Color Control
Introduction
Color is what we use to make a document come to life.   With modern printers there is virtually no limit to what can be done with color.  PSL provides a simple interface for generating and making use of color for both text and graphics.  

This document contains numerous short program fragments as examples.  They appear in bold face courier font.  As you read the document, feel free to copy/paste the examples into the PSL editor and try them out.

Colors as Data
PSL can work with numerous forms of data, from simple numbers and text to database tables.  As far as a PSL program is concerned, color is just another form of data, as much subject to program manipulation and variable data control as any other form of data.  For instance, if "x" is a number, the meaning of this fragment of PSL seems clear enough:
{

  if x = 1

    newPage

}

Translated into English this just says "If the value of x is one, start a new page".  In PSL, "x" can just as well be a color, that is:
{

  if x = red

    newPage

}

What is perhaps more interesting is that since color is data, it can be read from merge files or any other data source.  In other words, we can select or modify colors in a document based on variable data.

Color Types
If we examine a color photograph closely enough it becomes evident that the colors we see are in fact a sort of illusion.  What is really on the paper is, of course, just a pattern of tiny dots in three or four basic colors.  When we "zoom out" far enough from the pattern the dots become too small to see and the eye combines them into colors according to the relative size or intensity of the colored dots.  There are lots of ways this can be done, depending on the print or display medium and number of basic colors available, PSL makes use of the three most common methods.  These are known as RGB, CMYK and HIS color models.
RGB Colors
The most common representation of colors on a computer is based on the way colors are generated on a color screen.  Color monitors use a pattern of three dots in Red, Green and Blue, and vary the intensity of these to provide the perception of color.  RGB color values may be created in PSL using the "newColor" command.  The arguments of the command are just the intensities of the three colored dots, expressed as values from zero to one, where one is full brightness.

CMYK Colors

Colored dots laid down with ink on paper do not combine to the same perceived colors as glowing dots on a screen.  Printed colors are obtained by the use of dots in four colors, with the “intensity” controlled by the relative size of the dots.  The standard ink colors are Cyan, Magenta, Yellow and Black.  If a PDF file is generated using RBG colors the print “rip” software will normally convert the colors to CMYK.  However, if exact color matching is a concern, it is best to use CMYK directly when generating the document.  PDF can handle many color “models”, including CMYK.  PSL also “understands” CMYK color values. These may be created using the “newCMYKColor” command and used in the same way as RGB colors.  The arguments of this command represent the relative areas of the four colored dots, again on a scale of zero to one.
HSL Colors

A third way of specifying a color is based on the way the eye perceives it.  This method does not directly relate to physical colored dots of any kind.  Instead it uses a standard “color wheel”.  Any particular color is specified by three values: “hue”, “saturation” and “luminosity”.  The “hue” is the angle in degrees around the wheel at which the desired color is to be found.  The colors proceed continuously through the spectrum, from red at 0 degrees towards violet near 300 degrees, then through purple and back to red at 360 degrees.  The “luminosity” value controls the brightness of the color while “saturation” controls the amount color.  For example, a hue of 0 degrees with full luminosity and saturation is a bright red color.  The same hue with reduced luminosity “fades” towards pink, while with full luminosity and reduced saturation it changes towards a bright, reddish brown.  The PSL standard library “stdlib.psm” contains a command “newHSLColor” which generates RGB colors based on this model.
Because HSL colors are based on human perception rather than any particular rendering technique, they have the advantage that they tend to be much more intuitive than RGB or CMYK colors.  That is, given some color that is “close” to one that is desired, it usually is much easier to determine what adjustments to make in order to obtain a good match.  This can be much more difficult in the “dot” based systems, particularly in the case of CMYK colors.
Color Selection
The simplest functions used for creating data items of type “color” are:

	Command
	Descripttion

	newColor r,g,b
	Creates a new RGB color with the specified components

	newCMYKColor c,m,y,k
	Creates a new CMYK color with the specified components

	newHSLColor hue,lum,sat
	Creates a new RGB color based on the specified “hue”, “lum”inosity and “sat”uration values. (see pslLibs.pdf under “stdlib”)


A color may be selected using a color value created by one of these commands.  The color selection commands are used to specify the color to the used in various operations:

	Command
	Description

	setColor color
	Sets the current “ink” color to the specified value.  The color will be used for both text and graphic operations.

	setFillColor color
	Sets the current color to be used in filling closed graphic figures when in graphic color fill mode.  (ink color is used for solid fill mode)

	setTextFillColor color
	Sets the current color to use in filling text characters when in text color fill mode.

	setBackground color
	Sets the color of the “paper” on which the output is drawn.


