United States Patent o

g 3,719,806

Davidson 1451 March 6, 1973
[54] APPARATUS FOR CALCULATING 2,436,352 2/1948 Downs, Jr. i 235/61 B
HALFTONE SCREEN EXPOSURES 5(7)2_17(2):;2; l%ggg i;’;sham..,’ .......................... ggg;gi‘;
, 047, 12:) FO .
[75]1 Inventor: Glenn G. Davidson, Park Forest, Ill. ayacta .
[73] Assignee: Platemakers  Educational &  Primary Examiner—Richard B. Wilkinson
Research Institute, Park Forest, Il Assistant Exammer: —Stanley A. Wal
(22] Filed Dec. 3. 1971 Attorney— Alex Friedman et al.
iled: ec. 3,
{211 Appl. No.: 204,576 (571 ABSTRACT :
An improved method and apparatus for calculating
[52] US.Cloveoooereonnn, 235/64.7, 235/61 B, 235/78 halftone screen exposures to produce photographic
"""""" ’ 235 /70R  halftone reproductions useful in printing applications.
[51] It.Cl G06¢ 3/00 In one embodiment, a slide-rule type computing ap-
(58] Fieid ofSearch """" 235/6IB6IA70R 70 A paratus incorporates plots of information including
"""" 23 5’/89 6:1 7.8 5’ R 78’ percent dot area versus continuous tone photographic
e ? densities, main exposures, percent basic flash expo-
[56] Referencés Cited sures (BFE), and percent bump exposures derived em-

UNITED STATES PATENTS

1,575,911 3/1926. Gomez........coovenviicrnennirienane

1,713,025 5/1929 Castleman, Jr

2,423,822 711947  Averbach......cccceevivivivneeriiniens

pirically from the performance capabilities of the par-
ticular halftone reproduction. facility - used. The
method and apparatus permits the coordinate calcula-
tion of main, bump and flash exposures.

76 Ciaims, 11 Drawing Figures




PATENTEDMAR 61973 3,719,806
) SHEET 1 OF 7

‘ ' N
AV BN N N Qo
L [ . | \l - . - \ \\ /

PPl A7 7 })/‘/\‘)‘k“Aﬁ'E\%

D W lx~\-\x P G ARSI AN
N £ f7\<’//[
AN S A e RS
Lq NN SO ~~\\\\¥\\~ T \!\\-l\i\\y\~‘\§\ TR
N /
N

38
-<36

wL D
// "i_/.—is 7 Y A 2 0 e o vowm/ o e,
m SN 17777
VA A A l‘\b

FIG./
63

W, =7 L 7177 7
,,,// L /,///[j//_f// I 77117

A A 2 s e 1 it

S fis
L[) ‘ (it Y AR A Sy Y Y &
NLLS LS LT Tl Ll L7 )
L LL L

0 7

l{) - "//’ /l gl %Z //17—/%

" '« o~ AL LRI L 777 7

{3 N "0 A — //7; /;/j_/L ATV A //f /j/j/z;/z
e, AT /4;/ ///,//7 // /7/

e

yay y 7

\////f" 5.,7//”0/ s[:e/.se S8cE8d

I -' e "' Ll
Ny N

N3 \; 3



PATENTEDMAR 61073 | 3,719,806

SHEET 2 OF 7
' ' Vi
FIG.3 5 % s e S
» [} - \L - l\ . | 0
N = o iy 2
7S o] Expsu ; ] \ 205 AN ’
5 R \ 0] 4 zsalé\li(;! 60 |50 00\/5\02?0 3@@’/70
‘f"'ff?'?’.z 3|45 6 78l ooy 12131 @?51.7 18.(9 20 21 22°23 4}=—"72
J h [
44 ,‘; 78 1Y ) i“\‘ q
20 ) paCar A Iz
30 \ i 2t A
-¥ : N 7 L an ‘L X 74
VR e R miTmE 90} : NEREEAE
60- ; h N a\
nH e oBa T \ 70 <2
8 4 L4 N !
- ‘ =
.,-( ) 1 }
/ Q 494 ) 7 = 82
64\, T 66 g5y 68 %0
50 52 0
7 2 %% 46 2
£ 19 &4 \
\ 0o o Qo
N . _L [, _ :—JT:? VA | = 22
k1L ¢ v /r/s a\fEXPng= /kl, o s 20 2530 40%0 6070 AP0 150 w0\300
: f RN A W R 1) L 20
_BENEITY / ]/ e \ PEEE ————
zljl‘l ¥ 3 .4#,5 6 789 l?l/ll‘le\? V4 {5/‘ v /8 191202/22 2324/"’"1 72
o : %J,}j‘; . }} y BuA g4
]g’ {4 r ’:\y\ : i f 32
0 X 39
V. \ 3
A 04, y 7
i /0 * N i 42
; A SEEEEESE
[ o | S
o g 5 e




PATENTEDMAR 61373 3.719,806

SHEET 30F 7
FIG.S . . . )
DGR Y g— Z 46
A e o . vft_ i /o \¥ ey 22
—_;7/73 o E¥%P, U:_‘r \;_?_" — ',‘./ : B S ,\~ -
o BTN o s ]
! 12:'01 il 121312?4’ 7Z

0.7 2.3 .4.5d6 2.8 9 [oVY /R/3|/¢y5 A6 17 1879
Fi|

, LILTIAT T

- NI i[l

Ay 7,

AN
N
Vs
7
V4
/
WA
N
g

I~
\
o

1
e

&
J;q T ve s ST
N
(9
Tt
]
v
14
N

FIG.8

N © o

)
17%_OF EXFOSURE . 7 ~ T
: X 5 NY /s 0 2w |00 lwp qa{ohf-glfﬂ

i YTV -
£ 7.2

22 N\ s 6 5 726 S/ /,0)

=TT

7 -
4 C:] m

(0300 I

L |

ilg 2.3 45167 Bolw ///ﬂ,f 3 RIS L6 T AB\P 20 21 22 23 24 86

l“lll)/l‘llllllllllllllll l|||Illllllllll’llllllll!llll“ ;
77 et sl e M e /2
= B -

11 NI i

a\"o 4‘\(a ,’/" H N |11 s 1 i
0. TA \40 » NN -1 ____42

&0. A ! N » ]

‘ *““l 70 //,/ \ l/f -i hEREE b AT

m. w4 || ot b 150, ~ ~ 1732
NI

c{:.mn - '// 1N I~ ] 'y

Y. 1 iim 44

sr =0 s = 68 &



3,719,806

PATENTEDMAR 61073

SHEET 4 OF 7

ze

474

g/

. a
‘o ___ —z
L 08 _ : '
ce ol
-
ze/ : “ _,
%a
g z ] |
A
| zL 22
rzEz 2i20Z 1 L 1SrrIEl 1 V16 L 9 SFEZTS O
L2/ . . . ;
k744 NN\NN\ . o0 o002 /Q.m,\ .% g 09 mh//§ N //.w%\,umdoc@. 40 SLINn

%N\ ° vH o4 [

9°9/4

[+]

74



3,719,806

PATENTEQMAR 61073

SHEET SOF 7

42914

Q9 ¢ © L © 99 H ©
/A _ = = . — — —
\ =il — g | NJ]= i = =
- TH
—.FJT o .\.. Ny 7 “‘X“\ &ﬁllm\VV #
j "~ d 77V 2777 0 il
iIND4.71/7/7.88 BN __ “
< ¥ /4 i i
N8 N "\\\ \\ 1&. QW .
NS 06/ AV L eSINY’ V
X 5 e amia ml i | |
N 274 250
__ | AR N &
\ \I%V8277 Bl § o0y - 7/
| X P #7778 B D) .-
B it el
o )
! 1 g g _ . il | I Z
7 7 T __.\2._._ T _:w____.__.__:.,w\_.. w_._ — 1
5, P ? \&m\ w\m\_ m \_\ 9_\ 6 m m_ _m [ . o
. 4 Y 2 AN A A \
___ mN\| ﬁ \ﬁ% \\%w 2 %%m 9 a\& “\0 p 0/ \ NMQI . Y
= 7" Zz/'loai'| [\ —= ST = F——
Y AIINZZ ° 0 zz
on o



3,719,806

PATEHTLD¥AR 61378

SHCET B CF 7

Q.Q Qm;\
o ziy 89 =2 N =4
\ s 707
= 1/ \\\\\\ 08
N V \\\\ 4 . ‘@N\l\l
NS 17/ AR W
N\ // . | \“\\\ /s \\\ 29
A\ N V'V, oc
Y D 4d? an N
% £ive% 7y
,.,”, X \V \\“\ \“r T T ge W
[ X \\ 2 a g
i / > \A\ \\\V /1 4 y \\\ .Q\
- ey il IRBA TTT
N \ ] 22/ \\VNNN\N \N%N %.\ gl L1197 V\v/ m\W\ )\ oy 6
e 2P 0% 9Z/ T AN 17T h 1
AR AN _n %m//xv& 03/ o p909
— \% =)
o o6/ 0 @W
6 9/



* PATENTLDNR GOt 3,719,806

SHEET 7 0F 7

232 200
: 226 224 206
SN TN NN NNRONNASSY I ANEANINANANN 4 212
ke ////////////j 70y, 1A //T/J///{ﬁ%" -
220 218 204 /202 214 \ 208



3,719,806

1

APPARATUS FOR CALCULATING HALFTONE
SCREEN EXPOSURES

BACKGROUND OF THE INVENTION

This invention is directed to the method and ap-
paratus for calculating halftone screen exposures. In
printing, the change from a continuous tone copy of a
picture to an ink-printable image is achieved by means
of a halftone screen. Said halftone screen changes con-
tinuous tone copy to dots of various sizes, the sizes of
these dots being related to the tones of the original
copy. When a press prints halftone dots, the ink trans-
ferred from all of the dots is essentially the same densi-
ty, the change in printed values being the result of dif-
ferences in dot area and therefore, ink amounts.

