AT LAOHRER L OBBREEZZE LT, YAT ALKRERM LIZ#ZHZ1T) 2 L NSE
IR TH D .

Mass production
Short development (Unspecified customer)

Semiconductor == B
—
(memory) <~ 9
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Aircraft ’l' :

i\.ercr*-pace instrument _f:;,{

‘\Iu‘tiegr
power plant ™.

Small production Long development
(Specified customer)

Fig. 1.1 Classification of product form



12 1%, arvya—~vT b7 hu=J Z20ORGF Tkt RL, TatXADRNTEHERS
NHEFERZRL TS, XD B [Design Process| (23 @0, BELEREHE, R
TEFE, WRERRFH, BRI LW I 3 207 rRRICKBIEND. BEREFZDO 7 vt 2 TlE,
FTRETREOBIEDO T MMEZEDRITILR SRV, ZO7DIs, BEHAES, Al
ST B REMAS e S D, RREFBEOHFMMENED B, HRERE T ' A T,
EDTZH M- T, WEEES, FBEEZANT, REFAEORENIND.

ERRE T AT, HERG CER LR BT L O MERGH AR EhD.

MEARRREE, MERERRGE, FOE - AREEREH, FRMIRRGH L, BGENEDICON T, REHE®RO
FEREE I BN, BREFAMEIEID R o T KO HE D [Evaluation] (21, #&&t~
2 RADRNT, MEPREMOFMMAITONLZLERLTWD. RFHIEEL, JRERH
BHORME, Bz ROk E, BEOLOORER Y, MENRIMELDIER S, FH
RKVIialb—varpliliy, BICYEBELHOERE SFHERThh D, Ko TE
[Kansei design information] (21X, EMEMEZBE L TR ORI, &7 vt AnE
TPHICEBINIHEGHEREZ R LTS, M ORFITREHEROHEE, F70%, MR
FHCBE D 2RGEHE# OB & LT, BERICHLIRFMEFREZ RL TWV5.

L
Lol
Design Requirement Definition Functional Design Structural Design
process - - - - - - - -
boncept demgﬁRequuement analysis,| Functional design >|Lay0ub’81mctural d651gr1>| Detail design >
1
| Measurement and Evaluation >
Principle : X
prototype b\lold prototype |Pre production
7. H 1
Evaluation @ble Gble @ble
test test test
Unif, test / Unif, test Unif, test
[terations...
Kansei Subjective information Subjective & Objective information g2 Objective information w
. dem@. Productvalue, Requirement Phy§1ca.l m(.iex Physical properties User evaluation|
information| Customer needs Subjective index
Comfortable, Silent, Sound pressure level, Sound pressure level, Clear sound,
Luxury ==+ Low sound - -+ Sharpness, Loudness, Frequency characteristics, Reality
Silent- -+ Sound field -+ sound---

Fig. 1.2 Product design process and design information



FORER T L EATHE, BESCA— I —O=—X), EBMNLSETEON, PIHEICE
FEINRNT ERZ. HBEE - SR 7o AT, BICEBMRWHEEE L2 VT
RAHESH, EHRYIab—a rRETHMAITOILDLD, 2NTE THEPTHD
Tl WO RO, MHETHETE T, RtBFOREIIKFET 2HBEVEEN D,
mn DM E & BRI HERE T D B TIE, B, ADAZORMETHIR T 5 & o, E
BRI ZRFHm S e S D

ZOXDIT, BEVEREI OB TIE, EROEERPBERARE E, RRDIHFT 1w AMT
BMEIZBE D 2 = — A2 2 GRS E8l L BBA X SN TIIRS » TIREI LS.
ZORY, @EHERE, BRET R AZWMUTAD 2 LRI & ETHEHEROEENK
HThsd., COBRHNTA—FEEETZEBTMS E DL ITENT 200 FRHT,
HERFOBEO Y I 2 L— 3 7 BRI O PRI ERFEMN &, FBLEHE & O xHR 3
RHTHD. WP TEDHR > THOLORFIEEIL, b ax bbhnd 2 ERNENk

, WEERGTOMMIBRM T, BMEICEADbEREMRICERL, EREGZLER, WH,
MIEICEADLLREHE WM E ZORMELER LR, PH - 2 hr— L TE 5 KD ek
AR FENEEN TN S.

1.4 AW BERT 5 AT

ARWFFENBIFR T D FeATHIIE L, RESRD I DICHT bND.
Bih PRz aHIC B9 2 5
AR EHE R O BRI B9 2 BT

VAT LAET N E WG T A8

L.4.1 85 D RBRMEREHZBE 4 D450

i PERREHZBI L C, RZHOHIRRL®RANORT HHE, MR Eiox L, e
WFFENR RSN TS, FIZITHEBEOHIEICE L TIE, BEEMEEII LT, AMORRE R
P % Sk U 7= Zwicker D E A b U 27 Z(Sound metrics) [33][34] 72 & OWERFEEE &2 F V>, Ji&
PEEERE LN E AThIL TV 5[35][36]. B TRERBOA TR, ABE KL
DMEVIHBEMND, TV UFEREIIKLTH FEEMHECUE DB AL DN AT
RPONDEIITIRo TS, FUELIE, BEAE O X 2 55 U TR & 8 B2 o i 2>



BTERM 2T O PIEZBBE L CWDH[37]. BRI, RIA4 =0, =2 mEEic
DNWT, HEx QBT — TiEL TWS EER, ZhENDY — U TR TZRF D%
HIZOWTREM LTV A[38]. AFEDIX, RT7TOBMAFICH LT, HFOMRE AMFEL
 BAMRAHT CRHE T 2 B0 M A A2 AT > TV 5 [39]. BEIELSMNCY, RENSHRAET HHE
X, ERULER DR OESTH BH[40][41]. FHDL, WALIE, BATOV X v & —iF
RLEAWDOF I L TIRERF) v arv 7 MoESK FEEEOMELITo TV D
[42][43][44]. KED, EELIL, BBREEESLALS v &, HAERSICHLT, RiE
DY DET VA T LI EIT - TV 5H[45][46][47].

BLUA T, T LMD LHIZHOWT Y, ZLOFERR I TWD. B3I, A
B EOREF O DI OREM & E OFMERIC OV THEL TWAHM48]. ARLIE, HENE
DWERY) L Z T =MD — 7 v a AT D2 NOERN R IRE) %8 2 4
REFRIETET ML, RE)E BBINZ2E D DHIEHEOBRZ 58T LTV 5H[49]. FHED
&, REABENAT TV U THRA—VORY LHIZE 2 5 BIZONTHAEL TV A[50].
BROIL ST, BROZ Y v 7 SEBRICONT, B0 DM L, RO IR R T
FM L ORI OV THHA L TV BH[S51].

T, BRSO, BEREOEBDOEREERAST DI LICkoT, B—0EEH
WL R DEBERCERE BRT 57 0 AE— X ARICONTH L HIER R ST
5. HEHBIE, EETFA COENCEY, BEHEMEEO EZBHRREINEDL I
AT B 0% -l L TV B [52][53]. AXDITHBIHART 4 OGN RTHE Y FOMRICL
D XD e KAFT e L TV 5 [54]. MESIE, RahoRET 7 AF vicx L, #
6 < UK OFEIG R, ERRICo 7z & & OfURIZ 5 2 2 BT OV TIHAE T H[55][56]
RE, BRABRMIENRSNTND

INHDOWIRTIE, LT 2EMEMELER(LT 57201, SDIERE, FElzE CRE
AR D FIEN VLA TV D BRedHEICH W 55 liEE L, & ThoIERE IXE S,
filtf & ChHNIE, HNELI LI LIl s, MLV b0nh, Lt L E0mik
R EHBELANVOLOETEHED TREL, TX DTRG0 2R 2 fRNICRIL L
D0, Al LZWEANFHI TEL LR T RSN TS, FiliFEE AV 72 B E O
ERALICH LTE, BNELICE > C, FHliFEORA T ARNERDBMEDOSHEIEL, F—
OFHFE TR L 72 5@ DN T Y X2 BE T 28 S e S TV 5 [57][58][591[60][61].



—MAIC, BLEL O B REREMIC AV 2 AR M AR, KPR L35 R ISR B SR RE A B

W DRl 22 EMDEBRENPBREL, " ERESNDEZDOEEIMNREIT DI AL
AEAf L 72D S o R 2 ERICRBLTE, hob 0 LT WEHERERE AR E ShTuhih
X, R CRMEREZHWT, BRGS0l s Lz, mEsE L Emn %
L CRMRELZ MR LI TH72DICHEN TN E WIS FERH D, L LR s, &
FEXI G &3 D B A O R L — Y DM IR T D 7, B S 2 BRESIR ISR
U TR T 2M/RCERIIEDS . FIARIIC K 2/ OHELEROE(L A ZE T
LGEICIE, UGS Th o Th, BEE S AV FHMGE TIER I L E AV WAl REMEDS &
%. Kjeldsen X, HEHEO RT3 E 2 F 1T 2 EBR L, TOIMRBRCHESIN:
FERFANZOWVWTLNEZEZELNZRWNE WD SDIEDORAZIER L TV 5[62].

PRS2 T o0 Y3, B O S8 TELROME ARG 2 WIS T 2 FlE L LT, G.AKelly
XDV = FU— - 7V v FiE63]°, sl 7Y v RIER EDFERHAFEINATVD
[64][651[66][67]. REA H X, H FITHi-» THEMT 2REITH L, FI2h TR &3
ERD T2, FHEZ Y v FiEZHWT, BRT2TROZERZ I L72[68]. BIA b1

R—% 7/ MDIZxt LT, BRNRIFT 286053 HEREL 5 & M 720ic, FE7 Y v
FiEZ DTV S[69]. b DOBIZETIE, AR ORZEE O S H THBRIZHERE S
HHZELEEZHMELTBY, NJx2—a NNIBATREBEEZS O LAY N2 HET AL
TRLTWD. LLaens, FHiilE, SHE=E2EHCEFETRIEMCTEE R E2 KL
BRBBATPATEY, FHhT 2R, ED X5 RFMHRE LKW EZBE L TWDHNE S
X, BEICERALNTWD Z LR, ®EORMRN L =— XORFEEZEE L, FIAK
OB U2 BERICEE T D EIZ DN TO HERES, fEMZ >V TCoOMmFHIE R
7R E TR,

1.4.2 REHEHROEHEICE T D M5

FURICE DWW TREI 2@ U D, REAIICHEGERGT LR RPN EREZME T 526D T

D EHRIET D720, BREERE - GRG0 L —Y VT o RnEensd Lo
ICREHERZEHT 2L PMLETH L. HEHFWMOBERH LT, REFT v 228U THR
RHEHR &, REHERMEOBBIEZRDTIISEST L THD. REHEFRZEH T 72D
2, TNETERAZRGEPHESNLTHD



1978 4FEIZKBF L, AR B ZIKIZ X 0 BRI Rk &7 QFD(Quality Function Deployment)
X, bE<HmoNTEY, BAERFORNTEZ LI TWAH[70][71]. QFD IF@EIC
WREDFOLNIRAMELZREL, TOXHOBENEHUETRECEHI LI LE2HME
LTW5. QFD Z W THEEERNS, a7 bR T 57200y — L b L
TOHFES % <ATHLHL TV D[72][73]. FédiE, BEOREOF MR Z 592 QFD O
VIEREZMWT, 2R LIERGE 2 LT 5([74].

1980 FEARITIE, Suh (2 XV, ZoREEREA AR A, TN ML TH D L H 1L L),
Rz R/ NI IR (ERAHE) BERREPELND LD B ZITHES S ABRNBE
FENREINTWD[T5]. MHEOIX, AT A —FREFHIAHEREGZEHAL, A7 A
IR L AR OKRE LR EL LTZ[76]. &4 bIX, AMKRIFEZHNT, Y7
VTR Y 2 FOBRBOEMERBERE L T NVICERTETAERRELTND
[77].

Radical Innovation Design methodology (RID)72 &, #HEE O SN LRMEZ Ry hT— 7 [X
TRTHESLHDH0[78], A, DSM (Domain Structure Matrix)X°> DMM(Domain Mapping
Matrix), MDM(Multiple Domain Matrix)% H 7= #F3E3 % < 173 T 5[79][80]. DSM &
X, VAT LOBEREOHMARBEEAES~ M) 7 AL LTRTFHIETHY, DMM I, DSM
THEINCETMEISNTZRRD RAAL COEFEMOBRE, BB~ MY 7 ATRTHIET
&H5H. MDM L, #7252 2L LD KA A 12k 5 DSM, DMM ZfilAadbtd, HE~ b
Y27 2L LCHBICERT D HETHD. Y Z L RAAL O DSM 12 MDM O % b

IhHY, AT ey ZITIEDMM B3 5.

