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Ein RGB Wert eines Bildes





Metadaten  
★ Erklärung eines Bits und Bytes 

★ Erklärung des Dateisystems (z. B FAT32) 

★ Erklärung des Dateiformats (z.B. TIFF) 

★ Erklärung des Metadatenformats (z.B. EXIF) 

★ Die erweiterte Information über den Bildinhalt 
und dessen Entstehung (IPTC, EXIF)
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The FAT (File Allocation Table) file system has its origins in the late 1970s and early1980s 
and was the file system supported by the Microsoft® MS-DOS® operating system. It was 
originally developed as a simple file system suitable for floppy disk drives less than 500K in 
size. Over time it has been enhanced to support larger and larger media. Currently there are 
three FAT file system types: FAT12, FAT16 and FAT32. The basic difference in these FAT 
sub types, and the reason for the names, is the size, in bits, of the entries in the actual FAT 
structure on the disk. There are 12 bits in a FAT12 FAT entry, 16 bits in a FAT16 FAT entry 
and 32 bits in a FAT32 FAT entry. 
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Urheberrechtsvermerke, 
den Namen des Erstellers, 

eine Überschrift oder Stich-/Schlagwörter

Datum und Uhrzeit 
Orientierung (Bilddrehung um 90, 180 bzw. 270°) 
Brennweite 
Belichtungszeit 
Blendenzahl 
…

Farbraum 
Farbtransformation 
Lichtquelle 
Rendering Intent



XMP (von Adobe)
XMP basiert auf offenen Standards und bettet die vom  World 
Wide Web Consortium  veröffentlichte formale Sprache RDF 
(Resource Description Framework) in Binärdaten ein. Damit sollen 
Metadaten in verschiedenen Applikationen nach einem 
einheitlichen Schema integriert werden, um von anderen 
Programmen gelesen werden zu können.

Interoperabilität



Hardware FileFormat

DataCarrier

Hardware FileFormat

DataCarrier

Hardware FileFormat

DataCarrier

Migration heisst den 
bitstream kopieren.

Migration heisst den 
bitstream kopieren.

Migration heisst den 
bitstream transcodieren.

Medienstandards sind wichtig: Dies beinhaltet auch detaillierte 
Informationen über verwendete Daten- und Metadatenformate. So kann eine 

aufwändige Formatmigration vermieden werden



OAIS: Open Archival Information System

Ingest



Nur eine “Masterdatei“ (JPEG2000) in 
entsprechender Auflösung  

ist auf dem Bildserver gespeichert.

Alle Derivate werden beim 
Aufruf erzeugt und nicht 

gespeichert.

Webzugriff

Webzugriff

Webzugriff



International Image 
Interoperability Framework

• Standardisierter Zugriff auf Bild Ressourcen mit HTTP: 

• IIIF Image API 2.1 

• dynamic resolution, region of interest, rotation, format 

• IIIF Presentation API 2.1 

• structured information (semantic metadata) about an object (image, 
collection) 

• based on JSON-LD (Linked data) 

• IIIF Authentication API 1.0 

• based on JSON-LD (implementation could be web-token) 

• IIIF Search API 1.0 

• based on JSON-LD

http://iiif.io

http://iiif.io


e-codices: Swiss virtual Library of Medieval Manuscripts



Interoperabilität
• Heisst Vereinheitlichung der Daten und vor allem der 

Metadaten, um Vergleichbarkeit zu schaffen. 

• Das Wissen aus den vergangen Jahren fliesst in 
moderne Technologien ein: JPEG2000, RDF. 

• Es steht und fällt mit dem “community building“ und 
Beispielen, die laufen und die gezeigt werden 
können.



Informationsdichte in digitaler 
und analoger Fotografie 



Analog Electronic≠Digital



Niedrigempfindliches Material 
(Kodak Technical Pan in Neofin Doku entwickelt)

Analog Electronic≠Digital



Halbton, hochempfindlich Emulsion



Film als Informationsträger, 
die Theorie

slow film overdeveloped may well yield better results 
than a fast film developed normally, when both 
are used for the same purpose. However, no indica-
tion of this can be gained from knowledge of their 
respective speed ratings. 

If the contrast-transfer function and noise power 
spectrum of each available film are known, as well 
as the speed, the choice of the most suitable film may 
be simplified. But, although both play an essential 
part in determining image quality, the extent to 
which each does so is not immediately obvious. 
Further, both may vary considerably and in a sub-
stantially different manner from film to film, and also 
will depend on the conditions of exposure and de-
velopment. 

These problems arise whenever a manufacturer 
attempts to improve one of his films. An improve-
ment in some respects will often involve a loss in 
others, and it is difficult to decide whether or not an 
over-all improvement has been made. For example, 
a slight increase in speed may be of doubtful value if 
it is at the expense of a large increase in granularity. 
Clearly what is needed is some over-all figure of merit 
which can take into account both the image quality 
(determined by the contrast-transfer function and 
noise power spectrum) and the efficiency with which 
it is obtained (determined by the speed ). 

In 1948 C.E.Shannon l5 developed a mathematical 
technique of crucial importance in this connection, 
and the name Information Theory is now generally 
used to describe his results. Shannon showed that 
there is only one way to define a measure of amount 
of information which is consistent with basic in-
tuitive notions. He further showed how, for certain 
types of communication system, the information 
conveyed about a given signal can be calculated 
from considerations of signal-to-noise ratio. A 
convenient unit of information is the binary digit, 
or "bit," which corresponds to the 'amount of in-
formation given by a "yes" or "no" answer when 
both were initially equiprobable. 

