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Introduction 

Archiving has fundamentally changed in the transition from analog to digital. First of all, in the 
digital domain any data appears physically the same. No matter whether we speak about text 
files, photographs, digital audio or video content. All those objects are a sequence of bits, 
enriched by metadata to explain e.g. technical or contextual details. In addition to that, digital 
files, or the technologies to access them, are much more fragile regarding their lifetime. 
Technological changes of storage systems render digital archiving to a very active process. On 
the other hand, if analog photographs are stored correctly, one can expect that these artifacts 
still will exist and will be usable even after some decades. Maybe they face some kind of 
degradation but they are still there. In the digital domain this is completely different. If digital 
image files are not taken care of continuously it has to be expected that the files won’t be 
accessible in future or the file format can’t be understood because of any or multiple 
technological obstacles. In general digital information is endangered if:  

 the data carrier decay with time    

 the hardware to read and access data carriers changes and gets incompatible with 
earlier generations    

 the file formats become obsolete or they feature technologies   that are contrary to the 
needs of digital archiving    

All those points are independent from the actual content of the files especially it doesn’t matter if 
we speak about images, motion picture or text content. 
Hardware will have to be migrated after a short period of time but the file format should be as 
stable as possible to prevent file transformation that can cause loss of date or the introduction of 
artifacts. Therefore it is very important to choose a format definition that matches to both 
aspects, quality and compatibility, to archival needs. 
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From a technological point of view digital archiving is not something that is, in most cases, 
strongly related to a specific type of data. Nearly all users of digital data have the same 
problems and therefore it can help to see what other communities did to solve typical archival 
obstacles. Taking a look at the Portable Document Format, PDF we notice a widely established 
file format that became the technical basis for todays PDF/A standards, a derivative of the 
normal PDF for archival purposes. The basic PDF standard features interesting functionality like 
for example JavaScript and executable file launches or even encryption of content. However, 
some of the core functionality of PDF is contrary to the needs for digital preservation of 
electronic documents. PDF-files can render unreadable in the future or their content even might 
change depending on the time of access. Both are inacceptable for any archival use. Therefore 
the ISO standardized version PDF/A has been created. PDF/A differs from PDF by omitting 
features that are not suited for long-term archiving. In addition the use of standards-based 
metadata is mandated in PDF/A’s. Therefore we propose a TIFF definition for archives, which 
follows the path of the well- accepted PDF/A. In a first step this approach requires a closer look 
at some of the properties and features of TIFF.  
 
Any file format basically defines the logical structure and meaning of the bits within the bitstream 
and thus it is essential for correct interpretation and proper rendering of the coded data. 
Unfortunately a file format or parts of it’s logical structure and definition can become obsolete. As 
a result the information renders useless, even-though the bit stream is still properly readable. 
Therefore it is necessary to use a stable and proper file format for long-term preservation of 
digital data. The stability of a format is determined by the following criteria: 
 

 The format has to be well documented 
 The format should be in wide used 
 The format should not contain proprietary or patented elements (algorithms etc.). In other 

words, it should be an open format. 
 The format should be as simple as possible 
 No interlinkage with external data is allowed (e.g. fonts or any other resource) 
 In addition to that it must be given, that the file-format is capable to store the relevant 

information without significant compromises. In the case of image files this could for 
example be the quantization depth for correct tonal reproduction, that shall be bigger 
than 8bit/channel for most applications. 

 
TIFF is certainly the most widely used and most accepted format for this task. However, TIFF 
itself is quite complex and the different standards TIFF V6.0, TIFF/EP (ISO 12234-2:2001) etc. 
include many options that are not suitable for long term archival. In addition parts of the 
definition of TIFF have become proprietary, because different vendors have made new not 
formally standardized additions. As a consequence it would be easily possible to create a TIFF 
file that is fully conformant to the TIFF Revision 6.0 specifications but would be virtually useless 
because no existing renderer would be able to open and render it in future. Therefor a TIFF file, 
suitable for long term archiving, should use only the minimal and well defined set of tags that are 
necessary to allow a correct rendering of the data and to represent the essential descriptive 
metadata. 
 
We therefore propose a subset of TIFF, which is fully compatible with the TIFF standard but 
marks some tags as mandatory, some as optional and some as forbidden in order to guarantee 
the correct rendering in the future. We propose to call this Format TIFF Baseline Plus or TI/A. 
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Tagged Image File Format 
 
The Format TIF was originally created in 1986 by Aldus Corporation. TIFF is a flexible, 
adaptable file format for handling images and data within a single file, by including various 
header tags for size, channel definition, image-data arrangement, applied image compression 
and others, define the technical configuration of the image. The flexibility allows for many 
different variants and can include further on metadata, which follows other format definitions 
such as IPTC-data, EXIF-data or ICC-data. It also allows the addition of proprietary elements 
and supports many different compression schemes, even JPEG. There are some options within 
the TIFF standard that are rarely used and not supported by most applications. Further on some 
application remove metadata that is not used by the application without notice of the user. 
 