For example, if we want to print text in blue:

{
  brightBlue = newColor 0,0,1
  setColor brightBlue
}
This is blue
The variable “brightBlue” is just a “middle man”, we don’t really need it.  Instead, we can just replace the argument of the setColor command with the command that creates the color:

{setColor newColor 0,0,1}This is blue

{setColor newCMYKColor 1,0,0,0.3}This is cyan with a touch of black.  

Color Definition Files
It is somewhat inconvenient to specify colors in terms of sets of numbers.  The PSL define directive may be used to define names for colors:

{

  define fadedBlue newColor 0,0,0.5
  setColor fadedBlue

}

this is faded blue

The file “stddefs.pin”, which is automatically included in all PSL programs, contains a small set of these definitions for a few standard colors:

	Color Type
	Predefined Names

	RGB
	red, green, blue, yellow, black, white, cyan, white

	CMYK
	cBlack, cBlue, cGreen, cCyan, cRed, cMagenta, cYellow, cWhite


Using these we can write something a little more comprehensible:

{setColor cyan}This is RBG cyan

{setColor cCyan}This is the CMYK version of that color

It is interesting to note that the name “cyan” refers to very different colors in the two systems.

A wider variety of predefined RBG color names is provided in the file “colors.pin”, which is part of

the PSL package.  The file is to be found in “program files\psl\include” along with “stddefs.pin”.  It is worth taking a look at both.

{

  include "colors.pin"
  setColor gold

  setFontSize 50

  print "GOLD, "
  setColor royalBlue

  print "BLUE, "
  setColor darkSeaGreen

  print "GREEN"
}
If color matching is important for a particular application or customer, the best approach is to find the appropriate color values empirically and then construct your own color definition file for that application.  The resulting application dependent file can be saved with the application and then reused later for further, similar applications.

Pantone Colors

There is a set of numbered colors used as a standard for color printing, known as the Pantone colors.  PSL comes with two additional color definition files which provide both RGB and CMYK values for this color set.  The files are “cmykPantone.pin” and “rgbPantone.pin”, both may be found in the “program files\psl\include” directory.  The names of the colors are derived from the pantone numbers.  For the CMYK set the names are “cmykPantone” followed by the number, for RGB, “rgbPantone” is used.  For example, to set the current color to pantone number 356 (a dark green shade) use one of “cmykPantone356” or “rgbPantone256”.  The one exception to this naming convention is a standard black which is named “cmykPantoneBlack” or “rgbPantoneBlack”. .  There are just over a thousand Pantone colors defined in each of these files.  
It should be noted that the perceived shades obtained using the pantone color values are highly dependent on the medium on which they are displayed.  The same CMYK color will look different depending on the printer, ink or toner, and even the texture of the paper.  If the colors are displayed on a monitor it is preferable to use the RGB set since the color displayed for CMYK values is the result of an internal automatic conversion to RGB performed by the PDF viewer.  Indeed, if you do a “side by side” comparison of the colors displayed by a PDF viewer for the CMYK and RGB versions of the same pantone color on your monitor they are liable look quite different.  Similarly, printed output of the RGB values will be the result of translation from RGB to CMYK by the printer “rip” software.  For example, view the result of this script on a monitor and then as printed output:
{

  include "cmykPantone.pin"
  include "rgbPantone.pin"
  gPosition 1,1

  setFillMode solidFill

  setColor cmykPantone356

  rectangle 1,0.5

  gRight 1

  setColor rgbPantone356

  rectangle 1,0.5

}

NOTE:

For reasons mentioned above, the values in the two Pantone color definition files should be used as a starting point for applications requiring Pantone matching, rather than an absolute standard.  Reliable matching can ONLY be done using the output on the actual printer.
Color Charts
Finally, for defining general colors, one can use a color chart to obtain the desired RGB, CMYK or HIS color values.  PSL programs to generate color charts for all three systems are provided in the “program files\psl\examples” directory.  The files are “rgbChart.psl”, “cmykChart.psl” and “hisChart.psl”.  Run these programs and examine the resulting PDF files.  It is useful to keep a copy of each chart handy for color selection and matching.

NOTE:

Colors always look different on different monitors, never attempt critical color matching using a monitor unless it is calibrated for the purpose.  Print the color charts on the target printer and match with those.
Color Modification

PSL provides three commands that will produce lighter, darker or “faded” versions of existing color values:

	Command
	Description

	newDarkerColor color, fraction
	Creates a new color of the same type as “color” that is darker by the specified “fraction”.

	newLighterColor color, fraction
	Creates a new color of the same type as “color” that is lighter by the specified “fraction”.

	setColorIntensity fraction
	Sets the intensity of color output, including black.  The fraction must be in the range zero to one.


