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A new and basic app:roach for the analysis of cell patterDs of 80me specific contact screens and ths 
reproduced halftone ìmage8 is presented. Op古imum parameters for hígh fidelity tone reproduction by 
SCreens of line，叫uare， circular, and concentric ring 四11 patterns p由国ssing optical transmit也nce line
arly varying with po臼ition have been obtained. These parame也srs 臼nbeu曲d for the design of contact 
screens, the selection of high-gamma films, and film exposu四 and development p:r∞ess to achieve optimum 
fidelity image :rep:rodu的ion. In addition , a comparison of the linea:r screen wìth SCreen8 of non-linear 
cell tran芭mittance including the sinusoidal, exponential, and logarithmìc screens has been made. 

Introduction 

In graphic arts and priniing índustry, the reproduciìon of a co丑Íiinuous tone pho. 

tograph 臼 aohieved by the use of a soreen to transform the origínal phoiograph inio a 

binary or h乱lftone noga七ive (phoiograph) 00丑sisting of arrays of opaque dois wHh sizes 

varyíng according 古0 古he optical density of 也he original[1]. The halfione nega-tives are 

conveniionally used for -lïhe makíng of printing p1aies. 

The screens are 01ωθified into con切，ct and no丑-contact types aocording to ihe way 

iheyare used during ihe exposure in making the halfione neg础ive. Contaot soreens are 

placed in 0108e contact with 也h9 emulsion side of the high contrast film. On the other 

hand, non -oon阳的 screens are placed ai a dista且oe 仕om 也e hígh oonirasi film. For non

con taci soreens，也he disiancθbeiween the screen and film is determined by oaloulating 

the diffraction 负lnctio丑 of 世18 apertur8 of the screen [2-4]. Thìs distance 坦 sei to achieve 

ihe d回ired average value of the reproduoed tone. For oon-tact screenS th8 optical trans

mittance of 也e soreen oells (in肘。ad of -bhe di:ffraction effec-t through the non-contaoi 

screens) deiermines tone reproduciion. The 四ope of this pa per 妇 límited to contact 

screens only. 

In general, -the process of achieving "ídeal" tone reproduction ín printíng is by no 

means símple. Contact screens with oells of various geome-trical pa时erns have been made 

commercìally available for obiaining priniing dots of square, round, or ellipiical sha

pes(5J. The shapes of these dots have an impaci on the hum剖1 visual perception of 址18

reproduced image. For example, it 8eems that ellíptioal dots can give a more smooth 
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iransition in ihe middle ione range of an image than other dots. In addítion, screens 

have been designed for making halftone positives from oontinuou日 tone neg时ives and 

also have been made in magenta color instead of gray. In 七he practical a pplica tions of 

these screens, a "masking" technique has been used to shoden 古he tone rangé of ihe 

original transparency for it in order to fH into the range th的 can be aohieved by prin-l;

ing. Three expmmres namely, "bump" (without screen) , "main刀 (with screen and 

original image) , and ufiash气with soreen bui no image) are reoommended io bring out 

the highlight, middle tone, and shadow ranges of the original image. When the simple 

and direct halftone 丑egative-making meihod could 卫01; satisfy the demand of the quali七y

of the reproduction, then the more sophisiicaied indireci method and the extremely 

expensive elecironic scanner meihod would have to be used [O]. In the viewpoint of the 

authors, most of the 00皿plications and difficulties in making the halftone negatives have 

originated from the fact that the screens are produoed by empirical methods.1 and there

fore, the opiical iransmittance of the Screen c8118 is noi yet opiimized for ione reproduc

tion. The additional steps such as "masking气 ({fiash" ， and "bump" are adopted to 

compensate for the imperfeciion in soreen design. 1皿provemen七 in screen design wiU 

simplify -the making of halfione negaiives. 

