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Abstract may be affected by paper roughness through variations
in ink film thickness and also through print roughness,
A formalism is developed to model how a spatially de-depending on the measuring conditiang/hen prints
pendent input image signal, modulated by ink, is transare viewed visually, the common understanding is that
ferred and distributed on a rough paper surface imoughness may be perceived as surface non-unifokmity
different types of printing. The modeling is based on ex-  What the significance of roughness is, is not clear.
tensions of the classical approaches of ink transfer antio provide insight into this problem, our study combines
system theory. The model is used to assess the effect thfe classical ink transfer approdadnd system analyti-

roughness on density and gloss noise in prints. cal modeling of printin§y The model is used as a tool to
) assess how much variation is likely to originate m den-
Introduction sity and gloss in different types of printing.
The performance potential of paper in printing is com- Principles of Ink Transfer

monly evaluated in terms of runnability (paper vs. press),
printability(paper vs. ink) and Formation capacity (pa-In printing, the ink and paper first interact at the “im-
per vs. imageformation data). In the first place, pact” or “impression” step. Further interactions occur in
runnability is related to the bulk properties of the papersetting and drying. The classical Walker-Fetsko ink trans-
whereas printability and information capacity are influ-fer mode? accounts for the phenomena in solid area
enced by surface properties. These include optical progrinting in terms of ink quantities. The model is given
erties, chemical properties, and structural properties sudby expression
as surface topology, porosity and rheological surface
properties. g = A(f)[bB(f) + s(f-bB)] (D
The focus of this paper is on surface topology, i.e.
the surface profile, commonly called roughness. The mowhere ink transfer g is dependent on the amount of ink
tivation for this study arose from our interest in under-f, contact function A(f),“immobilization” bB(f) and split-
standing the principles which govern the contributionting. A constant proportion s is assumed to be split and
of the paper surface to noise in prints in different printtransferred to the paper from the proportion of ink which
ing processes. Our overall purpose is to provide a gerras not been immobilized.
eral framework for increasing quantitative understand- A number of modifications to the model have been
ing of the role of the micro-scale structure of the papesuggested during the almost forty years that have elapsed
surface on printed quality. since its publication, but these involve fine-tuning rather
Surface roughness is likely to influence image for-than fundamentally new ideas. This suggests that the me-
mation in the physical printing step, as well as in thechanical phenomena of ink transfer are correctly formu-
optical and perceptual imaging steps (Figure 1). In printtated in the model. From a general standpoint, the model
ing, the surface profile may control both the transfer ohas a shortcoming: it neglects spatial effects. Hence,
ink to the paper and its distribution on the paper withprint noise cannot be predicted, nor can the model be
consequent spatial variations in ink film thickness. Theapplied to halftone printing.
process may also modify roughness, for instance, as a Consistent with the objectives of our study, the
result of interactions between printed paper, heat anthodel is modified by including spatial effects but ne-
moisture. The angular distribution of the surface reflecglecting absorption effects. The former introduce a spa-
tion of printed surfaces, i.e. gloss, is determined by printially varying input image signal and spreading into the
roughness. Roughness variations constitute the soureceodel: ink spreads sideways in transfer. Sideways
of gloss noise. Correspondingly, printed density and colospreading is also likely to take place in the polymeric
compounds of paper and the ink-carrying surface, a plate
or offset blanket. Consistent with a system analytical ap-
Originally published ifProc. oflS&T's 46th Annual Conference, proach, spreading is depicted by convolution of the in-
May 9-14, 1993, Cambridge, Massachusetts. put image signal and a spreading functioBxclusion
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Figure 1. Influences of surface roughness in printing.

of absorption effects allows immobilization to be re-commonly assumed that the conditions in offset print-
placed with deposition of ink in the roughness profile ofing are of this type.

the paper. These modifications give the following ex-  The fourth alternative is a fully splitting-controlled
pression for spatially dependent ink transfer: case that results in constant ink film thickness.

g(x) = A(x) f(x) O h(x) [s+dz(x)] (2) Analysis of Print Noise

In the model the input image signal is depicted byDepending on the mechanism controlling ink transfer,
f(x). The model could be envisioned to be applicable trinted density and gloss and their variations become
printing methods which use inks in fluid form. different. In what follows, approximative expressions are

The formulation of the model includes four mecha-presented for mean ink film thickness (g), density (D)
nisms: and gloss (G) and their variationg(dp, 0¢). The noise

- spatially dependent initial contact between ink andvalues represent total noise, i.e. noise integrated over

paper (A(X)), spatial frequency. From the data, the signal-to-noise ra-

- spreading of ink from contact points (convolution tio (SNRy,) is calculated for density and gloss using the

O with h(x)), expressions
- deposition of ink in the recesses of the paper sur- b G

face, depending on the paper roughness (dz(x))and - b - &
 splitting(s). SNR,, =20 Ig . SNR, ¢ =20 1g o (3)

, o In the contact and spreading-controlled cases, ap-

In an extreme case, ink transfer and distribution on ;516 expressions for mean density and their varia-

a rough surface may be controlled by any of these mecha-

: . A, lons are calculated from mean reflectance (R) as

nisms as shown and illustrated in Figure 2. The frequency
plane representations of the model are also given.