In halftone photography, using a halftone producing
screen familiar to the art, it is common to find that the
density range that can be reproduced by a halftone
screen, referred to as the “screen range” or ‘““basic ran-
ge” of the lens-camera-screen system is generally
between 1.0 and 1.40. The basic range is less than the
tonal range of a large percentage of copy, generally
referred to as the *‘copy range.” Said copy range is
generally defined as the difference between the
highlights (light tones of a photo) and the shadows (the
darkest areas) thereof. Density is expressed as the
logarithm of opacity. In order to maich the effective
range of the lens-camera-screen system to the copy
range, it is common to resort to supplemental expo-
sures. One of these exposures is referred to as the “-
bump exposure.” The bump exposure is an exposure
made with the image in place, but without the screen in
order to improve the halftone reproduction of the high
brightness areas of the image. The bump exposure
shortens one end of the tone scale. The second supple-
mentary exposure is referred to as the ‘““flash expo-
sure.” The flash exposure is applied with the screen in
place, but without the image to provide dots in the dark
areas of the original image. The flash exposure extends
the tone scale in the minimum brightness areas of the
image and is usually expressed as percent basic flash
exposure (%BFE). BFE is the basic flash exposure
.which by itself alone and in its entirety will produce
minimum desired percent dot area. The % BFE actually
used might correspond to the density value equal to the
difference between screen and copy ranges, or even
less if a bump exposure is also used.

An additional exposure utilized in direct screening is
the undercolor removal (UCR) exposure which serves
to remove the part of each color. which contributes to
the neutral or gray portions of the final printed
product, said gray portions being replaced by the black
printer.

Exposure control systems relating copy end-point
densities to basic screen range, to permit the calcula-
tion of basic, flash and bump exposures suitable for a
given piece of copy are well known in the art. These
systems provide minimum area dots in shadows, but do
not function to relate specific densities in the critical
middle ranges to any specific printing area of the half-
tone. The reproduction characteristic between the ex-
tremes has heretofore been ignored. Further, in the
halftone process, the tone reproduction characteristics
of the entire photographic system, including lens,
camera body and bellows, halftone screen, and photo-
graphic receptors varies from set-up to set-up so that
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the calculations for one set-up are not necessarily ap-
plicable to another set-up where at least one of the vari-
ables is changed. Uncontrolled reflections within the
optical system normally referred to as ““flare,” will vary
between different systems and affect image quality.
Therefore, repetitive production of halftones of
uniform and optimum quality requires accurate calcu-
lation of screen exposures for each set-up, and the
maintaining of the conditions of the set-up.

By providing a method and apparatus which relates
midtone density of copy to a specific dot size in the
resulting halftone reproduction, it will be evident that
this invention provides for controlling the supplemen-
tary exposures affecting the highlights and shadows
while taking into account the properties, including
flare, of the entire optical system.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the inven-
tion, a slide-rule type computing apparatus for calculat-
ing halftone screen exposures is provided having a base
and first and second slide members mounted in spaced
relation for substantially parallel lateral displacement
across said base. The region of said base intermediate
said first and second slide members has a linear density
scale inscribed thereon. The first slide member is
adapted to receive a logarithmic units of exposure
scale. The second slide member is adapted to receive a
scale having orthogonal coordinates, the spacing of
said coordinates along the axis of abscissa thereof being
spaced to correspond with said density scale for receiv-
ing plots of percent dot area versus density. Three cur-
sor members are slidably mounted on said base for
lateral displacement across said base and slide mem-
bers, each of said cursor members having a cursor line
extending substantially normal to the axis of lateral dis-
placement of said slide members and overlaying both,
said slide members and the region of said base
therebetween.

Density versus percent dot area curves and a.% BFE
curve are empirically derived and inscribed on said
orthogonal coordinates. A percent bump scale may
also be empirically derived and applied either to the
basic density scale or to the leftmost of said cursors. By
manipulation of said first and second slide members
and said cursors in accordance with the process more
particularly described below, the various exposure
values for both direct and indirect screening can be cal-
culated.

Accordingly, it is an object of the invention to pro-
vide a method of calculating exposures which will per-
mit the production of full color printed reproductions
of originals by means of halftones, taking into con-
sideration gray balance and the highlight, shadow and
midpoint regions of said original. This applies to a‘half-
tone reproduction of either positive or negatxve
originals.

A further ob}ect of the invention is to _provide a
method of calculating exposures for the production of
halftones which coordinately determines flash, main
and bump exposures.

Another object of this invention is to provide a sllde-
rule type computing apparatus which will permit the
calculation of the various exposures necessary for the.
production of substantially optimum halftones.
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Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification and drawings.

The invention accordingly comprises the features of
construction, combinations of elements, and arrange-
ment of parts which will be exemplified in the construc-
tions hereinafter set forth, and the scope of the inven-
tion will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the following description taken in connection
with the accompanying drawing, in which:

FIG. 1 is a perspective view of one embodiment of
the slide-rule type computing apparatus according to
the invention;

FIG. 2 is a cross-sectional view taken along lines 2 —
20fFIG. 1;

FIGS. 3 - 5 are front elevational views of the slide-
rule type computing apparatus of FIG. 1 illustrating the
use of said slide-rule type computing apparatus for in-
direct screening;

FIGS. 6 - 9 are front elevational views of said slide-
rule type computing apparatus illustrating the use of
said slide-rule type computing apparatus in direct
screening;

FIG. 10 is a top plan view of a circular embodiment
of the slide-rule type computer apparatus according to
the invention; and

FIG. 11 is a cross-sectional view taken along lines
11—11 of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1 and 2, a linear slide-rule
type computing apparatus 18 is depicted particularly
adapted for the calculation of halftone contact screen
exposures. Said slide-rule computing apparatus consists
of a base 12 having a small channel 14 and a large
channel 16 formed in the front surface 17 thereof.
Small channel 14 is formed with laterally extending
grooves 18 in the side walls thereof, while sirhilar
laterally extending grooves 20 are formed in the side
walls of large channel 16. Received within small chan-
nel 14 is a first slide member 22 formed with laterally
extending flanges 24 which engage and ride in grooves
18. First slide member 22 is displaceable in the
direction of arrows 26, as shown by the phantom lines
28. A notch 30 is formed in the rear wall of base 12 ad-
jacent each edge of first slide member 22 to permit the
easy gripping of said slide member when it is otherwise
aligned with base 12.

Similarly, a second slide member 32 is received
within large channel 16 and is formed with laterally ex-
tending flanges 34 which engage and ride in groove 20.
Second slide member 32 is displaceable in the direction
of arrows 36 as more particularly shown by phantom
lines 38. A second pair of notches 40 is formed in the
rear wall of base 12 adjacent the edge of large channel
16 to provide means for grasping said second slide
member. A transparent overlay 42 is removably
retained on a top surface of second slide member 32 by
means of lengths of tape 44. A similar substantially
opaque overlay 46 is mounted on small slide 22 by
means of lengths of tape 48. A first cursor 50, second
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cursor 52 and third cursor 54 are slidably mounted on
base 12. As best shown in FIG. 2, each of said cursors
consists of a top slide block 56 engaging the top surface
of base 12, a bottom block 58 supporting a leaf spring
61 in engagement with the bottom surface of said base,
and a pair of cursor plates 60 and 62 supported on
blocks 56 and 58 by rivets 63. At least cursor plates 60
are transparent. A cursor line 64 is inscribed on the
cursor plate 60 of cursor 50, said cursor line extending
substantially normally to the top surface of base 12,
and overlying first and second slide members 22 and
32. Similarly, a cursor line 66 is inscribed on the cursor
plate 60 of cursor 52 and a cursor line 68 is inscribed
on the cursor plate 60 of cursor 54.

Overlay 46 mounted on slide member 22 has a
logarithmic scale 70 inscribed thereon representative
of units of exposure. The portion of the top surface 17
of base 12 intermediate small channel 14 and large
channel 16 is inscribed with a linear scale 72 represen-
tative of density.

Transparent overlay 42 has a blank set of orthogonal
coordinates 74 inscribed thereon. A legend for the or-
dinate axis of said coordinates is also inscribed on said
overlay in terms of percent dot area. The spacing of the
coordinate along the axis of abscissas corresponds to
the unit spacing of the density scale 72. A set of
orthogonal coordinates corresponding to coordinates
74 may also be inscribed directly on the top surface of
second slide member 32, if desired. Further, while the
embodiment of FIGS. 1 and 2 is a linear slide-rule type
computing apparatus, a similar device could be formed
by a circular slide-rule type computing apparatus,
which would be provided with three corresponding
radial cursors, and small and large annular slide mem-
bers.

An example of such a circular slide-rule type com-
puting apparatus is depicted in FIGS. 10 and 11. Circu-
lar slide-rule type computing apparatus 200 consists of
a base 202 formed with a central aperture 204
therethrough. The upper surface of base 202 is formed
with a central circular recess 206 and an annular
peripheral recess 208. Peripheral recess 208 is formed
with a circumferential groove 210 in the inner side wall
thereof. Received within peripheral recess 208 is an an-
nular first slide member 212 formed with a flange 214
which rides in groove 210 and serves to retain said an-
nular first slide member within peripheral recess 208.
First annular slide member 212 is rotatably displacea-

.ble about an axis defined by aperture 204 and base 202.

A second annular slide member 216 is received
within central recess 206 and is also rotatably dis-
placeable about an axis defined by aperture 204. A
rivet passes . through aperture 204 and base 202,
through an aperture 220 in second annular slide -
member 216 and projects beyond the upper surface of
said second annular slide member. Rotatably mounted
on rivet 218 and retained in position relative to base
202 and second slide member 216 are a first S cursor
222, a second T cursor 224 and a third H cursor 226.
Each of said cursors are transparent and bear a thin
radially extending cursor line 228. In the embodiment
of FIGS. 10 and 11, a logarithmic scale 230 is inscribed
on the top surface of second annular slide member 212
representative of units of exposure. A portion 232 of
the top surface of base 202 is inscribed with a linear
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scale 234 representative of density. The top surface of
the second annular slide member 216 is inscribed with
a normally blank set of orthogonal circular coordinates
236. A legend for the ordinate axis of said coordinates
is also inscribed on said overlay in terms of percent dot
area. The spacing of the coordinates along the axis of
abscissas corresponds to the unit spacing of the density
scale 234.