The precise design and fabrication of con恒的 screens have lately become more 

importa时 since the screen teüh丑ique has been found useful in achieving various coho

ren t and incohere时 image processing functions[7-251. Moreover, Bryngdahl[36J has shown 

pioiorially that halfione soreens of concentric-ring cell patterns can produce more details 

in case the original irnage 坦 undersampled. He made a qualitative statement that ihis 

probably is because the dots produced by 七hese screens have a higher circumference-to

area raiio. Pappu et αZ[27) have experimentally demonstrated thai Iound halftone do-bs 

get distorled in undersampled images, whereas it 坦 preserved io a great extent in 

sufficiently sampled images. 

In order to improve ihe screen design, it 臼 necessary to clearly and quantita拙vely

define the funciio卫al dependence among the parameters that determine ihe relationship 

b的wee丑 the original image and the reproduced. The para皿eters inolude the gamma 

and threshold energy of 古he high con甘甜t fil皿， ihe opiical ira 
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Brief results onthe fìrs-h three cell patterns have been reporled elsewhere[28.29J. The 

optimum parameters for high fidelity -tone reproduction by screens of these pa-t怡rns are 

reporied. In addition, a compar坦on of the linear screens -to thωe with nonlinear optical 

iransmHtances are made. This co皿parison 坦 essential because most of the screens e:x.ist

ing in ihe markei have nonlinear transmi拙ances. Guidelines 古o high fideliiy tone 

reproduction by screens of linea.r cell iransmi-Hances will be deduced. The jusiifica也ion

for choosing screens only with linear optical transmi抽ance for our analysis will also be 
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made. 

For simplicìty, our analysis willbe based on 也he. following fundamentalωsump

tions: (i) The 也，ransmittance of the unii 0811 of the screen 臼Iinea鸟 (ii) the continuous 

original is su伍ciently sampled by the screen 80 that the transmittance of the 

original over any one unit cell remains constant, (iii) tho halÎtone copy 国 made on a 
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(6) 

f.[alf古one process with screens of 
line cells 

Fig.l Halftone process with screens of 
square cells 

〈α) Sc:reen t:ranam.ittance of oneω11; 
(b) Combined transmittan臼 of the scr佣n Ín 

contact with the image; 
( 叶 Tr四a元江，ns

photograph 

(α) Transmittance of two neighboring 臼ll8，也e
image, the thr臼hold， and the SCreen in cont
act with the image; 

(b) Transmittance of resulting halftone photog
raph 
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positive high contrast 缸m峙。f in自nite . (or extremely high) gamma, and (iv) the 

scatiering of light under the opaque area of the recording medium[ôOJ is neglected. 

The halfione processes with the use of soreens of periodio line, square, ciroular and 

concentric-ring shaped cell pat-terns, are illustraied respeotively in Figs. 1".....4. The 

linear 也ransmittance TB J in both one-dimensional and 也wo-dimensional soreens are 

shown in part (a) of 也hese figures, where Tft and T~ represent respectively 也he maximum 

and minimum screen transmittances. The screens have a period X along the x-axis fm 

one-dimensional (1- D) screenS. For two-dimensional (2 - D) screens，也e period is W 

along both the x-axis a丑d the y-axis. Hence for the line screen，在he transmittance can 

be written as J 

y 

z 
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z 

y 

Fig.3 丑alftone process with screens 
of circular cells 

(0) Scr回E 也Tansmittance of one ce11; 
(b) Combined transmitta.nca of the screen 

in contact with the image; 
(c) Transmit也an臼 of the resultant halnone 

photograph 

z 

u 

z 
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Fig.4 日alftone process with screens of 
concentric-ring cells 

(α) Screen transmittance of one celI; 
(b) Oombined transmitta.nce of the 目croon

in contact with the image; 
(c) Transmittance of the resultant halftone 

photograph 

警 Mostof the high-')' films are negativ0, we choose positive film for conceptual straight forwardna部.One
may õtJ.so think it 础 an equivale且由 of a two hjgh叮 negativefilm pr∞ess. 
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T气功 =T8(X十 X) ， (1) 

and for the 2 - D soreens, 
TS 怡，自) =T8(勿+W， γ十W) ， (2) 

without 1088 of accuracy and again for simplicity, we further a四ume that for the soreenS 

of ciroular and oonoenirio-ring cells, T! is constant in the region of the cell bounded 
UT2 

beiween the curve a?十俨一 (x+y)W十」与-=0 and the 由aight lines x=O, '11 =0, x= 

W and y = W. Without 出is assumption, dois produced by oiroular and ring-shaped ce 1 