The TIFF format is completely open in the sense that the complete specification has been 
published. The standard was finalized in 1992 and the full documentation can be found at 
https://partners.adobe.com/public/developer/en/tiff/TIFF6.pdf . The reference manual states the 
following on page 5: 
 

 TIFF is capable of describing bilevel, grayscale, palette-color, and full-color image data in 
several color spaces. 

 TIFF includes a number of compression schemes that allow developers to choose the 
best space or time tradeoff for their applications. 

 TIFF is not tied to specific scanners, printers, or computer display hardware. 
 TIFF is portable. It does not favor particular operating systems, file systems, compilers, 

or processors. 
 TIFF is designed to be extensible—to evolve gracefully as new needs arise. 
 TIFF allows the inclusion of an unlimited amount of private or special-purpose 

information. 

 
TIFF-Baseline and TIFF-Extensions 
 
The TIFF reference manual distinguishes between the Baseline TIFF and TIFF-Extensions. The 
“Baseline TIFF is the core of TIFF, the essentials that all mainstream TIFF developers should 
support in their products”, as the TIFF documentation states. This means in other words, the 
TIFF-Extensions are not expected to be supported by all developers. Thus, it is obvious that the 
TIFF-Extensions should not be used for long term archival. 
 
The Metadata and the position of the image data within the file are encoded through the use of 
16-bit id’s called tags. These tags are pooled into image file directories (IFD). A TIFF-file may 
contain multiple IFD’s where each describes a variant of the image (e.g. a thumbnail image in 
B/W and a full resolution color image may be combined in one TIFF file). A tag in a IFD has the 
following structure an occupies 12 bytes according to the TIFF reference documentation: 
 
 

Bytes 0-1 The Tag that identifies the field 

Bytes 2-3 The field Type, which can be an 

 8-bit unsigned integer (BYTE) 

 8-bit signed integer (SBYTE) 

http://en.wikipedia.org/wiki/Image_compression
https://partners.adobe.com/public/developer/en/tiff/TIFF6.pdf
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 8-Bit character in the ASCII code (ASCII) 

 16-bit unsigned integer (SHORT) 

 16-bit signed integer (SSHORT) 

 32-bit unsigned integer (LONG) 

 32-bit signed integer (SLONG) 

 2 32-bit unsigned integers which represent the numerator and denominator of a fraction 
(FRACTION) 

 2 32-bit signed integers which represent the numerator and denominator of a fraction 
(SFRACTION) 

 32-bit IEEE formatted floating point value (FLOAT) 

 64-bit IEEE formatted floating point value (DOUBLE) 

Bytes 4-7 The number of values, that is the count of the given type 

Bytes 8-11 The Value Offset, the file offset (in bytes) of the Value for the field. The Value is expected to begin on 
a word boundary; the corresponding Value Offset will thus be an even number. This file offset may 
point anywhere in the file, even after the image data. 

 

Within an IFD, the tags have to be sorted in ascending order to the tag id. Thus, A TIFF file may 
have a rather complex structure. 
 
It is important to note that the same image may be represented by several TIFF files that differ 
on a binary level. But all these variants may be completely valid regarding the TIFF reference 
documentation and render to the identical (analogue) image.  
 
In this sense these TIFF’s have to be considered identical, even if they differ massively on a 
binary level! 
 
The TIFF standard allows explicitly the use of private tags, that is, tags that are defined and 
used only within a special community of company. Tags numbered 32768 or higher are reserved 
for that purpose. 
 
 
Other Extensions not covered by the TIFF reference manual 
 
The rapid development of digital imaging devices since the original definition of the TIFF 
Revision 6 has generated a lot of additional extensions to the set of TIFF-tags not covered by 
the reference manual. These tags are not officially standardized, but many of these are 
supported by most major software manufacturers and thus define “quasi-standards” that are 
widely accepted. In regards to long-term preservation, tags that deal with the following areas 
have to be considered: 
 

 Descriptive Metadata 
The importance of descriptive metadata may not be overstated. However in order to 
retrieve or identify an image and for proper archiving metadata plays a crucial role. As a 
reference for archival purposes the Open Archival Information System can be taken into 
account. In the OAIS, the descriptive metadata is combined with archival metadata and 
the actual payload data into a Archival Information Package (AIP). In case of the archival 
of “simple” image files, the following rules should apply for descriptive metadata: 
 



 

Seite 5/9 

 

 Filename 
The filename is probably the most import part of metadata. It should be chosen in a 
way, that the identity of the content of the image is identifiable to a human reader. 
E.g., if a institution uses some sort of signature or inventory naming scheme, this 
would be a good starting point for a filename scheme. 
The filename also should have a clear, consistent structure and use only ASCII 
characters. 

