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Abstract 

The design prl∞OOS of ∞且阳启t 配T回OB have been im"田tig的时. An advan悦目i know ledge o:f也e

threshold transmìt国且面 is 也sential for d岱ign of reliable 配reen.s. FollowÌD,R the thωretical guidelino 

a 1唔ari出DÙC， an exponential and a fidelity 曲卫国.ct scr臼n have been d西igned a.nd fabricated. 

Experimental r田ults On screen performance are also p主任黯nted.

IntroductioD 

In the printing and graphio arts industri阔，也he halftone 也回hniqueClJ has long been 

u肥d in the reprodu的ion of ∞ntinuous-tone photogra.phs. Basically a soreen is u配d to 

transform an original pho也ograph in切 a high~∞ntr昭告 ha.lftone nega ti ve or 归sitive 也hat

contains arrays of opaque do抽 with sizes v町yi丑g aooording 切也he optiω1 density of 古he

original. Prin ting pla也es 臼n 也hen be photo-reprodu假~ from the half切nepho也ograph.

Marquet and TsujiucbiJ::l]自四也 repor也ed that the half协ne contac也 sor回n 也创hnique

has the flexibility 协 be used for nonlinear optical image pro悦目ing. Sìnoe then the 

toohnique has proved 协 be useful in achìeving diffe:rent mono回国c and nonmonotonio 

nonlínear oharacte:ristics in a ∞heren也 opti恼1 data pr田)eSSÌng sys如m. Examples arê 

equidensirometry[SJ，归eudo~∞lo:r [4.J， logarithmio fìl如ring[5.0J. level-slicing[1J ~ analog-句­

digital conversÍon[8.9J and image subtractionUO> • The importance of the 也oohnique in its 

applica古ion 切 image processing iB clear. However the fundamen ta.l difficu1ty of the 

proce臼 remains 阳 be the realization of predictable ∞ntact screens. In this 1e拙。rJ we 

present the design algori也hmand 怕的 the prooictability of 也he fa bricated con taot screens. 

An1ysiø 

Nonlinear optioal image processing using ∞nta抽回reens oonsis恒 of ei ther on9 or 

both of thc following s也eps. The fir的 step involves a mapping of 也he input in抽血i甘，

I恤，也hrough a mapping mnction f suoh 也hat I耐=f(I阳)， whe.re Iout 坦蚀。 output

in也en回ty. It is importan古切 no怕也hat both 也he input and outp时 intensities are functions 

of spatialωordina也es. The mapping fnnotion f can be made eíther linear or nonlinear 

古hrough the design and use of∞ntaot scxoons. Thθontput iB in the form of a pulse-width 

o:r pul朋-ar，ω modulated nonlinear i四唔e of 在he original. In 白。随cond 时ep， when 也，he

血。dula切d bin町y outpnt in a transparenoy form 坦 pla.ood at 也he input plane of a. 
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∞herent optical image pro<附田ing sys也em(6] ， many orders of d.iffraction pat如rns appear at 

the Fourier plane. A spa.tial filt盯 may 古hen be u田d at 尬。 Fourier plane 协回1时t or to 

modify any one or severa.l diffraction orders i且也e 叩00古rum. Thns 北，he overall nonlinear 

rela也ionship between 曲。 input and output depends 
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Fig.l Half阳血ng screeaing proæss: 
〈α) Trans皿i抗anoo of few neigh boring 
ceUs; (的 input transmittan回 (c)

combjned transmittan佣 of the screen 
in contact with the image; and 刊〉
transmittan但 ofther田tùta.nt halftone 

photograph 

'‘ 

on 也he 昭a恒a1 fìl tering as well 皿古he contao也 scr佣B

pr∞ess u舶d in the fìrst s如p.

A ∞ntact 四reen normally consists of a periodic 

array of continuo田，也one cell p时也erns on a glass or 

pla的ic substrate. Oontact screens with random 0011 

distributions are n的 considered in the present work. 

The oontact screen can be used for transforming a 

con古inuous斗one photograph intoa binarypho切graph

也hrough a oontact printing process. In 恼。 process，

the ori哥nal oon tin uous-也one pho也ographic trarupa­

rency or in抽血si甘也时ribution isωn阳ct-prin抽d

through 古he son回n on to a high-oontras也 film. When 

the exposed. high-contr剧也缸皿iB developed , the 

original gray tones are represen如d by the average 

也ransmittances of either area-modulated opaque dJ。如

if a 也wo-dimensíonal scroon is used or pulse-wid古h

modu1ated opaque bars if a one-dimensional screen 

is u回d.

