SLSLEAHRI 05 Y4 2 HE 2020 4R 6 H =

ARFFHABSHB EGEEAARCRIBENE

**k*

REE KA MR BA#s

* RFIRE TSGR
wcf@gm.ttu.edu.tw

PNGPS S
douxiao0808@outlook.com

R B B RS E R T ER R ~ BFSEAT
jjliou@mail.fgu.edu.tw

W %

ZEXER TWRSIFEA B GHEMETOURE TG USSR E - J51A LED I %% HAE
TEINFER SRR - R H TP S i i IR IRISRAE - AWTSest B dlaa T P i SR EE A S ME R R L
ABS BEFZ ISR E M E RS - (IR LED W] > SREMEAFI G - RE T - HEEATEEIE
st A e s - ANHTSE3ERAE T I S IR LED IRYEE (5001ux - 15001ux ) ~ Rifi it (2700K - 4000K)
FIPUfE ABS MBI F MR AR (FL - #% ~ B~ 30) - WEBREEAEDEUEHE T 20 - #iERE
7 » LED Fr VIR ESE T - DIEGR KSR Cuim BB 1L © Ak ENIEE thry ABS BB NG
R S A T R R IR - Horh SRR SLAE 2700K (il N R RS - CukHn B (o fmi - 4E 4000K {7
I T o BEAIAHRGR 2 B R R P = 5 B (EEARAE 2700K £ 4000K i TR ERHE - R

o ARER TR ABS BB HMERE M O mTEH - SRHEG IR R8BS, - nT R ZE B
SR E R 2 -

BigEE © LED - s~ ABS W - SRR
OSSP ¢ LR ~ S M S (2020) © EIREHE ABS YBIEBEN A R L B
%2 o B 25 (2) 5970 -

— N 'ié

-1 fIRER
s TSR EEE - B8 - MEERZLERGETITE (Mougenot, Bouchard, Aoussat, & Westerman,
2008) - Hrp o I RRBEEMERE — > DO FAVEGT RIS RE DUR BRI ERAS » 88 35 AN[E]



i

60 JGIEERETE ABS BB RIS R il (R L S BT TE

B

FREEER  RRASHIIS & RNS (Gomn, Chattopadhyay, Yi, & Dahl, 1997) - IR, TR (%A - il
HEEIEPOLEE TG - DUEEIEN5E (Rea & Freyssinier, 2010) - MhBHEAE L B © (HZE
mnZ (2 P RERD IR EE T AME T E A R 22 - FEmiiE L BN B B S A LB R FIET - [RIBLiRs R AERS
SRR RSN - RS SR AR B CRAE I S M B 2R A — 2 - HIFRDE SR
JCIRER H A 72 SRR - fERZAEIET - light emitting diode (LED) EARERY] - Favkk » BIFK
JEDR ~ 2R IR - S REEE - mEDERCRIVEREE (Kim & Schubert, 2008) - iR H TRG % £ Y
FORIRIDIGIE . — « SR LA LED REf I R B9 - o F LAl e i R T S K. (Narukawa,
2004) -

e ERTRSY » LED AR F 820G =K% - Eilk ~ R ~ B HE e reniRas
HIMRRTEEE L - HAa8llm FoRSOR T - usE R AR B B 442 (Sun, Lee, Ma, Lee, & Huang,
2006 ) - AR R EELAFAPE A ~ B R - HLASE LED Sz il ~ WS & Sl e A g2 (Jia,
Misawa, Takamatsu, & Hirobayashi, 2019; Sener Yilmaz, 2018 ) o H o515 I8 B SRS FE R 22 ] 254 2 250
K RIS B B A R i B AR 22 f] AT e B TR B IR RB .2 DhRE (Soranzo, Galmonte, & Agostini,
2009) - YGJE {1k 5if - Pardo ~ Cordero ~ SuerofiiPérez (2012) HfFeZBARIRIMGIR iR RERIE A
(FfEEAEE ST © Hawes ~ Brunyé » Mahoney ~ SullivanfllAall (2012 ) RFZEHE R (i B2 s e S HE 7 1E T 5 B
TERERS - SEM ISR AR - BH LS & LED SEIFE R ER BRBHI - SR S22/ -
Vit DU DB A MR R 228 » [RIE A3 a T Enfny ot - HRER A L B R R 221
/e > EEE (Sun et al., 2012) o LED REUHHER HoAt IR 0k 58 Zhaien - (KIIL - A15RGES AN ]
LED B MRS FHE (212 i Rtk - sUA RS A G DL Ry tlR - A — sk BEn] DAL IE
FiTRE N A DU A )& R e fm g [RE A e A -

