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Using Color In R

Color Basics: Palette

> parplot(rep(1,8), yaxt="n", col =1:8)

[ 1] "Dbl ack" "red" "green3"” "bl ue" "cyan"

> pal ette()

[ 6] "magenta" "yellow' "gray"




Using Color In R

Color Basics: Palette

> parplot(rep(1,8), , col =1:8)
> parplot(rep(1,8), , col=palette())

> parplot(rep(1,8),
col =c("black", "red", "green3", "Dblue",
"cyan", "magenta", "yellow', "gray"))

Integer color numbers represent offsets into the palette table




Using Color In R

Color Basics: Palette

> palette(rai nbow10)) # Redefine palette RGB Hex Constants

> pal et te( )/Color Names
[1] "red" "#FF9900" "#CCFFO0" "#33FFO0" "#0OOFF66"

[6] "cyan" "#0066FF" "#3300FF" "#CCOOFF" "#FF0099"
> # colors are "recycled" if necessary

> barpl ot (rep(1, 20), col =1: 20, yaxt="n")

> palette("default")
> pal ette()

[ 1] " bl ack" "red" "green3"
"bl ue" "cyan"

" T ' T T ——
[6] "magenta” "yell ow gray Recycled Colors

Specify number of colors with r al nbow
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Color Basics: Palette

> 0:8/ 8
[1] 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1.000
> pal ette(gray(0:8 / 8))
> pal ette()

/ RGB Hex Constants

[1] "black" "#202020" "gray25" "#606060" "#808080"
[ 6] "#9F9F9F" "gray75" "#DFDFDF" "white"
# colors are "recycled" if necessary

bar pl ot (rep(1, 20), col =1: 20, yaxt="n")

pal ette("defaul t")
pal ette()

[1] "Dbl ack" "red" "greend3”
"bl ue" "cyan"

Recycled Colors
[6] "magenta" "yell ow' "gray"

Specify vector of floats 0.0 to 1.0 with gr ey/ gr ay
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Color Basics: Color Names

> colors() # or colours()
[1] "white" “al i cebl ue" "anti quewhite"
[4] "antiquewhitel" "anti quewhi t e2" "anti quewhi te3"

[ 655] "vyel | ow3" "“yel | ow4" "yel | owgr een”

> colors()[grep("red", colors())]
[ 1] "darkred" “indi anr ed" “indi anredl”
[4] "indianred2" "1 ndi anr ed3" "1 ndi anr ed4"
[ 7] "mediunviol etred" "orangered" “orangeredl”
[ 10] "orangered2” "or anger ed3" "or anger ed4"
[ 13] "pal eviol etred" “pal evi ol etred1l"” "pal eviol etred2"
[ 16] "pal eviol etred3" "palevioletred4" "red"
[19] "redl” "red2" "red3"
[ 22] "red4" "vi ol et red" "viol etredl”
[ 25] "violetred2" “viol etred3" "vi ol etred4”

Color names from C:\Program Files\R\R-2.5.1\etc\rgb.txt
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Color Basics: Color Names

R colors

B33 634

http://research.stowers-institute.org/efg/R/Color/Chart/index.htm




Using Color In R

Color Basics: Color Names
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Print seven page table to compare screen colors with printed colors.
http://research.stowers-institute.org/efg/R/Color/Chart/ColorChart.pdf
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Color Basics: Hex Constants

Index Color Name #rrggbb red green blue

#FFFFFF 255 2GE "..-'E-E "Unsaturated"
I 203 grays0 $IFIFTF 127 127 12?' shades of gray

I 24 black #000000 4] 0 |:II
I —

I 26 blue #0000FF 0 uz;gl "Saturated"

|| Primary Colors

IEEEmd $FFO000 255 uI

©OooO~NO Ol WNPEO

Hex "FF" = 15*161 + 15*16° = 255
Hex "00" to "FF" can be interpreted as 0.0 to 1.0.