The method of utilizing slide-rule type computing ap-
paratus 10 and 200 will be described by way of exam-
ple, dealing first with an example of indirect screening,
and then dealing with an example of direct screening.
In indirect screening, one continuous tone negative is
produced for each color component required to
produce full color, for example, cyan, magenta and yel-
low, as well as the black, and a halftone positive is
produced utilizing a halftone-producing screen. In the
direct screening method, the process starts with a posi-
tive color transparency having a suitable filter and
mask over it, a halftone negative for each of the
required color components being produced by means
of a halftone producing screen.

Dealing first with indirect screening, reference is had
to FIGS. 3 — 5. Before use, the slide-rule device 16 ac-
cording to the invention must be prepared by an empir-
ical calibration method- which specifically adapts the
device to the system with which it is being utilized. The
units of exposure scale is inscribed on an overlay 46
since the proportions of said scale will vary depending
on -the reciprocity factor of the system. Taking into
consideration the reciprocity factor in selecting the
units of exposure scale makes exposure results propor-
tional to density. The reciprocity factor is determined
empirically by comparing the value of the density of the
original which produces a 50 percent dot in an expo-
sure with screen only in “normal” time with the value
of the original density which produces such a 50 per-
cent dot in an exposure at twice ‘“‘normal’ time. A “-
standard” units of exposure scale would be provided
with the computer wherein the difference between said
two densities would be, for example, 0.30. The ratio of
the actual difference between said densities and the
standard difference, “0.30,” is the reciprocity factor.
An exposure scale of the correct proportions can be
made by photographic methods from the standard ex-
posure scale utilizing a camera size set at said ratio.

The density scale, which as noted above is per-
manently inscribed on the surface 17 of base 12,was
selected with equidistant marks approximately
matching the anti-log of the exposure scale.

To calibrate the percent dot area versus density scale
on orthogonal coordinates 74, the appropriate curve
representative of this relationship for this particular
set-up of the system including the screen is plotted on
said coordinates. The data for said percent dot area
versus density curve-is obtained by making a screen
only, no flash, no bump exposure of a gray scale against
an average density background to produce a halftone.
The percent dot area is measured at each density level
of the gray scale by means of a densitometer. A dark
field densitometer is preferably utilized to eliminate ef-
fect of dot fringe. If a conventional densitometer is
used, calibration adjustments must be made in the
resulting data. Greater accuracy is achieved if the per-
cent dot area corresponding to each of the continuous-
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6

tone steps is obtained from the contact print on film,
rather than from the soft-dot, camera negative. Curve
80 in FIG. 3 represents such a density versus percent
dot area curve, referred to herein as the basic density
curve. While this curve could be drawn directly on
second slide member 32, the use of an overlay permits
the slide-rule device 10 according to the invention to
be used with a plurality of set-ups without the necessity
of recalibration for each use. All that would be
required would be the substitution of the appropriate
overlay 42 associated with the set-up to be calibrated.
Since the density measurements are made on a contact
print on film, rather than on the camera film or plate,
the percent dot area value utilized in deriving curve 80
would be the difference between the measured value
(converted from density by a standard conversion
chart) and 100 percent.

As applied to indirect screening, middle cursor 66 is
identified as the T cursor and is generally representa-
tive of middle tone density. Left-most cursor 64 is
identified as the S cursor representative of the shadow
density and the right-most cursor 68 is identified as the
H cursor and representative of the highlight density.
The letters S, T and H are respectively removably in-
scribed on the corresponding plate 60 of the respective
cursors. A curve representative of percent basic flash
exposure (% BFE) versus time or exposure units is also
applied to orthogonal coordinates 74. This curve can
be obtained by trial exposures, although the data for
such curve is available from the major film manufac-
turers, and a standard template of this curve may be
provided. Referring again to FIG. 3, the % BFE curve is
curve 82, which is applied to orthogonal coordinates 74
so that the 0% BFE point intersects the 0 percent dot
area point on the density curve 80. The ordinate axis of
the % BFE curve defines % BFE and may be indicated
by a legend 86 for ease of reading. The unit spacing on
the % BFE axis of the % BFE curve preferably cor-
responds to the unit scale on the percent dot area axis
of coordinates 74. The abscissa of said % BFE scale is a
density scale which need not be inscribed on the over-
lay.

In order to produce a scale for reading percent
bump, it is necessary to plot a family of density curves
corresponding to curve 80, but prepared at a plurality
of main screen exposures plus percent bumps. Thus,
separate exposures could be made for each of the two,
four and eight percent bump conditions, said exposures
being of a gray scale on a neutral background, as in the
case of the preparation of curve 80. The family of per-
cent bump density curves could be inscribed on a
separate piece of graph paper having orthogonal coor-
dinates corresponding to orthogonal coordinates 74, or
they could be eraseably inscribed on overlay 42. What-
ever approach is utilized, a single graph containing a
family of density curves including the basic density
curve 80 appears on a single set of orthogonal coor-
dinates. The scale for percent bump is inscribed either
on cursor line 64, the S cursor, or directly on density
curve 80. This scale is derived by aligning said S cursor
with the point on the basic density curve 80 cor-
responding to the maximum printable dot. This is
usually located between 95 and 97 percent dot area.
The percent bump scale is then produced by inscribing
a short horizontal line 88 at the intersection of the §
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cursor and each of the percent bump density curves.
Thus, the topmost of the horizontal lines 88 in FIG. 3 is
representative of the intersection of the S cursor and
the density curve corresponding to 6 percent bump. If
the percent bump scale is to be inscribed on the density
curve 80, a short horizontal line would be inscribed on
said density curve at the intersection of a horizontal
line (paraliel to the axis of abscissa of coordinates 74)
passing through the intersection of the S cursor aligned
as above and each of the percent bump density curves.
Inscribing the percent bump scale on cursor line 64 is
the full equivalent of inscribing the percent bump scale
on density curve 88.

When all of the foregoing processes are completed,
the slide-rule type device 10 is fully calibrated and
ready for use in indirect screening. The first step in
using device 10 is to set the first slide member 22,
which carries the units of exposure scale 70. This
setting is achieved by aligning the density value 1.0 on
density scale 72 with the exposure index of the particu-
lar screen to be used. The exposure index is the number
of exposure units required to produce a 50 percent dot
at a selected reproducible degree of brightness on the
film plane. This value is determined empirically and
will remain substantially constant for a particular set-
up, but generally varies between screens. In the exam-
ple of FIG. 3, the units of exposure are set to a magenta

exposure index of 17.5, which value is aligned with 1.0
on the density scale.

To use the computer, it is necessary to determine
what integrated halftone densities of highlight,midpoint
and shadow are required in the finished product. This
determination is made by the user based on eye
response and the desired gray balance. Gray balance
refers to the density relationship between the magenta,
yellow and cyan exposures which will produce true
gray tones.

Referring now to FIG. 3, by way of example, the mid-
point density was selected at 0.95, and second slide
member 32 is displaced until the 50 percent dot area
point on density curve 80 is aligned with T cursor 66, as
indicated by point 90 in FIG. 3. The magenta main ex-
posure is read at the intersection of the T cursor and
the units of exposure scale when said T cursor and
second slide member are so positioned. Thus, in the ex-
ample of FIG. 3, the main exposure is 16 exposure
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units. The highlight density was selected at a value of

1.6 and H cursor 68 is then moved into alignment with
that value of density scale 72. % BFE is read from the
intersection of the H cursor and % BFE curve 82. This
point, at a value of 12 percent, is indicated at point 92.
Finally, the S cursor 64 is set at the shadow density of
0.35, and the percent bump is read on scale 88 on said
S cursor. In the example of FIG. 3, this value is 1.5 per-
cent as indicated by the intersection of the S cursor 64
and the density curve 80 at point 94.

The procedure is repeated for the yellow exposure
index. In other words, the first slide member 22 is posi-
tioned relative to the density value 1.0 so that the expo-

-sure index associated with yellow is aligned therewith.
Second slide member 32 is then aligned so that 50 per-
cent dot position on the density scale is aligned with the
T cursor and the midpoint density, shadow density and
highlight density for yellow is read from the computer.
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Reference is now made to FIG. 4 in connection with
which the cyan exposures will be calculated. The
device 10 of FIG. 4 is calibrated as indicated in connec-
tion with the discussion of FIG. 3. However, the
process for using the computer varies in conjunction
with the cyan exposure. The units of exposure scale is
set as in the case of magenta and yellow exposures, in
this case, cyan having an exposure index of 8.5. How-
ever, in the case of cyan, proper gray balance usually
requires a midpoint dot value of between 60 and 65
percent, as opposed to the substantially 50 percent dot
value of the magenta and yellow. It is noted that the
midpoint dot value for magenta and yellow need not be
50 percent. The midpoint dot value on basic density
curve 80 for any halftone is selected empirically by the
user depending on the desired visual response to tone
reproduction and/or gray value of the final product as
determined by the ink-paper (substrate )-plate (printing
surface) performance. Accordingly, the T cursor 66 is
aligned with the desired midpoint density of 0.9 and the
second slide member 32 is positioned so that the 62.5
percent dot area point on the density curve 80 is
aligned with said T cursor, as indicated by point 96.
The main exposure is determined by then moving the T
cursor into alignment with the 50 percent dot area
point on density curve 80, as indicated by phantom line
98, intersecting density curve 80 at point 100 and then
main exposure is read at the intersection of phantom
line 98 and units of exposure scale 70. The S cursor 64
is set at the shadow density and the percent bump will
be indicated by the intersection of density curve 80 and
scale 88 on said S cursor.