ZOFEEMLREI T n e AREHIEAH T 561 B 2 TV 5H[81][82]. Holley B, 4
OBREE T —F 7 7 F ¥ L OBfR%E DMM Tk L, ~ AT N A A VREHIR T 5 ik
A TRLTWAR3]. Mbiiarya—~T Ly ha=27 ZDOHKEN - BEEFRFH IO LT,
BB DR T Y = 7 N RE AT D5 MDM ZIEH LlcvwRx T A v N HEE
BIR L CTW5H[84]. RIRHIE, MDM # W CEE 7 2 LREHEROBBRE TR T 55
AR L TV 5H[85]. BGOSR E I B 2 ZOR A HEAE - W ERRFHT KB 5 7291
X, B =— X E 2 lekittEmEe, RV e A2 B U TR 2 L&
ETHERDHD. LNLRNDL, FEHELORHME TR, FBREEENXN SN TIZE
o TEEINDEMEICEHD 2REHMEREZEHT 572D, DMM /MDM % JE& M i% #1123
MT 2WFRITRE 726720,
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143 VAT AETNVEIERAT HEREICET 558

DT3B BEHEIKE A E O REARBICENT, B2 =— X% ERkE LT
BIREICER L, RENIKMIED Z LA G TIERW. BHEERE VAT LA OMARER &
DRERMEZ, BROEMI T L2 EVWTHRAETILERDH LD, =V =THTO, &K
PEER 2 B R EHE RO LB BN AR R TH 5. BAFRICER L T, MiExst, 2akE
HERE G ENEMEICE RGO 2L, REFTBBREOZ WY OBEEENS,
VAT LDREREMIMLUTCERE T ZENROLNTND., RO 2 —ICELNDHEFR
WO ML —RE 7 2R 5720I1C0F, YATLAT =77 F v 2MHEL, VAT L2
T DEFE, TNODHEBEROA L F T = —ANRERINTVDILENRD L.

VAT AT —FT 7 F ¥ OREEICIE, WS, RO EW, NI ANy 7RO 4
DODMETY AT L& G TE %S SysML(Systems Modeling Language) 73 8] T & % [86].
SysML (%, 2001 4%, International Council on Systems Engineering (INCOSE) & OMG(Object
Management Group)(Z & ¥ UML(Unified Modeling Language)% 3 % 5 A T22[a I h 2 # <
A RXFTH_RBAEBIED, 2006 4, OMG IZ L W ALERDSRE ST,

AR, BULERGH T 0w XA OBFETIE, RO, BEEEREE, MRGE & 2 AR O 7201
SysML THRFL LTV AT AETANRLIEH LTV H[87][88]. &b iX, #Et - B
DERVAT LEMNGEL, SyML O A+ =L « V7 MM I 2 b —v a3 »~DIG Al
REMEZ Fiat LT 5 [89]. PEAS, Balmelli 51X, SysML % 7= 7 /VBRENAL o 2 7 A BR %
DFEEREL, ZHAPLEGTEDIETAZHCa VALY M TV U R RESE
HLRET-TVD[90][91]. TLH, HEEDIE, B, BRI, V7 M EnEsgicilb
LA W2 LT, R0 Bk & B 2 BIR A W CTHA T 5720, SysML & Hv 7z
ZORE TV ORBLAZBRFH L TV A[92][93]. & 6, i B B o K82 LBl OV T,
SysML Z T, BEaEFZ1T-o T\ 5[94]. B IE, SO BEC R ICB4 2 HEHE -
HEDOREER R 2T KT NVEILA L, SHEG A MCORT HRE T L—La U —7
EZHER LTV 5[95][96].

INHOMIETIE, RETGE AT AL LT A, ZREZWMT LD etne s, e
LUVAT LB T DER, TNOHEBEMOA 27 2 —AZHMIZERL TS, B

Z7p o To BRI OBRIEEL, VAT ANRFEONEHEE, MRRE L BIZ, VAT AET
NEER L TEEOEM S 2 - CERERTRAET 22 LT, Rt LTy AT o4
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EEHML7ZEROT OV EDLERL ML — RA7OREEFRICL TS, LM LR,
EHORARTGEH T, = — PO AN D, BIEERE, RO EE 28
R IRD BN EWREICEBRMN T 270D AT AT AORBRITELE 2RI TR,
Fio, BEEREEIBEREOMN ORI, 22— EEICEREZBWZ AT AET L
HIEA LT, BUREHZED D Z LIZOVWTEELERMA R I TR,

B 1.3 1%, ARG ARFRICBIRT D 3 SO &ITHE L, ZRER, HRERGB X
OMEERFT 7 m 2 2 LRAT TORLTWS. 141 H TR 7R FHI BT 2 F%81%
WAt LI OERSGMER T B XICEZBEKRLTND. ZNbiTEHIg, #HliFEE T I
fif L 72 F I S SRR &, FHMEE 2 T O Wl L 22 VR IC LS S BFZEIC KRB S 5. 1.4.2
HTHRATZREFHEROERICHE T 2L, T_XTORGF T ACBEERH L Z L a2x
LTV, 143 HTHRANIZT AT AETNMIET HMRIL, VAT LETARERE T 1

EATHRBEINDZLEZRLTND.

(DKansei quality evaluation
Using prepared evaluation word
[351[36] [37] [38] [39] [40] [41] [42] [43] [44]
[45] [46] [47] [48] [49] [50] [51] [52] [53] [54]
[551[56] [57] [38][59] [60] [61] [62]
Using individual user 's evaluation word
[63] [64] [65] [66] [67] [68] [69]

Requirement (B Using system model
definition > [86] [87] [88] [89] [90] [91]
process [92] [93] [94] [95] [96]

Functional
design process

(@Design information Management
(701 [71] [72] [73] [74] [75] [76] [77]
[78] [79] [80] [81] [82] [83] [84] [85] Structural

design process

Fig. 1.3 Previous researches related to this thesis
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1.5 ARFZE THLY A Te MR B D FRRE

ZOETIE, 13 TR a v a—~ LY =7 ZAOKEIERF OBLR & RBE A B
2, 1A CIRBRRZEATHZEE TIXTE RN I N TV oz, Kin L TH D 4 DDif
EIZ DWW T 5.

151 1 2—XF7X—RZH U TEDL 2 —FDOER~D X

=P o= REH LS E 2R T 2720101, =2 —FRRD 2D 5 =
—RXEERE LU THMIZERL T, RN TE 5 X ICRFRIELZED DML ENH 5.
LU s, ML RTHE0MO LI XS 708, Bk E oML, OB, &
B2 BREEZTRMEICKAT S, 20), JEAFIHINLIBRESCKL (2—2 07—
Z) IS U THRBRITH T D2 HRPEEITILE DS, 2, #ErbRT2HIT L TX
ZOBERIZ D 72 OICEEE N RO OND Z L bbb, §ERGIT THMT 2RI
%, BESEHICWD ADRRUICRORVWERROONDZEbHD. £, TATRA<
—FT7F R EDEASNANRGEO TV TEOBERI G L TE, 2 — VN EE TR &
LTS EEIZE, RICBOFEEES, BONREEBHFELNWEE LTS, FEEE
WELHWTHHT 25Em T, Z22REDIHIHLTNTSH, EVIZSWAEREST
WTRZLTHELWNEWI LI, BENEDL->TL LI &35, KM THEMNT S
O RBHE T, GABMIE LIS WD &R, RERE> TWTH N eohinZ &k,
ORI OWEERNHEI A LD, 20X, 2—AFr—R s LTI TH=—
REIR L, ERAGONCHE AL ED, BESE O ATREIC T 2 2 & 13 T #
LWRETH D.
1.2 i TR ~T2i@ Y, BN E OFA T FMFE 2 VT 5~ BB CREBZ DT SE5H
RERF FEN LB TWD A, BHEIE, FHMEEEIEREL TOREL, BEINLTWH
5. 2= AT — R KM ELDE N EBET H5E10F, AU RTH->TH,
[ E S AL 7RI EE TIE 06 TERWAREME N & 5. ERIZEE DWW TGz i
W, EERNCEREI LI RENEREZMET 2D TH L Z LA RAET H72DITiE, = —2A
WG U T LT 2 =— X2 L, BERESCHMA TE 2 HEREERTND.
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1.5.2 E 2 BEICEHDLIRFEHOBTH

13 EiCik~7o@ v, WAEREHE, RE SO TERESR, WEERGT, MEREO 3 >0
Trt ATITbND. BEZERE LR ZTO%6, BERERO T ATIE, T
Rl T == XM HERZEXEL, REFAEOHTMMEZEDRITNIE R0, F0
fil & 72 &N DML 5 ER 2R L CRIEO T MMEZ E D 5 72 0121%, BEIZIET I A
DGR 82 EEN T, BRI 2T o, BAED H MR ED D T L BnE 0.
BERERR G 7 v B 2 ClX, BRI CED MM - T, BRI T 2 MR 2 1
WT, BEORENRIND. BETIE, BEREAFEZMELZYIEETCHLEEA MY
7 A, JAREBEESSEER ERETOND. URTIE, BISLEREOI S IS L filukic
LT, KORXPREHMSREND D, MERF 7 m 2T, BRI CERLZAREL
7= 3 & O MERE R RSN D.

L Lans, BEREZRTED N BEO T, MR CRESNZAELE, &
FES NG & OB OKFEBRITBER T, RET2ED HFICHOMICkbLTLE) 2 8
W, ZORDAERE LT, BREHEE - MERFHO L —F BT T o el
0, BRPHEER L ORERGHIKM SN TWAEE ) DR APMIC/>TLE H. B
WCHSWTREIZ WYY, REIICHIEHRGE LR NERZMET 2D THD Z
LERFET D 72DI20E, BRI LEEHERE, R A 2@ L TR &5l
SET 2D, BHTLHERROLNALTNDS.

1.53 BRE3 BMESREMEBEREZ WIS 5 RET

avva—~vIL 7 han=7 AT, MEOBEBICELT, BECEDS=—X1X, =
RELTHMEICERSND Z DK, BENEA IRV E SHEECMEREE s TR
PDEATLE D ZENRZWV. BIEICED L ERITERAN LIS, BiEz, HRESHE
M7e %Gt E BRI A Z EBEHE L., 20720, BHER S, B BERE S /i
DHERECVERE & OBIRIIAHIE TH D Z &N E L, BMEEREZZE LI et A E N, "
DUHRBIZED L S B 52502 THT L2 LARNETH L. FEAREICERL T
MG RGE, PNRGE, EE-IREIEG R ENEMICKEAE O 2 EBZNIC L bbb T, v
A= MBEBNCERF SN, TRy TN URERET, FEOHEVLHZR S, EEICED
HLEEN DN, FRODPEAELTLE Y. BIEICHD L ERZ, HHHE - IESEHI
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T 572020, 2=V O T 2 & RA B & 2 BRAT, M58 E 7 SREHE
HEAREM CEA L RN LR Z2EDD ZENERICHEHBETHY 2030, BHLVFRELE 2
S TW5%.

FEMEBER & PERE R 2 WS L CRREH T 5 7212, e E B E O m WO BB OB 5
JEMEIZFE D < BR UERMEER) AHIREICER L, VAT AR B DHEEEOMRLE R &
DORREE BB LT, VAT AREREMMLIZERHEZITY ZEARDEND. L Lagh
B, T, AR T ) BT L, EBMNRT — 2 ICES o T,
Fat, FHlZAT 9 R LY O o0 FMEEICE N 2 MEER S LERDH Y, BEOR

R B ADRNT, TNERRT LI EIINETHD.

1.54 B4 BRESBICHTITMOIES-E

NS R T 2RI e — VO DHED R ELZ T 572D, IOV TLE).
ZOW, SR —FICH L, %< O —VEIEME 2K U 5 R AR D 2 L8
HLWEWIHELIDH L. BEOHBIZEIZPOB®RBEEND. —2FIELOE
(Variation) Td 0, - HILZLEEME(Diversification) T 5. BIEIL, [T Y FL, F—KR
FETEBROMGEHM L RBADER, TLOELSN] ThHY, D77 V4 Mk L
MR TFIETERN R INTEEE LTS, FERIZ, (2L, REZOLONRELR
HWHE L, BARHFMRERICR LT, TOFEETIIOHR EORHLIEEZEHT 5
ZLERTET, MENOFETEMEME 2R T SEOERITEIET 2 22270 RE % il
HL, DETIMNERDD |, EHHALTND. ZOmXTY, FUMRICK L, @O
iR E GHEEE) ZHWEERIHmOENE NEs->E) &L, ToB®RICHD, Ll
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Fig. 2.1 Use case selection considering actors of system
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Fig. 2.2 Procedure to connect use case, requirement cluster and evaluation word using by

DSM/DMM
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Fig. 2.3 Kansei quality target using Kansei factor
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— VAT VLN —]RA AT DB v v A —EFTHD. IT— VAT IHNL—RN A
F (LLF, BATEMT) X, RO —RL 77U XTI, v v ¥ — ORI E)
ENRD 720N, 20720, EOHIZRIZHOWTY, ERO—RL 7 AT IZLkETLE, B
BV R SREME R EOENRELTEY, FFOBREOHETEH, vy v X —HITxL
Ta—PFOEREZKMISELMNEMENDHDHZ ENRNTEEHTNS[101].

