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A File Format for the Exchange of Images in the Internet
Status of This Meno

Thi s docunent specifies an | AB standards track protocol for the
Internet conmunity, and requests discussion and suggestions for

i mprovenents. Please refer to the current edition of the "I AB

O ficial Protocol Standards" for the standardi zation state and status
of this protocol. Distribution of this memo is unlimted.

Abst r act
Thi s docunent defines a standard file format for the exchange of
fax-1ike black and white inmages within the Internet. It is a product
of the Network Fax Working Goup of the Internet Engineering Task
Force (I ETF).
The standard is:

** The file format should be TIFF-B with multi-page files

supported. Images should be encoded as one TIFF strip
per page.
** | mages shoul d be conpressed usi ng MVR when possi ble. | mages

may al so be MH or MR conpressed or unconpressed. If Md or MR
conpression is used, scan |lines should be "byte-aligned".

** For maxi muminteroperability, image resolutions should
ei t her be 600, 400, or 300 dpi; or else be one of the
standard Group 3 fax resolutions (98 or 196 dp
vertically and 204 dpi horizontally).

Note that this specification is self contained and an inpl enmentation
shoul d be possible without recourse to the TIFF references, and that
only the specific TIFF docunents cited are relevant to this
specification. Updates to the TIFF docunents do not change this
speci fication.

Experimentation with this file format specified here is encouraged.
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1

| ntroducti on

The purpose of this docunent is to define a standard file format for
exchange of black and white images using the Internet. Since many
organi zati ons have already started to accumul ate and exchange scanned
docunents it is inportant to reach agreenment about an interchange
file format in order to pronote and facilitate the exchange and

di stribution of such docunments. These inmages nay originate from
scanners, software, or facsimle (fax) machines. They may be
mani pul at ed by software, comunicated, shared, duplicated, displayed,
printed by | aser printers, or faxed.

This file format provides for the uniformtransfer of high quality

i mages at a reasonabl e cost and with reasonabl e speed whet her these
files are generated by scanners, totally by software (e.g., text-to-
fax, bitmap-to-fax, OCR, etc), or by fax. Also the intent of this
docunent is to remain conpatible with future noves to nulti-I|eve
(i.e., gray-scale), higher resolution, or color inmges. The fornmat
proposed here is supported by both commercially avail abl e hardware
and comercial and public donain software for nobst popul ar platfornms
in current use.

The file format for images is a totally separate issue from how such
files are to be communi cated. For exanple, FTP or SMIP could be used
to nove an inmage file fromone host to another, although there are
conplications in the use of SMIP as currently inplenented due to file
size and the need to nove binary data. (There is currently a
proposal for renoving these limtations from SMIP and in particul ar
extending it to allow binary data. See reference [1].)

One nmjor potential application of the conmunications format defined
here is to allow inmages to be sent to fax machi nes using the
Internet. It is intended that one or nore separate compani on
docunents will be formulated to address the issues of standardization
in the areas of protocols for transmtting inages through the
Internet and the issues of addressing fax nmachi nes and routing faxes.
Just as the exchange format is separate fromthe transm ssion
nmechanism it is also separate from how hosts store inages.

Thi s docunent specifies a common exchange format; it does not require
a host to store inmages in the format specified here, only to convert
bet ween the host’s | ocal inage storage formats and the exchange
fornmat defined here for the purpose of exchanging i nages with other
hosts across the network.

This standard specifies the use of TIFF (Tagged | mage File Format,
see below) as a format for exchange of inage files. This is not a
specific image encodi ng, but a framework for many encodi ng
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techni ques, that can be used within the TIFF framework. For exanple,
within TIFF it is possible to use MR (the data encoding of COTT
Goup 4 fax, see below), MH or MR (the data encodings of CCITT G oup
3 fax), or other encoding methods.

Wi ch encoding technique to use is not specified here. Instead, with
time the encodi ng schemes used by npbst document providers will energe
as the de-facto standard. Therefore, we do not declare any as "the

standard data encodi ng schene," just as we do not declare that
English is the standard publication | anguage. (However, we expect
that nost document providers will use MVR in the inmediate future

because it offers nuch better conpression ratios than MH or MR)

Simlarly, TIFF does not require that an i mage be communi cated at a
specific resolution. Resolution is a paraneter in the TIFF
descriptive header. W do suggest that inages now be sent using one
of a set of common resolutions in the interests of interoperability,
but the format accommpdates ot her resol utions that may be required by
speci al i zed applications or changi ng technol ogi es.

