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Future of Electronic Displays - Flexible Displays
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Prof. Dr. K. Blankenbach

Conference

- Chairman DFF )/ZJ !
(German Flat Panel Forum) / (DFF 7

- Speaker of display
group of VDE/ITG VDE

_ Chairman of __E-_.E.elech'nni:displays .' ‘ T T s

Bildschimexperte Blankenbach (r.)*: Pixelfehler, faische Farben, unscharfe Kanten
_ ; _ _ Spiegel Sep. 2005
- Chairman of FEXdria. steering committee - S

Protessor Kariheinz Blankenbach mit Stugenten beim Unterricht Neben Design werden in der Schwabenstadt seit
.Ansteuern und Messen von LCD-Displays” einigen Jahren auch technische Bereiche gelehrt,

m Die Lage verpflichtet
Die Nahe zur Stuttgarter Autoindustrie und vielen
Zulieferern verspricht zukunftsorientiertes Ler-
nen: Die Pforzheimer arbeiten mit den neusten
Verfahren, die auch die Hersteller verwenden
(.Rapid Prototyping”).

s _Gemeinsam lemen statt einsam buffeln
Die jungen Studiengange Elektrotechnik und Ma
schinenbau sind mit dem renommierten Fachbe-
reich Gestaltung verzahnt: Statt trockenem Wissen
erlernen die Studenten praxisnahes Teamwork.

— Engpass Elektrotechnik

Dringend g ht: Entwickler fur S
Displays, Fahrerassistenzsysteme wie Intelligentem
Tempomat, Multimedia an Bord

Team 2008 | iy NP W FOCUS Nov. 1999
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Activities at Display Lab Pforzheim

» Applied R&D ‘around’ displays
* Funded by BMBF, BW, industry, ...

« Many references
» Workshops, ... Hard- and software,

prototypes

Road and sky White screen

simulation .
Displa o
s LED lamp

- .
- ) —
v
. \WIIuminancc
'
2

Subject Luminance and color
measurement camera

Display systems
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References

- WIKIPEDIA (good for definitions, overview, ...)

- Society for Information Display ( )

— Information Display“ Archive (free, good for B N
introduction of many display topics)

Handbook of
- Handbook of Visual Display Technology, Springer Visual Display
(“all-in-one”) partially available via SPRINGERLINK Technology

- L.W. MacDonald, A.C. Lowe: Display Systems,
Wiley, New York

- J-H Lee, D. N. Liu, S-T Wu, Introduction to
Flat Panel Displays, Wiley, New York

-P.A. Keller: Electronic Display Measurement, Wiley, New York
- R.L. Myers: Display Interfaces, Wiley, New York
- G. Berbecel: Digital Image Display, Wiley, New York (fir MATLAB Freaks)
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Overview
Y

1. Introduction

« Markets 2. Displays
« Definitions " LCD
» Measurements * OLED
* E-Paper
« 3D
 Touch

* Interfaces

Incl. examples

_ |
and case studies.

MIS

Applications
* Industrial

« E-Signhage
T, ...
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Overview
ol
[Display Measurements D " Markets &Applications
* Professiongj Displays
[Displays (LCD, OLED, E-Paper) D * Definitions

—

[ 3D, Touch, Interfaces

—

[Summary & Outlook

Some pictures etc. are
courtesy of the companies
named on the picture,
others from, e.g., SID, ...
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Professional Display Applications

... developed in Germany / Europe

Vo . .
e Industrial displays
Professional monitors

Household appliances
Medical displays

Public displays

« Automotive displays, ...

U Application specific requirements differ alot !
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Objective of Lecture

9
Basics about multimedia applications
with focus on displays will enable you to
design new information systems.
J
/

Why ?

- Display set hard- and software of an information system
like processor, operating system, interfaces, computing power, memory
- Display is often the most expensive subassembly

Example: Car navigation: display > DVD player, same for TV sets
- Workflow from input (e.g. camera) to observer, e.g. color management

- Display data should be readable - example: tablet with LCD @ sunlight
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Objective of Lecture

» Understanding of multimedia applications with electronic displays

» Basic know how system design and multimedia

» Basic know how of mainstream display technologies

» Capability to select the right display and system for an
embedded information system like POI, POS, ... incl. touch and 3D

