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in a three dimensional subspace, need not satisfy the condi-
Abstract tion. Sensors with good color reproduction may be devel-
oped without consideration of the Luther condition. A pro-
A huge spectral characteristics database for color rgect to construct a huge spectral characteristics database was

production evaluation is being developed. As its first appliproposed and carried out to solve this problem.
cation, properties of data contained in the database were

analyzed by principal component analysis with respect to f Object color distribution
color imaging device design. From results of the analysis, it = . )
was found that colors reproduced by photographic materials Three-dimensional

and graphic prints are distributed in low-dimensional spaces principal axes

and most color scanners may not necessarily satisfy the
Luther condition, whereas camera-type image input devices
should satisfy the condition.

Sensor subspace

Introduction Pe Pe Human visual subspace

It is well known that the Luther condition should be Figure 1 Color correction by spectral characteristic restoration.
satisfied by sensitivities of sensors which are used in color
image input devices. However, the author made it clear that Spectral Characteristics Database
it is not necessary to satisfy this condition if the spectral
reflectance of objects can be restored by the sensor output Spectral data were collected in a systematic manner ac-
[1]. Figure 1 showshe relation. In this figure, two 3- cording to the following object categories.

dimensional subspaces are depicted in one dimension. As  photographic materials (Transparencies / Reflection
object color distribution is depicted as an area, object color prints) produced by four major vendors: 2,304 colors.

distribution is considered to spread out over three dimerb Graphic prints (offset / gravure) including 33 combi-

s?ons_. However, Fig.1 shows that extent in f[he 4t_h dimen- ations of eleven types of ink and three types of paper:
sion is smaller than that in the former three dimensions. An 30.624 colors

object colorP is sensed by human vision Bs (perceived
color) and sensed by sensorsPas If we know the object
color distribution and its three principal axes, the c&los

approximately restored #5. ProjectingP’ to human visual
subspace, an approximated cole’ is obtained. This
back-projection and re-projection process can be SUMMa- o0 erss 148 colors.
rized as a 3x3 matrix application. Theual 3x3 matrix f Leaves:. 92 colors.

color correction process, where the matrix is obtained usmg Human skin — several positions on face and others:
the least square method on a set of color samples, Ts

Color computer prints produced by 21 models in five
sub-categories, i.e., dye-sublimation, ink-jet, electro-
static, silver halide and others: 7,856 colors.

Paints — water color , oil paints and other two sub-
categories: 229 colors.

valent to th 8,049 colors
equivaient 1o the process. . h. Krinov data (historical data for outdoor objects): 370
For this reason, it has become very important to under- colors

stand the spectral object color distribution. Color reproduc-
tion evaluation has been carried out on the Luther conditio

basis. However, sensors in a color image input device, whi-
ch images objects whose spectral reflectances are confintfe

In total, 49,472 colors were collected. Obijects in cate-
ories a and b are conventional subjects for color scanners.
ough objects in category ¢ have not been such subjects so

, they will likely be considered as such in future, since
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their printing quality is being rapidly improved. Objects in<- Patch ‘Offset: ¢,andd,_ by measurements for color
categories e, f and g are especially important subjects for  patches repeatedly printed by offset printing.

digital still and video cameras. Category d will be a very<- Patch ‘Gravure’: o, and d__ by measurements for
important category in extending digital archive applications. color patches repeatedly printed by gravure printing.
Category h is a historical database for outdoor objects. KW Patch ‘Printer-SH': 5,and d_, by measurements for
should be very useful for digital camera design, if the data  color patches repeatedly printed by a silver halide
are reliable. computer color printer.