2301 DATDV Y9 Z—BFEDLI—RAFT—ADEBE

TREHED T B Y AT, B2 — A —ZAZBE L 7Y v FIEIC & 58k
Wr&afT7e 5. T A MX, 2082025 S0 RO B4 10 L &2 pE & L Tirle 7. FFlx
REFTDHNATIE, BREZTELHETMEENICIESHTTZD, A= —REORRD S
D% 5 HEFEENE L7,

A= A= AEEILHT- o TE, 221 HO2— A — R EOGH TR 7280, Ef
HETHLHHEIIX LT, =R — R, 2—RA 7 —AKFOERDE N Z i < EH
TELEOL, MEMEZLZETEELRITNERLRN. IATOY v v X —FH 2k
AR ET LGS, EEOIE, M 24 10RT O, BATERHAT LR ZT A
(77 #—) LT, =—H(User), #i5{L(Subject), WA TMEHRT LV v v X —FNH
Z Z DI D JEL D A & (Surrounding people), & FH DO EE % (Environment) & & 2. 7. & 5

Z—PRAATT|ELEZT LIS, DATBRET LY v 4 —Fk, 774 —Ix LT
BRETDRENEIPD, 2—FOFIIHTLERNEMT 2EHREE 2. 2O LT,
TEBELRTNERORVWEEE [y, T2ZE LR TLWHEE%Z n), FELZWV
Gaxa -1 L, R21 DX BRI —AF— A Z BB LT,
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Fig. 2.4 Use case selection considering actors of camera

Table 2.1 Use case selection based on user’s concern about sound

User Subject Srround people Environment
Use casel y n n Noisy
Use case2 y — y Slightly noisy
Use case3 y y y Silent
Use case4 y y n Slightly silent

=2 —Z 1L, Bax LWEFIClRET 5 & & l, #ERIZH L THEFEO NS
LTHELZRICLARLS TEWES, 22— —2 2%, HEERICHL TUIEPRUTR 5722
WA, JABO NI L TEENRIZR D56, 22— A7 —2A2 31, §rRGHTTHRE T2
L&Y, WERICH L THEBO AN L THEEDIRIZRDIGEE, 2—AFr—Z 413,
HARO R TEWEZRETH72 Y, AFICEZ 2 TH JOAEERICK L TIEENARIC2
DHAETHD. ZOXIRBEHITESE, g, REOBR, RERICHMEICARD
DINNIRND, JAPHOBR T ORRER LY, TR T a2 T 7 A MPRRRLIA—A T —R

(UC)% UCI~UC2 @ 4 FifASEE L, HHfFZ OmRG 2 HEfE L7,
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UC 1 HEE)ETHENL AL TG (FETERES 2 P E R bR 4 08 & 975t
L ENEM. FAHIZIATERMELTEBY, ¥ A0 EHOE ST O THlRE L
TR B

UC2 KRR LDREAOBE (RAZEET 2L AMCILEZHinTnd. — AN Th
TRV HREICEBL, BLATW.)

UC3 HRromlg FENRERPORFZPLVA N7 oRE, S LEREZREL,
KN EELHETLH-0ICHRE TS, L LERIZIEIRRESEO NTBLRED,
R LTS Z ek, 2L TREENT Y Liz< .

UC4 ARORNTIEET 280G (BEOBYSLEEZIRET L2 ENEN. B
IR/ TET RN E S, TELETHENIRETLILERDH D).

PR T A2 BT, BESIE A T 20, b 4FEOMG Z 4K e Y = 7 X —I2 10 57

FTOM U L7z, #BREICIE, RO CEBICE S HREBBELARN O I A T 2 7
VIR L7 T57%L, BRHIZETOBEZEIEL T b o7, RBROKFZK 2.5 125
T, TRTCODRATEMALIZRZIZ, FELIZOWTEFZDTTH BV, FEREZREE
BEMICER T2/ v 2 Ea—% 1 AT2(To 7.

Fig. 2.5 Evaluation tests of camera conducted with projected scenery
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232 WATIHTIHIERI FAXDEH

A 7Yy RIBICK D4 2 B a—# Tk, 222 HIZBR~LHET, EHahi
[Evaluation points|, [Reasons(WHYs)| Concrete measures(HOWSs)| >R % fitdih « Ffiih o
AL, 74—V 7 2@ L THEEND L ERICITMEORL (@) & EL T, 120 H
H226%5 DSM Z{Ep L7z, RO S H, HIZHT 2B ROMBEICHOWTIE, RiLx K
Bl L Sound ZH& L7 IS & L7z

ERCL7Z DSMIZxI L CY T AZ & A L, BRPEHOE R 7 A2 5B S
fi R 2 2.6 (TR, S OREER, BEEOSWERN I F A2 ) 7 Eh, ERONE
TOWTIREZIT O ZENELITRD. BICHT 8 RZ5 ST DI BE LS ED
=R — AP, BATIZHTDHTOOERY FAXPENSINTZ. 7207 T AX
DR E, FICHATHER (K 2.6 1, RTHAATA MNENTZHE) ZMRLE L OHTZN
xe, () NICEICET2ERZLTITRT.

Cluster 1 BENRNITIZEDND (GFRNBODAATOE, iz b dH,
RO H 5 H, RBHRE, A=TVIRE)

Cluster 2 REIZT7 7y a7 vz (e L)

Cluster 3 EXUBRTHFAL BRI (e L)

Cluster 4 AT 2t <A, AR LIWEZ ey (Vy—7

R, AN=ZHNRE, T4 — KNy 7D H D E)

Cluster 5 ENWVITHERD 720, BB IR 720y (DLW, &0 & 58,
FLDOVNE)

Cluster 6 =UZE D, B EERD D (s, FERICEIRTE, Shb
/ARSI FARRED

Cluster 7 O (BB 00HAT0H, EEVWE, hilbnrd i)
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Fig. 2.6 Requirement clusters

SRIDOFERND, AT ~O— KR ER L F~OFER & OBMRRE & I8 o 7223,
7 TAZ2ELEIDEIIC, FICHETLIEREEERWI ZAEZRDDL I ERNbhoTz. &
D2ODYTALZDERNEZRRDLE, WINbT A P REs, HEREIIHT S
FERThole., TNOHDOEREZEHSHLFELLTUL, REHOLESRNUTHL Z &
WROLNTNDHIZ®D, FICHTLERITIHTI o/l WnWH ZeRnEZIOND. £
ST DD TAEPFENTER, OB ATORET ATy THhBIESILD X —
Fybha—¥Eg (Fa, "AT7~Fa7, =h)—) LREETHE, TuTovia)
APOENATF 2T 2= DO2—Ar =R BT L7 T AZRHELNTNRNRE,
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FERTHBREANEZOND. AEIL, BFICHTLEROEVRHLT N E WS TEND
A=A —AEBELEDN, 4RI —Fy ha—HLa—2r—2ALOBFLHAL,
ERBINE, FHidRE T OMEEZ T RTD0E, KORI7 T AZER/LIZDITELR
RORMDD 5.

233 DMM {2 X B2 — R —R L ER L FMFEOBRKRAIT

B 2.71%, DMM ZHWT, 22—RAF7—RLERT TAL, BRI TAK LFRERT
FERE S OB ERTL LEERERLTVS., 2—2r—X LR 5 2% ORI, K
26 IZRTHERY 7 AXOERICEHEH SN UCI ORRLNLD, EOa—Rr—2L£<
BRLTODE0ESOH L, KFEMREZES ZENTE S, R, RISRLEZERY Z
AXDONEE, FICHTIERNEEIN TV IHAEFZOGE LM CEHELREL, &
PR T 252 L ORICHBEDORLEZAT 5. X 2.712777 Use case - Requirement cluster DMM
Mo, =R —RALERI T AL DR EREETS.

Use case - Requirement cluster DMM

N sl ., 4
= > =B B O
zaE |8Ela E8
s 1388 (2882355«
=9 gl | 28/B8 o8
B9 c2g 8gewS3LLE
gl e o s g - §- | <1
s LG © o o T
S2E8 " |53588225
BTRcns B85t scEs
SSI0BS (29288358
pogee |23 E 388§
278 _ |55 2862 e
Eo/85/S58c R8s e85
5832023858 2
@ FR-= el ac|l@ g
CELRSESESERT<SFS
athletic meeting e | e o | o (]
magnificent scenery . magnificent scenery ) [ [ ) [ °
daily life(quiet place) daily life(quiet place) [ ) [ . . ”
i sl i Briral ® Requirement cluster - Evaluation word DMM
| Evaluation word
3 o, 2
Z>c |82 c ®BF °
E=1n S E £ 2 < B
o 8T8 |S58x35% g2
=35/ 965/8 |¥5/85 2808 s 8
SO O E S E£EE55©3 S| = o
2885 c 888833z £ E
BRces BE5EicEg HEMEE
5528 aoE8£ys88 2 %el3g 2z
g8 s L 23552885 £ 5538 |gg 588
333238 7588w g 5s|glels %2 |58 L8 |e
colaT S5 gc8gcl8as s 2258 e 38 _|223¢8 5 z¢8 T2
5833 0225952% = 515 5 8% 53 8slElSE < ES el
020 RB LB oR2F <R g seg 22898 3 5|2 22 % 82
CERSESESRS<BFES 8 ET EESG eS8 s e 82578828
To understand that a photo To understand that a photo
was captured was captured o000 L
ily, To use the camera easily,
casually, and fashionably
The desire for a modern The desire for a modern
design design
makes the user look cool makes the user look cool o000 o
when they operate camera when they operate camera
To capturing of photos as o000
expected comfortably expected comfortably
A soft shutter sound that A soft shutter sound that PY o000
can be used in quiet places can be used in quiet places |
The functionality to capture The functionality to capture P °
good photos good photos

Fig. 2.7 DMM for use case, requirement cluster and evaluation word
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FBENMENTEDONDHZ LT HERIE, T XTOZ—RAF—ATROLNALTND.
ORI RERIE, BREEOSWENREEZD. JBRICT7 7y vy va 7N TnE N
D ERIE, EBATRE, HRKALRBEZERL L, HrRE, IATZF-TBHTS
GEEEICANND X RIGHE CEELRLHEZEXOND. EX U RT A KT 5
ToRIY, 2 =R —RLEEE S Rp o, ZOX I RERIFAEMRE L2 —R
— A LIXEHERERONRND, HDINEZ—A T —ARFTRVWEREZ 2 HND. B A
TR L WD E WD FRIE, IS, B EIEBEFRA R VWEREEZ X 5D,
ASEIO LT ET 5 L ERICEARTLIEOHANR RO, BEROEHFEL LT,
FEMBERTEXDAHEMEZ/RIR LT D, B IR 20w Bk, o ikhE
THENRIE, EHIOERLRAL NI =R =X TRDLILTWDA, RIERBRH
E, Sl T LA HME LI SICHEIIR-> T HEREEZEZXOND. FPRGHTT
X, P ELEEICE AL EICHT 2ERNER S A TSR, Zhbid, Fxifid
CEEMON LGP HAMONERIZT DR Ry — 0 TERENGS RDEREEZD
1% . Requirement cluster - Evaluation word DMM %, X 2.6 (Z/R LK ER T T AKX L, 7
FZAZHNDOEIZET DERES)ZRATE DeHliFEOMRERL TS, DMM Z VW5 2
LT, A=Ay —AZTLOERE, FRAFMETE 2FHNEE L OBBRAHALNCRY, H
RERTAM OB, = — 27— AR Ul Gl 225 Al B 208 E CT&E 5 & D 1T/ o7z,

234 V¥ v ¥ —HFHEBEOHFRAMEORE

RETLHEEZMNT, EHRTIATEHENT 52— A5 —2%EBEL, vvyv&—
HOBEEBHEOHMMEEE D D HNZ OV TR T 5. [X 2.7 127”7 L 72 Use case - Requirement
cluster DMM 715, EHE)S D2 —R 7 —ATlE, BR7 7 AKX 1,2457 RERINLTWND
Z L™ h. E£72, Requirement cluster - Evaluation word DMM % JHWT, Zh 6 550
PR T AXDERNEZRBT HFHIENRECTEDH. ZOXHIC L TRE L FHEGEE
B, WK v v X —F R L COZREMEEICIN X, B0 Y X v ¥ —3F 5 BEREIC K LT
20 4 A XRIT, SD IEIC KX D ERERHE 24T o 7o, BEAMhRS RAZh LIRF- 0 247 > THEEO
HFOERFEEHL, MEROMBE LB L. 2— 2 — X2 HE LR WIEROFE T
bhTWeolx, HEREF, #BKT, EHRTLEVS, —RIZEOHEEXRTHETFTH
ST, ET D HECERE LI lEE 2 0 2 723 AE R ot LR 21475 &, s
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U7 4 — RNy VAR T DINERIZET2RFL, B AT HLWLHE ST
LDRFEVWD K H7%, 2= A —RZESSEREMTE D LWRFAEORZ. 2
NoHOEGRTZEBELE L LTtz Ay, M-S A 225 EOR SR E7 72y hL
To AR ARG R 2 X 2.8 12”7, B 2.8(a)id, BEEHIZHERG DA TW oK T2 Hvy, fitdic
L GEonRiE&kzRITRTFEZHNTND. 2.8(b)i%, MHENCIEREF LN TV &
BR 2, M L<GEONISEREXRTRFZHNTWDS. () (b) & bIZ, TEEK
HBonTWeeRKRF T L7254, BIRB & BIEE CTIEBMER ZDNHE LR o 728,
HERNZ R T (a) PR R (D) Bk e &, RFETH ORI LWRE 27 i & L THWS
CET, LVBMEIC2OD Y v v A —FDENKBTE LRI ITR o7 ZOHIEICKD,

ERFONR DT — A=A T L OFERZRBLTE 240G S, £ Ofhz v
TRFH/EACTERT DI LY, FHEEEOFAEZED DL LN TEDH LI R-T.