The highlight exposure is read in the usual manner
except that the H cursor 68 is aligned with the highlight
density, but the value on the % BFE curve 82 is read at
the intersection of a point 0.05 density units to the left
of said desired density value. In other words, the H cur-
sor would be moved to the left, from the highlight den-
sity, 0.05 density units to the line indicated by phantom
line 102 and % BFE would be read at the intersection
of said phantom line and % BFE curve 82 as indicated
by point 104. If a K(black )exposure is to be made, the
value for the K main exposure and for the K flash expo-
sure may be calculated as illustrated in FIG. 5. Again,
the calibration of the device 10 remains unchanged but
first slide member 22 is positioned so that the exposure
index for K (black) is aligned with a density value of
1.0. Each of the S, T and H cursors are set at the
desired shadow, mid-point and highlight densities, and
the second slide member 32 is positioned so that the 50
percent dot area point on density curve 80 is aligned
with the S cursor 64. The latter setting is indicated at
point 106. The K main exposure is read at the intersec-
tion of the S cursor and the units of exposure scale 70.
The K flash exposure is read from the % BFE curve at
the midpoint between the H and T cursors, as indicated
by the intersection of phantom line 108 and % BFE
curve 82 at point 109. In this manner, all of the expo-
sure values necessary for the production of a substan-
tially optimum product are calculated, and through use
of these values and through the maintenance of the set-
up conditions, the reproduceability of the system is in-
sured.

The circular siide rule embodiment of FIGS. 10 and
11 would be used in a similar manner. By way of exam-
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ple, a density versus percent dot area curve 238 has
been drawn on the orthogonal coordinates 236 of
second annular slide member 216. Also drawn on said
coordinates is a % BFE curve 240.

Turning now to direct screening, the process utlhzmg
slide-rule device 10 will be explained in connection
with FIGS. 6 - 9. For direct screening, the slide-rule
device is calibrated in an analogous manner, as will be
noted below. First, the units of exposure scale is ad-
justed for reciprocity factor as described above. Then,
as illustrated in FIG. 6, a no flash, no bump density
curve 110 is plotted on orthogonal coordinates 74 and
a % BFE curve 112 derived as discussed above is also
applied to said orthogonal coordinates intersecting
basic density curve 110 at O percent dot area (point
114). However, in addition to the basic density curve
110, an entire family of density curves is plotted on
rectangular coordinates 74, each member of said fami-
ly representing the density curve at the main exposure
plus a specific % BFE. Thus, curves 116, 118, 128, 122,
124, 126 and 127 represent respectively the %BFE
density curve for main plus 10, 20, 30, 40, 50, 60 and
70 % BFE. All of said density curves are derived in the
manner described above.

Since we are now concerned with direct screening,
the highlight and shadow areas are reversed so that,
while the middle cursor line 66 is identified as the T
cursor, the leftmost cursor line 64 is identified as the H
or highlight: cursor and the rightmost cursor 68 is
identified as the S or shadow cursor. A scale 128
representative of percent bump is inscribed on the H
cursor and is derived in the manner described above in
connection with the percent bump scale on the S cursor
for indirect screening.

The use of the slide-rule computing apparatus 10 ac-
cording to the invention after calibration for direct
screening starts with the setting of the units of exposure
scale 72 is accordance with the exposure index for the
particular screen. In the example of FIG. 6, which is
directed to a magenta direct-screen separation, the ex-
posure index is 58, which value is aligned with/1.0 on
the density scale 72. The T cursor 66 is allgned ith the
desired midpoint density value, which valuei is deter-
mined either arbitrarily or through experiment. The
determination is based on the midpoint vaiue in terms
of visual response and best’ reproductlon,of gray. A
Munsell type evaluation of the printed results may be
utilized to identify this midpoint value. The desired
highlight density is the point at which a diffuse white
highlight is produced, the H cursor being set at that
value. In this case, the S cursor is set equidistant from
the T cursor. In other words, the spacing between the H
and T cursors equals the spacing between the T and the
S cursors. Second slide member 32 is positioned so that
the highlight end 130 of basic density curve 110 is
aligned with the H cursor. The percent basic flash ex-
posure is read at the intersection of the S cursor 68 and
the % BFE curve 112, in this case, 40 % BFE. The main
exposure for magenta is read by temporarily aligning
the T cursor with the midpoint (in this case 50 percent)
dot area point 132 on basic density curve 110 and read-
ing the corresponding exposure value, as shown by
phantom line 134,

For yellow, the units of exposure scale 72 is set for
the yellow exposure index and the yellow main expo-
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sure is read by the T cursor 66 aligned with phantom
line 134 in the manner described above.

The use of the computing device for calculating cyan
exposures is illustrated in FIGS. 7 and 8. As an initial
step, the units of exposure scale is displaced so that the
exposure index for cyan is aligned with the 1.0 value on
the density scale. The T cursor 66 is displaced from its
original position shown by dashed line 136 to a new
position, at which it intersects the density curve
representative of the % BFE previously determined in
conjunction with magenta at the point thereon substan-
tially representative of 50 percent dot area, and which
is also utilized for yellow. Thus, in FIG. 7, cursor 66 in-
tersects curve 122 at point 138. The next step in the
process is illustrated in FIG. 8, wherein it is seen that
second slide member 32 is displaced to the left until the
37.5 percent dot area point on % BFE density curve
122 is aligned with T cursor 66. Thus, curve 122 inter-
sects cursor 66 at point 140, the original position of
basic density curve 110 and % BFE curve 112 being
shown by dashed line 142. Percent bump for cyan is
then read at the intersection of scale 128 on H cursor
64 and the basic density curve 110. In this case, a 3 per-
cent bump is called for as indicated by the intersection
of said H cursor and curve 116 (point 144). The main
exposure for cyan is read by moving the T cursor into
alignment with the 50 percent dot area point on the
basic density curve 110. Note that the 50 percent dot
area point for reading cyan, magenta and yellow main
exposures is selected empirically as the desired mid-
point for tone reproduction and gray balance.
Similarly, the 37.5 percent dot area point in the
selected % BFE density curve (curve 122 in example)
with which T cursor 66 is aligned is determined empiri-
cally. The latter value is derived as the value less than
the midpoint value by an amount substantially equal to
the difference in percent dot area between cyan and
either of magenta and yellow, cyan being generally
larger. This measurement is illustrated by phantom line
146 which intersects curve 116 at point 148, the main
exposure being read on units of exposure scale 70. The
% BFE for cyan is determined by displacing the S cur-
sor to the left 0.05 density units to alignment with
phantom line 150, the value of % BFE being read at the
intersection with curve 112, said intersection lying at
point 152. The number of density units of displacement
of said S cursor is selected for tone reproduction and
gray balance of final product.

If a K (black) exposure is to be made, then the device
10 must be set so that the units of exposure scale 72 is
positioned so that the K (black) exposure index is
aligned with 1.0 on the density scale, as illustrated in
FIG. 9. The second slide member 32 is then displaced
so that the end 130 of basic density curve 110 is aligned
with a vertical line corresponding to three-fourths of
the distance between the T and H cursors, as measured
from the H cursor, a line indicated by phantom line
154. The K main exposure is read by aligning the T cur-
sor with the 50 percent dot area point on basic density
curve 110, as indicated by phantom line 156 which in-
tersects the basic density curve at point 158. )

The K % BFE is read by identifying which of the
family of main plus % BFE curves 116, 118, 120, 122,
124, 126, etc. intersects with the intersection of about
the 20 percent dot area abscissa 160 and the S cursor
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68. The % BFE which produced the intersected curve
represents the K % BFE. In this case, curve 118 is inter-
sected and the % BFE is 20.

Where UCR exposures are to be measured, the fol-
lowing procedure is followed. Referring first to FIG. 6,
for magenta and yellow, the UCR exposure is read as %
BFE at the intersection of the % BFE abscissa equal to
the K flash exposure (20 percent) and the S cursor 68.
This intersection is at point 164 and intersects curve
127, one of the family of % BFE density curves, the
UCR exposure being the % BFE represented by curve
127. This value applies to both magenta and yellow.

Reference is had to FIG. 8, which depicts the reading
of the cyan UCR exposure. This exposure is read as %
BFE at the K flash minus 12.5 percent. Since the K
flash, as determined above was 20 percent, the UCR
exposure for cyan is read at the intersection of the 7.5
percent abscissa indicated by dashed line 166 and the S
cursor 68. This intersection point 168 intersects curve
126 of the family of % BFE density curves, the UCR ex-
posure being read as the % BFE associated therewith.

The above-described apparatus and method provides
an integrated approach for the calculation of exposures
for the production of halftones, both by the direct and
indirect screening processes. The input information
utilized describes the original copy in terms of photo-
graphic densities while the empirically derived infor-
mation used in calibration describes the performance
capabilities, and characteristic of the halftone
reproduction set-up to produce a product to give dot
size specifications. The input is compared with the out-
put requirements to produce a read-out in terms of op-
timum exposure combinations of main, bump and flash
exposures. Each exposure has the most effective con-
trol of a portion of the reproduction characteristic.
Thus, the bump exposure is calculated (not estimated
as in former practice) for its effect on the bright part of
the copy image; the main exposure is calculated (and
the calculation includes the additional exposure effects
of the bump and flash exposures) for its effect on the
selected midpoint; and the flash exposure is calculated
(which includes any effects of the main and bump ex-
posures) for its effect on the darkest part of the copy
image. Accordingly, the apparatus and method accord-
ing to the invention provides coordinated main, bump
and flash exposures, with emphasis on the accurate
placement of the midpoint densities.

The slide-rule type calculating device according to
the invention is essentially an empirical analog of the
halftoning process, and provides a means for adapting
the method according to the invention for each in-
dividual halftone reproduction set-up. While the vari-
ous slide members and cursors are manually manipu-
latable in the embodiment described in this application,
said slide members and cursors could be automatically
manipulated by suitable control devices where the
slide-rule type computing apparatus according to the
invention is mechanized. The manipulation of the vari-
ous slide members and cursors could be effected auto-
matically, in response to outputs of density sensing
devices, or other input and control devices of the “-
mechanized” device.