Blankenbach / www.displaylabor.de / Introduction / SS 2014 11



DISPLAY LAB

M I|E S Multimedia DiSp|ayS PFORZHEIM UNIVERSITY =_

Displays Set Hard- and Software

Example:
- E-Signage as point-of-information (POI)

- Typical Full HD TV panel

Display: 1920 x 1080 x 24 Bit x 50 Hz
— Data rate =~ 2,4 Gbit/s
— Display interface e.g. HDMI

- Hardware: PC-system with OS
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Displays Are The Most Expensive Subassembly

IPad bill of materials . . :
(BOM: Source: IHS isuppl, March 2012)

mm---mm
Retail Pricing (As of March 2012) $399.00 $529.00 S$499.00 S599.00 S699.00 $629.00 S729.00 $829.00
Total BOM Cost $236.95 S262.55 S$306.05 S32285 $356.45 S$347.55 $364.35 5397.95
Manufacturing Cost $815 S84S5 S10.00 S$10.00 S10.00 S1075 S1075 S10.75
BOM + Manufacturing $245.10 S271.00 S$316.05 $332.85 $366.45 $35830 S37510 S408.70
Memory
» NAND Flash $16.80 S16.80 S16.80 $3360 S67.20 S1680 S3360 S67.20
DRAN S760  S750 S$13.90 S$1290 S$12.90 S1390 S$1390 S$12.90
Display & Touchscreen
Display S57.00 S57.00 SB87.00 S87.00 S87.00 S87.00 S87.00 S87.00
Touchscreen $40.00  S40.00 54000 S40.00 S40.00 S40.00 S40.00 S$40.00
Processor $1420 $1420 S23.00 S$22.00 S2300 S$22.00 S$2300 $23.00
Camera(s) $410  S410 S$1235 $1235 $1235 $1235 $1235  $1235
Wireless Section - BBIRF/PA (Module) $25 .60 $4150 S4150 $41.50
User Interface & Sensors & Combo
R e $1535  $1535 S1500 S$1500 S1500 S1500 S1500  $15.00
Power Management $585  $5.85 S$10.00 S10.00 S10.00 S10.00 S$10.00 $10.00
Battery $2275 S2275 $3200 S$3200 S3200 $3200 S$3200 $32.00
» m':""i“' EEIELD SR | 4780 S47.80 S50.50 SS0.50 SS0.50 S$50.50 SS0.50  S50.50
Box Contents 8550  S$550 S550 S550 SS50 S550 SS50 S50
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Displays Are The Most Expensive Subassembly

iSuppli Table: Major Cost Drivers in Amazon Kindle 2

Component Description Manufacturing Name Sum of Total Compenent Cost I$USD
Cisplay Module E Ink $60.00
Wireless Broadband Module Novatel Wireless $39.50
8-Layer PCE Multek Hong Kang $9 83
Multimedia Application Processor | Freescale $3.64
Battery - Li-Polymer, 3.7V, LICO Technology Corp. $7.50
1530mAh

Main Enclosure $4.45
Audio Circuit & Power Freccale $4.39
Management IC

EPD Controller Epson $4.31
SORAM - Mobile DDR, 1Ghit Samsung Semiconductor $3.60
Flash - NAND, 14Ghit, MLC Samsung Semiconductor $2 50
Other Costs $32.11
Total Material Costs $176 83
Conversion Cost $8.64
Grand Total $185.49
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Displays Have Many Applications

Displays have to fulfill various requirements !
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Multimedia Workflow - Color Management

Devica-Spacific Color Information

m— YK Printer Device-Specific Color Information

18]
3

Device-Spacific Color Information - m

M | v, Printer

Devicae-Spacific Color Information

Davice-Specific Color Information

Device-Spacific Color Information
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Sunlight Readability

[

LCD
not readable

Improving
Asian displays

iIn Europe
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Multimedia Data Path

Input from (screen)

designer \
_/

“Should look the same”

Display
uC, uP Interface, ]
Source = PC, TV — Signal Processing — ;?iirtizcs —>| Observer
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What is a Display ?

A ,converter’ of electronic
iInformation for recognition
by brain via vision

* An electro-optic converter of
current or voltage to light

A data visualization system

A system consisting of hard- and software

A system with many different technologies
like electronics, mechanics, ...

D ... ,all* — but different intepretations ! 7
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What is a Display System ?

A display SYSTEM is...

Application

User and tasks:
- Data to display
- User input,

Hardware incl.
- Display interface,
- Display software,

Display (technology) Incl.
- Parameters
- Environment,

Blankenbach / www.displaylabor.de / Introduction / SS 2014
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What is a Display System ?

