
DESKTOP COLOUR SEPARATION PRODUCTION USING POSTSCRIPT 

Ross J. McLachlan and J. Ronald Eyton 

Desktop publishing technology is providing cartographers with a new set of digital tools for map 
production. The graphic capabilities of page description languages (PDLs) such as PostScript are 
ideally suited for the cartographic production process. This process includes digital halftone production 
which differs considerably from conventional photographic halftone production. A classed choropleth 
map of median household income for the city of Edmonton is used to demonstrate the process of 
generating separation negatives using the halftoning capabilities of the PostScript language. 

INTRODUCTION 
The printing, graphic arts, and publishing industries are 

using digital processing techniques as a substitute {or tradi
tional photographic methods of production. These digital 
techniques are now being employed by small production 
shops through the use of powerful, inexpensive desktop 
publishing systems (available only within the last few 
years) that can electronically compose and print documents. 
(Dunn and Gantz, 1986; Goodstein, 1987). Desktop pub
lishing not only offers a new set of computing tools for 
printing but an alternative approach for map compilation 
and production. 

Cartographers are presently adopting desktop publish
ing technology for the production of small format colour 
and monochrome maps (Allsopp, 1990; Mattson, 1989). 
While a number of commercially available software pack
ages are being employed for map production, the 
cartographer can bypass applications software and program 
graphic output directly. This paper looks at how the tradi
tional photographic darkroom techniques can be duplicated 
through bypassing applications software. The specific ob
jective involved in this paper is to examine the methods for 
generating digital colour separation images produced using 
a popular desktop publishing graphics language. For those 
interested in pursuing this approach, Smith (1990) is a very 
good introduction to the language for beginners and Roth 
(1988) provides an excellent section on halftoning and 
colour separations. 

DESKTOP PUBLISHING 
Desktop publishing technology enables a user to elec

tronically accomplish the tasks associated with publishing 
such as set and edit text, create illustrations, paste up 
photographic images, and lay out and print a document 
Desktop publishing is a relatively new technology with 
origins that can be traced back several years but it is a 
specific combination of hardware and software develop
ment which initiated the "desktop publishing revolution" of 
the mid-1980s. The marketing of inexpensive laser printers 
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coupled with the expanding availability of microcomputers 
provided the required hardware while the development of 
high level programming languages, called page description 
languages (PDLs), provided the necessary software. The 
result of this merger was a system which allowed the user 
to electronically compose text and graphics in a timely and 
cost effective operation. The personal computer acts as a 
platform or driver for a desktop publishing system, but it is 
the page description language and its capability to describe 
images for the laser printer that determines the type of 
graphic, and in part, the quality of the graphic produced 
(Seybold, 1987; Ayers, 1987). 

Laser printers have been in use for several years but 
only recently have smalltt, inexpensive table-top models 
been· available. The basic operating principle of a laser 
printer is based on the design of electrographic copying 
machines (photocopiers). A laser printer creates an image 
on a page by transferring toner (dry ink) to selected areas 
on the page. A concentrated beam of laser light selectively 
removes an electrical charge from a specially treated drum; 
this drum attracts toner to the charged areas and the drum 
then comes into contact with the paper to transfer the toner 
onto the page (Stockford, 1987). 

The development of the PostScript PDL (simply re
ferred to as PostScript) dates back to the mid 1970s; 
however, the first full scale implementation of the language 
began with the production of the Apple LaserWriter in 1985. 
PostScript code can describe text, lines, and halftones. The 
necessary code can be generated from commercial drawing 
software packages (e.g. lliustratoc, CorelDraw, Freehand) 
or written directly by a programmer (Rosenthal, 1987). The 
composition of a page is described in a two-dimensional 
plane using an X, Y Cartesian coordinate system and the 
language " has been designed specifically to communicate 
a description of a presentable document from a computer 
based composition system to a raster-output printing sys
tem" (Holzgang, 1987). 

Several aspects of PostScript make it attractive for 
cartographic production. The langauge has the ability to 
easily manipulate vector graphics and halftones together. 
Also, PostScript can easily output images which are in a 
grid form making it an ideal language forraster cartographic 
production and for the output of maps derived from other 
gridded geographic data bases such as digital elevation 
models or satellite images. PostScript is a device inde
pendent language which means it can be employed with a 
variety of laser printers. For example, the code sent to a 300 
dpi laser printer can, without alteration, be sent to a 600 dpi 
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laser printer and will produce the same image but at twice 
the resolution. 

