§ SRR R A 2 B R

L A
=
YR B R CR S B SR I NR S AT A NRA It - ZE IRk DS RS 5

£ W IR IR E R AEDE RSB E (RE - Ry T SRR RE S » AR
FAERE G TR T eRa AL | SRR - DB G R iia T i 52 » 25 B

FAGK GRS (Image Permanence Institute, [PL) 2 BB MEFTRRL /148 > I
BREROLIHR O - KB R (BWSH#HL#2.#3) B SAHARAR LR IR B =
SRFESEIE » [N RIS AR PO RSB IR A H AR AVBRE LR - DA
RS HIEEA By a T Ah H A ZAEIE (0.3 Mlux.hr) » 3fi L AEoo=1 1 By 275 il vl Hss
Z ORI - EEETE > B BWSHL, #2, #3 > DU BB B AN AR
EEHRZ ZREEET - frEd 2 BB/ NL 0.2 0 WoREF|FEA nf ks B
AEoo=1 IR

BRI TRYIREIREN  OCBHR MR - BUIERIER - tREE - BEIRE

TR d s ENCFRES RO PRy TR AR R AL ARETT AL
BAS P FABRY o  ARPAKRFHES L2 LY CRUEBRFRSREF LS P ]
IR R BF SE A T SR B T E R
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Light Sensitivity Assessment for Modern
Photographic Material Exhibitions

Luo, Hung-Wen*
Abstract

The museum lighting should avoid ultraviolet and infrared radiation, and to protect
light-sensitive cultural relics under lower illuminance level.

To integrate teaching and practice, Tainan National University of the Arts (TNNUA)
and the Tainan Art Museum (TAM) organized the “Illumination Assessment of Modern
Images” serial courses. First, participants refer to the database of Image Permanence
Institute for identify modern image collections. Next, expose the blue wool scales

(BWS#1,#2,#3 ) and inkjet print samples to high-intensity light spots, and measure
the reflectance for calculate the color difference at the same time via Micro Fading
Tester. The exhibition lighting-is-used as the target cumulative dose (0.3 Mlux.hr) for
evaluation, and AE00O=1 is used as the threshold for whether discernible color difference
was caused.

The results showed that the color difference produced by measuring BWS#1, #2, #3
and digital inkjet simulation samples under the cumulative illumination during this

exhibition was less than 0.2, and did not reach the identifiable color difference AEoo=1.

Keywords: museum lighting, microfading tester, digital inkjet print, light damage,

photographic material

* Assistant Professor of the Graduate Institute of Conservation of Cultural Relics and Museology,
Tainan National University of the Arts
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[ TTHT 300 FERITRYIEE - EIFH SRR - iR - BUMRES
SALAFBYIEE > 28N LR Y ey b L N A eS8 It E AR
RELARR Fysiidl - HERGEBIBLG - VIR E — (& DABORUR £ I8 Ryl i
oIS - B EEE ARRHSUET L o 28T > SRR EEhHY H 28R
AR T it - SXCYIPRaEHIRE B AR -

1978 FIXVIIR{FEEE Garry Thomson £ H 52 E A7) AH el S EER IR N -
A A ATl L4 (o 38 50 57 IE EL N R BAGHOE  HPEHE TosR

(BRSNS ) SRl IR RN 7y - W ESR B Vi ie thoe R IR

SR ST SRR o

SORFHERZR Ry T SR R IR T RE S AR AVRR B4R - 1999 F235E Paul
Whitmore 3% " fROEEE R | (Microfading tester, MFT ) » J7 ARt LK 7
PeALimoRE ~ TR AR EAYER: (EAS/NGY 0.5 mm) 3 [EIFFHE A 73 E e
Ry I S2 MR ISR SO > TR R AR PO 2 AR AN FHR AYBH B biR00 - 7
EE IR BT SCOR N B HIE SR B SRS I 25 (ki - 2