The method according to the invention could also be
practiced by means of programmable analog and/or
digital computers, in which case the calibration steps

25

40

45

50

55

12

would be achieved by programming the computer to
store the empirical data, while the calculation steps
would be performed within the computer. Generally,
such calculation steps would be performed without any
physical manipulation of slide members and cursors,
although the full equivalent of said manipulative steps
would be performed electronically by the computer.
Thus, a step such as aligning the magenta exposure
index on the unit of exposure scale with the 1.0 value
on the density scale could be achieved within a digital
computer without physical displacement of a slide
member or actual display of the scales by shifting one
of the scales in registers or memory. Similarly, the
equivalent of positioning a cursor and reading a scale in
accordance with the alignment thereof could also be
performed electronically by a digital computer.

While the foregoing examples are for four-color
process work, the same method is applicable to single
or multi-color halftone reproductions or interpreta-
tions, such as duotones or ‘‘tritones” (three non-
process colors). The actual initial settings used in the
method and apparatus according to the invention such
as highlight, midpoint and shadow densities and mid-
point percent dot area on the basic density curve, are
determined empirically by the user in each case to
produce the desired results.

It will thus be seen that the objects set forth above,
and those made apparent from the preceding descrip-
tion, are efficiently attained and, since certain changes
may be made in the above constructions without de-
parting from the spirit and scope of the invention, it is
intended that all matter contained in the above descrip-
tion or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific fea-
tures of the invention herein described, and all state-
ments of the scope of the invention which, as a matter
of language, might be said to fall therebetween.

What is claimed is:

1. A slide-rule type computing apparatus for calcu-
lating halftone screen exposures comprising a base;
first and second slide members mounted in spaced rela-
tion for substantially parallel lateral displacement
across said base, the region of said base intermediate
said first and second slide members having a linear den-
sity scale inscribed thereon; said first slide member
being adapted to receive a logarithmic units of expo-
sure scale, said second slide member being adapted to
receive a scale having orthogonal coordinates, the
spacing of the coordinates along the axis of abscissa
thereof substantially corresponding with the units of
said density scale for receiving plots of percent dot area
versus density; and three cursor members slidably
mounted on said base for lateral displacement across
said base and slide members, each of said cursor mem-
bers having a cursor line extending substantially normal
to the axis of lateral displacement of said slide members

"and overlaying both said slide members and the region

of said base therebetween.

2. A slide-rule type computing apparatus as recited
in claim 1, including an overlay dimensioned and
adapted for removable mounting on said first slide
member and having said logarithmic units of exposure
scale inscribed thereon.
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3. A slide-rule type computing apparatus as recited
in claim 1, including an overlay dimensioned and
adapted for removable mounting on said second slide
member, said second slide member overlay having said
orthogonal coordinates inscribed thereon.

4. A slide-rule type computing apparatus as recited
in claim 3, wherein said second slide member overlay is
inscribed with a scale defining the ordinate axis of said
orthogonal coordinates,said scale extending linearly
between 0 and 100 and being representative of percent
dot area.

5. A slide-rule type computing apparatus as recited
in claim 1, wherein said orthogonal coordinates have a
density curve of percent dot area versus density and a
% BFE curve inscribed thereon, with the point of 0 per-
cent dot area on said density curve substantially the
point of 0% BFE on said % BFE curve.

6. A slide-rule type computing apparatus as recited
in claim 5, wherein a percent bump scale is inscribed
on the one of said cursor members on the left when said
scales are viewed.

7. A slide-rule type computing apparatus as recited
in claim 5§, wherein said second slide member has a
family of density curves inscribed on the orthogonal
coordinates thereof, a first of said family of density
curves representing a main exposure-no flash condi-
tion, each of the other of said density curves represent-
ing main exposure plus a particular value of % BFE.

8. A slide-rule type computing apparatus as recited
in claim 1, wherein said slide rule is linear.

9. A slide-rule type computing apparatus as recited
in claim 1, wherein said first and second slide members
extend linearly. ,

16. A slide-rule type computing apparatus as recited
in claim 1, wherein said first and second slide members
are annular shaped, said cursor members being
pivotably mounted at the axis of rotation of said slide
members, said cursor lines extending radially from said
axis.

11. A method for calculating halftone contact screen
exposures on a slide-rule type computing apparatus
having a base, first and second slide members mounted
in spaced relation for substantially parallel lateral dis-
placement relative to said base, the region of said base
intermediate said slide members having a linear density
scale inscribed thereon, said first slide member being
adapted to have a logarithmic units of exposure scale
positioned thereon, said second slide member being
adapted to have a scale having orthogonal coordinates
positioned thereon, the spacing along the axis of abscis-
sa of said coordinates substantially corresponding to
the units of said density scale; and first, second and
third cursor members slideably mounted on said base
for lateral displacement relative thereto, each of said
cursor members having a cursor line inscribed thereon
extending normally to the axis of lateral displacement
of said slide members and overlaying said slide mem-
bers and the region of said base therebetween, which
comprises the step of calibrating said slide-rule type
computing apparatus including inscribing on said
orthogonal coordinates a basic density curve piot of
percent dot area versus density of original for the set-
up to be used; and inscribing on said orthogonal coor-
dinates a-% BFE curve, the 0 percent dot area point on
said basic density curve and the 0% BFE point on said
% BFE curve being in substantial coincidence.

'
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12. The method of claim 11, wherein said calibration
step further includes the step of empirically deriving
the data for said plot of percent dot area versus density
of original by measuring percent dot area on a halftone
print of a screen-only exposure of a gray scale.

13. The method of claim 11, wherein said calibration
step further includes inscribing a family of plots of per-
cent dot area versus density of original on said
orthogonal coordinates, each of the plots in said family
being representative of a main exposure plus a percent
bump exposure of predetermined value; positioning the
cursor member on the left when said scales are viewed
to align said left-most cursor line with the point on said
basic density curve corresponding to the maximum
printable dot; and inscribing a percent bump scale on
said left-most cursor line corresponding to the intersec-
tion between said cursor line with each of said family of
percent bump density curves, the value of percent
bump on each point of said percent bump scale being
equal to the added percent bump of the ‘intersecting
percent bump density curve; and identifying said left-
most cursor lines as the S cursor, the middle cursor line
as the T cursor and the right-most cursor line as the H
cursor, whereby said calculating apparatus is prepared
for use in indirect screening.

14. The method of claim 13, including the further
step of calculating the magenta exposures comprising:

a. aligning the magenta exposure index on said units
of exposure scale with the 1.0 value of said density
scale by displacing said first slide member;

. aligning said H, T and S cursors with the highlight,
midpoint and shadow densities on said density
scale by displacing each of said cursor members;

c. aligning the percent dot area point on said basic
density curve which substantially corresponds to
the desired magenta midpoint for tone reproduc-
tion and gray balance with said T cursor by dis-
placing said second slide member;

. reading the magenta main exposure on said units
of exposure scale at the intersection thereof with
said T cursor;

e. reading the magenta flash exposure as the % BFE
at the intersection of said % BFE curve and said H
cursor; and

f. reading the magenta bump exposure as the percent
bump at the intersection of said percent bump
scale on said S cursor and said basic density curve.

18. The method of claim 14, wherein the percent dot
area value on said basic density curve aligned with said
T cursor is about 50 percent.

16. The method of claim 13, including the further
step of calculating the yellow exposures comprising:

a. aligning the yellow exposure index on said units of
exposure scale with the 1.0 value of said density
scale by displacing said first slide member;

. aligning said H, T and S cursors with the highlight,
midpoint and shadow densities on said density
scale by displacing each of said cursor members;

c. aligning the percent dot area point on said basic
density curve substantially corresponds to the
desired yellow midpoint for tone reproduction and
gray balance with said T cursor by displacing said
second slide member;

. reading the yellow main exposure on said units of
exposure scale at the intersection thereof with said
T cursor;
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e. reading the yellow flash exposure as the % BFE at
the intersection of said % BFE curve and said H
cursor; and

f. reading the yellow bump exposure as the percent
bump at the intersection of said percent bump
scale on said S cursor and said basic density curve.

17. The method of claim 16, wherein the percent dot
area value on said basic density curve aligned with said

T cursor is about 50 percent. ’

18. The method of claim 13, including the step of
calculating the cyan exposures comprising:

a. aligning the cyan exposure index on the units of
exposure scale with the 1.0 value of said density
scale by displacing said first slide member;

. aligning said H, T and S cursors with the highlight,
midpoint and shadow densities on said density
scale by displacing each of said cursor members;

c. aligning the percent dot area point on said basic
density curve which substantially corresponds to
the desired cyan midpoint for tone reproduction
and gray balance with said T cursor by displacing
said second slide member;

. reading the cyan main exposure at a point on said
units of exposure scale substantially aligned with
an axis extending parallel to said T cursor and
passing through a point substantially correspond-
ing to 50 percent dot area on said density curve;

. reading the cyan flash exposure as the % BFE at
the intersection of said % BFE curve and an axis
extending substantially parallel to said H cursor
and aligned with a point on said density scale a
number of density units selected for tone
reproduction and gray balance less than the point
on said scale with which said H cursor is aligned;
and

f. reading the cyan bump exposure as the percent
bump at the intersection of said percent bump
scale on said S cursor and said basic density curve.

19. The method of claim 18, wherein the number of
density units less than the point on said density scale
with which said H cursor is aligned is about 0.05.

20. The method of claim 18, wherein the percent dot
area value on said basic density curve aligned with said
T cursor lies within the range between 60 and 65 per-

cent dot area.

21. The method of claim 20, wherein the percent dot
area value on said basic density curve aligned with said
T cursor is about 62.5 percent.