(and also for elli ptioal cells) gei distorled 时 low threshold [27, 31Jof exposure. The screens 

in con taot with the original image of transmit古ance TP has a oombined transmiHance 

TSTP with a maximum T /tTP and a minimum T!TP. In the phoiographic coniact-print

ing procesS, when the transmìttanoe TSTP exceeds or equals to 古he threshold iransmi i

tanoe Tth , as defined by P'" 1]'11 of 世1e positive high-gamma film, the film will develop 

io ha ve a iransmittanoe 0口， in reality, the fog level; otherwise, O. The notaHons ]th 

and ]i" denoie the ihreshold energy and the energy of the inpu-t illumina中ion respecti

vely. 

rrhe overall transmittance of a unit cell TII, may be defined as the ratio oftho 

transparent region(if ihe fog-Ievel transmiitance is iaken as 1) to the iotal area of the 

unit ce11. In the prese丑t case, w hile 古he original is assumed to be suffioiently sampled, 
TH also represents the regional average transmi坑anoo of the halftone phoiogra ph. Based 

On the above definiton, TH of screens of line (line) , square (sq) , circular (cir) and 

conoeniric-ring (ring) pat-terned oells are found reθpe的ively as funoiions of Tft~ T!~ TP 

and Tth as follows: 

Tf[ne= (TfrTP -Tt") j (T让TS) , 
T!= [(TtTP-Ttfl)j(TPJ]'S)]2, 

吨=号 [(TZTP 一 Tth)j(T呀S) ] 2, 

T品g 号 [CTZTP _Tth) j (TP LJTη] ， 

(3) 

(4) 

(5) 

、
、J
f

au 
f
t
飞

where 

LJ?S=TZ ← T~. 

In addition H 坦 noted that as TP varies, 

TH =! 1, '1
1p

;ÞT协IT~，
LO.. TP 岳王Tth/Ti

(7) 

(8) 

Over any specific region, the difference b时ween TH and TP namely TH 一TP， may 

be used as a q uan ti七ative measure of the fidelity preserved in the oonbot soreen proc。她

Sinoe TP varies from 0 to 1 and TH varies acoording to Tfr, T !, and Tth consequently, 
TR-TP may have bo古h positive and negative values over the range ofTP. For example, 

in case w hen a line screen 坦 usoo， a plot ofTH_TP versus TP for T!=O and Tft = 1.0 
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and Tih varying discreiely from 0 io 1.0 :is shown in Fig. 5, where the (t 牛" and" " 

signs indicate the positive or neg剖ive values of TH -TP over the range of T P for 

Tt /r. =0.2. The differenoe of TH and TP over the whole 

range of TP may be defined as 

叫:俨-T明P (9) 

TB-TI' 

Wíth a given linearly transmit也ìng soreen of a 0.5 

known set of {T1t) T~} .I the value of T协 with which 

ò = 0 can be oonsidered as the opiimum tbrωhold 

transmitiance denoied hy T~~t sinoe tbe 丑的 differenoe

of TP 乱nd TH for 古he whole range of TP is minimized. 

The value of T!~t may be used for the selection of the 

high gamma film and 也e film development prooess for 

achieving optimum tone reproduction. Before T!~t is 

-0.5 

• 1 

r:'=1.0 
T:'=O 

û'} 

0.4 

0.6 

0.8 

1.0 fou丑d fOl' any of the scree口s considered.l we must fir的

evaluate "l;be value of ò. The ca.lculations of ò h剧也0

be divided in to differen也 ranges ofT协 as follows: 

(i) Tth=O) for all the screens consìdered~ 

(>)= \ (l-TP) dTP =二 (10)

Fig. 5 T H - TP versus T P for 
T :,. =O, T t- =l, and T仇 varying

discretely from 0 to 1 in case of 
a screen of line celIs of linear 

J 0 ,- - / -- 2 • 

(ii) O<Ttk~T~ 

乱丑d

(1 (Tt"/Tf,. (1 
ò= - \ TPdTP+ \ THdTP十 dTP.

