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Abstract

A method to quantify gamut on various ink-jet media 
ink sets is described. The robustness of the interpolatio
the reduction of data points in the hue direction
demonstrated. The influence of the spectral measure
geometry on the gamut has to be taken into account w
colour appearance is compared on samples with diffe
surface finish.

A known effect of humidity on ink-jet prints is later
dye diffusion, bleeding of coloured lines into white or ot
full colour areas and a darkening of the print. A quantita
description of this effect must be based on a care
chosen test pattern.

Introduction

Ink-jet printing freed creative printing from the ma
restrictions proper to closed systems as photograph
thermal dye transfer. It offers great flexibility in the num
and types of colours, as for example process colo
hexachrome colour, spot colours and special effect col
It allows even more choices for the media from plain to
glossy papers, clear to metallic films and canvas to lea
With such a variety of very different products it is diffic
to define ubiquitous image quality criteria and prov
predictions about print performance. The paper addre
two areas of print evaluation namely colour gamut 
humidity sensitivity of prints.

Part I: Gamut Investigation of Ink-jet Prints

Experimental Set-Up and Numerical Calculation
The experimental basis of the colour me

investigation are printed colour wedges from a digital d
set. Pure colours (100% Y,M,C,R,G,B) are printed to w
in steps of 5% ink load and to black, whereby black 
mixed in as composite black. The wedges were printe
the same printer, with the same fixed colour profile (
curve) and constant raster algorithms.

The prints are left to fully dry for at least 24h 
ambient conditions (45-55% r.h.). They are measured w
proprietary spectrophotometer as described in [1]. It 
45°/0° geometry (according to ISO 5/4). Each sampl
measured in the range 380-750 nm in steps of 1.0 nm w
are then averaged to steps of 5 nm for further proces
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The spectra are converted into CIEL*a*b* co-ordinat
based on the 2° observer and D65 illuminant.

To look into details of colour gamut and colou
reproduction, a fine scan of the colour space is necess
The gamut evaluation is based on 252 original data po
measured on 12 printed colour wedges with each 21 den
steps. The experimental points are interpolated to obta
finer mesh of 10 units in L* and 2°-5° steps in hue. T
resulting gamut wire plot is shown in fig.1
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Figure 1: Full gamut wire plot

The interpolation from the measured data points to 
finer wire mesh is done in two steps graphically represen
in fig. 2a and fig. 2b. The graph shows a segment of 
colour space between two experimental wedges (ribs). 
first step, 9 intermediate spectra are interpolated betw
point p1 and p2; both original colour patches on tw
adjacent ribs. Only three of the nine intermediate states
shown in the graph for simplicity. Although only sketche
for one wavelength (550 nm), the interpolation is actua
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done in 75 wavelengths between 380 to 750 nm for 
spectral absorbance of each of the nine intermediate s
according to
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The corresponding CIEL*a*b* values are calculate
The hue mesh is constructed out of 170100 interpolati
The second step of the interpolation relates to the L va
along a rib between point p3 and p4. To find the corr
CIEL*a*b* values for the equiluminance planes of t
gamut, a linear interpolation in CIEL*a*b* is done a
shown in fig 2b. As an example, the calculation for L=
would be:
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In a final step, equal distant hue angles are calcul
and the gamut volume is obtained by adding the square
the saturation for every point. This is strictly proportional
the areas of the equiluminance planes. The last 
provides arbitrary units (divided by 70 for matching
previous database) not CIEL*a*b* volume units. T
conversion is possible by using a factor of 70 π /6.

To test the quality of the interpolation, som
experimental colour wedges were suppressed and
program was forced to spectrally interpolate over a m
wider range. When omitting the red rib, the total gam
would only change by –2%, the Y and R sector by –3% 
by - 6 % respectively. Omitting the blue rib reduced the
sector gamut by 5% and grew the M gamut by 9%. T
suppression of the green rib had the largest effect as 
gamut was reduced by 7%, and Y,C and G by 5%, 5%
25% respectively.

The calculation replaces the missing experimental 
red and blue very well and proves that the interpolation d
predict the actual shape of the colour space satisfactori
most sectors. The suppression of the green rib is 
recommended. A further reduction in the number 
interpolation steps could also be envisaged but needs fu
investigation.

