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Future   of  Electronic  Displays  by  CORNING 

Corning_ADayMadeofGlass.wmv 
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Future   of  Electronic  Displays  -  Flexible  Displays 

lope_c_videoclips_flexible_v1.wmv 
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Prof. Dr. K. Blankenbach 

Spiegel Sep. 2005 

Team 2008 FOCUS Nov. 1999 

- Chairman of 
  

-  Chairman  DFF 

  (German Flat Panel Forum) 

- Speaker of display  

  group of VDE/ITG 

- Chairman of                 steering committee 
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Activities  at  Display Lab  Pforzheim 

       Display systems 

Hard- and software, 

prototypes 

Measurements 

Driving 

• Applied R&D „around‟ displays 

• Funded by BMBF, BW, industry, … 

• Many references 

• Workshops, … 

5 
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References 

-  WIKIPEDIA (good for definitions, overview, …) 

- Society for Information Display (www.sid.org) 

    „Information Display“ Archive (free, good for 

   introduction of many display topics) 

- Handbook of Visual Display Technology, Springer 

   (“all-in-one”) partially available via SPRINGERLINK 

- 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 (für MATLAB Freaks) 

http://www.sid.org/
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Overview 

2. Displays 

• LCD 

• OLED 

• E-Paper 

• 3D 

• Touch 

• Interfaces 

1. Introduction 

• Markets 

• Definitions 

• Measurements 

Applications  

• Industrial 

• E-Signage 

• IT, … 

Incl. examples 

and case studies. 
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 Introduction 
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Display Measurements 

Summary  &  Outlook 

Overview 

Some pictures etc. are 

courtesy of the companies 

named on the picture, 

others from, e.g., SID, … 

Displays  (LCD, OLED, E-Paper) 

3D, Touch, Interfaces 

 Introduction 
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Professional  Display  Applications 

… developed  in Germany / Europe 

9 

Application specific  requirements  differ a lot ! 

• Industrial displays 

• Professional monitors 

• Household appliances 

• Medical displays 

• Public displays 

• Automotive displays, … 

http://www.conrad.de/script/?1P-K=zSa&sid=M3JiZ80dF7ncO4lA&z=a&pd=122125
http://de.wikipedia.org/wiki/Bild:Bankomat_050421.jpg
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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 

Basics about multimedia applications 

with focus on displays will enable you to  

design new  information systems. 

Objective  of  Lecture 

10 
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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 

11 
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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 isuppli, March 2012) 

1 

3 

2 
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Displays  Are  The  Most  Expensive  Subassembly 

1 

2 
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Displays  Have  Many  Applications 

… not only for IT people 

Displays are mostly used  for information (systems): 

Displays have to fulfill various requirements ! 

15 
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Multimedia  Workflow  -  Color  Management 
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Sunlight  Readability 

Improving 

Asian displays 

in Europe 

LCD   

not readable 

LED  OK but low resolution 

E-paper  OK but monochrome 
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Multimedia  Data  Path 

18 

Interface, 

Signal Processing 

Display 

Charac- 

teristics 

µC, µP 

PC, TV 
Observer 

“Should look the same” 

? 

Source 

Input from (screen) 

designer 
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What  is  a  Display  ? 

• A ‚converter„ of electronic 

  information 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, … 

… ‚all„ – but different intepretations ! 

19 
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What  is  a  Display  System ? 

Hardware incl. 

- Display interface, 

- Display software, 

- … 

     User and tasks: 

- Data to display 

- User input, 

- …                     Display (technology) incl. 

- Parameters 

- Environment, 

- … 

Application 
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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”) 

IT people should cover all 3 with different weight depending on job 

21 
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What  is  a  Display  System ? 

Hardware incl. 

- Display interface, 

- Display controller, 

- Software incl. OS, 

- … 

Display (technology) incl. 

