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Abstract

For people with visual impairment, in order to live with a good quality, the most
important thing is that they can make choices or handle the life by their own. In the past,
based on lacking of opportunities to choose or control many things in their lifes, they
become feeling helpless and have to rely on others. Independence is the terminal goal for
people with visual impairment. Set up a support system to increase their independent skills
and abilities is a immediate staff. A independent life is “based on that they can handle their
lifes with rely on other’s decision as few as possible”, which include capacity for action,

life skills, communication, self-assistance and so on.

In accordance with references and analysis of statistical data, the guide for the design
of white canes not only provides people with visual impairment useful information to
protect them from running into obstacles beyond the waist, but also reduces chances of
running into obstacles above the waist to make sure the safety. Therefore, the
multi-sensory innovation design of white canes focus on problems that analysis of
statistical data points to . We combine with “TRIZ 39 Engineering Parameters”, “40
Inventive Principles”, “Morphological Analysis”, and ”Pugh concept selection”, in order
to conclude with the innovation design of multi-sensory for wearable white canes, and
further provide people with visual impairment to use the method of the wearable

innovation design of multi-sensory for wearable white canes.

Keyword : White cane ~ Wearable ~ TRIZ ~ Morphological Analysis ~ Pugh concept selection
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AARKA AR R EGREN TR - ERIITH - Ea@HAHHRAEL2ER
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Innovation ) ~ £]3& /1 SLAIHT &3t ~ BR A A & B Ry A1 H 23T F A R TRIZ A1 H73%3
IR BATXRRE R > EMBAATE A (Ta ) WHEEAR S S Z R A% 0 A
RKARZEGRELGE ST THERBEFERTH LM (B8 ) HENERAES)
BBy 0 RAE B AT AR LB IRST -

2-1 G Ear e T &

HRERARABEARN AP R EERFHTREREARNER > ok 2-1° ¢
Rk sk (WHO) #HR e & ARE (BEERK»E—F &) (2006 F £
g3 ) RANFE T AWBER  EFERAN-PERAABE - REANBE ~
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SLEE20 EE 200 AT ~ AT AR 20 EUATZAREFESRY > &I REHH
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KRBEABAEFNET 2002 FHELTZ " FoBERER  BREERTRA 4
BAERRERER  ERAEETERRATHE - RARE T )2k e
Ay RIS LEBRMESRFhEE (REH) FREIPRM T -
RERARNBRERFOARRNBE >0 F  BERFEAE 1L RHBRANIERAE
0.1 (&) 202 (&) # 2. RHRAIFE A 20 EUANE - 3ER 8 BHRIFH F.0 30
EARRXRE 4B RN 10DB(RA)F 4 B2 T (& AE)MARMAN£0204)
E 04(R)HE o, PEMARZLNE "LRBRAANERE 0.1(R)ATH 24K AES
REF w30 BRSP4 AN 15DB (R 3. BERAT (& LE)M B
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7B B AR &
1E
# ]
& il L s &
AR =]
s m 8 8 i B BB
¥ | E | B | E B 20 & i B
I & &
A A7 ﬁ DY
B® & =
z | = 20 "
B
200
B
B
=

N B VRN A

AENEBREZEZAE  AEERT TR ARERBYHENEL > § > HRAR
ERERENRTREHUEGERCE - ZHRREHROB S WERAA > LEL
ARAREEARAR RELAEGB A" 25  (medical blindness ) " 7% & 5 | (legal
blindness ) > " % % & , (occupational blindness) & " 2t F § | (educational blindness )
2.8 R E AL | BARARIE K S E N R B T e B T A AT R A R R
MEE 3 EALRABINGREREN - B ALANERIFER » S RE RAY
RE > HEZEHREG FAHREN  BLTANEEHENES EERAKTNE
RIATERAFHES REARARER  ARREBNFHERRAME LY R
TG EAARL R o B BAE (2001) Fh AR TESREW RS > ¥

R vafB 48 b 439 0 BF 1.40% % 38 (visual disorder ) ; 2.4L %48 £ (visual impairment ) ;
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3% 457 (visual disability ) » 4.8, % 4% (visual handicap ) % Z — R TR EFH -
BB G WIRA 0 ke tE LR B R - B AR MmAES R ES > AL
AR O R HB AR R S - B AT & B A8 B 47 7 © 4% 0 #% £ — 18 visual handicapped’

B A% 2 — {8 B A visual impairment 89 A > 4#]4o student with visual impairment °

2-2 W ¥LATE)

IEX By O&M RAZMEHFH —REFRRKE2Z > BETRAEABEEEIRZ
BTR EBMEEA WA R RR AR BT 1229 F £ B @4 EH 8 E K| kS
#%( The Seeing Eye )& &4 5 AF A 469 O&M 34k 3242 ( Whistock, 1980 ) ° #& 7T
1940 4 > AR} % 4 &4t & & A Richard E. Hoover * A B M EANHEEER

(Valley Forge Army Hospital ) 7 B % =kt 5 K B 85 4% M & BA 049 iR 46 E A2 — 5
F#| A F 4547 (Foot travel ) #9314R3T £ » # & A5 (The Hoover Techniques ) ©
B IN R Ty B R F R BT 1950 FAAF F M & A7 ik 1a A B K2 ( Hines
Veteran’s Hosptial )89 1B45 £ AKX A 3t hw A2t & (Hill, 1986) °

L 1960 FAnHA £ R EMIEL B EBRRNEHBAKRKAGRATZ
£ O&M 45 H B » B2 M X O3 BRI E & fv E X 69 58 o AT S HAE © 42 1960
ol KA RS B3 ERdRATERLARESLE > MBSEET
A O&M 4 %3742 ) % 69 — ¥R 45 ( Blash, Wiener, & Welsh, 1997 )° £ #& 7T 1970 4 >
RARAFE O&M RRAF 4 Brr Bl L ey B 2§ ShAE e RIBR N XL BT II4R > DA RAK
R B FERARSE OKM XN TR RE > AR AIBERALEFTIEZREER
O&M 34k = 1970 SFet A E 1980 F - £ ATAE L EH0 § EfEgE4 49 O&M MRFS i<
FA o4 1980 SFELHAE 1990 F FREFAANEH EE AT ERE > # 0&M
RF5 IR A 78 260 % K (Straw et al., 1991) °

AL 1990 F 88 £ 2000 > TR T O&M RAZ5h > BEHRPREHIEMN
2 H ARG 0 A ERAESN R EA T EENEERE B AT &L -
FHEB ST AR AL CEREMFR 42 Dr. S. E. Bourgeault 7% & 7 1969 41} 8)

A g iR
SHHFNA TESE T AWK B B0 TR, AR b ST 8D
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Johnson (2001 )45 & » B ILATE HNRAEE AFFFREXER  REFEHLATE
Bt EmPBERL T HF ~ hHEEE @ Mauduchi $2 Coughlan ( 2008 )+
B2 BEEIRTRALGEEIGH A ARG S RBEHEE  HRALRE
gt E T A AL ERRABATERER TG RS EF ALBERALFEat 0 UK
B ILATEHY B &) 0 1240 R 0% AR ESE Bk BTN c Bk R@iTH AR
AR HIEF A E Zay— 3 > /REBE (2001) R4 d > RERGES T 0THH

BIABRERREWETHTHENTL -

Qg

2-2-1 % BB S 9

B A4 2001 8 REIZ@ATEINR (O&M) BT FAAKEN » RS H
CRE AR o R Fa i B A1 693 R AE A BIALE E g4 08 ILAT & - RE IR
OEHLREZRTLE—NE - B BE - ABRXBALANRELASL - 2 RA
REZINR o B 2-1° HESBARARHESE (RELEN) FHEEHF —LTAY
RERRL  BEZBERK  AOEFATRMMHR 5 AR TR EE TR
AR o ARG RN BAR A B E AR - U F iR FRARDEGABEALE -
42 g A% 40 % (Tactile perception )’ AL L EH IR FEMEATRE LB AR £ -
BAAR &AL A — BT AL E A M (Object constancy ) — | 47 R4 Bp g R AE
AR > CARARGE ) AL EL AR RE— T YRR REHEE R BRA
174 5 (Scholl, 1986) - & FA TR EHA A AR BHL FHFIHT  mEL
B3~ 3~ LA m -~ g EAo sl - BRI O E 0 £—IBH AR
BT A

=) 2 &4 (Echolocation ) A& By AL a5t 4 8 %, K a4 [ ket Fo AL 5 i 0y B 0
REME DO AR ERDZATOED - ZMBARGREF > w¥E - B ofR
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Bt o TiREGBLFERFARE S BEHmPEH o Bk RERGEATERLTE
BB 0 IR AT A 60 W AR S R S 6 71 BT AL R et 2
Bit4 o %% (Kohler, 1964 ; Bassett & Eastmond, 1964 ; Arias, 1993 ) 324 & % & i
A48 % (Frequency) #v 3% & (Intensity) #9 % B4 R 5 2% (Carlson Smith & Wiener,
1996) 5 i & RALTRRANR A R LR ERARENENLE - BRAZFRE
HmETRMALEE - SLHPRIBNRET - W5 E - FRMBEMFRORRE
BERFAAMNES - SEARTFESH IR EF 0 /ISR B 2 A IKSR 18 R
DA B d O e N R R R R -

KRB R % 5 % % (Proprioceptive sensory system ) L7 & 84 69 WULA ~ AUBEFv B &5 -
U PR & B %] B R AR AR B ) B E 0 R A 00 AR R R BB AS B 4 242 (Rosen,
1997)° AR AN £ LB BED AR HEZNA L - CRES BB R
— B > AR Rl ®@ (Laterality) ~ % (Dir-ectionality ) #v % f 428 (Spatial
awaareness ) ° ‘&L T A %04 (Haptic Perception) £ & H % - A4 & A A ~
KA R & A B A S 0 B R B A E 8 (Tactile) Fo A B8R % 49 (Proprioceptive )
WA A 0 BRE ARG ABFER T OB Tk - REHNERR T TAIBA
By BBLRIRATHE B 6 Rk 0 L R R 89 € & 4% (Landmark) ~ 4% % (Clue) © £
A R e Fe AR ARG BT 0 TR ke B e @] LA mER e e R
B AR BA 0 TR ET RIS A

AL ERTHHRETRS: O&M WA - B EEEH At ( Sensorimotor
integration) & B H A Z eI A > HOM LEEZ > REHELS CIEREH
ANFe g EE o TR CR B BE 5 o SE 8 408 ( Kinesthetic awareness )Fv A8 Bk 2 %5 ¥
REEGRE BN ERELZNAE - EH R T AR - KRB S0ATE A2 LW
ANORE > REGBAEZRBHORE - RARASHLARFELDE AL AT
RAREK 0 AT AE B ko B R PTG AR W AL B — By 1R AR -



2 I BB AT A AL R 2

EIL-Fivd o = =
( Echolocation) & FH R :
- BALE®IBSE
HFEBNEE

BB EE
RREKAFER
BAVER

2-1. REIR (A RAEE)

2-2-2 R T8 8y &

1. & (Orientation ) * & § EATEH ¥ EA LR B 408 AR & ( Clue )Fo i
#%( Landmark ) Ak H e B > B3040 B Bl 693838 - AT R AT a4 A
SRR BB MR EZ AN o AR EAEGRE S TARKZE N 8
RACTHERETOMBIAEME  DAEHERBIRARG I AAHMENNL £
SAE BT R — A I E 0 AE 9 E A & AE AR ( Landmark )24 & ( Clue ) % #E7 B
AT E » 1F AT E 0 IRIAE -

2. 47#( Mobility ) : EEREFEsE A LR EH T W& E
B FA-EERE K -RAZS R - AARIEBOTHAERTEGREA
fe R A B THEBIRBE T 0 ER F A ~ T8 ¥ B RIS & A& 4% ( Landmark ) ~ 4%
%(Clue) > %4~ AR FITAR S I — b2

3. & ¥ #47%)( Orientation and Mobility 5 4% O&M ) © & § 2 HA & u
ITARGBMS IR  EEAEMRERAEEFRRUTHERL S ~ ARB BRI

10



22 b e Ul e A

& o AP IEAE 00 K @ AT B R G AR [F A H T @ AT H e e ~ o HIE
IR ERFHAER A B AARETRANPERAL -

2-3 Em b ATEI HAES X E M

GO BE EAFNA TSR RO LA THEERERATHATE
WE G CHEGRHF AN LR GRS MEE TS FE  HEYAR
f.8h 0 AE1E LB H ) A( Bryant, 2003 ) ° 5 3L B £ & & SRRt 6 & AR B AR 0 3R
IBFARURZE LA ELFHEREN LB THMER RAXNRBEZFE -
BB EATE THANTHESRVRBINAMAE R ERBERO AT EHEET
EHBEANGEE 0 A2 TiTERE BRAZREERE - FRE)EE - BAW
By % (Frieden, Richards, Cole & Bailey as cited in Nosek, 1992 ) - & B4 (2003 ) #1 %
1 HE(2009) 132 A BB QTR TR EEAL TR ke Foh P4
IR H EAEGRA o TR, 0 R @ATE A A T AR BY AR R R SR B st AT B
& MR e

HHEYE (2013) R 47, AL EEEIEBHZRAIEALHR UNERWES
Bl AR > RaEIN AT S AGB IS > SR AN 1S E S ERAE
FEAEF) 2 EHBER(RBTE ~ tkH oA &) Rude st SRR A
BRBERF - FBABBEEMHIFUNIAEE - MBERROFARE > LREAE
BENEEBOEZRE - HEE (2003) RAEZ@ITHRN T AR F Afi g
e BAFERAGTA TN R Fo G5 A E g AT T ENAE 2
SAE AN EFEAREER o B2 4 (2001) Rom — BRI E A £HEE@ITHIRIE
FAETRAERKEGEE T B X2 ZAT4A  FIRARRBRIEAL » T 53
FEMM TURREMIBTEMAREL RELBE L0484 6FH &
WHECWE - RE -RE CKMES A B BREF OHETREARET
B> mBREEgBNZ Bt HNERARETR - WEBEITETA LR - ¥
B (2005) PR E TGS A @& A TR L > ST ER

11
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FHAHBE > BABREEEHAE LENERENETEHE - SBARHEGIE
BRR o BEEH A S > FTAHBEAIEL 2 EERLE
BEIagkm H R o FREH (2006) LA — A2 F AR A B EER 3T PG Gt 4 R Pl 4
R BRG] B E QA AR B~ R R AR R) ~ R (4w
FARBHEHEEN) G BECo LBRB IS BEGERE)EZRE E - b
o FEZ o £24m:E (2012) E—FHBEERATESREIUTERBRELHEARAR
BAEZHBERNRA > RRANZRMERUREAE  MA G HERIEE R
%o RAEMBRAEXNS CRENLEREZL  LARELEEM PSS FMEE -

TEIE

BN LR R B ARG 40 0 B ESE ARG 2 TR S B R4 @ &4
EE o BEARTFRENTEHHEL > TIHBR T EasETANB ATETEIRER  ER
ARBGAECTRRRAL T LN ESAE  TITHMEERATESREHAEIHE

% o

4 ATEhEHE

RAFHARFIEGREEE S HEHE T RESHER T (ICF) £~ #HE
URERR  BAERARBIABEAEO TR CRARERS " HhARERE
BREMAEB ) HHB B R - TR MEE - QR A AR A TT
FA 2R3 Ao~ 435 SR AT K AE ZRHEHEH D REBUE NI EE
B4 RESAG ) (FRREHFHABAAMEBBIEEIRER) > AR R LY
RS EBAT RO > PROMER A Z kR - IR S ~ HRBUREH
Fr o AREHE -

G HEB) B B a0 AsEAE R~ 41 - W e R B R A — BT
THER  MARHCH —ALBOHET RIBFARSERFOEN TR - HE
REKANEBEYEH SR EBTHEEOH AL - RREHRRERRE &
H P E KB B AR 2 4 B JA L B [RAR B SR e 0 455 1SO 9999 : 2007(E)#4 3% » i
BEMEZEEERAFREFELEFRAG HNRE 9 FI9A30B2ERAT

12
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X+

KB Bl A% 28 CNS 15390 & S FEse 4 4 B BEAMTE) WA 5 11 K
6.4 <04 18 A % & 4 B ( Assistive products for personal medical treatment )> ~ <05
At 2 4k 3 B Assistive products for training in skills )> ~ <06 45 £ #1 % B (Orthoses and
prostheses )> ~ <09 1E A B2 BB Y1 1% 3% 44 B ( Assistive products for personal care and
protection )> ~ <12 18 A4T#h % B ( Assistive products for personal mobility )> ~ <15 &
F A& 7% 3 B Assistive products for housekeeping )> ~ <18 1 R & H 4.3 FF 2 R A #L 2L
# %8 #4( Furnishings and adaptations to homes and other premises )>~<22 i# i@ 2 & 2l ¥4
A ( Assistive products for communication and information )> ~ < 24 4 3 ¥ # F J% 37 ¥
( Assistive products for handling objects and devices )> ~ <27 T B ~ #% % #3235 o & ¥
H( Assistive products for environmental improvement, tools and machines )> #2<30 4k
Pfl # B Assistive products for recreation > ° B A7 & Bl Ak & 43 41 &4 3 B4 Bh BL AR 75
K 1S09999 849 748 A4 4 -

BB BREARE @8 783 1S09999 B L8 By #1478 A4 %0 B #8 % = hk( 2002
FRRA )AL 0 BLFR A SRR AR AT A A AT 0 B IR R S AR L S TS
0HR R BRSO B B RS 3E L A 2003 Ak E K ANt A e ke B IR
#8 F ¥ ( WHO Family of International Classification, WHO-FIC ) ° st/ 48 % %tk 45 &
EA R TR, 8 BLREE R E FHR 0 EZRANRENRAAT
Byurog R 0 BB TRATEHWEAR ) X RoM T R aWa, > Mk T
AMTEHESE 2Ry B T HTHE ) - RifkBE (2001) AELEREBT > &5
BTy FAREHAEL T kit - BEXFA - R FHA - W F4 (1%
B~ kT -BR W) - T FR - THFR A 5~ Fiiadst - F
KB E ~ RIRIRA FAL - EIERE S -

n}“
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BLINIF > A—LRAXEBRAEHMICHBYHRAFTUAMETREAA > N FK
AR RBRAFEEREIAEBLE - Bk AT AENERERHHA R > i tbny
FARELEOEHEE - BALINOFERFAHE N R EEHF &€ KkGeorge A.
BonhamiZ i £ & & FHL8E Lar & FAE AR EEGRETH LSS RE R RE T
TR G B BRI R B H3T G AL kA & F AL R L (right-of- way ) F AR &%
Prak R F L 0 BAEEAFHEANWBY o FIEF 0 SR ERALI931FE92A TR > & — 1
4 "4 Guilly d’Herbemont#y 41 &L EEatE S G FHEH L5 15000 X F 445
REEGH -

AFBRBAAHTHEESZ AoERRERTEGE QERZ DM - £19645F 6910
A6Bi@E—IF R AFFMNIOA158 A 2B G F 4% 2 8 (National White Cane
Safety Day) ; ° The National Federation of the Blind ( NFB ) 32857 A 9 5 =38
A& " & & F4#E (White Cane Week) | ° 12 B REH LB E2EF H s R R

TRIAFNEBAT AR BERAEETOAREER, -

2-4-2 & F AL B 7 sk 48 B SRR

RAERPABAXRZAERGRE S LERETHLTIASSA 228424 A
TEBEERG G FRET A - B FHAMEAFERELR %% (Orientation and
Mobility ) > B AW BIREZ A T @ iT8 | 095N - B B REBEH T EH—
8 & 7 64 0 B2 30 B ( mental map ) © 15 F LS FEILE KRR EAFAALE ~ BPAF AT/ B
B Mo AL TR AR DA B R ko] F AE B E B B Hb o FA P BE( 2005 ) ~ ARFEE (2007) R
HEARERTIEE B AR EESH &L R/ATIER G F T A% 8 FH(white cane )
LA AB A M T R B R IR T A B T UATAUR BRI E - o F R ART
Bt 37y Al — L AT o o M b BLR &Y I X By R 3 S AR R R AT AR AR B B
o ARG S R A A @EREGR i A BT Pl > R K B EEBAT
AR By RE
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Rk & FARAAEE @ATE 0 - (£ A8 25K X 09 348 AR Rk o kIR R
BEEFIRAHREY > BHERAEREEE EF G eatdE o AR (2007) w42
H2EHREEREHLFAER G FRMATEHH L B3 aTH890 8
DRI LRI R0 E R G F R B EBAR AL ERE L E G2 o
A (2009) FEHFRRE gL I/ E R v R O HB T B A8 F4(92%)
REEGZE PN R LR IEFEZ » AP0y A F/E S — AR TAEge T @
FH A T BT A REERE  RETAEESER T - Kf - FAE (2001)
15 4 & F#L( white cane ) AR FFEHRF R FHEA K AR LREHERIER KR B
Bty HA T BT AR A F ey > BRI FHR T OB B R A EA R
o~ Rk R FE =R R > ERE R BIRBARBI A G FEsMRIL AERXEF S
&R 5 e

B LG UK AR B R T 40 0 f£ B F ALY B SRR Bk M A 20 F 0 1R 9A B3
R FRAGO T EA —BHRAE LRGP P BEAIFERTESELE
A LBy IRAL o F BN AR BB A FHOART @ > BT BAEAIRER
B PRS0 LA S AL s R AT AR B A A B L 0 B RE S PR KRR A b
FEFEEGR Y O G IR IR A L R AR T @ -