1.5 1.5

Comfortable Response
Sound target t und target
A E
g =
Q ]
£ ‘D g
2 e A =
0 :f 0 2
o
+C '*E +C %
3 [
I%omfortable n No&es onse
-1.5 0 1.5 -1.5 & 1.5 o
Soﬁ- Metallic Factor - sharp Soft - Metallic Factor » sharp
(a) Sound target using comfortable factor (b) Sound target using response factor

Fig. 2.8 Sound target map
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ARETE, a2—A7—RUSCTETHEREZHEEL, AFELREL GHET 2 Z &
MNEEE WS BREICH L, 2= 27 =22 ME L7 U v FIEZ#REL, & 512 DMM
k22— —RA LEOR ERHGE & 2 BRI 2 TR RR L. 2 — X7 —XEFD
FOROBWEZRNA R BEHTEL X011, EARAT =V THRLET LV AT LEZHMT 5
BRONE Y AT L& DRARMEEZZR L, WREREDOH D2 — A — A2 BETE D HIELR
Lz, ZOHEENATOY v v X —FOEHERCEHNL, 2—A 7 —XSCEER
AtEaikE L.

BARMICITET, o —2r—2 THEH2E2HRD ), NERRLOREEZRD ), TF
MIRERNTIRE T D1, THRORPOEMZHRD | ZBE LM 7Y v FIEIC XKD A
YEEa2—ET, 2= AT —ATLDEREHLE L. TOBRIC, A FEa—nbE
VT BRF L OBRMEZFLER L7z DSM Z1ER L, ZRZDELMRLLT < 72720

(27 A2 ) TR EIT, HRDEEEICH T 28K, [79 1 BT LEK], THIC
358K 7T HO0FERI FTAZEZE ML, EHIC2—RA 7 — AT L OERE AT
TE5L8912T5H72D, DMM (XD a2—RAFr—RLHRT T A% L 2GS, BERY
TAREENERBUTRHNGE & A BRI, 2O DMM ZHW T2 —RA 7 —2 T LD
FURSFAM C & 2 5 EE 2 W 2 BERERHl S TeEIZ e o 7. S HITH LW E AR % F8l
FRIRE LTHWD Z & T, EROFFEN AR ONIZNF TIEHE N> T EDENY
IR TE DL IR oT-.

2 ECTRLEFETHE, 2—VE2RELEZ ETa—AFr—20f@EEL2 L8, o=
— A —RATLZHEREHES ZENRTERL., ZLT, D2 AT —ATHELLERE
P 2 RHEEE AR E L, ZORMIEEEZ AW EREMZIT ) 2 &N TE ., LarLen
5, TRTOZ—RF — A&l T ERE L OFHEFEICE S < BRIl O EBUZIZE > T
W, ETo, 2= A —ZAOMEMEE LTS ENTERLDIE, 2—FE2RELLD
LI E D0, 2=V OZMEEEETHZ LN TE TR,
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3FE MDMIZES S BMEICB b AR EHEHR DB

2 BT, BREZR TP ERACBWT, 2—AFr—AEFMELZHEZ Y » Rikz A
T, WHOFMAKRBIZEIVENT H=—AZ4EL, ERZENTLI7ZHDHEITHONT
W7z, 2ETHIRE L e — X7 — R LHEROKFBRE, 2— A7 —RAZTLDERNG
EO TR HIEDO T MM %, HERERGTE L OERGHI KM S 572021E, Thzs b
(PRI L A B, WERERRE, MEIE BRI R E R b0, LanL, 152
HTHHA L@y, BEICED G ERIIFER ERBDP X SN TITRS > TIEEI
L7280, TR EFELWERGHEROEHENE L <, FREHE - BEXREO ML —1
BT a0, RV - MIERGHIKBRS LTS 0 E 9 A ARHREIC
STLED. RETH, ZOMEEMRT 5720, BHICHDS =— X7 8 & ETeakEHE
Wa, FoR, B BERH T o 22U TR 2RI EET 20, BECEDS
REHMEHZ MDM IZE S B 5 5IEE2RET S, 31 H TIE, 28 THERLE, 2—X
R EHEREDOEGMEE, 22— A — X T L OERE TS 5 R0 EE O BIFRME 2 Rk L
72 DMM b [N T, BIEICED D =— AR E 2 G eREHEme, 2K, He - MEReEt
P A% U T MDM IS EEIT 5 k4 RT. 328 TliE, MDM 21T, 2—H
FRAE KRBT L7200, FREFEDERICTFELRET S5 L2, MOEETOES
FREERL, DPORFTHEOOFIEERT.

3.1 MDM 12 E S BEHEFHROBEH
3.1 FERH I RAORGHEHR

BHERENEL, K& <o THERER, BERGH MERGTOTn A TThid. EXK

BOTrEATHE, ETEEAEOHFAENRED LD, WEERF T2 EATIE, D
eI - T, ARBRECEE, AMORERRELZ KM LIZEE A Y 27 Z(Sound
metrics)7¢ EWEIRIEEZ VY, EEHAREOREN R IND. HMERGT T 11 2T, Higi
FFCER LI EEAELZWMI T X OMERGI ARSI ND. LnLAans, ERERTED
LI EEHBEO MM, BRI TRESNTEEBIE L, &SI oiE & OO
FRARIZ D L BEBIKR T, HERAIZEDZMICHIIICKDATLE Y ZEREW. £
DIORERE LT, BERPEIRER L OMERGHIRKM SN TV D0 E D AR 2>
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TLEH. ZRICESWTEERZHEONHED, RAHNTHEIGR T L 72k RN ZK 2
RTDHDOTHDZ L HRTET DI, FEICEDHFHEWRE, TR L HAE -
HEHH O L —H VT M ENDLDICEHT L ENMELRD. £ T, XKelEH
ZEHT 5201, BEREOBRAFHL LTV DSM, DMM, MDM # flVW%

3.1.2 MDM ZE S FERHFROBTHOER

ZOHETIE, 2 TR LE, 2—RAF—RALBEREDHARMEL, 2—XF5—2TLD
R & G % REAMEE O BRME A SRR L7 DMM bW T, BHICEb L =— X e 4E
TeRRRHEH 2, TR, HEAE - ERFH 7o 2 2@ U T MDM ICESEEHT 5 ke
FI 5. K31 IRET D FERGFEREHO =D MDM OS2 789, X, BRiE
7%, BERERXGE, WMERF O3 SOt A& T L — 0 mfEACHA TR, ERO KN
i, AVnaFEE, FECEVBLNADZT 22 RL TS, NIRRT HELRET —

Zxt LT, EMEORHIOSHZITS 2 LT, AMEORMOEOT =235 0, £
2R DSM, DMM (2, T —# L L THEBINDGZ L2 RLTWND.

FREHR TR ERATE, 2 BCTHHALE, 2R —AZME LMY v KB X
HAHE2—"ITH. A a—THHLEERNOEKS L2 DSM IZxF L, 2K
EEPECTHET 27017 FAZ G E#EMAT . aftic kY, BEEOSWERIL Y
FAZY T EN, BROERI TAZHhEISND. 22— A —ALERT T XX DK
17BE4%1%, Use case - Requirement cluster DMM, FRK 7 7 A L Bk % £ BT X 2 5FlE D
B94%1%, Requirement cluster - Evaluation word DMM % FHIWTEL I N 5. 2115 DMM (2
RV, 2= =R IR EOEREREN A SN, 2= =R T L OERERBLT
& L AHlEE DEEN FTREIC 8 5. B OFMICIE Z OFEEE 2 Hv T SD #72 & O 'F gl
ZATVY, R RIS L CRF 21T 5. ZhoiMifEx 28 E TR+ 2175 2
LIT k0, BRA B S N 7- FF A R T (Tonal factor) 235 6 4, 1244 % BR o 181 F kil
ELTHWDZERTES., oz AV’ AafERIcl - ERERR L, 2—2%
=2 LT EE BEO M ORRE & el FTREIC 72 5 .
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RERXRI 7 m A TiE, HRRTFL, NORERERELZ R LYBEEECOHLIEEA MY 7
2L OBMRIENT 21T . BEA MY 7 AL, W LEZEOEELDL, EHEYIal—ra
VY7 MERAWTHLZENTE D, KEDLIE, FICHT IHRE2EEXFITHOITS
cOIZK 32 IR T L OIL, HAR L Zwicker DFE A Y 7 X L OBHRIZOWTHEGH
B F1E%E VTN L72[102]. Zwicker DFE A b U 7 A%, loudness, sharpness, roughness,
fluctuation strength & W\ o7z, HEOREDMHE L KT 4 DORKHIRA NI 7 A% E
W5, KEDLIX, B~OEREZZBELICEHU R EEREMLT L2720, SARFLEEE
ANV 7 2EDOBRBRERIFESICEIVERELZ. KX Th, RMLT7 e —F&2HMHT
%, EMFEZR SRR E IO L CERRAME 21T 2V, Z OIS T 2R 78 S
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Fig. 3.3 MDM-based sound quality design management for shutter sound

Table 3.1 Regression coefficient derived from regression analysis for tonal factor

i Tonal factor Loudness fi Sharpness > Roughness f3 Fluctuation f4
1 Heavy 0.05 -1.38 0.01 —
2 Beautiful -0.04 — — —
3 Sharp -0.03 0.53 — 0.01
4 Comfortable -1.70 — —
5 Response 0.06 — 0.02 —
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Fig. 3.7 MDM-based kansei design model
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TREHRT T EA T, AIETHIA L 7 208K Y 7 AXNIZE ENDEMEERDD
Requirement composed DSM Z{Efk L7=. ZOAK DSM IC& £ 2%, i, &, o
iz RTHEELEMNDZ LT, 2a—PERZMWLT DD, KREIZEHTLEEDFE
WD, BRERRI 7B AT, IATRFIELOHEMEZBELT, 9 DOREMMEICE
Y HHEEED Y A h &%, Function DSM 2MERL S L7z, 2 b Ore4, R, iR, B

(ZBET S 3 RIS L, B L ToERE & Bk 7 T X Z D BfR % Requirement - function
DMM THit L7z, #ERF 7 a2 2 TlE, 7 A7 %K% (maging), E{K(Housing), EX
(Electronics) & W 9 3 D DK B (Component) (243 L 7= Component DSM % {Ej% L 7=.
FERE L HERR B3 & O BIFRIL, Functional - Component DMM Citik 4% . Parameter DSM |3 7%
T A= BAER & 5. Component - Parameter DMM 1, #kEEHR &, #kEHRI2H
RT DRENT A —=FEFLIR L TEY, &I T A —=2L, BRT D 3 > (iR,
fib 5, WERE) oL

Z O MDM & R W= B O FIEIC DWW T 5. il 21X, &EHED, #RZ 72
21 O TBEEPRNIZEDND ] LW BEEREZWTZZ 5 L L% A, Requirement
composite DSM 725, [A U7 7 2 ZIZIFfRE EPERICHT 2 ERPEENTNDL Z &0
NhH. THODOERE T Z N, 1BEENRNTCEDL0D | BEREFEBT H-0DFE
& 72%. Requirement - Functional DMM M5, [BEMNRNT- LD EREZFEHT 5T
BLLT, vy wy—Faltd) & HRBEZEXD] LW ME LEZNZhOMED
D%, ZODMM ZHWT, RIZa A MRLEMREDHHB T, MRZ2UHET D L0
LW, BREEEORMNRS L L VS K912, ELon—HORRREICET 2 N E %
BTLHZEDELVWEETHHIOFERLBRTELRYE, ZOEAFELIASBELDLZ &
MTEDH., BEREFEHRTLFERLE L TELZ®RIRLYE, Function-Component DMM 72 5,
B a2 THREBICEAR T DR IL, ¥ v v # —HEME (Shutter Block), {4 (Enclosure), W
HZE M (Cavity), B I OEMPWB)TH D Z ENb0d. £lo, Zhb 4 OO ERIZE
129 %% F /3T A — %%, Component - Parameter DMM 7> b IR BN, A & N 22 DT
W, WEHEREFE 0L, EROFBHBLTHLZ B DLND. BOWENEENLI LS,
Component- Parameter DMM % JAWT, Z1 5 4 DORERER ORI T A —F &2 BE L7
DOKETHZENTED. £72, DMMITIIROEELNHRITICREST H 2 & b EFFICR
LTWb7eh, REPEIID AT OEROBRZRHTOIRICERLR2TNIERLRNT &
Wong.
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33 £

3.1 8iCiE, EEtE2ED DM, 22— A —RE UTmER E, BEEE - MEEH OR%EF
BHROKFREGER RDND Z & FL—FEU T 4 2R T 2720, ZhbOXFER
ZBRATT TEBET S MDM Z W HIEZRRE L. BREXR T ATIE, 2—A 7
—2RGFOEEREL, EARFERWTRL, BRI T r 2 A TIEEZA MY 7RI
REERGT 7 0 A TEMBIRIEIC UV AT <7 (v 728k T 572, DSM & DMM % Fil i
L7-. DMM %W CTHESR, BERE, HEM ORGHEROKFRMGR L BRHRE L LTI L,
MDM ([ZESEHFHICHDLORFEREEH TCEL 2R L. SHICRET D HiEE
HMATDY ¥ v A —FICH LTHEH L, 2— A7 —2RFEOERZ, KA - R £ T
Pt oz LT, TORMMEER L.