- Parameters 

- Environment, 

- … 

Application 
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Display  Fundamentals 

Cross section  of a 

typical (color) display 

(not to scale) 

Front plane 

Back plane 

Electro- 

optical 

 layer 

Substrate, barrier layer, 

polarizer, … 

Color filter (option) 

Matrix drive, TFT, electronics 

LCD, OLED, e-paper, … 

Substrate, barrier layer, 

polarizer, backlight, … 

Electro-optical layer decides on display characteristics  

like bistablity, image quality, environmental conditions, … 
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• Reflective 

  Examples:  “simple” monochrome LCDs,  e-paper 

 

 

 

• Emissiv 

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

Display Technologies  Overview 
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Consequences  for  Display  Technologies 

Emissive Reflective 
“High Power  

vs. no  color”  

 

Emissive Reflective 

Examples  AMLCD, OLED, PDP, …  E-paper , reflective LCD 

Improve-

ments 

• Rise e-o efficiency  

• Optimize subassemblies 

• Rise reflectance r 

• Add frontlight 

Merits  Multimedia, mass production  Bistable  lowest power 

Issues  Bright light, power consumption  Multimedia, professional 

Benefit  Multimedia @ reasonable power  B/W  @ lowest power 

Criteria: 

 and r 

 

 

 

(2014) 

r 
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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 
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Segmented  vs. Graphics  Displays 

Segmented LCDs 

• Low power 

• Sunlight readable 

• Easy to customize incl. icons 

• Sharp icons @ “low resolution” 

• Fixed screen content 

Graphics  Display 

• 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 
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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). 

  If all subpixels have the same grey level,  

  the pixel appears white 
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Pixel 

Usually square shape:  

Monochrome pixel:  

Color pixel:  

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  

  

Note: Different pixel definition for camera!  

           No subpixel, RGB of a pixel is „captured“ 

           only for e.g. G and R and B are calculated 

Question: 16 MP image on 2 MP display ? 
 

Subpixel 
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Display &  Pixels 

• LCD type: Transmissive LCD features a backlight 

• Display type: Active Matrix: 1 TFT per Subpixel 

• Number of Colors: 262k colors = 18 bit = 6 bit per color 

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

Active 

area 

Module 

0.36 mm 

3 x 0.12 mm 

= 0.36 mm 

Pixel (dot) size:  

width / # pixel h 

= 115.2 mm / 320 

= 0.36 mm 

Aspect ratio: 

# h / #v pixels 

e.g. 16:9 or 4:3 
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Pixels  per  Inch  vs.  Observer  Distance 

• 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 µm) ; IPAD 3: 264 ppi 

Viewing 

Distance  

/m 

~ PPI from 

Eye 

Resolution 

Eye Res. 

Pixel Size 

/mm 

Useful 

PPI 

Useful 

Pixel Size 

/mm  

Typical 

Examples 

0.3 510 0.05 300 0.08 Smartphone 

0.5 340 0.08 200 0.13 Tablet, PC monitor 

1 170 0.15 100 0.25 “Reference” 

2 85 0.30   50 0.50 TV  > 50” 

10 17 1.50   10 2.50 E-Signage 

Pixel size 
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Viewing  Cone : Aperture Angle j  

Typically 20° - 40° , recommended: 30° 

 

 

Office (d = 60 cm) : 14“ (20°) - 28“ (40°) 

h / 2 

d = 60 - 90 cm 

j 

  

/2 

Display  Ergonomics 

Recommended Line Number  

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

100

cetandisViewing
heightCharacter 

Recommended minimal Character  height  

for large viewing distance 

Example: d = 30 m  h = 30 cm  (5 m  5 cm) 

cetanDisViewing

HeigthScreen25
numberLine






Multimedia Displays 

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

M    S E 
I 

33 

Common  Display  Resolutions 

Computer, mobile, … 

 - 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 

 - FHD (16:9): 1920 x 1080 

  

Television  

 - Standard TV PAL: 768 × 576 (4:3) 

 - High-definition television (HDTV): 1280 × 720, 1920 × 1080 (16:9) 

 - Ultra-high-definition television (UHDTV): 3840 × 2160 (4K) 

 

Cinema 

 - 2K: 2048 × 1080 

 - 4K: 4096 × 2160 

v 

h 

Aspect ratio: h : v 

 