2-4-3 E 7 X F A B A s A8 B STRR

HFERAMPETFRXAFRGR > CREHB SEF IITHREGER F EAT
ALWER AN EFRFRASDEOGR LB wH w oI ghfe - BRLL
Mg EFIG > RSB FHAZLESLTRBA (BEF 2005) &) AE&E
RABRREFEGE M 6 T fE - WAL S A A M T - FAGER T3 EER H N
BRITIERIRE ) > LI o8 AEEIRZ P 2 8) - BG4k B SFEstH ol 8 B0 Rk
KA H 0y I A4 (TR 0 2004) ©

FEERAHN XA B EWEREM T > AT XEABRRGB A THHE X #H
B AE¥EEE R RhRe89 R 2 ° Sung Yeon Kim, Kwangsu Cho (2013) » #F 3¢ 887 %45 fE
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F LA @A F IR RGR] B T AT Aot B e B SLEERE 0 LR R FAL R A M FRA
FEdtdn ey i B R S6 B o H5Eak 0 SR 0 TR 0 §a4 (2013) MAREH SN E
B B EHMEATR > RETHAEZIHE RO TR FHAETMRE
Mo BT AR AR TR EE O K AR GRAT IS Z BB 0 3 AR E) B 7 X R AT
et R R & R 2 R (I — MR B RN IR R THRRABYE )
HAMERAAR T AFABT R TAT ARG - RGBT - 95Kk - GPSE A

TAME - RAFHREE S 2ATARG (FHRN—RZATEBLE) BREBETM -
¥4 AR H9A% (2013) REZHBFIFTAETAIERRER  HERAGS
EERXBHRICHEE FAH BFRERALE RS B2 REME - FREAT AN -
e (2013) 42 —MEAF & B4 R L% BLRR 4o 38 BB B8 3% 1 8 A fdk F 4L
FRAER G SRE BEERA G BE R - BB E A EEMEEIFHR
WA IERI D] 0 BEBFRNIGHEEA B BT HNBIFRE > RafFEKE -

BREHE (2011) AIANEREAN B THELAG - FED F R =tk &
RIEBRZGTETREFRTEAFH - TR (2014) HRHEHETOTEHEFR
B 2 BAC R T A AREF T ARPR TR E WA > SRR R R AR
H 53— R BRATEH A B BB R REE > RAEE B #5755 (2015)
REFEA SR X EFRENEZI TG #E&HENXahBEHEF
o BIBEFTAREAE R H MG FRZ TR AR RIS REHFEN
B3 g A L ey Ak o
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%22, TFREGHXF Lk

Z R BHT AT A B 2 R 2 BT

% A F L = e F ARG SRR BB ME T
o .r g
[ —"\
| R
M >
58 58 58
e FHRAEFLF R AE EREBEA B3 AR & e

B XA R R BT AR B

IR R B HR - R

PRSP R T R

B A BRREE | B TMERS S THERK | FEATHE LN
JTRAEE » BATE | 3~ BREDRERB A E ) | FAd BT F R
FHFRERBERAEWME - | fE BER o

BASEHMEER 1248 F 4 G FH

\ \‘\\

4 ek Cey I Ce I

R EAE TR A aFREEBRSL s FATE TR
REH NI BrAe T4 et HF B | HETRBAEERT H
R EZANEBTAM | AT RAEE > RAGE | [Fatth > 2B g @A it

B > AMRE|EEZATES
B e

— B R A b R RE 4K
VB2 SRAC AT

RPEHE -

BB s BRHRLEYA
% g -




2 I BB AT A AL R 2

ABE S ALeh & F Ak RH B TG TR HRETEFHR

FE 4 E

R HE R T4 REHERE - e MuREREEssT
FHEER R TFRAER | FTRAABRYEATHAAN | FRepy - ek %3
BEKE  THEREE | TEGEGOFEN - B TR | BB gy B8BTS

B aEgEEL - REE|H OEYERHAL - | XBRERE -

b TR Ay AFR T AT R

BR2 244 BATFARBERTE S SR REHE - HEHREA  F4X
aFRYODERAB[E > Flhodrf ~ WF R BN E S AT LHRAEE
SRR ARG SRk FARRES > HBEBHEES - EFKa
FrAR AR G FHBREA S EWB A 0 Blho L BB > L RIETRE ~ f5TE
BE S EME EEAFTRAALBRAEH EFEBREE B+ RE - 2R
BER SRR P A A R B AR A R e R R R 5 o {2 b ke
NEFAREHELTORERELHNE  AOG k0L - HRTL  2ASRALS
1§ 5oy KA B REZE SR G > PP @ B AT 7 s oo B > JfE B3R
SIBPA AR LR ARBARR o Bk HAETAFHMBRT LS ARSET B
A AEE S S EHRERRZR 0 ik B MA M E @ AF T o P T HARE
Mgt 4% h A B 50 a F AL A # Akt o
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SRR BRI WL B9
2-5 FHAAS A REFNK

£ 1980 FK > ERECHEARAEAETARNTEERE  ARBETHET
oM BBDAIBR  EREESFRAS L > SUbFegly 2 FRA K B2 L7240
B M T 0 X AR BT R BT E 3 0 2004 SFEcdR 8 SPOT( Smart Personal Objects
Technology * & 2 AMA AR st )F & » 3 ¥ B F 4k KBk Fossil * Sunnto ~ Tissot 1
Swatch ¥ &-1F > # H &K SPOT F oM B EF4& > THRAFEFRAKBRHR L —
BEXERS T FRAML BELERRZER A AR B A @ iuny
BoBEETUAFRAEANG EUAMERw AL T RFOMME N > AREHARRE
BEMYFT R B F R ZHEE > THARERRBEZBEATHEE L > RE
RETAFEAERZNEAR-BAIRENFRAELENRRMET S T EET oK 2
RBE—BAEEEREBTELRER B RATELFRAKLEF RO oE
S F ERBM R ML — SRR S ERME LS &R H RN RM2A B
NTHEBAFREEMBKAZ R ORT > EREGIRATRAOERRES - KHEHE
E 3 — 4o Bluetooth low energy » iE X7 AE A A FEARIA BT 09 ) R 0 1%
EAEBTURABRINEEMWANETL > CAEZBGRT EEBMHE -

3T A Gartner /£ 2013 44 IT 3P IT A A MR T @It > &
FRAEBRAGAMBARBIHLEITNEE  ARBLELEN - BB - ES
JE 445 ik 0 TR 2016 ST A BFARBBRET « IHS 2RERSHERAR T
(Shane Walker) RIFAR] » % & F MK K B ey TR 2018 F 2077 ° oA A &
KE300M&ET - EEMRMHEMIC £3RE FEFRAEENFAGAKERHE
81.9% » WIFMALTAFH 2014 89 31 18 £ T > 4R34 E 2018 fFah 341 £ T - AHF
BB K ENMEFHE L B 22 A% ©
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2000%F  2008% 2010F 20134F 2013%F 20154 20164

%
;

g B F & G S H 55 G &
—_ f"E | %g (o] O E E’b‘ ?J‘H fE a 13
m g t £ o N 7 95 B E T 5
wm & b ™ g Y mos 3 T t o,
£ F ot B e m A g % B e |
Fw C ¥ o3 g2 vV 3 wa g
t |

HE % | ® £ 5 s @ 3,
w %5 a ® G ¢ 6 o ox o 1
h r ™ AN 5
FE s | % " 2 2 0F T
s 5 a S © = 3 H 1 &
.01 s - ¢ X R R B g
C —F S a n ﬁ 2 E ﬁ E
fE 2 5} r g & 0 m ] @
kE % it t a 1 - i =
£ - . ; 5 A e
b
w7

H

B2-2. BoHAREBOMEFHFR (KAARERER)

BHAEARMEEEFAEFT AR ERLAAL2013F K7 £ARML3
R FRAESRCHBLHEBRATHLE MAELTRERYARAELY  — 204
RELEBBRERAAEINFRAES > A ARER - REAE - EHEEE > AR
MR EZERBER > H65% 7 —RILEBEF ML > BATEHE R > REHE
AMERGBE - EA T HEFRAKENTRA . REFRAEEAE S L 2. &
B EEEREALS 3. TUHITE RN OB A SR 4 BHAS  RREHRE

BAHWEE S BHARBOORES - afd  HEFRALENRESH
BHSREFOREEFRIAEME - AREE8M - AN @ ~ BEm SR~
SRR~ EEGH K BEEEME - e Rk FRAKLENEFRA LAY Ak
SR AR TRSIYE - mABRKE - &SR RN F oL REREE > TRER
EATAARE & F RO 0 F XS BB ILRF -
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2 I BB AT A AL R 2

W TARIRIEK & ¥ 547 B R A 16 22014 9 A B 45 > R F R A%
ERFHRERAEEZIRFRDNA  BARAZR G- ZBEFT AL T RBREF -
AT X F RBAR AT AW R AR~ BRI R = 82 5 AEBp i B E#E -
FRE R CUHRERAERABFHMFREGEEE - AT AKRN@EY 5 AEEDRE
Mo TR ETHEFRAKLEARGER - MEAKAISFHALER  HE
FEBHFRAELENEERRFIREREALENHEEL AR EERHBR ML
mAREATRRZERSOEME  HRATHRAMN » HILERTAdRBR S
FRETHANIRSEAFESEOTHEDSE N ESHAZREN  EmRHHEL
HEBRAKENHKA TR - A HEHXRBAVEEDVEAFHA - mAFHRK

WY XUFENHBXKAHREART ERAEFER -BRFREEH LI

BB CRIFRRAA G ERAEENE - AR L EREFTRTH EH A
RIFOW A A RS - BRAFTK S AFEANEENEFRIFELMETHHEX
BIR - ¥ mET FRANEEVERRAHNERHELREHBYHES
BRI B -

-EBEQIR -0 BE=ERE - WEHEBRINA

- AR R E A
- DUBA - RESEEIA
- f
BB THEYBIRIMER
@ @ ENEF - BTRE - RMRATUKRE - ERBPRES -

B2-3 FRALENEAE (AARENEELH)

- ARRBS ZEBFAhRm
KR Em - FESE -

AEMBERERES £ - SRIRARMHE -
- Fir B BRE% - MEE B BHRE -
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B TA20I4F A RRE T RAFREKEANER - e~ BA -~ BARTH
EMAFLT/TER BETUHI GG BT REE L THEAR - RIBRBET
AR ARERER S FEA - FEX - REX(LSFR)ABMAE > wE2-3
BT HERAT > ARKRAS S »H 4 LEMERLE 2 EHiE Yy 3. B haB
ARSI S REHSR R AMAENRAERBET > AR LAH
v M8 A ARAL S REATAE AR > A R LI BN B~ 23RBERGR] ~ 3L BRG] ~ 4. 2E R
Bl MEEEARTFREFS  XWMENGBE BLETURZTFEER S
WRAARFETFH -  BHERBAHIRB T X > RABIKE > B BE ~ %
g — R A FRAEE R AERRABZZRERER L2 L5 #
B AERANZAFREEBRARDL B ERAMZ A - BBAERAEETAA
BEAEAETEEIE > i8R - S B OF - BT ebEE o AR AIERRIE
FEFE AR A TR ~ AL BRASA ~ SRITUREE T W 0 D
BEERZIRR Bl K LY ERE - ERANRIIES -5 ARNY 2R -
ARG FRSET EHF

MICH#7 635 1% IE 42 2013034 T 46 th F R 2 S EILAR B 4 R8s B4
W BERHMERETRM—ERA > RAHTRESLETHEN G L Rpt
TREBMEEEANES AL  ARRTRARMEFRESATG - A T ABER
RS 2 B BB H3CASREFHE RH BN L REE 5 A B4
PEAE A YR & FE R A b o do sbRAPIREAR R A S FRAGR A —FRAE S o &
3R FRNGFEGEESR T SB A TR LR F 2~ F -
5B T E SR WAAMF G TR - Bk T FRE ) BRI
KEBRENF L MEFREFEESHA > XEELCTEXRGERRE > FRES
BehAhiES - FEPRLB AT RMIF R0/ TE8 A > P ERAE(EHE - SHREMS
) IER o
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EAR NS P T S I e T = i
2-6 #A%E (MEMS) #H34uk

WRAE T dy TR A 46 F 0 45 B B IR IRGA = 2014 B A B 45 h R B
(MEMS) A MEsy FHE0 TR E BT R H fdw) F HAER - S E (MEMS)
B ER LA R R ey X E e t2 0k A Kot > 358 454 R B AR R 2488 % bk
B 0 EA BT MM e & XM R A RBATEE A~ L RIRON
L2 AL - 85 R HACH A B BB A BA S poish RBHE D B
B~ A R B — e E B A SR L

BRTAFZMEAE Y K B T4 £ EN - BBk E ST RBKRA
WAHEE (MEMS) TR A& T 0 T R RAFOIIRIEMAEF A I AE - MG E
#E (MEMS) 7 ARG 69 iR AL > e ERMIMEE R B ATH BHE
FE S @G R HAL Y o £20095F LAAT > A B A U R B E R0
BB & B R R 0 B T3 LA KK &0 G B 51 AR R ILAR SRR 0 B sb g B
REBADEREANEF - T¥ - FERBRMAEEFTAL - RELR HiA
TS FREEAE - ML FREE FHATHE E MR RRER » Rk
B TR A s AUIME) BB F B RATEE 0 453 R A% E A %( MEMS )R b
HEMEF TG T RAL ARG A EFFRATEHE EH BILey BT P4 K ig
1K o #i%E (MEMS) EFBATHEE LBEANREK > 2B ALTRMIME
B4 ~ BRI ELABY > MM FRAZEAD TRA, 1 T &g
W MARIHEEIAE o 2012 FF 859K ( Google )2 3] £ 37 £ IE X4 & — Rk
SM% ERE Google Glass * ERTE TREHRFEFRTHEENEREE > LF)
B4 MEMS Z (RS —HRATHEE -

BREM=F2014F 9 ERE T > LHFRIARAELARBOTHERKE
F0 EREALETA NFREZRAL - REBEBRAHFHRMEAH > 23KAD
TAfEAEd 2013 4y 72 EAMEWE 2050 F3iE 96 1A o WAIGRBE AL E &
HBERAEETRAEARBOFFERLR  EAMEFABRLBEZNELEREMAL
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W IRTAE o W3t kA% ABI Research 14 2 FBATHE F & & 2018 F
RHAE AR 80 AL MM B EE 2] 485 818 0 UARARIET AL 3 Yole
Developpement %~ ' FEZ T F A LB RHEL > BRARDEZEL AT G F T
BEXTINEMNATHEERELHFNME > 2E—FRRTEFEDLARKM
£ 7& # % B RIME( Sensorization ) © Yole#) #u3t &t + #2857 > 20145 23k MEMS B R
BTHABAIIMEERT S Zn S BFRR > 5 — T 55 £2020F 85 230018 & &9
B2 THAELYAE200/8 £ T > kwB2-4 - YoleFFTAHA G K FASHAF R B N AFIA
FPHEREE - WA ToT ) BATTFTELURBASEREEABZNALE
E X FEAH G RAME

MEMS market forecast: 2014-2020 value (in B$)

(Source : Status of the MEMS Industry report, Yole Développement, April 2015)

25 B Inkdet heads

B Pressure sensors
Microphones

20 Accelerometers

15 —
—
b
—
w . I
E - - B ) Microdispensers (microfluidics)
o RF MEMS
F 1 Oscillators
Others

2014 2015 2016 2017 2018 2019 2020

Gyroscopes

Digital compass

Inertial combos
Microbolometers
PIR & thermopiles

Micro displays

US$B revenues

Projection systems

Other optical MEMS

2-4.2014-2020FMEMS T 35188 ( &4 & * Yole Developpement )
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S AT R L RS
2-7 #% 3t E#% (Design Thinking)

wit A BEBMALRAE 2009 & IDEO ##47& Tim Brown Ff# 5 Y
(Change by Design) ¥ Fr42 > Tim Brown 324 > %3t BE2 W RKE R ERTH
R & A B AR BERANMEE S BE L —EAH T RAFF Ik
BRIA > AAFFMES > MARFE TUABET | 9B R ERERE
Fodrik o BRATTOME  URAEHAARBEEEF TR TN A AT ERSE R
RN TR -

EAIH B EE R — AIEILERG TR MAL R EHRAEFOEE
W BERG B F G BR wB2-5 AT A T3 2R EF S EBeE
% # (Inspiration) ~ # % (Ideation) ~ 44T (Implementation ) o 4§ 48 45 & & R 3 AR F
BRARRTROMETRETR BB LREROBA ~ BREERE TS ZHH
REBATGZO TR - CHILPE FEGOEZ  ERRRAARFTEL R A A
Bz g maR AR AR LRA IR FBE o KL LR EF
RAE—BEHRO T L FRARREZ2GIE  LEZET AL MRS BH > R R2
EhofT BPERIAE o F RAEIE R A F 2B 0 EWIDEOA|# A David M. Kelley % #+ 72 %
ey T AR o MR EF R UL E TR c R EEYE L RAEE
A ERE R EHER > BRERAFNEEZILATR -

B EERESASEFE D (L)AES - Q)ERTER  GIAIFHE - 4.)RA
HAE~S)BRIRK - LB T RTUE RMEM— BT — VBRI wfEH > R
B E—ETRRENMHY  BRFEFRERAGRESGE - HHRET - Bb - R EF 2
— RSN EFREN c ABOME AN THRMAE ) SEMES > BTk
RA? B hRBiEPI AR - A THRBRIEA > BT BEELATERLHA &K
EREMEY > RARRFGBRBEIANFE
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;T
( Implementation )

%

[ 2-5. 31 4] 273 2% B (AR AT 48 )

HB e 4 E R TAER TAEERAE Ko Bk > Browni® A R EZ
RAEMREXFOT S KRIMVFLE T ARES - BARL > FBIAITR S
SRACHE EEZATHLARRIGETR > B EF W = BHL BRI ZFMH A ¢
A R.(insign )~ #7. %% (observation )#= ] ¥ (empathy ) #] #§ 2 3% 2| B 4% < /8 R.(insign )
AR B G SRR 2 — o AL BE R A B AT T R A S b e BERE R
FAAG A ERE o HPARE R K o AR E S BALBRR B > #ILE g
W AFo & S e B A4 0 303 MR B 54 Ade A R8BI MR BLE (observation) &
B APIRBE) ~ BEAIR R o HRAVE AT (Fo R ) HE > B3 (Fo R 3)
HE - ARFBERGLATE > FEURE T X AE ~ B Fo il BAR 6916 A AT &
B FIFE.S (empathy) X F R~ B & % - ABREFCHR R S B R >
BEEFRF A MBI T A E A E 6 A A RFS o
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2-8 %IHEE

HNBFERA AR EAZBMAC T ERATENREREL R > A3
SAABA R P % SR B G RO R A A AR R B A IE cE R
A BAEA (2008 )3 AR AR A R 6082 0 RBGTEHBBRANARES B HM
GEBEEHZHGEE 0 KK REME BB RS BHR—ERE WAL
BAERGE B L2 YT ERERMG - R EEBE L AR RohEs(E
Fw B LA R e — 8

ot H o AT AT R 00 BB 0 AR ho T A B8 TR IGT P AR AR Fh
B FEERAMT  FEAEROCGHHEATRAR T EEGBL ERNAE - 1
"Design Studies | #1F] > ¥ & R4 BH P 0 F 4o E B BRI B A
ERRXERIH ERADHRELERER L —AFE R RS ELRER
M EIHBEX  EMEEEBRAE R AR M AE A 2 & & ( Kokotovich and
Purcell, 2000; Suwa, Gero and Purcell, 2000; Zafer, Gero, and Purcell, 2006 ) * #¢3%3
AR BERABZERMT I F BT ERERATAETEL EHHEEE Y
I ER 0 B ERGTE A S BT B BEE 0 BRI A B LB R 2 R
Wy L EpiBAR o BH L 0 A BREHE AR BB R RGHER  TRARE RS
BB REFEERET KX -

AR AR AR AR T DA A R RRAT A - R A0 BN > m AL
THE R ARE B ey RAdh Ry wARTEETRTR4693 % > (Jonson,
2005 ) o BRI BRI > R F LU TFHEEREITMAERL > EF 4

HEHELRAAHTFHLB A A MBI TR Edo Segers % A(2005) #%|
setfE e d — A7 EEA R~ BE R FE SRR MGt KRR
g B AR AT AR TR 0 BLag e B 8 AR OR R AR T R o B AL Y o B8 TR 4K

A% (2007) FFRABR - % B A EZF AT At
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TR BR EZWYAREM R X B EE 0B MR E ST B % 3% 3
HE skt Rl R R A AR AR KRR B ERE

EHHFGRTARE D NGBRZI F AR RELARNFO T L
& F R 093%3T4T 4 ° Smith and Gero ( 2005 )Rl 4e 2% 3t 84 B H 47 A Fo bt X Lo 3t R 3035
682 o P 645 A8 - H EMERAHBRE o AL AEEE S AR BAA
AP FAR R BTG S MBPRELRS R A NP BARE AR SRR F R - — AR AT
FERBATE 982 » I > KA WTAHRBEEX > A HERS T REHREHR
P38 P M AR, ©

2-9 %3t /1 £1# ( Design-Driven Innovation )

2011 5 (£ HAI# %24k ) (Journal of Product Innovation Management ) %
BEBARTHEBGIEEART CBMZEERHE I RZNAI M EEHIK  AF
M2~ 33t~ BIFESRE J(MaDe In Lab) %9 B483¢ - 4H#4% (Roberto Verganti)
FRAE T o) (X3 A AI#7) F IR P Ar4% > Roberto Verganti (2011 )33 % > FHX KA
BEZTR » AR A RBANS - R HAI IO EZ > ERTAERTF ZR
B E B ERF 0 MM BT AL BRTRE SR E - R MHENMEAL T
REBM B RERESHRAE —EAREZRENILE  HRANBITREZ NS T