We consider this to be the largest spectral characteris>  Patch ‘Printer-DS’: s ,and d, by measurements for
tics database ever constructed. This database is to be used color patches repeatedly printed by a dye-sublimation
as a standard to evaluate color reproduction quality in image  computer color printer.
input devices. We proposed the database to be a technieal Patch ‘Printer-1J": c,and d,,, by measurements for
report with CD-ROM to ISO/TC130 so that any engineer color patches repeatedly printed by an ink-jet com-
who develops an image input device will be able to access  puter color printer.
the database and evaluate the spectral sensitivities for tRe Patch ‘Printer-IJD1’ and ‘Printer-1JD2's,andd, , by
device. Content of this database is explained in Ref.[2] i measurements for color patches printed by two pro-

detail. ducts of two models among ink-jet computer color
Distribution Analysis printers.
Printer-1JD2
As the first application of the database, spectral cha I
acteristics distribution in each category or sub-category w
analyzed by the principal component analysis. As describe Printert)
in Ref.[1], the spectral characteristic of an object is wel § Prnteros
restored (approximated) by a small number of principe & piersn
components, if the distribution is confined in a low dimen:
sional subspace. In this case, good color reproduction cravre
achieved, even if the sensor does not satisfy the Luther cc Offset
dition. Null

0 1 2 3 4 5 6 7 8 9 10 1.1
Deviation (%)

Quality Criteria

First of all, criteria for color reproduction quality
evaluation were investigated. In many papers, where di
tributions are analyzed using principal component analysis,
percentage of variance was used as a criterion; e.g. spectral
reflectance can be sufficiently represented by the first fo

@ Standard deviatiom Max. deviation

Fig.2 Reflectance deviation caused by printing repetition.

components, since 99% of the entire variance is expres: 5

by the first four principal components (PCs). In color sc 0
ence, percentage does not directly relate to color reprod 4 CIasyz/

tion quality. Therefore, this paper introduces a more prac § 3

cal criterion to judge quality. Quality that is comparabl 2 Q

with the stability of graphic prints or high-quality color é 5

computer prints is defined as class A, while quality that < Class. 7

comparable with the stability of consumer-oriented colc 1 (B

computer prints is defined as class B. If the class A crit @/

rion is met, professional users will be satisfied by the qu: ¢ Chss-A

ity. If the class B criterion is met, non-professional use 0 2 4 6 8 10

will be satisfied. The stability, or deviation, of graphic

prints and color computer prints was evaluated as the fi...

step. Figure 2 shows standard deviation per wavelength Fig.3 Correlation between ref_le(_:tance deviation (%) and CIELAB

and the maximum deviatioty per wavelength in spectral deviation.

reflectances in color patches which were repeatedly printed.  Silver-halide printers and dye-sublimation printers are

< Patch ‘Null: ¢, andd,, for repeatedly measured cali- high quality printers which are accepted for professional use,
bration color patches. These deviations also includevhile ink-jet printers are consumer-oriented products. As
errors caused by measurement noises. color differences cannot be evaluated by the standard de-

viations in spectral reflectances, reproduced colors for the

L*a*b* rms error
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spectral reflectances under the D65 illuminant were also Figure 6 shows how many PCs can represent the di-
calculated and represented in CIELAB uniform color spacemensionality of object colors in each category. It is appar-
Standard deviations in CIELAB spaeg, were computed ently observed that graphic prints (offset and gravure) col-
and plotted in relation te,, in Fig.3. They are almost line- ors are distributed in especially low dimensional subspaces.
arly correlated and it is understood thet, =2 and Using only three PCs, approximation satisfies the Class-B
o . criterion. Even the Class-A criterion can be satisfied by
o, =1 are criteria for professional standard (Class-A). INysing four PCs. Photographic materials (reflection prints
the same wayo,, =4 and G, = 2 are criteria for con- and transparencies) are also approximated very well by
sumer products (Class-B). Color difference of color patchethree PCs. On the other hand, .ObJeCt colo_rs n othe_r cgtego-
by two models of the sam.e consumer product is too large {Sles (ex_. flowers & leaves or paints) are dIStI’I.buted in high-
be allowed even by non-professionals (Class-C) &mensmnal subspaces._ Colors of paints satisfy the C!ass-B
' criterion when at least six PCs are used for approximation.