The three perspectives of a Display

» User space
Operation of the eye & variance in human perception and use

* Application space
Physical & environmental considerations, determining user and
specification requirements (technology independent!)

« Technology space
Different electro-optic effects, resolutions & costs
(choosing a display that is “fit for purpose”)

D IT people should cover all 3 with different weight depending on job 7
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What is a Display System ?

Integrated Smart Battery Manager, Touch Controller
Portable Device, LVDS Interface
. >
4

CMI G104X1-L01 :
26.4cm  (10.4”) XGA 1024x768 400cd/m? CFL-Backlight
R-Bit LVDS MVA Reverse Scan -20°C...+70°C

Hardware incl.

- Display interface,

- Display controller,
- Software incl. OS,

Display (technology) incl.
- Parameters
- Environment,
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Display Fundamentals

Cross section of a
typical (color) display

Front plane {

Electro-
optical =
layer

Back plane <

—

Substrate, barrier layer,
polarizer, ...
Color filter (option)

LCD, OLED, e-paper, ...

Matrix drive, TFT, electronics

(not to scale)

Substrate, barrier layer,
polarizer, backlight, ...
@

o)

Electro-optical layer decides on display characteristics

like bistablity, image quality, environmental conditions, ...

\_/

Blankenbach / www.displaylabor.de / Introduction / SS 2014

23



MY S Multimedia Displays e —

Display Technologies Overview

 Reflective
Examples: “simple” monochrome LCDs, e-paper

* Emissiv
Examples :  OLED, Plasma (PDP), LCDs with backlight

Blankenbach / www.displaylabor.de / Introduction / SS 2014 24
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Consequences for Display Technologies

Y

Emissive

Criteria;
nand r

“High Power
vS. no color”

(2014)

O

Reflective

Emissive E S

Examples AMLCD, OLED, PDFP, ... E-paper , reflective LCD
Improve- * Rise e-o efficiency n » Rise reflectance r
ments » Optimize subassemblies « Add frontlight

Merits Multimedia, mass production Bistable ® lowest power
Issues Bright light, power consumption Multimedia, professional
Benefit Multimedia @ reasonable power B/W @ lowest power

Blankenbach / www.displaylabor.de / Introduction / SS 2014
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Display Technologies Overview

 Reflective
Principle: Reflects ambient light
— sunlight readability, lowest power consumption (,green displays®)

Examples: “simple” monochrome LCDs, e-paper

* Emissive
Principle: Each pixel generates light by current
— Good in indoor applications, high power consumption

Examples : OLED, Plasma (PDP), LCDs with backlight

There is no display technology suitable for all applications!
- Evaluate acc. applications = Opportunities for skilled people

Blankenbach / www.displaylabor.de / Introduction / SS 2014 26



M % S Multimedia DiSplayS PDF!OSR;HIEIJI?A TJNk/?RgITY E

Segmented vs. Graphics Displays

| Segmented LCDs l

* Low power
» Sunlight readable
« Easy to customize incl. icons

» Sharp icons @ “low resolution & +8888 Egg,gﬂﬁ
» Fixed screen content N e

|Graphics Display l

« Screen content easy to change or adapt

* Low power only and sunlight readable only for monochrome
« High power for color displays

 Limited sunlight performance for color displays

« Customization cheap only for PM monochrome graphics,
AM only semi-customized for low volumes,
fully customized AM only reasonable for millions

S GAT) O, AT = Ta%

Lty o

ST £
B
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Was ist a Pixel ?

 Basic unit of displays
» A display consists of many pixels (up to millions)

« How many pixels may be defective?
5 defects per million pixel (5 ppm) for ,normal’ applications (ISO 13406,2)

* Electro-optical function of a pixel:
Light output is controlled by electrical waveform acc. grey level

« A color pixel consists usually of 3 subpixel (RGB). IIIIIIIII
If all subpixels have the same grey level,

the pixel appears white IIIIIIIII
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Pixel

Usually square shape: EI —
EEE
Monochrome pixel: El/'

Color pixel: Subpixel \-

Number of pixel: Horizontal x vertical resolution
Example: - XGA 1,024 x 768 = 786,432 pixel ~ 2,3 Mio. subpixel
- Full HD 1,920 x 1,080 ~ 2 Mio. pixel, IPAD 3 = 3 Mio. pixel