R I A R BT AR G R B R A S -

B BEEEHEZR > THAEERAWAINBX R R > ENEREHE R
FRAGRTESO TR EMTRERE I L= % F 645 % £ E F > Roberto
Vergantisf & 7 #8388 K23 th B ¥ A2 > G458 ~ REY (Vodafone) ~ & X#]
Alessifi B AMER % o ey LGk A Ros ~ 3%t ~ A REHE > 2 (FEHE)
(Management Science) #1 ("&#h £3F:m) FH#EH L - BEHEFATEESR
BEATMEMSH 2 MM B G S B R FH HEA RS EEE O XIFIEARLE -
KHA2000F KA E 2B XA EHER - PIERAERY > LIFRTERER
Bk~ BESOBN > MARNBGEAEROWER - M2 EEPREEE
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FER - B{Z i B P AR AR A R A EGEAM - MibFIfE T RIER T Oy FAL » 35
R ERART RO ER S MAEARARI AT L ENF - BP EROTAE
PRABFORBEMEN  MAEEOBITAZR THHREERP AR BEE
KR FMEEEROBEAFK - Ak BABRGEE EROEA > BILHMN Rk
RFEER -

WA A AT BRI FEANERAF W ATIRE > eI EERE P =RE —
AR T A E MR T & & o Roberto Verganti 32 4 — & R B XA 693% 3+ B4

QYRR MTRAR Ik 0 AEACPT AR BRI MT RS Rk wB2-6 0 7T & H k3t B4 ik
HARIF G I R BIRAR MR R 0 Rt B A R A X (incremental ) A7 5 X3 A
B M RRAL L 3 X (radical) A7 -

BAh4t - 4H4% (Roberto Verganti) 322 & A 4 A F S £1H > TURA—
AN G A HEIF > BARG TSR ANEII T XA LB A FIRICIRA 894 & X
ACBEH] > AT B XA M ey SLE - BTN AR SR S > REZR
My R A ¥ A B R K8 e T R RO F BT ZHAI I & RAAE A G -
RER ~ IR~ RENBUE MR - WMEME LM TR AMBIT - £FRAMK
KB WA AR AR SR AIH > R AMayE) J1 2R B 5] # Ra it
W) ERIE DB T AL o LAIH R B oA LA R BTIE ) e BI IR A 8Y
Bl ER P EMIE R TTALA > BARMAAEILEAZRERE > ¢4

@A (X)) AR (EX) RELIMBHMAR KR - £F SRR EX
o0 XA RIS B IR R EAER 0 B E R KIS A SIS AT AE
LA E £ HH (technology epiphany ) °
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AEHSE SRS

RE

HERE (33105 )

&t
( LIEREtRED )

mZAT

MEARE | nemEADL )

e E BRI E EENER

B 2-6 Hirdk %3t A Rl # ik ke X A A
B ROR C xE A (2011) 0 AR EHEE -

2-10 A&7 A3k

# P4z (2003) REESAIFOGERHCAN AN > FAABERTROERN
HebEym 2 ae ) - RALIESHRT L FA RO FLERBRE G SR LB €&
&R ER © Guilford (1971) B A1 A A NBERIEES » RATRREES
(divergent thinking) &) —#% » & & 8% 77 (sensitivity) ~ 7% /1 (fluency) ~ % 1@ 7
(flexibility) ~ 48 £ 77 (originality) B #% ¥ 71 (elaboration) P A& &, ° L9k @ £l /1 4

-

Z
MR RGERR > IR BB~ BARBREWENLE B AIREEBESRT
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AW B BES-BRAURRBRAEANBEREGR G BXEREBEAR ERRH
HHE o FbiFse o Bl R B EERE RN R @AFAER -

RT3 A HAm A e 7T B 4855 4 FJoseph Alois Schumpeter * #b LA 48 75 4 6 7,
R RAIN A TEREARER  AUE GRS R A o Barron (1969) EiRAI#E
AR TPAAGRE BEmMRBAR LN DARTELENEMAFLGREDS -
Higgins(1995)@ A £ M A EA ~ i ~ a4k ~ ¥ AT EABROBEEIENA
i®#2 o MZaltman ~ Duncan ~ Holbek(1973)Rl4= A% T I m ¥ B Kk » 124 £
BE S EFREMwT @ SR B MBS T A A - Amabilel (1988) #¢
"EG WABERERAEN IEEESOA B LR BRIIRLOMIC A F AR
—IBAR B ESRLAANTE ~ @e) - AR~ EREFHEE o

o\

FiE—FRA > ARG E DB MR KRBT RE » SE R AR A 5
B S ROERAMBAFEER  HATREL -RE - THERRLLY - B
FI1 8 Z (2001) HAE AT RARTIUAE A —SLIEME - F8A » XA iE
e R A E N o A SLiF Fo ) ¥ 2 —FE T B RAB A 0SS B4z - B (2007)

RARE LRy F2E S AE AT As - Mok Bieile; LY
BERERABFARM - KM > BB (2010) BEAENBFEHRAEE LA H
AL BERTUARERERG T AL BT ASL RBREEZ TUA—H
B MR TA BHANSEH R R ARG AR - A EHRA B RNE
F@fE  EHAMOERRAGENAN T A OWEBER - Fle@rMAR AL
HH B BB ARG T AR A — AR AGBRE > O ER SEERME LR
IEFERRRERIRE E 2 BB R — S HHPRETES > RELETRRTITZAR
HE OBERLRBERATELER LY ERAEAMA -
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2-10-1 RE A E M ey A #3%st F %

H B EJEMA A% ? Know HowA 4T ? R EA — 255 BAR? § A &3
YOS HBE R TR A RBA A E AR B EBR S 3keh ST A A S B AR K o
MUJI&EP R b A BAE RAR AL TG A ERZIRAMKRERARE » ML
BEAGAERE REFAALEREL  AHBREERTABIDE AAELLESR
AT ERMAM—ERAN  BERER TR EZN L REA X
B R ABH R EAR AR £ 23R E B A B4 2 B4 5 AL - R
BURE ST o B ARGt IR SR AR AT AT RE B BE TG -
BEFHZRERERMRT c PERRUNGHERM G EFRIIARE > &
N2\ BB R E AN E A MBELZE R F > S BRF N BUAR A
NBEEN - ARAFHERNLCE  BLERLEYHBEABRTHPIL | AHLEB%R
AR REUATIHFAS - A A BENEZE > RAEL TR R LS
N1 EMRSTH LA FRREHEHGCE - BRET E R B0 24 35 A
WA TR AERS  REZ A AMPBR L RZGTIRB O NG - BB
h$% o AN E BB EBMIRAY o BERE R e A BB MRTFE 0 UTF AR
BE 90 PR R TR BR £ 3R TN 8] e B R RET 0k 0 k23 -

X

pung

@
4

%k 2-3. BR A& 8 e B H R Tk

%{ UX9+/\1 ﬁii'ﬂ:"ﬁ]\ VXU+Q/J%/£
"AE ?itm Teague B SIBME - R
l—}/’;ﬁ—‘%’—;uJ}vgﬁ?—’]’im% DXD+$:&§I%

* Teague 1926 Pt o R X R R
BRI

%ﬁm#% EEEAES  HERSE
HREE A EEE - L FERFME —

(8 Frog Design 1969 HMEMBRG =T RIA R RABRE
PR @EREBER 0 Bt 1LARR 233t 3.
)Lﬁ

. Sieger Design 1974 PRt A e A BB BRI R A 5L 0 T

,&Eﬁﬁ%iﬁ;ﬁ%m@$%%$%
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THEBE  BARLER  REAHEL
BEWMER - R — B A ST UK R
K~ RFI R34 2 o FEER T A 36
Wy ARG A B G o A
A& QIERIN - BH - HOLE - R
BIF ~ EAE TR B A o

£H

Ziba

1984

ABHF— BB/ H kM2 B proprietary
method > 47T #% & Crave Model * £ K4
B Rk~ BRSh AR ~ RALAIHT 69 IR
B o MUk OIE BB ERHEEO BN
FoE R 2EMEP LIEE DNA 3.8 &1
AHEEAeRikE AR B EeRAH
BEHRAAY St blmbons
@B At 6O ERHEHBRR
"L o

=
(9
i<

Phoenix
Design

1987

Phoenix Design 3% &R % b54% > & A B 18
BRXILAM BEABE S AWBASL A7
g R RAE AT A BERGA - b
7]‘ uX°+ET‘@ﬁ%F4im}§uuéﬁi$ﬂiﬁJ ﬁ‘
X IR ILAT A A9 IR 14 o

Tools Design

1989

TP ARMERRRALE > BB
A BpAE B EER LT ReyNREEET
R ZBRAFERIAEZR - BEE
AR AR B BIERE P MEN K
3t e

IDEO

1991

R B R RFF AR sAN 1T 2L
ABER D FRTRPERM -BHETH
P BETREM  ZHFMORAELLSD -
W ARR B AR 0 R AR B B RTIRTS
&) 7 75— " Design Thinking | > IDEO 3% 34
BIELRAAEH R ER R E 2P
BRE  CeRBHEG L -

=
(9
i<

Naumann
Design

1991

Peter Naumann #¥ B AR KL F A >
P HER—EEJAREEERE >
RAFRAFAR T I EMK G - Ty
EXEZBEMESL BREZEIEK S AR
PR RT T SRR e A A SBRE 0 R
?iﬁmﬁﬂ

Studio Hannes
Wettstein

1991

WM/E% R4 A T RI M A
A B FE @#%%i%ﬁ\ =257
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FEM s ARMEURRETREWEE >
AP B RGBSR -

£H

Carbon Design
Group

1993

F R E R ek e wmiERRE R
Rl C 2~ ey~ i - dmdE o m$@%
AR B ALY A FERRE 0 R ARE
REME -

By #]

EOOS

1995

£ ¥ EOOS A& K3 n A Lt ®h /1 - &
FdFast 0 At AF R B LA ¢ A
WA —BEER éﬁé&t&t# & F & Fn
Wtk B 14 A Bk ey - EOOS 3 A % st #de
R TR R &u%%%
HEEAG > sA—EFR EHERX
Tuﬁaﬁé %%aa%%ﬁ@%@%
R A B VA 0 E S o

NewDeal
Design

2000

anJFiEQEr/#FE]ﬁE REFTHEHRETAENAE

PR E R o BRI BEL T F

CTHE TR B LE A
a#émM Bl B A BAE R RO E S
BERETAFRNER  BAESLER
ER O PRI LG IRE ) A SuAE
BRI BEREEZHER > CeyR
B RREIAER -

£ KA

deepdesign

2000

BTRHMERLENER  CRAEERASE
TS ARTAREULRE

o R % BHE AR A AR R AL R
KRR Bt kA BAT A E & AP R
gy B gt o

bl

Eliumstudio

2000

BRAGER—EROLS=ZRF A~ &
BBl mAMELERS  FERHE
(R REZHRE > BEALEAHZ
AT 0 b JRSH AR - TIHATH - A EIR
ALEBE  AREAY -

Industrial
Facility

2002

Sam Hech 3R ' " 3F % A #7335 L A £
o AR ABRHEFRERABHG T
io@ﬁ%;’adﬁﬁlﬁmfaéa
BFLEFY -

Mike and
Maaike

2005

3% B 4F éﬁ\?/ﬁ: nx‘d‘/m.fiq’ ’ %\1%&% TiHRE

Bt E ABHARATAE > WEEAER

FWA ALK R AR M%‘ﬁ%ﬁi/ﬂ}ﬁﬂ
Ik ﬁlk%ﬁéuu—rﬁi’ﬁéﬁ*ﬁ—i /ﬁ'—é‘«
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R B P o o] E IR AR S B A
EOARBETCAEERARY AL REFEH
B B o A L R B ey o

M & fu4b | (Producting ) » & £ XM A
WA E S AR SR G A RA K
0k ek o ER R EH B L LR B
B Sh R Ay AT B 0 AT K e

s E M A AR J P R 3E

2R Aruliden 2006

2-11 TRIZ&Y 2B F =

TRIZ % 4% X Teoriya Resheniya Izobretatelskikh ZadatchZ %5 % > 3 X 3% A Theory
of Inventive Problem Solving( TIPS ) » A& & A& " AI# 4 A MM AR > L TR
B4 Bk W 55 B 7 3k T 42 87 Genrish Squlovich Altshuller( 1926 ~1998 ) tb.y B B - # &
) XA 69 A7 0 PSR M A 89 — B 77 ik ( Altshuller, 1999 ) » 1926 4+ B it A 7 AT #k
Bt 89G. Altshuller’1946 5 f£ Caspian Sea:# E F 4| 5 TVF 2 1% B 4671 7% & B4 F 45
B LR AR BRI R S B A R B AR A BRI R ARG R 0 B
MR P AR o A —F R 0 Bk @y PR 0 H AR kAR S AL
AR R BB RAS A AR M B RARY 0 R AR R L EZ IR M E A BT 4 0 G.
Altshulleri& m 32 2 " f7 4 — 2 8 P 4580 JR A =T 45 A 45 A £ 37 & &0 Bty ay Fwt
BAE B R A v AEAm AFER AT > B R EHFHE A > A LB HBEE
TTAEA o

19564 > G. Altshuller’d 7 % — & BIATRIZ G 3% X 8L — 4 5 69 Z4F > M %87 &
TTRIZ* » f£ B3R T A218200,00018 £ 414 - b7 T £ £ 1,50018 F /& 81 % > =T LA4R
75 # g — kil A e AR R B RAv AR > G. Altshuller /219884931 T /R &% £100
FMAFRIRE ERERBERAAEISTSENERFAR - A8 REZ > —TRIZ
BED RS REANTEMN A BB ZHBFAEETRIZ 19916 F — B TRIZ
XENEREXRERBLORF  TRITEHAE) ~B4F N5~ BANE -~ 28F N3
Bp % F B 46 AT TRIZA8 B 09 3538 $2 8K B3¢ T4 > % © IWB ~ TechOptimizer ¥
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1h Bh T A2 6 & A TRIZFA 28 & o o ( #F4545 > 2003 ) © 19974 » TRIZE K G| A B A >

RARZEPI R TTRIZH R B2 - 19984 > RRMELEE T TTRIZ Home in
Japan | 483k © 20014 > BNTRIZH € ( ETRIZA )R 3L > § JE 3 8 TRIZIE RSB 849 51
RELE B 20084 0 G AV E A Stk £ # 2 & The Society of Systematic
Innovation A% 3L ° 20104 & M #7144 P 3 3 B2 ¢ Taiwan TRIZ AssociationiE &, a2 4%
B MATRIZ ( The International TRIZ Association )& 8 e F2 7 % ~ B ~E 4> &% -

BB~ Rl e PEETHRERE > LA A2 E BN HBHTRIZEHEZ

97)10-‘ o

S
3

&5

2-11-1 TRIZ&EH A H#

BBO0F LA Ly FE R S E SR A 44 0 TRIZCAS R AR 2 5 BA S 47 5 R ) AR 3 L 89
BRI AN — 2R ANGERIR - TRIZ®IE R E# 5 A BMENR Y | LA A%
2AIMES BRI AT B SHBEAKRNELR - TR THIUTH RN R BERE
AMEAGK  HRAZAABERKGERARTHOAKRII KA S EREFRG A
o THBAREEATFAIMEARIRE AT LAR - SFFERALD
2 i ATRIZE R > REABWAKCSRELY  fe2d —THEE A —
# o G. Altshuller K AR ZHEAFEMEF T B4 ZA > HRAFWEMHH
SR AEBA RAME KA ME A (Pioneering Inventions ) » 7T &3 R & & — 185
BER B 4B Bl e 4 PA R 1R -

B4t > G. Altshuller #5£| ¥ 2 E & 5 AABA|# F4& > twk2-4 > Bpl.Level 1 f§
BogetR ~2 Level 2 : 8% ~3. Level 3: RE M5 ~ 4 Level 4 * RES (B
E¥) 6948 ~ 5. Level 5° M4 8L - MAMKARA > E—HB AL LR
FARG AL JE ~ AR B AR RN B BRI o FRIVA B S B RE AR
BRARE R AR BT TAT » BT AR AN R AR AE o £ F Iy 0 F KA
REREMBAKTE - X 22 @3l ihT A —HHRE S 281
SLEF P B G A o PTIAE BRATEAR R BT P RAET - A ST 0 S AR RE A Bh AR
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TR T LS RMTE - H— T BERAMETE - EREHARRT R AR T
ME—FrELTLHMRGZRE > T EAMETE - G Altshuller 4+ ¥ #H %
BBy EER BN B > BPLAGEE - 2.9 810~ 38 6Ww 4K EME
HEMBRE R SFIFERE - 6 RERKRME N~ 7. 0HF —RGFRRE ~ AH
A (BEL) -

F2-4. TRIZA$ A £ #7049 & &

TRIZ[Z #& | =R EE Botb
L MRS - INIEIRS - EENBFELBR "#B. 8 o
evel 5 O - 1%
Level 4 BT - EEFPFE LR " EEAE , RIS - 4%

BENE  RYIETE  ESAPFELER "HHB,

(o)
Level 3 S CHE , RORGES - 18%

—BRERBEARNTFRE - BRRMTFE - EEHHND
Level 2 AUNEESNEFELBR THE L (MBI NRE) = 45%
PR IUAR o ROSEES -

BRIMNE EBRTS R - Rl EXFRBIRT - IRARTF A

Level 1 B - BRZHIMRE (AZHTHSEERETEE) -
BEMZR - WAABA - BRIMNE_LREIE - Bt ERINEE
BIHT - EEF LB TR L AOEES -

BHRRR C TRIZER 2 %A #3250 ER (2010) AR ENEE -

32%

2-11-2 TRIZZEBR W s+ B 89 B A

FONBAL20135FBF - 42 HTRIZAF 038 R 60 808E - 35 H R4 JR3K B SUIR 8 AT
) RA PR ) AR B B REAE By BHT 69 SR AR B AR AR 4k P AR AR B 8d 7 ik W e AR R
EHEEBTRIZE N R AR Bt TR BF A B EMR Y XL TR
R A I o TYH (2014) RATRIZE A A SRR T AR AR ey 4 > &
BRI R R ER > T ARIR &I BRI A A% e - B A H A M T B

i &
R R FIAR 0 R B RS SR BN AR R A A 23R 8 & o 2CHE -
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RV EARRPIEN > — BB R FE > RMALAEL MR AR IR
Fikg P B/ #& (Brain Storming ) FiAAIMEA RKBE B H RGITBAE
KREEE  c BB ENTRNARGHEA TR > BAAREREARBEE 47
BAFRZ)F - TRIZA KA 3 EFE X > AR 45 2 PR m — A M P AE
BEBR—ARERRRBB AT R - R TRIZV ZBATHAC T R EHFLA
ho & SRR Z AT SR KPS - BEERE A RBUTENF - TARAIEH
EETRGHROMAE  PEBTRIZESH R L LAY RE BT EMAE - B
WREBTRIZAT R AL 69 2L & 7K R BAT & Shakst » Bp AR 81 & sh AR A& & 3045 » 414
ENTRASH E S EERE -

BRI 2015 ) RATRIZH LR T/EAH BB B8 > TRIZA B A4 AR Y
REMBE  KERFAABZERL - TR BRTURAKIA  TRIZF B LR IFR -
WA AR - By BB 1% 0 MTRIZA# R AT 15 & & kot
EHE o AR L HIE o B R 35(2014 ) B TRIZIZ 3 6518 S A1 B a ¥ £ 0 1F Ark g
T ARG AT EAEAE A QYT 0 AT IR E AR G 1A 0 B BTRIZ v A5 45 & B AR R4 A 4%
B PAAR 0 R A A AT R — A FIRTER  R E B B A
FRE ~ EANRRESMHBZIR > &5 BIRRTRIZZER AR > BB AR
REIFFREEABATHERARA  BAEKASGENEARNEAR T @ - THEF
(2013 Y A TRIZF EH B B AF E B & AR RNITHAIMHEL A R EFEEAF
EATRIZF E B35 W S IFRERAE R ERG LN EAZE UAREA
HIREY BART > WERNEBTE EHE - L HE BRI AAERTOERER - HET
J& B RS BT B AR R AR 0 BT AT ISR > SARAEER L BN - Hekit
2N XA E AT TN XGEAT VR ¥ 0 18 L ARER A AT &R B F 40 483 B 3P 2012
FEANREZFERK  BORE 2009 FF £ X - FBAIKRL30%F A K E -

Rt e T H & LRSS RE 0 TEAE DRI EE > B R RAKRITH
FAFFAE AT E » B TAH ATRIZIRAE G XA RE AR T BB > WA A AR
BE R L SRR R G ETRIZO K E0ER)] -
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FHBTRIZE AR T 7k 2 IR H ik BT R AT BRI &K
SR 2 B B RE AR HRE R 0 A F B 14 4R & Skt X © Leon( 2003 )% 42
TRIZ&YHE & E R 2] & s63% 3t > RAF R W A RET LGERT A A Fey 0k > B
RER VB EARiC e BE R o RT3 (2008) ATRESBLAE RSB — AR T %
BRI E LR AV BR T REZHN M — 0 BABETERRGH N RR
AR EEAIH o TERGTERIZCBELANE D ERTRA AN > BRAZ
AIERREREANHEE BRI HEERERD TEAABERITAR - TRIZ HNH
BIFRAIBAIRFLEE Nay el Bk RANMESHE RS ER TRt
BAEGSAEE  HERKREWAELER - KR¥5 (2012) #5 HTRIZEB X TEHK
I AMEA MR A AT k0 BB A GKAC R AR AL o T DUR AT B AR A AR
(trigger) RBEEHRABEEE KT R o