 Sidecar file 
Descriptive metadata could also be stored in a sidecar file (e.g. with the same 
filename but a different extension). However we do not recommend this procedure. If 
ever, the two files become separated or the sidecar file gets lost, the metadata is 
lost. 

 File header 
The most important descriptive metadata should be included into the file header of 
the TIFF file. There are several tags available for this purpose (see below). 
 

 Color reproduction  
Correct color reproduction is an important and difficult topic. Assuming, that the 
digitization process has been performed with a state of the art procedure including full 
color profiling, it is important to convert the image data into a proper standard ICC color 
space and storing all required information in the header of the TIFF. Unfortunately the 
TIFF standard does not include provisions for ICC profiles. De facto, a special tag 
TIFF_ICCPROFILE is supported by most renderers. The data referenced by this tag 
must conform to the  ICC Profile Format Specification, Annex B.3 "Embedding ICC 
Profiles in TIFF Files". However it is crucial to have a clear definition of the RGB color 
space represented by the image data. Therefore it is necessary to make sure that a 
proper color profile definition is existing in the TIFF file. In addition it is recommended to 
use one of the wide spread standard color spaces like e.g. sRGB or Adobe RGB.             

 
Within the last decades, the industry has extended the TIFF format for some special purposes. 
Especially the manufacturers of capture devices (cameras, scanners etc.) have defined an 
extended format call TIFF/EP which is an ISO standard: 
 
ISO 12234-2, titled "Electronic still-picture imaging – Removable memory – Part 2: TIFF/EP 
image data format”. TIFF/EP (TIFF/Electronic Photography) 
 
This standard is especially defined to store RAW image data coming from typical digital camera 
hardware. Usually, high quality image capture results either in a proprietary raw file, an Adobe 
DNG-file, a TIFF/EP (TIFF/Electronic Photography) or any other proprietary format for raw image 
data. Such a raw file contains various information that is necessary to convert sensor CFA (color 
filter array) data into a multi channel color file (typically RGB). This includes features like proper 
CFA interpolation of image data for debayering, camera color profiles or various data about the 
optics used for the capture. Such files do not represent a “finished” image but captured data plus 
a instruction for a recommended conversion into a finely rendered image file. Due to this and 
other aspects such a camera raw file is not suitable for long-term preservation because of 
multiple proprietary elements within the format definition. For example any color transform in 
such a raw file is a set of proprietary meta information, that, if being lost, renders image data 
useless. Any raw image data file needs an interpreter to be rendered; an approach that is not 
appropriate for archival purposes. The problems with this format will be discussed in detail 
further below. 
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Definition of TIFF Baseline Plus 
 
To overcome the problem of the not proper file definition we propose to define tags that must be 
used for proper archiving, others that can be used for such an application and a third class 
defines tags that are forbidden to be used in TIFF for preservation applications. Following such 
an approach a format can be defined that is well defined and gives some boundaries for the 
application in an archive. In the following table it is shown how such a tag definition could be 
realized. Different tags of the TIFF standard are listed and rated (extract of full list of examples): 
 

Tag Name Description TI/A Comment 

262 PhotometricInterpretation 0 = White is zero 
1 = Black is zero 
2 = RGB 

mandatory 
allowed values: 1 
and 2 

An image without this 
tag can not be 
interpreted at all. 
Value 0 is not 
common and it has no 
advantages.   

259 Compression Compression scheme for data, 1 
= no compression 

mandatory 
only value 1 
allowed 

Image compression is 
not allowed for 
archival purposes   

257 ImageLength Number of vertical scan lines mandatory An image without this 
tag can not be 
interpreted at all. 

256 ImageWidth Number of horizontal pixels 
(pixels per line) 

mandatory An image without this 
tag can not be 
interpreted at all. 

296 ResolutionUnit Unit of physical dimensions of 
original image 

optional This option is 
important if no scale is 
visible in the scene 
and the dimensions of 
the original are not 
known.   

282 XResolution Horizontal dimension optional This information is a 
derivative of tag 296 
and 257, therefor it 
should be included. 

283 YResolution Vertical Dimension optional  

258 BitsPerSample Number of bits/sample required 
allowed values: 8, 
16 

This information is a 
derivative of tag 296 
and 256, therefor it 
should be included. 

278 RowsPerStrip See TIFF specification mandatory An image without this 
tag can not be 
interpreted. 

273 StripOffsets See TIFF specification mandatory An image without this 
tag can not be 
interpreted. 

279 StripByteCounts See TIFF specification mandatory An image without this 
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tag can not be 
interpreted. 