22. The method of claim 13, including the further
step of calculating halftone exposures comprising:

a. aligning exposure index for the set up on said units
of exposure scale with the 1.0 value of said density
scale by displacing said first slide member;

b. aligning said H, T and S cursors with the highlight,
midpoint and shadow densities on said density
scale by displacing each of said cursor members;

c. aligning the percent dot area point on said basic
density curve which substantially corresponds to
the desired midpoint for tone reproduction any/or
gray balance with said T cursor by displacing said
second slide member;

d. reading the main exposure on said units of expo-
sure scale at the intersection thereof with said T
cursor;
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e. reading the flash exposure as the % BFE at the in-
tersection of said % BFE curve and said H cursor;
and .

f. reading the bump exposure as the percent bump at
the intersection of said percent bump scale on said
S cursor and said basic density curve.

23. The method of claim 11, including the step of
calculating the K (black) exposures comprising:

a. aligning the K (black) exposure index on said units
of exposure scale with the 1.0 value on said density
scale by displacing said first slide member;

. aligning said H, T and S cursors with the highlight,
midpoint and shadow densities on said density
scale by displacing each of said cursor members;

c. aligning the percent dot area point on said basic
density curve which substantially corresponds to
the desired K (black) midpoint for tone reproduc-
tion and gray balance with said S cursor;

. reading the K (black) main exposure on said units
of exposure scale at the intersection thereof with
said S cursor; and

e. reading the K (black) flash exposure as the % BFE

at the intersection of an axis extending substan-
tially parallel to said T cursor about midway
between said H and T cursors, and said % BFE
curve.

24. The method of claim 23, wherein the percent dot
area value on said basic density curve aligned with said
S cursor is about 50 percent.

25. The method of claim 11, including the further
step of forming said units of exposure scale as a propor-
tion of a standard units of exposure scale, said propor-
tion being equal to the reciprocity factor of said set-up.

26. The method of claim 11, wherein the left-most of
said cursor lines when viewing said scales is identified
as the H cursor, the middle cursor line is identified as
the T cursor, and the right-most cursor line is identified
as the S cursor; and including the further step of in-
scribing on said orthogonal coordinates a family of %
BFE density curves for the set-up to be used defined by
plots of percent dot area versus density of original,
each of said plots representing the combination of a
main exposure and one of a selected plurality of % BFE
exposures and being identified by the value of the %
BFE thereof, so that said slide-rule type calculating ap-
paratus is adapted for calculating exposure values for
direct screening.

27. The method of claim 26, including the further
step of calculating magenta exposures comprising:

a. aligning the magenta exposure index on said units
of exposure scale with the 1.0 value on said density
scale by displacing said first slide member;

. aligning said H and T cursors with the respective
highlight and midpoint densities on said density
scale by displacing the corresponding cursor mem-
bers;

c. aligning said S cursor so that the distance between
said H and T cursors substantially equals the
distance between said T and S cursors;

. aligning said basic density curve so that the
highlight end thereof substantially touches said H
cursor;

e. reading the magenta flash exposure as % BFE at

the intersection of said S cursor and said % BFE

curve or at the intersection of said S cursor and the
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point substantially representative of 0% dot area
on one of said family of %BFE density curves; and

f. reading the magenta main exposure on the units of
exposure scale at a point thereon intersecting an
axis extending substantially parallel to said T cur-
sor and passing through the percent dot area point
on said basic density curve substantially cor-
responding to the desired magenta midpoint for

. tone reproduction and gray balance.

28. The method of claim 27, wherein the percent dot
area value on said basic density curve intersecting said
axis extending substantially parallel to said T cursor is
about 50 percent.

29. The method of claim 27, and including the
further step of reading the magenta UCR exposure at
the intersection of said S cursor and the abscissa of said
orthogonal coordinates equal to the K(black)flash ex-
posure in % BFE, as the % BFE associated with the one
of the family of % BFE curves passing through said in-
tersection.

30. The method of claim 27, wherein the percent dot
area value on said basic density curve intersecting said
axis extending substantially parallel to said F cursor is
about 50 percent.

31. The method of claim 26, and including the
further step of calculating yellow exposures compris-
ing:

a. aligning the yellow exposure index on said units of
exposure scale with the 1.0 value on said density
scale by displacing said first slide member;

. aligning said H and T cursors with the respective
highlight and midpoint densities on said density
scale by displacing the corresponding cursor mem-
bers;

c. aligning said S cursor so that the distance between
said H and T cursors substantially equals the
distance between said T and S cursors;

d. aligning said basic density curve so that the
highlight end thereof touches said H cursor;

e. reading the yellow flash exposure at the intersec-
tion of said S cursor and said % BFE curve or at
the intersection of said S cursor and the 0 percent
dot area on one of said family of % BFE density
curves, as % BFE; and

f. reading the yellow main exposure on the units of
exposure scale at a point thereon intersecting an
axis extending substantially parallel to said T cur-
sor and passing through the percent dot area point
on said basic density curve substantially cor-
responding to the desired yellow midpoint for tone

" reproduction and gray balance.

32. The method of claim 31, and including the
further step of reading the yellow UCR exposure at the
intersection of said S cursor and the abscissa on said
orthogonal coordinates equal to the K (black)flash ex-
posure in % BFE, as the % BFE associated with the one
of the family of % BFE curves passing through said in-
tersection.

33. The method of claim 26, including the further
step of calculating halftone exposures comprising:

a. aligning the exposure index for the set-up on said
units of exposure scale with the 1.0 value on' said
density scale by displacing said first slide member;

b. aligning said H and T cursors with the respective
highlight and midpoint densities on said density
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scale by displacing the corresponding cursor mem-

bers;

c. aligning said S cursor so that the distance between
said H and T cursors substantially equals the
distance between said T and S cursors;

. aligning said basic denmsity curve so that the
highlight end thereof substantially touches said H
cursor;

e. reading the flash exposure as % BFE at the inter-
section of said S cursor and said % BFE curve or at
the intersection of said S cursor and the point sub-
stantially representative of 0% dot area on one of
said family of % BFE density curves; and

f. reading the main exposure on the units of exposure
scale at a point thereon intersecting an axis ex-
tending substantially parallel to said T cursor and
passing through the percent dot area point on said
basic density curve substantially corresponding to
the desired midpoint for tone reproduction and/or
gray balance.

34. The method of claim 26, wherein said calibration
step further includes inscribing a family of plots of per-
cent dot area versus density of original on said
orthogonal coordinates, each of the plots in said family
being representative of a main exposure plus a percent
bump exposure of predetermined value; aligning the H
cursor with the point on said basic density curve cor-
responding to maximum printable dot; and inscribing a
scale on said H cursor corresponding to the intersec-
tion between said cursor and each of said family of per-
cent bump density curves, the value of percent bump
on each point of said scale being equal to the added
percent bump of the intersecting percent bump density
curve.

35. The method of claim 34, and including the
further step of calculating cyan exposures comprising:

a. aligning the cyan exposure index on said units of
exposure scale with the 1.0 value on said density
scale by displacing said first slide member; ;

b. aligning said H and T cursors with' the respective
highlight and' midpoint densities on said density
scale by displacing the corresponding cursor mem-
bers;

c. aligning said § cursor so that the distance between
said. H and T cursors substantially equals -the
distance between said T and S cursors;

d. aligning said basic density curve so that the
highlight end thereof touches said'H cursor;

e. aligning said T cursor with the percent dot area
point on the selected one of said % BFE density
curves associated with the % BFE for magenta or
yellow which corresponds to the desired magenta
or yellow midpoint for tone reproduction and gray
balance, by displacing the corresponding cursor
member;

f. aligning the percent dot area point on'said selected
% BFE density curve which corresponds to-the
cyan midpoint for tone reproduction and gray
balance with said T cursor by displacing -said
second slide member;

g. reading the cyan main exposure at the intersection
of said units of exposure scale and an axis extend-
ing substantially parallel to said T cursor and
passing through the point on said basic density
curve substantially representative’ of 50 percent
dot area;
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h. reading the cyan bump exposure at the intersec-
tion of said percent bump scale on said H cursor
and said basic density curve as percent bump; and

i. reading the cyan flash exposure as % BFE at the in-
tersection of an axis extending substantially paral-
lel to said S cursor and aligned with a point on said
density scale a number of density units selected for
tone reproduction and gray balance less than the
point on said scale with which said S cursor is
aligned, with either said % BFE curve or the 0 per-
cent dot area point on one of said family of % BFE
density curves.

36. The method of claim 35, wherein the number of
density units less than the point on said density scale
with which said S cursor is aligned is about 0.05.

37. The method of claim 35, wherein the percent dot
area point on said selected % BFE density curve with
which said T cursor is aligned by displacing the cor-
responding cursor member is about 50 percent.

38. The method of claim 37, wherein the percent dot
area point on said selected % BFE density curve with
which said T cursor is aligned by displacing said second
slide member is about 37.5 percent.

39. The method of claim 35, and including the
further step of reading cyan UCR exposure at the inter-
section of said S cursor with the abscissa on said
orthogonal coordinates equal to the K (black) flash ex-
posure in % BFE minus 12.5 percent, as the %BFE as-
sociated with the one of said family of % BFE curves
passing through said intersection.

40. The method of claim 34, and including the
further step of calculating halftone exposures for a
second color correlated to a first color comprising:

a. aligning the second color exposure index on said
units of exposure scale with the 1.0 value on said
density scale by displacing said first slide member;

b. aligning said H and T cursors with the respective
highlight and midpoint densities on said density
scale by displacing the corresponding cursor mem-
bers;

c. aligning said S cursor so that the distance between
said H and T cursors substantially equals the
distance between said T and S cursors;

d. aligning said basic density curve so that the
highlight end thereof touches said H cursor;

e. aligning said T cursor with the percent dot area
point on the selected one of said % BFE density
curves associated with the % BFE for said first
color which corresponds to the desired first color
midpoint for tone reproduction and/or gray
balance, by displacing the corresponding cursor
member;

f. aligning the percent dot area point on said selected
% BFE density curve which corresponds to the
second color midpoint for tone reproduction
and/or gray balance with said T cursor by displac-
ing said second slide member;

g. reading the second color main exposure at the in-
tersection of said units of exposure scale and an
axis extending substantially parallel to said T cur-
sor and passing through the point on said basic
density curve substantially representative of 50
percent dot area;

. h. reading the second color bump exposure at the in-

tersection of said percent bump scale on said H

cursor and said basic density curve as percent

‘bump; and
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i. reading the second color flash exposure as % BFE
at the intersection of an axis extending substan-
tially parallel to said S cursor and aligned with a
point on said density scale a number of density
units selected for tone reproduction and/or gray
balance less than the point on said scale with
which said S cursor is aligned, with either said %
BFE curve or the 0 percent dot area point on one
of said family of % BFE density curves.