Numbers represented in "base 16" are called "hexadecimal".
Hex "FF" is largest value represented by one byte (8 bits).
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Color Basics
In R Color can be represented by

e Index Into palette

e color name

 hex constant (24-bit "True Color":
2563 colors = 16,777,216 colors)
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Color Basics

In R many objects can take on different colors:
e points

e lines

* axes

* text

e legends

e pbackground
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Color Basics:

> pal ette()

[1] "bl ack” "red" "green3" "blue" "cyan"
[6] "magenta"” "yell ow' "gray"

> X <- -2:2 Five (x,y) points to plot
y <- xX"2

Equi val ent poi nt col ors
pl ot (x,y, col=1:5,
pch=Cl RCLE<- 16, cex=2)

pl ot (X, Y,
col =c(" bl ack", "red", "green3", "Dblue", "cyan"),
pch=Cl RCLE, cex=2)

plot(x,y,
col =c("#000000", "#FFOO00", "green3", 4, 5),
pch=Cl RCLE, cex=2) I I I

Hex #rrggbb Color name Palette Index
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Color Basics: Points

pch=Cl RCLE<- 16, cex=1:n, col =rai nbow(n))
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Color Basics: Points

> plot(log2(sonite$Signal.1L), | og2(somte$Signal.1R))

I

p=0 p=1

> | i brary(gpl ots)
> pal ette(rev(rich.colors(32)))

Colors 1 to 32

How to associate color with p-values at each point?
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Color Basics: Points

> palette( rev(rich.colors(32)) ) # colors: 1 to 32
> plot(log2(sonmte$Signal.1L), |og2(sonite$Signal.1R),
col =1 + 31*som t e$wor st . p) # col values from1l to 32

snrisariads ars 10
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Color Basics: Points and Lines

300

o
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o
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| i brary(scatterplot3d)
?scat terpl ot 3d
# Exanple 6
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o
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Red-Green-Blue 3D Plot of col or s()
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Color Basics: Axes and Text

BOTTOM <-
LEFT

TOP

Rl GHT

par (col .| ab="orange", col.min="gray")

pl ot (0: 10, 0: 10, col =0: 10, pch=Cl RCLE<- 16,
mai n="Chart Title", axes=FALSE,
xl ab="X axi s", ylab="Y axis")

# Margi n Text
ntext ("Bottont, BOITOM co
ntext("Left", LEFT, co
ntext (" Top", TOP, co
ntext("Right", RIGHT,

axi s(BOTTOM col ="red",
col . axi s="red") # 2, ... 10 in red

AXI S LABEL HORI ZONTAL <- 1

axi s(LEFT, col ="green", col.axis="green",
at =2*0: 5, | abel s=paste(20*0:5),
| as=AXI S_LABEL_ HORI ZONTAL)

"red")
"green")
"bl ue")
"magent a")

(@)
(@]

col . axi s="bl ue")
axi s( Rl GHT, col . axi s="magent a")
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Color Basics: Legends

Tinme <- 0:120

Periodl <- cos(2*pi *Ti me/120)
Period2 <- cos(2*pi *Ti ne/ 90)
Peri od3 <- cos(2*pi *Ti ne/ 150)

COLORS <- c("red", "green", "blue")
LI NE. TYPES <- c("solid", "dotted", "dashed")

Expression

Periods <- data.frame( Periodl=Periodl,
Peri od2=Peri od2
Per i od3=Peri 0d3)

mat pl ot (Peri ods, type = "I",
xl ab="Ti me[ m n]", yl ab="Expressi on",
COI = CO_OQS, | ty = LI NE TYPES) —— 120 min period

) 90 mip peripd
| egend("bottom eft", # | -~ 150 min period

c("120 mn period", " 90 mn period",
"150 min period"),
col = COLCRS, Ity = LINE. TYPES)

Time[min]
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Color Basics: Background

par (bg="11ght bl ue")

X <- -2:2
y <- X"2

pl ot (x,y, col=1:5,
pch=Cl RCLE<- 16, cex=2)

R's default background
color is "transparent.”

Set graphic background to simplify cutting and pasting to PowerPoint!
Avoids in PowerPoint: Format Picture | Colors and Lines | Fill Color
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. Color Basics In R

*Color Spaces
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Color Space: RGB Color Model

> rgb(1,0,0)

[1] "#FFO000" #rrggbb G B
> rgb(0,1,0)
[1] " #OOFFO00" . ——
> 1gb(1,1,0) EXCT

[ 1] "#FFFFOO" Imﬂ,m

I 26 biue #0000FF 0 0 255'

> rgb(255, 0,0, nmaxCol or Val ue=255)
[ 1] "#FFO000" I

> col 2rgb(c("blue", "yellow')) ‘= yellow Sl

[,1] [, 2] I
red 0 255 68 cyan #0OFFFF

green 0 255
bl ue 255 0

‘ Color is additive in the RGB Color Model.
Coordinate values not always obvious.
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-Green- Color Cube