2-12 Xk &

REFRI > BRI ERIFEROZAIRIT AL T~ AIFRFRETHEY
PR A B4 8 > AR ZREEEENNE > GENRIFEESBARGFIRERE T AN
% © Victor Papanek ( & B F#Rx3t) ¥ —ER3 > AR BARFEAL RN TE
RAE—BZANERGITH I EFPEIFTAMBA T BERIT I @ L F2ES
B2 T B s B RAREMH LD RIRE Bkt T AR AL
#LRB R BRI AZ OB R A o Victor Papanek 2233 E EAB TUEE LT G
B —EEEAA TAE > B RAE b B c AERL T A Ry
B g B9 REBISTH AR EN wUASH > BEREEHNAEHREL > &
WTRIZEE H 69 A # 3L m R 2t M A o Bk KB R BIL a7kt B % - &3t A A3
A BRGT R AR APT IR 9 B3 246 TRIZ £ F73%5T 38 3% ~ A3 7 2B #7331 ~

@ nXu+%1£' #aFﬁjuXu+ﬁ1£4/Fﬁ]BﬁibF{}#éﬁnXu+7}‘/£ kﬂ%‘%’f@#a\é‘%/ﬁ\’
A AT R R FRT > TRAFEEA RO ERRER AT -
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=% m%ﬁ%

AFEERAANER BHERZREWEAR - Hd f —F kD EET R
MRFERE - HBERAARBAZ > RALFLIEHFIMERARA R ALEZLER
ME D BHIOMARESRE S —H— 0l y X > BITFEMRHEAE - ZBRHE
M43t Aty B (Student's t Distribution) #3730 8A AT sk wt Ak AL B RA B Y
BTN R RBLR BRI G FRE T @ o AEH LA AL REEHEY
I FRRARGR ~ AR K - AR T B~ 18I 7% (Delphi Method ) ~ TRIZ#) £ & #% k&

%’dﬁ

W}

FE¥L T B~ R 5 #7 7%( Morphological Analysis ) ~ & # #% & % #2 7% ( Pugh Concept
Selection )R &3t 945 7 ik ©

3-1 Bl AR T RIRAEE

AAROBIF R ART EEZANETERAKRBERI X T E > GAHA
B EEIE ~ RS HE 0 B EREESRE TR R S%E TR B SRR A
Wy PR 2 7] & 0 ERARFTRIZ % T B 23938 TR L # % F 5 FAaR8%8 » ——#
H &P RRRAIABY40R AR R - WP oA - BB E R S AR RNEARAES
WA RI AR > BERATRIZ 40984 R R 2 & 5 #7 7% 42 ¥ ( Morphological
Analysis ) > # R RBREB MR E A L KB B » B E —32 B 6940584 9 R AlME
AHE—BRGASKICRII RS FA - PR B RO R ERIL KRB G ER>
B 1418 F % K4E 7% ( Pugh Concept Selection )% 894 37 o % » 13 H AR BAZ
IE e
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Z R BHT AT A B 2 R 2 BT

Gt HHS IR

B F sz E%:

st a FRMRER ~ BEF K
WATR TR

L

Fi@TRIZ P JE4EMRZ 39 T2 L3
SR AEEAFRERER -
B F AR E eyt 28 E3

A R T 5
:am4o%@%@w
TRIZ

B R R 40 A FB R g
B RASARFR A0 BAFRA
R A ITR AR AL T R

L

3# 3 TRIZA0 18 £ #7 F Rl =
A RE > M 4B IR

—iE B uy 40 BAIFTR R -
REZXIFHAERE

L

BANLRIER
15— AR AR SR R AR AR R
TR 4 RAREE 2
BTG F A AR A &

Bl3-1. RAREIFHZITHAR T EAFEE
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3-2 B RAR&

B0 R 32 AR B B AR UBK R B AR A — AR B A B St ik TR o
AR Z A8 M AR B X R BRI R > AR R — AL T

(1) AREHETFFRFHAFRIARSREA/RBEZL LR -

Q) AEEHRFFFREIHNGFRAEPIII B FTHERERZERREA/EBE

(B) BFAXESFRENAELPIIBFERECRIERBER/RBEZ LR -

3-3 R E X

AMRABLHETHEMIXATEAL G - CHTARHDEGL2HLGA
EREREEFZHIBEERSALIATERIT L - XD BEHIIHIEL > $
BEERS G ERMAATEE R —H—F BT LR A2-3 0 B

DA XE P EBIBLL T ETE c AEH LA HMS > S £H10
BMRAZFEREEIFLAE - EEHRETAREAREERFNER 5 > AREHK
MRERBEAHEVIE - RBHFEAEH > K317 ¢
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22 b e Ul e A

T B O OHFRER ORE ORE AT B R HEA AR

V4 Mt [EHt [RH £ FH& O aF aF

* M RBE T®H BRH O e e

HIE3 R B

X % 2 36 % - .

_ 3 = N 2L 3
B 46-55 @ % = i E A 10 4 e RERX
A JU 16 | P
B 36-45 (B BRX 48 ®BE A 20 4 & RERX
B 1625 K% XX 427 &=F A é 2 & RERX
k1625 WEA KR AF BE & {fi FE mBA
* 5665 EY KX B EE A ;ﬁ B wmER
N A N 12 2 - .

- B )il e Fik
% 46-55 (B #BXx 48 = A 5 4 i T R,
% 36-45 & kX 428 ZH A L2l e FHERX

(%) g = 54 =
15 3% , s 1 %] 2 ‘
5 ST ¥ OBR 48 E£E A 5 % & RER
15 &R . 13 -
7 i 2 2
% ST OB R O BHR E£E A 5 % I 1,
% 4655 WMEA KX 2T BE A ﬁi LT EEN
B BRI R &
3-4 PR T A

AR F = F R RRIR ST AR A 1R 0 St A B B A AR

EHFEE > T ER

HiiTES -

N ey
é" /5 8

C BIGHEAR

AatliphtgrBREeRFRERZTTELEM AR
B B REE EER > AREFREEZEHNERR AR R EUA TS E
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AEIERE AW EIS Yy F— o AEAALAETHRRAEEREZE & 324k
BF R ESBWEDERBFTIERAEE E= A8 FHXERAE ) FwIy
A E R T A

3-4-1 4% JE % (Delphi Method)

B AR P A BN B AR E R R B A RBE—18 k7% (Delphi) -
#BAEMurry & Hammons(1995)46 i > #8354 —HRIRBEE L XMW EREMERK
W RARE RRE MR RGER LAt Rk B RH W AR T - e ER

WHE ARG EA—RELANEZEMARBIT > ¢t E — X8 AMAMAR
ERA SO A7HORFOME  BHEAMBEENADESE RORE > U4
RACH T AECHBERFOERPER > BFAMMAEIEE (REZK 1 1999) -
MIAAZERERAB AR Z I SR BRI LBREAR HE T M RS LHRBCUNMOR
RVBASA BRIVEMES  BIAREDRION > @ AR30A 8 E REHA K BRI
& A& % A FR(Brooks, 1979 ; Parente & Anderson-Parente, 1987) » #¢ b it #H4& 3 ik 849 &
FP o T UE AR IR E AN R B - Bl MRS H  — Bt consensus )L E 4 4
(anonymity ) B #IMmE > EFEREZNB N RAZB—AVMMEARRRZE
@Az P o EIFT B E R — %69 & A(Gupta & Clarke, 1996)

GEMM > AR E MG T AREL > REARBEFNRRER  ICHAN
HAEHFTEAZHARYEE =M HXQHER THERY T AL R E
BEARAHEe 2 RAeEF R AN A M- UM ENE LSRR R K
FABEAME BB ER MR A REBRBEEREH LR T UG8 -

BREERAAREIEGAAIN S P REASER > o BAETREE
mEBE ARt e > RAeEFRAARESNFUI PR EB S LOER
EHEN B AR ERES - AREGREAFRARESREZE - £ T BATER & T4
HBEEBATH—H? | — 8 B FARIHEerHAeEFRAEREGER
AR AR BOER BATREME—PERION FRARB BRREIRE B0y
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o LB WA YIME 0 BAFAALENER " MR ATIEA 69 & F AL IR
RGREFRFFEGRHMEHBEH? , —A Py THE ) AEA TEHE -

FHEZEEMROGERRGE ARF BRI EELA EREETAEEE (R
Mek=) > LHMERBBAMCAEER  BR—mEAEZREXXENMERAE -

34-2 TRIZH X EME R I FHE T A

TRIZAF 42 th £ M1 45 BA AR A P AR89 T AL 6,4 © 397R T 42 2 #( 39 engineering
parameters ) ~ 4078 % 83 /& R]( 40 inventive principles ) * 7 J& ( contradiction ) ~ 4 & -3
5 #7 ( substance-field Analysis ) ~ 7638 4% % ## % 7 7% (76 standard solutions )$2 4 87 f
R EEL(ARIZ)E » AT o Rl HE T MG ERA -

(1) 3938 T #2 % #( 39 engineering parameters )

G. Altshuller & @ ZH 47 F > B R EL L 2B W RBAMT T B 1B F B 457
B G S e 3 G e b #1 T A2 B RE AR B 69397 T A2 % #( 39 engineering

parameters ) °
(2) 4078 % B4 & R ( 40 inventive principles )

T BRI T JE > G. Altshuller 4845 14078 48 87 7 R ( 40 inventive principles )’
wA R AT BE RS TERRART A

(3) F J& ( contradiction )

G. Altshuller B3R 5—BEAF L T EH > AAEH A LM A T A EHMA
Hbas2 TERERE MM LRAEOTE - MALTEREAGH T2
THBELE RN EM BB R R T R B E R -
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Z B BB A AR R AT A
(4) %18 -3 % #7 ( substance-field Analysis )

TRIZ K& G. Altshuller 2 5 —FER N 0 BAI M P AARER Foh A 4 HIEH
% '8 -3 77 7% ( substance-field Analysis )° 4 8 -3 7 #7 &£ TRIZ A3 K Bl 4 448
MR ZIMKEZTHE > AR RRAAGAE B -

(5) 767A 4% 2 A% & J5 7% ( 76 standard solutions )

E—RBA RBERA ERE S AR RBIERT > T A 76 SAAR B MR Ty Ik
( 76 standard solutions ) » 2R & 32 B 28 LA4F 2] A# A2 64 5 =) o 42 B AT 89 TRIZ $RA8 & - 4%
AR R T ik TR 200 18 0 M BLABAR FIAH A BB R B 7R AR SR e Hdir A AR
f5] > #£ IMC #9388 “ TechOptimizer 3.0 7 > #54 "2 R HIEE | & " FARAHIERE |
(¥r484% > 2002) °

(6) %A R A A2 o E Bk ( ARIZ)

ARIZ#) % — B R A AL 19685745 th R » RTRIZE s 4 TR - wiRH A4
BB R AR AR A BRI - BE S F a5 BUEE E > ARIZS R AR & X &AL
HrsERAE) TR > R B R SEIRAK o RAMEBEENRIT P HEE RE - i >
G. Altshuller B4 £ % » ARIZREAFEE T HE > 52 F B E D80/ NFHYR
AR FEBZER LRGP L -

3-4-3 7 & 4 #7 5 ( Morphological Analysis )

RS EARBEL ROV FMOF k- HESHR > FABEAWNESZ
o LAERARE) F Uk 0 HARBR ARG R  BATENESHR R T E o b— T
RERGER BRFAELN TR RRBRIEATHZRME > oA —LARa
RE S RGEHE B RE RIS BB ETRIE > R LA AR A P Ak
R FE > RETWRBREERRRGET R R ARG REHEM » BRFE
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A Z 75k o AP RWCERS BB o4 548 B SUBK B4 0 8 £ k3 > 2006 ~ 3 5 3> 2009
WG 02002 ~ MR 2011 EXRKEHR > B EFM o EEE R ESEER
W AT 5 Bidm T

(1) BRBRE B R H25 R BAERANELEE -

@ FIBRBEBIRFHTE LY FlREFoARE TEREAREARI S BEE
FAHR R R RN -

() #H 3L —18 e P A AR R 3R 09 BE 447 4E 2 ( Morphological chart) ° fEiE
ESETE F JE L2 P A T RE By MR T & -

@) AEBEEERPIF@ARESETOAEES > P RTAEEAS ETHE
BRIBEATERET T/ AR TELEARLRE > kA FeiE 0 BT
5 MmA e

(5) EHRFHEME  AEHFLTTNMB T RTeE > -5 EH ARy
A o

3-4-4 % H#LDSEHEE( Pugh Concept Selection )

Pugh# 1990432 th — #4484 67 3% 7% ( Pugh concept selection ) ° H & & %6445 2
A% H] %4 (controlled convergence ) #9#R%E » BRI S ERE R A L B AT E A WIS
ZPREREBMSML > AHF SR T T U RESHABEBRSHHE > EE
Ve — o E A MBS o AR EIE (Stuart Burge, 2009 ; ¥FFARAR 0 2012) & 4
& ¥ 4% 7% ( Pugh Concept Selection )48 Bl STER Bt » # H & G E ST BRR AL T ¢

(1) F—RIFRIAESAFALLEAE | WbE B AFAZRFELRER A LA I E ik
ATHe R -

@ ERAEEORE (++-RK T&EF, > +RE "T8F, SKRET—#%, » —
Rk Tz ——RE& TIRE ) ) BAA RBIFR 2 BB ER F R A &
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YE—tedr o B HACBI IR A SR BRI R AR BLF > Ble T ++, %
HAe A #rast & S A BRI H Rt A S 0 Al T+ 5 EeAl¥Et AN
KER IR E S QS Btb A FRct 2 B AR IR AL £
flse T — 5 Hfep#ast 2 B AR MR EAREE AL T ——

() FAHABIFR A SH RN sl ThoF, 0 TEE, 0 T—H, o
"EE L, 0 TRE WMHE BEAERGBE—HEIEAGER > BPEBE T
o TERE L RE TBE,  TRE MBEBRFER T+, T
T~ T—— ) gt -

@) MWAEZMMEYRE I XBFTAERFEIRNAEREH T 30
B8 B AR F o B o MR AT AR ARGE S BE R A BIITIRGT A sh 2R B A
R HBL SRR EEREN R E & ARG A b ey 3R A

TRBEL~ FARAR (2012) 3R A 4L EAT S #h 4% & 2 4F 7% ( Pugh Concept Selection )
FH A EFE 0 FREAMNRE G BN ME — T E R M e SRR 64 £ T
& REBRBEBRA T - ZHRABEHRGLG T ROT > REZEMEFF
—BHRE AR THRERAERAE Il AREREAER B MR
HER NBRHERPAEGEMES -

pum)

BORH R o A

AR AL o AT B 5 3B SPSS 22 F XMR AR AT B o R B 453t o
o BRI RS ST T E s T

3-5-1 &3t H ik

P BE ik 2 BB o B R K R RS MM 43 ( Descriptive Statistics ) ~ t5 B
(Student's t Distribution ) 1 & K&t 72 Ff 18 A 89 B 047 © FRERAT ST xR —
4o

i
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(1) #¥ 3t M %3t ( Descriptive Statistics ) -

BY AR 2 AR A B 2R 34 B2( Frequency Distribution ) ~ & 4 tb ( Percentage )% 4
M N2 TAEESRETFRE, - THETFHARETR R TELIME
Aafseyn §478, 2RI -

(2) t#o B (Student's t Distribution )

B3 B AR % EH (Willam S. Gosset) #1908F & ot & - L EA T @
A iakey £ R AT (Guinness) "LBBE BB TAF - BREARZ L B TH LK~ HEE
B RA R R BT R IRBIBRIB R ATAR T - A E L Faum a3 0 Ay
UEmXAER T "2 4 (Student) B —4 4% o 2 fhn AR M RE G Bk
#% & (Sir Ronald Aylmer Fisher) #9%45 XK -

BTRHBXEROGDY > BERES oL A2 A5 (Student'ss)  ZAT
oA (Student's 1) B TZARRE (Z-test) * B AZR T AR E £ Cho BHATIR ©
BARARABZER (RBB30ME) 85 T UE R ZIR E R RAFLME > 222 A 4]
A GEARKGRE » HILLZABA 2 A5 (Student's 1) AR ERE « AR
BEGI T AR FEANNMOR IR L H SRR TR

A RIEA G TR T A FROBEEALR, ~ TR G FHAEER
PoNEuR e S8 B TR A FRE P MR O e G E ) B E G2 N R

RERBEEER -
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FWE SR

AFEARABANARRAIT H x4 M43 & 5 # ( Descriptive
Statistics ) ~ t % & ( Student's t Distribution ) #) &t 047 & FAE & Ko LA # & 3T 2
HRBRIR -

4-1 BBy H AR GR T EON

FERARERREERF  AMRBFEXETRAE TIE A E - (L)
FHHEATAER G FROREEGRE K 41 AZHH AEERFFFR L
K WAERATF -

(1) TR @ R HEER T E o B S b 509 Ltk 5 Ao

b 50% © MR 0 @ o th &P e

(2) THE ) T m o R HFWLA6~55RE F 0 E334 0 530% 5 HRA36
~453R FEF2AL ~ 16~255R #3242 0 155 AT 324 & £20% » 56~655% 33t

14 & 10% °

(3) "HERE T@ BP(A)RA T £ £530% &HPE)EFIM b
3096 0 A% (F) #3240 B20% 5 AR AT (&) A bdbs24r 0 £20% °

(4) "HE, @ METERULAEES 0 £ 40 b 40% 5 HRALER
BELF 240 5 20% PHHF LS 1420 b 10% 5 ABRATHABR £33 1
fir o & 109% : S5 BIRA 3 142> & 10% ¢ HAes3t 142> & 10% ©

(5) "HATHEAN FTE R HUREAR 10,000 TANE S 34 5
40% ; £R % 20,000~30,000 T 3 A0 b 30% 5 SN 2 A0 b 20%
30,000~40,000 7TE3t 142 0 & 10% °

(6) "TRREESRREE ) T E KB HFNREERREIUARBFERE S 0 &£
F740 b 70% 5 RREEFESF 3L L 30%
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(7) "TRERGEERE TE XU FNREEREBEULSEE S > £ 8
b 80% 5 B5gAE £t 24 0 & 20% °

(8) "RERBREE | T XUENREEREENEEE S > £t 6
b 60% ; HRAAREE > #3t 440 b 40% °

(9) "HRKERIE | T @ X HEH R FEERELES 640 b 60% 5 HE
G fm REET 44 0 | 409 ©

(10)  "®BGE | F @ IHEHRARRERAF T/ & 70% RARRE
Eritst 340 b 30%°

(1) THFETEH T XIDEHEABTHLEHLS 70 & 70% 5 &
BB TR R ERR I 340 & 309 e

(12) THE2T@FTEHINER T @ 2HEELAEL T EOITEHINRE LT 10 42
b 100% °

(13) THEFR—RBEXEQTEHIR, T B XDFAFRETFTR—RER
ERATE IR LS 10 4 0 & 100% ©

(14) T@RaFRuER, 7E SHEEAERaFRMEHRA 104 b
100% °

¥ £ %4 71 R ¥ Btk (%)
2 5 50
el & 5 50
46~55 3R, 3 30%
36~45 &, 2 20%
N 16~25 &% 2 20%
15 "R TF 2 20%
56~65 & ! 10%
P (VAT 3 30%
Y = P () 3 30%
%lﬁﬁfi}g j(’f?—i‘ (g_) 2 20%
BEA (4) ML 2 20%
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Bk

N 4 40%
WK ¥ 2 20%
B PRTHF 1 10%
R NBRATECA B ] 10%
4 & R 1 10%
10,000 ;TEA A 4 40%
£ AF 20,000~30,000 7T 3 30%
1 PN S N 2 20%
30,000~40,000 7T 1 10%
g %X 7 70%
* kxR 3 30%
P RS 25 8 80%
ikl ELE 2 20%
P RS EDEd 6 60%
2E rRE R 4 40%
ESP Ik A RIE 6 60%
R JE & R JE 4 40%
_ A 7 70%
DK IR 4R EL
IR BBy & 3 30%
2L A R A 7 70%
& By & 3 30%
B2 @AT A 10 100%
31 4k E3 0 0%
mEE R —

i A 0 0%
=P L & 10 100%
ATE) 4R

1 RaFH A 10 100%

& By & 0 0%

b E B By A5 AT 3R
GELETH AR RAMGFRARREGRE T FRF T Qe > LorH Ak
Aot LAY Bh& b 50%; RERGERERERE S & 70% ; AEFEsER
UEGES & 80% AREGEENERE S & 60%  #HAwEREAREE S &
60% : H &R b 70% A B FETERE L 70% 0 XHFL2UAA KL LR
Aol | 2B EAMMAERES K —AE e ROl 2550
HALR B F A am o

