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Basic cartographic rule

» shades of sequential schemes on the map must be differentiable
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Color Distance

» CIE: metric, that allows to quantify perceived difference between two colors
» AE (Empfindung = sensation)
» CIEDE2000 method (AE ,,) — the most precise, the most complex
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Here the parameter factors, k;, k. and ky,are correction

factors related with observation environment. Lightness, chroma, and hue weighting
factors, Sy, S¢ and Sy, respectively describe visual perception action on three
attributes. Rotation factor Ry is used to correct deflection in the blue region.
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Color Distance

sRGB in RGB sRGB in LAB

A. Brychtova & J. DoleZalova € Designing Usable Sequential Color Schemes for Geovisualizations | 1st ICA European Symposium on Cartography



Color Distance

» SRGBinLAB . " v

b
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Color Distance

» has been empirically proven to be an important factor of
maps readability

Brychtova, A. and Coltekin, A. (2015), “Discriminating classes of sequential and qualitative
colour schemes”, International Journal of Cartography, Vol. 1 No. 1, pp. 62-78, doi:
10.1080/23729333.2015.1055643

Brychtova, A. (2015), Modern Trends in Cartography, (Brus, J., Vondrakova, A. and
Vozenilek, V.,Eds.)Modern Trends in Cartography: Selected Papers of CARTOCON 2014,
Lecture No., doi:10.1007/978-3-319-07926-4.

Brychtova, A. and Coltekin, A. (2014), “An Empirical User Study for Measuring the
Influence of Colour Distance and Font Size in Map Reading Using Eye Tracking”, The
Cartographic Journal, doi: 10.1179/1743277414Y.0000000103

Brychtovd, A. a Vondrakova, A. (2014), “Green versus Red: Eye-tracking evaluation of
seqguential colour schemes”, SGEM 2014 Informatics, Geoinformatics and Remote Sensing
Proceedings Volume Ill, STEF92 Technology Ltd., Sofia, Bulgaria, p. 8., doi:
10.5593/SGEM2014/B23/511.082

A. Brychtova & J. DolezZalova €@ Designing Usable Sequential Color Schemes for Geovisualizations | 1st ICA European Symposium on Cartography



Sequential Color Scheme Generator 1.0

t} SEQUENTIAL COLOR SCHEME GENERATOR .,

» On-line tool for designing sequential color
schemes

» The user can define
» Number of classes (shades)
» The leading color of the scheme

» Color distance steps between shades,
CIEDE2000 formula
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AE(AA)=4  BE(AA)=6 AE(A,A)=8 AE(AA)=6  DE (AA)=4

This tool was desgned to create sequential color schemes for

your mouse over @ or @

i a

We believe & will be helpful to design better and more readable maps. Though
here is quiet lot of knowledge and research behind t, check out our papers (references below) and see ;-)

maps. You can manipdate colors, number of classes of you scheme

chorogleth
and visual dfference between them by applying color diistance steps defined by CIEDE2000 method. To get some more detalled instructions hover with

the Sequental Color Scheme generator 1.0 seems to be a primitive tool,

b
Select the color # 2

Select the color # 1
gives the origin of the color scheme ©

o5
B: &2

R: 103

G: 211

B: &1
#: 670330

Switch colors c

Set the number of color scheme classes

n=6 o d

P

Set the color distance steps between classes O
BEpap 4

gives the direction of color scheme ©

A [ RoB: 103 211 61 HEX: 267d33d Lab: 75.9519 -56.6545 60.9502
8 [N RGB: 132 219 95 HEX: #84db5f Lab: 79.7395 -47.6653 51.2027
€[] RoB: 178232 151 HEX: #b2e897 Lab: 86.6533 -31.2565 33.3933 f
D [T ] RGB: 218244 203 HEX: 2dafdch Lab: 93.3266 -15.4183 16.2033
E [ ] RGB: 238250230 HEX: eefaet Lab: 96.8737 -6.9999 7.0663

F [ ] RGB: 245252 241 HEX: #f5fcf1 Lab: 98.2565 -3.7181 3.5044

MEypc 8
MEpcp 10 e
BEppe ¢
BEgper ¢
Compute
Your color scheme
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Sequential Color Scheme Generator 1.0

http://eyetracking.upol.cz/color
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http://eyetracking.upol.cz/color

How it works...