Principal Component Analysis

Spectral characteristic distributions were then analyz 2 <
according to these criteria. PCs were calculated for e: 8 4 a\
category and all spectral data for a color paiciwas ap- g 3-2 = N
proximated using the first m (=3~11) P@s,0,, ... . p,) @ & 75 \\\\
Eq.(1). g2 e N
m g7 S S
_ } —— |
p=>.ap (1) 05 .
=1 0 2 4 6 8 10 12
Approximation dimension
04 —e—photo_r —=— photo_t offset_all gravure_all
—— printer_all —*— paint_all —— flowerleaf krinov

8 8:2 J’/Hm — //\( Fig.6 Approximation error using PCs for each category

TR A G = S - _ -

g o N * X 7 -\_\‘ < _ The PCs for offset pr_mts were calculated for 30 com-

2 -0.14'1% A 800 \ L/, 600 — x\Hyzf"oo binations of ten types of ink and three types of paper. Us-
0.2 + 7 ——— ing these PCs, ten color patch sets printed by ten types of
-0.3 “‘* ink were approximated and approximation errors were
04 evaluated ino,. The result is depicted in Fig.7. Colors

Wavelength printed with each ink are sufficiently approximated by the
common offset PCs and the Class-B criterion can be satis-
~-1=2 3 45 fied by three PCs. In this experiment, colors in gravure
Fig.4 Five PCs for photo color prints. prints and photo reflection prints are also approximated,
using the common offset PCs. It is shown that colors in
0.6 gravure prints are approximated by the PCs rather well,
05 \ while photo reflection prints are not.
8"3‘ B From the result, we can conclude as follows.

8 0'2 ﬁ,ﬁ*f-fkk_ a. Because scanner users can easily distinguish graphic

5 0'1 prints, photo color prints and photo color transparencies,

g 0. X ‘ NP, P . .

T o / scan_ner S(_ensor sensitivities can b_e_ des_|gned without r_nuch
'O'M'WM@% ~— 200 cons_lderanon on the Luther condition, if color correction
0.2 N . iy y matrices can be swnche_d_ py the users. _

0.3 — b. If the sensor sensitivities should be designed so that
0.4 one color correction matrix (e.g. for offset color prints)
Wavelength should be used for all scanned targets, the Luther condition
~1-—=+2 3 45 should be considered for the sensitivity design.

On the other hand, spectral reflectance distributions of
i o color computer prints (especially those output by dye sub-
As examples, figure 4 shows the first five PCs for colofjimation and ink-jet printers), paints, and flowers are not
transparencies and figure 5 shows those for offset colQfgscribed well by low-dimensional spaces. For reference,
printing. We can see that the first three components hayscs for flowers & leaves are depicted in Fig. 8. Shapes of
different but similar shapes. PCs look very different from those for hardcopies. Camera-

Fig.5 Five PCs for offset color printing.
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type color image input devices often make pictures which  However, even for such object colors, only class B
contain flowers and leaves as well as human faces. Therguality can be realized by using only three PCs. More de-
fore, such analyses for individual categories are not suffiliberate device design for high-quality color scanners is es-
cient. More detailed evaluation for color reproduction ofsential. In addition, digital cameras will need to input ob-
each object should be investigated. jects whose colors are distributed in higher dimensional
From this preliminary analysis, it may be concludedsubspace. For such device design, this database will be very
that color sensors for camera-type image input devices dgseful, since colors, which cannot be well reproduced, can

need to satisfy the Luther condition. be searched in advance. More detailed discussion and
further work are essential to define and standardize an
= 4 evaluation method for color image input devices which
; 3.5 N uses this database.
= 3 [ |
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The next key issue is to establish an evaluation method
based on the use of this database. As the first preliminar
study, data distribution in spectral measurement space ngc
analyzed by principal component analysis. It was show
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