52



22 b e Ul e A

4-1-2 8 FHHERARAR
BAFS —F R BERE BRI AR Es L H e FROAHET RGN A

MIE > R A2 AHZTH T AREH T AERHRERE  ANE AERAWT -

(1) "HRG TG R AFROR ST RN AHES 0 £ 8
fir> b 80%; HRASH £t 140 & 10%: &KBEA T £33+ 14680 5 10% ©

(2) TR ey G FAE AR R EHME R RTINS TR R HRAT YL
T4 & 70% 5 RAZE I 30 b 30% e

(3) "ER G TR EERRIHER NS, B XTERAET W
3T o4 o b 90% 5 RAZMHEI 1AL & 10% °

(4) "HRMEFHMAGOITHRAR RN E, TR X EBATOE
SPAH O b 90% 5 RAZM A 1AL & 10% °

(5) "R EFRAGOIHRAT S FAENG, TE 0 XHERATNHE
640 60% 5 RAZLEEIT 4/ 5 40% ©

(6) "R E FARGRE MBI G B0 | m o LW H R
BB EIT A4 40% 5 RARMGEIT 640 & 60% °

(7) "IATFHEF IR ERRA R TR RN AR, H ' HEAY
EHF 300 5 30% HRAANAS G ALGHRELBRRFALBERTE
Bb20% ) EASEARMES PR 14 b 10% ELESH PR 140 b
10% 3 EFERpbeERE 1> & 10% °

(8) "R R E FAAEGEREL TEIEE, @ X ERATH L T
B> 70% 5 BAAGEIF 340 5 30% ©

(9) "HER GG FARTREA TG, T &> XHERAFT LT 9O
90% ; WAL EIF 120 & 10% °

(10) TR EFHAETR DTS F @ LHE0 AT 3T 84°80% ;

WhHAMEF 240 5 20% e

(11) THERMEaFHUHEEUTHR—H @ 5400t 940 90%

WIS E 1 & 10% -
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(12) "R LR M ERTUAARR SRS N B S F @ X
FABETHEIT 1L 10% 5 WAL EF O & 90% °

(13)  TALEAE AMEEZECH B RRZHE P INEGRpBIS | T @ 2
HRAHTHEIT 240 20% 5 BAAGEIH 840 & 80% °

(14)  TrAERaFROEZTARBHETS S, @ IHHRBARAZNGHE
A 1042 0 & 100% e

(15) "B aFARE ) @ 281 A4 5 40%; 483 F 2
£ b 20% 5 RBREEOREF R 2 o b 20% 5 BB 2 K 1m0 b
10% > #id 4 &3 1420 & 10% -

(16) THmAaFAEM @ ERaFAEMA I~5F£F 64 & 60%
BFf] & 36~40 £33t 24 0 & 20% 5 BFR] A 6~10 F 3t 14> & 10% 5 BF
Bl A 16~20 F3F 1420 & 10% °

(17) THRaFh#Ea, @ > aFaBANEXFAREF I & 90%
X FAE 140 & 10% °

(18) THAEGFHAETS, 7@ @FRABEIARBILN T4 & 70% ;5 Fik
K&t 24 &5 20% 5 HAedt 140 & 10% °

(19)  THEmRaFsbaEEsE Fa aFApBEEREAB S ET66 & 60%

BEEF 2 520%  ERXEF 1420 b 10% 5 Atz 1400 & 10% -

k) 42. "HEHFHEFHOEANEAE | RIAE(N=10)

$8 7] R B Aotk (%)
4 ¥ 8 80%
ERER L e E s i 4 59 1 10%
7 I 1 10%
B F el Ae ey & 7 70%
W% A R A I * 3 30%
B F A M B Y S 9 90%
B1% & R 415 i 1 10%
B F B G e & & 9 90%
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R 5 F B4 = 1 10%
B F A& 837 i & 6 60%
RARG FAEWS b3 4 40%
R EFRETE = 4 40%
B G ®] o o 6 60%
B 6, .98 7~
MEALE 3 30%
N % L35 P o) 20%
TR e EABRRKREARE 2 20%
A8 B G F Ak EH T A
b ey & aE iEfE SR E S 10%
A b 10%
i 10%
B8 F AN ERRE & 7 70%
g EEA 3 3 30%
B F A A T B A & 9 90%
¥ Y 3 1 10%
B F AT R DH & 8 80%
Rk 3 2 20%
B F e Y A saos 9 90%
TR —4E o 4 4 1 10%
A LR LM E AT 0
oA A AR P g ; St
IR aE 04 B P
7%,1’_7;‘% ’ lkb)fi )giai/‘? 0
5 354 7 HI T P s : o,
9Ny 84 SR o 7~ ’
FiTiE &9 8 F 4L 8y & 0 0%
FERHAHETE & 10 100%
i 1 X 4 40%
4B 3 % 2 20%
#iBa FA R HBREOARF 2 20%
i@ 2 ¥ 1 10%
#ik 4 X ! 10%
1~5 % 6 60%
36~40 4 2 20%
& A & F AL B F] 10%
6~10 4 1 10%
16~20 4 1
1R aFHIEL FEXFH 9 90%
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Ad 45 X, F AL 1 10%
2k X, 7 70%
1% A8 F 5 R, 2 20%
H it 1 10%
7 36 A 6 60%
1£ A & F et safE ERE 2 20%
A s E K 1 10%
H A, 1 10%
BB AR R AT AR

HAELEAREN > ARAARAREAHEFROAEERGTOE > XD HFLE
FAMM G EEZFLRNA4FES & Q0% ARG FRMATHIHRAIR H FIE
BT EREE S L 60% EREE FHRATREH MBI 09 A & a2
UAMEREE S & 60% ; T FR e RIRA KA FARKBIINE 6 & a2 EEU
MEANBEES E30% ARG FRATREFHABEATHEEE S L 90% ;
EREFHATEIH T BATYEREE S L 80% LA E FHL M E A42
S2 B % E90% WAL IME A TR GPERA RN B IEE % E 90%:;
RAE S IME A G E BRSFIE P IR BIEE S & 80% 5 R AATER B
BFHOEEATHFHIEITNE 100% 5 #HiBE FARARERMB 1 XES L 40%
EREFHFHRI~SFES & 60%: R EFHEBATERXFHE S & 90% ;
EREFHBEIIUNRERE S & 70% LA G FRMBEBHEFRABEAE S S
60% -

4-1-3EFIMMER G FHG B FTA
BAFS —F R BERE BRI B AR s HER 6 FHO B F/748

R5R5E &4-3 Axod "RREHEPIIMEAGFROBFITA ALK AR

RAL T

(1) "TaFsopgAeREeraBEahnEpREE, ¥  LuERLALY
£330 5 30% RAEFOEITAE TR & 70% °

(2) "EFHOBRGIEE - HATREFRFREGRYMEHBEH, @ LW
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FRAEAG LT 2400 5 20% RAEFTEH 840 & 80% °

B) "aFHHEBEMEEAT M, T @ aFRONBBRELAESKLE % 1Lt
64 & 60%: HRARMA LA 24> b 20% SSEX A 1420 & 10%
Euet 140 & 10% e

@) "TaFHOBBALCRLFRERBEIMEHERE ) TE > XHERELHY
3t 84 5 80%  RATZHEA 240 & 20% °

(5) THEAFE O FAMALTAR T AE YRS IR R Gt 6y B S 2 e A
AT EWyEREE ~ BB mE | T m o XU H DAL ET O 5 90% 5 RA
Fayd A 1 & 10% °

(6) TR G FAGMBATRNFERP ARG E ? flhe | AITHE L
Wi E - LRE ) Hm o X HRBARGEF T b T0% RATHETH
340 & 30% e

(7) TP 8 G FAALE P ST SRR B O\ X E R A AR et 8 4
5 80% : BATZHEFAF 24 5 20%°

Q) "ERBEHHRR—RATERAHMBRITEGRGEY ) T @ LHERAEL
BFEIT T & 70% 5 RAETE LA 3 & 30%°

9) "HAERE A TG A GBI T I M ARER AL T B, F
B RDERARNEF O E90%: BAFTHENAF 12> & 10% -

(10) "ArE A 68 F AT AEARE B F AR Loy 34 M R AR B BAE T e e B
RO BEENRERE REAGE TE > X ERAAATHE
}AH 104 0 & 100% °

(1) "FEREFHAEFETATAHLHEBIOMREHR ) T & LHERE
AU EI S A b 50% RAFTHENA S b 50% -

(12) "FAERe A FHAEPL AT TUARRKAEAMTE ) P @ LHH DAL LT
S4r 0 b 50%; RAETHHITHE S b 50% -

(13) TR A ey FAL R REARE B 5 BR300 L el 3/4 iy R4 ) AATE B s |
FE o RGHERBEAGES I E10% RAEFTEEHA O > & 90% -
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(14) "rrtE R e FA R AR B FIR3R AT 6 34 M R 48 2| AATE L ey gty ?
flho © S EH - AEERE KRB R E - NEEHK F B XHERARLY
#31 1042 0 & 100% -

(15) "FiE A E FHALELPGATELREE A ZH BB, H @ LH#H

WA EI TR b 70% AAETHEINE 3 & 30% °

(16) "AIiER ey G FALEL IMBTER O R E R BIEAAGEIE? Fld - B §
RAGORBERRLE  F @ LHERLEGE 24 §20%; AAFHE
itH 840 b 80% °

(17) "R FRAP I ERORTA R HEBF R ? e ¢ FATE
BB RARNERIETE | @ XA RALNE T & 70% 5 RAETE
B EITA 340 b 30% ©

(18) "TIABATE B ERE > HEMmT > SRLEEAEUBBEEATH— 4
FEmo RHHEBEBATEE S > £35S b 50% ARAEF@mEHF L3
fir o b 30% ; BAETERAELS L 140 & 10% -

(19) "AiE R e a FHE P T REHPN (B15) B X SR G4IEIRES | F
B RDERARGEIF 6O L 60%;: RATHENFF 4> b 40%
(20) "TAER G FHRAEATARRKBERSE | T @ XD FRAELHET 6

fir o b 60% ; RAETEIA 440 & 40% -

Q1) "THAERGEFHRAETTUARBRRHBERGRES, @ XHEDBAR
gyt 10 42 0 & 100% e

(22) "HERB G FAREPINRETUAFR T EANMED, @ XHHR
BAEF T b 70% RATHEFTH I b 30% -

(23) "HERBE FARAEP IR ETUAFR P T EANGRE, @ XHHR
BRI o b 60%;: BATHEFF 4> b 40%

(24) "R A FARAT T AN RPRARIE G IREERG, T B XY
BB EITH 1040 & 100% e

(25) "HE R M A FRRT T UMM P ERG T @F | @ LHEREREN

58



22 b e Ul e A

1M b 10% RAFEEAE 9O > & 90% °

(26) "FRER A FHAATTAMMRR CHBAER ) T B> XU HERATHE
}AH 104 0 & 100% °

(27) "R A FAAET T AWBMARBF B R ERRGNER ) T B LHH

WA HITA 104 0 & 100% e

(28) THEmEAFHE B EES , T B X HFCHE T F RS REEEE
3 1040 & 100% o

(29) "THEFaFHE KRB REEHGEE ) w0 X HEET G TStk
EREEEHHBEARTEE S £ 5 §50% HREZ—A—RkeysaF £
33 A4 b 30% —REBR B 240 £ 20% -

(30) "HeFHLHAENHEEZAERROHL, T B KB FRAELNET 10
£ & 100%

& 4-3. "THREE AL IMER G F A B FITE ) BLILE(N=10)

48 %1 R # BALE (%)
aFrmsg e
B 45 % 2 4 P g 4 g ! 1%
L Fi-E
B F ey G AT
SR eR&E & 8 80%
wEFE R w5 - 20%
B
RN 6 60%
B F A e IEFESE ot A 2 20%
B~k e ! 10%
A 1 10%
G FHOMAL G
B 42 4 5545 FE 0 A ° : S0t
™% 5 B4R 7~ ’
AT A FRAMR
SRR T S SE 2 Pk 5 | 33
B oh A8 e e i * 9 °

8B MR 2 fpldm T A
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ATi8 b9 RR 3R ~ A
@

fE T FA e
SRV LA B PR P 30%
9 A 38 e R o 70%
o ? fpldo 0 ASTHE B
By ES E ~ JEEF

Frfe e F A & 2 20%
P YT LA ds % B = 80%
A

o0

S LA s N
— T G R A Mgk
AT &Y [ 5k

30%
7 70%

Ao o
w

FifE A o & F 42
AEfRE B & BR3R 2L
T B4 3R T R 4 B
BT e[ ukdh

10%
90%

e T

FifE A o & F 42
AEfRE B & BR3R 2L
by R AL T R B
BT e et ?
B CAERIE 4
AR RSB R
LAk

& 10 100%

FriE A 88 F
BETRATALS

& 5 50%
W8 P oy P AL R 7~

5 50%

FriE A 88 F 34
P IR TE VT pAds 54
£ ANATIE

50%
5 50%

Ao o
W

FifE A o & F 42
AEfRE B & BR3R 2L
by AL T R B
AATHE ey EHE

90%
1 10%

o o

FRiE A 898 F A%
fEfRE A %}iﬁ‘%fsl«}{
Bldn : BEH N E
i N

10 100%

pek
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BB T A5 B B 2 T T

B R

FTAE A 898 F 4L
& B Yy ANATIE & 3 30%
TREAEBZGHE 3 7 70%
BRI AR
FTAE A 898 F 4L
1 P I o it B .
U AT R Bk % 8 gg ;
by B 45 ) 4o - B & 2 0
O X E R A Y
RERRE
FTAE A 89 & F 4L
1P I i
UxEABZHE 5 ; 30%
1.£ﬂéﬁF3 ? 15] 2 ; S0
AT ARG
"“’ﬁt &' 18 8-, T
%
BRI G ey rE AATIE 5 50%
B HEMT > & P E 3 30%
B BETANE BT 1 10%
BT — 4 X A5 1 10%
FRiE A o & F i
4 40%
REONRES L Sie B ¢ 0%
(B BOReRk Z
&Y #H 3k 7 B
FifE A o) 8 F a4 % 4 40%
P38 ] AR FRAE o 6 60%
B 7~
FifE A o & F 42
E 7T LI B AR AR & & 10 100%
B HIB G
FRiE A o & F i
B ONA ST kB & : 0%
s (]
ST AR E
P& Ml By & F a4 % 4 40%
PN BT AFH B o 6 60%
AP RES *
FifE A &8 F 42 & .
% T LAY BH AR 93 10 100%
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RS T 0L A
Frie a8 F &

B T 54 1 B0 47 5 9 & 1 %3
BRG TR 7~ ’
Frie a8 F & -
FT AR & 10 100%
B NE
Frfe a8 F &
% T LA B AR B A % .
ST LT S TN 10 100%
kA
Y ST Sy . 0
B % z 10 100%
& 2 B 5 50%
Wogemens A% 3 30%
AR s SRR —H@—% 2 20%
HaFHtiHay
NREA R Rk - 10 100%
A By
BB AR R AT AR
4-1-4 /&

HAELEEMN AR RATRIEFN LS IMER G FAB FITAN T QL 7T
b FAON A GRE TR MEHBIFOX I AEHEELE S L 70%
BFRBR G AR F — DA TREFTREESENMEHBEBATOEEE S L 80%
BF B BEREIELEELERE S L 60%; G F B L TR RBERERY ™A
HEBRTEES L 80% 5 SE AT B FALGYBL AR T SAF #9138k 7 S ] 1 o) g dh 8
BHECAEE S & 90%; e IEa FARMMATRF EpR P ARG EHRD TR E
%5 70%; FHER G FALEP I TURRAEFETCELE S & 80% ; FEK @S
BFR — AT §RAMEGRRATENRERMT AR £ & 70% ; AitE A 698 FHZ Rk
B F BT IR AT ORRENTAE S & 90% FAEAea FHA
AEPRE B F RRIF A LAY T R R BT T RGN ATEE £ & 100% 5 AT &9
BFREFETEAETARH BB GPAERA S HATY  AHERG G FAAES
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INRTE T AR ANMTEN AT AriERA e a FHREZARMRE R F R R L
P AR ATEEGERMTCTEE S & 90% s AriEAea FALEMRER H 2
AT 3R REB|AATE LR UAAE S L 100% » AAER e FAEP
NOAMTELERE A ZHEBIGEARUREE S & 70% 5 FTER 698 FALE P M ey
BER O L ERREBRANAIZETERE S & 80%  EA e G FHA P shey sk o
AEHEBEHEBIGEHAMOEE S & 70% 5 AB AT &S o478 BRI 18 LB 4
WA ATHEE % b 50% ; i A e a FAE P T s R oek (Bik) B R
FROMBRECAEE S L 60%; ArERtIa FRHAEASERLTRAEZBERCTE S
%5 60%; FRERGEFHASTTUAWBRRZBERGREUALE S L 100% 5
FIER G FAREP AT TURFR ST EROMECTEE S & 70% 5 AT4EA 4
BFBREPIIETTURFRS T EROGRCAE S L 60% 5 ATEA G FAA
BT DA By AR PR AT B Y SRR RN TEE £ & 100% 5 AR 898 FHAE T
BRSSP R R T QR EE % & 90% 5 AiE R 898 FA AT T A BIR R &858
NEUFE S L 100% 5 PRAE A 69 G F A E T S B ARIB A 25 R A B8 Rah N &
UEES & 100%; e FREmHBREHULE S E 100% 5 HF 6 Fo 4
Atk B R ESHRECREEE S & 50% AR EH G FRILHA )
Re A ARG BH & 100%

4-2 B2 H t HE

AR AL TREEREE NG FRMBEEA SR, ~ TRE RS
ERBHER G FAatfEs p ot Eamme @i 8 T ARRREEARRHER G F
BAPIIBEBOYER | FZEaaMBENI R A RBELERL  BE—FH
BARAE FER AL B R ) M i 2 AR5 MR IR MU OO IEIR o B THRAT D HAE I F 4
BRER o ERRTAM IR 0 AR AT A M RRBSIE 0 A & -
4-2-1 AEEREZEARH G FANBEERA LR

P& 4-4 6y B RHF u0 R B AR PR a2 09 AL 4 AR TR AG: & T AL e i 4 3 AiE
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RABAS R RE SR S HBH LR BEE LR HEBAIOA G FHOE A
RATE AI3:HET P SN B E S B ER L ER - E—FHEHRKIME
fEPBEEKRENG BT K PHIIT oo EEREORELH G F R M
RABBHBREGEZWBRELLENRES S EERENAELHEGFRGE DY
fem B E EREORAEL S B EEREGAES G FRHE P SR B e
NN EEREORESF -

& 44 TREEREEARNY G FHOBEER LR T-test HE XK (N=10)

R - BmEM
S8R 34 81 z # 2 T
2 w2 i Lk (4 2)
F‘;
Al Eid 1.000 .0000 1789 111
BEE 2.000 1.4142
EE 1.500 .5477
A2 BER 5 000 0000 -1.789 d11
EE 1.833 4082
A3 T 5 000 0000 -0.800 447
Ei 1.833 4082
A4 T 5 000 0000 -0.800 447
F‘;
AS E i 1.500 .5477 730 436
Y E 1.750 .5000
TE 1.667 5164 N
A6 T 11000 0000 2.530 .035
E i 3.833 2.5626
A7 T 3,500 o774 251 .808
F‘;
AS Ei 2.000 .0000 3.795 005
Y E 1.250 .5000
E i 2.000 .0000
A9 T {750 5000 1.265 242
RS 2.000 .0000 «
A10 T 1500 <774 2.191 .050
F‘;
All A 2000 0090 -1.265 242
Y E R 2.250 .5000
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Al2 TR 1.000 {0000 -1.265 242
Y E R 1.250 .5000
FE 1.000 .0000 N
Al3 T 1500 <774 -2.191 .050

*p<.05

#ek 4-5 W) B RT 4 0 KRB FESRAL B 69 AR L AL AR A19:REE B P 9P
WS BRZ T G F AL B IR D T F kA AN G 60 B 1~ R0 A2 B
REd R AERTAE AR A3 G FAAE R E RIS T M AR e S YR F DR
EZR - E—FAEBRRANML > AEIBEEKEGGAY > RPHEF 0 BEEE
BEREEH AT G FHORAR THRHRS IMERD BN EERENR
M EERENAELHITEFREBREAFTESEEERENAEL  1BE
BAZ B R E B FALAE AR IR SR AT o R A B By S E AR MRS o

& 4-5. VAR R B Y F AL P I 6 428k | T-test % & (N=10)

R . Ak
R TE 34 8 2R E T#
R * Lk (#2)
Wil 1.833 4082
Al5 iR 1500 5477 1.079 148
EE 1.833 4082
Al6 SEE 1750 5000 290 584
EE 1.677 1.0328
Al7 T 5750 18930 -.637 305
FE
AlS Wik 1.333 5164 478 545
E R 1.500 5774
bia -
AL9 Ed 1.000 .0000 1.265 005*
W 1.250 .5000
Wik 1.500 .5477
A20 T 1000 0000 1.789 111
A21 ED 1.333 5164 1.265 001*
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1HmE R 1.000 0000
R
A22 2E 1.333 5164 s .
HmE R 1.250 .5000
TE 1.000 .0000 .
A2 BEE 1.250 .5000 -1.265 005
TE 1.333 5164
A2 & 1.750 .5000 -1.265 614
ERid 1.500 5477
A2 ¥ E R 1.500 5774 .000 111
ERid 1.833 4082
A &E 2.000 .0000 -.800 081
R
A29 R 1.167 4082 o e
mEE 1.500 5774

*p<.05

423 REERELEAFAHERGFHRAL M HFER DGR

Wk 4-6 ) ENIF L0 0 KRR FEGRAZ AL A AR A30: 48 P ST sk o
MERZIERGFHRAP IMTER T BERFRIEN GBI BELE - E—F
FHRARME > EEPBEEREGGAT > K I HF L BEEREGRESH
EREFHRAEP IMTERD BERAGAZESHEERENRES -

