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1. Des données a la construction graphique

[Spence] p.26 (cf cours #1)



Typologie des données

- (Q) quantitatives
 cours de l'euro, temperature, date , altitude
* Op : egalité, classement, arithmétique

- (O) ordinales
* eX: COnfOrt d'hﬁtels *,**’***,****
* Op: egalite, classement

- (N) nominales
 eX: renault, peugeot, citroen, panhard
* Op: egalitée



Typologie des tables de données

1D discret : chiffre d'affaire semestriel
1D continu : température mesurée

2D discret :
2D continu : une poutre (fleche/longueur)

3D discret :
3D continu : pression atmosphérique

nD : base de donnée

arbres : géneéalogie, hiérarchie de services
graphes : routage, plan de metro



Typologie des graphiques
- Graphique = une surface plane a remplir

- 3 types de marques

points lignes zone (area, surface)
(droite)

etla 3D ?



IMPOSITION TYPES D'IMPOSITION
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Un schéma raté.... [Tufte, Visual p.108]




Un autre raté
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http://fr.wikipedia.org/wiki/Portail: Tour_Eiffel




efficacitée ?

L’EFFICACITE est définie par la proposition suivante :
Si pour obtenir une réponse correcte et compléte a une
question donnée, et toutes choses égales,une construc-
tion requiert un temps d’observation plus court qu’une
autre construction, on dira qu‘elle est plus efficace pour

cette question. .
[Bertin] p.139

rather than with their position on a vertical axis. Which presentation is more
effective?

Unlike expressiveness, which only depends on the syntax and semantics of the
graphical language, effectiveness also depends on the capabilities of the perceiver.
The difficulty is that there does not yet exist an empirically verified theory of
human perceptual capabilities that can be used to prove theorems about the
effectiveness of graphical languages. Therefore, one must conjecture a theory of
effectiveness that is both intuitively motivated and consistent with current
empirically verified knowledge about human perceptual capabilities. This section

[Mackinlay] p.124



2. Vision pré-attentive

01654387629/64
93875278964369
06321987449075
33564472688956

combiende 2 ?



01654387629/64
9387/5278964369
06321987449075
33564472688956

combiende 2 ?
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Most of the differences shown are preattentively distinguished. Only juncture and parallelism are not.

[Ware]
p.153



limite du proceéde : la conjonction de codes



VISUAL IMAGE
STORE

8 yjg = 200 [70-1000) msec

LONG-TERM MEMORY

L3

(8
Bim= =
X L1m = Semantic

WORKING MEMORY

AUDITORY IMAGE By = 3 [25-41] chunks
STORE P = 7 [5-9] chunks

Byyg = 1500 (500-3500] msec Sy = 7 [5-226) sec

Ryig = 17 [7~17] letters B = 5 [44-82) lottars By (1 chunik) = 73 [73-226] sec
Kyig = Physical Kpg = Physkal Sy (3 chunks) = 7 [5-34) se

4"> 7\ Ky = Acoustic o Visual

1| T | vy T

2

Cognitive <
Processor

Perceptua oto
Processo Processo
IP: 100 (50-200] T« 70 [30~100]

mseg M msec

Eye movaement = 230 [70-700] msec

Card, Moran, Newell
"The psychology of

Human-Computer interaction”

1983

— 3 processeurs
» Perceptif

» Cognitif

* Moteur

— Hierarchie de memoire

« Memoire de travail (RAM)
Memoire sensorielle
Memoire court terme

« Memoire long terme



Mémoire court terme

* Un« bloc notes » pour retrouver rapidement les informations
» Temps de réponse rapide : 70ms mais décroit rapidement

« Capacité limitée : entre 5 et 9 items (chiffres, nombres, ...)

Psychological Review © by the American Psychological Association
Vol. 101, No. 2, 343-352 For personal use only--not for distribution.

The Magical Number Seven, Plus or Minus Two
Some Limits on Our Capacity for Processing Information

George A. Miller
Harvard University

This paper was first read as an Invited Address before the Eastern Psychological Association in
Philadelphia on April 15, 1955. Preparation of the paper was supported by the Harvard Psycho-Acoustic
Laboratory under Contract N5ori-76 between Harvard University and the Office of Naval Research, U.S.
Navy (Project NR 142-201, Report PNR-174). Reproduction for any purpose of the U.S. Government is

permitted.
Received: May 4, 1955

My problem is that I have been persecuted by an integer. For seven years this number has followed me
around, has intruded in my most private data, and has assaulted me from the pages of our most public
journals. This number assumes a variety of disguises, being sometimes a little larger and sometimes a
little smaller than usual. but never changing so much as to be unrecognizable. The persistence with which



Expérimentation : regardez la séquence suivante :

265384579263

Ensuite, écrivez le plus possible de chiffres (sans
regarder ce slide !)