ABS AR IIE T IR s SN B - B Sl e 0 - (LB B AR E H R RTS8 B Harris,
Nilsson, & Poole, 2015; Ozcelik & Sonat, 2009 ) - 1fi ta %2 HIE 2 hhy MR ER E T B B8 A5 £2. (Mougenot et al.,
2008) - EEEShERETTEER o FEHERE R L — R R IR E A TAE - i R R R S e S
REM#ERZ A - ZREAEERRSZASEELryHT (Hard, Sivik, & Tonnquist, 1996; Pardo et al.,
2012) - ARWFSEERFA T NCS taZ A i E Rt TH - NCS SE# 1 1950 FEASHEt - MR AR =
J&: > tAH (hue) ~ A (blackness) Kf2f (chromaticness ) ffk » m] IfEIEE b2l —FEEH A (Hard
et al,, 1996) - LA - 0% S2060-G10Y » HEERIFIRAYE — O ikt (G) BTl IRy
BAth » HEEFEIRZEEHIS IR 20%7(1 60% - Ji ~ Pointer ~ Luo {1 Dakin (2006 ) %5E #0122 —EYyius
HIRYJE@ME » Fr 2 YRR OEEIE R - SR - LR R — R E RS - Ryt
FHEMDGEE e a2 Y e AR B BA AV (Baar, Ortiz Segovia, & Brettel, 2014; Ji et al., 2006 ) - 5%
FEE R EYIRER DRSS T =R ERE (Jietal,, 2006) - JEEREEATE » HRMEDEIIRE K » T Fyse
I K FE R - Tl SUEREECEERANN - RS EAERENT - EEPOLEREKR 20 BlE
[AME (Jietal, 2006) - fESCRiFZEH - fEfAEE (2012) $EET T OLIRERETEI /K R B E 4522 - Huang
A (2018a) S AMFSE T IHEE HAMFHRAOEIREREHRLF - Huang¥E A (2018b) ¢ A&Jiw T LED B
RS R F A O RIFIIZ%E - Wu ~ Wu ~ Hung ~ HuangBdCheng (2016) 52 7R LED SYiFatE
™ ANEHARGHUR IR BEEAE L ry Btk < Amano ~ LinharesEdNascimento (2018) #E&Y 1OGi#E
AR g B e ELR R PR E - ARl BEMIRIE B REEMELERERZE T ARES
Ft iR - ffhEE (2012) WF9ERI - NEDEEEEH SR RYEENANERAE - (H2{rEH
BERGE METREEAE TR -



SLSLEAHRI 05 Y4 2 HE 2020 4R 6 H =

KIFEART Fe Rt B LED SUIRIASRELE M TR B A SRR A il 2% - JRBINH B B AN Al ~
& AIRATA EI1 ABS BRI S FTEE A A B fimif R0 » AT (i B T - R DLERR T 5 M (O A (ol B
W o b - BRSO & B HEEE S Rl 25 rT eI A tufm » BFS e SR R B A
aETEHERE 2% - EREFTCRAYFIRFR A RDEIREGE T M EE LR Tl -

— N HRGIERT

AWTFEER T EEIB T BAY ABS FHERBBIERIITEE S - SETHAE LED B Myt fmik
DL > BFFETEELS BRI R -

2-1 WEBHE

2-1.1 REEREERTE
AR 9T HAFER R AR T2 ABS FHEMMEANFDEIRH S FATEAR R - FnEeEtiie
KSR B K HE S RA T -
(1) LED St - Sayigh (2013) Wgerfit - — M EBGE R EIOGIRZEE 2700K-4000K 2
i - SCEEREE LED Fiig R 2700K » ik ths% 4000K - Skdfd (ks (il -

(2) LED SGISRE - A3 CNS BISARME K JIS IREEARNES: - KAUE (HEARTE) i
W R AR AEL Ry S00lux » = BURTRE & 35E T EEABATHE 7 15001ux - ki 500lux 2z 1500lux Rt i 7k HE

BEEEBRRER - PR EH T& AR - BE - S EURIYEDERS R - A6
RHREEET (TenmarsTM202)  SBPGIEHETTICIE » ARHREEHEERSETHI - HIR A E & 2 +201ux -

SERE O e B A B B BRI R miEA tary FIETRE J1( 2555 - 2002 ) - Rea B Freyssinier (2010 )
FEH Ra KA 80 HEREME AJRKSZE H IR S SEBAITEN SR o a5 BRI e R 52 o IR BH & 1 Ee 1 R R
S 1B (Zhan, 1991) - B[] Ra=80-90 - [KI[t » ZAHFZE5%EE Ra=85 Y LED YEiF o