For example, to get a color that is 20% darker then red:

{setColor red}Regular red {setColor newDarkerColor red, 0.2}20% DARKER
The intensity may be used to “fade” colors:

Here is some black text {setColorIntensity 0.5}this is faded

{setColor blue}the color doesn’t matter

{setColorIntensity 0.1}fading away

PSL also provides a set of functions allow access to the various component values in colors, so programs can be written to perform any arbitrary modifications required if you don’t mind getting into the “nitty gritty” details of color components.  (see the reference manual under functions greenIn etc.)
Which Color Was That?

There are four color values that PSL can make use of at any one time.  These are the ink color, the graphics fill color, the text fill color, and the background color.  Recall that the commands to control these values are:
	Command
	Description

	setColor color
	Sets the current “ink” color, that is, the color used for most text and graphics.

	setFillColor color
	Sets the color to be used in filling closed graphic figures when the graphic fill mode is color fill.

	setTextFillColor color
	Sets the color to be used in filling text characters when the text fill mode is color fill.

	setBackground color
	Sets the background color of the page.  The page fill be painted with this color before any output is placed on it.


Ink Color

The ink color is the most pervasive of these, it determines the color of both text and graphics.  For instance, if we just print some text, it will be printed in the current ink color.  The same is true for any of the graphic drawing operations:

{

  setColor green  % set the ink color

  gPosition 4,4   % and draw a circle
  circle 2

  setColor red    % change the ink color

  moveTToG        % and label it
  setHorizontalJustification 5  % center immediate

}GREEN CIRCLE

Graphics Fill Color

The graphics fill color is used only for filling closed graphic figures, such as circles.  Even then, it is only applied if the graphics fill mode has been set to one of the color fill modes.  There are two such modes, “color fill” and “color only fill”.  The color fill mode draws the figure in the ink color and then fills with the graphics fill color:
{

  setColor green  % set the ink color

  setFillColor yellow

  setFillMode colorFill

  gPosition 4,4   % and draw a circle

  circle 2

  setColor red    % change the ink color

  moveTToG        % and label it
  setHorizontalJustification 5  % center immediate

}GREEN and YELLOW CIRCLE

The “color only fill” mode omits drawing the outline, leaving only the fill color:

{

  setColor green  % set the ink color

  setFillColor yellow

  setFillMode colorOnlyFill

  gPosition 4,4   % and draw a circle

  circle 2

  setColor red    % change the ink color

  moveTToG        % and label it
  setHorizontalJustification 5  % center immediate

} YELLOW CIRCLE

Text Fill Color

The text fill color is used for the same purpose as the graphics fill color, except that it applies to text characters instead of graphics.  Again, the outline is in the ink color and can be omitted if desired:

{

  setFont "helvetica-bold",30   % big fat characters

  setTextBold 2                 % with fatter outlines

  setColor blue                 % ink color

  setTextFillColor yellow
  setTextFillMode colorFill

  print "TEXT FILLED WITH YELLOW"
}

Background Color

Finally, we can set a background color.  The background color is applied before anything else is printed on the page.  It amounts to the same thing as printing on colored paper:

{

  setBackground cCyan

}

This is printed on CMYK cyan colored paper.

The background color must be set before anything is printed on the paper.

{newPage setColor red}
Once set, the background color stays the same for all pages until

changed by another setBackground command.

Nothing stops us from mixing CMYK and RGB colors if we want to.

Pattern Colors

There is a third type of “color” that PSL can make use of which has no analog in the real world.  That is, PSL can treat an image as a “color” in the sense that it can use it to create a sort of “paint” consisting of repeated copies of the image.  Unlike RBG or CMYK colors, these may only be used in the restricted sense of filling a closed figure such as a text character or a circle.  One cannot, for instance, draw a line with a pattern color, as can certainly be done with an RGB or CMYK color.  As a result pattern colors are not a valid argument type for the setColor command, that is, the ink color cannot be a pattern.  The commands for which pattern colors are valid are setFillColor, setTextFillColor and setBackground.
Try running program “Scottish.psl”. It can be found in the “program files\psl\examples” directory.  It uses a jpeg image “stewartroyal.jpg” to create a tartan pattern color which is used to fill in the characters in the text.