& 4-6. " REREARRH G TP IMFEB O LE | T-test 8% &(N=10)

w8 RELE eam max T D
A30 *jéf)z{ ;883 (5)(1)83 -1.265 .001*
A31 *jéf)i% }32(3) g(l)gg 253 .614
A32 ijéf)i% ;,1723 ;g%i -1.083 504
A33 ijéf)i% };28 gggg 730 242
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A34 Ei 1.333 5164 478 545
oE R 1.500 5774 ' '
Ei 1.500 5477
A36 T 17000 0000 1.789 111
Ei 1.500 5477
A37 T 1950 5000 730 242
A9 E 1.833 4082 800 -
oE R 2.000 .0000 ' '
*p<.05
4-2-4 /&

AT aFReBEERSER |~ TR e TR PN R e S5 1T

MG FHAep NSO ER | SZAE0 AR BEHGE— S 0RE
iida T

I.

aF B ERERZER  EERENAREH G FROKMNAE - BIE
WORRERE - B D HREMIREEERA T BLENEREERENRREE  BEER
B RER G FALREFI BT P oG B s R R Th hE B E AR R
%L °

R aFHAEREER P INEGRp SRz mE - EEREOREH HIFE FAE
BEAMEOEBRAESN B EERENARES  BEEREMREFH LR
G F AL a9 B IR P T 7 M kP SNEGR 6y B M~ B F A AR AR AR LT MR 3%
P A BN EERE GRS -
BRAFRAEPIMIEBONERZEG  BREERZEMRIELHER G FHR
P IMTER T ARG RIEM AN EEREGRES -
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BRE A LA E

AFE G ARARRAKIE spss AT B M SWER » R G FHZ SR TAMK
T EARF K B spss R BRI AT R R RE LG FHIRA £ SLER R A
8 F &y 0 HF 2 &4 TRIZ 39 18 42 £- 31 (39 Engineering Parameters ) ~ 40 £]#7 & 2] (40
Inventive Principles ) ~ # f& 2% #7 7% ( Morphological Analysis )& & # 4% 2% 4274 ( Pugh
concept selection ) 3% 3t ik > FEE SR E G FAZXLFRALII X F £ #amig
4 RRRESH SR T FARZFRAA IR T EHLER -

5-1 TRIZ %E &

WH A4 FORF BN ERT > EERENATEREBETEREOR
FRGBE IR HEELBE BRAFRPIIEGRMO BN > LBARREK P IMTEN
B AENIL AR HHEEERENAERESRE LG FANIFTEEE ~ K
hRe ~ AT AE - RARRBHRERE ~ B R IhRe - BT PRSI OB I - B 5B
AR - PBALIAAESE - BEBAAE RSP L ey 3R - BB AT AR IR

(RAEFEGDHEAE) ~ EFEEEMA - AATELESHMBREE -
AP M EB BB FE T ERNMEF 12BN RIEARES S
RE A FAZFRAAMEEREA > BEFAA TRIZ F /& %M 2 40 £ 4R Al £
H®oMERARGAIBG BRI S F R ARk 51 BRAANE

KB B EAN TRIZ B0y A8 4238 — A LA3RAA ©
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%k 5-1. AEHSRETEFRZFRAAIFEXF TRIZ FHEMRL

JEE BT A 1 e o 2 WF T

= K BRI E B B % BALE M TRIZ 4B & 5 %
BOH A B #1235 9% H36. K BEARZEM 16 ~29~01 28
25 i H3AE R BN RITRE 17 ~27 ~ 08 ~ 40
REAE G #O08. Bl E4F8tE #23ME iRk 10 ~39~ 35~ 34
g RAEEEEE #1458 WA AEASMER 15352202
¥ o ke D I RE #35.38 B H3T PEH AR 01
i??’]“T/%i‘é%ﬁ%&
) #38. B BMLAZ . #3TEHIAR AR 34~27~25
g R IRER
375 7T H i B sk
#3R. AEILREE  #ITIEHIARE 34 ~27~25
[ 5t 4 &) $7 B2
5 aL3E e At A
- #14.78 B #20.B R #AEE 35
ERAENEZEG #12BHK #23. MG R E 35290305
RS ALY
#2TTE #2348 By #£.48 10 ~35~29~ 39
BE ) AE
38 o4 3 AR SR 2L
#38.BEMMLEZE  #36. K EBEAFRE 15~24~10
&y ERf
2 P IMNT AT &
BFeT i A GPS &  #38.B#ibiE . #374EHIERE 34~27~25
A3 A
B A B AR AR
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2 I BB AT A AL R 2

TR BHHE

ARG FAE  REAEERFNEREOERER  RELAEHFG T
BB RAF L BER T A FHAEIEN ST > A5 R sk I B 8y 1E B
ERETOHHLSRBNEEIRERE » BN EH o) H BRI L5 5
B oo AFEFHITRESY > ARG FREa) ERYWEIEER > LR A H
BB ETIRaYE  BIRREFIRMER -

FEAE A B E R 2R OB EREAKX G FRITH e L — B3 Ley
& BT F TR FREFUE H2HKR BESHF “H6K EHMM
M BELBETHRARER - BB T EEL 0 2K B #36. K EHE
M o BhTEEREEABERNAELT B BRI X TATE LS 4BEAFRA
#16. 30 RBE BRI ~ #29. AB)RIRBRIE ~#01. 5 ERIE ~ #28. BAMM
A4 RIE > kB 5-1°

LA | B L = D E Al Al AK | AL AM AN AO
Worsening Feature
L A5
o a8 & &
¢ ~ W & LS
& & o & S/ &
Improving o .‘\\’\ J‘U o 2° &
Feature <& & & o\d &
K F 48 &
v & A
' 35 36 37 38 39
. T 29,5, | 26, p0, | 28,29, | 26,35 | 35,3,
[ s Velght of Inoving object 15,8 | 36.p4 | 26.32 [ 1819 | 24,37
) 19,15, | 1.{0. | 25.28, | 2.26, | 1,28,
2 Weight of stationary object 29 26.b9 | 17. 15 25 15, 35
14,15, | 1,19, | 35.1, | 17,24, | 14,4,
3 Length of maving object 1.16 | 26.p4 | 26.24 | 26,16 | 28,28
35, 28, 30, 14,
“4 Length of stationary object 40, 29 2,25 3 1.35 1, 16 26 7.26
2.17, 14,15, | 15, 17, | 15, 13, 11, | 2,36, | 14,30, | 10, 26,
| 8 Ares of moving object 29,4 18,4 | 13,16 | 10,1 | 30| 4 | 26,18 | 28,23 | 34,2
: 30, 2, 1.8, | 2 35 10, 15,
6 Area of stationary object 14,18 16, 4 16 15, 16 3 30, 18 23 17.7
' 2,26, 1,7.4, | 15, 13, 28, 26, | 35, 34, [10. 6, 2,
7 Volume of moving object 26, 40 15 30, 12 10 15,29 | 26)1 4 16, 24 34
) 35, 10, 2.17, 35,37,
8 Volume of stationary object 19, 14 18,14 1 1.3 26 10,2
2,28, 13, 14, | 32,28, | 34,2, [15,10, | 10, b8, | 3,34,
9 Speed 13,38 8 |1312 | 2827 | 26 ‘ 27,16 | 10.18
8.1,37.| 18,13, | 17,18, |1.28.3.[ 15,1, | 15,17, | 26. b5, | 36, 37, 3,28,
1 Focce (intenalty) 18 | 128 | 936 | 25 11 | 18,20 | 10 Ie 10,19 | %35 | 3537
10, 36, | 13, 29, | 35, 10, 181, | 2. 3, 10, 14,
1" Stress or pressure 37.40 | 10, 18 26 1 2 35 J 37 35,24 35 37
8,10, | 15, 10, | 29, 34, | 32, 15, 1,15, | 16,29, | 15,13, | 15,1, | 17, 26,
12 Shape (A AT T 20 224l r4d 1.28 39 32 34, 10
= Stability of the objoct's 21,35, [ 26,39, [ 13,15, | 32,35, | 2,95, (35,30, | 2.35, | 35.22. |4 o oo | 23,35,
composition 239 | 1.40 | 1.28 | 30 [10.16 ] 34,2 | 22,26 | 38,23 | %% 403
1.8,40,| 40, 26, |1, 15,8, | 32,40, [ 27, 11, | 15,3, | 2.13, | 27,3, 29, 35,
14 Strength 15 | 27.1 | '35 | 252 | 3 32 |2528|1540] ' |10,14

5-1. BRI BOKITRF BER KA - KA AER
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FER2BEHIFK

KRR G FHF > RBEA A ENERER  MAL G T/
LML EE ST o B B R REEGR IR S 1E T - ¢ R EFRBENLRE £ -
LGB REFHELE Y FE > ARRITR Eahed > £ @ FHio bR 53 of
EESHE T  AFRITHR TR RFTITRESY 0 SReHFR R - Brde -~ &
ey E B -
%3t B ey

B REE R Bk E K > BRI FRLR AR G F RO i L — 183

ME - M PEFTHE > $RFUE U330 @M BELEEF > “#27.
THEAE BEL2HEEARLE HNBHEWTEAL > “W3ERAFEN @

“WTTRE” B EHTREEREEREAREETEERERIX IR FHRAELY 4
BIEH R R ¢ #17.4830 %] B — B4 RIE ~ #27. T ERIE ~ #0841 /1 RE ~ #40.
BAMKEIE > ha[B] 5-2 °

A B C D [ E F G H 1 AD AE AF AG |
Worsening Feature \é} . Z & A &
S/ S &S s/
& /o & /& S g /&
oo & ofp N N \’b o
& © 4\o o Ko I b‘
Improving \6‘ 28 & ‘ﬁ\" & & &
Feature 2° & & & Ry &
< 2 > D & 2
/& WSS
v o & & o \r,'
(&) o°
5 7 27 28 29 30 31
29,2, [1.3]1,| 28, 27, | 28,35, | 22, 21, | 22, 35,
; Weight of moving object 40,28 | 2} | 35.26 | 26.18 | 18.27 | 31.39
: 35, 30, 10.p8, | 18,26, | 10,1, | 2,19, | 35,22,
2 Welght of stationary object 13,2 sp | 28 |35 172237 | 1.3
S 7,17, 4.| 10, 4, | 28, 32, | 10,28, | 1,15
3 Length of moving object a5 23 ko 4 20,37 | 17,24 17,15
e " ; 17.7, 15, be, |32, 28, | 2,92,
- Length of stationary object { 10,40 Ay 3 10 1,18
& s o it 25,2, |6,13,1.] 1,17, 1,17, | 18,16, | 1,16, | 17,27, | 25,13, | 1,32, | 2,25,
P 13, 190 25 1S, 12 3. 16 ] 12,98 | 3o, 1 8,40 2,34 35,23 | 28,38
2.27 | 2.27, | 1.28, | 3,18, | 15, 13, 25,2, | 11,10, [ 10,2, 35, 10,
. Ease of repair 35.11 | 35,11 | 10,25 | 31 32 | %5354 ] 116 ] 13 |21 21
? 1.6.15,| 19, 15, | 35,1, | 1,35, | 35, 30, 15,35, | 35, 13, |35, 5, 1, 35, 11
% Adaptahiity or versatiity 8 [20.16 ]| 202 | 16 | 207 [ 29 |'s24 | 10 32,31
) 26,30, | 2,26, | 1,19, 14,1, 34,26, | 13,35, | 2,26, | 26, 24, | 22, 19
3 Device compiextty 34,26 | 35,30 [ 26,24 | % | 13’16 ]| % | 6 1 |1034| 32 |29,40 | 197
% Difficulty of detecting and 27,26, [ 6,13, [16.17. | Lo | 2.13, | 2,39, [25,1.4.| 27,40, | 26,24, 2.0 [ 209
measuring 28,13 | 28,1 | 26,24 18,17 | 30,16 | 16 | 28.8 [ 32,28 29,28 | =
28, 26, | 28, 26, | 14, 13, 17. 14, 35,13, | 11, 27, | 28, 26, | 28, 26,
8 Bxtont of sutonmtion 18,35 | 35,10 | 17.28 | & 13 16 32 |1034 | 18,23 | 233 [ 2
35,26, | 28,27, | 18.4, | 30,7, | 10,26, | 10, 35, |2.6,34,| 1,35, | 1,10, | 18, 10, | 22, 35, | 35, 22,
» Froductivity 24,37 | 15,3 | 28,38 | 14,26 | 34.31 | 17.7 10 | 10,38 | 34,28 | 32,1 | 13,24 | 18,39
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E SR T TN

RFRFRET B FRE > RBREESREERAENERER  MELSREHRE

FHRUMELCLHET @ N RABLARXEGFRORTIABRKINE LT FES
HEEEHLLTUR G FRLMEE - BRRAFXBER T A RIGGFHRE

WEARR ApsMER @ BEA T X > AR RR @R P 478 L BB -

Bt A4 E Kot ZREFEREARK G FAROEME LM — BRI Loy
& R P B P TFE > ERFUE W 0SB RAMAT BMEEHE S WIME
s SEEBEHEARAR - HHBHENTEAELE > "4 BB EHMME &
W MENBRRL BB T EEREEABRERIRNELT BRI K T ATE L
o 4 EAIRR R #10. TALATEHRIE ~ #39. SLMIBIERIT - #35. HMEBG RAE -
#34, WELBFAE T RIE > hoE 53

g
& :
60\0 *oo\é' \\LC ’\\\Oe
R & ‘\f’\‘ o 4
A ° & & O
Improving "@ &
Feature & 0;.- & N
o o e g W e
23 24 25 26
. 5,3p,3,| 10,24, | 10,35, | 3,26,
1 Weight of moving object :; 25 20,28 | 18, 31
5.8]13.] 10, 15, | 10,20, | 19,6,
2 Weight of stationary object +H 35 3526 | 18, 26
R 4.9, 15, 2,
3 Length of moving object 23]40 1,24 26 29,35
i i 10,28, 30, 29,
- Length of stationary object 24135 24,26, 14
10,35, 29, 30,
5 Area of moving object 2 Be 30,26 | 26,4 5. 13
1 10,14, 10,35, | 2. 18,
6 Area of stationary object " | 18)ae 30, 16 418 40,4
. 2,28, B R LEA 36,138, 2,6,34,| 29, 30
7 Volume of moving object 26, 40 25 17 34910 2,22 10 ;
SR : 35 10 35 82 10, 39, 35, 16
8 Volume of stationary object 19, 14 T 14 35, 34 22 18 35,3
2,28, 13, 14, 29, 30, 10, 13, 10, 18,
a Spsad 13, 38 8 34 28,38 | 1328 29, 38
2 8,1,37,.| 18,13, | 17,19, 19,10, | 1,18, | 8,35, 10, 37, | 14, 29,
= PGt fa——— 18 | 1,28 | 936 | %10 15 " [36.37 | 40.5 36 | 18 36
1 Stress or pressure 10, 36, | 13,29, | 35,10, | 35,1, | 10, 15, | 10, 15, | 10, 36, 37, 36, | 10, 14,
37,40 | 10,18 36 14,16 | 36,28 | 36,37 | 3,37 - 36
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FR4A ik RARLERE

RFRFRAT B FARE  RIFR TS H GME A EE R EE SR 8 T
REARGE > AERTEXEGFRRETAIOER I > ARARGEHEZTT
RAFFEEFEMBREFREUMER - £PIMTELER G FAE > LR
FRBERETETIR 0915 DL » BIR ROFIAH > UERE T RIAER G F4L -

B EAE A B REF  ZR BB E AR AR G FANRRLHM — BRI Loy
Eo AT T TRE > EREUE H4BE BELHE > “WBlLASKELSME
R” SESBTHRARER HNEHROTHEAEL > "HA4BE" B “Wl.A%E
AEMER” b T HEREEARENRBLT BRI T F ey 4EAIFRA
#15. BHREALRIE - #35. MHBGRIE #22 HEFERAFRRE - #02. R BER
o g 54

A B H | AG AH Al AJ
e
Worsening Feature n o
o &> & & c,
o o S o o
& o A & /&
& \oQ & @ N
© & &) o & &
A o ) &
Improving N & & & o°
Feature P & < & &
v 7'& ‘q-," L\,‘\. &
el
6 31 32 33 34
1 Weight of moving object gﬁ :;3 217 2 gg -3 234 = 228 2171
35, 30, | 35,2, 6,13,1,| 2,27,
2 Woeight of stationary object 13,2 1. b 28,19 12 28 11
3 Length of moving object 17}15 1‘1279‘ 1:?5 249' 1'1%8'
‘ A il 15, 17,
4 Length of stationary object 10, 40 27 2,25 3
17] 2, 3.1, | 15,17, | 15, 13,
5 Area of moving object 1830 | 26,24 | 13, 16 10, 1
L ! \ 4
14 Strenath 1.8,40,| 40,26, [1,15,8,]| 15,14, | 3,34, | 9,40, | 15,35, | 11,3, | 32,40, [ 27, 11,
9 > 27, 1 35 20, 20 | 30, 29 28 22,2 10,32 | 25,2 3
5 19, 5, 3,17, 21,38, " 29, 10,
15 | Duration of action of moving object 34, 31 2,19, 9 19 16, 22 27,1, 4| 12,27 27
Duration of action by stationary 6,27, 1, 40,
16 object 19, 16 35 22 35, 10 1 1
36,22, | 22,35, | 15,19, | 15,19, | 3,35, 22,35, | . 4,10,
17 Temperature 6. 38 32 3 9 39, 18 35,38 2 24 26,27 | 28,27 6
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FRS e DA

ARAREITGFHATF > REER 3 AEFERENERZWERESR  mAEAAR
FAFRBEH T AR REAGFHEHERTRL - EP/MEARSRER T A
A RIE & RE AR B 478 E ey BB A -

B EAE A Br A R BT 0 BRI G FA I — B P IhREaIRET - BMTF B F
TRE o ERFUE WIS WMEN BELSHE > WIEHERE BTESHE
HIRRR - HNEARNTE AL > "#ISEEMT B W3TIERIERET > &4
FHRERERRERRHBLTEBEIIFTE T 1 BAEFER #01. 5 RE -
4o [g] 5-5 °

Improving
Feature

v

1 Weight of moving object

2 Weight of stationary object
| 3 Length of moving object

4 Length of stationary object

5 Area of moving object

6 Area of stationary object

35 Adaptability or versatility 156,15, (19.15, 1 35,1, = v-we
{ 8 29,16 | 29,2 16 29,7
| 26,30, | 2,26, | 1.19, 14,1,
|8 Duvice compiaity 34,36 | 35,30 [ 26,24 | %6 | 1316
{ a7 Difficulty of detecting and 27,26, | 6.13, | 16, 17, 2% 2,13,
{ measuring 28,13 | 28,1 | 26,24 18, 17
‘ 28,26, | 28, 26, | 14, 13, 17, 14,
b AN of Shiomason 18,35 35,10 [17.28 | = | 13
| 35,26, | 28,27, | 18,4, | 30,7, | 10, 26,

- s 4 24,37 | 15.3 | 28,38 | 14,26 | 34,31
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2 I BB AT A AL R 2

FRO: AT HEPAR T T A BREE

ARG FHE > RIBREESENER L > AL G FREETHEY
REFARNME K EFARMNBEFAFGR FAORT AT R EERE
FROSVEN BN BAAFRTRIGUHATRAT TS ARG AMAEEM
—ERERE B > R ABE LT TR R AERFELEMN > B HREF FaiE R
B ok H b B8 B4 -

R FEAE P B E R > BRI G FAIE o o T F R P T 5 AR B AREE Y
WA B P B P TATE REUE WS AL BESEE WTIEH
HE" BELHGHEARMR - HNBANTAEEL > “W8AHLEE" &
WITAERARE BT HEEREEABRLRRBLT BB X TH 38
BIF R R #34, WERFA T RE #T. TMERE #25 ABIRE ] 5-6 -

Al B [ € T D ] ] [ | H JAM [ AN | AO | AP
Worsening Feature & : >
7
&S F N
) G & & &
> S S - N
& & o(\ \d‘v \(\ o\o o\\A
Improving % R N \k\:‘n £y ‘ o°°
Feature & '»°\ >/ F <
CIESE ST
6
1 Weight of moving object
2 Woeight of stationary object 31"’ 3 320 2
3 Length of moving object
35, 28, 17,7,
4 Length of stationary object 40, 29 10, 40
217, 14, 15,
5 Area of moving object 26, 4 18,4
R 30,2, 26,7,9.
6 Area of stationary object 14,18 19
1.6,15,1 19,15, | 35,1, | 1,35, | 35, 30,
35 Adaptability or versatility 8 26 16 | 29,2 6 26,7 15, 16
26,30, | 2,26, | 1.19, 14,1,
36 Device complexity 34,36 | 35.39 | 26,24 26 13, 16 6, 36
37 Difficulty of detecting and 27,26, | 6,13, | 16, 17, 2 2,13, | 2,39,
measuring 28,13 | 28,1 | 26,24 18,17 | 30, 16
A 28,26, | 28,26, [ 14,13, | . 17,14,
38 Extent of automation SR B o o B T
35,26, | 28,27, | 18,4, | 30,7, | 10,26, | 10, 35,
- aana 24.37 | 15,3 | 28,38 | 14.26 | 34.31 | 17.7

5-6. HTRO HwTHFEIRTEEMERBETFER K » AARATER

75



2 I BB AT A AL R 2

TR T HE T HE P NG ) R AR

ABF R G FA > RBRGESLOERF > ALK G FAIFERZF P I
Bt @ RESRE FROMSAFEERTE  BEFRIPMEORLE > B

FFRATHRBI G BT - BRI > L EHMELOEERRA KA P G
GRHIRGUR > FEXG - ARRERRE RO ETHINEHERE FHREE
PR s 69 M) 1 Ry AT 0 A2 35 A2 A A B IRIE P AR A R Bk A o