The con tact so!回n process using a spooific 

one-dimensional S<lreell can be illustrawd with the 

help of Fig. 1. 1n Fig. 1 (α) ，也he transmittanoo T! (x) of five uniιcells of 七he scr四n as r 
a func力ion of x is plo的ed. we assume tbat the continuous斗one origìna1 has a maximum 

spa也ial frequency 1ess 七han tbe frequency of the 配reen 90 也a如曲。 in也ensi忖 transmittan回

TF of the original over the r唔ion of at 1es也 one uni t-cell remains ∞nstant provided 也hat

edge effl倒也s are no古 considered. When the 配roon is in con tact wi th 也he original image, 
the com bined trans皿ittance T'但)TfJ 坦 shown in Fig. 1 (0). When TS (到 Tp is eq ua1 to or 

greater 书，han the 也hreshold transmittanceWJ 
J Tt\ the deve10ped film will have a trans­

皿íttance of nearly 0; otherwiBe approximately 1; as shown in Fig. 1 (d). For convenience 

of discussion we may also defi.ne a thresho1d transmittance as 

Tfll = Ph/l饵， (1) 

w here ]tlc and 1伽 deno抽血。也hreshold energy and 也he energy of the input illumination 

respectively. The resulting photograph with binary levels of transmittance is called. & 

halftone pho也ograph.. w hích is a spa品ially sam pled version of the original. 

For simplici古y~ our analysìs w让1 first be limi抽d 1.0 screens of non-symme让ical
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one-dimensional (line) 0011 patternB only. .AE shown in Fig. l(à) , each group of 

吨ual-wid也 half协ne trans皿itta.nωpul阳 ω口回pon也协 a ωnsta.nt input photographic 

transmi如恒nω， T'. The scr四n 古ransmi在ta.nω iB periodio with & period X , 8uch 

也ha也

TICø) =TICø+X) (2) 

The overall transmi拙an伺 of a unit ooll, TH, may be de直ned. as the ratio of the wid由

。f the transparent r唔ion 切曲。阳tal wid也 of 也he nnitω11. H the original is assumed 

to be su血cien咀y sampled, TH ωn a1so be used 也o represent the regional avera.ge 

古ransmittance of 也he halftone pho协graphU •

For TP';;Þ TtA/T气地e width of the transpa.rent bar in the period of the unit-oell of 

也e halfrone pho也ograph is (X - z) , where a; is the va1ue 0/ a.: where 

T 'I(a;)T' = Tn. (3) 

When T~<Tt1'jTI the fil皿坦 not sufficiently expo船d and 古heωrr咽ponding region 

of 也he half协ne photograph will have a 北Iransmittanoo of nearly 1 (almos也 cle町). For 

sim plici ty we assu皿e that 也e transmittanlω 坦 1. Based. on the above discu盟ion， TH 

may be wri也也en 础，

TH={~γ 
In addition, one may also wri切，

r T n. jT', 
T'(a;) =t~， 1- , 

TIT" ';;Þ Ttl, 
T8TP<Tt. 

TP ';;ÞTt1&, 

Tp<Tt1l 

The functional dependence of TH on T' may be written a9 

TH =f(TP) , 

(4) 

(5) 

(6) 

w here for nonlinear 皿apping the form of 也he function f de也ermines the nonlinear 

relationship. 

Eqs. (4) and (6) 创n then be nsed 阳 yield，

a;= [l-f(T')JX, TP,>Tt.. (7) 

We shall now pre曲时也hree speo迫G 饵，田s for 也he purpc:脚8 of illustration: (a) the 

logari thmio ca回 f(TP) = α一βln (TP) I (b) the e耳x>nential 0脚， f(TP) = αexp(β酌， and

(0) linear 0脯， f(TP) =α一βT'， whereαand βmω皿阳怕也hat makes 1 ';Þ f (TfI) ~O. 

When function (均坦 snbs垣tuted in也o Eq. (7) , we have 

~={1一叫h[22?i}x，
w hen funotion (b) 坦 used， eq. (7) beωmes 

It = {1- a exp [ß 飞飞了 J} x , 

(8) 

(9) 



122 光 ;>:>L. 
寸· 学 报 3 卷

and when function (0) iB used, we would get 

æ=rl一 α十βT'(x)T~lx. (10) 
L - -, r- TIJ (x ) J 

Applying Eq. (3) 也o Eqs. (8) , (9) and (10) , we oMain, 

rT叫exp[(a-l+x/ X) /βJ}-l， 1 二~exp I (α-1+号)/β I~Tt1&T'(x) =i ~ l~~.t' L\~ ~，-; ~/r r-JJ -,...- -~1:' L\ X 11 r- J ~ -, (11) 

ll. 0也herwise

for the logarithmic case, 
( r\ rTTU. (''''I ., , _1 1 
1β TfI'{l卫 [(1-æjX) α]}-1， 1~ ~ ln[(1-æjX)/α] 〉Tth，