3.1 B CHICKH T2 EROALICRE L Tam Lz oicxt LT, 3.2 #iTik, Rz Bkl
YD —WEREFEBT 5720 MDM & AWV CRGHER ORI 21T 72, 3, FHfS
Uy RIEICE DA U2 Ea—fERICHT 5 DSM 7 7 XX 558G, 3 DOE % & 0IRE
DSM ZAER L, = — P ERICAE BT 2 IR E 2 35T 2N EHFEET 2 2 2R L
7z WIZ, T OEEOETE 2 WERGHIIBT 2728, MDM & W<, =—#EK,
PRE, v AR —x v b, RERNTA—FEEFRAMA T, ZoFmE2mL T, BELE
B DD REEZ B LML, I AR —232 FLULTEMEICE T 2 MBI 2 3R E
L7z, #FT 5 MDMIZL Y, 2—VFORRMEEREZEBT L7200, "MK O LB
THEOEIERF O FEARIRT 2 Z LRI o7, S 6IT, BMEZERICE D 2 e
G, RN TA—ZORBRIAAKICRY, BEREE ESEDS P —F U T 1 2k
RTDTENTE. BND —DOERELETITREL, FFEOHRERLZLGET HZ &
TREMEMEZM ESEDITERADR D L. £, a0 R—x 2 MRt L Lo & T 25545,
BEORFNTA—ZEZBE LN ORET OIULENRD LD, HDOHNRNTA—FEEHEL
EoLtTsnLE, MDM ZHWIUE, MIOERICERT 2T A—ZIZER DB, &
HEMEEMICEE T LI LN TED. £ R MY T HRFHFICL > TE, =D MDM
WZED, &7 ATERIRITER LR VWEREHERSHME L 20, BERER A TE
H7L—LT =72 b LRI ND.

N

i
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4 VAT AETNVEIEN LUTCBEMEER & MERREE SR O i sz

QETIEHZ—F R RO DEMICED L =— X2 L CERZEL 2D HiEEZRF L,
3 BTITELR, BEAE - MGG 0t A ORI D 5 R EHE#Z MDM ([ZHED W TE
Y2700 FEERF L. 2 b 3 BEOHE Lok ERE £ 0RREREE, R
Y AZ@BUTCHIEESTHLIITMAT, dRLTLEME, Ah, =bF, YT IRE
BB TOEEN OB INLIBEHI N DS, 1.53 HTHRRZ@EY, Zhd ORI,
AR SIEERATI DT, BREOMERRERE TRHMNEATLE) 2 3% <, K
PEREOWNBHELNEWIRERS L. AH, =X, V7 MERAELEMT, £
VLR 7R ERRMEIC B E T S BN Do T & LTHWET S F MR D BT,
PR A B UTCiREH AR A, g CEDX IR B G250 THT L2 LA
HTHD. MR EMRBERAZ ML LTI 272DI20E, BAFEAMIBEN G, IS
FEOCHR (RMEER) ZAMICERL, VAT ALITRD SN DHERECRE RIS & O Bf%
HEBE LT, YAT LAEEREMILZ&E 21T 28RO, 20X ) Rl
LT, AETIE, YATLAETFVEHEHL CREERZ S 0HREREMOBRLEEZ, &
DN RER L V=THTHEATELELOICL, P —FFT7HRFRHIIENTE D X
T D720, VAT AR YP=T V707 7a—FE2RET 5.

41 2—PREEZEETEVAT LETVOERAORE

JEMERR T CIE, BMEMEAZBE L TRENT 27208, FTERMICEL 22— D =—
ZBHFERRFTE 72 EIHA L, MRk & U CRMEEE CREL L, SBUb T 5 EREFH A2 1T 5 .
D%, BREMOR KL, EHRETHRE LM EELITREF AT A—Z2ITx L, #
FHFER EZHWTCEBRMEZ ST 203, MEE AT L E L TUIRATHRY. i
KL, YATLARAZ V=T Y 7T, MBRETIRERY -2 E VAT ALELT
Hz25. ZOLET, VAT LAOHMBIZL > TIRER LIEWHER S L2BFEDO=—X0 b,
VAT AP R EEREOMERE R ST O ERE VAT AERE L TERTDH. £D
B, AT LDa—Rr—A%EREL, BBREDOERLE AT LERE ORERLR & B
DREFBRIND. VAT LLa—FRAMEBREE L DLV &, VAT LAHHOIRD 5
WERRETT 52 LT, FUDICT AT AR REIERIABTF S, RICERSHHME

53



HELHRREZ EBT LV AT LOMMERZERTDH. SOHICRIBVOBREZ b LIZ, 1#
REZEBOMEESZ EHR LT, AT AT —XT 7 F ¥ NEHSND.

A TG ETHarva—~vz Ly bu=7 2804, EMEME L REE L 720 A —
B ==, BMEMEORWRGEEZRD L2V ORMEZERT DD [V AT L) E#RZ
HZENTEDL., VAT AR V=T Y U7 T, MREERR, MEfBZER, MEEK,
RIERE VWD 4 DDV AT DERPDERINTWD A, EHEICEERT 2 ERIE, BRI
EFRIANL TR, ZRUCx LT, RETHE, BIEICED MR RZ, Fh7 U v Nk
REEHWNT, BREMMCRIE TELV AT LAERE L CEETS. T LT, EKRICH
TH—VEEL VAT DO ER L OMANEHA%Z, SysML Z WY AT LAET LT
LIRS D EMERRG 2 E T DB, G A Y T OBREM T AT AET AV EIEMN LT,
2— Y LR ERMOMAEERZHMIC L BT, 2—VEEICESRZBW Y AT A5
a7 FIEZ AT, BERMNRMGE LT, 42 i 43 HiCIET VX AV—RI AT, 44
HiCIE A N—=YFrarta—2H*F—R— 200 LS, #ETDIXEFTEOH RIS
WTRE 21772 9.

REt T r A L ROBEFHHOBEKRE K 4.1 1R MO FER TR LIS 4.2 §iT
DOREFHPH, K OFM TR L2 43 HiComatii, MoRPTRLUTZES D 4.4
HCOMPMHHETHD. 42T, TATOY vy v 4 —FIZH LT, 2—AF—AT LD
BRMWO U Y v XA —HaRBETOHRELZHRETL, Yy v ¥ —HFICHDOIMRERN b OF
B IREVFYEOM AEHZ AT 2. 43 8T, 428 TRF LY v v ¥ —FICHT
LDVATLERNORESNTZEERREZENT D20, vy v F—HIZHED LRI R
MOMBEH R AL NERE S AT LETATREBT D, WATOT Y v F—FICXHLTHE
BARBRFTOE 2—000, HEBEION U CEEERERN & F8 - IREORFH T A —
2 Z RS, REFTFIEE OFBRERRLR L2 —006DT —F 7T 7 F ¥ OET21T 9.
44 EITIE, 428 & 43T, AT AET T L DB EEHINTHOTWZDICH L,
RPN D VAT LEREZEFR L, =—FOBE L BIEER OGO, kR
WD OE L ZOMERE L ORBRBRMEE TEZ VAT AET VL TRIBL TV D.
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42 VX v A —FIIRTAVAT AR =T VT OT7 e —F
421 BERZBEE - BERFICELI VAT AR P=T IV SO 7 Fu—F

ZOEITIE, BATICHT DT REZ AT AERE L TERL, Bl L U EH
FHIEL 2D, VAT AR D=7 ) 707 Fa—FIcon T+ 5. BERRIC
%, 2 ECTHMFLE, 2—RX7—R S L TETHHIAT DU ¥ v X —FITx7 5 EK
ST OBRE G, FICERT2ERE VAT AERE L THMICL, B ORMERGO#
RN D, BERER L ORISR EHCE I 2DIL, VAT AETLVORBEIT). VAT AET
JVDFLIRIZIE, MG, RSB, FR, NTANY v IHKIO 4 ODIETY AT A& Rl
TX % SysML 5.

RETLH7 e —F 2K 42 1T 7T. £7, BRERTw AT, 2—275—2AN%
HWT, S 2T 5 (727 2 —) LOBRE DT LY AT A0 RUET 2 HRE 2 BRI
L. AATHREETREEBEAHAONCT L7120, V=T U ARKEHOWTHEED 22—
=2 LT, 2—AF—RTLIZRRDZ VAT LET 7 2 —HOMEEMZE T
5. WIZ, EORMAHWT, HAEZER & EMEER & ORREZ o2, ZOERKT, #
REZRIE, Bl 7Y v RIBEICK D4 v X Ea—D0 00 N EEER BRI ONDS.
Fo, ZOMEMNTH AT OBREER MR EOMO FL—H U T ¢ 2T
HIENTED., BEEHRF T r AT, Iy vy ¥ —F%2%T 5] WO EEZIMICT
D7, BREEICBR T 5 v AT LOWMMEROMEIEM & ¥ — 7 » A THRET 5. KkIZ,
U AR TR LI BREICBER T 2 0 A T O EHEE T n v JTERT D, AR
ETDVARAT LAOEBRERMOSDLENE, 7774087 4 KEHWCHEZEND. 2
WO OHRERICENZENYIEELZE Y B THZ LT, SMKRERLETVELTE, £
OYERFEFEICK L CHEMAZREL, Y12l —va VX TR TELX91272 5.
RET D7 7m—FZ@ LT, Bk & OMEITREIFEMIER T b, SEHERN#ET
R PRIREEIC A SN D . 2 OBk < IEREHCIE, 2 — P ORMEERICAEBT 5 L9,
PRI A F O TR RIICHED D5 Z L R TE B
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422 2 —AF—RENE AT AL OBBRED ST

ZOHETE, AIETRELEVAT AR V=T V707 7a—F%, BATDOY
YA —FEOFEXRH~EH LI OWNWTERS. 2 BTy, "ihicx3 54
B, WA AFHT 2225 =RV EDL. GEPRENTENE SN L, £
DB Z DT DIZEDR RO ENDL Z &b diVL, NG CHMAT 2RI,
FEREEICWDARRIZRLRWERRDONDLZE b HD. 2 BTHE, 2—RAF—X{K
FOEROEBNERFNZ2SEHTE5X91E, 2—VFR I AT TREEZT LB, TAT
BETDHY Y v I —Fk, MBVAT L (T74—) L TEETLRENE I nICD
WTC, £21 TR —252¥H L. ZOHEHTIE, SHIZ2—RAFT—RTLOT X
—OMEERZR LBRETT 25 2 & T, e - MERGHIELS DDV AT AET LD
RLIR AT D .

fexipa—Ar—2&RFT D0, TP BEERETD) LWV AL L Da2—2R
r—2%K 43 o Xk ok Lz, 7o 2 —i%, "AEEZFET 52— P (User), #EHK
(Subject), FEAPHDEESE & L T (Light source)’2 EMNE 2 b 5. RS clx, &
XY X —EMUDO NG ZDEEEZZE LIV, L0 FHERHOE 2 =001, =—%
P, % v X —ENIEZ 2% [JEPO A(Surrounding people)] #7 7 % —& L THE
TOLMLERD L.

uc Camera[ main use caseD

2 9

A
User E‘“‘*—-R‘_?H____— — ——--___Exw__#__.d-—ﬂubject

9~ —

=
Surrounding people Light source

Fig. 4.3 Main use case of a camera
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WIS, ZOXIREERFOE2—nD, VAT AET 7 X —MWOMEERNRELRD =2
— AT =R ONT Y= P AMEAWTHRHT 5. IEARPATHLLE LW THD
LA, FHONDOHEDOE NS, £ 41 OLHIC2—RAr—2AZEHE L. Z0OXKEH
WTC, A Z R % (Landscape), A& 5T 5 (Portrait), #7235 01 CHE & i
(Quiet place), £V 3 DD —A T —RA%EZ, BT LTRHERIZOWNWT, K445 4.6
Wik 35, > U AKEHWT2—RA 7 —AZ LT 7 Z—MOMAEERAZTET 5
LT, HATEBRETDEND AL VHERERICEET 57 7 2 =R ED XS ICBRT 50,
ZTOBENEHBICT A ZENTE R, 2—RAFr—AZT LDy —7 U AR Z AW TERET,
7Yy RIEIC K DA v B a—THRFTRE2—2 75 =24, LOARRRSHETS
ZENTEDLLIICRD.