The key to PostScript use, and device independence, is 
the PostScript interpreter, only laser printers which have a 
resident PostScript interpreter or add-on PostScript car
tridge can print the graphics described by PostScript code. 
PostScript code is delivered to the laser printer through a 
driver such as a personal computer. The code is sent to the 
interpreter which deciphers the instructions for creating a 
printed page. This deciphered information is turned into a 
bit-map which is reproduced by the laser printer engine. The 
bit-map describes which dots on the page are to be "turned 
on" or printed Whether the dots which are printed become 
a line, a character, or a halftone image, is not distinguished 
by the laser printer. The creation of any image can be 
thought of as being reduced to decisions for either printing 
a dot or not printing a dot. 

PHOTOGRAPIDC PRODUCTION CAR
TOGRAPHY 

The traditional methods of colour map production are 
well understood (Brannon, 1986; Keates, 1989) and involve 
a variety of mechanical and photomechanical techniques. 
The result is a set of four colour separation negatives. While 
the end result of four separation negatives is also achieved 
in digital map production, the method for producing 
halftoned negatives is considerably different. A brief de
scription of photographic halftoning is useful before 
evaluating digital halftoning. 

A photographic halftone consists of grey levels created 
by a pattern of black dots of varying size measured as a 
screen frequency in lines per inch or lines per centimetre. 
No actual grey exists in a halftone image but because the 
pattern of dots is very fine and closely spaced, the eye 
blends the dots together to create the illusion of a continuous 
tone. VJrtually all commercial printing processes are only 
able to set down a solid dot of ink and must employ 
halftones to reproduce continuous tone images. For colour 
production, the halftone dots determine the amount of each 
process colour that will be reproduced. 

DIGITAL PRODUCTION 
The production of digital (computer) halftones in

volves concepts and procedures considerably different from 
the procedures for generating photographic halftones. The 
smallest addressable point on a laser printer is fixed, unlike 
a photographic halftone dot. The variability in size of a 
photographic halftone dot can be simulated by clusters of 
dots that are grouped together and treated as a single point 
This cluster of dots is called a plotting cell. Figure 1 shows 
a matrix of four dots grouped together to form a 2x2 plotting 
cell. A solid black is created (Figure la) when all four 
individual dots are printed, a grey is created (Figure lb) 
when two of the dots are printed, when no dots are printed 
white is created (Figure le). This group of dots (plotting 
cell) emulates a· photographic halftone in which black, 
white, and three grey level values are possible. Digital 
halftoning using PostScript has three major controls: 1 - the 
size of the plotting cell, 2 - the resolution of the laser printer, 
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A) BLACK (four dots printed) 

8) GREY (1wo dots printed) 

C) WHITE (no dots printed) 

Fig 1. A 2x2 plotting ceU 

and 3 - the rotation of the halftone screen. A photographic 
halftone dot is produced in an infinite number of sizes and 
can therefore represent an infinite number of grey levels; 
conversely, a digital plotting cell has a finite size and can 
only represent a finite number of grey levels. The number 
of available grey levels, including white and black, is equal 
to the number of dots in the plotting cell plus one: 

number of grey levels = number of dots in the plotting 
cell+ I 
For example, the 2x2 plotting cell shown in Figure 1 

can reproduce five levels of grey- (2 x 2) + 1 = 5, as 
illustrated in Table 1. The more pixels in a plotting cell, the 
greater number of available grey levels (Adobe, 1986). 

TABLE 1. Grey Levels for a 2x2 Plotting Cell 
Number Percent 
ofDots Grey 
4 100 % (black) 
3 75% (grey) 
2 50% (grey) 
1 25% (grey) 
0 0% (white) 

The resolution of the laser printer, defined as the num
ber of dots which can be printed for a given linear measure 
(usually dots per inch), restricts the capabilities of Post
Script by placing a limit on the size of a usable plotting cell. 
The screen frequency, or resolution, measured in lines per 
inch (lpi), of a grey-scale image can be determined by 
dividing the resolution of the laser printer by the number of 
dots along one row of the plotting cell (width of the plotting 
cell): 

screen resolution = laser printer resolution I plotting 
cell width 
The larger the plotting cell, the lower the screen reso

lution. A 2x2 plotting cell printed on a 300 dpi laser printer 

SUC BULLETIN Vol26 No 1 



yields a screen resolution of 150 lpi and can only display 
five levels of grey; obviously the five levels of grey are not 
adequate for quality graphic production. The ~~-off be
tween plotting cell size and the screen resolution IS shown 
in Table 2 (Schreiber, 1986; Bortman, 1986). 