2019 FEER A (R ) arlise " ERERMTE TG BBE
REE G SCNENR ~ RIE2 AR EA R S 5T - B SRl E S IR R AR R SR 0T
FLRAL - B TEEHEHER > ABFERES N gl ) R
2 DI G e 5 - 2 5B Gk A REHE (Image Permanence
Institute, [P1) 7 BRI EEEITER AN M - IIRIEROCBERB O 6R - SHERS RS

RS 5 -
S EFEETRP R
FAEISRIS I > 43 5 TGRS | OB R A O E | S

! Garry Thomson, The Museum Environment, 2nd ed, ( London: Routledge), 10-11.
2 Paul M. Whitmore, Catherine Bailie, and Sandra A. Connors, “Micro- Fading Tests to Predict the
Results of Exhibition: Progress and Prospects,” Studies in Conservation 45, supp. 1 (2000): 10-14.
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[ 1 FRIRI RS HIE 2 P BRRAR - Bt > R4S R i RSN G AR
FHIEER % - HOEEBMPTEOE (KIE) - AREE AR R ERERE
b - B Bh LR R E A B BB IIARE o B YRR RETOR T > PEPRTR
TEEAERFACHRAR - TR REAR R ML SRES T AR LAVERE - & o5 BEE MY
BRI Rl A B PRI I 1% - SR H B E rY R R B SR -

@ R B 18 SRR
T PR R TIRBORT
5 I !
SERSERRILE
% 5 SAE R E A
&
E |
g [ FIMFT BRI AR
& !
i e B AL Ao
" 1
= I B A AR T e
= IRk
= !

Bl (B B R DR

Bl 1R R eE 4157 2
(—) JRbeFE
1. RAERE ot St S (2 L O BT EL P e e IR - S5 2R B
GRIPRME TRV LE -
2. BEE feeritf) 't 3 U -
3. SCERATRME A GG HIAVEAR -
(Z) AEREENELL

3 Christel Pesme and Mark Benson, “Lighting Policy Framework and Role of MFT,” in Microfading
Tester: Light Sensitivity Assessment and Role in Lighting Policy (Los Angeles: Getty Conservation
Institute, 2021), 60-82.
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1. 4R 22 1 ol (Y e s e [ A PR e e B N 2 BRI (B M L » 5z
B E R EE ARG B AN T AT AERYRRE -
2. [ APER OB ORI 75 SR Rl A e
3. AR B [ B0 8 22 T Y e E AR R A RO B R R A
4. B H B E] (Preservation target ) FIEEMS(IR - ({56 hn (5 (H B ¥t HE
g °
(=) rEEH
1. ik B A5k o PR A R b (Y o3 88 - 51 R B R EY R
7|5 ( Light dose) «
2. BT R EE (0 - B - R ) BETER
(1) FFfhee an A2 6 3 R A (R -
) SHEBUR R E Wi AT AR A CERAR RS -
(3) HEETFFEDCIRAYIFE (M aERE AR HARRER]) -
3. bR AT R R RO E - OLIRAVERE - BaleE s HAR
5 T AR B RIS -
4. BB IR RIRESE o YL RME R R S Ol R ER R R
5. B EEIRNENDTE » IEHb SR R E BRI ERE L - B
FRERTEAIE A TEREL -

S PRI B UREL A A
(—) SRS Tm

"t B TEERL - PEIT 1666 fFILE] Newton B ERIGH AL H R
BHEEOLES KRGS ARSI — R e - HPIIEFAL
=& F > BERESR  NZERRED [ COUE= - SIMEEEOtEH
EEES RGN » & i —fs A =8 - AlfE R HA s TR
FyE 5 (Monochromatic ) » [t B G842 UK RIERFRIEEL T E% (Spectrum ) »
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R T EABE N ERR (R AU [ 2 - 1 AR B EE A PR Py — NER o - T
Fo TAIRDE ) HEEDZ £ F 400 £ 700 nm

Inm 1000 nm 1 mm 1m 1 km
10" meters 10° 10" 107 10" 10’