Jo JT呻'IT~ J Tt I\IT~ 

After using Eqs. (3) ,....., (6) with Eq. (11).. one obtains 

8r;-俨/LJT8)ln叫T~) ，

ðsq = ~ - Tth [ (l/T!) 一 τ1J ~ 

δcir = ~ - Tth [ (l/T!) 一和]，

trans皿ittance.

Ô rlng = ~ - : T tk [ { ( 1一号)/η}+{ln(月/T，~) } / JT8 ]., 

where.l 

中~ 2T~ ， IT fJ\1 
τ1丁奇古丁芮T ln \ T~ ) + iJT8. 

(iii) T~ <Ttl<嘎T/，

ò= - f:
th

;吨 TFdTP 十lwf-TP)dT气

whichJ combining with Eqs. (3) ,....... (6)) will yield 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 
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and 

where 

光 ~ 
气-?

且ι
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Ôunp= ~ - ~ -( ~:hU)r 1+1n (吨 )1
l1ne= ATS -2 飞 iJTS )L ..L'---~飞亏7th， JJ' 

Ô..n= -1 =一一-- rr~、sq 2 ";4 

Ò"I..=- !何一一一 ~ cir- -2-4 川

8ring = 一去+号[T~-T中

2 卷

(18) 

(19) 

(20) 

(21) 

T.2=摆到1+2叫苦)J 一 [c吨)~十 (Tth) 2 (去斗J/(&B) 2. (22) 

(iv) ']7且 <Tth~l

8=-jypdTP=-t (23) 

for a11 screen designs. 

It ßan be seen 也hat T~~J/; can -then be determined for the 1ine .J squarø, ciroular and 

00卫centrio-ring paiterned soreens from Eqs. (12) and (18) J Eqs. (13) and (19) .J Eqs. 

(14) and (20) and Eqs. (15) and (21) respeciive1y. 1七妇 easy to 801 ve for T~~t in 恼。

range of 0 <Tth <T盖 by 1e材ing (j = O) w hich 1eads to 

T~~t，llne=ATS/[2 1n (Tft/T~汀，

T~;t.sq = 1/[ 2(去一寸，
T~~+ ~!~= 1 /r 2( ]-" - ~ 'b1) 1. 

UlI川r ~ / L \ T! 4 ~'"J J' 

and 

T~~.rl'lg= 

(24) 

(25) 

(26) 

(27) 

On the other hand .J correspondi丑g solutions for Tth ìn 恼。 range T~<Tth~Tfc from Eqs. 

(18) I'V (21) are n的 straìght forward. Numerioal iteration and/or digi坷J oomputer 

teohnique are required to determine the "approximate" values of T~~t. 

After we 1et Ô = 0 and find the oorresponding {T~J T:!, T~~t} ， a natural question 

arises} i. e." whioh (T;" T:L T~~t) of 古he se古 will yield the minimum of the absolute 

value of TH-TP over the whole range of TP? The quωtion demands us to look for 

(TSJTZPTZO wi古h which 古he minimum (denoted by Å roin ) of 
f1 

.Å= Jo ITH-TPldTP (28) 

be reaohed. Through th:is 8econdary and 丑nal step of optimizationJ we oan 且nd the 

optimum values (T:J T!!, T~~t) opb 仕om which "bhe values of (Tfc, T~)oPt may be used for 

ihedesign of soreens, and the value of T!~t [(Tft .J T~)唰] for the selecHon of the high

gamma film suoh that the highesi fideliiy tone reproduoiion oan be aohieved. 
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Evaluation of Eq. (28) first needs us to fi丑d T P at which TH-TP =0, where TH are 

given by Eqs. (3) '" (6). We have found that there are up to -two solutions for TP (deno

ted as T P1 and TP2) for 出e line and oonoentrio-ring patterned soreens and up to 古hree

solutions (denoied as TPG , TPb , and TPC丁 for the square a丑d oiroular-pa材erned screens .. 