Input variables:

1. First color of the sequantial scheme A4

2. Auxiliary color Ay

3. Number of classes (shades) of the sequential scheme n,

4 mn—1 values of color distance AE,, between adjacent shades of the
sequential scheme A;ad;;; ,Vi€e{l,..,n—1}

I I | I | I \|
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How it works...

[ Y [ v
N igni Calculati f
Color definition s':scj_sgg:g;cg)r Conversion to Conversion to BCICIElBaEzlggoo
in RGB CIE 1931 XYZ CIE LAB .
space Color distance
[ A 1 A
R g
—, if R < 0,04045
12,92
Riin =
s | (R+0,055)12 )
( ) , otherwise R > 0,04045
\ 1+0,055
G .
— if G < 0,04045
12,92
Glin = ‘ slzrinncen12

AE = (ALY, (ACN' L (AHTN' L ACT A
0 J\ksS, keSc kuSu) " keSckuSu
where k;, ko aky are parametric coefficients adjusting the equation according to observer

environment, S;, S, a Sy are weighting coefficinents for brightness, saturation and hue respectively,

and Ry rotary factor adjusting the variation in the blue region

where Ry, Giin, Byn are values after reverse gamma correction and they assumes
values from the interval (0; 1), input coordinates sRGB [R, G, B] assumes values from
the interval (0; 1) as well.
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How it works...

A; = (a;, b;, L)
Ait1 = (@41, bi41, Liy1)

Ai+1 =Ai +utl’,Vi € 1,...,Tl— 1

where

Liya =L +wt;,

Qg = a; + Uty

biy1 = b; +ust;,
teRVie{l,..,.n—-1}.

Cap =+ (@)? + (h)? Cisrapr = V(@ +uzt)? + (b + ust;)?

3 Ciab TCit1,ab
C — 1, y
ab 2

~ 7

T

Cap 7+257

a=014+6a a2, = (14 6)(q; +uyt)

=@+ B7 G = (@) + (5

h; = atan 2(b;, a;) mod360° h;., = atan2(b;.,,a;.,)mod(h; — 180°|h; + 180°)
where x mod(a|b) = a + (x — a)mod(b — a)

AL = —u;t
AC' = Ci'+1 = Ci‘
AR = hypq = by
M = 2,[CC], sin ()
2
c Ci,+ci’+1
2
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7 _ hithiyg

h
2
T =1-0,17cos(h —30°) + 0,24 cos(2h') + 0,32 cos(3h" + 6°) — 0,2 cos(4h — 63°)
R —275°\*
AG = 30e‘( %)
R~ = Cr;b7
€7 % [en 4257

0,015(L -50)
20+ =50)2
Sc=1+0,0045C
Sy =1+0,015CT
R; = —sin(2A0)R,

st = [0+ () G+ () ()

SL=1+

where
( -1(Y
tan™? (%) + 180°, x <0
atan2(y,x) =9 ¢qn-1 (%) + 360°, y>0,x<0
90°, y=0,x>0
270°, y=0,x<0
k 0°, y=0x=0

andxmodn =x — l:—ll -m,where 1%] denotes the entire lower part of the value %,m eZ.



Sequential Color Scheme Generator 1.0

» Transformed to CIELAB, the set of
possible sRGB colors forms a non-convex
shape

» There could exist inner points of the line
segment |A;Ay|, which lie outside the
SRGB color space

out éf sRGB

If ((R, < 0or R, > 255) or (G, < 0or G, > 255) or (B, < 0 or B, > 255)) then

100—¢

If (AEUU{AT.!AE) < AEy (44, An)) then

If (R, < 0) then R, = 0 0—f

If R, > 255) then R, = 255 ) G

If (G, < 0) then G, = 0 '

If (G, > 255) then G, = 255 n—f

If (B, < 0) then B, = 0

If (B, > 255) then B, = 255 N
else =8

terminate computation

wherei €{2,..,n—1}
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Sequential Color Scheme Generator 1.0

» Between sRGB and CIELAB color spaces
doesn’t exist any one-to-one
correspondence