Active size:  

# pixels h (or v) x pixel size 

Trend  to higher  resolution 
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Human  Vision :  Aspect  Ratio 

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

Ghosting 

Response time 

Temperature 

Viewing angle 

Ambient light 

Lifetime 

Vibration 

*: 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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• Turnover of displays 

• Which applications are ‚hot„ 

• Technologies vs.  units and market 

• Selected applications 

Market  Data  Overview 

37 

1 Introduction 
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Worldwide Flat Panel Market 
1 B$  1 Mrd. € 

1 km² = 1 Million m² 

200 km² = AStuttgart 

per year ! 
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Worldwide Flat Panel Market  by  Regions 
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Worldwide  Market  by  Technology 

40 

Total 

CAGR  

(2009- 

 2015):  

 4.9% 

0

20

40

60

80

100

120

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

[US$ Billion] LCD PDP OLED EPD Other

Source: DisplaySearch, 2009 
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E-Paper & Flexible  Displays  (global) (Source: DisplaySearch) 

Point 

Of 

Purchase 
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E-Signage … strong in Germany 

Source: Displaysearch 2012 
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Displays  by  Application 

Source: Displaysearch 2012 

• Professional  market  is very small compared to consumer! 

• Professional display features follow consumer mass markets. 

CE 

Professional 

Display 

Applications 
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New  Megatrends  

IT / HW 

Content 

System 

• E-Signage 

   „Small‟ electronic billboards 

 

 

 

• E-paper 

  Low power, sunlight readable 

 

• Touch Screens 

 

• 3D 

 

•  4K Ultra HD ( 4 x FHD): 

   3840 x 2160 (8.3 megapixels)  
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E-Signage (Digital  Signage, POI) 

• 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 

(Source: DisplaySearch) 
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Market  Studies – for what they are good for ? 

• 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 

• 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 

Merits 

Shortcomings 
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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 POI 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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Multimedia  Display  Applications  in  Europe 

• Professional displays industries 

•  Professional displays vs. CE 

• „Pictures of the future“ 

1 Introduction 



Multimedia Displays 

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

M    S E 
I 

49 

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 

Application 

Consumer Devices 
Professional  

Displays 

Large size 

TV 

Notebooks 

Monitors 

Small/ 

medium size 

Cell Phones 

Large size 
Small/ 

medium size 

Professional  

monitors 

E-Signage DVD Players 

Photo, video  

(incl. frames) 

Navigation 

Industrial  

applications 

Automotive 

Household  

Appliances 

This lecture 

Consumer has virtually 

no significance in Europe 

• Low volume compared to consumer 

• High requirements 
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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 

ECO (Engineering Change 

Order) notification 
Maybe Yes 

LTB (last time buy) notification Maybe Yes 

Requirements Low High 

Operation time 
Limited warranty for 

long-time operation 
Designed for 24/7 use 

Housing 
Plastic bezels, no 

internal cooling 
Enhanced bezels 

Location of production 

Usually complete 

value chain located in 

Asia 

Display panels mainly 

produced in 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 

2006 2008 2009 2010 2011 2012 2013 2014 2005 2007 2015 2016 2004 2003 

Iphone Iphone 2 Iphone 3 Iphone 4 Iphone 5 Iphone 6 

Retina 

326ppi 

Iphone 

 roadmap 

163ppi 

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) 

7“-display 

 c-class 
product  

development 

technical 

validation 

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   

Enjoy digital lifestyle seamlessly and safely in the vehicle  

by continuous connectivity with the cloud  

Seamless Experience: 
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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 
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Consumer  Trend 

Trend in consumer electronic devices 

• Integration of multiple functions in one device  

• Smart and convenient handling 

57 
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“Pictures of  the  Future” 

Consequences  from  Kondratieff Waves  of  Innovation 

• Information age      “Ubiquitous IT” 

• Aging society       “Medical” 

• Global warming      “Green” 

• Raw materials scarcity      “Smart Production” 

• Emerging countries      “Megacities” 

• … 

Trends and technologies are 

presented here not market data 

• “Digital  Lifestyle” 