IEsETR X H5E / I8

- i 3 HISHR

B2 ¥ Lk E s
TESERER B RE - RN & mIE AR —5 » R ")
%61 Ul WG R TsAE 4 |, (Spectral Power Distribution, SPD )
— R LRI Ry MERER - 1% F BB EEA EELAS B e hRE B AR 5 K& m -
REEERT » IR F5100 » B g BLEAREL AT 58 DU
1SEIRA 4 FE Fy T AHEH AT RE B AahaR L - *

(Z) B sEERBE

"JE{EAE ) (Activation energy ) SEEECCYIEMEN ERTRER » MIRIRUCEAE

H ER—ER 8RS WU DA S R AR B TS [ RS NE - BAR e

Fort I RB R (S8 Al ROURR - YRR BUR B @ - sk
BRI EE S (35N E - EECA S DU Ho e AR Y I3 i -

BRI RS - e TRE R T DR THEESREE T EBEERE - SR BB

Ja TS RER Y oy TRAVER B FIHALRE - W0iE 3 (Z2) FAVEESR  FHRUNHIRE R

PR sl (EAE B AR (EDERE) SR ERE 2030y TR

P RAE (I UEREE-F DREE ) (FMFAR2011) F 560
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LA TSHEM L EEY BRI - B (e i A o T B A S -
S LR TEEBHVEHRY ] T8 R4k (Photoisomerization ) » 35 HIAE
GUEHME (WA » B SS —(8 0 THISE - DU e B A%
REERBEE A>T - 91 - BRI FRYRE BRI LE SRR AN » BRAER T
FEAMEERE 2 A1 S —([E 2% ( Photolytic cleavage )Z Y- ( Photodissociation )
MEGHEr FE2ROBE R EEBEXOE 3 (H)°

{— 12 RE
\i= MBI
e ™~ e
g ileaatie (n = #8445 (hy
B g
7 M A R O A
(£) (%)

FI3 A+ 8 ARIEFLEE FFLEHAT LHF
(=) eRHEE
OERYEE A RSN FERIS B > BRER ~ RIRREFEIAVRE (7 - fE 2 —
YIRS - SRS RECE RIS R T 2 | BT 9B | Z RV RHGRE -
19 {HLCHYFEET Emst Heinrich Weber (1795-1878) 2RIV E RIS (LEE 2
IMERIEERE H 57EL - BE1% > Gustav Theodor Fechner (1801-1887 ) #2H " Weber-
Fechner law | $+ 3 \JHESZ 12 SUWMERIEY R E SR B A —EE R B A RIFTEE

7y TRE{E | %2 (Just Noticeable Difference, IND ) © ©

5 David Saunders, Museum Lighting: A Guide for Conservator and Curators (Los Angeles: Getty
Publications, 2020), 81-83.
& George A. Gescheider, Psychophysics: The Fundamentals, 3rd ed., (London: Psychology Press,
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1987 & RRESEAT (Canadian Conservation Institute, CCl) #l|E =
T EES (Light Damage Calculator ) 7% » ' }5%#7 | (Just Noticeable Fade, JNF )
flosh—ad » AT A LR e FHEE - DIBIFRERIZE & & (Commission
internationale de I'éclairage, CIE)  FHERE OGRSl SC e Kot 5 Bt ey R
Il TEHERBAEEE] AB*w=1 2 HRS REEE AR - 0E 4 fl X B
FToREEIRERER 0 Y SRR tEEE - BERSGER W EEEN
ZUEY - BEEE AR A s R P A i DRI 4R AE*a=1 > {HERRRIIZEA %3

RIS R RS G AE =1 EL -

y Yore-exposure

RERBEYE

fie (B

(o942 A 208 B R Kwopis

AE* =1

WAEARRRD 5 oo 4 R OE
BlA4degA-d £-5 >atgR &M (RE
(=) CIELAB H5®EpERREE
R RN 22 527yt 2 (color difference ) © 1976 4 CIE #EHII A B2
fifl  CIE 1976 L*a*b* » &L [t It %2 L3I SHEBH AR DUR R IP  2 5L
IHEZ2 R YA RTEG(L1, a1, b)B(La, az, ba) Y &7 A DA ATC 1 oKH: AL* B HIE &
BLIEAE (B {E ]/ 72 (Lightness difference) » A a* Fy &L &% (6 8 7 (redness-greenness

difference) » Ab* fyEsBi & 7= (yellowness-blueness difference ) : &

1997).