Ink transfer is controlled by paper smoothness un-

der pressure, i.e. the contact between ink and paper Whgf1

thga mk carrying surface is non-deforma_ble. Letter pres rea, k is twice the absorption coefficient andsgthe
printing, and also gravure in part, falls in this category : . . .
. . : local ink film thickness. It is assumed that surface re-

Whether the contact area is determined exclusively bn ion d infi density. Densi ise is ob
the surface topology of the paper or whether spatiall e.Ctlgnf 0es r?Ot mﬂ uence density. en5||ty TO'SS IS Ob-
dependent deformation of the paper plays arole remair’b |(ne)] arsom the reflectance variation [calculated using
to be studied. 9{9x

Ink distribution in contact printing is spreading con- ox
trolled when sideways ink flow from contacting areasis  0p =

. - . L2 RIn10
considerable. In non-contact printing, ink is initially
applied on the surface as a smooth layer. Spreading tends Because of the complete surface coverage in the
to cause ink to flow sideways from smooth points. Thisdeposition and splitting-controlled cases, SNR is calcu-
may even result in depletion of ink from initial contactlated directly from ink film thicknesses assuming lin-
points. At boundaries between printing and non-printingearity between density and ink film thickness.
areas, as in halftone printing, spreading along fibers is The expressions are compiled in Table 1. Those for
often observed density and density noise in the contact and spreading

Deposition-controlled ink distribution is encoun- controlled cases are given assuming density to be infi-
tered in contact printing when the ink-carrying surfacenite and gloss to be unity (on the scale of 0...1) at con-
is deformable and is compressed into the recesses of thact points. The assumption although made only for the
paper, causing ink to be deposited in the recesses. It $mke of simplicity is justified as far as density is con-

D = -1gR, R 5f 10%9x Py(g,)dg 4)

ere R(g) is determined by the proportion of contact

©)
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-contact-controlled

g{x) = sA(x) f(x)
G(u) = sA{U)@F(u)

-spreading-controlled

g(x} = s[A(X)H(x)]®h(x)
G(u) = s[A(W)®F(U)H(u)

-deposition-controlled

g(x) = f(x) [s+dz(x)]
G(u) = sF(u)+dF(u)®@Z(u)

-splitting-controlled

g(x) = sf(x)
G(u) = sk(u)

Figure 2. Mechanisms of ink transfer

cerned by the fact that the influence of surface reflecR, and R, values are similar. In decibels, SNR ob-
tion has been omitted The assumption of perfect spectiains values of the order of 10. In no-contact printing
lar gloss at contact points is consistent with the underthe splitting coefficient equals one, which improves
standing that gloss is a measure of a relatively smoot8NRy, p by about 6 db.
area.
With these assumptions, density and gloss noise iflable 1. Mean ink film thickness, density and gloss and

the contact and spreading-controlled cases are somewltagir variations in prints.
differently affected by the mean contact area. Calcula-
tions show that the signal-to-noise ratio for density igMechanism Ik film thickness [ Gensity Gloss
smaller than that for gloss. The difference is less whepfereeteentefed | D = ig{1-AY aea
finite levels are assumed for density at contact pointSA mssnawacicontact | o= sfA(-AN" | cp=(n10)"(A1-AN* | o= [AC-A)¥
Yet, the SNR values for both density and gloss are small:
at 90 percent coverage SN is -2 and SNR, g about | Spreading-controtied I

. . : . . . g=sA =Ig(1-A} G=A
10. The distribution of noise at different frequencies iS a wonas: arsa a2 6= SA-AYAE | o= 103 (AR | oemlA(T-AY%
determined by the size distribution of the contact ang ™= e
non-contact areas. Profilometric measurements of print-bepesition-controfied

ing paper$ suggest that the size statistics of contact anth, e sspnor sser | oyec, " oomkan, gaareert™
non-contact area are similar and that a fair proportion af; o o Ca=0 paper 1-d)
the area is too fine to be visually discernible as noise. It "reughnees

does, however, influence the mean values of density ang?™™eeenreied | beks G-Gpane
glosg. Optical post spreading also acts by reducing the 0,=0 =0 TG0G paper

visibility of noise. .
The deposition controlled case is reduced to the split-  Without assuming a model which relates roughness
ting-controlled case when there is no deposition. Wheand gloss, print gloss cannot be directly related to rough-
deposition takes place, density and density noise are gowess, although it can be related to smoothness. It can,
erned by profilometric surface roughness parameters, tHeowever, be related to paper gloss and filling of the
mean depth of roughness and the rms value of rougheughness volume. The expression given in Table 1 is
ness. At filling of the roughness volume, SNRis ap- based on the assumption that with an increase in the de-
proximately controlled by the ratio ofthe splitting coef- gree of deposition, print gloss increases linearly from
ficient and rms roughness,Foecause on paper surfacespaper gloss toward the maximum level of one. Corre-
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spondingly, gloss noise decreases from the level mea- Conclusions

sured from the paper to zero at complete filling of the

roughness profile. In other words, S)R ranges from A formalism was presented for spatially dependent ink
the signal-to-noise ratio of the paper to infinity. Accord-transfer to paper and applied to find limits to the contri-
ing to measurements using an experimental set-up fdyution of thesurface topology of paper to print noise. It
gloss nois&’, the SNRy, ¢ for paper is typically in the was found that total density and gloss noise, i.e. noise

range of 10. . .20.
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Figure 3. SNR of density (D) and gloss (G) when ink transfer

is controlled by different mechanisms.

integrated over spatial frequency, may be considerable.
Some of the noise is likely to be invisible to the human
eye. It does, however, influence the mean values of den-
sity and gloss adversely.

It is the understanding of the authors that the formal-
ism can be used as a research tool to identify the control-
ling mechanisms of ink transfer and ink distribution on
a rough surface. Such knowledge is required in analyses
of interrelations of print quality and paper properties.
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