41. The method of claim 26, including the further

step of calculating K (black) exposures comprising:

a. aligning the K (black) exposure index on said units
of exposure scale with the 1.0 value on said density
scale by displacing said first slide member;

b. aligning said H and T cursors with the respective
highlight and midpoint densities on said density
scale by displacing the corresponding cursor mem-
bers;

c. aligning said S cursor so that the distance between
said H and T cursors substantially equals the
distance between said T and S cursors;

d. aligning the highlight end of said basic density
curve with an axis extending substantially parallel
to said T cursor and positioned at a point spaced
from said H cursor a distance equal to about three-
fourths of the distance between said H and T cur-
$0TS;

e. reading the K (black) main exposure on said units
of exposure scale at its intersection with an axis ex-
tending substantially parallel to said T cursor and
intersecting a percent dot area point on said basic
density curve which substantially corresponds to

the desired K(black) midpoint for tone reproduc-
tion and gray value;

f. reading the K (black) flash exposure at the inter-
section of said S cursor with about the 20 percent
dot area abscissa on said orthogonal coordinates,
as the % BFE associated with the one of said family
of % BFE density curves crossing said intersection.

42. The method of claim 41, wherein said percent
dot area point on said basic density curve correspond-
ing to the desired K (black) midpoint is about 50 per-
cent.

43. The method of claim 26, including the further
step of forming said units of exposure scale as a propor-
tion of a standard units of exposure scale, said propor-
tion being equal to the reciprocity factor of said set-up.

44. A method of calculating halftone screen expo-
sures on a calculating device having a logarithmic units
of exposure scale positionable for selective alignment
with a linear density scale and having a set of
orthogonal coordinates positionable for selective align-
ment with said density scale, the units along the axis of
abscissa of said coordinates substantially correspond-
ing to the units of said density scale, which comprises
the step of calibrating said computing apparatus includ-
ing applying on said orthogonal coordinates a basic
density curve plot of percent dot area versus density of
original for the set-up to be used; and applying to said
orthogonal coordinates a % BFE curve, the 0 percent
dot area point on said basic density curve and the 0%
BFE point on said % BFE curve being in substantial
coincidence.

45. The method of claim 44, wherein said calibration
step further includes the step of empirically deriving
the data for said plot of percent dot area versus density
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of original by measuring percent dot area on a halftone
print of a screen-only exposure of a gray scale.

46. The method of claim 45, including the further
step of calculating the halftone exposures comprising:

a. positioning said units of exposure scale so that the

exposure index for the set-up is aligned with the
1.0 value on said density scale;

. positioning said orthogonal coordinates so that the
percent dot area point on said basic density curve
which substantially corresponds to the desired
midpoint for tone reproduction and/or gray
balance is aligned with the midpoint density on
said density scale;

c. reading the magenta main exposure on said units
of exposure scale at the intersection thereof with
an axis extending substantially parallel to said axis
of ordinates and passing through said point on said
basic density curve substantially corresponding to
said desired midpoint;

. reading the flash exposure as the % BFE at the in-
tersection of said % BFE curve with an axis ex-
tending substantially parallel to said axis of or-
dinates and passing through the highlight density
on said density scale;and

e. reading the bump exposure as the percent bump

on said percent bump scale at the intersection of
an axis extending parallel to said axis of ordinates
and passing through the shadow density on said
density scale,with said basic density curve.

47. The method of claim 44, wherein said calibration
step further includes applying a percent bump scale to
said orthogonal coordinates along an axis extending
parallel to the axis of ordinates thereof; the value of
percent bump on each point of said percent bump scale
being determined from the intersection of an axis ex-
tending substantially parallel to the axis of ordinates of
said orthogonal coordinates and passing through the
point on said basic density curve corresponding to the
maximum printable dot, with each of a family of plots
of percent dot area versus density of original on said
orthogonal coordinates, each of the plots in said family
being representative of a main exposure plus a percent
bump exposure of predetermined value, the predeter-
mined value associated with each intersecting curve of
said family determining the value on said percent bump
scale, whereby said calculating device is prepared for
use in indirect screening.

48. The method of claim 47, including the further
step of calculating the magenta exposures comprising:

a. positioning said units of exposure scale so that the

magenta exposure index is aligned with the 1.0
value on said density scale;

. positioning said orthogonal coordinates so that the
percent dot area point on said basic density curve
which substantially corresponds to the desired
magenta midpoint for tone reproduction and gray
balance is aligned with the midpoint density on
said density scale;

c..reading the magenta main exposure on said units

of exposure scale at the intersection thereof with
an axis extending substantially parallel to said axis
of ordinates and passing through said point on said
basic density curve substantially corresponding to
said magenta midpoint;
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d. reading the magenta flash exposure as the % BFE
at the intersection of said % BFE curve with an
axis extending substantially parallel to said axis of
ordinates and passing through the hlghhght density
on said density scale; and . :

e. reading the magenta bump exposure as the percent :
bump on said percent bump scale at the intersec-
tion of an axis extending parallel to said axis of or-
dinates and passing through the shadow density on
said density scale,with said basic density curve. '

49. The method of ciaim 48, wherein the percent dot
area value in said basic density curve aligned with said
midpoint on said density scale is about 50 percent.

50. The method of claim 47, including the further
step of calculating the yellow exposures comprising:

a. positioning said units of exposure scale so that the
yellow exposure index is aligned with the 1.0 value
on said density scale;

. positioning said orthogonal coordinates so that the
percent dot area point on said basic density curve
which substantially corresponds to the desired yel-
low midpoint for tone reproduction and gray
balance is aligned with the midpoint density on
said density scale;

c. reading the yellow main exposure on said units of
exposure scale at the intersection thereof with an
axis extending substantially parallel to said axis of
ordinates and passing through said point on said
basic density curve substantially corresponding to
said yellow midpoint;

. reading the yellow flash exposure as the % BFE at
the intersection of said % BFE curve with an axis
extending substantially parallel to said axis of or-
dinates and passing through the highlight density
on said density scale; and

e. reading the yellow bump exposure as the percent
bump on said percent bump scale at the intersec-
tion of an axis extending parallel to said axis of or-
dinates and passing through the shadow density on
said density scale, with said basic density curve.

51. The method of claim 50, wherein the percent dot
area value on said basic density curve aligned with said
midpoint on said density scale is about 50 percent.

52. The method of claim 47, including the step of
calculating the cyan exposures comprising:

a. positioning said units of exposure scale so that the
cyan exposure index is aligned with the 1.0 value
on said density scale;

. positioning said orthogonal coordinates so that the
percent dot area point on said density curve which
substantially corresponds to the desired cyan mid-
point for tone reproduction and gray balance is
aligned with the midpoint density on said density
scale;

c. reading the cyan main exposure on said units of ex-
posure scale at the intersection thereof with an
axis extending substantially parallel to said axis of
ordinates and passing through the point on said
basic density curve substantially corresponding to
said cyan midpoint;

. reading the cyan flash exposure as-the % BFE at
the intersection of said % BFE curve with an axis
extending substantially parallel to said axis of or-
dinates and the point on said density scale a
number of density units selected for tone
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reproduction and gray balance less than the
hightlight density; and

e. reading the cyan bump exposure as the percent
bump on said percent bump scale at the intersec-
tion of an axis extending parallel to said axis of or-
dinates and passing through the shadow density on
said density scale,with said basic density curve.

53. The method of claim 52, wherein the number of
density units less than the highlight density is about
0.05.

54. The method of claim 52, wherein the percent dot
area value on said density curve aligned with the mid-
point density on said density scale lies within the range
between 60 and 65 percent dot area. '

55. The method of claim 54, wherein the percent dot
area value on said basic density curve aligned with said
midpoint density is about 62.5 percent.

56. The method of claim 44, including the step of
calculating the K (black) exposure comprising:

a. positioning said units of exposure scale so that the

K (black) exposure index is aligned with the 1.0
value on said density scale;

b. positioning said orthogonal coordinates so that the
percent dot area point on said basic density curve
which substantially corresponds to the desired K
(black) midpoint for tone reproduction and gray
balance is aligned with the shadow density on said
density scale;

c. reading the K (black) main exposure on said units
of exposure scale at the intersection thereof with
an axis extending substantially parallel to said axis
of ordinates and passing through said shadow den-
sity on said density scale; and

d. reading the K (black) flash exposure as the % BFE
at the intersection of of said % BFE curve with an
axis extending substantially parallel to said axis of
ordinates and passing through a point on said den-
sity scale about midway between said highlight and
midpoint densities.

57. The method of claim 56, wherein the percent dot’

area point on said basic density curve aligned with said
shadow density is about 50 percent.

58. The method of claim- 44, including the further
step of forming said units of exposure scale as a propor-
tion of a standard units of exposure scale, said propor-
tion being equal to the reciprocity factor of said set-up.

59. The method of claim 44, including the further
step of applying on said orthogonal coordinates a fami-
ly of % BFE density curves for the set-up to be used
defined by plots of percent dot area versus density of
original, each of said plots representing the combina-
tion of a main exposure and one of a selected plurality
of % BFE exposures and being identified by the value
of the % BFE thereof, so that said calculating device is
adapted ‘for calculating exposure values for direct
screening.