7 Commission Internationale de 1’Eclairage, CIE157, Control of Damage to Museum Objects by
Optical Radiation (Vienna, Austria: CIE, 2004).

8 Abhay Sharma, Understanding Color Management (New York: Delmar Cengage Learning, 2003),
93-99.
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AEZ, = /(AL")? + (Aa*)? + (Ab*)2 (1)
Hr e
AL* =L — L

E R *
Aa* =aj —a;

Ab* = b’ — b

Bl S CIELAB 353 ¢ {23/

2 T2 CIE Jr 2001 A% CIE2000 7203 > fifl CIEDE2000 » thr= 55
PR AEoo > # CIELAB i 7 7URE IR PIEREE - FIEREE - GHMEE - X
BEERPEERERE (AX2)

2

, ’ ’ 2 ’ ’
AE00=J<%>2+<£> + () +Rr(ee) ()

KcSc KuSu KcSc KuScu

R EH R 2R HIERE - SR AT T REE A CIELAB &
WERAGE R ZWVINBIER - ARER > b TEFSARGEZR - (£H

CIE2000 123 Ryaf EaTAS -

T~ ek saaRd RIBIEE

9 Hsien-Che Lee, Introduction to Color Imaging Science, (Cambridge: Cambridge University Press,
2005), p113.
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(—) BEEARE

AREAROCERERE  (E o) R/ NEBEE R 0.5mm » SEakEi[E 400-
750 nm - SEEREAIEHRE Ky 4 mW T o mEEZOEERREESY & 3500K ~ 4000 K
5000 K~5500 K Kz 6000K A [E] (08 2 H ¢35t g i HA( Light-emitting diode,
LED) > a[{RE RS CRIR M EEER ORI (B 7) WA HEH R e
4 - SEIRAGE B T P IR AR (84T 0.4mm) DL 09/45° K 5 A4z
B ERENBIEZb > WAL BRI TS BAHIER 2 oA R R
PRIE - Scf et aat A ELE 8 -

1.00€-02

— 3500K-7 § AILED
——  4000K-7j % A LED
——  5000K-7j % A LED

9.00E-03

8.00E-03

=

; 7.00€-03 ~ 5500K(Ra=87)-# ¥ A LED
#F cooeos — 5500K(Ra=72)-# ¥ M LED
b4

,\E 5.00E-03

&

e 4.00E-03

]

-ﬁg 3.00€-03

;'H

2.00€-03

1.00E-03

0.00E+00

Bl 6 Mekmaard & Bl 7k#a g (#F) A

10 pekmaaRd ik 0 https://www.fotonowy.pl/products/mft-scientific/?lang=en (% p # : 2023 & 6
4
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(=) FHbEA
1. EfR
1920 FEEMESR  (blue wool scale, BWS ) &A1& » 1 BUPR AR A (L 4H &%
( International Organization for Standardization > &% ISO ) R105 7 i [Bf] 2 e
(British Standards ) BS1006 R 477 48 EL K7 5 S R (A5 B A HITGUREAE - BEAREEK
FERA S I (B 9) ZAFFEIRIIIFE » 56 2 Ao RIERFELUEEs 1 1
%2 M5 FI3TENEEE 2 082 2 % - RILBUHERS 8 18 o REE 1 [
BROCARELY 4 BROLELY Ixhrs - 4 [ 5 5 PEAYEEREELR ¥7Y 400-600 nm HYEE
R EURY - 3 PEREAEER AHBIEE 1 FE R 2 PEEERIMR A IBRURL - DL 1
PR 2 SR 3 IREERBEERT (%2 1) 388 3 %8 8 IS ATl A R SN
BRI ]

59



SRR

wnasnjy Wy ueurey, jo [EUJHO[ |

€207 PO ¥ 'ON

BlO FREMRIm (7)) mard s (1)