Combien sont justes ?



ldem avec la séquence :

376 495 680 379

Ensuite, écrivez le plus possible de chiffres (sans
regarder ce slide !)

Combien sont justes ?



3. La couleur : perception

(un peu de physique : interaction matiére-lumiere)




437 498 533564

400 500 600 700

http://acces.ens-lyon.fr wikipedia (en noir : batonnets)

/M cbnes, 120M batonnets



Inégale sensibilité des cones
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8% des hommes et 1% des femmes ont une forme de daltonisme

Normal vision Deuteran Protan

http://wearecolorblind.com



le modele des couleurs opposées

cones

1 L3

chrom. JB luminance chrom. RV

(CIE LAB, YUV ..))



Perception des contrastes




code Processing pour produire I'image

int N=40;

size(800,600);

noStroke();

for (int i=0; 1i<N;i++){
fill(map(i,0,N,255,0));
rect(i*width/float(N),0,width/N,height);

}

rectMode (CENTER);

fill(100);

rect (160,200,30,100); : :

rect(320,200,30,100); c'est bien quatre

rect (480,200,30,100); fois le méme gris

rect(640,200,30,100);

fill(180);

rect (160,400,30,100);

rect(320,400,30,100);

rect (480,400,30,100);

rect (640,400,30,100);

save(''contrastGRIS.png'");




Bandes de Mach

stimulus Intensité lumineuse des bandes de Mach
lumineus

i

. position spatiale
7 sur les bandes de
Mach

stimulus Intensité percue par l'oeil
lumineus

i

.. position spatiale
“ sur les bandes de
Mach

http://tecfa.unige.ch/tecfa/teaching/UVLibre/9900/bin26/mach.htm



Ecrans illisibles

http://asprise.com



Un autre

ACCUEIL }

|| NOS OFFRES de VENTES

Maisons, Fermettes |
Appartements | J

Fonds de Commarces, locaux | :

cormmarsiaus

Terraing )

| NOS OFFRES de LOCATIONS

IVOY LE PRE 18380

Corps de ferme comprenant: Fermette de
120m2: véranda, cuisine aménagée, séjour
avec insert, sdb ,wc, 3 chambres,
chaufferie, 2 pieces a aménager. Belle
possibilités d'agrandissements. Etable,
grange, hangar, diverses dépendances,
puits. L'ensemble sur 4800m? de terrain. A
voir absolument!

Année de construction : 0
Détail.. de l'offre

Surface en M2 :

§ur§ace habit_able_: 120

~ oo

http://www.village-immobilier.com/




un excellent site

Color Usage Research Lab . . . . .
] NASA AMES RESEARCH CENTER Using Color in Information Display Graphics
7 ] T — Design Methods, Color Science, and Color Guidelines

Design Process | Color Graphics Topics | Color Tool | Color Guidelines | Aerospace | Color Science | Utilities | Site Map

Home > Color Guidelines > Luminance Contrast Color Guidelines

LUMINANCE CONTRAST COLOR GUIDELINES

In terms of color usage, luminance contrast is the most important determinant of legibility of symbols and text, so it's no
surprise that luminance contrast frequently appears in color guidelines. Most of the guidelines are directed at assuring
sufficient contrast, and this is certainly a first-order concern. However, care must be taken to avoid unnecessarily
limiting the designers' freedom to intentionally reduce luminance contrast in the interests of labeling and attention
management.

More about Luminance Contrast.

The minimum luminance ratio between symbols and background shall be 3:1. Various forms of this guideline are
nearly universal in guidance documents, differing mainly in the quantity required and in which statistical measure of
luminance contrast is used. This is one of the most important usability issues related to color choices.

The problem it addresses is easily
demonstrated. In spite of the large chromatic
contrasts between the lines of text and the
green background none is very legible at the
point where the text and background
luminances are equal. The black line has
higher luminance contrast with the
background and can be read (it would be
even easier to read with a brighter green).

There is no question that this is an important problem, but there are a
number of design issues involved that require further elaboration. When

producing guidelines, caution is required to avoid such narrow wording
as to interfere with good information management. ‘ .