Qccasionally, inmage files will have to be converted, such as in the
case where a docunent that was scanned at 400 dpi is to be printed on
a 300 dpi printer. This conversion could be perforned by the
docunent provider, by the consunmer, or by a third party. This
docunent specifies neither who perforns the conversion, nor which

al gorithnms should be used to acconplish it.

Note that this standard does not attenpt to define an exchange format
for all image types that may be transmitted in the Internet. Nothing
in this standard precludes it frombeing used for other inage type
such as gray-scale (e.g., JPEG or color imges but, for the purposes
of standardization, the scope of this docunent is restricted to
nonochromati ¢ bit mapped i mages.

The devel opers of this standard recognize that it may have a limted
|ifespan as Office Docunent Architecture (ODA) natures and cones into
use in the Internet; ultimately the class of images covered by this
standard will |ikely be subsunmed by the nore general class of images
supported by the ODA standards. However, at present, there does not
appear to be a sufficient installed base of ODA conpliant software
and the ODA standards are not fully mature. This standard is
intended to fill the need for a common inmage transfer format unti
ODA is ready. Finally, we believe that it should be possible to
automatically map i mages encoded in the format specified here into a
future ODA-based i mage interchange format, thus providing a
reasonabl e transition path to these future standards.
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2. Relationship to Fax

Transm ssion of facsimle (fax) images over phone lines is becom ng
i ncreasingly w despread. The standard of npbst fax machines in the
US. is CATT Goup 3 (&), specified in Recommendations T.4 and
T.30 [2] and in EIA Standards El A-465 and El A-466. G3 faxes are 204
dots per inch (dpi) horizontally and 98 dpi (196 dpi optionally, in
fine-detail node) vertically. Since G3 neither assunes error free
transm ssion nor retransmits when errors occur, the encoding schene
used is differential only over small segnments never exceeding 2 lines
at standard resolution or 4 lines for fine-detail. (The increnenta
&3 encodi ng schene is called two-di nensional and the nunber of |ines
so encoded is specified by a paranmeter called k.)

CCaTT Goup 4 fax (A) is defined by the T.400 and T.500 series of
Recommendati ons as well as Reconmendation T.6 [2]. It provides for
400 dpi (both vertical and horizontal) and is a fully two-dinmensiona
encodi ng schene (k is infinite) called MVR (Mdified Mdified READ,
where READ stands for: Relative El ement Address Designate). &4
assumes an error free transm ssion nedium (generally an X 25 Public
Data Network, or PDN). Because of this, G is not in w despread use
in the U S. today.

The traditional fax bundl es together four independent issues:

(1) Data presentation and conpression

(2) Data transm ssion;

(3) I'mage input from paper ("scanning"); and
(4) Image output to paper ("printing").

This bundling supports, for exanple, the high quality CCTT Goup 4
(A4) imges (400x400 dpi) but only over X 25 public data networks
with error correction, and simlarly it supports the md-quality
CaTT Goup 3 (204x98 and 204x196 dpi) but only over phone voice
circuits (the Switched Tel ephone Network, or STN) w thout error
correction. This bundling does not support the use of any other data
transm ssion capabilities (e.g., FTP over LANs and WANs), nor
asynchrony between the scanning and the printing, nor inmage storage,
nor the use of the popular |aser printers for output (even though
they are perfectly capabl e of doing so).

In conventional fax, inmmges are never stored. In today’'s conputer
networ k environment, a better nodel is:

(1) Images are scanned into files or created by software;

(2) These image files are stored, manipul ated, or comruni cat ed,;
(3) Images in a file are printed or displayed.
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The only feature of the CCTT fax that should be used is the encoding
techni que (preferably MVR, but with MR or WMH all owed) which may be
impl emented with a variety of fax-oriented chips at |ow cost due to
the popularity of fax.