Table 4.1 Use cases which interaction with actor is different

Subject Surrounding people
Use casel: Landscape not people —
Use case2: Portrait people —
Use case3: Quiet place people y
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sd [ Take photo {Landscape}ﬂ

: User -+ sblocks : Light source : Subject

: Camera T T
: Highlight subject :

Reflect light

Power on camera Reflect light

Compose a frame

focus the subject

Emit focusing sound

Release the shutter

Emit shutter sound

Memarize

.|

Power off camera

.___________.I
|

Fig. 4.4 Sequence diagram considering use case (Landscape)
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sd [ Take photo (Portrait)] |

: Subject 1

: User ¢ sblocks : Light source
T Camera T T
| | |
! : ! Highlight subject !
: i
|
| : Reflect light
| B
|
| Give a pose :
! :
! i
Power on camera | Reflect light
:
Compose a frame :
|
I
Focus the subject :
|
Emit focusing sound Receive fi:ncusing sound
:
Release the shutter i
:
I
Emit shutter sound Receive shutter sound
I
|
Memorize I
|
I
| :
Power off camera |
|
|
|
I
|
|
|
I
I

Fig. 4.5 Sequence diagram considering use case (Portrait)
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sd [ Take photo (Quiet place) U

:User = SETEE : Light source ‘ | : Subject - | | : Surrounding people -
— : Camera T e T —_
I I I I

5 | Highlight subject

i
i | Reflect light i

Give a pose Recognize shooting

Power on camera | Reflec

=
=

Compose a frame

Focus the subject

i
i

. . |
Emit focusing sound Receive focuging sound Receive focusing sound
I

Release the shutter

|
Emit focusing sound Receive shutter sound Receive shutter sound
T

Memarize

Power off camera !

Fig. 4.6 Sequence diagram considering use cases (Quiet place)

4.2.3 EREZ WA AT OBEREER & AL ER 0 B fREH

ZOHETIE, B ATITRT DHAEER & TR & OBIRIZ O W TERIK A VT AT
T2 FIEZFHIT 5. K 4.7 TR DN ERE &R 3. BRKOERIZH 72> T

ET, WATDOAAL U HETHD RET D] ITONWT, RAFFNOIELIZIATO B
UL OERE, BRKTRIBLEZ., 20O XIELRTEERER—VaiZBOLNTE
[requirement] & L C/RT. WIZ, 2 BTIToi- iz V) v RIEICK D4 v 2 Ea—0 5
izl ok %2, TR lrequirement] & U CERENZEM U772, B2, [JEFHE
IR TRV E ] WO BERIE, A2 a—%23E LT niE, SHahzk
Mol ERTHDZ EBNbMD. BEIZ, 2 BOFEZ Y v RIBEICE DA v & B a—0f
RIZxF L, DSM 27 ZAZ U Io5lia 352 L THRLNE T DOEKRY Z 2% (X 2.6)
Z, BWREDORPOENRE Ttrace] & W OEAFEIR TRRM T2, L EOFHE 27T,

B A TR T DHERET R L BB R & OBRICOWT, BERKTRTIERTEL., 20
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PR 2 HWT, et OBRE OM CERMOBEMRMEZ LG T DL ENTE, RO
BE « REERET OB 2TV T TEHZ N TE -,

req [ Camera
«requirement»
Camera
Text = "Take photos at will,
Record a certain scene,
Match the quiet place,
Portable"
[ I I ]
«requirement» «requirement» «requirement» «requirement»
Match the Take photos at will Record a certain Portable «trace»
ccumstances Text = "Feeling of scene Text = "Use a camera o 7
Text = "Don't make comfort in taking photos Text = "Record object casually and |
trouble to the at will" firmly" fashionably"
surrounding people" K ‘ I
7 | | «trace» |
, | «trace» | |
/ ‘ [ 4 |
| | «requirement»
/ «requirement» «requirement» «requirement» | Requirement cluster 2 I
/ Release the Focus at will Friendly | I casually, portable |
deriveReqt / shutter usability | | |
«derivereqt 41 o n | I «requirement» I
B ! | 5| Requirement cluster 3
// <{deriveReqt» | «deriveReqt» : ke qmodern i :
/ «requirement» «requirement» «requi:‘emenl» «deriveReqt» : |
/ Release shutter Comfortable shutter Take photo ‘ «requirement» |
/ sound sound f ':'t bl | Requirement cluster 4 <
) A ~ " COMTOTADYY, | fashionably
- | | l«trace» | «trace» |
«requirement» T<deriveReqt>1 |
Quiet | I .
| \2 2 | «requirement»
sound i «trace» -
I«deriveReqty «requirement» | _CHEtE? o Requirement cluster 1
I «trace» ‘«derivereq Requirement cluster 5 | Inform that photo is
I ! take photo comfortably I | taken
v ! ‘
«requirement» «requirement» «deriveReqt» «requirement» «tracey «requirement»
Requirement cluster 6 Inform that photois < — — — — — — — — — Inform that photois | — — Requirement cluster 7
match the taken taken function of taking
circumstances photo

Fig. 4.7 Requirement diagram for a camera

63



4.2.4 7 AT OBEE - BERE

HCHERL L 72 BRI D, 7 A 12609 D RE BER & R 2R 0 BER 2N BRI 72 o Tz
ZOHETIE, Y Y v X —FERETIHEICODVW TV AT AT VERRT S, £, v
YA —EERETOMNERTHD vy v ¥ —7 1 v 7 (Shutter BIk)|, A (PWB)J,
[N 22 [ (Cavity)] & TE{R(Enclosure)] D] DRI IR D TN ONT Y —F7 U XK

THREAR L, 4.8 |[Z/RT.

sd [ Emit shutter sound D

zblocks wblocks xblocks zblocks E Subject _i_
: Shutter Blk. :PWB : Cavity : Enclosure —

T
: i
] ) I
! Receive force [N] |

I
I
]
I
]
]
I
:
Receive s:ound wave [Pa]
I
I
I
1
I

Receive force [N]

Receive sound wave [Pa]

Receive sound wave [Fa]

Receive sound wave [Pa]

Fig. 4.8 Sequence diagram of ‘Emit shutter sound’
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V= VAR TR BN EEMICR R T ALY, Yy v X —L U —XEEF D,
RECHEW 2 EEICEBRT AR ELEMOMAEHZHE LBERTHZILENTESH. K
W2, WATOHREREZ, 7n v 7 ERxXKEHWTX 49 1277,

bdd [ Camera
«block»
Camera
«block» «block» «block» «block» «block» «block» «block» «block»
Imager Cavity Enclosure memory Shutter Blk. Lens LSl PWB

Fig. 4.9 Definition block diagram of a camera

AL, [ v v ¥ —7 1 v 7 (Shutter Blk) |, [HAH(PWB)I, P2 (Cavity)] & [
%3 25 A(Imager)) [SEREEIBR(LSD)), (4575 (Lens) ), [704kS A7 L(memory)), [Shutter
Blk), TPWBJ, [Cavity] & [Enclosure] 22HAER S TS, HBRINTWAHERIL, &
WYy vy =B ZRETOHREBICHERTOMRERTHS. MA10IRTT 27T 48T
A KT, ZALDOMKRERMO, & LIRBICET 2WHEMN R 2L F— D% Al #ik
L Cuw5%. [Shutter BlkJ, [PWB]J, [Cavity], [Enclosure] &9 FIZBfRT D5 E I
FHTZDZEICXKY, SMEZICERTIHHEENEHTE 2. ZhAbomatzimEL
TCELEVATLAETVEBGEMTIEMN L, ZERXTHREF LZFICHET 22 RE EBT
L7200, EERAEEYHIEELMELORREZELHGI T2 LM TES. 2 ETH
FAIL7cE Y, 2o OESRITFHNEE Z H W 72 B REiHlaER CRMi 2 Z & A TE, Z 08
RICHTHHRF TN OEFERENPRETE 5. FHAELYIAEE L ORBKIL, 3 =i
W72 DMM Z HIWTBIRITIT 5 2 LR TE D, VAT ABRELTHV Y TONTZHE
HIEIZESWT, WHRIEOMENRE SN D.
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(act [ Release shutter soundJJ

«allocate» «allocate» «allocate» «allocate»

Shutter Blk. PWB Cavity Enclosure

> User operation

Press the shutter bottun

. IN] i IN] Vel. [m/s]

orce orce P s

) Sound wavd [P,aia Vibrate
shutter

N

Release
force[N]
Vibrate
S

Sound ave [Pa]

Vel |[m/s]

Vel. [m/s]
/ 5 Sound P R
Sound emit ound wave [Pa] Sound emlq >} Shutter sound
el. [m/s ?ound wave [Pa]
S N
R |/
Sound wave|[Pa esonance Soupd wave [Pa] Sound wavel[Pa]
q J

Fig. 4.10 Activity diagram of Emit shutter sound

B 4.10 THE L7 EE R O F L IRENCET 2MEER L, v v P —FICBET 1
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Fig. 4.17 Vibro-acoustic simulation of camera shutter system
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ANTED ), EMIZANTED] LWHI AT AL AL LTOMRERITMA, T X
SANTED], TR=DBADRLT V] LW BHEZRPEEN TV, ORI, XH
I, wE @) ORETRLTES. LIS ANTES] &0 ) ERIFOPBEH TH D
e, BRMIICED LD RERPEENLINEMT DL, 74—y 7 & & THERE
MIEVIERDEZEND ZEBDNY, ZORBRHEAETRLELE. [7 40— F Ny 7]
WZiE, Sl TAbr—2 & & 170y 7 BREEN, TF—PAIRT] & HHE
Kiix, TAL=XCAD ], BWHTAD] LWHERBEFENTW D, UF THRL
L7z, TAL—=RZAD] LWHERIZOWT, ZOEREZERT L7000 BIKNFELE
M (ZF—F0) 328, TEZEZMLTHAL], IF—OmINEN] MEERAD]
LW O BRI TE 2720, ZOMRITE (derive) TR L2, 2D X 51T, ERKZH
WAHZLIZEY, ERMOWERER L W7o T 4 — 1 v 7 OREOMEREAEE O BIfRME % K
DTICRBENTE .
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WIZ, X418 TEHLEMEREZAETIHMETE 2R 9123570, F—HR— N
MERBRICH WL FHIEE L RET D, R 42 1R THEY, BHEEREZL LI, F—DAVD
HS, Abue—oK, 27Uy HEOHNE, AL—RE, BEEE VD 6 DOFME
ZBELL. HOBEHOLOMIEETIE, MLULHOFMER & LT, AA—XRK, A bho—
78, 7V v 7R, WA, BERO S KR, HEBHNLZEL TERINTWS. SR
A TIE, MR (FAESORIENE) ICHY T 2HBIIGE AR oo, Zhud, Rl
BTHLF =R — FESCSMEROENCLDZEBNEZONDLD, T OMITIZIER CHE
ARGoNTWDZ b, ARNERE L7 ilEE 133 — A EFR 3 2 etk 2K 2 3l 4
DIDITHYETHD LML, 2 b OFHliFEE, F—hy F7OEMEICHTDHRITD
B THHEB NRHEICRS BB L TS, =R — REEHHT L, 208 W eiks
P& o — P ORENMEREN & ORERM A HFIBERE M T T O MLERH L.

Table 4.2 Evaluation items for keyboard

Evaluation items Evaluation scale
. WPM (word per minute) [number of characters]
Performance requirement
Accurate rate [%]
1 e 7

Key touch Light ... Heavy

Stroke feeling Very much ~ +e... Not at all
Kansei Requirement Click feeling Very much ~ «.... Not at all

Sound Silent e Loud

Smoothness Very much ~ «.... Not at all

Comfortable Verymuch ~ «eeee Not at all
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442 X—F—FOXF—ANCETEVATLAET IV

2—HOF—fTREBEICH LT, BEERTHL DHEE] BIY IF—DA0LT
) BT IENRODLENTWNDHID, F—ITRIEICET L FAL VT AT AET
NERIRT S, X419 07 v v 7 ERXIE, AT AR [F—7KR— KF(Keyboard)| & =
—W(User)] MHRDHIEERLTWD. £z, ¥—FKR— KX [F—}F v 7 (Key top)], F
— by IRENOZTTAFE 2 REI B2 D EE LMD R a A K (Position

guide)|, [ /3—(Rubber)|, [ ¥ (Sensor)|, [FEEHER(Frame)] & WO R ER G2 5.

bdd [Model] Data Input System Analysis [ Data Input System Analysis JJ

«blocks
Data input system

— = !
«blocks «blocks eblocks zblocks
Keyboard User Processor Dis play
«blocks «blocks «blocks «blocks «blocks
Key top Pos ition guide Frame Sensor Dum per

Fig. 4.19 Key stroke operation domain structure
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wIT, 22— O—KHRF—R— FOFTRIEIZHONT, 2—FLF—KR— FHOHA

TERZFLER LK 420 1273, X4200%, =—FRT8TLHEE, VA7 E 5 DDA
ARHHZ a2 LTS, £F, =2—FRTH#HT D &, 51D OIEE)Ji(force) & 51
— by 7BHLTFOND. =y TR TERDE, TOEBABKRT > a o HA RITE
A5, EBHIIRY Y a v WA FICREICME T N—IMERT 5 &R, #EEE2 AN
LCT7L—AICHm L TE 720, 2—FLZDNT R 5, K J(reaction force) &
s BT 5 BE D EEER T (friction force) X & U 5. 7 AA—2MEEH I K - T, B LI-#EE
35 &, ==L, ZDKJI(backing force) & & U 5. T /3—RN7 L — A D IKEHEIZ Bk
LAA T RA N/ D &, XFBADIN, 2—FF, KTV 72K 7] (bottoming force)
KL D, 20X, 2—FO—RERITRHRIEZHMFT L T 2 LT, X418 TEX
LTEERNEDE I RIRDBENEBMR L THTE 2O EERS SN T2 LR TED. 2
— PRI BREEL TR R 2EEEZT256I121%, BROEDLWREMELRHY, TOX
DBRGAENNT T AT AL OMENEMN & BRI THhRTE 5.