Application
The gamut plots, total and sector gamut volumes h

been used to characterise gamut in media and ink des1

The size of the mesh is fine enough to resolve difference
raster algorithm, print gloss and media tint. For gam
studies dealing with the comparison of different dye s
such a fine mesh may not be needed.

The method attempts to describe the colour gamu
prints viewed under the same illumination conditions
characterise media, dyes and ink. It does not claim
provide an appearance based rating or colour match2
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The great variety of surfaces available for ink-jet ma
colour matching very challenging.

p = 0.75 p1(550) + 0.25 p2(550)
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Figure 2a: Interpolation step 1

Figure 2b: Interpolation step 2
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The influence of the spectral measurement geom
(0°/45° vs. 0°/diffuse) and on the CIEL*a*b* values h
been reported in the literature.3 Its effect on colour
saturation and on surface finish is shown in fig. 3, for
case of a RC glossy paper a) and a fine arts print b)
NCS colour patches c).4 The prints were spectrall
measured both with 0°/45° geometry and with 
integrating sphere. The CIEL*a*b* yellow and mage
sector are shown for the two measurements.
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Figure 3a: Geometry effect on glossy prints
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Figure 3b: Geometry effect on fine art prints
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Figure 3c: Geometry effect on NCS samples
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Whereas the measurement geometry has only a m
influence on the fine arts paper print(-1.5% for 45° 
diffuse), it has a remarkable influence on glossy paper (
% for 45° to diffuse). Introducing an asymptote of 1.2 in t
0°/45° data approximates the 0°/diffuse data and seem
represent the visual appearance of the prints better.

Part II: Dye Diffusion in Ink-jet Prints

In a humid environment, an often observed change in i
jet prints is the diffusion of colorants into neighbourin
areas visible as colour bleeding into white or colo
unsharp text, colour shifts, density and contrast chan
The aim was to find a test target and quantitative evalua
procedure that gives reproducible results, is most crit
and is able to discriminate between different ink and me
properties. In low dot percent areas, the individual dot g
can be observed, but such dot gain turns out to be much
discriminating and does not well predict the bleeding 
small text inside full colour areas. A much larger amount
humectants and water is available in a full colour squ
fueling diffusion.

Experimental Method
A set of samples consisting of different ratios of wh

lines to colour lines, of different colour densities and colo
composition (monochromes and bichromes) was prin
with two ink sets on several media to find the most sensi
and reproducible colour test pattern. The samples w
submitted to climatic tests at 40°, 50% r.h. and 40° 80%
0
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for 7, 14 and 21 days and the density changes fo
different patterns were recorded.

Results
The diffusion data at 50% r.h show a very minor e

on all ink/media combinations. The 80% r.h sam
generate a significant change over the period of 21 
Dye diffusion creates a contrast increase (and colour 
that is strongest in the intermediate density range of 0.5
This should be borne in mind when working on co
profiles, colour calibrations and colour studies. Refer
samples need to be measured quickly after full drying
should be stored at below 55% r.h

The most discriminating test pattern for strong 
weak dye diffusion is a square of full colour intersected 
grid of white lines which are 2-4 pixel wide (2w-4w) a
spaced 4-8 pixels apart (4c-8c). Fig. 4 shows the ye
density change for the case of a very diffusion-fast (left
a very strongly diffusing ink/media combination (rig
The other inks showed a very similar behaviour.

Figure 4: yellow density change depending on line width
(2w-8w) and line spacing (2c-12c) for two different inks
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Figure 5: densities of test pattern after 80% r.h test.

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0days 7days 14days 21days
411
he

t
s
ys.
ift)
.5.
r
ce
nd

d
 a

w
d

.

At 40°, 80% r.h. the major changes in density appea
the first 7 days, although in most cases the plateau is
reached even after 21 days, see fig. 5.

Ink-jet prints are often laminated quickly after printin
to protect them. Lateral dye diffusion occurred on su
freshly laminated samples underneath the laminate. At l
8h of drying in 50% r.h conditions were needed to stop 
diffusion.

Conclusions

Using spectral and CIEL*a*b* interpolation gamut can 
quantitatively characterised for ink-jet media. Th
sensitivity of colour appearance to the measurem
geometry, known from graphic arts, is even more import
with ink jet prints which may have widely varying surfac
texture and surface finish.

A small grid test pattern is suitable to quantify d
diffusion under high humidity conditions. The target patte
provides a sensitive and reproducible response. Storag
print reference samples in controlled low humidity 
recommended for any colorimetric work.
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