1'8 (笃)={/'β

ll, 0古herwise，

(12) 

for 也he exponen tial case and, 

1βT叫α-1+王1-
1

, 1~主|α-1+王l~T协TIJ(ø) =~ , .. U L....- J..--. XJ ..LrÇ- βL- -, XJ 

ll，。北herwise，

fOI 也，he linear case. The limi坦 in Eqs. (11) rv (13) are set according 也o Eq. (5). 

on the 的her hand , the average halftone transmi的ance I TH I corresponding to screemf 

of one-di皿ensional sy皿皿etrical uni t cell p时也ernsJ ís gi ven by 

(13) 

r 2x/X. 
T'=~ 

11 

Tfi ";Þ Ttll/TIJ, 
T fJ <Tt"/Tð. 

(14) 

Therefore, by substituting 2æ/X for (l-x ,/X) ín Eq. (11丁 J a ]ogari七hmio screen 

wi th a symmetrical cell transmi ttance can be designed to achieve 

E
σ
 

且
也

?
一μ

h
一
(
、

-h E T 
(1.5) 

w here T max and T min are 也e maximu皿 and minimum values of T'. 1n 由is

case 可-

「晶 r 12zk \l-l 12xk \ 
IT叫 exp( ""'.;.'" + ln T min 川 l~exp ( '"':;- +ln T mìn J~Tt" T'(a;) =~ L \ X -'-jJ \ x ，~- W Jn /~ - 1 (16) 

ll, othenvise, 
w here k = In (T max) -ln (T min) • 

Similarly 讪e one-dimensional symmetric exponen tial screen corresponding 

to 
TH =exp[k(T'-l汀，

will ha ve screen -cel1甘ansmi ttance 

(17) 

r kTt~[k+ln(2a;/ X)J -1, 
T'(x) = 1 

L 1, otherwÍBe, 

and one-dimensional sy皿皿etric high-fidelity screen corresponding to 

1~ 日+1且 (2z/X) ] j k~Tt1&， 
(18) 

TH =T', (19) 

will have 配reen-cell 让ansmittance 
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r Tth [2x/ XJ -\ 1;注2x/X~T气
TIJ(的=~

ll.. otherwise. 
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(20) 

It旭 e回ential 阳 no妇也hat the accura.也e design of a. contaot 配r四n r吨uires a. príori 

knowledge of T& and Tth which 坦 de阳rmined by the chara.oterïs的ics of 古he high-gam皿a

缸m sel回北00， and the subseque且也 expωure and development of 也he 直1皿 in making the 

.ha.lf也one photograph. 

Experi皿ent

Symmetric one-dimensionallogarithmic, exponential a,nd linear contaot screens are 

designed accordíng 切 Eqs. (16) , (18) and (20) with s 
T f~ J 

the values of T min, T max and Ttñ 回名叫 0.01 ， 0.63096， 1.0 

and 0.02 respectively. The 也，heoretically calcula阳d

transmit也ance of half of a 0011 of a symmetric 

logari也hmic scr明n versus 也的an阴阳 shown by 古he

solid line in Fig. 2 and the corresponding experime-

ntal1y fabricated screen 古ransmittance of a 23-s如'P， 0.5 

11-transmittance level scroon ce丑坦 shown by 也e

dashed li丑。 in the same figure. Líkewige，古he

transmittanωof half of a cell of the exponen tial 

screen and that of fideli甘配reen versus distance are 

shown re叩倒也ively in Fìgs. 3 也nd4.
c X/4 

For the fabrica也ion of the scroons，也 mask is Fig.2 Transmittan回 of half of a 

nsed. The mask has a photographic periodic intensìty 

transmi ttance function T 悦) of period X and 

r 1, O<x<X/23, 
T(æ) = ~ 

忡 X/23<x~X.
(21) 

symmetrìc 但II of a logari出ID1C

screen yersus dist.anoo. The theoretically 
也lc吐ated valu昭 are shown by the solid 
lìne an<l the experimental data by the 

dottad line 

In making the con tact scr回n~ an Agfa-Gaever也 10E56 gla田 fil皿 pla协 is plaωd below 

and in close 佣ntact with the m副k. A uniform ìnooherent light 跑回回 is placed above 

也he mask. Af-也er exposing the fil皿 and 也he mask by the ligh t sourω Ior a proo.e书ermined

