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Abstract

The design process of contact screens have been investigated. An advanced kmowledge of the
threshold transmittance is essential for design of reliable screens. Following the theoretical guideline
a logarithmic, an expopential and a fidelity contact screen have been designed and fabricated.
Experimental results on screen performance are also presented.

Introduction

In the printing and graphic arts industries, the halftone techniqne™ has long been
used in the reproduction of confinuous-tone photographs. Basically a screen is used to
transform an original photograph into a high-contrast halftone negative or positive that
contains arrays of opaque dots with sizes varying according to the optical density of the
original. Printing plates can then be photo-reproduced from the halftone photograph.

Marquet and Tsujiuchi® first reported that the halftone contact soreen technique
has the flexibility to be used for nonlinear optical image processing. Sinoe then the
technigue has proved to be useful in achieving different monotonio and nonmonotonio
nonlinear characteristics in a coherent optical data proocessing system. Examples are
equidensitometry™, pseudo-color™, logarithmio filtering™ @, level-slicing'™, analog-to-
digital conversion®®® and image subiraction®”. The importance of the technique in its
application to image processing is clear. However the fundamental diffieulty of the
process remainsg to be the realization of predictable contact sereens. In this letter, we
present the design algorithm and test the predictability of the fabricated contact screens.

Anlysis

Nonlinear opfical image processing using contact screens consists of either one or
both of the following steps. The first step involves a mapping of the input intensity,
I.., through a mapping function f such that J.u=f(Iw), where I, is the output
intensity. It is important to note that both the input and onfput intensities are functions
‘of spatial coordinates. The mapping function f can be made either linear or nonlinear
through the design and use of contaot screens. The output is in the form of a pulse-width
or pulse-area modulated nonlinear image of the original. In the second step, when the
modulated binary outpnt in a transparenoy form is placed at the input plane of a
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ooherent optical image prooessing system™, many orders of diffraction patterns appear at
the Fourier plane. A spatial filter may then be used at the Fourier plane to select or to
modify any one or several diffraction orders in the spectrum. Thus the overall nonlinear

F0 relationship between the input and output depends
on the spatial filtering as well as the contact screen

2 process uged in the first step.
L X x A contact screen normally consists of a periodic
T b array of continuous-tone cell patterns on a glass or
plastic substrate. Contact screens with random cell
] * distributions are not considered in the present work.
1" The contact soreen can be used for transforming a

continuous-tone photograph intoa binary photograph
through a contact printing process. In the process,

the original continuous-tone photographic franspa-
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! d rency or intensity distribution is confact-printed
ﬂ J—l H I—I I—l through the soreen onto a high-contrast film. When
A I I the exposed high-contrast film is developed, the
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original gray tones are represented by the average

Fig.1 Halftoning screening process:
(a) Transmittance of few neighboring
cells; (b) input transmittance; (c)
combined transmittance of the screen
in contact with the image; and (4)  is used.

transmittance of the resnltant halftone The contact screen process using a specific
photograph

transmittances of either area-modulated opaque dots
if a two-dimensional screen is used or pulse-width
modulated opaque bars if a one-dimensional screen

one-dimensional screen can be illustrated with the
help of Fig. 1. In Fig. 1 (a), the transmittance 7 (z) of five unit-cells of the screen as
a function of # is plotted. we assume that the continuous-tone original has a maximum
spatial frequency less than the frequency of the screen so that the intensity transmittance
T of the original over the region of at lest one unit-cell remains constant provided that
edge effects are not considered. When the screen is in contact with the original image,
the combined transmittance T (a) T is shown in Fig. 1(¢). When 7 (2)T"* is equal to or
greater than the threshold transmittance™, T, the developed film will have a trans-
mittance of nearly 0; otherwise approximately 1; as shown in Fig. 1(¢). For convenience
of discussion we may also define a threshold transmittance asg
TH=I™/ T (1)
where I** and I, denote the threshold energy and the energy of the input illumination
respactively. The resulting photograph with binary levels of transmittance is called a
halftone photograph, which is a spatially sampled version of the original.
For simplicity, our analysis will first be limited to screens of non-symmetrical
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one-dimensional (line) ocell patterns only. As shown in Fig. 1(d), each group of
equal-width halftone transmittance pulses corresponds to a constant input photographic
transmittance, 7'?. The screen transmiftance is periodic with a period X, such
that
T (2) =T*(z+ X) (2)
The overall transmittance of a unit cell, 7%, may be defined as the ratio of the width
of the transparent region to the total width of the unit cell. If the original is assumed
10 be sufficiently sampled, 7% can also be used to represent the regional average
transmittance of the halftone photograph™.
For T?=T*,/T", the width of the transparent bar in the period of the unit-cell of
the halftone photograph is (X — ), where 2 is the value of # where
T¢(x)T?=T", (3)
When T?<T"* /T the film is not sufficiently exposed and the corresponding region
of the halftone photograph will have a transmittance of nearly 1 (almost clear). For
simplicity we assume that the transmittance is 1. Based on the above discussion, 7%
may be written as,

— &/TTp th
In addition, one may also write,
/T,  To=T™,
The functional dependence of T# on 7'® may be written as
TE=f(T7), (6)
where for nonlinear mapping the form of the function f determines the nonlinear
relationship.
Eqs. (4) and (6) can then be used to yield,

g=[1—f@T*)]X, T*=T% )
‘We shall now present three specific cases for the purposes of illustration: (a) the
logarithmic case f(T?) =a— B8 In (1), (b) the exponential case, f (7T”) =aexp(B8T?), and
(o) linear case, f (T'?) —a— BT, where a and B are constants that makes 1=>f (7') >0,
When function (a) is substituted into Eq. (7), we have

s={t-at+pm[ LB |l x, ®)

when function (b) is used, eq. (7) becomes

m={1—aexp[3%]} X, (9
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and when function (¢) is used, we would get