» The line defined by the user could run
away of the space sRGB

If (R, < 0or R, > 255) or (G, < Oor G, > 255) or (B, < 0 or B, > 255)) then

If (AEgo(Ay, A;) < AEg(Ay, Ag)) then il f
If (R, < 0) then R, = 0 :
If (R, > 255) then R, = 255 -3
If (G, < 0) then G, = 0 .
If (G, > 255) then G, = 255 5
If (B, < 0) then B, = 0 "
If (B, > 255) then B, = 255 o]
else e
L a—E :
terminate computation

wherei € {2,..,n—1}
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Sequential Color Scheme Generator 1.0 vs ColorBrewer 2.0

Number of data classes: |3 v i ow to use pdates do oad ed
- DLOR
Nature of your data: i
® sequential diverging © qualitative
Pick a color scheme:
Multi-hue: single hue:
Tb s tool was d&sg ed to create sequential color schemes for choropleth maps. You can manipulate cofors, numbero/dawef vou s(heme -
il diff between them by applying color distance steps defined by CIEDE2000 method. To get some more detailed in: | |
wm your mouse over ® or
We believe it will be helpful to design better and more readable maps. Though the Sequential Color Scheme generator 1.0 seems to be a primitive
tool, there is quiet lot of knowledge and research behind it, check out our papers (references below) and see ;-) —
Enjoy! m
Select the color # 1 Select the color # 2 = = -
gives the origin of the color scheme ©® ives the direction of color scheme © i i i —
l |2 H:p__|° Only show: 3-class BuGn [
3 % ® s:[0 % [ m
T . Ico.ol:\.c safe @ E 4™ =
= rint friendly
R:[103 R:[255 = phnmmn r}m HEX ¥ £
G:p11_] G:255 | P v =
B: b1 B: 255 . #e5f519
#: B7D33D #: FFFFFF Context: 5 #oadaco
O rosds (x|
L @ cities CH| #2cazsf
[-Switch colors | ® borders [ i
Set the number of color scheme classes
° Background:
n=g
® solid color
Set the color distance steps between classes © terrain
AEgoae 4
AEgpec B
AEgocp  [10 color transparency
AEgopE 8
DEpoEF 4
[ Compute |

Users can set all parameters of the color scheme without any limits
— Users have to understand colors a bit ©
— The user interface is imperfect and complicated (look forward the v2!)

Based on research of map users color distance perception
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Future plans

» Implement computations in various color spaces
(especially for printing — FOGRA39)

Coated FOGRA 39 vs. sRGB
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Future plans

» easier creation of divergent and multi-hue sequential color schemes

b SEQUENTIAL COLOR SCHEME GENERATOR 1 b SEQUENTIAL COLOR SCHEME GENERATOR 1

This tool was designed to create sequential color schemes for choropleth maps. You can manpulate colars, number of classes of your scheme This tool was designed to maps. You can colors, number of classes of your scheme
and visual difference between them by applying color distance steps cefined by CIEDE2000 method. To get some more detalled Instructions hover 2nd iz Ffranc biteen man by 3pplying wmm cefined by CIEDE2000 method. To get some more detalled Instructions hover
with your mouse over @ or € with your mouss over @ or @ .

We believe it will be helpful to design better and more readable maps. Though the Sequential Color Scheme generator 1.0 seems to be a primitive We believe it will be helpful to design better and more readable mans. Though the Sequential Color Scheme generator 1.0 seems to be 2 primitive
tool, thers is quist lot of knowledge and research benind it, check out our papers (references below) and see ) tool, there is quist lot of knowied?gmd ressarch behind it, check out our papers (references below) and see ;=)

Enjoy! Enjoy!

Hom many hue shades? |3 | Hom many hueshades? [ 3 |
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number of shades in between 7 number of shades in between 7 number of shades in between ? number of shades in between ?

|.IIID|I|. B & m CJ

| | e B
LA A B

ERREOIMNMTENE. EEEEEEENN®

L B |

A. Brychtova & J. DolezZalova €@ Designing Usable Sequential Color Schemes for Geovisualizations | 1st ICA European Symposium on Cartography



el o0 [ ] 2N (LT

Thank you for your attention http://eyetracking.upol.cz/color/
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