Question: 16 MPimage on 2 MP display ? Bayer Diagonal

Note: Different pixel definition for cameral
No subpixel, RGB of a pixel is ,captured”
only for e.g. G and R and B are calculated

Blankenbach / www.displaylabor.de / Introduction / SS 2014 29
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Display & Pixels Module

» Module Dimensions 167.000W) mm x 109.0(H) mm x 9.2(D) mm typ. Active

-} LCD Active Area 115.2(W) mm x 86.4(H) mm area

» Dot Pitch 0.120/) mm x 3(R, G, B){W) x 0.36(H) mm

» Resolution 320 x 3(RGBYW) x 240(H) dots

»Colur Pixel Arrangement R, G, B Vertical stripe

* LCD Type Transmissive Color TFT; Normally White
Display Type Active Matrix

= Display Typ 3 x 0.12 mm
Number of Colors 262k Colors

=> = 0.36 mm

Pixel (dot) size:
width / # pixel h

* LCD type: Transmissive LCD features a backlight ~ 115.2 mm / 320

e Di : ' e : = 0.36 mm
Display type: Active Matrix: 1 TFT per Subpixel Aspect ratio:
» Number of Colors: 262k colors = 18 bit = 6 bit per color # N1 #v pixels
e.g. 16:9 or 4:3

others: 16M = 24 hit; 64k = 16 bit with R,B 5 bit and G 6 bit
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H

Pixels per Inch vs. Observer Distance L
Pixel size

 Trend: high PPI (pixel per inch, 1 = 25.4 mm)

« Eye resolution: 0.15 mm / m for pixels — 170 ppi for 1 m viewing distance
Useful ppi is about 50% ... 67% of this value: 100 ppi ® 1'=0,25 mm / m
e.g. APPLE retina display IPHONE : 326 ppi (78 um) ; IPAD 3: 264 ppi

Viewing | ~PPlfrom | Eye Res. Typical
Distance Eye Pixel Size Examples
/m Resolution /mm
0.3 510 0.05 300 0.08 Smartphone
0.5 340 0.08 200 0.13 Tablet, PC monitor
170 0.15 100 0.25 “‘Reference”
85 0.30 50 0.50 TV > 50"
10 17 1.50 10 2.50 E-Sighage
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Display Ergonomics

25 - Screen Heigth
Viewing Distance

Recommended Line Number Line number =~

Example: h=30cm,d=50cm > Z =15

Recommended minimal Character height
Viewing distance

for large viewing distance Character height ~ 100
Example: d=30m —>h=30cm (5m—>5cm)
Viewing Cone : Aperture Angle ¢
. « %p || N2
Typically 20° - 40° , recommended: 30°
Office (d =60 cm) : 14 (20°) - 28" (40°)
d=60-90cm
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<€ >

Common Display Resolutions

<

Computer, mobile, ... A
- VGA (4:3): 640 (h) x 480 (v)
- WSVGA (17:10): 1024 x 600
- XGA (4:3): 1024 x 768

- WXGA (16:10): 1280 x 800 >
- HD (16:9): 1366 x 768 .

- HD+ (16:9): 1600 x 900 Aspect ratio: htv
- FHD (16:9): 1920 x 1080

Active size:

Television # pixels h (or v) x pixel size

- Standard TV PAL: 768 x 576 (4:3)
- High-definition television (HDTV): 1280 x 720, 1920 x 1080 (16:9)
- Ultra-high-definition television (UHDTV): 3840 x 2160 (4K)

Cinema
- 2K: 2048 x 1080
- 4K: 4096 x 2160

D Trend to higher resolution7
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Human Vision : Aspect Ratio

SCREEM ASPECT RATIO SCREEM ASPECT RATIO
15" " tos-
& ,;ff_:_f;__ J 0
a ' -1 ___IL':"'“ z
#:‘ = T, I%':- PP
51D ?E.'II::;!EEH - T - WIDE SCREEN
& T = %

.