• “Smart Buildings” 

• “Energy Saving” 

• “Transportation” 

58 
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Consumer  Trend:  Smartphones & Tablets 

Key features with impact  

for professional displays 

• High ppi (resolution) 

• Multi touch, gesture control 

• Apps for “everything” 

Source: wikipedia.org 

Source: APPLE 

Trend in consumer electronic devices: 

• Integration of multiple functions in one device 

• Smart and convenient handling 

59 

//upload.wikimedia.org/wikipedia/commons/d/d5/IFA_2010_Internationale_Funkausstellung_Berlin_18.JPG
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Consumer  Trend:  Smart Home  (Automation) 

“Today” Future 

Key features with impact  

for professional displays 

• From large displays to small 

ones with basic HMI 

• Full control by CE devices & apps 

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

HTML 5.0 

60 
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Industrial  Trend:  IPC  &  Panel PC with Touch 

Source: OMRON, Panel-PC.org 

Key features with impact  

for professional displays 

• Standardized hardware 

• Added  value  for specialized  displays 

• Touch 

Standardized HW 

with standard 

PC graphics IF; 

 OS mostly WIN.  

61 

HMI / GUI will be developed OS – independent (HTML 5.0 

or  JAVA, …)  to ensure compatibility with mobile devices. 
HTML 5.0 
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Source: ANEVTECH, SIEMENS 

Industry Trend:  Wired  &  Wireless  Networks 

Future 

Key features with impact  

for professional displays 

• From large displays to small 

ones with basic HMI 

• Few monitors  +  mobile devices 

HTML 5.0 
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Same for 

smart 

buildings 
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Display  Trends 

• “Green”  displays 

• Low resolution displays 

• “Standard” larger displays 

• Touch “everywhere” 

• Bright light capability 

• … 

Professional  displays  follow  CE  trends ! 

63 
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• Human senses & recognition 

• Eye characteristics 

• Consequences for screen design 

• (Graphical) User Interface 

Human  Vision  Overview 

1 Introduction 
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Data  Rates  of  Human  Senses 

Vision has the highest data rate  (and resolution)! 

This has some consequences for man-machine-interface (MMI, HMI) 

• Visual  300  MBit/s 

• Audio    20   kBit/s 

• Taste    10     Bit/s 

• Taste      4     Bit/s 

• Heat      0.1  Bit/s 
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Information  Processing    Color  Graphics  Displays 

Supplied 

Recognized 

Information 

Alphanumeric b/w 

Speech 

Maximum 1:1 

Alphanumeric + 

graphics + color 
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Information  Coding  &  Recognition 

- How many different characters are displayed ? 

- What is the number of the ‚minority„ ? 

Need for 

color ! 
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Ergonomics 

The recommended character height depends on number of colors used 

6 mm for 

d = 0.5 m 

2.4 mm for d = 0,5 m 
Recommended 

minimum: 16‟ 
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Ergonomics 

Readability depends on character height and color combination 

Yellow has the 

highest readability 

which is also 

proved by CIE 1976 

color difference 

formula (see §2) 

Yellow 

red 

white 

blue 
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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 :   1„ = 1/60 ° = 1„ of arc; rad  3 x 10- 4      

        

 

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

d

h
tan 

W5W
10350

07.0

50

W07.0

50

h
d

d

h
50

4













  

- Characters should have 50 x eye resolution for non-fatigue presentations 

- Character height = 0.05 image height  0.07 W (screen [image] width) 

 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 /   6.5 m 

 

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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Graphical  User  Interface  Design  (II) 

Golden Cut 

arrangement 

recommended 
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7  Action  Steps  acc.  Donald  Norman 

Human  Action  Cycle 

Forming a goal 

Translate goal to task(s) 

Planning the action (sequence) 

Executing the action (sequence) 

Perceiving what happened 

Interpreting the outcome 

What happened  what was intended 

Adapted from D. Norman : 

"The Design of Everyday 

  Things”, Basic Books,1988 
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User  Interface : Numeric  Keypads 

Calculator 

Phone 

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 