'http://colorusage.arc.nasa.gov/




4. Production des couleurs

synthese trichromatique

dosage additif dosage soustractif
(projection) (pigments)



représentation TSL

N Couleurs ()

) | Curseurs TSL S =
Teinte T S
1 } ! o

O e 182

Saturation H ue

e | 72 % Saturation
R
llTumlnosst : .] 62 | % Va|ue

A.R. Smith, conf. Siggraph'1978



conversion RGB-HSV

procedure RGB_TO_HSV(r, g, b: real; var h, s, v: real)
{Given: r, g, b, each in [0, 11}
{Desired: A in [0, 360), s and v in [0, 1], except if s = 0,
then h = undefined which is a defined constant whose value is outside the
interval [0, 360]}
begin
max 1= MAXIMUM(r, g, b);
min := MINIMUM(r, g, b);
V= max;
if max <>0
then s := (max — min)/max
else s := 0;
ifs=0
then A4 := undefined
else
begin
rc := (max — r)/(max — min);

{value}

{saturation}

{saturation not zero, so determine hue}

{rc measures “‘distance’” of color
from red}

gc := (max — g)/(max — min);

bc := (max — b)/(max — min);

if r = max then h := bc — g¢ {resulting color between
yellow and magenta}

elseif g = maxthen h:=2 + rc — bc {resulting color between cyan

and yellow}

elseif b = maxthen k:= 4 + gc — rc; {resulting color between
magenta and cyan}

{convert to degrees}

h := hx60;
if A < Othen & := h + 360 {make nonnegative}
end {chromatic case}

end {RGB_TO_HSV}

Foley, van Dam. Fundamentals

proce.dure HSV_TO_RGB(var r, g, b: real; h, s, v: real);
{Given: A in [0, 360] or undefined, s and v in [0, 1]}
{Desired: r, g, b, each in [0, 1]}

begin
ifs=0
!he;n {achromatic color: there is no hue}
if & = undefined
then
begin {this is the achromatic case}
ri=v;
g:=v;
b:=v
end
else ERROR {error if s = 0 and A has a value}
else {chromatic color: there is a hue}
begin
if 2 = 360 then # = 0;
I} 1= h/60; {h is now in [0, 6)}
i := FLOOR(h); {largest integer <= h}
fi=h—1i {fractional part of 4}
pi=vx(l —s);
q:=vx(l = (sf));
ti=vx(1 = (s+(1 = f)));

case i/ of
0:(r,g,0):= (v, 1, p);
1:(r, 8,0):= (g, v, p);
2:(r,g,b):=(p, v, 1);
3:(r,8,b):=(p, q,v);
4:(r,g,b):=(t, p, v);
5:(r,g,b0):= (v, p, q);

end {case}

end {hue}
end {HSV_TO_RGB}

{triplet assignment}

of interactive computer graphics, 1983, p.615



diagramme CIE-xyz
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gamut d'un moniteur

7\

niteur 1

moniteur

X o
0 >

+ |le blanc, défini par la température corps théorique
5000K blanc rougeatre "chaud"

6500K blanc standard CIE D65

9300K blanc bleuté "froid"



+ |e calibrage (calibrage (gb : calibration)
+ |le transfert d'une machine a l'autre (profils ICC)
Un bon tutoriel :

Enregistrer le profil ICC dans I'image : Indispensable!

Pendant longtemps on pouvait s'en passer.

PR A A g Paramétre prédéfini : | [Sans nom) rﬂ =
C'était méme conseillé car cela alourdissait
: ; . (JPEG +)
les images. Je me souviens que certaines
| Elevée a Qualité : 70 v

images était moins lourde que leur profil

. ) ) el ) Progressif Flou :
ICC II! Et oui, 4Ko, il y a dix ans, c'était

] i 2 ™ Optimi Cache ;
handicapant car j'ai connu |'époque du 56
™ Incorporer le profil de couleur
K I Aujourd'hui, cela fait sourire !

Pour vous dire que les habitudes ne se

changent pas comme cela, car le menu ™ Convertir en sRVB
Apercu - | Otiliser le profil du document a

"Enregistrer pour le Web" de Photoshop

o

Métadonnées : | Copyright et coordonnées du contan@

vous propose ou non d'enregistrer le profil

avec l'image. Il n'est pas inclus d'office.
Donc pensez bien a cocher la case

"Incorporer le profil de couleur" comme sur I'image ci-contre.

Mon conseil ! Incorporez toujours le profil ICC 2 vos images diffusées sur Internet. Je décris les

menus d'enregistrement de Photoshop dans un paragraphe dédié.