.?;

00 gEEEd

PRI oy e bl L 3 53 £ £ I I vl I g
RIGHT EYE

. FOV
s
¥

2

(2 = e

/

=g

p — 1 " ‘iﬂ’. BINOCULAR ZONE [STEREC)
* -
L R S
— - MONOCLILAR ZOME
SBg oz 8%

16 : 9 (HDTV etc.) fits better to field of view (FOV)
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When Things Go Wrong*

Ghosting

Response time 8
Viewing angle

*: lyrics from “It hurts me too”, one of
the most interpreted blues songs.
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Summary Display Overview

* Displays are part of a system
 This system consists of both hard- and software (including IT)

* Display technologies have individual merits and shortcomings thus
limiting their use in applications
= applications needs set display technology and system
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1 Introduction

Market Data Overview

 Turnover of displays
« Which applications are ,hot’
* Technologies vs. units and market

« Selected applications

Blankenbach / www.displaylabor.de / Introduction / SS 2014 37
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Worldwide Flat Panel Market 1B$~1Mrd. €

250 $180
™ $120
5 150 2
= : =
E $90 =
o~ 100 ;
151 Ludwigsburg £ B $50
(\j\";}:"bach 50
P ‘Stuttgart ! $30
Ostfildern
welfingef™~—<~_4
Filderstadt 0 - %0

1 km2 = 1 Million m?2 2011 2012 2013 2014 2015 2016

200 km? = Agygar
per year !

e FPD Area =—#—Total Revenue

Source: Q112 CisplaySear ch Duarterdy Wioridwice FRD Shipmeant and Forecast Rapart
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Worldwide Flat Panel Market by Regions

MUnits
14.000 , 12.894 ]
m ROW 11.865 m
12.000 — O Western Europe
@ USA 10.400
10.000 +— ..,_Iﬂpﬂn
B China
8.000
6.000
4.000
2.000
0 —

2003 2004 2005 2006 2007 2008 2009 2010 2011
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Worldwide Market by Technology

120

100

[US$ Billion] MLCD mPDP OLED mEPD mOther
80 ]
60
40
20
0 | | ‘ ‘ |

I
Total
CAGR
(2009-
2015):
4.9%

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Source: DisplaySearch, 2009
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E-Paper & Flexible Displays (global) (Source: DisplaySearch)
%4 500 50.0%
SRy | R DT 5 0 5 S S L L S N NN M C T OO O O P R S Sl R -+ 450%
$3.500 - | 40.0%
- 35.0%
$3,000 - <
L 300% <
= 52500 e
0 - 250% ©
S $2,000 - g
- 200% S
1 o w
$1.500 L
$1.000 - - 10.0%
$500 & 5 5!]'%\
50 0.0%
== Credit Cards $0 53 $10 $16 $22 527 §33 $42 $53
mmm Shelf Labels S0 51 52 52 %3 53 54 85 56
—1Toys S0 52 510 516 $25 538 554 $75 5139
— Mobile Products| 387 5281 $319 5358 $402 5451 $506 $569 5638 Point
mmm POP 540 $384 $481 602 5754 5945 $1.183 $1.481 $1.853 Of
== F Readers 5111 $135 $166 5202 $278 $395 $593 $878 51404 |PBurchase
X Growth 22 3% 21.2% 24.0% 25.3% 27.6% 28.5% 34.3%
41
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E-Sighage ... strong in Germany
Source: Displaysearch 2012
14,000 135%
+ 120%
12,000 -
+ 106%
10,000 -
+ 90%
g
9 8,000 + 76% E
8 ;
I.E i
6,000 fa0% O
+ 456%
4,000
+ 30%
200 l 1 15%
0 j . L 0%
2006 | 2007 | 2008 | 2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 206 | 2017 | 2018
@ Fublic Display Total| 9025 | 1107, [1,247, | 1651, | 2363, | 2729|3146 | 3807, | 4,865, | 6055 | 7536 | 9426, | 11914
== SeqUential Growth 23% | 13% | 32% | 43% | 16% | 158% | 24% | 25% | 24% | 24% | 25% | 26%
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Displays by Application

$180
$160
$140
$120
$100
$80
$60
$40

Revenue (5B)

$20
SO

Source: Displaysearch 2012

!

|

2009 2010 2011 2012 2013 2014 2015
Year

Professional

Display

Others Applications

m Public display
TV
m Desktop monitor
mNB PC
m Tablet PC
m watches
m ebook

m DSC

— CE

m Mobile phone sub display

m Mobile phone main
—

* Professional market is very small compared to consumer!
* Professional display features follow consumer mass markets.