60. The method of claim 59, including the further
step of calculating magenta exposures comprising:

a. positioning said units of exposure scale so that the
magenta exposure index is aligned with the 1.0
value on said density scale;

b. positioning said orthogonal coordinates so that the
highlight end of said basic density curve is substan-
tially aligned with the highlight density on said
density scale;
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c. reading the magenta flash exposure as % BFE at
the intersection of an axis extending substantially
parallel to said axis of ordinates and aligned with a
point on said density scale of a value higher than
said midpoint density by an amount substantially
equal to the difference in densities between said
highlight and midpoint densities, with the % BFE
curve or with a point substantially representative
of 0 percent dot area on one of said family of %
BFE density curves; and

d. reading the magenta main exposure on the units of
exposure scale at a point thereon intersecting an
axis extending substantially parallel to said axis of
ordinates and passing through a percent dot area
point on said density curve which substantially
corresponds to the desired magenta midpoint for
tone reproduction and gray balance.

61. The method of claim 60, wherein the percent dot
area value on said basic density curve intersecting said
axis extending substantially parallel to said axis of or-
dinates is about 50 percent.

62. The method of claim 60, and including the
further step of reading the magenta UCR exposure at
the intersection of said axis extending substantially
parallel to said axis of ordinates and passing through a
point on said density scale of a value higher than said
midpoint density by an amount equal to the difference
between said midpoint density and said highlight densi-
ty, with the abscissa of said orthogonal coordinates
equal to the K (black) flash exposure in % BFE, as the
% BFE associated with the one of the family of % BFE
curves passing through said intersection.

63. The method of claim 60, and including the
further step of reading the yellow UCR exposure at the
intersection of said axis extending substantially parallel
to said axis of ordinates and passing through a point on
said density scale of a value higher than said midpoint
density by an amount equal to the difference between
said midpoint density and said highlight density, with
the abscissa of said orthogonal coordinates equal to the
K (black) flash exposure in % BFE, as the % BFE as-
sociated with the one of the family of % BFE curves
passing through said intersection.

64. The method of claim 59, and including the
further step of calculating yellow exposures compris-
ing:

a. positioning said units of exposure scale so that the
yellow exposure index is aligned with the 1.0 value
on said density scale;

b. positioning said orthogonal coordinates so that the
highlight end of said basic density curve is substan-
tially aligned with the highlight density on said
density scale; .

c. reading the yellow flash exposure as % BFE at the
intersection of an axis extending substantially
parallel to said axis of ordinates and aligned with a
point on said density scale of a value higher than
said midpoint density by an amount substantially
equal to the difference in densities between said
highlight and midpoint densities, with the % BFE
curve, or with a point substantially representative
of 0 percent dot area on one of said family of
%BFE density curves; and

d. reading the yellow main exposure on the units of
exposure scale at a point thereon intersecting an
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axis extending substantially parallel to said axis of
ordinates and passing through a percent dot area
point on said density curve which substantially
corresponds to the desired magenta midpoint for
tone reproduction and gray balance.

65. The method of claim 64, wherein the percent dot
area value on said basic density curve intersecting said
axis extending substantially parallel to said axis of or-
dinates is about 50 percent.

66. The method of claim 89, including the further
step of calculating halftone exposures comprising:

a. positioning said units of exposure scale so that the
exposure index for the set-up is aligned with the
1.0 value on said density curve;

. positioning said orthogonal coordinates so that the
highlight end of said basic density curve is substan-
tially aligned with the highlight density on said
density scale;

c. reading the flash exposure as % BFE at the inter-
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section of an axis extending substantially parallel -

to said axis of ordinates and aligned with a point on
said density scale of a value higher than said mid-
point density by an amount substantially equal to
the difference in densities between said highlight
and midpoint densities, with the % BFE curve or
with a point substantially representative of 0 per-
cent dot area on one of said family of % BFE densi-
ty curves; and

d. reading the main exposure on the units of expo-

sure scale at a point thereon intersecting an axis
extending substantially parallel to said axis of or-
dinates and passing through a percent dot area
point on said density curve which:substantially
corresponds to the desired midpoint for tone
reproduction and/or gray balance.

67. The method of claim 89, wherein said calibration
step further includes applying a percent bump scale to
said orthogonal coordinates along an axis extending
parallel to the axis of ordinates thereof, the value of
percent bump on each point of said percent bump scale
being determined from the intersection of an axis ex-
tending substantially parallel to the axis of ordinates of
said orthogonal coordinates and passing through the
point on said basic density curve corresponding to the
maximum printable dot, with each of a family of plots
of percent dot area versus density of original on said
orthogonal coordinates, each of the plots in said family
being representative of a main exposure plus a percent
bump exposure of predetermined value, the predeter-
mined value associated with each intersecting curve of
said family determining the value on said percent bump
scale.

68. The method of claim 67, and including the
further step of calculating cyan exposures comprising:

a. positioning said units of exposure scale so that the

cyan exposure index is aligned with the 1.0 value
on said density scale;

. positioning said orthogonal coordinates so that the
point substantially representative of the highlight
end thereof is aligned with the highlight density on
said density scale;

. repositioning said orthogonal coordinates so that
the percent dot area point on the selected one of
said %BFE density curves associated with the %
BFE for magenta or yellow which substantially
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corresponds to the desired cyan midpoint for tone
reproduction and gray balance is aligned with an
axis extending substantially parallel to said axis of
ordinates and passing through the percent dot area
point on said said selected one of said % BFE den-
sity curves which substantially correspond to the
desired magenta or yellow midpoint for tone

-reproduction and gray ~ balance when said
orthogonal coordinates were first positioned;

. reading the cyan main exposure at the intersection
of said units of exposure scale and an axis extend-
ing substantially parallel to said axis of ordinates
and passing through a point on said basic density
curve substantially representative of 50 percent
dot area;

e. reading the cyan bump exposure as the percent
bump on said percent bump scale at the intersec-
tion of an axis extending parallel to said axis of or-
dinates and passing through the highlight density
on said density scale, with said basic density curve;
and

f. reading the cyan flash exposure as % BFE at the in-
tersection of an axis extending substantially paral-
lel to said axis of ordinates and passing through a
point on said density scale of a value higher than
the midpoint density by an amount equal to the
difference between said midpoint density and the
highlight density less a number of density units
selected for tone reproduction gray balance, with
either said % BFE curve or the 0 percent dot area
point on one of said family of % BFE density
curves. , .

69. The method of claim 68, wherein the number of

density units less than the difference between said mid-

point and highlight densities is about 0.05.

70. The method of claim 68, wherein the percent dot

area point on said selected % BFE density curve sub-

stantially corresponding to the desired magenta or yel-

‘low midpoint is about 50 percent.

71. The method of claim 70, wherein the percent dot
area point on said selected % BFE density curve sub-
stantially corresponding to the desired cyan midpoint is
about 37.5 percent.

72. The method of claim 68, and including the
further step of reading cyan UCR exposure at the inter-
section of an axis extending substantially parallel to
said axis of ordinates and passing through a point on
said density scale of a value higher than said midpoint
density by an amount equal to the difference between
said midpoint density and said highlight density, with
the abscissa on said orthogonal coordinates equal to
the K (black) flash exposure in % BFE minus 12.5 per-
cent, as the % BFE associated with the one of said fami-
ly of % BFE curves passing through said intersection.

73. The method of claim 67, and including the
further step of calculating halftone exposures for a
second color correlated to a first color comprising:

a. positioning said units of exposure scale so that the
second color exposure index is aligned with the 1.0
value on said density scale;

b. positioning said orthogonal coordinates so that the
point substantially representative of the highlight
end thereof is aligned with the highlight density on
said density scale;
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¢. repositioning said orthogonal coordinates so that
the percent dot area point on the selected one of
said % BFE density curves associated with the %
BFE for said first color which substantially cor-
responds to the desired second color midpoint for
tone reproduction and/or gray balance is aligned
with an axis extending substantially parallel to said
axis of ordinates and passing through the percent
dot area point on said selected one of said % BFE
density curves which substantially corresponds to
the desired first color midpoint for tone reproduc-
tion and/or gray balance when said orthogonal
coordinates were first positioned;

d. reading the second color main exposure at the in-
tersection of said units of exposure scale and an
axis extending substantially parallel to said axis of
ordinates and passing through a point on said basic
density curve substantially representative of 50
percent dot area,;

e. reading the second color bump exposure as the
percent bump on said percent bump scale at the

. intersection of an axis extending parallel to said
- axis of ordinates and passing through the highlight
density on said density scale, with said basic densi-
ty curve; and

f. reading the second color flash exposure as % BFE
at the intersection of an axis extending substan-

. tially parallel to said axis of ordinates and passing

_ through a point on said density scale of a value
higher than the midpoint density by an amount
equal to the difference between said midpoint den-
sity and the highlight density less a number of den-
sity units selected for tone reproduction and/or
gray balance, with either said % BFE curve or the
0 percent dot area point on one of said family of %
BFE density curves, as % BFE.
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74. The method of claim §9, including the further

step of calculating K (black) exposures comprising:

a. positioning said units of exposure scale so that the
K (black) exposure index is aligned with the 1.0
value on said density scale;

b. positioning said orthogonal coordinates so that the
highlight end of said basic density curve is substan-
tially aligned with a point on said density scale of a
value above the highlight density by an amount
equal to about three-fourths of the difference
between the midpoint density and said highlight
density;

c. reading the K (black) main exposure on said units
of exposure scale at its intersection with an axis ex-
tending substantially parallel to said axis of or-
dinates and intersecting a percent dot area point
on said basic density scale which substantially cor-
responds to the desired K (black) midpoint for
tone reproduction and gray balance; and

d. reading the K (black) flash exposure at the inter-
section of an axis extending substantially parallel
to said axis of ordinates and passing through a
point on said density scale of a value above said
midpoint density by an amount equal to the dif-
ference between said midpoint density and said
highlight density, with about the 20 percent dot
area abscissa on said orthogonal coordinates, as
the % BFE associated with one of said family of %

BFE density curves crossing said intersection.
75. The method of claim 74, wherein the percent dot

area point on said basic density curve corresponding to
the K (black) midpoint is about 50 percent.

76. The method of claim 59, including the further

step of forming said units of exposure scale as a propor-
tion of a standard units of exposure scale, said propor-
tion being equal to the reciprocity factor of said set-up.
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