‘http://www.guide-gestion-des-couleurs.com/




5. La lisibilité

saccades : + 25 ms
fixations : £ 250 ms



When a person is reading a sentence silently,
‘the eye movements show that not every
word is fixated. Every once in a while a
regression (an eye movement that goes back
in‘the text) is made to re-examine a word
that may have not been fully understood the
first time. This only happens with about 10%
of the fixations, depending on how difficult
the textds: The more difficult the higher the
likelihood that régressions are made.

http://www.scholarpedia.org/article/Eye_movements



L'oeil humain (bis)

vaisseal sanguit
de la rétine

rétine

cristallin

(wikipedia) 60 40 2°10° 010200 4°

acuité / angle de vue



40

Acuité

oeil

O 0 h tan(0/2)=h/d => 6

d objet

points @ @ 1 min.arc=1'=1/60°

traits H‘H 1'a 2’

lettres LCXY 5' (20/20 si reconnu a 90%)



Distance ¢'observation (cm)

Lire sur écran
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3 acuité visuelie de 2°
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[ digtance minmMmalg d'accommaodation pour un anfant 88 10 ans
[1 distance de leciure mnims'e pcur un adulta

[ [en grisé) distance d'observation recommandde
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\l

longueur maximaia das braa

CCGA colar grapine adaprer
VGA vidso graphic agaprer

Hauteurs par
rapport au 30l :

1346
ax 1242

50° 1232

—xoHTmMmo O @O >

1138

rayon da préhengion 172.4 ¢m nour ‘88 hammas, 673 o pour
es femmes)

limite cu champ de vision (50° a-dessus da |'horizomale, 705
aun-dassous)

dédpacemants nséds ce la thte - 30° da part ot d autre de la ver-
vzala ;) le maxmum ast de 5O

ligne de viede standard (epege 09)

ligne de visde rormaie {159

30¢ rotator opumale des yeux

33 em distarze minmale pour un &cran

sone 'olimrvisbon optinake

hauteur @ 73,4 con pour les hemmes, 8B.5 cm pour les fammes

Les hauteurs, per rapport gy sul, camprennent deux chiffres : celul
du haut conceme les hoemmes, en dessous est notée |e valewr pour
es femmes.

Alain COUSIN. Restitution des images - Notions de base sur les écrans. Techniques de l'ingénieur E5650
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10° b

108§
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Display information capacity (BARS)

107!

XGA, 6 bits/color

VGA, 3 bits/color

SXGA, 8 bits/color

SVGA, 6 bits/eolor

SXGA, 4 bits/color
XGA., 4 bits/color

VGA, 4 bits/color

e A " e

1991

Information capacity increase of IBM TFT/LC displays with time.
Information capacity is in units of pixel count times number of

1995 1996 1997 1998
Date of announcement

colors (billions of addressable retinal stimuli, or BARS).

Pixcl count (Mpixcls)

Limiting reselution of the
human visual system at a

B -
o 3 s 20)'( II‘IphnEo . ‘l'l viewing distance of 18 inches
3 | - D 24 1in. for a 4:3 screen format
] 'f Ld H00-dpi peaper " ¢
4 (8.5in. > 11in.) Viewing
¥ & (w:h) @ distance
4 Formats (w:,
300-dpi paper =
10 (8500 X 11in) / Movies A
- & (35-mm film}
: P —
4 Kodak
1  PhotoCD(32)  4in X Gin. photo ® (Addressable,
15 mm A not resolvable)
I 5 y/
| L uxeaas Y
. SXGA (5:4) / ..
1 -
{ . XGA@a) ) B
= i SVGA {(4:3) | ] | B ]
| PRICNC] om [ EE
0.1 wl
- A | hnologies
3 IBM TFT/LCD
4 - - A Plasma
| L ) & Printfilm
Display space served by CRT
commercial, direct-view a STN
electronic displays 3
0.01 = Y Y T Y v r—r—r-r Y \
1 10 100

Image diagonal {inches)

A view of display space showing existing electronic, paper, and film displays.

P. M. Alt, K. Noda. Increasing electronic display information content: An introduction.
IBM J. of Res. & Dev. Volume 42, Numbers 3/4, 1998.