"Sendi ng a fax" nmeans both encodi ng (and decoding) the fax inmages as
well as transmitting the data. Since the Internet ALREADY provides
several nmechanisns for data transmission (in particular, FTP for
general file transmission), it is unnecessary to use the data
transm ssi on nethods specified in the CCTT standard. Wthin the
Internet, each fax image should be stored in a file and these files
could be transferred (e.g., using FTP, SMIP, RPC-based nethods,
etc.).

Fax machi nes shoul d be considered just as scanners and printers are,
as |/ 0O devices between paper and files; but not as a transm ssion
means. Higher quality Goup 4 images are thus supported at | ow cost,
whil e enjoying the freedomto use any conputerized file transfer and
duplicati on nechani sm standard laser printers, multiple printing
(possibly at multiple renote sites) of the same i nage w t hout having
to rescan it physically, and a variety of software for various
processi ng of these i mages, such as OCR and various draw ng prograns.
We should be able to interoperate with files created by fax machi nes,
scanners, or software and to be able to print all of themon fax
nmachi nes or on |aser printers.

The CCI TT Reconmendati ons assune real ti me comuni cati ons between fax
machi nes and do not therefore specify any kind of fax file fornmat.

We propose using TIFF [3] which seens to be energing as a standard,
for encapsul ati on of encoded i nages. Because they assune realtine
conmuni cations, the CCITT fax protocols require negotiations to take
pl ace between the sender and receiver. For exanple, they negotiate
whet her to use two-di nensional coding (and with what k paraneter) and
what (if any) padding there is between scan |ines.

In our approach, the image in the file is already conpressed in a
particular manner. |If it is to be sent to an ordinary fax nmachi ne
using a fax board/ nbdem that board will performthe negotiations
with the receiving fax machine. In the cases where the receiver
cannot handl e the type of conpression used in the file, it will be
necessary to convert the inmage to another conpression scheme before
transm ssion. (Mst fax cards seemto either store i nages using the
default val ues of the paranmeters which are negotiated or in a format
whi ch can quickly be converted to this. Wth currently avail able
hardware and software, any necessary format conversion should be easy
to acconplish.)

In conventional fax, if the conpression used for a particular inage
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is "negative" (i.e., the conpressed formis larger than the
unconpressed form sonething that happens quite frequently with

di t hered phot ographic i mages), the |l arger conpressed form of the
image is still sent. |If the images are first scanned into files,
this probl emcoul d be recognized and the snaller, unconpressed file
sent instead. (Al so, Recommendations T.4 and T.6 [2] allow for an
"unconpressed node." Thus, |ines which have negative conpression may
each be sent unconpressed. However, very few G3 fax machi nes support
this node.)

3. Image File Format

Image files should be in the TIFF-B format which is the bi-Ileve
subclass of TIFF. TIFF and TIFF-B are described in reference [3],
cited at the end of this docunment. |mages shoul d be conpressed using
MWR (the 4 conpression schene) because it offers superior
conpression ratios. However, images may al so be conpressed using M
or MR (the G3 nethods). MWR offers nmuch better conpression ratios
than these (which are used in G fax because of the |ack of an
error-free comruni cati ons path).

TIFF-F, described in [4], is the proposed subclass of TIFF-B for fax
i mges. However, since TIFF-F was intended for use with G3, it
recomends agai nst certain features we recommend. Specifically, it
suggests not using MVR or MR conpression (we reconmend MVR and al | ow
MR) and prohibits unconpressed node (which we allow and suggest for
some phot ographi c inmages). Apart fromthese, the TIFF-F restrictions
shoul d be followed. (Conplete conmpatibility between the format
specified here and TIFF-F can only be guaranteed for MH conpressed

i mages.)

[ NOTE: Al dus Corp., the TIFF Devel oper, considers fax
applications to be outside the scope of mainstream Tl FF
since it is not a part of general publishing which is
what TIFF was originally designed for. They specify the
LZW][5] conpression scheme rather than MMR W, however,
are concerned with the transm ssion and storage of inages
rather than publishing. Therefore, we are nore concerned
with conpression ratios and conmpatibility with CCTT fax
than Al dus is.]