21 FHRBEYS I 2HE3 B

ERRy R AH LA o

% 1 p#(Grade 1) . Lt 104 Ca3HagN3sNaOeS2*
% 2 r¢(Grade2) . e E 109 C45H44N3NaO6S2
% 3 p#(Grade3) . e i 83 C45H44N3NaO7S2

2. BRI H

"R ) (Inkjet print) £ 1970 S HARH - DASE/KEREN 52000 R " 24
3 (Thermal) , 817 BREEZ (Piezo) , MATE » 1% I K BRI B (s SR
EERRFI 1A - PRI HCER IR R R SEoK [H SR K SRR 2 Fabt - 1A S A EE
B R~ BRI DI Z A3 - BREE R (Piezo) HI 53 T 4uisHE/K S (Dye
Based Inks) J " BEK}E/K | (Pigment Based Inks) » RIKIRRE(E Sy " Eidig
femEs | FBEERHEK o BRRHE BRI M 5y F-55E - A0BERE (Amide) FIH
B (Carbonyl) » 53 FRIEARS [ J] » (EHIRRS = &8 B8 DI AR AR E &
BS o IDBBRR S/ KAE TR R Z L EE A - 8 B B /KA iy S e 2[R
FEMIT AN « 55— 518 > BERHE KA ~ —&4LskE - $685 - IS - BiGH4R
FIS8 s 5 B R E (BB EFEE M - ' EPSON Ultrachrome K3 {E Al

27 SB/KARL » IEER Y EPSON HRJ4KH7 - {k Wilhelm Imaging Research 5 > {#

1 Veronika Lovell, “Ink jet inks and Substrates: Novel approaches for their physical and optical
properties characterization,” (Dissertation, Western Michigan University, 2006), 10-11.
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i Premium Glossy Photo Paper » B4 Y MRAYEHE AT LA 100 {852
T 1
2 R ARG TERS B AR A

EREEER RREHIT - HEEMIL - CHETT SR AT A SR
B RS SR BUREEI S IS EIEE) - TR TR a8
JE& o 1953 £ T EMTEMEMIIRS ) (GRS SR > B
ERAITR By TR THVE IR 2 — o P

ZrFTHETEE 2019 FEREE S RENER S RE - HE S EE R
iR - BB R R R SR T - NI s S e SR
AR MEHE—D TR > DUERII BRI R -

(—) fEmiEREE

U o B A IR~ BRI B & ~ 25 EEAN (2 EA 2023/03/21 ~2024/04/07 )>
Ry B— R E Z R B G O OE B R E A TR SR TR LIETR = ~
BETES TWIERNE TR R TEER T (EDER =R RG] (R2):

202 A FEM G ERFEY

fEdmlE] T 8] R&F £/

HAEET

HETAR | 26.4x31.4 cm 2004

e

12 Epson Stylus Pro 11880-Print Permanence Rating - http://www.wilhelm-
research.com/epson/WIR_Ep11880_2010 04 23.pdf (& z p # 2023 & 9 » 3 p )

Do RE (4 EPEMET (19202022)) A5 R2 4 (44 0 485 £ 2022)0 T
122 -

1% 3 F AR5 %4 % 5 https://eollections.culture.tw/tnam_collectionsweb/search.aspx (% 34 P& ¥ ¢
112&# 6" 4p)
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B {EmATE R R~f FR
MR Y T : 1
! \li,“mll”'-:’ %Hﬁnw%‘ EI$1§E:F‘
\ § ' SEEEAE | 264x31.4 em 1964
BEENF
() A 21.2x30.2 cm 1965

TRIZFE SR EE B SR > = B R EUE RETRIN B A E et
A o M 2 (R BIR 1964 £ - 1965 4 > ZEIRIIBIRIER (Silver
gelatin Print) FEATAEAC > BAEUMSRENRISAM AT - SFRE—F DIBEMEHR
ffEsR - MRSt - HOAYFE M octet - SRR R - EARBEFm®R
PR - SRR HIIREDCE - REEREAT -