2-1.2 FYRE

Hering (1964) 8 » % L RPUR - % (Y) ~#L (R) ~# (B) ~#k (G) - NCS fair#gll
s FUR O BAHERDIEE (Y) &L (R) B (B) -~ #k (G) WIKRFF - MURERBGERS (Y) ~#L
(R) ~# (B) ~#% (G) MMEEAMIEHEEE S - 1R NCS S RS NI A At L S m R an
T @ (YY) =S0575-G90Y ~ B (B) = S1565-B » I (R) =S1080-Y90R - % (G) =S2060-G10Y - $}%f
FeraEiERE e - DIE I Rl » FERE - (A - BE=J5 s RAE T - BRI E Y 18 R
BEE o RS2 PosEiE DRk (o E i EE S2060-G10Y Fyfl| » H b o SE B ATHE (21 52 S5 {E R AR S el
1 FiR o BB HBARE AT LU - fROEE RS (E=20 » F2E{E=60 - f8fH=G10Y (-10) - £ NCS
R ZEM T - fREF S1060-G10Y 2R ~ tafHAEE - fE R oy Risg InAORe(E— 8 B4 1% - B
S1060-G10Y » S3060-G10Y FfR S o HAh a1 ZEpkise DAL 7348 HE - (A NCS a2 (e 25
SHAMEY ARV R T RES A T EE - Rk (i GE Y 13 IRELIR AT - 5340 SERiifFseRIFRK AnIRe &
TEASGR ERIIRD IR G SR 28 L -#%s (PR - 2014) - [RIFLAHFSE AT A RO#k (L (e S AR
[ PrAm e (n S o B ERERAIY G A AT ABS WIB - PG IRIS TRt NCS (hZEEf TIENAR
SER - ERARIIYIR /N 2em*2em - SRS Gloss=13 -



62 JGIEERETE ABS BB RIS R il (R L S BT TE

BE FE =K s

gwomeps | S 20 60| —|GI0Y
=20 =60 = -10

o [ | |

s 47, 55

ttﬁ})(@m Low High High Left Right
«—— — —_—— —— —»

10 15 25 30 65 70 75 80 G G20Y

=0 =20

1 HEREGR (S1060-G10Y) RUREBRZRE - ¥ERGOHERR

2-1.3 HEREIRN
HRERHIE 2724 2R TN EE: - BEEHAOKHERR L -

* 1 EREY

=1 b gilevel

B NEERT 2700K
4000K

SRR 500lux
1500lux

EmE¥ Y = S0575-G90Y
B = $1565-B

R =51080-Y90R
G = S52060-G10Y

2-2 BERERRE

BRI AIE 2 For - ARG EREN - HRERRG T2 IDNE - RERR 1R
JE BRSBTS - IR RGE Ry 26 & (RFlilhmy ) IMREEAERT 60% - f5E G0 SR H R TR )
A - NG ARSI - AREBRSE T EHIRI ARSI E A 2w (S 2IIRES LB ) I
Fo & SCikBIRE (Shieh & Lin, 2000) WRSEEGEE 42.3 N3tk » BCEMRSEARE 30 A - FERSEHIE & E
LED J& IR EIIRAS - Aot -

EREA T AT RERIRY LED REASTER AT RERERE - e 2 (b) ZEMURERE - DUSARERRE (OF

JiRy D65 BIREAEHE N T-HOE - @ 2 (b) AHISH) - ’afEkssEAT AR HHE » LED i 5 #H LED #5iH
BRI RR - FHERAH 2658 LED B BG#H iRk (Dou, Wu, Lin, & Liou, 2019) -

2-3 ZRE

R TR - I RCREER ML 25 17 (BB 11 A ~ &M 14 A) > Hirta s ~ 5
W A2 il E % - B2 HELL 20 67 (5P 8 A~ 28 12 ) » fF#R/ A 20 2 30 iz »
F& KB IEALFIAR JJEH Snellen’s E chart g3 0.8 DL -



SLSLEAHRI 05 Y4 2 HE 2020 4R 6 H =

BRI DOSHR 4 4

710em Il T10cm

—

80cm

(a) (b)
2. BEREHREBE (a) ERE; (b) BEXEERE

2-4 RASH
ReHEBR SR TP A P ERE TR - 2 E e ESE TR UM B S ety - et mm e T AR UEE: -

IEAERNFXERETLL - ARR - gLt EeEiim L BE 2 (a) - WNERET
AT SZ B A A - B CARGES DUBCRR - 0 EARSE SRR HERS i FiR 20 BR (o Ayl (15 )
W (Pardoetal., 2012) - FREESZHIBHENEARAER - DU BHRERE LA B riie B AR 2 E
£ FIHBSEER - GRS E R R RS I TR B e -