(act [ Keystroke operation]J
wallocate» «allocate»
User Keyboard
Operate | " Provide
keyboard force . reaction
™ force
- reaction Jorce
. ﬁ'ictinnlforce
= backling force
. bottominlg force
A

Fig. 4.20 Key stroke operation using activity diagram
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WIT, 420 THWFF LIV AT L EDHEEICHOWT, 22—V DRI BVOLZE, T
JT7 4T A MTHRFLTR421ICHIERT L. VAT L EONOZFELEZ@BELT, =—
PNRE D HEFEMET H LT, VAT AR —FIT LIME RS L TRt 5 X
IOV THRFTT 5.

(act [ User key stroke operation ]I
['Push kaybnardJ: Force

I

. i :

| Receive initial reaction foroaj} Reaction force
I
I
W

| Receive smoothness, snund_J} Friction forge
I
I
W

| Receive click feeling j:k Backling force

I
. W .
' Receive stroke feeling,feedback
I feeling, sound I:'F'

Bottoming force

I
I S

Finish to type |

Fig. 4.21 User key stroke operation using activity diagram
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WIZ, ¥ 421 THE L7z —F OfTH#EMEIC DN T, [X4.18 TEF L7 EEMZRICBE%
T DA — REFFCRIR L 422 1277, X4.22(a)iF, F—A— ROMRERM O
WOENE, FTHRHEEICIS UM EROR M2 EN Y 2, KO T HIZEEIZ\ DD K
ME by =7 AKTRLTWS. X 42200)OEE HEEIL, $— by 7OEMEIC
TR IOERETLTND. 4.22@)D > —4r v AR RTIE Y , T
L&, BPOOEB N EZTX— My IBRWLTIFONS. 2—PFIEXZOEE, ¥—bhy 7
N5 U 5 B & #1180 7] (Initial reaction force)lZ K- T, F—2REW 0, TN E W 9 K
W7 4 — KRy 7 %555, =y TN TRDE, TOEBMABRT > a A RITE
AT 2. B IIR Yy a b RICEREICEE 7 X—ICEHT 2 LR, HERlz N
LTCTZL—AIZb OB LTEHL D, 2—FEZonTo2ans, KhLELBBET 5
BROEZEL, AL—XIIWETZNEIMENIERENT 4 — Ry 72155, T/3—N)
EEh DIZ L - T, B L% EHE Buckling)d 2% &, {EEI IR RTEY, ¥— vy 7
55T D 713 KA (Peak reaction force) & 72 5. 22—k, TOK N7 U v 7 j&kE 15
D, F— by TOBMENPHEAD L& BITRINTEAD ZHT, BEMICEML A v F 0
v (Make switch)iZ72% &, XFBATISND. BDZHT TWE KX, I Hh
L THi/ME (Bottom reaction force) & 72 o 721 LA L, =—H%, KA & F ToOBHE(Stroke)

FTORENG, A kv —7 &Stroke feeling) ¥ — % L7-7 ¢ — K3 v 7 Jf(Feedback
feeling)Z#3%. v —F7 Y AKITR LT —HOBENDHBTZEREN 7 4 — KNy 7 Ol
LD, 2—=FEFANLLT WV, DIV EWVWIREMREEZT 5. Zok)ricy
— AR EAND ZLICLY, BEXBOOF—DES, MLIDEOF—DAD DR L
—RXE, 7V I, Abru—2% F, DHEXIE 0ol BEERORMARERY
T, X—OMEBERORDLEBENEYHFEOEMBRE L BITRTIENTED.
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4.4.3 R EEEVFRFED X T A —F L DO Bf%

F—R— FOEB R OE W DR IC & D K 5 L MT T THT 5720
WA FE CTEBMOBERELHFT CE2ERET VAR T 5. BURET AAERICH - -
T, 441 HTER LT VAT LAERE, Aifi TR LB ERICED 2B EN DR E
DAFEN R PE & DBIRYE Z A T D 72 0 OFHIEFAER 21T o 7. FRmEBRIT, F—ofFEh
FrtER 70 2 8 R D F — R — R 2RI 5 & LT, 20 225 50 FRD FH 4 20 4412 xt LT
o7, FHERBRSINE D 5 6 10 415 PC OFIHANZWEE, 10 4 1% PC OFIAR D72 WEET
bole. MMXATIOBRIZT 74 REFEAE LT (FRERATICXF— AT 28E)
MTELEORIGIX, ML b 3FRETHoT. FHINRE T X —R— ROER, F
—BS, F— by TORE L, F—DOFEVFELS DB Z PR T D720 T T —
L.

AL 1 AT OIS LTITY, TSI A e 7T A ME, FHlEEE
ToRmakBR 2 FEh L7, IHF2IREZR L, fHh T 2BEDIEFF LT &b & Lz, f)
WZEA 7Y T b eANT, FHRAARBOXELZ 1 AL, 1 5HOANTIFK
(WPM : Word per minute) &, AJ) L 72 3CFHEIT KT L IEMEICA ) TELTFROLETH
% IEfE R (Accurate rate) X ffG L7z, ZOERKIZ, £421R-LE, F—DODAVOES, R
fa—2%, 7V vy 7K BOHNS, AL—XFE, ODHEXS LW 6 DOFEHMREZ W
T, 1~7 TR L, EMEZE R k3 2 34 0 7% & fE & B L7z

IS U7 EB DERED R T A — 2%, BEOMTEND, L L O BEFEICE D v 2
K&\, FJ+E(Initial reaction force), #i Kfij & (Peak reaction force), A k& — 7 (Stroke), 7
U w7 #(Click rate)?D 4 D% ERE L. 7 U v 7L, X 4.22(b)DVEB) keI R LT,
K1 DR KRAE(P1) 2> & MR/ IME(P2) 2 38 U 7= %, MAMEP)THRLZETH 5.

BT T ARRRIZH T2 D, 4 DOIEBN s DT XA —5 &, PERRERTH H WPM - IE
fleR L, BNEESR OFMARICH W2 6 D OFHMEE DOFEEE DO RELRIZ SN T, BUFIZRT
1~3 DT & T 7=, HHTICIZT T SPSS ZH W=, 2 & 3 TITo I EEURHTITES L
ZHRFUL STEP U A AIETITVY,  VIF (HBIERARE) & AT EILHRMEIC SV TR
BNV L EHER L. ABEMERITIT TS FTHY, MEMICEETHDL & LT,
EEOBERREICIE, HHERB LORNERZ ZN TSR L2l OB S L 51
(bR Ea vz,
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1. MERFAMG (2 6t 3~ D AE B J) R/ T X — & o F B 53
A BNRE L7ZFHEE A, F— A — NI 2P BR & B G O E R O RE AR 12
DLW, FHiFEE L TORYMEEZMIES 272012, #akliE O EE & WPM - [EfER,
VEB S REME X T X — X IO MBI 21T o 7. FHlIZIZ A B 7 ~ v ONEFHHBRE Z v
. BT OFE R AR 43128 T. KA IRTHEY, SELRE LG HlizE & 8T A —X
DORIZIE, 12 OB THRERICAZRMAMEBGRZ . FOHE THRETNICAE R E
M HIIR S T OWTE, FHlRBRE IS A v X B2 —%{To7c & T5H, ENKRE
TERVIRY T, fOFHIEB R AN RBERICHE VB LRV L s TnD Z
ERbpoTlz. SRIOF—R— FEETIE, TOHEE CIISEMOENMH TR LT, (FEh
B D RT A= EOMBEN LN N 2 ENBZOND. TOMOFHMGEL, T
TRIA=ZEHEPR DY, "TA—ZEERLTGEDO, 22— O U 27 i+ 275
LLTRETHDLEERD.

2. M REANL k3 2 AEB) ) Rtk X F 2 — & O BRI 5347
YEEYRFED R T A —H 2 BE LT & & ORI~ DR B EZ D720, FalMiEoD
FEEME A HROER, 1FEVRMED N T A — 2 il AS e LI ERRO 23 L 7=, 15
bnElaRERICR L, BUREEK ai~an 2R 44 128 F. i =1 IEF—0OEX, i=21%
Z b=, i=31327 V0 v/, =432 L—K, =5 30 EE, =6 135 TH 5.

Ki = aifiut ainfio + aifist aisfia (D)

HEEF AT OFER, PIEIETF—DOEI, RAL—XEE, LHE SICEELKIFLTEY,
MENPRENWE, ZAL—XEE DM I SITTRL T LRDroT. RRMEITT X TOH
FEICIEORBEZ KIFLTWDH Z R bhrolc. Abr—2%, Abe—2 & 7V v7
B, AL—XE, DHEIICEORBELZKILTWDL I ERbrote. 7V v 7L, A
fe—2&, 70y 7k AL—XE ODHESICOWTABADTMICHELKIFL TV
DT NI
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3. PERE TSR k9 2 e AR o B[R] 40 T
L, MR EOLIICEBRL TWENE TS5 WPM & IEfE
RaHE, FFMEOFCHEEZRPLEERE L-ERRES2Em L7z, 55 RE

Lz RWTRL, [EIRRER bji~bjs & £ 4.5 18T, j=1 1Z WPM, j=2 IZIEERTH D.

WPM & [ERERIT %

Pj= bjikj1+ bjokip + biskjs+ bjakjat bjskjs+ bickie (2)

HEUF AT OFER, WPM IR LT, DL SRS RESEEL LT L, X L— XK,

A b= JEDNEICEENRKREN ERbhoT-. A b —27#lT WPM IZxF LA D A
WWEHEBELTEBD, Abha—2ENERNABITE WPM R TRAZ ERbhhol-. IEfERIZDO
WL, DHEENR L RELSEELZRIZFL, &, AL—XK, F—0OEIDIEIZHE)N

REL, ERREWEFEEBENTNDLI ENRbNoT.
Wik, Dk SR Mo RENKE L,
.

ARIOFERN S, WPM & IEER
PEREMGE 28 B 528, MERES 1 B35 Z LR

4|_4\

Table 4.3 Correlation coefficient derived from correlation analysis

WPM Accurate rate | Keytouch |[Stroke feeling| Click feeling | Smoothness | Comfortable Sound
Initial reaction force|  -232" -130° 4747 032 -.066 -366 -359" -.020
Peak reaction force 125" 308" 229" 360" 3717 253" 337" -082
Stroke -033 011 232" 197" 125 004 -020 038
Click rate -051 046 264" 041 -002 -.024 -023 -.028

**_ The correlation coefficients are significant (both side) at p=0.01
*. The correlation coefficients are significant (both side) at p =0.05

Table 4.4 Regression coefficient derived from regression analysis for Kansei requirement

i Kansei requirement | Initial reaction force f; | Peak reaction force f, Stroke f; Crick rate f;
1 Key touch 0.516 0.147 — —

2 Stroke feeling — 0.645 1.032 -0.888

3 Click feeling — 0.689 0.919 -0.837

4 Smoothness -0.449 0.361 0.502 -0.313

5 Comfortable -0.413 0.481 0.535 -0.373

6 Sound — — — —

Table 4.5 Regression coefficient derived from regression analysis for performance requirement

j | Performance requirement [ Key touch k; |Stroke feeling k| Click feeling k; | Smoothness ks | Comfortable ks Sound kg
1 WPM — -15.199 — 16.213 17.463 —
2 Accurate rate 0.564 — — 0.669 1.566 -1.106
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()7 BFF BT AFE SR &R REATE O FEEME O AN A BAGR &, (3)7 B 15 & L 7l R F
MOFEEM & HEREE RO A NIBIREZ, K423 DT A MY v 7 HEHWTRT. K 4.23
25, A6 G2 o> VEEh 71 K7 M (Force-displacement characteristics)?S 5- 2. & AU AVIE, {EE) /) 4F
PED/RT A —H L &G EE O FEEE O [B])F E 7 /L (Sensory regression model) % VT, &4k
FHBOFEEMN PRI TE 5. £, KFAMEDOFEEE & PEREZ R D [al 7 £ 7 /L (Performance
regression model)Z HIV T, #AFHfiEEDREEMAH WPM & EFERA TR TE 5. FRET
NERNT, Bz, IEOREICL>THF—DEI, AL—XFK, X I ITEEL &
EFFT LD, 722 OFEMEFMA, MHRERICED XS ITHEELKIF T TRIAT
5.