150 dpi (IBM)

1998
2013

469 dpi (HTC One)




6. Choix des attributs graphiques

Classification de Bertin (1965)

Variables rétiniennes :

Taille | I I I

Couleur “‘
Orientation I\,\

Forme H AQO®@¢

but du graphique :

association
de catégories

m» GCOF

selection = TVGC
d'une catégorie

comparaison mm» TV G
d'ordres

comparaison mm» T
de quantités



Attributs "modernes”

Saturation Q “ ‘
Luminosité “‘. ‘

+ Transparence

Champs textures B | (Klebnikov et al, 2012)

Flou

+ clignotement + animation en general



Expériences de Cleveland et McGill (Science, n°4716, 8/1985)

More accurate Position
[ K )
I L S R T | B R |
Exparimant | {
Position (Common) ‘ Length
A"!JlQ . } [ S on e
Experimaent 2 | ‘
Position (Common | et l Angle Slope
Len St_h |
Expear iment 3 | l kv //
Position (Common ) . —_—— i Am
Position (Nomaligrned) ‘ s ’ a
Length | —ot— ’ . .
Angle ‘ —t— l
Slope ’ ot " Volume
1
Circle Araoa - tey
e | e (7
: R % HE B 2t Color Density
Error (Deviation from True Percent) (Not
Less accurate shown) || @




J. Mackinlay, ACM Trans. on Graphics, 5(2), 1986

Quantitative Ordinal Nominal
POSition se———— Position ——— P0$iliON
Length Density Color Hue
Angle Color Saturation Texture
Slope » X, Color Hue Connection
Area 3 X Texture Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length Shape
Color Hue e Angle Length
i Texture:: Slope Angle
~ ion. Area Slope
........................... Vtome Area
S Volume

Fig. 15. Ranking of perceptual tasks. The tasks shown in the gray boxes are not relevant to these
types of data.



Exemples avec les angles : camenberts (GB pie chart)
28 =

20 i

15
comparer

10 —
avec .
5 -
3 0 —

2 3 4 5

https://eagereyes.org/techniques/pie-charts

Variante "donut A éviter encore plus : la version 3D

'm‘w Application Category Percentage g:rr:(es
OKS
2% 2% % e ai
2% 1%
3% %

Browser
shares




Exem pleS Where B.C.'s 100 highest paid public servants work
avec les surface :
bubble graphs I e

B.C. Investment Man...
8

University of B.C
19

http://www.perceptualedge.com/blog/?p=1612

~_ - ‘4
Aantal inwoners \’

30000 {’"

30 min.
. mn http://en.wikipedia.org/wiki/Bubble_chart

attention : surface # rayon
quid des labels ?



La couleur pour le quantitatif ?
ex. des cartes en "fausses couleur”
[Ware]

",:.'000.00_ o
(a) V000 spectre visible
Sssss  rainbow"

(b) . .
greyscale
valeur

o sur teinte

bidirectionel

(@ rouge-vert




Exemple de Matlab

Colormap Name

parula
jet
hsv
hot
cool
spring
summer
autumn
winter
gray
bone
copper

pink

Eviter

. Jet et hsv

(2]
=]
l §
g
)




Bonne appli en ligne

Number of data classes: @ 1 oW o pa downlo
Nature of your data: i

@®sequential (O)diverging (Oqualitative

Pick a color scheme: B

Multi-hue: Single hue: I v

http://colorbrewer2.org/

1 1]
i

3-class OrRd

m |
i

Only show:

# colorblind safe

 print friendly [RGB+
™ photocopy safe

®
0
L
=
140dX3
A

| 254,232,200

253,187,132 |]
277451 |

Context:
(T roads
(] cities
™ borders

onal

Background:
(® solid color
(Oterrain

r_

color transparency

® Cynthla Brewer, Mark Harrower and The Pennsylvania State University
Support

@ axismaps




Bon conseil de Tufte : choisir des couleurs de la nature

( RVB comme valeur réelle, 16 bits iﬂ

LCD couleur

pestsvis blaiing

Taille du diaphragme

49

Taille du diaphragme

| RVB comme valeur réelle, 16 bits )
L §47649.70]
D 2§ 233433

LCD couleur

Taille du diaphragme




Encore beaucoup d'autres choses a voir :

- perception de l'espace
- les formes
- 'affordance

-(..)

- ECOLOGIQUE DE
LA PERCEPTION

INFORMATION VISUELLE © . .«

VISUALIZATION

| JAMESJ. GIBSON

1 ".

cf cours #1 dur mais trendy



The Award Goes to ...

Reframe Surprise Intrigue

5. Innovating!

Oversimplification Cliché Overload
Manipulation Misuse Ambiguity

4. Avoiding Pitfalls

Consistency Repetition Contrast Alignment

Proximity

3. Respecting Design Principles

Position

Size Shape Color  Texture '4'73/9

2. Using Retinal Variables Correctly

Icon

l;nge Diagram Visual Metaphor Map

/ I. Choosing the Adequate Picture Type \
/ Mapping the Steps to Visual Excellence \