B AR A B4R T R B 0 R AE G F IR & T H P SRS A 6 $R B 03kt -
BT B ¥ THE FUE WL AHILRE TS WTIEHAERET
BESHEGHARAR - HPREHRGTFTEELE > W8 AHIRE B WTIEH
BEE BB TEEERERRERRMALTEREI I T 3EEFRA
#34, WEMF A CMHRIE S #27. THERIE ~#25. BBRE > wlF 5-7 -

Al B e T b ] J Z [ H JTAM [ AN [ AO | AP
Worsening Feature \é} A 2 7 &
Ll & o °
& N o & S
& & & & o O &
& & LF S R &
Improving \@dl S A \\5{-‘ N i &
Feature & & /O /& <
» v,s, Nl <
6 37 38 39
28429, | 26,35 | 35,3
1 Weight of moving object 26132 | 18,19 | 24, 37
= 35,30, | 25)28, | 2,26, 1. 28,
2 Woeight of stationary object 13,2 | 17115 35 15,35
3g1, | 17,24, | 14,4
3 Length of moving object 26]24 | 26,16 | 28,29
35, 28, 7.7, 30, 14,
4 Length of stationary object 40, 29 10, 40 * 7.26
2,17, 14, 15, 2,ps, | 14,30, | 10, 26,
5 Area of moving object 26, 4 18, 4 26118 | 28,23 | 34,2
R 30,2, 26,7,9, 2,85, 10, 15,
6 Area of stationary object 14,18 19 a0l 18 23 17.7
1.6,15,1 19,15, | 35,1, | 1,35, | 35, 30, 27,34, | 35,28
35 Adaptability or versatility 8 26 16 | 29,2 6 26,7 15, 16 35 6. 37
26,30, | 2,26, | 1.19, 14,1, 15§10, [ 15,1, | 12, 17,
» Device complextsy 34,36 | 3539 | 26,24 | 2® [13/16 | &% |a7fae | 24 | 28
37 Difficulty of detecting and 27,26, | 6,13, | 16, 17, 2 2,13, | 2,39,
measuring 28,13 | 28,1 | 26,24 18,17 | 30, 16
; 28,26, | 28,26, [ 14,13, | . 17,14,
38 Extent of automation S RCg e o o e g T
35,26, | 28,27, | 18,4, | 30,7, | 10,26, | 10, 35,
o Productivity 24,37 | 15,3 | 28,38 | 14,26 | 34.31 | 17.7
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TR RAHMANTAE

RFRFRAT B FRE > RBR TS H GERE > A AR TRE T HaE
AmEiE > FEER PR T RAABRIRIEREER MBS HEHTVE
8 FAEIRBIAE - SRR AR E - BIKER - LM L4EA & FAET
A MRER R BT IR AL BB R EA B 0 SR > UENE T RIAER
8FH -

B EAE A BE A R BT - BRI G FAR SR A B a9RT - BT P B F
THRE D FREBRE HI4BAE" TEEHET - W23.20.EEZMHELEE BES
BEERARKR - HNBHROGTEEA H1458E" 82 "“WO.EBTHHLEE >
BHTEEEEEARERREELT GBI H & T o 1 BAIFRA 435 WE#
%o hafE 5-8 ¢

LA] 8 | Y Z
&
& <& 3
Im) i ¢ o 32
proving o
Feature N &
v ~
| 23 24
1 Weight of moving object |5 :;5: 3 10:"524‘
10,1, 35,30, | 18|19, | 15, 19, | 18, 19, |5.8.13,] 10, 15,
2 Welght of siationary object 29,35 13,2 | 281 | 18.22 | 28,15 | 30 35
3 Length of moving object 289 1; 15, ‘”' 1,35 T. 2._"935' 243 2.?0 1,24
4 Length of stationary object ig' 223' 1107 . 476 12,8 | 6,28 122' gg 24, 26,
217, 14, 15, 15,10, | 15, 17, | 10, 35,
8 Area of maving abject 29,4 18,4 32,18 | 20,26 | 2,39 | 30-%6
6 Aroa of stationary object s N o e Sl b EST
” T 1.8.40.[40.26, [1.15.6.| 15,14, | 3.34. | 9.40. L . [10.26.| ., |35.28.
9 51 277 B X B0 2B - |3528 31, 40
15 | Duration of action of moving object ::49351 2,19,9 3'1;7' ;g ;% 2:' 1287 10
% Duration of action by stationary 6,27, 1. 40, 1% 27, 16, 10
object 18, 16 35 18, 38
36.22, | 22,35, | 15,19, | 15, 19, | 3,35, 2,14, | 21,17, | 21, 36,
v Tompersture 538 | 32 9 g | a9 18| 3538 17,25 | 35,38 | 29, 31
18 iilumination intensity 1%21' 25:;5' 19; gz, 19'2632' Tl = I ;6' 13,1 | 1.6
== 12,18.2 15, 19, 6,19, | 12, 22, | 35, 24,
19 | Use of energy by moving object 831 12,28 25 - 37,18 | 15.24 | 18.5
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TR ERAAANF G

RFRFRGT B F AR > RBRE S F ER K AT E ARG REFHeE
AmEiE > FEER PR T RAABRIRIEREER MBS HEHTVE
8 FA KB AE - SRR PR RE - BIKER - LM L4EA & FARET
I AMIRER T BT R B R BN R ENH I 0 BIERERY > UERNE T RIEER
8FH -

REAE R B E R ZREF O FRIERMBYZGER - T BT
73 gREUAE W 2K BESEET . WRHEOERL BELHGHR
R F - BT AL “H12K” B WM EQEL - BhTEE
Mt R A LT BB MR XAy 4 BAI MR R #H35. MEH B4R IE 429,
RERRERIE ~ #03. BEEINME RIE ~ #05. SHFRIE > 4w 5-9 °

[A] B =G HEaY, Z | AA AB
Worsening Feature -
60 & &
’0\ &\ \\kc \\o
4 & &£ & /.
i /S F /S &8
Improving & Oy
Feature 3 0,,:-; ) N
v N
23 24 25 26
5,3p, 3.| 10, 24, | 10, 35 3,26
1 Weight of moving object ; 35 20,28 | 18,31
- . |5.8]13.] 10, 15, | 10,20, | 19,8,
2 Weight of stationary object 9 35 3526 | 18, 26
3 Length of moving object 2? 0 1.24 12'92' 29,35
4 Length of stationary object Tae: |26 | 5
135, 29, 30,
5 Area of moving object ko 30,26 | 26,4 5. 13
2 (2 B - 1 14, 10,35, | 2,18,
6 Area of stationary object i ¥ 18469 30, 16 418 40,4
8,10, | 15, 10, | 29, 34, | 13, 14, |5, 34, 4, 35, 29, 14, 10,
" SRAps AT I 54 07 10 3.5 34,17 | 3622
Stability of the object's 21,35, | 26, 39, | 13, 15, 2,11, 2,14, 15, 32,
3 composition 2,30 | 140 | 1287 ¥ 13 39 | 30,40 36.27 | “a5
1.8,40,| 40, 26, [1,15,8,| 15,14, | 3,34, | 9,40, | 35, 28, 29,3, [29, 10,
o Stranhgth 15 | 27,1 | 35 |28.26 40,29 | 28 | 31,40 28,10 | 27
i 19,5, 3, 17, 28, 27, 20,10, | 3,35,
15 | Duration of action of moving object 34, 31 2,19,9 19 318 10 28,18 | 10, 40
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TR 10 ¢ RS BIAFERESY 0 FE

RFRFRGT B F AR > RBRE S F ER K AT E ARG REFHeE
AmEiE > FEER PR T RAABRIRIEREER MBS HEHTVE
8 FAIRBIAE - RRRIAAERE > BIEER - £ E LA G FHREF > &
A ALARR BT BT R A B IR BN R EQE I 0 BIEREFRMN 0 RERNE T &IAER
B F AL o £ ASTHE B A BEIR A ESN 0F » 55 TG Ly R~ KiEE -

B AL R B E Ker > ZR B G FRIRSABAPERESRM OGS 893%3 - &
WFE T TARER FREUE WITRERE BESEE W3 E AT B8
S2EGERARAR - HNBROTEEA “#RITEE" £ “W3WEERL
BhTEEEEERRERRAELTEBIER % T o 4 BAIFR A #10. FA%AT
BRIL ~ #35. MEH B - #29. R RRBFRIE ~ #39. SLMERIERIL 0 doE] 5-10 °

A B Cal I [ 1 [ AA | AB
Worsening Feature
&
< &°
NV
ol ¢ £
& &
Improving Cx
Feature i ¥
v N
25 26
170,35, | 3,26,
1 Weight of moving object g 20.28 | 18,31
: 2 10,1, 35,30, |5, 8] 13.] 10, 15, | 10,20, | 19,6,
£ |  :Welghtofstasonscy object 29,35 13,2 :L 35 | 35,26 | 18,26
8, 15, 15, 17, ry ) 15,2,
3 Length of moving object o P ale | fian | 235 |
35, 28, 17,7, | 0]z, 30, 29,
4 Length of stationary object 40, 29 10,40 | 24]3s 24,26, 14
2,17, 14, 15, 1035, 29, 30,
5 Area of moving object 26, 4 18,4 2o 30,26 | 26,4 6,13
30, 2, 26,7, 9, 1014, 10,35, | 2.18,
6 Area of stationary object 14,18 29 18135 30, 16 418 40, 4
= 3.8,10,]3.10,8,| 15.9, | 15,29, | 17,10, | 32, 35, [ 10, 35, 10, 30, | 21, 28,
ﬂ 27 Py 70 W T3 [ B[R W3 e | '%2| 4| 403
32,35, | 28, 35, | 28, 26, | 32, 28, | 26, 28, | 26, 28, | 10, 16, 24,34,
28 Msasiirement scoumcy 26,28 | 25,26 | 5.16 | 3.16 | 32,3 | 32,3 | 31.28 28,32 |%6.92
28,32, | 28,35, | 10,28, | 2,32, | 28,33, | 2,29, | 35,31, 32, 26,
. Mankactining arecision 13,18 | 27,9 | 29,37 | 10 | 29.32 | 18.36 | 10,24 28,18 | 3% 30
2,21, | 2.22, | 7.1, 22,1, | 27,2, | 33,22, [[22, 10, | 35, 18, | 35, 33,
30 | Object-affected hammful factors | 57 35" | 43 24 | 39,4 | 178 | 3328 [ 3035 | 19,40 | 2 34 | 29,31
18,22, | 35, 22, | 17, 15, 17.2, | 22.1, | 0.1, | 10,21, 3. 24,
31| Object-generated harmful factors | ;o 39" | 'y 39" | 16, 22 18,39 | 40 34 20 | 22 | 39,1
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,%—;/jz 11 : i\‘ﬁlﬁg/{% }ﬂi—ﬁ[‘ L{.té’:’ﬁlz”fﬁ

RFRFRFT B FRE > RBREESREWERE > MELHRSGERETS
FAL 0 RARIRBI BRI AT 695 » BIEA BAREIR IR LI B - £ 7
I8 EAT AR ARERESEI AT HIKR— 0 AR CEMBE eyt 0 sp Y
0 & f R R AR R B e RS PR R B > B AR ~ 245 0 A E T R A P M

W EATAR > THEEMAENTFR -

B EAE P BE A F R B 0 B4R & F ALY Ao 4R AR SR A L3R4 A 3R o BT P
B Ti3E o REUE H 38 AMLEE BELHY > WOEITHEBRE B
BEHEEHRARBR - NG T EELE » # 3B AFHLRE" # W6.KEH
HET BBTREREEAR N RHRARLT BB MR b ey 3B AR R A 415

B AR ~ #24. FAMERIE ~ #10. FARITEHRE > @ 5-11
[ A B C D E F G HES AL AM AN
Worsening Feature ¥ .
o & o & o
YAV TS E VRIS
L &
04\00, \\o‘@ 04"(\0’ \\o(:b o oﬂ@d o*\ 665
Improving o\é\ \‘,\? o‘& \,,\" \@0 ‘_.,\'& «“"L > &
Feature & e > a P & & 0\\* ¢
| o & & ‘§° v@ & QF \-\\o
v & & N2 & W A
| 1 2 3 4 5 6 36 37 38
. 4 2 15,8 29, 17 26, B0, | 28,29, | 26,35
1 Weight of moving object 2 2934 38, 34 36,4 | 26,32 | 18, 19
" . . 10, 1, 35,30, | 1,70, | 25 28, | 2,26,
2 Weight of stationary object + 26, 35 13.2 | 26|38 | 1715 35
2 ) 8. 15, 19,87, 1. 19 35, 1 17,24
3 Length of moving object 26, 34 * # 26|24 | 26,24 | 26 16
2 . 35, 28, 1L - an
B Length of stationary object 40, 29 + 10, 40 1.26 26
R . 2, 1, 14, 15, 14,1, 2,36, |14, 30,
‘ 8 Aree of moving object 29, 4 18, 4 i+ 1 26,18 | 28,23
" R 30, 2, 26,7,9, 1. 18, 2,35, .
} 6 Area of stationary object 14, 18 39 = 3 30, 18 23
; e 28, 26, | 28,26, | 14, 13, R 17, 14, 15, 24, | 34, 27,
‘ 38 Extent of automation 16 35 | 35 10 | 17 28 2% 5 10 25 +
‘ 39 Productivit 35,26, | 28,27, | 18,4, | 30,7, | 10,26, | 10,35, | 12,17, | 35, 18, | 5,12,
l Y 24, 37 15,3 28,38 | 14,26 | 34, 31 17,7 | 28,24 L2 35, 26
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FR 12 P IMTEAT AR TRA GPS EAx

AR G FAE  RBEATESREOERE > AL TAERSOBE LT
AR RARBI|EEIFHERI T > Mk 5 Bp 836~ AT A RIS » DLER
W ERRAEE R EN B RANETRAEFREA BE3] Tohe - &%
R EEEEG a2 F R > FER I RpaE Z R 2B a3k -

B EAE A B AR T KRBT > R B G FAYE nte PN EAT AR T A GPS 2
SE Bt o B P B P48 0 $REREF W3R AHIRAE" BESE
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Mi4%k = ~ 39x39 18 T 42 & ¥

S
Worsening Feature ,\é" @ 4\4& e(p
O @ & o 2
o & & &
S ) G & ©
> & /S & S SL/858 &
i & & & LSS S ¢
improving B o 8 TS &S
Feature & Sk S & /&
® & N
o
o ¥
1 2 3 4 5 6 7 8 9 10 [ 1 | 12 | 13 | 14 | 5 [ 16 | 17 | 18 | 19
) R 15,8, 29,17, 29,2, 2.8,15.| 8,10, | 10,36, | 10,14, | 1,35, | 28,27, ] 534, 6,294, 35,12,
! Weight of moving object : 2934 38,34 40,28 38 | 18,37 | 37,40 | 35,40 | 19,39 | 18,40 | 31,35 38 |" " %2 34,31
N . N 10,1, 35, 30, 5, 35, 8,10, | 13,29, | 13,10, | 26,39, | 28,2, 2,27, | 28,19, | 19,32,
2|  Weight of stationary object : 29,35 13,2 14,2 19,35 | 10.18 | 20,14 | 1,40 | 10,27 1.6 | 82,22 | 35
R 8,15, 7,174, 7.8,10,1,8,15,| 8,35, 70, 15
3 Length of moving object o + 15,17, 4 e 13,4,8(17,10,4] 1,8,35 | 510 1§ 10| B 4o 6| 32 [s.as2e
- ’ 35,28, 77, 35,8, 13,14, | 39,37, | 15,14, 3,35,
4 Length of stationary object 40,29 + 10,40 214 28,10 (1, 14, 35 15,7 35 28,26 1,10, 35 38,18 3,25
— 2,17, 1, 15, 7.1, 29,30, | 19,30, | 10,15, | 5,34, | 11,2, | 3,15, 15,32,
5 Area of moving object 29,4 18,4 : 17,4 4,34 | 35.2 | 36,28 | 20,4 | 13.30 | 40,14 | &3 2.15,16] 49 43 | 19.32
- ; 302, %6.7,9, 7,18, [ 10,15, 2,10, | 35,39,
6 Area of stationary object W o + 5 | ey 2,38 | 40 2% 5
R 2,26, 7.4, 7.4, 29,4, | 15,35, | 6,35, | 1,15, | 26,10, | 9,14, 3,39,
7 Volume of moving object 29,40 35 17 * 38,34 | 36,37 | 36,37 | 20,4 | 1,30 | 15,7 %354 10,18 |> 1310 35
- - 35,10, 3%.5.2, 34,28, | 9, 14, 35,34,
8|  Volume of stationary object o | 1o | - 2.18,37) 24,35 | 7.2,38 | 3050 | ot (95,64
2,28, 29,30, 13,28, | 6,18, | 35,15, | 28,33, |8,3,26,] 3,19, 28,30, | 10,13, | 8,15,
° Speed 13,38 13.14,8 3 729,34 * | 1519|3840 | 18,34 1,18 | 14 | 355 36,2 | 19 | 3538
] 8,1,37,] 18,13, | 17,19, 19,10, | 1,18, | 15.9, | 2,36, | 13,28, 18, 21, | 10, 35, | 35,10, | 35, 10, 35, 10, 19, 17,
0 Force (Intensity) 18 | 1,28 | 936 | 20| 45 | 36,97 | 12,37 | 18,37 | 15,12 | © 11 |40,34 | 21 | 1a27| 12 21 10
10, 36, | 13,29, | 35,10, | 35,1, | 10,15, | 10, 15, 36, 35, 35,4, | 35,33, (9,18,3, 35, 39, 14,24,
" Stress or pressure 37,40 | 10,18 | 36 | 14,16 | 36,28 | 36,37 | 3% 10| 3524 |6,35.36] oy : 15,10 | 2,40 | 40 |'%3 % 19,2 10,37
12 Shape 8,10, | 15,10, | 29,34, | 13,14, |5,34, 4, 14,4, 175 35( 35,15, [ 35,10, | 34,15, N 33,1, | 30,14, | 14,26, 22,14, [ 13,15, 2,6,34,
P 29, 40 26,3 5,4 10,7 10 15, 22 tT 34,18 | 37,40 | 10, 14 18,4 10, 40 9,25 19, 32 32 14
‘Stability of the object's 21,35, | 26,39, | 13,15, 28,10, | 34,28, | 33, 15, | 10,35, 22,1, 13,27, | 39,3, 32,3,
. it 2,39 | 1,40 | 128" | 7 [2"13 39 | 4939 | 3540 | 26,18 | 21,16 [* 40 48,4 | F 1" 19| 10,35 | 35,23 [*132) 27746 | 13 1O
1,8,40,| 40,26, [1,15,8,| 15,14, | 3,34, 10,15, | 9,14, 8,13, | 10,18, | 10,3, | 10,30, | 13,17, 30, 10, 19, 35,
" Strength 15 | 271 | 35 | 28,26 | 40,20 |*4% 28 14,7 | 17,15 | 26,14 | 3,14 | 18,40 | 35,40 | 35 e 20 [ 3519 "o
" " . " 19,5, 10, 2, 14, 26, 19,35, (2,19,4,| 28,6,
15 | Duration of action of moving object | 12 2.19,9 3,17,19 0% 3,35,5 [19,2,16[19,3, 27| i 5% [13,3,35(27,3, 10| & Il
Duration of action by stationary 5,27, 35,34, 39,3, 79, 18,
18 object 19,16 1,40.35 38 35,23 ER
36,22, 6,| 22, 35, 3,35, 34,39, 2,28, | 35,10, | 35,39, | 14,22, 10, 30, | 19,13, | 19, 18, 32,30, | 19,15,
7 Temperature 38 32 |15:19.9]15.19.9] 39745 | 3538 | 4518 |39 64| 36730 | 3,21 | 19.2 | 19,32 | 3532 2240 | 39 | 36,40 | F | 21.16 | 3,17
18 lllumination intensity 19, 1, 32|2, 35, 32 19;22' 192632‘ 2,13, 10 101‘;3' 26, 19, 6| 32,30 |32,3, 27| 35,19 | 2,19,6 321'935' + 32,119
19| Use of energy by moving object ‘2"33"28 12,28 ‘25‘9‘ 351';3‘ 8, 35,35 1251‘ 25‘ 23é514, 12,2, 29) 11?, ‘2?‘ 5. 1395 9 2§, 1335 - ‘39' f:‘ 2,15, 19|+
- ; 19,9,6, 27.4, 19,2,
20 | Use of energy by stationary object o 36,37 | wwl| -
8,36, | 19,26, | 1,10, 17,32, 26,2, | 22,10, | 29, 14, | 35,32, | 26,10, | 19,35, 2,14, 16,6,
« Power 38,31 | 17,27 | 35,37 19.38 | 43 38 |35:6,38]30.6,25/15.35.2) 3635 | '35 | 2740 [ 15,31 | 28 | 10,38 | 6 | 17,25 [16:6.19] 49’57
15,6, | 19.6, | 72,6, 15,26, | 17,7, 76,35, 18,2, 713,
2 Loss of Energy oo | e | n et B | ar [he| 7 o> | 36,38 | 19.38,7) 35"
23 Loss of substance 35,6, 35,6, | 14,29, 10, 35,2, | 10,18, | 1,29, 3,39, | 10,13, | 14,15, | 3,36, | 29,35, | 2,14, | 35,28, | 28,27, | 27,16, | 21, 36, 1.6.13 35,18,
23,40 | 22,32 | 10,39 | 28,24 10,31 | 39,31 | 30,36 | 18,31 28,38 | 18,40 | 37, 10 3,5 30,40 | 31,40 3,18 18,38 | 39,31 T 24,5
2 Loss of Information 10,24 l10,35.5 1,26 | 26 | 30,26 | 30,16 2,22 | 26,32 10 | 10 19
) 70, 20, | 10, 20, 30,24, | 26,4, 5| 10,35, |2,5,34,] 35, 16, 10,37, 410, | 35,3, | 2,3, | 20,10, | 25,20, | 35,25, | 1,19, | 35, 36,
* Loss of Time 37,35 | 26,5 |22 a5 | 16 | 17.4 | 10 | 3218 365 |37 54| 34,17 | 22,5 | 28,18 | 28,18 | 10,16 | 21,18 | 26,17 | 19,18
" 35,6, | 27,26, | 29, 14, 15,14, | 2,18, | 15,20, 35,29, 10, 36, 15,2, | 14,35, | 3,35, 34,29,
26| Quantity of substancelthe matter | 1g'31 | 45 '35 | 35, 18 29 | 40,4 29 34,28 [%%143] a3 [ 31| 47,40 | 34,10 | 10,40 [> 35 313 17.39 16, 18
] 3,8,10,]3,10,8,] 15,9, | 15,29, | 17,10, | 32,35, | 3,10, 21,35, | 8,28, | 10,24, | 35,1, 2.35,3,] 34,27, .32, | 21,11,
7 Reliability 40 | 28 | 144 | 2811 | 14,16 | 40,4 | 14,24 > %524 4128 | 10,3 | 35,19 | 16,11 .28 "% | 640 23519 137 | 27,19
32,35, | 28,35, | 28,26, | 32,28, | 26,28, | 26,28, 2, 13, 32,35, 70,26, 6,19,
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Principle 1. Segmentation
1. Divide an object into independent parts.
* Replace mainframe computer by personal computers.
= Replace a large truck by a truck and trailer.
2. Use a work breakdown structure for a large project.
3. Make an object easy to disassemble.
*  Modular furniture
4. Quick disconnect joints in plumbing
5. Increase the degree of fragmentation or segmentation.
= Replace solid shades with Venetian blinds.
6. Use powdered welding metal instead of foil or rod to get better penetration of the
joint.
Principle 2. Taking out
1. Separate an interfering part or property from an object, or single out the only
necessary part (or property) of an object.
* Locate a noisy compressor outside the building where compressed air is
used.
= Use fiber optics or a light pipe to separate the hot light source from the
location where light is needed.
= Use the sound of a barking dog, without the dog, as a burglar alarm.
Principle 3. Local quality
1. Change an object’s structure from uniform to non-uniform, change an external
environment (or external influence) from uniform to non-uniform.
= Use a temperature, density, or pressure gradient instead of constant temperature,
density or pressure.
= Make each part of an object function in conditions most suitable for its operation.
* Lunch box with special compartments for hot and cold solid foods and for
liquids
(Part C continued on the next page.)
= Make each part of an object fulfill a different and useful function.
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= Pencil with eraser
» Hammer with nail puller
=  Multi-function tool that scales fish, acts as a pliers, a wire stripper, a flat-blade
screwdriver, a Phillips screwdriver, manicure set, etc.
Principle 4. Asymmetry
1. A. Change the shape of an object from symmetrical to asymmetrical.
= Asymmetrical mixing vessels or asymmetrical vanes in
symmetrical vessels improve mixing (cement trucks, cake mixers,
blenders).
2. Put a flat spot on a cylindrical shaft to attach a knob securely.
3. If an object is asymmetrical, increase its degree of asymmetry.
* Change from circular O-rings to oval cross-section to specialized
shapes to improve sealing.
4. Use astigmatic optics to merge colors.
Principle 5. Merging
1. Bring closer together (or merge) identical or similar objects, assemble identical or
similar parts to perform parallel operations.
= Personal computers in a network
* Thousands of microprocessors in a parallel processor computer
= Vanes in a ventilation system
2. Electronic chips mounted on both sides of a circuit board or subassembly
3. Make operations contiguous or parallel; bring them together in time.
» Link slats together in Venetian or vertical blinds.
* Medical diagnostic instruments that analyze multiple blood
parameters simultaneously
4. Mulching lawnmower
Principle 6. Universality
1. Make a part or object perform multiple functions; eliminate the need for other
parts.
* Handle of a toothbrush contains toothpaste