TABLE 2. Selected Plotting Cells and Corresponding 
Screen Frequencies for 300 dpi Laser Printer. 
Plotting Cell Screen No. of 
Cell Size* Width Frequency • Grey Levels 
2x2 2 30012=150 lpi 5 
3x3 3 300/3=100 lpi 10 
4x4 4 300/4=75 lpi 17 
5x5 5 300/5=60 lpi 26 
6x6 6 300/6=50 lpi 37 
*Assumes Square Plotting Cell 
• Screen FreqUJmcy = Laser Printer FreqUI!ncy!Plotting Cell 
Wulth 

Screen rotation is accomplished easily with PostScript, 
however, changing the screen angle will effect both the size 
of the plotting cell and the screen frequency. A frequency 
setting of 60° and an angle setting of 0 yields a 5x5 plotting 
cell (25 pixels) on a 300 dpi laser printer, whereas, a 
frequency setting of 60 with an angle setting of 45° will 
result in an actual frequency of 53 with 32 pixels in the 
plotting cell. Screen rotation alters the size of the plotting 
cell because the cell is rotated and is no longer square; this 
change in cell size, in tilm, alters the screen frequency 
(Bortman, 1986). It is not possible to set every screen angle 
with PostScript because small changes in rotation cannot be 
accommodated by the plotting cell; when a plotting cell is 
rotated it must contain a certain proportion of a dot in order 
for that dot to be included in the plotting cell. For example, 
a screen rotation setting of 2 will default to 0. Table 3 
demonstrates the changes in screen frequency and screen 
angle for conventional halftone screen rotations used in 
colour printing. Presently, for high resolution oulput, a 
work-around solution is available (see Mattson, 1989). The 
limits to screen rotation are to be addressed by the release 
of PostScript 2 (an updated version of PostScript) which 
will accommodate screen rotations of 0.05 on high resolu
tion oulput devices (Cavuoto, 1991). 

TABLE 3. Changes in PostScript Screen Angle and 
Screen Frequency for Rotations (assuming a 60 lpi fre
quency setting). 
Conventional Plotting Actual Approximate 
Halftone Screen Cell Size Screen Screen 
Rotation* Frequency Angle* 
45 (45) 32 53 45 (45) 
75 (15) 26 59 79 (11) 
90 (0) 25 60 90 (0) 
105 (175) 26 59 101 (169) 
* The equivalent Post&ript angle is shown in parentheses. The 
Postscript coordinate system assumes 0 degrees is at the conv~n
tional90 degree compass position. Post&ript angles ofrotatwn 
are me.asured as positive or negative increments from 0 degrees 
such that -180 and +180 are the same rotation. 
SOURCE: ModifledfromBortman, 1986. 

DATA PROCESSING 
Median incomes for private households obtained for 

the city of Edmonton from the 1981 census (part of the 20% 
census sample) were classed into five categories for display 
as a choropleth map. The median household income data 
ranged from $11,021 to $54,526 with a mean of $25,796 
and a standard deviation of $7 ,302.9. The city is comprised 
of 125 census tracts but median income data was reported 
for only 112 tracts. The 13 tracts not reporting median 
household income were located in industrial or light indus
trial areas and/or areas on the edge of the urban built -up land 
and contained too few people to construct a valid statistic. 

The 1981 census tract map for the city of Edmonton 
(Statistics Canada, 1982) was digitized on an Intergraph 
Interact Colour Worlcstation and the census tract polygons 
were generated using lntergraph's Graphic Polygon Proc
essing Utilities (GPPU) software. This polygon file 
generated by the GPPU software was reformatted to create 
an Edmonton vector data set consisting of 125 sets of points 
and polygon labels. This approach to digitizing polygons 
contrasts the Desktop publishing approach of scanning an 
original map as would be done in commercial drawing 
packages. The vector data was then classified by examining 
each polygonal label and assigning a value corresponding 
to one of six categories (Table 4). 

TABLE 4. Classification Table with Corresponding Colour Assignments. 
---------------- Percent Process Colour* ----------

Median Income Class Number Cyan Magenta Yellow Black 
Range (dollars) 
10,000- 19,999 1 0 0 100 0 

(1) (1) (0) (1) 
20,000 - 24,999 2 0 20 100 0 

(1) (0.8) (0) (1) 
25,000- 29,999 3 0 50 100 0 

(1) (0.4) (0) (1) 
30;000- 34,999 4 10 100 0 0 

(0.9) (0) (0) (1) 
35,000 - 55,000 5 50 100 0 0 

(0.5) (0) (0) (0) 
Primaril 6 0 0 0 20 
Nonresidential (1) (1) (1) (0.8) 
* The Post&ript setgray value is shown in parentheses. 
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TABLE 5. Partial listing of the Black Colour Separation 
PostScript File. 