也i皿e， the gla固自1m is translated a dis也ance of X /23 along 古，he~'吐ir回也，ion by means of 

a con"trollable translation stage while the mask is kept :6xoo.. A 院把ond exposure 扭曲en

皿ade. The proce圈 of stepping a dista.nce X /23 and exposing for a prede也ermined 也im.e

period is Iep倒也ed until the 22nd translation and 也he 23m expωure are completd. The 

time period of exposure are determined by the tranSnll事也nce ofeach s如p that 国 r叫ui.red

in the unit cel1 of the 配reen.

For our purpose 也he mask was chosen 也 have a period of 0.0308cm. The exac1 
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Fig.3 Transmittan但 of half of a sy皿血etric ooll 
()f an exponential scr回n versns distance. The 
也eoretically 值1cula制 ValUI臼 are shown by the 
solid line and the experimental data hy the 

Fig. 4 Transmittan佣 of half of a symmetrie 
四11 of a fidelity s臼een vers田 distance. The 
thωreti也且y 也lcruated valu幅 are shown by the 
solid line and the ex归lrimental da也 by the 

dotted line dotted line 

transmittance va]ue.s of Figs. 2, 3 and 4 were achieved by careful oontrol of 古he

~ 
l 

'.5 
F I 

Fig. 5 The average trans皿ittan但 of

the pro假酒。d gl'ay scale versus the 
transmittance of gray scaIe input 

exposures and the deve]opment oon也tion队

For quant.i也ative evaluatìon of the effectiveness 

of 也he fabrica臼d ∞utact soreens J a particular gra y 

配ale w回 prooessed wi th 倒也 of the 古hree ∞ntact

screens 守 Tbe densi甘 of the gray soales were measured 

by a densi句me如r. 'fhe transmi七tanoo of the 

prooo田。d gray scale were then plotted agains古 the

transmittance of 出e inpu在 gray soale with result 

shown in Fig. 5. It is shown that 古he experimental 

data ∞rresponds significantly 怕也he theore也ical

expec钮，古ions.

The general theore古ical format for the d倒ign of 

the 田reens should also be applicable 切也e design of 的her typ倒 of oontact 回roons. The 

con恤ct sc:reens have been iabricated by approximating 也he theoretioa1 sor回n profile by 

23 sreps. 
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本文研究了用于印刷和书画艺术复印工业中的密着网屏的设计方法。为了设计可靠而

实用的网屏，最重要的是预先了解临界(阁值)透射率。作者U一维网屏为例，分析了密着同

屏的网目透射率空间变化函数。根据这一理论分析，设计并制作了对敢、指数和保真的密着

同屏。文章最后给出了网屏性能的实验结果，
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2. 非线性光学现象的一般问噩

对两种简并的四波1昆频，认为如果其后向光有相位共辄性质，则应能复原工作物质申的畸变。利用四

被混顿作相位共辄镜，制成激光器，可以自激振荡 (R>100%) ， 并可校正质量。

液体中的四波混频p 认为可分为两类z 一类是透明介质，一类是服收介质。由于准体分子比较复杂y 如

何用 l3) 描述吸收，没有完善的处理。

关于参量过程和非参量过程的相位匹配条件问题，认为从微观角度来讲p 都要求能量守恒和动量守恒，

所以受激也好、参量过程也好，都要求相位匹配。从物理概念来看y 由于折射率不同而导致相速度不同y 要

满足动量守恒就必须使基频与倍频光的相速度相同p 或者"同步气或者相干叠加。

a. 相干光散射问噩

代表们对虚能态的问题展开了两种截然不同观点的争论。一种认为存在虚能态3 虚能态具有一定寿

命，因为光与物质相互作用须要→定时间(那怕极短暂〉。倘若存在中间实能态，就可把-个 CARS 过程看

成是一个 S阳k倒过程和一个反 St∞k帽过程的叠加，它们不要求满足相位匹配，而 CARS过程要求满足相

位匹配条件，这样就不好理解。另一种观点认为不存在虚能态p 因为如果有虚能态，则寿命极短p 实现粒子

数反转有困难，需要很大泵浦功率，与事实不得。四波混频为中间实态而不是虚能态。共振囚波混颠过程

是一种直观的物理实在，有共振就有一定对应的实能态，

讨洁中也有认为虚能态是微扰论的数学需要p 是一种瞬时复合态，一现即逝。

(下转第 145 页)