LB (440 ) BEERRIER (B 100 AT RIS G 4N
VY ~ M~ C Csimpk - BEZAILIRS ML R B0 (05 - (H ] DU R FRGIRYL S
DIURESRATINAY - $CHREL IPT SRR A ELBIANE 11 - FIBRIL A E S e RlE 2
BUETIRE -
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B LLIPLof 578 5 m 3] 220 5 (=) #2305 W (&)
(Z) BOCRBETER

AEIERIHETT MFT BER B HIFTER 2R &R R ARV BUE - [NIbHERE
Rt E R - BTG O CRS B AR S &N E - FRRE

LSRR
ARG R = H (8 12) > fER NIRRT (R
ISM-Lux ) #E17 eSO CEMN » (BB Ein 2 o
M > HOeREsE R i dE 13 > AL LED A « Seli .2 Yeat A
WARBE N 400 nm DUR Z SSMERE: - B A B L S HTRIMEIR
Hiffe S Eand b2 EfE - HEREE 298lux ~ 4022K ~ CIE x : 0.3819/ CIE

y + 0.3853 ~ CRI : 96 - =i PRI URE IR R FRIRAE I -

M2 3 2-@&EFzH

15 Graphic Atlas:http://www.graphicsatlas.org/identification/?process_id=43 (& pFfF @ 112 & 6 *
4p)
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==

Irradiance [mW m-2 nm-1)
~

IEEEE

=

%% 30 3 40 40 S0 K0 60 60 M0 70 80 80 89
Wavelength [nm]

B 13 HE 3 LED £ ki £ 4 i# B
SRR ¢
A IS 2 RS A B Bt 6 ) - S, 6 K
EERIRLL 8 /NG - SRYE—(EH 2 4 BT - DULRSE 2 IR
S IR B3 A TR TR SRR - 3HHAR
S BN =1x. hrs 5 ORI AR

267.49 lux x8 /NIFx6 Kox 4 #Hx 6 {f H = 0.3 Mlux.hrs

éﬂﬂm

3. PAEHEEA

ARG 2 (Ehn B R 2T AU 2 B - B TR E R
TEanHET TR DREEURAF (50 P AR R B 5 AUl 2 AR e i A T T

FEA > #IWELL EPSON Ultrachrome K3 1 Bl 22> 2oKAHEl - 7 EPSON 2

&AM - DL MFT AT e B - SLIFEGE 4000K - i ETAE 14 - [& 15 B
RO A HE I THR VBT B -
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B 15 fdtk 2404 5%
(=) &ERIITHEETR

LLIESSIEEE 0.3 Mluxhr Ba¥h HARRMERIE - #E{T MFT =g 458
S3Af (B 16 24k EarE4R) » WL ABoo=1 (KLERE4LR) 15 B il ol
Z AR TR o B BWSHL, #2, #3 DU SIS SR A >
Inkjet Print C, M, Y FYREEIHRE 2 BRRE T > ArEEd 2 0= B/ Nk 0.2
A ARSI v 7 ABo=1 AR » RBLTTHERIFT A B A B
e B (2023/03/21~2024/04/07 ) HIAE FRRIRAE T AL AT 2
(EEha

2. ph&S SR E T AR A FIB L AR B A B AR B AESE - R A DL
R BN A2 PR A SRR By 1564 C ({8 16 Z Inkjet Print_C)»
A M ([ 16 2 Inkjet Print M) ~ £EA Y (& 16 2 Inkjet Print Y) ©

3 ARAHTTETT [
PROEBE RGN B S\ SR T PRERAVRFAS T AR EHE - AR E A
FREERE AT IR - IR AR A A - RN T ¢
(1) wTPAE R E R Talh - PREEB G E BIE S iR - D
PEHE 0.5mm > A G #ERE - W DIERETEMEm = 2 230 -
(2) HEERATEE A CIR Ry es IR 2 B A LED SERusE a4y CRISO -
Bl E it CRIO0 ZOEIREECORAHIE By 4000K - [ERTEA[FEDEEAE
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Dose(Mlux.hr)
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= ~3F= };Je
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