% 1981 Edmonton data set ----Cyan Sepamtion---
% 
% Portions of the polygon drawing and coordinate setup 
%code modified 
% from University of Alberta MrS Integrated Graphics 
%program. 
% 
% This file is set up for 300 dpi paper positive output 
% 
/OF .{sa1~e 40} 100 translate 6.5 6.5 scale 0 setlinejoin 4 
setmiter IDlit bind def 
% 
/DP ( counttomark /npts exch def newpath opts -2 roll 
moveto 
npts 2 gt (npts 2 div 1 sub /count exch def 11 count 
(pop npts 2 sub /opts exch def opts -2 rolllineto} for 
closepath pop /color exch def gsave color setgray fill grestor 
stroke 1 setgray} if} def 
% 
.1 setlinewidth OF 
% 
/freq 60def 
/angle 0 def /newspot ( dup mul exch dup mul add 1 exch 
sutiJ def 
/SetUpScreen 
( freq angle /newspot load setscreen} def 
SetUpScreen 
% 
0 
mark 
32.TI120.347 %-- 1--
32.757 22.831 
34.954 22.640 
36.583 22.575 
36.599 19.809 
33.862 20.354 
32.TI1 20.347 
DP 
.50 
mark 
32.757 22.831 %-- 2 --
32.754 23.418 
32.450 23.937 
32.428 24.746 
36.570 24.753 
36.583 22.575 
34.954 22.640 
32.757 22.831 
DP 

The outlines of the census tract polygons were defined 
by the PostScript lineto operator which plots a path from 
one X, Y location to another. A series of paths define a 
polygon that can be "shaded in" with a peiCentage of grey 
by means of the PostScript rill operaur. The grey level used 
by the rill operator is specified by the setgray operator; a 
percentage of grey is specified as a value between zero and 
one: 0.0=100% (black), 0.5=50% (grey), 1.0=0% (white). 
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Figure· 2 illustrates the filling of a simple polygon. 
Table 4 shows the peiCentages of process colour assigned 
to each polygon on the census tract map. 

PostScript Code: 

300 250 moveto 
300 275 lineto 
375 300 lineto 
400 275 lineto 
260 250 lineto 
340 260 lineto 
closepath 
.5 setgray 
fill 

Result: 

Fig 2. Sample Postscript code describing and filling a 
simple polygon. 

Table 5 shows part of the PostScript code used to 
generate the cyan vector separations; the coordinates for 
two complete polygons are included. The "/DP" procedure 
effects the drawing and filling of a polygon; a complete 
polygon description has a setgray value, the mark operator, 
a series of X, Y coordinates defining the polygon, and the 
"DP" procedure. Polygon #I has a setgray value of 0 fol
lowed by "mark" which indicates the start of the list of X, 
Y coordinates (in this case seven sets) and "DP" invokes the 
procedure to draw and fill the polygon. The code also allows 
for screen frequency and angle to be set with the "/freq" and 
"/angle" procedures respectively. The "/OF' procedure lo
cates and scales the image on the output page. Each colour 
in the colour palette is represented by four values (ranging 
from 0.0 to 1.0) interpreted by the setgray operator; these 
values define the peiCeDtage of any one process colour for 
a specific polygon. Assigning colours to the classed vector 
data results in the generation of four colour separation files; 
each of these fdes has identical sets of coordinates defining 
the outlines of the polygons but has different setgray values 
assigned to the polygons. 

TEXT, LINE, AND SYMBOL PLACEMENT 
The shape of any PostScript font is stored as a set of 

mathematical curve fitting equations. Storing fonts as a set 
of equations allows for text to be sized, scaled, rotated, filled 
with grey, and avoids the consttaints of conventional font 
representati,on, whereas, a separate set of bit-maps must be 
stored for different type sizes and type styles (Cavuoto, 
1985). The TIDles Roman typeface was used for the Edmon
ton income map; the type size ranged from 5 point to 20 
point (1 inch=72 points, 12 cm=28.4 points). Table 6a 
shows how text was placed for the map tide (see figure 4). 
The first line of code defines the type style (Times Roman); 
the second line establishes the type size (16 points) and the 
third line indicates the location for placing the text. All 
locations are given as Cartesian coordinates measured in 
points from the bottom left corner of the page. The fomth 
line is the text string (in parentheses) that is to be placed on 
the page; similar PostScript code was used to place all text 
appearing on the map. 
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TABLE 6. Partial PostScript Code Listings for Text and 
Line Element Placement. 
a /fimes-Roman findfont 