G=0t0255

Cyan

White

Not all colors
are perceivable

on all devices

" 0.0,0

Greenls 0.0t0 1.0
Y ellow 0 to 255 (8-bits)
24-bit graphics:
X 256 x = 16,777,216 colors
256 shades of grey

Contrasting Colors?
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Color Space: HSV

Hue-Saturation-Value
Match perception of color better than RGB

Saturation

Source: http://scien.stanford.edu/class/psych221/projects/02/sojeong/
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ey COlOr Space: HSV

[1] " #FFO000" _
> hsv(1/3, 1, 1) Hue-Saturation-Value

[1] "#OOFF00"

> hsv(2/3,1, 1)
[1] " #O0O0OOFF"

hue <- seq(0.0, 1.0, by=1/40)

pie(rep(l, 40),
| abel s=f or mat C( hue,
format ="f"),

cex=0. 75,

col =hsv( hue,

radi us=1. 0,

ITB.I n:" HSV ( S:]-) V:1) "’ )
> rgb2hsv(col 2rgb(" bl ue"))

[, 1]
h 0.6666667
s 1.0000000
v 1.0000000

di gi t s=3,

1.0, 1.0),

Contrasting Colors?

HSV (S=1, V=1)
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Color Spaces

help(package=colorspace)

L olors
color—-c i Feglor'

ords =2 of a color

t colors To H : in

=B ( . H tion= To RGE

roolor Compute the convex combination of two colors
polarlLh
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- Color Basics In R
eColor Spaces

eColor Gradients / Color Ramps
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Color Gradients / Color Ramps

par (nfrow=c(6,1), mar=c(3,1,0,1))

BOTTOM <- 1

colorstrip <- function(col ors, description,
ShowAxi s=FALSE)
{
count <-
m <- matrix(1: count,
i mmge(m col =col ors,

| engt h(col ors)
count, 1)

yl ab="", axes=FALSE)

i f (ShowAxis)
{

axi s( BOTTOM
}

nt ext (descri pti on,

}

BOTTOM adj =0.5, |ine=0.5)

COLOR. COUNT <- 256
colorstrip(rai nbow( COLOR. COUNT) ,
col orstri p(heat. col ors( COLOR. COUNT) ,
colorstrip(terrain.col ors(COLOR COUNT),
col orstri p(topo. col or s( COLOR. COUNT) ,
colorstrip(cm col or s( COLOR. COUNT) ,

"cm col ors (cyan-nmagenta)")
colorstrip(gray(0: COLOR COUNT / COLOR CQUNT), "gray")

"rai nbow")

"heat . col ors")
"terrain.colors")
"t opo. col ors")

rainbow

heat.colors

terrain.colors

topo.colors

cm.colors (cyan-magenta)

gray
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Color Gradients / Color Ramps

colorRamp and colorRampPalette added in R 2.1.0
)

m <- outer(1:20,1:20,function(x,y) sin(sqrt(x*y)/3))

rgb. palette <- col orRanpPal ette(c("red", "orange",
"blue"), space = "rgb")
filled.contour(mcol = rgb.palette(20))

# space="Lab" hel ps when colors don't forma

# natural sequence

Lab. palette <- col orRanpPal ette(c("red", "orange",
"blue"), space = "Lab")

filled.contour(mcol = Lab.palette(20))




Using Color in R
Color Gradients / Color Ramps

HCL (Hue, Chroma, Luminance)

> ?hcl
> Dbarplot(rep(l, 20), col = hcl(seq(0, 360, length = 20)))

See: HCL(Hue-Chroma-Luminance)-based Color Palettes in R
http://cran.r-project.org/doc/vignettes/vcd/hcl-colors.pdf
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Color Gradients / Color Ramps

RColorBrewer Package

> | 1 brary(RCol or Brewer)
> di splay. brewer. all ()
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Color Gradients / Color Ramps

Representative Color for Given Wavelength

I Spectra
GE Eilaphi Info about & | l,n:ln:ngenl

Frequency[THz]

£ Hydmo

[~ Photo Plate Order W Interyal every
W Irtery:

I Intenzity =R + G +B] /3 | Print I

Source: http://www.efg2.com/Lab/ScienceAndEngineering/Spectra.htm
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- Color Basics In R
eColor Spaces

*Color Gradients / Color Ramps

eColor Blindness
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Color Blindness

Ishihara Test for Color Blindness

Normal Color Vision: 25, 29, 45, 56, 6, 8
Red-Green Color Blind: 25, spots, spots, 56, spots, spots