TIFF itself allows for gray-scale and color imges. Image files
shoul d be restricted to TIFF-B for now because nost of the currently
avai |l abl e hardware is bi-level (1 bit per pixel). In the future,

when gray-scale or color scanners, printers, and fax becones

avail able, the file format suggested here can already accomvpdate it.
(For example, though JPEGis not currently a TIFF defined conpression
type, work is currently underway for including it as such.)
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[NOTE: In this docunent, we will use the term "reader"
or "TIFF reader" to refer to the process or device
whi ch reads and parses a TIFF file.]

3.A. TIFF File Format

Figure 1 bel ow (reproduced here fromFigure 1 of reference [3])
depicts the structure of a TIFF file.

TIFF files start with a file header which specifies the byte order
used in the file (i.e., Big or Little Endian), the TIFF version
nunber, and points to the first "Inage File Directory” (IFD). If the
first two bytes are hex 4D4D, the byte order is fromnost to | east
significant for both 16 and 32 bit integers (Big Endian). If the
first two bytes are hex 4949, the byte order is fromleast to nost
significant (Little Endian). 1In both formats, character strings are
stored into sequential bytes and are null term nated.

The next two bytes (called the TIFF Version) nust be 42 (hex 002A).
This does not refer to the current TIFF revision nunber. The
following 4 bytes contain the offset (in bytes fromthe begi nning of
the file) to the first IFD

An I FD contains a 2 byte count of the nunmber of entries in the IFD, a
sequence of 12 byte directory entries, and a 4 byte pointer to the
next IFD. One of these fields (StripOfsets) points to (parts of) an
image in the file. There nay be nore than one inmage in the file
(e.g., a "multi-page" TIFF file) and therefore nore then one |FD

IFD field entries may appear in any order

Each directory entry is 12 bytes and consists of a tag, its type, a

l ength, and an offset to its value. |If the value can fit into 4
bytes (i.e., if the type is BYTE, SHORT, or LONG, the actual val ue
rather than an offset is given. |If the value is less than 4 bytes

(i.e., if the type is BYTE or SHORT), it is left-justified within the
4 byte value offset. Mre details about directory entries and the
possible tags will be given in Section 3.C

Al pointers (called offsets in the TIFF reference [3]) are the
nunber of bytes fromthe beginning of the file and are 4 bytes | ong.
The first byte of the file has an offset of 0. 1In the case of only
one image per file, there should therefore be only one IFD. The | ast
IFD's pointer to the next IFDis set to hex 00000000 (32 bits).

The entries in an | FD nust be sorted in ascendi ng order by Tag.
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Header
Foemm oo Foemm oo + Directory Entry
0 | | | Byte Order Fomem - Fomem - +
to------- to------- | X | | | Tag
2| | | Version(42) R R |
to-oo-o - to-oo-o - | X+2 | | | Type
4 | | | OfFfset of AR AR |
+- - A - -+ Oth IFD X+4 | | |
6 | | | +- -+ Length
oo oo + | | |
| B - B - +
| X+8 | | | Val ue
| +- - Y - -+ or
Y | | | Val ue
R R + O fset
| FD
B - B - + |
A | - B - | Entry Count |
SRR RREEEEE | |
| | | \
A+2 Entry O
| | | oo oo +
MEEEREEE MEEEREEE + | | |
| | | Y Val ue
A+14 Entry 1 | | |
| | | R R |
S S +
| | |
A+26 Entry 2
| | |
S - S - +
| | |
| | |
Fomm e Fomm e +
| | |
Entry B-1
| | |
S S +
| | | Ofset of
A+2+B* 12 - C- + Next |IFD
| | |
S - S - +
|
Y,
(next | FD)

Figure 1. The Structure of a TIFF File
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3.B. Image Format and Encodi ng | ssues

Images in TIFF files are organi zed as horizontal strips for fast
access to individual rows. One can specify how many rows there are
in each strip and all of the strips are the same size (except
possibly the last one). Each strip nust begin on a byte boundary but
successive rows are not so required. For two-dinensional G3
conpressi on (MR), each strip nmust begin with an "absol ute" one-

di rensional line. For MVWR ((4) conpression, each strip nust be
encoded as if it were a separate image.

For a variety of reasons, each page nust be a single strip (e.g., not
broken up into nultiple strips).