Blankenbach / www.displaylabor.de / Introduction / SS 2014
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New Megatrends

« E-Sighage

‘Small’ electronic billboards
N - Content

> 1T / HW <
* E-paper

Low power, sunlight readable \ AN

- System
« Touch Screens

3840 x 2160 (8.3 megapixels)
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E-Sighage (Digital Signage, POI) (Source: DisplaySearch)

* The market for digital signage and non-consumer large flat panel
Public Displays gets more attention by the day

* Most major display companies can see the overall market potential of
moving from the printed page to digital signage

« Since all Digital Signage solutions have some sort of display
(or “Screen” as some in the industry say), then the number of displays
installed commercially is a good indicator of the overall market.

 Current trends show that many products not designed for commercial
use are being used for Digital Signage so a strong understanding of both
the end markets and the channels of distribution are needed in order
to be able to size the market

* The market is currently complicated and a mixture of AV and IT
BUT THIS IS GOOD -“In Chaos, there is Opportunity”

» One potential accelerator is to change the market dynamics to mirror more
of the established advertising industry
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Market Studies —for what they are good for ?

Merits

« Market studies can provide hints for new markets and applications
because displays are only reasonable with mass production
Examples: - E-reader will push e-paper displays. Other applications?
- Photo frames can also be used for POI

* Valuable hints as professional market follow consumer trends

Shortcomings

« Market studies from different market research companies can differ
significantly

« Many market studies show exponential rise characteristics

 Studies about market decline are mostly not available
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Summary Market Overviews

 Displays show top level growth rates

« For Germany and Europe are automotive, industrial, household appliances,
e-signage and POl systems relevant

* New technologies with mass production open new markets for other
applications as E-Signage (TV), E-Paper (E-Reader), ...

« Supply chain needs special attention as displays are produced in Asia
and value is added in Europe
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1 Introduction

Multimedia Display Applications in Europe

 Professional displays industries
» Professional displays vs. CE

e Pictures of the future®
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Multimedia Display Applications in Europe

 Professional displays:
- Automotive,
- Industry,
- Withe goods,
- E-signage (public displays)

* These applications have very different requirements compared to
consumer produkts (CE) like mobile phones, monitors, TVs, ...

» However all European products have relative low volume compared to CE
* Professional displays follow CE trends like 16:9, touch, ...

» Supply chain needs special attention as displays are produced in Asia
and value is added in Europe
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Applications for Displays

[ Consumer Devices J

This lecture

Professional

Displays

I ] [ ]
. Small/ . Small/
Large size : . Large size . :
medium size medium size

( ) ( i )\ ( . N
Professional Industrial
Cell Phones . ..
L ) L monitors ) L applications )
( )\ ( )\ ( N
Notebooks DVD Players E-Signage Automotive
N\ J & J & J
( ] N ( N\
Photo, video Household
L (incl. frames) ) L Appliances )

( N
o Navigation

* Low volume compared to consumer

Consumer has virtually - High requirements
no significance in Europe |
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Comparison of Consumer and Professional Displays

Consumer displays Professional displays

Minimum order quantity High low
Targeted display life 9-18 month 3 to 5 years and longer
Optimisation Typically cost Typically performance
Orcen) noticaton, Maybe Yes
LTB (last time buy) notification Maybe Yes
Requirements Low High

Limited warranty for

. : Designed for 24/7 use
long-time operation

Operation time

Plastic bezels, no

Housing : : Enhanced bezels
internal cooling
Usually complete Display panels mainly
Location of production value chain located in produced in Asia.
Asia Value added in Europe
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Automotive Displays

What are displays used for in the car?

— Driver safety information within
instrument cluster
e.g. for on-board computer
new: head-up display

— Co-driver information, navigation
central information display / center console
and beyond e.g. for navigation

— Radio / heating / air conditioning

— Passenger entertainment
rear seats
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Challenges for Automotive Displays

Development and Life Cycle

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Iphone Iphone 2lphone 3phone 4iphone SIphone 6

|ph0ne TN - b ||
roadmap - o

7"-display technical product
c-class validation | developme

2013 2014 2015 2016

Smartphone

*New device generations with extended functionality and design face-lift every year
Lifetime of displays 4 years, but with revolutionary development steps (retina resolution)

Automotive display

*Perceived quality to displays of leading mobile devices shall be achieved (e.g. resolution)
*Development of automotive products implies conformance to automotive requirements
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MERCEDES Approach for Future Automotive Displays

) wikia
B8 W am
Seamless Experience: ‘fl,,“‘ Ca’
S s Lk e
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reamamenyer ) Tosssn a/ N 32 @ oo I
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e s v L Social w tak
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LISTRES 1
i

//W e 7| ,

Enjoy digital lifestyle seamlessly and safely in the vehicle

by continuous connectivity with the cloud
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Industrial and Professional Displays

« While displays for household appliances and
automotive displays can be assigned to small and
medium displays, industrial displays incl. medical
have a much broader range of application and thus
sizes.

