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The FD-7 Spectrodensitometer:
Taking the Fluorescence of the Substrate into Account when Measuring the Color of a Printed Object
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Abstract

Colorimeters have been widely used in printing for color
proofing, printer management, and inspection of printed ma-
terial. In recent years, the use of the colorimeter has further
expanded, in particular for the purpose of increasing effi-
ciency in a printing work flow. However, when current colo-
rimeters are used, the influence of fluorescent light emitted
by optical brighteners contained in a paper is not properly
taken into account in the measurement.

The FD-7 enables simple and easy measurement of colors
printed on paper containing an optical brightener by taking
into account the influence of fluorescent light by using a
newly developed virtual fluorescence standard method (VFS
method). In addition, the FD-7 realizes high reliability by
adopting an automatic wavelength compensation function,
and it achieves lower power consumption and needs no lamp
replacement by using an LED light source. This report intro-
duces the core technologies that realizing the features of
the FD-7.

ﬁ VA% A )
NURIZ A ]

& B 58 % i

Yasushi GOTO

B &5 Bk %
Noriaki MATSUBARA

1 EU&HIC

HEFHE, B2 L 72 L 2o, kD 5 DRSS
DR S, a2 HERTH S, ADERL
D=—RBFMELL, AV b, TI9RAFv 7, TXRY
AN, A v 7 OFEe, 20506 TR O
THEEMHZ L, SFIEFLAFCHAINTHS

A O CAE B D JIEE O @O O LD TH D, (flg
IECHIBEDOE R, A Otz & CIA SRS NT
?f:?bi‘ WA, R, HIllY —2 7U—®§ﬁ“‘“’ﬂﬁ®fc

WHEICHED D 2 A8 TWwa, —F, fEkoMltztic
HGICE & N2 3OGH Al ﬁﬁ(%]‘@‘%”ﬂi’ﬁ'ﬁ@ CEDIE L (
B Z 7z o b o) HEYN D 5 72,

HEHOIZ, ZoREEBRT XL, ARAOHEY
JEIRERTFD-7 2% L 72 (Fig. 1), FD-71%, 7, JIE
FicdhE L -3 H 2 RINGEEO R T UEEIN T
B, UToOR#EZEE, noolfd#iitkoTn3
Fetfilc>WTHENT 3

1)#Ht 72 1B & L 7z Virtual Fluorescence Standard
(VES) LD # T, A0 A% & A 72HC HIR
SNz, HOGOWE R WL T, fSEICES
5 EVHETH B,

2) ¥EFP DR A B IEERE 2 VT, EREINEH
BifiiE$ % 2 & ¢, BHMICO D EmuEEE %2R
DI EVHETH 5,

) MRIHZR DRI LED Z i3 % Z & ¢, KIHEEN
BIUOI V7R ZHBIL Tw 5

B, HRHZETE, tBF ﬁﬁkoﬁlﬁfﬁ’%{ﬁﬂi"(%%ﬁ%
mEfHT 2 2 0%, WEGHE SIREREE DIFEIEN
%03, AT Cldlested 2,

Fig. 1 Spectrodensitometer FD-7.
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Fig. 2 Emission spectrum of a fluorescent object. The fluorescent object
is illuminated by /(). Wr(A) is the reflected light from a perfect dif-
fuser while Sr(A) and Sf(A) are the reflected and fluoresced lights
from the object respectively. S(A) is the total emission, being the
sum of Sr(A) and Sf(A).
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Fig. 3 Schematic diagram of the VFS method.

VESEIZ & 2 511X, Fig. 3 ISR 415 & 9 i
W (UVAEIR) O3 timIEnfmnsiii 3 200G,
Lzbt, 2060000 L(4), L(A)IE, TOMUE,
RSN TwE, WL, LeilkzRIEAL T, 2
NZIUT X 27 RAREB(L), B(2)ZME L,
K@ ITRT X, ZNSDEAMEE w(A)IZ L 2EA
fFEBIEA AT X b, b AHEIDGE L (S=D50) T4
TSR B(A) Z BHRT 5,

B(A)=w(2) B(AH(1-w(2)) B(4) (4)
HARE w(A) 13X (B) 2L T 2 L) IRkD 55,
B(H)=wA) B,A)+(1-w(A) B, (5)

22T, By(A) Bu(A), Bn(A)lk, %%, D50, 1, LIc
L DHOGT BN FRBETH D, KIHIDGIC X 28N
75 HOGERME (Virtual Fluorescent Standard) #6456
BHRFHOMEZ R TR (6) Ic k> THIBEN S,

B (AW=I1 (1) FuA)du/L() (a=1,2,S) (6)

SF0, VFSHIZG-GHDUVAY k7 4 L% DA
JiE % EAGRE w(A) 1T E 2, HOBEED MG % A
T WEAEHE F(u, 1) DR (6) 12 X 2 RAHE IS B S 12 T
W%, AR 7 HEOGAHE 2 A E 3 % 2 & T, D50
7 E BN EEHEA L 2 v M X B HIER TR L,
HARE w(1) DPIEZTATREIC L T 5,

FD-7Cl%, WBDET, L, DJEJHSL, S2 & LT, Fig. 4
IR % SO [t LED, %LED, UV LED 3
SOLED 2l L, £LED % 54T LTI, %, UV LED %2
Fr<2ODLEDZRTLCL ZHEBIL TW 3,

K (6) 2R T & 912, VESIEEZEHICIX, REHLE
e & L CHEBROEHT T 2 AR (F(u, A) 7
E) REET 2, Lal, ZotREtkolleicix, —

IIEER &) K D et & R VGIHNERFE 2 L, §
NTOMBHZ DWW T eRE 2153 % 2 L I3IEHE T
H%, 22T, VFSIzHBNATIELET 27012, 2
BebE o Btz HA L 72,

——D50

150 ¢ (W+V)LED I

————— (W+V+UV)LED [,

50 -

300 350 400 450 500 550 600 650 700

Wavelength (nm)

Fig. 4 Relative spectral power distributions of I;, I, in FD-7. W, V and UV
indicate white LED, violet LED, and UV LED respectively.
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Fig. 5 Relative spectral excitation efficacies of six different substrates,
which are normalized at their respective peaks.
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Fig.6 Colorimetric errors in AEy, measured for the samples printed by
two different printing systems, inkjet (a) and lithography (b). The
errors of the VFS method and the conventional instrument are rep-
resented by blue and grey bars respectively.
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Fig. 7 Structure of the spectrograph in FD-7 and the 1st and 2nd order
diffractions of incident flux at 375 nm.
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Fig. 8 Slit images on the sensor array by 1st and 2nd order diffraction of
the incident flux at 375nm.
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Table 1 Characteristics of different light sources used in colorimeters.

Light :

source Advantage Disadvantage
Xenon + High emission intensity. |+ Complicated, large-scale
flash driving circuit requires
lamp special insulation due to

high voltage.

* Unstable light emission
requires a reference
system to monitor spectral
power distribution.

+ Non-point light source.

- Lifetime:
about 400 thousand
measurements.

Tungsten |- Simple, low-cost + Lifetime: about 300 hours,

lamp driving circuit. about 500 thousand
* Nearly a point light measurements.
source. + Large power consumption.
LED + Simple, low-cost - Spectral power distribution

driving circuit.

* Nearly a point light
source.

+ Long life: over 2,000
hours, over 5 million
measurements.

varies depending on
operation temperature.
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Fig. 9 Relative spectral power distributions of LED at different forward
voltages (Vf).
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Fig. 10 Correlation between intensity at 550nm and forward voltages (Vf).
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