such that fo:r O<T~'马;t 嘎《豆T;儿3 

and for T!<T~:'t~Tft， 

厅7th 厅Tt ll

。〈专寄生 <;， TP1 <;，TP飞毛需!..<;'l J
.L M .L 

厅7th 厅7th

。〈专毕<TJ>面岳王TJ>b<TPl><韦窍!..~1，
~M ~m 

厅7th

0<寺需!. <;， TP1<TP2~1， 
.L M 

mth 

0< ~， ~~t < T p a<TPb<TPc<l. 
J I , I，:~ 
.L M 

The deiaiIs of ihe soluiions are omitted to save spaoo. 

(29) 

(30) 

(31) 

(32) 

To illustrate the physical 血。aning of the oaloulated resnHs" the minimum values 

of A are plotted versus T;:. for TZ=0.912in Figure 6. From the Figure, it can be found 

that Amin equals 0.0862, at T~~i =0.2017 and T~=0.18 for the square soreen; 0.0766 a七

T~~t = 0 .1455 and T ~ = 0 .20 for the ciroular screen; and 0.05797 a也 T~~t = 0.1535 and 

T~ = 0.15 for the concen甘ic-ring screen. H is clear from Figure 6 也时 for all values of 

T! , except for T!<0.05 , Åmin 坦 consistently smaller for screens wi古h ce11s of concen tric

ring patterns. Seleciion of T~~t at the fixed T~ that makes A 10 be 时 the minimum 

should give the highest :fidelity tone reproduction. 

A Oomparison of Oontact Screens: 

In 1he above analysis, we have co丑缸led our treatment 10 contact screens wi七h cells 

of spatially linear optical transmittances. However, in practice, most oontact screens 

are nonlinear. Since 1he 1ransmittances of 1he unit cells vary from screen to screen, i七
坦 no七 possible -~o analyze all tho screens. Nevertheless" it 坦 importani io compare the 

screens of li卫ear a丑d nonlinear cell transmi七iance. For sim plicHy, 1he co皿parison will 

be based on 0丑e-dimensional screens only. The nonlinear soreens are represenied by 

those with sinusoidal, exponeniial, and logarHhmic cell transmi七 bances described res 

pectively as follows: 

Sin usoidal: 

TSω=血芒， (33) 

Exponential: 

T8(X) =e碍 [9 判会-0.5)]， (34) 

and Logarithmio: 
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Fig. 6 Area A versus T~ for T lJ.r = 0 . 912 
for screens of lîne square, circular, and 

concentric-ring cells. 
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2x/X 
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.. 

Fig. 7 Transmittances of sinuso~dal， 

lînear, logarithmic, and exponential 
cell patterns versus 2xj五.

例 =6431] (35) 

These transmittànce funciio丑s together with the linea:r funciion are plotted versn日

刊for O<x寸)叫由own in Fig 

Cωom血e臼rcial screens have cell i让rans皿itta卫ce curves falling beiween 七he sin usoidal and 

expone凹I丑1i赳j址ial curves. In 乱ddi古ion，古he ione reproduction for ihese screens and ihe screen 

of linear transmittanceJ TH (T勺 J are ploiied with T协 of the high oontrast filmωan 

adjustable parameter and are shown respeciively in Figures 8 ,...... 11. The dashed line in 

each of Figures 8""':'10 represents the ideal (or the most faithful) tone repro-duction cur .. 

ve~ This curve coincides with the TS (x) curve in Figure 11. Comparing the tone repro

duction curves in 出ese figures show that Ttll""O.2 for ihe sinusoidal screen; Ttll", 0.05 

for the exponential screen; 0.05<Till<0.1 for the logariihmic screen; and T协"，0.2 for 

ihe linear screen will give ihe optimal reproduciion. It坦 interesting io noteJ however, 