 The industrial field comprises a huge variety of
different applications and customer-specific
displays with only small lot sizes.

« The upper end of industrial displays is often
referred to as public displays

 Extremely large sizes (display-walls) often realized
by tiling a large number of individual displays, e.g.
rear-projection displays.
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Industrial and Large Area Display Systems from Europe

STCIIEEREITES.

Ar12:121R8 4205 Bhersch Rrestry

Frayowhatr o8
Lindau

APWS700X
»PWS700T
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Consumer Trend

Phones & Communication

Data / Music / Games / Entertainment

Trend in consumer electronic devices

» Integration of multiple functions in one device

« Smart and convenient handling

/
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“Pictures of the Future”

* Information age » “Ubiquitous IT” )
_ _ - “Digital Lifestyle”
« Aging society » “Medical”
» “Smart Buildings”
* Global warming » “Green” —
« “Energy Saving”
 Raw materials scarcity #» “Smart Production”
_ _ * “Transportation”
 Emerging countries » “Megacities” _

C =)

Trends and technologies are
presented here not market data
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Consumer Trend: Smartphones & Tablets

Trend in consumer electronic devices:
* Integration of multiple functions in one device

« Smart and convenient handling

Source: wikipedia.org

Source: APPLE

(9

High ppi (resolution)

Key features with impact .
y P Multi touch, gesture control

for professional displays

Apps for “everything”

/
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Consumer Trend: Smart Home (Automation)

“T T EVaillant
B N T
I'S i 30,5C
el " )
T= ¥ Teac oo |
eEEC "
,,,,,,,,,,,,,,,
@ Gas Thermostat
Shutolf Sebancid \Vai loe
e &
— //
i, CONTROL
N

Source: ELV, ENBW, VAILLANT,
Pro-smart-metering.de, fair-news.de

C =D
Loy foat b t  From large displays to small
ey features mpac
f y f y _ WII d'l T ones with basic HMI
or professional displays :
P Piay * Full control by CE devices & apps
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Industrial Trend: IPC & Panel PC with Touch

Source: OMRON, Panel-PC.org

Standardized HW
with standard

PC graphics IF;
OS mostly WIN.

HMI / GUI will be developed OS - independent (HTML 5.0 T
or JAVA, ...) to ensure compatibility with mobile devices. :
9

-

 Standardized hardware

Key feat ith | t
€y teatures with impac « Added value for specialized displays

for professional displays
 Touch

/
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Industry Trend: Wired & Wireless Networks

Industrial Ethernet Industrial

Infrastructure Emm(’ﬁg ) |scaa
Industrial Wireless (o Z

— J' Infrastructure = Control Room

Ind hal

m y o a
Switch Control Room J Wirele;s

- Access Point

H MJIPEG DVR o i '

: w72 : i

SenaltoEth -

Same for
smart

Detector o
buildings
Serial to Ethemnet
Server
. : ____Fiber Optic (100BaseFX) Future
Intrusion ", -~ et Wisted Pair
Detector Rssure —'5“'3 ) &
e Lo P s [HTML 5.0] :
Source: ANEVTECH, SIEMENS = .
(0

 From large displays to small
ones with basic HMI
* Few monitors + mobile devices

Key features with impact
for professional displays

/
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Display Trends

(D

« “Green” displays

 Low resolution displays

- “Standard” larger displays

 Touch “everywhere”

« Bright light capability

J

\_/

Professional displays follow CE trends!
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1 Introduction

Human Vision Overview

 Human senses & recognition
 Eye characteristics
« Consequences for screen design

* (Graphical) User Interface
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Data Rates of Human Senses

* Visual 300 MBit/s
 Audio 20 KkBit/s
* Taste 10 Bit/s
* Taste 4  Bit/s
* Heat 0.1 Bit/s

Vision has the highest data rate (and resolution)!