—[1- (@)
2=[1-a+8 s 1=, (10)
Applying Eq. (3) to Egs. (8), (9) and (10), we obiain,
th — 'Y -1 - 2 th
T‘(a:)={T {exp[(a—1+2/X)/B]}1, 1>exp[(a 1+X)/B]>T TS,
1, otherwise,
for the logarithmic case,
1
T*{In[1-2/X),a]}™?, 1==In[d-2/X)/a]=T",
T%@_{B {In[(1~2/X), al} 5 o[-/ X)/a] @
1, otherwise,
for the exponential case and,
e 1 @
Tt g—1+2 1>l ag—1+Z |7
T’(m) ={ B [a +X} » B [a +X} f (13)
1, otherwise,

for the linear case. The limits in Eqs. (11) ~ (13) are set according to Eq. (5).
On the other hand, the average halftone transmittance, T, corresponding to screens
of one-dimensional symmetrical unit cell patterns, is given by
e { 2z, X, Tr=T%/1%,
1 TP T, T,
Therefore, by substituting 22/ X for (1—2/X) in Eq. (11}, a logarithmic screen

(14)

¥

with a symmetrical cell transmittance can be designed to achieve

— ]-n (TP) _ ]_'D. (Tmin) o
S Yy e Y A =

where Tnax and Tpn are the maximum and minimum values of 7*. In this

case
T (z) ~ { Tn[exp(zzi-%-ln Tmin)] —1’ 1=exp (_2}_/&:_‘_111 Tmin)?T“’, )
1, otherwise,

where k=In (T pey) —In (T i) .
Similarly the one-dimensional symmefric exponential screen corresponding
to
THE—explk(T?-1)], @amn

will have screen-cell transmittance

ET*k+In(22/ X)), 1=[k+mIn(Rz/X)]/k=T™,
T (@) ;{ L ' (2z/X)] C (2z/X)1/ (18)
1, otherwise,
and one-dimensional symmetric high-fidelity screen corresponding to
H_s, (19)

will have screen-cell transmittance
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(@) = { T™[22/X] 'T, 1>22/ X =T™, (20)

1, otherwise,
It is essential 10 note that the accurate design of a contact screen requires a priori
knowledge of 7'* and T** which is determined by the characterisitics of the high-gamma
film selected, and the subsequent exposure and development of the film im making the

halffone photograph.

Experiment

Symmetric one-dimensional logarithmic, exponential and linear contact screens are
designed according to Eqs. (16),(18) and (20) with .
the values of T yin, Tmax and 7% set at 0.01, 0.63096, .,,T x
and 0.02 respectively. The theoretically calculated
transmittance of half of a cell of a symmeiric
logarithmic screen versus distance is shown by the
solid line in Fig. 2 and the corresponding experime-
ntally fabricated screen transmittance of a 23-step, ° |
11-transmittance level screen cell i# shown by the
dashed line in the same figure. Likewise, the

transmittance of half of a cell of the exponential

screen and that of fidelity screen versus distance are = .41

shown respectively in Figs. 3 and 4.
For the fabrication of the screens, a mask is Fig- 2 Transmittance of half of a
symmetric cell of a logarithmic

nsed.The mask has a photographic periodic intensity coreen versits dis The theoretically

transmittance function 7' (z) of period X and calenlated valnes are shown by the solid
T 1, O<a<X /23, line and the experimental data by the
x) = 21 :
) {0, X/28<z<X, 31 dotted line

In making the contact screen, an Agfa-Gaevert 10E56 glass film plate is placed below
and in close contact with the mask. A uniform incoherent light source is placed above
the magk. Affer exposing the film and the mask by the light source for a predetermined
time, the glass film is translated a distance of X /23 along the z—direction by means of
a contirollable translation stage while the mask is kept fixed. A second exposure is then
made. The process of stepping a distance X /23 and exposing for a predetermined iime
period is repeated until the 22nd translation and the 23rd exposure are completd. The
time period of exposure are determined by the transmittance of each step that is required
in the unit cell of the screen.

For our purpose the mask was chosen to have a period of 0.0308cm. The exact
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Fig. 3 Transmittance of half of a symmetriccell  Fig. 4 Transmittance of half of a symmetrie

of an exponential screen versusg distance. The cell of a fidelity screen versus distance. The

theoretically calculated values are shown by the  theoretically calculated values are shown by the

golid line and the experimental data by the solid line and the experimental data by the
dotted line dotted line

transmittance values of Figs. 2, 8 and 4 were achieved by careful control of the

" exposures and the development conditions.

TS For quantitative evaluation of the effectiveness
of the fabricated contact screens, a particular gray
scale was processed with each of the three contact
screens. The density of the gray scales were measured

by a densitometer. The transmittance of the

5

processed gray scale were then plotted against the

2108
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jransmittance of the input gray scale with result
. 43"
¢ . 1

shown in Fig. 5. It is shown that the experimental

Fig. 5 The average transmittance of ~ data corresponds significantly to the theoretical

the processed gray scale versms the expectations.

trausmittance of gray scale inpat The general theoretical format for the design of

the screens should also be applicable to the design of other types of contact soreens. The
contact screens have been fabricated by approximating the theoretical soreen profile by
23 steps.
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