To fill a figure with a pattern color amounts to “tiling” the area with repeated copies of the image that was used to create the color.  The tiles may be thought of as being made of clear glass, each with a copy of the image painted on it.  When the pattern is created both the tile size and image size must be specified.  It is perfectly reasonable to place a small image on a large tile.  The newPattern command takes four arguments.  These are the pathname of the image file, the scale at which it is to be drawn and two factors by which the scaled image dimensions are to be multiplied to determine the tile size:
newPattern pathname, scale, xFactor, yFactor

This command returns a new color of type “Pattern” using the image file specified by “pathname”.  The value of “scale” determines the size at which the image will be reproduced on each “tile”.  The size of the “tiles” is controlled by the values of “xFactor” and “yFactor”.  If “image height” and “image width” represent the normal display height and width of the image, the tile size will be:

tile height = image height times scale times xFactor
tile width = image width times scale times yFactor

For example, if “flower.jpg” is a one inch by one inch image then use of the “paint” created by:

paint = newPattern “flower.jpg”, 0.5, 1, 2

will draw the image ½ by ½ inch on 1 by 2 inch tiles.

NOTE:

The origin of the tiled images is does not relate to the figure being filled, instead, it is normally at the bottom left corner of the page.  This is a characteristic of ADOBE ACROBAT™ and similar PDF viewers.
Transparency
Most software for generating documents, such as Postscript™ or Word™ use what is known as an opaque imaging model.  That is, if we place something “on top” of a previously generated figure, it will obscure the latter.  For example, this program prints three intersecting circles:
{

  setFillMode colorFill
  gPosition 3,4

  setFillColor red

  circle 2

  setFillColor green

  gPosition 5,4

  circle 2

  setFillColor blue

  gPosition 4,6

  circle 2

}

It is pretty evident that as the circles are drawn they obscure the previous ones.  That is because the colors are being treated as opaque “paint”.  PDF documents, unlike their predecessors, use a transparent imaging model.  We can control the degree of opacity, making the colors anything from zero to 100 percent opaque.  PSL provides two functions to control the way overlaid colors combine:

	Command
	Description

	setOpacity fraction
	Sets the degree to which colors obscure previous output.  The fraction must be in the range zero to one.

	setTransparencyMode mode
	Selects the method used to combine overlaid colors.  There are sixteen possible choices of “mode”, designated by the values zero through fifteen.


The default value for the opacity fraction is one, which results in total opacity.  We can regenerate the previous example with a smaller value:

 {

  setOpacity 0.8
  setFillMode colorFill

  gPosition 3,4


  setFillColor red

  circle 2

  setFillColor green

  gPosition 5,4

  circle 2

  setFillColor blue

  gPosition 4,6

  circle 2

}

The default transparency mode is mode 0, which is the so called “normal” mode.  The appearance is simply as though the overlays are on plastic transparencies.  We can try another mode:

{

  setOpacity 0.8
  setTransparencyMode 4
  setFillMode colorFill

  gPosition 3,4


  setFillColor red

  circle 2

  setFillColor green

  gPosition 5,4

  circle 2

  setFillColor blue

  gPosition 4,6

  circle 2

}

The mode controls the way in which the colors combine when overlaid.  Try the various values.  Some will appear to be the same as others, the effect obtained depends on the actual colors and intensities used.  Many are more evident when combining photographic images.  The methods used to determine the color as a combination of the background and foreground colors are:

	Value
	Name
	Method

	0
	Normal
	Use foreground color

	1
	Multiply
	Multiply color components

	2
	Screen
	Complement, multiply and compliment again

	3
	Overlay
	Screen or multiply depending on the background color

	4
	Darken
	Darker of the two

	5
	Lighten
	Lighter of the two

	6
	ColorDodge
	Brightens the background

	7
	ColorBurn
	Darkens the background

	8
	HardLight
	Screen or multiply depending on the foreground color

	9
	SoftLight
	Darkens or lightens depending on the foreground color

	10
	Difference
	Subtracts darker from lighter color

	11
	Exclusion
	Difference with lower contrast

	12
	Hue
	Foreground hue with background saturation and luminance

	13
	Saturation
	Foreground saturation with background hue and luminance

	14
	Color
	Foreground color and saturation with background luminance

	15
	Luminosity
	Foreground luminance with background saturation and hue


The opacity level and transparency mode apply to all elements in a document, text, graphics and images.  Try this example taken from the “program files\psl\examples” directory. (flower.psl):

{

  uses "shapes.psm"

  function randomColor do

    randomColor = newColor random,random,random

  end

  gPosition 4,5

  setOpacity random

  setTransparencyMode integerPartOf random * 15

  setFillMode ColorFill

  for i = 0 to 11 do

    gRotate 15

    setFillColor randomColor

    ellipse 3,.5

  end

}
It draws a series of ellipses with randomly chosen colors, opacity and transparency mode.  Each time you press the airplane button a different combination will be generated.  The “butterflies.psl” example also uses transparency, but with overlaid images.
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