This has some consequences for man-machine-interface (MMI, HMI)
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Information Processing = Color Graphics Displays

Recognized
A HHHHHI Maximum 1:1

Alphanumeric +
graphics + color

Alphanumeric b/w

>
Information Supplied
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Information Coding & Recognition

55Cg §gCEG
52535 52575
C5CcE5 §5cCG5
5555c 5g55h5qg

- How many different characters are displayed ? Need for
- What is the number of the ,minority’ ? color !
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Ergonomics

The recommended character height depends on number of colors used

Recommended symbol height /minutes of arc

)
60 +
50 |
2.4 mmford=05m
Recommended *°T |
minimum: 16’ 30 1
\i | 6 mm for
d=05m
10 +
Evye resolution: 1" ! : g : } —tt-
1 2 3 4 5 6

Number of colours used on the display
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Ergonomics

Readability depends on character height and color combination

= 4 mm height at 65 cm distance yellow
Number of 22 red
Correctlg 20 white
Read Yellow has the
Characters 18
16 highest readability
blue . .
14 which is also
12 proved by CIE 1976
10
g color difference
6 formula (see §2)
17 18 19 20 21 22 23 24 25 26 27 28 29 Yellow
Symbol Height (minutes of arc)
Yellow Cyan —-—-—-—-o--—- . whi
Red ———— oo Green —--—-s—--e—-- — negative te
Yhite ——— —— — — Blue ------ ememesenenes contrast
Magenta - —\—---------
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Case Study : What's the Best Distance to Screen

and Minimum Character Size ?
Assumptions

- Aspect ratio 4 : 3
- 20 lines of characters on displays (1 line = 0.05 height)
- Resolution of human eye : o~ 1 =1/60 ° = 1° of arc; o,,q ® 3 X104

h
— fano ~ o = —

d

with h : object (pixel) height, d : distance to screen

- Characters should have 50 x eye resolution for non-fatigue presentations
- Character height = 0.05 image height =~ 0.07 W (screen [image] width)

50a:g—>d= h :0.07W_ 0.07 W ~5W

500 500 50-3-107%

— Recommended distance to screen
5 x image width for 20 lines of characters

This equals a viewing cone of 20° (recommended minimum value for monitors!)
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Case Study : What's the Best Distance to Screen
and Minimum Character Size ?

Remarks for Presentations in Conferences:

* Typically screen width in conference rooms is very often 2 m
or the width is limited by a low distance of projector - screen (e.g. by
arrangement of table or limited length of video cable laptop - projector)

» This causes a maximum distance of viewers to screen of 10 m (see last
slide) for 20 lines of characters with a line spacing of 1.5

* This equals to 13 lines in POWER POINT for a font size of 24
» Because of top and bottom lines only 8 lines remain
» Because of (larger) headline only 5 lines for text information remain !

* XGA- projectors with image width =2 m — 1 Pixel = 2 mm
— viewing distance with pixel size = eye resolution :d=h/a~6.5m

TV:d~3...4 x screen size or 5 x screen height
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Graphical User Interface Design (I)

Rule: Golden Cut

- Used by famous photographers and artists

- Area partitions and proportions (~ 1/3 : 2/3) are felt as very harmonious !
- Also many things in nature follow a Golden Cut strategy e.g. snail’s shell
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Multimedia Displays

M%S

Graphical User Interface Design (ll)

Golden Cut

0 &8

arrangement
Trand curve or

recommended qraphic 1 feld

Group display Catall
1ald display
1ald

—0 518 ——
1
0513
1
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7 Action Steps acc. Donald Norman

Human Action Cycle

\ /

Forming a goal What happened <> what was intended
Translate goal to task(s) Interpreting the outcome
] i
\ E spla s
Planning the action (seqguence) Perceiving what happened
Touwel | executing the action (sequence) Adapted from D. Norman :

"The Design of Everyday
Things”, Basic Books,1988
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User Interface : Numeric Keypads

(B]XsSM  |T)RTN

YILEY? |Yonr||EY) (Yo EXY

Calculator
H-LAUT L-HOREN TON FEST
¢ .2 b
Phone

DIREKT  TARIF TON HAND

T-SEND ‘ SCRAM

Caused by historic reasons, but also differences within one category
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Summary Display Overview

* Vision has highest data rate

 Display have to deal in pixel size, panel size (and therefore resolution)
for optimum characteristics due to vision properties

« Ergonomics of vision allow to perform calculations for
“good screen design” (GUI, HMI)

» GUI recommendations help to improve display system usage
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