One problemwith nultiple strips per page is that inages which come
from & fax machines as well as npbst scanned images will be generated
as a single strip per page. These would have to be decoded and re-
encoded as multiple strips (renenber that for MVR conpression, each
strip nust be start with a one-di mensionally encoded |ine).

Anot her problemwi th nultiple strips per page arises in MR
conpression. Here, there MAY be at nbst k-1 two-dinensionally
encoded lines follow ng a one-dinensionally encoded line, but this is
not required. It is possible to have one-dinensional |ines nore
frequently than every k lines. However, since each strip (except
possibly the last one) is required to be the sane size, it may be
necessary to re-encode the image to insure that each strip starts
with a one-dinensional line. This is not a problemif each page is a
single strip.

[ NOTE: The TIFF docunent [3] suggests using strips which
are about 8K bytes long. However, TIFF-F [4] recommends
that each page be a single strip regardless of its size.
The format specified in this document follows the TIFF-F
recomendat i on. ]

Al so, as TIFF-F recommends, all G3 encoded i mages (MH and MR) shoul d
be "byte-aligned." This nmeans that extra zero bits (fill bits) are
added before each ECQL (end-of-line) so that every line starts on a
byt e boundary.

In addition, as in the TIFF-F specification, the RTC (Return to
Control signal which consists of 6 continuous EQL’s) of G3 shall not
be included at the end of G3 encoded documents. RTCis to be

consi dered part of the G3 transm ssion protocol and not part of the
encoding. Most, if not all, G fax npdens attach RTC to outgoing

i mges and renove it fromincom ng ones.
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For MVR (4) encoded files, readers should be able to read i nages
with only one EOFB (End O Facsinile Block) at the end of the page
and shoul d not assume that Facsimle Blocks are of any particul ar
size. (It has been reported that some MVWR readers assune that al
Facsim | e Bl ocks are the maxi mum si ze.)

Systens nmay optionally choose to store the entire inage unconpressed
if the compression increases the size of the image file. Al so,
unconpressed node (specified in Goup3Options or G oup4Options, see
bel ow) allows portions of the inage to be unconpressed.

The nulti-page capability of TIFF is supported and should be used for
nmul ti-page docunents. TIFF files which have nmultiple pages have an

| FD for each page of the docunent each of which describes and points
to a single page imge. (Note: though the current TIFF specification
does not specifically prohibit having a single IFD point to an inage
which is actually multiple pages, with one strip for each page, nost
if not all TIFF readers woul d probably not be able to read such a
file. Therefore, this should not be done.)

[ A NOTE ON TI FF AND MULTI - PAGE DOCUMENTS:

Si nce nost publications (e.g., reports, books, and
nmagazi ne articles) are conposed of nore than a single
page, nmulti-page TIFF files should be used where
appropriate. However, nany current TIFF inplenentations
now only handl e singl e-page files.

It is hoped that in the future, nore TIFF inplenentations
will handle multi-page files correctly. In the neantine,
it would be useful to develop a utility program which
could join several single-page TIFF files into a single
mul ti-page file and al so separate a nulti-page TIFF file
into several single page files.

For exanple, the utility could take a single TIFF file
with N pages, called doc.tif, and create the files

doc. 000, doc. 001, doc.002, ..., doc.N doc.000 woul d be
an ASCI| listing of the files created. This nam ng
schene is conpatible with that used by the image systens
we have seen which only handl e single page files.

In going the other way, the N+1 single page files could
be combined into a single nulti-page TIFF file. 1In this
case, if the file doc.000 exists but contains information
contrary to what is found in | ooking for the files

doc. 001, doc.002, ..., the programwould notify the user.]
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3.C. TIFF Fields

TIFF is tag or field based. The various fields and their format are
listed in [3]. There are Basic Fields (common to all TIFF files),

I nformati onal Fields (which provide useful information to a user),
Facsimle Fields (used here), and Private Fields.