Source: http://www.toledo-bend.com/colorblind/Ishihara.html

About 1 in 12 have some sort of color deficiency:
About ~8% of men and ~0.4% of women in the US.

http://en.wikipedia.org/wiki/Color_blindness
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Color Blindness

R dichromat Package: Color Schemes for dichromats

| i brary(di chromat)

par (nfcol =c(1, 2))

N <- 20

pie(rep(1l, N), col =heat. col ors(N))

pie(rep(1l, N), col =di chromat (heat. col ors(N)))

dichromat function collapses red-green color distinctions to approximate the effect of the two
common forms of red-green color blindness, protanopia and deuteranopia.
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Color Blindness

R dichromat Package: Color Schemes for dichromats

I'ibrary(di chromat)
par (mar=c(1,2,1,1))
| ayout (matrix(1: 6, ncol =1))
i mge(1:10,1, matrix(1:10, ncol =1),
col =col or schemes$Br ownt 0Bl ue. 10,
mai n="Brown to Blue (10)", axes=FALSE)
i mge(1:100, 1, matri x(1:100 , ncol =1),
col =col or RanpPal et t e( col or schemes$Br ownt 0Bl ue. 10, space="Lab") (100),
mai n="Brown to Bl ue Ranp", axes=FALSE)
i mge(1:10,1, matrix(1: 10, ncol =1),
col =di chr omat ( col or schenes$Br ownt 0Bl ue. 10) ,
mai n="Brown to Blue (10) -- deuteranopia", axes=FALSE)
imge(1:12,1, matrix(1:12, ncol =1), col =col or schenes$Cat egori cal . 12,
mai n="Cat egorical (12)", axes=FALSE)
image(1:12,1, matrix(1l:12, ncol =1),
col =di chromat ( col or schenmes$Cat egori cal . 12),
mai n="Cat egori cal (12) -- deuteranopi a", axes=FALSE)
image(1:12,1, matrix(1: 12, ncol =1),
col =di chromat ( col or schenes$Cat egori cal . 12, "protan"),
mai n="Cat egori cal (12) -- protanopia", axes=FALSE)
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Color Blindness

R dichromat Package: Color Schemes for dichromats
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- Color Basics In R
eColor Spaces

*Color Gradients / Color Ramps

Why Don't Screen Colors Match Printout?
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Why Don't Screen Colors Match Printout?

220 530 CIE 1931 Chromaticity Diagram

Conceptual
Diagram of
All Colors
(2D Slice)

1931 2-degree Cbserver
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Why Don't Screen Colors Match Printout?

el 530 CIE 1931 Chromaticity Diagram
; Dell Gamut

540

Each Device
Has Own
Gamut of
Colors

1931 2-degree Observer
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3D Color Gamut

From “Visualization of Expanded Printing Gamuts Using 3-Dimensional Convex Hulls”
by Karl Guyler, Hallmark Cards, Kansas City

Color calibration can be used to minimize needless differences
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Why Don’'t Screen Colors Match Printout?

- Different color gamuts between devices:

How should a color be represented if it doesn"t exist
on a device?

e Imperfect conversions:

CRT screens with RGB (Red-Green-Blue) additive

colors must be converted to CMYK
(Cyan-Magenta-Yellow-Black) subtractive colors

«Color fidelity may not be accurate

ePaper/ink differences
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- Color Basics In R
eColor Spaces

*Color Gradients / Color Ramps

Why Don't Screen Colors Match Printout?

eColors Tips
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Color Tips

- Avold unnecessary use of color.

eUse bright colors with small
graphics to make them stand out.

e Be consistent in use of color.

 Don"t use color as only attribute
to show difference. E.g., consider
color and line type.

Also see: Cool Color Commentary, http://www.public-speaking.org/public-speaking-color-article.htm
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Color Tips: Palettes
Qualitative Palette:

e all same perceptual weight/importance

e typical application: bar plot

eSequential Palette

e for coding numerical information in a range

e typical application: heat map

eDiverging Palette

e Like Sequential Palette but with neutral value

Source: Choosing Color Palettes for Statistical Graphics
http://epub.wu-wien.ac.at/dyn/virlib/wp/mediate/epub-wu-01 abd.pdf?1D=epub-wu-01 abd
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References

Colour for Presentation Graphics
http://www.stat.auckl and.ac.nz/~ihakal/colour/col or-talk. pdf

Why should Engineers and Scientists be worried about color ?

http://www.research.ibm.com/peopl &/l/lloydt/color/color.HTM