The possible application of Information Theory 
to optical and photographic systems began to attract 
attention around 1953, both the work of Blanc-La-
pierre l6 and Fellgett and Linfoot6 being prominent. 
It was in fact Fellgett and Linfoot6 (1955) who arrived 
at the first formulation of an informational figure of 
merit for a photographic film involving both the con-
trast-transfer function and the noise power spectrum. 
Recent developments in the practical application of 
this figure of merit have been made by Linfootl7 and 
Jones. l8* 

Formulation 
Fellgett and Linfoot showed that for a random 

object intensity distribution (under the constraint 

• I a m gra teful to b oth D r. Linfoot and Dr. Jones for a llowing me t o see 
their pa pers in advance of publication. 
15. C. E. Sha nnon , Bell System Tech . J ., 27: 379, 623 (1948) . 
16. A Blanc-Lapierre, Symposium on M icrowave Optics, 2: No . 46, 

McGill Univ., 1953. 
17. E . H . Linfoot, J . Phot. S ci. , 9: 188 (1961). 
18. R. Clark Jones, J. Opt. Soc. Am., 51: 1159 (1961). 

of a prescribed statistical-mean total spectral den-
sity) the mean information content recorded in the 
emulsion area B, at the mean density level D, is 
given by 

+'" 
1= B II log! (1 + S (u,V» du dv bits/ image (11 

where the signal-to-noise power ratio S (u ,v ) is given 
by 

S (u v ) = T 2(U,V )'p (u,v ) 
, n (u,v ) (2) 

Here, p (u,v ) is the spectral power density of the 
fractional fluctuations in the objectt intensity 
distribution, n (u,v ) is the spectral power density of 
the photographic noise at the mean recording level 
D, and T (u,v ) is the photographic contrast-transfer 
function at this level. Both T (u,v ) and n (u,v ) will 
be those values corresponding to the particular ex-
posure-film-developer combination, but p (u ,v) is 
independent of film properties. 

Informational assessments of photographic image 
quality relative to those random object distributions 
for which p (u,v ) is constant as (u,v ) varies form the 
simplest analytical approach. In practice this 
corresponds to selecting a film by means of an in-
formational rating when initially there is a complete 
lack of knowledge about the spatial distribution of 
the object. Also, to comply with the constraint 
on the total spectral density as previously mentioned, 
the information content is in the first place evaluated 
for a finite spatial frequency range. This is mathe-
matically equivalent to assuming that p (u,v ) = 0 
for all (u ,v ) outside some circle u 2 + v 2 < H 2 in the 
spatial frequency plane, and then letting H tend 
to infinity. As soon as the circle includes the whole 
of the spatial frequency range in which T (u,v ) is 
effectively nonzero, the information content remains 
unchanged by a further increase in H, 

Because of the isotropic properties of photographic 
film, measurements taken in one direction are suf-
ficient to provide a complete description of film 
characteristics. Hence, it is convenient to use the 
line frequency w, defined by w 2 = U 2 + v 2, and after 
making this substitution we obtain 

I = 21T i H 
log2 (1 + ��������w dw bits/ unit area 

(3 ) 

where p o is the constant value of p ew) within the 
range 0 <w <H . 

Most methods of measurement yield the normal-
ized contrast-transfer function defined by 

t For simplicity the object is regarded h ere as the intensity distribution 
a rriving a t the surface of t he film . At this stage i t will usually be modi-
fied a lready by such fact ors as the optical-tra nsfe r functi on of the 
camera sys te m . 

355 

MTF of film MTF of machinery

noise (grain)Amount of information

C. E. Shannon, Bell System Tech.J ., 27: 
379, 623 (1948).



Frequency Response, MTF Signal to Noise Ratio, SNR
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Maximaler Informationsgehalt 
auf einem Kleinbild-Dia 

700 - 800 KByte!



50 MPixel 

1 Bilddatei als TIFF, 16bit, RGB => 300 Mbyte 

Doch was ist der Informationsgehalt?



• 400 MPixel 

• 1 Bilddatei als TIFF, 16bit, RGB => 2,4 GByte



Pixeldichte



Grenzen der Optik (Beugung)
Bilder werden auf Grund  

optischer Gesetze unscharf!



Mittelformat <=> Kleinbild





TIF 16 bit 

JPEG2000 16 bit 

Kompressionswirkung



Differenz TIFF - J2K

Gain = 32, Offset to 128 (8bit)



TIF 16 bit A 

TIF 16 bit B (on same machine) 

Hardwareeffekte



Differenz TIFF A - TIFF B

Gain = 32, Offset to 128 (8bit)

http://www.google.ch/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&sqi=2&ved=0CFEQFjAE&url=http%3A%2F%2Fmy.safaribooksonline.com%2Fbook%2F-%2F9780123919267%2F27dot-gamma%2Ftoc273&ei=z9NxU4ydAuie7AaslIHgDw&usg=AFQjCNFpRVWNuM9tYKhPWp8eNLYhJUUeew&bvm=bv.66330100,d.ZGU


Vielen Dank! 
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