Each directory entry contains:
The Tag for the field (2 bytes)
The field Type (2 bhytes)

The field Length (4 bytes)
(This is in terns of the data type, not in bytes. For
exanple, a single 16-bit word or SHORT has a Length
of 1, not 2)

The Value O fset (4 bytes)
(Pointer to the actual value, which nmust begin on a
word boundary. Therefore, this offset will always
be an even nunber. If the Value fits into 4 bytes, the
Val ue Ofset contains the Value instead. |If the Value
takes less than 4 bytes, it is left justified)

The al |l owed types and their codes are:

1 = BYTE 8-bit unsigned integer (1 byte)

2 = ASCl | 8-bit ASCII terminated with a null (variable
| engt h)

3 = SHORT 16-bit unsigned integer (2 bytes)

4 = LONG 32-bit unsigned integer (4 bytes)

5 = RATI ONAL Two LONGs (64 bits) representing the

nurrer at or and denomi nator of a fraction
In this docunment, RATIONAL's will be witten
as numer at or/denom nator. (8 bytes)

For ASCI1, the Length specifies the nunber of characters and incl udes
the null. 1t does not, however, include padding if such is
necessary.

(Note that ASCI1 strings of length 3 or less may be stored in the
Value Ofset field instead of being pointed to.)
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The following fields should be used in a TIFF image file. Only the
Basic Fields are mandatory; the others are optional (except that for
IMH and MR encoded files, the Goup3Options Facsinmile Field is
mandatory). The optional fields have default val ues which are given
in the TIFF specification. (Note that the TIFF reference [3]
recomends not relying on the default val ues.)

Sone fields contain one or nore flag bits all stored as one val ue.

In these cases, the bit labeled O is the least significant bit (i.e.,
Little Endian order). \Were there is nore than one suggested val ue
for a tag, the possible values are separated by |.

Note that sonme fields (such as |InmageLength or
nore than one type.

| mmgeW dt h) can be of

It would be useful to develop a TIFF viewer and editor which would
allow one to read, add, and edit the fields in a TIFF file. Such an
editor would display fields in sorted order and force the inclusion
of all nandatory fields. Also, resolution and position should al ways
be di spl ayed or specified together with their units.

3.C.1. Basic Fields (Mandatory)

Basic Fields are those which are fundanmental to the pixe

architecture or visual characteristics of an inage. The follow ng
Basi c Fields should be included in a TIFF inage file:

FI ELD NAMVE
(TAG in hex, TYPE) VALUE DESCRI PTI ON
Bi t sPer Sanpl e 1 Nurmber of bits
(0102, SHORT) per pixel (bi-level for
now, but may all ow
nore | ater)
Conpr essi on 4 Type of Conpression
(0103, SHORT) (coul d al so be 1 = Unconpressed
1 or 3) 3 =G (Mo MR
4 = A (MR
Use 4 if possible
| magelLengt h <i mage’s | ength> Length of the | nage
(0101, SHORT in scan lines
or LONG
| mmgeW dt h <i mage’s w dt h> Wdth of the Image
(0100, SHORT in pixels
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or LONG
NewSubFi | eType 0 usually Flag bits indicating
(OOFE, LONG bit 0: 1 if the kind of inage.
reduced (see the TIFF
resol uti on of reference [3])
anot her i mage
bit 1. 1 if
singl e page of a
mul ti-page i mage
bit 2. 1if
i mage defines a
transpar ency
mask
Phot onetri c- 0 for positive
Interpretation i mge (0 inmaged
(0106, SHORT) as white, 1 as
bl ack)
1 neans reverse
bl ack and white
RowsPer Stri p <Number of Rows> Nunber of Rows in
(0116, SHORT Each Strip. Each
or LONG page should be a
single strip.
Sanpl esPer Pi xel 1 (since are Bi-leve
(0115, SHORT) i mages)
Stri pByt eCounts countl1l, count2... Nunber of Bytes in
(0117, SHORTs each strip of the
or LONGs) i mges. (The Val ue
is an of fset which
points to a series
of counts, each of
which is the sane
Type, LONG or SHORT.
The Length is the
same as the nunber
of strips.)
StripOfsets of f1, off2,... Pointers to the strips
(0111, SHORTs of the inmage (renmenber
or LONGs) one strip per page).

(The Value is an offset
whi ch points to a
series of offsets,
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Resol uti onUni t
(0128, SHORT)

XResol uti on
(011A, RATI ONAL)

YResol uti on
(011B, RATI ONAL)

3.C 2. | nf or mat i ona

The foll owi ng I nfornat
useful information to

NAME (TAG i n hex)

Artist (013B)
Dat eTi me (0132)
Host Comput er (013C)

| mageDescri ption
(010E)

Make (010F)
Mbdel (0110)
Software (0131)

3.C 3.