= Child’s car safety seat converts to a stroller
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»  Mulching lawnmower (Yes, it demonstrates both Principles 5 and
6, Merging and Universality.)

= Team leader acts as recorder and timekeeper.

2. CCD (Charge coupled device) with micro-lenses formed on the surface

Principle 7. “Nested doll”

1.

Place one object inside another; place each object, in turn, inside the other.
= Measuring cups or spoons
» Russian dolls
Portable audio system (microphone fits inside transmitter, which fits inside
amplifier case)
Make one part pass through a cavity in the other.
= Extending radio antenna
= Extending pointer
= Zoom lens
= Seat belt retraction mechanism
Retractable aircraft landing gear stow inside the fuselage (also demonstrates

Principle 15, Dynamism).

Principle 8. Anti-weight

1.

To compensate for the weight of an object, merge it with other objects that
provide lift.
» Inject foaming agent into a bundle of logs, to make it float better.
Use helium balloon to support advertising signs.
To compensate for the weight of an object, make it interact with the environment
(e.g. use aerodynamic, hydrodynamic, buoyancy and other forces).
= Aircraft wing shape reduces air density above the wing, increases
density below wing,
to create lift. (This also demonstrates Principle 4, Asymmetry.)

= Vortex strips improve lift of aircraft wings.

4. Hydrofoils lift ship out of the water to reduce drag.

Principle 9. Preliminary anti-action

1.

If it will be necessary to do an action with both harmful and useful effects, this
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action should be replaced with anti-actions to control harmful effects.
= Buffer a solution to prevent harm from extremes of pH.

2. Create beforehand stresses in an object that will oppose known undesirable
working stresses later on.

= Pre-stress rebar before pouring concrete.

3. Masking anything before harmful exposure: Use a lead apron on parts of the body
not being exposed to X-rays. Use masking tape to protect the part of an object not
being painted

Principle 10. Preliminary action

1. Perform, before it is needed, the required change of an object (either fully or
partially).

* Pre-pasted wall paper

2. Sterilize all instruments needed for a surgical procedure on a sealed tray.

3. Pre-arrange objects such that they can come into action from the most convenient
place and without losing time for their delivery.

= Kanban arrangements in a Just-In-Time factory
4. Flexible manufacturing cell
Principle 11. Beforehand cushioning
1. Prepare emergency means beforehand to compensate for the relatively low
reliability of an object.
= Magnetic strip on photographic film that directs the developer to
compensate for poor exposure
* Back-up parachute
2. Alternate air system for aircraft instruments
Principle 12. Equipotentiality
1. In a potential field, limit position changes (e.g. change operating conditions to
eliminate the need to raise or lower objects in a gravity field).
* Spring loaded parts delivery system in a factory
* Locks in a channel between 2 bodies of water (Panama Canal)
2. “Skillets” in an automobile plant that bring all tools to the right position

(also demonstrates Principle 10, Preliminary Action)
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Principle 13. ‘The other way round’

1.

7.

Invert the action(s) used to solve the problem (e.g. instead of cooling an object,
heat it).
* To loosen stuck parts, cool the inner part instead of heating the
outer part.
Bring the mountain to Mohammed, instead of bringing Mohammed to the
mountain.
(Part B continued on the next page.)
Make movable parts (or the external environment) fixed, and fixed parts
movable).
= Rotate the part instead of the tool.
=  Moving sidewalk with standing people
Treadmill (for walking or running in place)
Turn the object (or process) ‘upside down’.
= Turn an assembly upside down to insert fasteners (especially
SCrews).

Empty grain from containers (ship or railroad) by inverting them.

Principle 14. Spheroidality — Curvature

1.

Instead of using rectilinear parts, surfaces, or forms, use curvilinear ones; move
from flat surfaces to spherical ones; from parts shaped as a cube (parallelepiped)
to ball-shaped structures.
= Use arches and domes for strength in architecture.
Use rollers, balls, spirals, domes.
= Spiral gear (Nautilus) produces continuous resistance for weight
lifting.
Ball point and roller point pens for smooth ink distribution
Go from linear to rotary motion, use centrifugal forces.
* Produce linear motion of the cursor on the computer screen using a
mouse or a trackball.
= Replace wringing clothes to remove water with spinning clothes in

a washing machine.
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5. Use spherical casters instead of cylindrical wheels to move furniture.
Principle 15. Dynamics
1. Allow (or design) the characteristics of an object, external environment, or
process to change to be optimal or to find an optimal operating condition.
= Adjustable steering wheel (or seat, or back support, or mirror position...)
(Part B continued on the next page.)
2. Divide an object into parts capable of movement relative to each other.
* The “butterfly” computer keyboard, (also demonstrates Principle 7,
“Nested doll™.)
3. Ifan object (or process) is rigid or inflexible, make it movable or adaptive.
* The flexible boroscope for examining engines
4. The flexible sigmoidoscope, for medical examination
Principle 16. Partial or excessive actions
1. If 100 percent of an object is hard to achieve using a given solution method then,
by using ‘slightly less’ or ‘slightly more’ of the same method, the problem may be
considerably easier to solve.
= Over spray when painting, then remove excess. (Or, use a stencil—
this 1s an application of Principle 3, Local Quality and Principle 9,
Preliminary anti-action).
2. Fill, then “top off” when filling the gas tank of your car.
Principle 17. Another dimension
1. To move an object in two- or three-dimensional space.
» Infrared computer mouse moves in space, instead of on a surface,
for presentations.
2. Five-axis cutting tool can be positioned where needed.
3. Use a multi-story arrangement of objects instead of a single-story arrangement.
= Cassette with 6 CD’s to increase music time and variety
= Electronic chips on both sides of a printed circuit board
4. Employees “disappear” from the customers in a theme park, descend into a
tunnel, and walk to their next assignment, where they return to the surface and

magically reappear.
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5. Tilt or re-orient the object, lay it on its side.
*  Dump truck
6. Use ‘another side’ of a given area.
= Stack microelectronic hybrid circuits to improve density.
Principle 18. Mechanical vibration
1. Cause an object to oscillate or vibrate.
= Electric carving knife with vibrating blades
2. Increase its frequency (even up to the ultrasonic).
= Distribute powder with vibration.
3. Use an object’s resonant frequency.
= Destroy gall stones or kidney stones using ultrasonic resonance.
4. Use piezoelectric vibrators instead of mechanical ones.
* Quartz crystal oscillations drive high accuracy clocks.
5. Use combined ultrasonic and electromagnetic field oscillations.
» Mixing alloys in an induction furnace
Principle 19. Periodic action
1. Instead of continuous action, use periodic or pulsating actions.
= Hitting something repeatedly with a hammer
2. Replace a continuous siren with a pulsed sound.
3. If an action is already periodic, change the periodic magnitude or frequency.
= Use Frequency Modulation to convey information, instead of
Morse code.
4. Replace a continuous siren with sound that changes amplitude and frequency.
5. Use pauses between impulses to perform a different action.
» In cardio-pulmonary respiration (CPR) breathe after every 5 chest
compressions.
Principle 20. Continuity of useful action
1. Carry on work continuously; make all prts of an object work at full load, all the
time.
= Flywheel (or hydraulic system) stores energy when a vehicle stops,

so the motor can keep running at optimum power.

149



ZRE AB Rt AR e R BT

2. Run the bottleneck operations in a factory continuously, to reach the optimum
pace. (From theory of constraints, or takt time operations)
3. Eliminate all idle or intermittent actions or work.
* Print during the return of a printer carriage—dot matrix printer, daisy wheel
printers, inkjet printers.
Principle 21. Skipping
1. Conduct a process , or certain stages (e.g. destructible, harmful or hazardous
operations) at high speed.
= Use a high speed dentist’s drill to avoid heating tissue.
2. Cut plastic faster than heat can propagate in the material, to avoid deforming the
shape.
Principle 22. “Blessing in disguise” or “Turn Lemons into
Lemonade”
1. Use harmful factors (particularly, harmful effects of the environment or
surroundings) to achieve a positive effect.
= Use waste heat to generate electric power.
2. Recycle waste (scrap) material from one process as raw materials for another.
3. Eliminate the primary harmful action by adding it to another harmful action to
resolve the problem.
* Add a buffering material to a corrosive solution.
4. Use a helium-oxygen mix for diving, to eliminate both nitrogen narcosis and
oxygen poisoning from air and other nitrox mixes.
5. Amplify a harmful factor to such a degree that it is no longer harmful.
= Use a backfire to eliminate the fuel from a forest fire.
Principle 23. Feedback
1. Introduce feedback (referring back, cross-checking) to improve a process or
action.
* Automatic volume control in audio circuits
= Signal from gyrocompass is used to control simple aircraft
autopilots.

= Statistical Process Control (SPC) — Measurements are used to
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decide when to modify a process. (Not all feedback systems are
automated!)

2. Budgets -Measurements are used to decide when to modify a process.

3. If feedback is already used, change its magnitude or influence.

=  Change sensitivity of an autopilot when within 5 miles of an
airport.

=  Change sensitivity of a thermostat when cooling vs. heating, since
it uses energy less efficiently when cooling.

4. Change a management measure from budget variance to customer satisfaction.

Principle 24. ‘Intermediary’
1. Use an intermediary carrier article or intermediary process.
= Carpenter’s nailset, used between the hammer and the nail
2. Merge one object temporarily with another (which can be easily removed).
= Pot holder to carry hot dishes to the table
Principle 25. Self-service
1. Make an object serve itself by performing auxiliary helpful functions
* A soda fountain pump that runs on the pressure of the carbon
dioxide that is used to “fizz” the drinks. This assures that drinks
will not be flat, and eliminates the need for sensors.
= Halogen lamps regenerate the filament during use—evaporated
material is redeposited.

2. To weld steel to aluminum, create an interface from alternating thin strips of the 2
materials. Cold weld the surface into a single unit with steel on one face and
copper on the other, then use normal welding techniques to attach the steel object
to the interface, and the interface to the aluminum. (This concept also has
elements of Principle 24, Intermediary, and Principle 4, Asymmetry.)

3. Use waste resources, energy, or substances.

= Use heat from a process to generate electricity: “Co-generation”.
= Use animal waste as fertilizer.

4. Use food and lawn waste to create compost.

Principle 26. Copying
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1. Instead of an unavailable, expensive, fragile object, use simpler and inexpensive
copies.
= Virtual reality via computer instead of an expensive vacation
2. Listen to an audio tape instead of attending a seminar.
3. Replace an object, or process with optical copies.
* Do surveying from space photographs instead of on the ground.
= Measure an object by measuring the photograph.
4. Make sonograms to evaluate the health of a fetus, instead of risking damage by
direct testing.
5. If visible optical copies are already used, move to infrared or ultraviolet copies.
= Make images in infrared to detect heat sources, such as diseases in crops,
or intruders in a security system.
Principle 27. Cheap short-living objects
1. Replace an inexpensive object with a multiple of inexpensive objects, comprising
certain qualities (such as service life, for instance).
= Use disposable paper objects to avoid the cost of cleaning and storing
durable objects. Plastic cups in motels, disposable diapers, many kinds of
medical supplies.
Principle 28 Mechanics substitution
1. Replace a mechanical means with a sensory (optical, acoustic, taste or smell)
means.
= Replace a physical fence to confine a dog or cat with an acoustic
“fence” (signal audible to the animal).
2. Use a bad smelling compound in natural gas to alert users to leakage, instead of a
mechanical or electrical sensor.
3. Use electric, magnetic and electromagnetic fields to interact with the object.
= To mix 2 powders, electrostatically charge one positive and the other
negative .Either use fields to direct them, or mix them mechanically and
let their acquired fields cause the grains of powder to pair up.
4. Change from static to movable fields, from unstructured fields to those having

structure.
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= Early communications used omnidirectional broadcasting. We now use
antennas with very detailed structure of the pattern of radiation.
5. Use fields in conjunction with field-activated (e.g. ferromagnetic) particles.
= Heat a substance containing ferromagnetic material by using varying
magnetic field. When the temperature exceeds the Curie point, the material
becomes paramagnetic, and no longer absorbs heat.
Principle 29. Pneumatics and hydraulics
1. Use gas and liquid parts of an object instead of solid parts (e.g. inflatable, filled
with liquids, air cushion, hydrostatic, hydro-reactive).
= Comfortable shoe sole inserts filled with gel
2. Store energy from decelerating a vehicle in a hydraulic system, then use the stored
energy to accelerate later.
Principle 30. Flexible shells and thin films
1. Use flexible shells and thin films instead of three dimensional structures
= Use inflatable (thin film) structures as winter covers on tennis courts.
2. Isolate the object from the external environment using flexible shells and thin
films.
* Float a film of bipolar material (one end hydrophilic, one end hydrophobic)
on a reservoir to limit evaporation.
Principle 31. Porous materials
1. Make an object porous or add porous elements (inserts, coatings, etc.).
= Drill holes in a structure to reduce the weight.
2. If an object is already porous, use the pores to introduce a useful substance or
function.
= Use a porous metal mesh to wick excess solder away from a joint.
3. Store hydrogen in the pores of a palladium sponge. (Fuel “tank™ for the hydrogen
car—much safer than storing hydrogen gas)
Principle 32. Color changes
1. Change the color of an object or its external environment.
= Use safe lights in a photographic darkroom.

2. Change the transparency of an object or its external environment.
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= Use photolithography to change transparent material to a solid mask for
semiconductor processing. Similarly, change mask material from
transparent to opaque for silk screen processing.
Principle 33. Homogeneity

1. Make objects interacting with a given object of the same material (or material

with identical properties).
= Make the container out of the same material as the contents, to
reduce chemical reactions.

2. Make a diamond cutting tool out of diamonds.

Principle 34. Discarding and recovering
1. Make portions of an object that have fulfilled their functions go away (discard by
dissolving, evaporating, etc.) or modify these directly during operation.
= Use a dissolving capsule for medicine.
= Sprinkle water on cornstarch-based packaging and watch it reduce
its volume by more than 1000X!

2. Ice structures: use water ice or carbon dioxide (dry ice) to make a template for a
rammed earth structure, such as a temporary dam. Fill with earth, then, let the ice
melt or sublime to leave the final structure.

3. Conversely, restore consumable parts of an object directly in operation.

» Self-sharpening lawn mower blades
4. Automobile engines that give themselves a “tune up” while running (the ones
that say “100,000 miles between tune ups”)
Principle 35. Parameter changes
1. A. Change an object’s physical state (e.g. to a gas, liquid, or solid.
= Freeze the liquid centers of filled candies, then dip in melted
chocolate, instead of handling the messy, gooey, hot liquid.

2. Transport oxygen or nitrogen or petroleum gas as a liquid, instead of a gas, to
reduce volume.

3. Change the concentration or consistency.

* Liquid hand soap is concentrated and more viscous than bar soap at the

point of use,making it easier to dispense in the correct amount and more
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sanitary when shared by several people.
4. Change the degree of flexibility.
= Use adjustable dampers to reduce the noise of parts falling into a
container by restricting the motion of the walls of the container.
5. Vulcanize rubber to change its flexibility and durability.
6. Change the temperature.
= Raise the temperature above the Curie point to change a
ferromagnetic substance to a paramagnetic substance.
= Raise the temperature of food to cook it. (Changes taste, aroma,
texture, chemical properties, etc.)
7. Lower the temperature of medical specimens to preserve them for later analysis.
Principle 36. Phase transitions
1. Use phenomena occurring during phase transitions (e.g. volume changes, loss or
absorption of heat, etc.).
=  Water expands when frozen, unlike most other liquids. Hannibal is
reputed to have used this when marching on Rome a few thousand
years ago. Large rocks blocked passages in the Alps. He poured
water on them at night. The overnight cold froze the water, and the
expansion split the rocks into small pieces which could be pushed
aside.
2. Heat pumps use the heat of vaporization and heat of condensation of a closed
thermodynamic cycle to do useful work.
Principle 37. Thermal expansion
1. Use thermal expansion (or contraction) of materials.
= Fit a tight joint together by cooling the inner part to contract, heating the
outer part to expand, putting the joint together, and returning to
equilibrium.
2. If thermal expansion is being used, use multiple materials with different
coefficients
of thermal expansion.

= The basic leaf spring thermostat: (2 metals with different coefficients of
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expansion
are linked so that it bends one way when warmer than nominal and the
opposite way when
cooler.)
Principle 38. Strong oxidants
1. Replace common air with oxygen-enriched air.
= Scuba diving with Nitrox or other non-air mixtures for extended
endurance
2. Replace enriched air with pure oxygen.
= Cut at a higher temperature using an oxy-acetylene torch.
3. Treat wounds in a high pressure oxygen environment to kill anaerobic bacteria
and aid healing.
4. Expose air or oxygen to ionizing radiation.
5. Use ionized oxygen.
» Jonize air to trap pollutants in an air cleaner.
6. Replace ozonized (or ionized) oxygen with ozone.
= Speed up chemical reactions by ionizing the gas before use.
Principle 39. Inert atmosphere
1. Replace a normal environment with an inert one.
= Prevent degradation of a hot metal filament by using an argon atmosphere.
2. Add neutral parts, or inert additives to an object.
* Increase the volume of powdered detergent by adding inert ingredients.
This makes it easier to measure with conventional tools.
Principle 40. Composite materials
1. Change from uniform to composite (multiple) materials.
= Composite epoxy resin/carbon fiber golf club shafts are lighter,
stronger, and more flexible than metal. Same for airplane parts.
2. Fiberglass surfboards are lighter and more controllable and easier to form into a

variety of shapes than wooden ones.
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