277 SamplesPerPixel Number of samples / channels 
per pixel. Gray value images to 
have 1, color images 3 samples 
per pixel 

mandatory 
allowed values 1 or 
3 

An image without this 
tag can not be 
interpreted. 

265 CellLength Used for dithering forbidden Dithering is a not 
allowed concept of 
tonal representation in 
an image.    

320 ColorMap Colormap for palette color 
images 

forbidden 
Palette color 
images not allowed 

palette colors are not 
supported for archival 
purposes.  

33432 Copyright Copyright notice optional Digital rights are 
important and if 
possible this tag 
should be filled. 
Unfortunately in some 
cases the rights 
situation is not clear 
therefore at least with 
a comment should be 
inserted.    

306 DateTime Date and Time of digital image 
creation 
Format: YYYY:MM:DD 
HH:MM:SS 

optional The date of image 
creation doesn’t 
specify which event is 
meant: The date of the 
creation of the original 
or the date of creation 
of the scan. 

266 FillOrder See TIFF specification forbidden This option is not 
allowed in a TI/A 

289 FreeByteCount See TIFF specification forbidden This option is not 
allowed in a TI/A 

291 GrayResponseCurve Optical density for each pixel 
value 

optional for gray 
value image, else 
forbidden 

Optical densities are 
only necessary for 
special applications.   

336 DotRange CMYK forbidden CMYK is a not allowed 
color scheme for 
archiving. CMYK is 
only important if 
images are meant to 
be directly printed. 
Due to todays color 
management 
workflows the only 
proper working 
colorspace is one of 
the common RGB 
spaces.     

529 YCBCR Coefficients YCC images forbidden The YCC color space 
is not allowed for 
image preservation. 
The only valid color 
system is RGB in a 
standard color space 
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like sRGB or Adobe 
RGB..  

530 YCBCR SubSampling YCC images forbidden The YCC color space 
is not allowed for 
image preservation. 
The only valid color 
system is RGB in a 
standard color space 
like sRGB or Adobe 
RGB..  

531 YCBCR Positioning YCC images forbidden The YCC color space 
is not allowed for 
image preservation. 
The only valid color 
system is RGB in a 
standard color space 
like sRGB or Adobe 
RGB..  

34675 ICC Profile Extension to TIFF Revision 6. 
The ICC Profile data is a “dark” 
object to TIFF that has to 
conform to the ICC standard 

mandatory for color 
images. 
The image must be 
converted either 
sRGB, AdobeRGB 
or ProPhoto and 
the corresponding 
ICC profile must be 
stored using this 
tag. 

Color  image data 
stored as RGB by 
itself doesn’t mean 
anything. Therefor a 
clear ICC color space 
must be applied to 
give the values of R, 
G and B a clear 
physical meaning.     

34665 EXIF Tag Offset if the EXIF IFD optional1 EXIF metadata is 
commonly used for 
major metadata. If not 
used, make sure that 
another appropriate 
metadata format is 
applied.    

33723 IPTC Tag IPTC (International Press 
Telecommunications Council) 
metadata. 

optional2 
(not recommended) 

IPTC metadata is 
commonly used for 
major metadata. If not 
used, make sure that 
another appropriate 
metadata format is 
applied. 

 

 
Conclusion  
 
Do we really need yet another image file format standard? Having so many “standard” image file 
formats such as TIFF, JPEG, JPEG2000, GIF, PNG just to name a few of the well known 
variants, this is an important question! However, the answer may be somewhat surprising: 
 
TI/A shall not be a new image file standard, since it must be defined completely on an existing 
de facto standard which is the TIFF format with some of the widely used more recent (than 
1992) “private” extensions such as the XMP tag. Thus any existing conformant modern TIFF 

                                                 
1 See below 
2 See below 
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reader will be able to open a TI/A file and render it correctly without problems. However, since 
the TIFF format is very complex and offers many options, a limitation of functionalities of TIFF- 
files can be a suitable solution. Therefore a set of mandatory, optional and unsuitable options 
are defined in order to guarantee that in future an image file can be rendered without loss of 
quality and information, even if hardware and software will have changed significantly. The 
different options will help archives decide if a prompt conversion of existing TIFF files is 
necessary or not. Since each file can be tested individually for critical properties, or improvable 
properties who, nonetheless, do not require immediate conversion, there is no danger of 
unnecessary mass migrations. 
We therefore propose a subset of TIFF which is fully compatible with the TIFF standard but 
marks some tags as mandatory, some as optional and some as forbidden in order to guarantee 
the correct rendering in the future. We propose to call this “TIFF baseline plus, recommendation 
for the use of TIFF in archival environments”. 
 