-thai none of the screens can give exact tone reproduciion. This comparison ofI'ers a 

comprehensive insight inio the various contact screens and jusii直cation for ihe choice 

of 出e linear screens in ihe analysis. Fabrioaiion of any of these screens can be aohieved 

by a method that has a paten古 pending(32J. The meihod is differen七 from and much 

simplier than the computer-assisied microdensito血。ter screen generation 皿ethod. rrhe 

latter requires much time to generaie a small piece of screen. In the use of the patenL

pending meLhod, large-format screens can be produced within a very short period of 

ìime. 
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Fig. 8 TS or TH versus TP as Tt h. varies 
discretely for the sinusoidal screens 

F .ig. 9 T8 or T H versus T tP as Tth varíes 
discretely for the exponential screens 
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Fig. 10 T8 or TH versus T P as Tth varies 
discre臼ly for the logarithmic screens 

Fig. 11 T8 or T H versus T P as Tt h. varies 
discretely for the linear screens 

Conclusion 

We have presenied a iheoreiical analysis of tone reproduciions by half七one contact 

SCIeeDS with cells of linear op七ical 忧ansmi材aDCω. We have shown thatthe regional 

a verage transmi ttance of the 8creen can be rela ted to the . transmi时ances of ihe. original 

image, ihe ihreshold ofthe high-gamma film and the maximum and minimum iransmit

tance of the screens.Special screen cell p~iter国 which are analyzed include straíght 

lines~ square~ circular, and conceniric-rings. For each of these scre-ens we have found 

that corresponding to each pair (Tft, T!) th~re exists an optimum ihreshold iransmiι 

切，丑ce T~~l S∞h 七hai the fidelí击y of the reproduced .. image reaches an opiimum. If high 
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fidelity imago reproduction is desired through the linearly transmit七ing screens J 七his

threshold trans四ittance can be used as a guideline for the seleotion of the high-gamma 

副m) the exposure J and the 且1m developing proce回. Furthermore, for all {TZ J T~ ， T~~} 

an additional optimization process h昭 been a pp1ied a丑d values of TZ, T!, and T岛t have 

been found for these screons. 兀iVhen a screen is designed wi七h these values of Tft and T! 

and when the high-gamma film,9xposure} and developing pro∞d ure are chosen 七o achieve 

a threshold transmittance of T~~tJ the image reproduction should reach its highest 

fideli ty. 1 t is imporian七 to note that the analysis is li皿i七ed in scope since only 七ho

transmittances of the ha1ftone photograph and the original image are related. Other 

important praotical problems, encouniered especially in printing, including the faith

fu1n倒ses of image tra丑sfer between the halftone photograph and the printing plate, the 

purity of inkJ the transfer of the imago from -~he printing plate to paper or 0吐ler recor

ding media, the illumination of the final reproduced image, and human visual response 

of 古he reproduced are omitied in our analysis. 

A comparison between the screens with linear cell transmit古ance to screens with 

nonlinear cell transmittance all in one dimen回ion shows that the goal of 也e ana1ysis 

has been reached. 

Within the limited scopeJ it can be seen that the basio definition of T H and the 

analytical approach adopted can also be applied in the deiermination of the selection of 

high co丑tra励自1m， exposure, and development process for optimum fidelity reproduciion 

once the transmittance profile of a given ha1ftone screen is known. Such a profile can 

be easily measured by the use of a microdensi tometer. Therefore 悔。 new method illus七…

rated in this paper should have general image prooessing, pri时ing， graphical aris, and 

pictorial iransmission applications using exi的ing halftone screens. 
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本文提出了分析几种特殊的，唱着网屏网目模式及其所复制的半色调图象的一种基本方

法3 对于网目呈直线、正方形、困以及同心圆等形状p 并且它们的透过率随空间线性变化的网

屏y 我们得到了能最逼真地复制图象色调的一组最佳参数。根据这组参数，我们可以设计密

着网屏，选择高反差胶片及其曝光和冲洗条件3 从而达到最逼真地复制图象之目的。此外p

考虑到其它实用因素，我们也将线性网屏与包括正弦形、指数形、对数形等非线性透过率网

目的网屏进行了比较。
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