ZOEITANT AN w7 a2 HNT, (EEVRE & RMEREAT, M RE 2SR o0 A H ) B
fREMEICRT I ENTE D, EHEUFET VZ AW CTEMEFHCHEREE R 2 Tl 2 =
LT, RErTrt AOPMBEREORGT AT OR, BEICEET 2MEOSGEICR LT, 5
M D 2 B LR R T A BRER CHATE 5.

par Keyboard[ Regression model ]J

Score of sensory test: Impression : Performance requirement

Score of key touch k1

WPM Accurate rate

Score of stroke feeling k2 —L ] l
= = = «constraint»
Eearelcficlick feeling k3 : Performance regression model
| {Pi=bi1kj1+bj2Kkj2+bj3ki3+ bjdkj4+bjki5+bj6ki6}

l.il 4.I 1]

Score of smoothness k4 | ‘

: Force-displacement characteristics bj1~bj2

Score of comfortable k5 —_—
Score of sound K | ‘

Initial reaction fore f1
) T «constraint»

Peak reaction force f2 H : Sensory regression model
) L ] {Ki = aiffi1+ai2fi2+ai3fi3+ai4fi4}

Bottom reaction force ‘

Stroke f4

Click rate f3 ‘ ai1~ais

Fig. 4.23 Parametric diagram of Regression model
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4.4.4 R : F—FR— FOF— AN T 5 RHEFRF

F—R— FOBMERFEITOICHT-> T, VAT LET /L ERTETHER L2 EIFEE TV

ZANT, BEPEESR & PEREESR & OMNLNEMR TE 20 MGET 5. 441 HTER LIZ U A
T LERIZOWT, ¥ 418 DERKZ MWD &, THILLHA K L 5 IR & 52
BT o1, 174"y 7 & I2GEND 7Y v 7% & A e—2&) % BT 5
VERHDLZENOND. £R 44 00, 2O OFHEEB ICEEE RIZTT /8T A —X
X, RREMEMEL A =2, 7V v I7RTHDL. ZNHD/NT A —=F EfiET HEE,
a2 M52 LT, ¥— by 7 LERERBHOER, *— by 7OBEHOOKT), 7
N=NEET 5L EDOXNEHETLIVNE DL Z L0, RetBARE CHRATE L. £,
AT LTV &0 D EMEER 2 R 572012013, K 418 OFERHNS, [F—0H
] L (RLA—XK) BT LHULERDDZERNDOND. K 44 0D, T OFEHE
HICRELSELZRFTANTA—ZE, I EEARR—7ThD. 422 ), F— b
TOBMEODORS L, F— by T LREEMHEOERICHOWT, REFEMTRELZ AT
D, BEDNRT A —F EERFICEE LEGEORBMEOFHMIIZ DWW TiE, 423 127R L7zE
BEFANDL THT 5.

THNCEDSE YIRS ATRE L7 0 b2 A T2 L, 20 K025 50 fRodFH 2 20 412
%L, thER(Type A)L thiE#% 2 #EFE(Type B, Type C)D F —7R — RIZ O\ TRkl kB 217
ofz. FHEERBRSIMNEIL 4 EEF U T, 10 41 PC OFIHNZWEE, 10 441 PC OFIHM
DIWHETH o 72, FHlixI R L T 5% —F— FOER, ¥—f4l, ¥— Fy 7ORE I,
F— DB N LA OB EYERT 5720 T _TCR-—& L7z, Type A % ¥ (Standard)
L L, TypeA 259 % Type B, Type C OIEBN ) it/ T 2 — 2 OFRIENE 4 % 4.6 1[T7.

Table 4.6 Force-displacement characteristics parameter of prototypes

Parameter Type A Type B Type C
Initial reaction force S -0.1IN -0.15N
Peak reaction force S +0.1N +0.1 N

Stroke S + 1.5 mm + 1.0 mm

Click rate S +0.5 +0.6
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WERDOT T N ZA T DNRT A =21, HARLERM IS Z8514 NM LY —HRER R
BEANS A7 ¢ AME¥E— % — R — ROBERFIEIC DM S 7= CH% L7, Type B I,
Zbhur—=2Ke 7 )y 7 EE BT D700, RMWMEE A b —7 203 I L <
W5, Type ClE, F—ZB < LTANLRT KT 57280, Type A & Type B ORI A
— 7 ZWMEL, MEZ TP TS, Ml kR, 443 HTRR7ZHELRRIC, #1480
77 NERWT, EHRAREOLFEL 1| pEAS LT WPM & EfEREZRG L. £
7o, ANk, BEHEEROFHIE LT, £ 42 TRLE, ¥F—0OEX, Abe—2K, 7V
v 7%, B, AL— R, DL ZIZ0W T, 1~T SUCTEHIE L 7. BEMERBR O R % X 4.24
LR ATITRT. K 424()0F, BMEZEROFMEE ICXT 2 2B OV EME 7 2 v b
L72bDTHY, ¥M4.240b)1L, WPM & IEMEROREE DOV Z R LTS, % 4.7 1%, WPM
CIEMESR, FHIRBROFEMICHOVWTREDEE L oM (EERAE) 2R-LTH5.

7
6
E Type A
% 5 o Type B
2 —o—Type A u Type C
é 4 -4~ Type B
E == Type C
g3
=
2 Accurate rate
1 T T T uType A
DeEBEREERTsMen | O TypeB
%@0& @\&% @\&% %%00& @@? & NG TR N ares
(5 ) N
¢ ¢ S e —
60 70 80 90 100
(a) Average score of sensory test (b) Average of WPM and accurate rate
Fig. 4.24 Result of evaluation test of the keyboard
Table 4.7 Average and distribution of evaluation test
Probotp WPM Accuracy Key touch Stroke feeling Click feeling Soft sound Smoothness Comfortable
rototype

Average | Deviation| Average | Deviation| Average | Deviation| Average | Deviation| Average | Deviation| Average | Deviation| Average | Deviation| Average | Deviation
TypeA | 21969| 6720 9064| 623] 333 | 061 | 222 | 076 | 256 | 105 | 428 | 036 | 322 | 120 | 328 | 073
TypeB | 273.67| 9796| 9588| 200 317 | 0.63 | 378 | 103 | 483 | 146 | 378 | 053 | 397 | 100 | 556 | L10
TyeC | 24015| 82.06] 9152| 5200 272 | 056 | 239 | 076 | 3.56 | 083 | 431 | 037 | 467 | 084 | 433 | 072
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User needs I System requirements Product Functions Design factors I l Design parameters

(User

prefetences) Kansei quality

- Comfort +Good fitting feel
+High quality -Non sticky
-Luxury -

- Take photo

-Treatment A
-Surface treatmen < “Treatment B
*Roughness

-Treatment C
-Pattern X\\ -Roughness 0.8
-Toug-hness *Roughness 1.0
-ElaSt_ICY -Roughness 1.5
+Coating +Pattern 50%
ree « Pattern 60%
-Pattern 80%

User
requira ts

Functional requirement

+Portable *Non-slip -Graspable

Fig. 5.1 Front to end design information
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§ Requirement definition Functional design Structural design
o
STEP1 STEP 2 STEP 3 STEP 4
Preference evaluation *—' ] - : S test
test Interview test Correlation analysis ensory tes
1 ' !
Cluster analysis Evaluation grid method Mumﬂiar; girsesswn Design of Experiment
] i i '
- High- sensitivity Average and variation of
User preference cluster User requirements design factor sensory test score
T T 1

Design Information
’
U
\

Fig. 5.2 Schematic of the proposed framework
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",f: Prefer
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n19 E—'i
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8| | s Prefer
51| n! )\ User Preference Cluster 3 e —
B [ . frequency:6 N Bl
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Dendrogram of Average priority order of user preference
user preference cluster cluster for the surface texture
B BN BT
HE = Bl
CT N T .

Fig. 5.3 User preference clusters based on user preference
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| Concrete measures(HOWSs) 2 l , [
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i i Reasons(WHYs) 3
| Concrete measures(HOWs) 4 Evaluation points 2 ( ) |
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| Concrete measures(HOWSs) 5

Fig. 5.4 Hierarchical model of user requirements
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Commonality design factor
User

preference
cluster

Design Factor 1 | Design Factor 2 Desig-n Factor 3

User preference Standardised Standardised
Standardised
coefficient 3rd

cluster 1 coefficient 3rd | coefficient 2nd

Standardised User preference Standardised
coefficient 1st cluster 2 coefficient 2nd

Standardised
coefficient 3rd

Standardised
coefficient 2nd

Design Design
factor 1 factor 2

User preference Standardised Standardised
cluster 3 coefficient 3rd | coefficient 2nd

High-sensitivity design factor

Fig. 5.5 Derivation of the high-sensitivity design factors and commonality design factors
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Texture
picture
Material ABS Leather Polyurethane Polypropylene
Mfg.Method Molding Pressing Molding Molding
patterns[o] 60 60 60~80 60~80
Roughnessfum] 100 100~150 100~200 100~200
Acril Coating Yes/No No No No

Fig. 5.6 The evaluated surface textures
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Participants

Average priority order of user preference

Dendrogram of user preference cluster dlirster for the surface textire

Fig. 5.7 User preference clusters based on surface texture preference

105



RIZ, $—=T 2 AT I AF v | ZRTDHa2—VWEL 7 T A% T & Oa—VERE MR
T 572012, FHliZ Y v NIBICE DA v A B a—%{ToTc. A UV F Ea2—IHT=Y
BAFNEF AL T 2 S OWEF DT HNK 7 T AL DOFENTTE DT IEVEREZ 7 7 A
ZZTEIZ2 AMD3ANRELL. 7 7AZTLIZRERDERMEZEX NI 20T, FHh
T A MOPEREIZIZ, LT FEATOIEFOMFITHOBEBICONWTELL AT,

B 580551012, 4 FEa—TCHYLILa—VEIr7 728 2L DOEROKEERH
WA /R, 522 TIR7-1@ Y, [Evaluation points] (X, #FFE L SITEM DU 72 GEAM A UE
ELTRANCERARONTZHE Th D, 74— XU CHEHINDIEREZERT L7200
HAKH) F-B (Concrete measures (HOWs))IZ 13, K LHCHE 7e ERGHERICEET 2 £ <
DEANBNTND. 7 IFRAZ I DLRBESINTHERE HIL, BB LAWK, 71
v M, PREESFEE L oo TWD. A X Ea—0b, HHITHMWT 7 2AF v Tkt
T OMBEOBREEZ B> TWD I ERDND, KENPWEMLHE O NRER N ZDOEBF
BLLTENRTWD., 7T AZ 2 HIREINTHERE I, BVIZ S & AR
AL fe o TV DL AR N TN TLEI ZEZ2BALTRBY, /T2
21 RN, BAERMFEICE, S0 LEREHINENLTND., 7T AX 3D
WERE D HIF Y LT ST 2 BEB BB FRICRA TV D2, O B EYICITHET 5
AL, &, DHEWT 7 AF v, 74y METHLZ ERbnrolz. 20X 51,
7RG G LRI Y v RIEEZMEAEDED Z LI , BUSLOWELFOFEWICHE L .
ZADEREMIET L2 LN TE, 22—V T AX ZLICRRL2EROMBEHEE LD O

IZT&E 5.

smooth texture

Concrete measures(HOWSs) Evaluation point Reasons(WHYSs)
| not sticky
| non-slip not prickly comfortable |
| soft material comfortable texture
hold feeling |
| like leather fitting fee
I

Fig. 5.8 Hierarchical structure of user requirements: User preference cluster 1
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Concrete measures(HOWSs) Evaluation point Reasons(WHYs)

friction of surface
non-slip material non-slip comfortable |
elasticity hold feeling reliable |

rough texture

Fig. 5.9 Hierarchical structure of user requirements: User preference cluster 2

Concrete measures(HOWSs) Evaluation point Reasons(WHYs)

elasticity
high quali :
hardness of material gh quality et ]
i comfortable texture
— reliable |
smooth texture fitting feel

Fig. 5.10 Hierarchical structure of user requirements: User preference cluster 3
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DMM ElLEc 2B 2000
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User Preference Cluster 1 ( BN BN AN BN ) ( AN | (BN J
User Preference Cluster 2 [ BN 2K ) o o [ ]
User Preference Cluster 3 [ AN AN} [ ) o [ ]

Fig. 5.11 User preference cluster/Requirement DMM
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User preference %
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User Preference Cluster 3 -0.71 | -0.03 | -0.04 | -0.21 | -0.10| 0.04

Fig. 5.12 User preference cluster/Design factors DMM
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— — = o o o
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Fig. 5.13 Influence of design parameters on user preference
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Fig. 5.14 MDM-based product design process based on user preference
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