B SE 7 RV RETT - R AR o Rkt ~ w0~ BECOAIRL 0 - FERRIESY - HEeD
BRAT AR -

1. PARCENR - SOGIRBMNIRER - BRI R E R EAERCEEN - PR ERS -

2. HE RSB R E R - A HIE T H < R EI TR TSR - 35S I Bl o se -
RIRISRESTSC R 2

3. WFFEEFIHE NCS BB Lhi (25 1% - MEAR ST At NCS 2% -
4. TREAEHE B SR EEHR S TR RY LED KEAER D65 KEAE - HAFA S I RO AR B AMHIE]
5. HIRHIFE H HPGERRE iR Pl < thEE - s BRCEk I NCS #aik -

6. Ty \EGREREUE - Sl S IAE W o SR A RE B BRSCRL - Hirh o SR AR TR S P i
FRMIIRFH] -

2-5 BAFEIR

W FERy RSS2 I AR LR S B ~ R OAPSME - BRI TSR P (S ATAR
BHARAET R 72 OB R - OAHE(E - IR EREAERGE - 20 (730H1F 72 BIHEVYED IR
THR T - g — @t —Rii s E B SR PET R i (5 - RO B 2% - BITR] &l
HEEREIVROLIR FYREAT R ~ R~ BAOE - B - AR 2R -



64 JGIEERETE ABS BB RIS R il (R L S BT TE

=~ EREHW

3-1 FRXFRIL « RETERBELZEREZMIMMER

Fo 7 ERREADGIRAZ B I AR AIARETHEe SPSS 21, T K7 (il ~ %) L4t
I (MANOVA) - Rl thif ~ IREESHR L ~ 5t FLG - St ABS YRR FEIHINE IR ZE AL Y R
MR RRERUAZEE - MANOVA MG SRER » B AR S PURE o ny R B0 FROR | - (i
%t ABS HRIBFE TR AR A S SRR F (1, 80) =16.44 ~ p<0.001) ~ FZJEF (1, 80) =6.26 ~ p<0.05) fz {1
FHF (1,80) =6.70 ~ p<0.05) ¥R s 8 - Bl 4000K =i fHEL - 2700K (AR - dok T Sn ey R i
CRRE R, T R o AR AR I - MR AR - RS D ABS
PBZ I RAEMZRE F (1, 80) = 5.56 ~ p<0.05) ~ FZEL F (1, 80) =454~ p<0.05)FHAFHE - &
i (2700K) '~ - REHES » (HEH 5 ABS MR HIERE MR - O 2 - RS HE
ABS YRIEF MR A LR S o RAIREE B -« AL ABS YRR RAE i SR ~ A
T I -

R AR A A BRI - PURE ABS YEIBFE NS 4 A A HASR -

* 2. WEAYNERNTIEMEEE

e {211 4000K Eaif2700K
= HEE1500lux {EREREE500lux =R 1500lux {EREREE500lux
HIE) BE 20.00 19.50 19.50 23.75 25.5
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(4.84) (4.67) (4.56) (3.73)
i -10.00 -11.00 -9.00 -13.50 -15.00
(6.41) (6.05) (6.71) (8.27)
Eyc] EoYicy 5.00 6.25 6.25 7.00 8.00
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(4.72) (4.06) (4.59) (4.44)
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(5.10) (5.03) (4.70) (3.66)
ERE) B 15.00 19.25 20.75 21.75 22.00
(5.20) (5.20) (4.38) (5.23)
W 65.00 61.00 61.75 63.00 61.50
(3.84) (2.94) (2.51) (3.28)
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(7.16) (6.05) (6.39) (6.05)
FARE) B 15.00 11.75 9.75 11.25 115
(4.06) (3.80) (3.58) (4.32)
W 80.00 80.00 80.75 82.00 79.25
(4.87) (4.38) (2.51) (5.20)
A 10.00 11.50 13.00 14.00 12.00

(5.87) (5.71) (5.03) (6.16)
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Abstract

To prompt customers to purchase products, retailers tend to use lighting to create the perfect
atmosphere. Light-emitting diodes (LEDs) are favorable illumination systems because of high
energy efficiency, low maintenance cost, longevity, low pollution and easy to adjust. This study
focused on acrylonitrile-butadiene—styrene (ABS) plastic with matte spray painted surface, a
commonly used material in product design to explore the color bias of products under different
LED lighting conditions. Specifically, this study focused on two commonly used illuminance
levels (500lux, 1500lux), two color temperatures (2700K, 4000K) and four kinds of spray paint
color (red, green, yellow and blue) on ABS plastic products to measure the color bias of
observers under different lighting conditions. The results revealed that under different conditions,
color temperature had more significant effects on the color bias of ABS plastic products than
illumination, and the effects of the LED light sources on the green and yellow ABS products
were more obvious than those on other products. The results of this study can serve as a
reference for designers of ABS plastic products in predicting color bias tendencies, and such
predictions can be used to optimize the practical lighting applications in retail stores.

Keywords: Light-emitting Diode (LED), Color Bias, Acrylonitrile—butadiene—styrene (ABS)
Plastic, Lighting Design.