16 scalefont setfont 
311 490 moveto 
(DISTRIBUTION OF) show 
286475 moveto 
(EDMONTON INCOME, 1981) 
show 

b. 1 setlinewidth 
55 136 moveto 
494 136 lineto 
494 545 lineto 
55 545 lineto 
close path 
stroke 

Rendering of the map neatline, north arrow, and scale 
was accomplished with the PostScript line drawing facility 
illustrated by the code used to create the neatline (Table 6b ). 
The first instruction (line 1) sets a one point line width, the 
second instruction establishes the starting point of the 
neatline at the position 55 points in the X direction and 136 
points in the Y direction from the bottom left corner of the 
page. The X, Y coordinates (lines 3, 4, and 5) defme the 

~~ 
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locus of the line and the sixth line of code closes the 
polygon; the last instruction causes the neatline to be 
printed. 

The text and lines are printed in black, therefore, the 
code describing these features was added to the black 
separation ftle. The polygon data is described first, and then 
the text and lines are placed on the page; this ensures the 
elements will appear on the final printed page because the 
last feature at a given location described by Postscript will 
show up completely, blocking out any other graphics laid 
down at the same position. 

COLOUR SEPARATIONS AND PROOFING 
The colour separations for the Edmonton Income map 

were generated at 300 dpi and at 1270 dpi. The 300 dpi 
separation ftles were downloadedfrom a Mac Plus to a NEC 
LC-890 Silentwriter LED printer (the NEC LC-890 uses 
light emitting diodes instead of a laser to effect the printing 
process but the results are the same); four black and white 
positives were generated for the map (figure 3). The paper 
positives were photographed (lx) onto high contrast litho
graphic film to create negatives which were then used to 
make colour proofs with 3M Color Key. The black vector 
separation was about 53 kilobytes in size and took about 45 
seconds to download and print (figure 4). 

• 
11\\1 

• • 

Fig 3. The Colour separation positives reduced in size at 300 dpi (top left: cyan, top right: magenta, bottom left: 
yeUow, bottom right: black without text or symbols). 
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SOURCE: Statistics Canada, 1981. 

DISTRIBUTION OF 
EDMONTON INCOME, 1981 

Median Household 
Income (dollars) 

D 1o.ooo- 19,999 

D 2o.ooo- 24,999 

D 25,ooo- 29,999 

D 3o,ooo- 34,999 

H!m:!:!m!:::l 35,ooo- 55,ooo 

:mm:M Primarily Nonresidential 

4 

KUomo~an 

Fig 4. The 300 dpi black colour separation (positive) at size. 

The set of files used in generating the 1270 dpi map 
were identical to the files used to create the 300 dpi map 
except for a change in the screen frequency setting. The 300 
dpi separations have a 60 lpi screen and 1270 dpi separa
tions have the recommended PostScript screen frequencies 
varying from 120 lpi to 133lpi (Matheson, 1990). The 1270 
dpi images were printed directly on lithographic film by a 
Linotronic L300 laser printer which can operate at 640 dpi, 
1270 dpi, and 2540 dpi and can accommodate the increase 
in frequency from 60 lpi to 127 lpi. Neither of the colour 
proofs are shown in this article. 

MAP EVALUATION 
The quality of the 300 dpi map is in part controlled by 

the halftone dots which when printed on paper tend to 
spread and are much less crisp than the dots printed directly 
on film. The quality of the image at 300 dpi is further 
degraded by the use of an intermediate photographic step 
to produce negatives. The deposition of toner on a page 
tends to be inconsistent; there are light and dark streaks 
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across the page, and solid black areas are not totally opaque. 
The high resolution film output from the Linotronic exhibits 
some streaking but is superior to the 300 dpi paper output 
Printing at 1270 dpi yields better halftone images but re
quires access to a high resolution PostScript compatible 
printer and is more costly than photographing black and 
white paper positives. The 300 dpi resolution is acceptable 
quality for research analysis or teaching where the image 
quality is not paramount. 

There is a change in the appearance of the colours from 
the 300 dpi images to the 1270 dpi images. The 300 dpi map 
employs 5x5 plotting cells while the 1270 dpi map uses 
lOxlO plotting cells; each dot printed at 1270 dpi (in a 
particular plotting cell) represents 1% grey (100/100=1%) 
whereas in the 300 dpi plotting cell, one dot represents 4% 
grey (25/100=4%). This difference in plotting cell size 
allows for a more accurate rendition of subtle colours and 
explains why the colour takes on a lighter and softer appear
ance at high reselution. This change in the appearance of 
the colours (from low resolution to the high resolution) 
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indicates that using the 300 dpi output as a proof for the 
1270 dpi output is not practical; proofing must be done at 
the same resolution as the final map product. 
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