In addition to the above,
The TI FF docunent
i nt erchange between applicati ons,

used.
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each of which points
to the actual imge
data for the strip.)

2] 3
See Below, 3.C. 6

Units of Resolution
2: Inches
3: Centineters
See Below, 3.C. 6 Resol ution in the X
direction in pixels
per Resol utionUnit
(we suggest 400 dots
per inch when possi bl e)
See Below, 3.C. 6 Resol ution in the Y
direction in pixels
per Resol utionUnit
(we suggest 400 dots
per inch when possi bl e)

Fiel ds (Optional)

ional Fields are optional
a user. Al

They provide
Field values are ASCI| strings.

DESCRI PTI ON

Person Wo Created the | mage
Date and Tinme of Inage Creation
Nane of Conputer |Inage was Created On

A Short Text Description

Manuf act urer of Hardware (Scanner) Used
Model Nunmber of Hardware (Scanner) Used
Sof tware Package that Created the |Image
Mandat ory for G3 Conpression)
the Facsim |l e Fields bel ow shoul d be

recomends that they not be used for
but they are now in wi de enough
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use for just that.

(all bits off).
FI ELD NAMVE
(TAG in hex, TYPE) VALUE
Group3Opti ons bit 0: 1 for
(0124, LONG 2-di nensi ona
codi ng
(i.e., MRwth
k > 1)
bit 1. 1 if

unconpr essed

node MAY be used,
0 if unconpressed
node |I'S NOT used.
bit 2: 1 if fill
bits have been

added
Group4Opti ons bit 0: unused
(0125, LONG bit 1: 1 if

unconpr essed

node MAY be used,

if this bit is 0

it means that

unconpr essed node

'S NOT used.
3.C. 4. Storage and Retrieval
The following fields are optiona
storage and retrieval.

Kat z & Cohen

These fields are optiona

and may be useful for

April 1992

and default to O

DESCRI PTI ON

Flag bits indicating
Options for G3

(As allowed by the G3
protocol, fill bits
may be added between
each line of data
and the EQL. Since
fill bits are used to
"byte-align" G3 inage
files, bit 2 should be
set to 1 for these
i mages.)

Flag bits indicating
Options for 4

Fiel ds (Optional)

docunent
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FI ELD NAME
(TAG i n hex, TYPE) DESCRI PTI ON
Document Name Nane of the Document

(010D, ASCI 1)

PageNane Nane of the Page

(011D, ASCII)

PageNumnber Page Number in a Milti-Page Docunent
(0129, SHORTS) Two SHORT Val ues are specified, the

first is the page nunber and the
second is the total nunber of pages
in the docunment. The first page

is page 0. (NOTE: This does not
necessarily correspond to page
nunbers which may be printed

in the inage.)

XPosi tion X Ofset of the Left Side of
(011E, RATI ONAL) the Image, in ResolutionUnits
YPosi tion Y Offset of the Top of
(011F, RATI ONAL) the Image, in ResolutionUnits

3.C.5. TIFF-F Fields (NOT Recomrended)

TI FF-F defines the following new fields for G3 (VH) encoded

i mages. Since these fields are not defined in TIFF-B itself,
their use is not recomended. However, since TIFF-F files my
i nclude these tags for inmage data which came froma G3 fax
machi ne, readers should be prepared for them

These three fields deal with corrupted inmage data which is due to
the fact that G3 devices nmay not performerror correction on bad

dat a.
FI ELD NAMVE

(TAG in hex, TYPE) DESCRI PTI ON
BadFaxLi nes Nunber of Bad fax scan lines
(0146, SHORT or LONG encountered during fax reception

(but not necessarily in the file)

C eanFaxDat a 0 neans no bad lines received
(0147, SHORT) 1 neans bad |ines were regenerated

Katz & Cohen [ Page 16]
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by the receiving device
2 neans bad |ines were detected
but not regenerated

Consecut i veBadFaxLi nes
(0148, SHORT or LONG

The maxi mum nunber of consecutive
bad fax Iines (but not necessarily
inthe file)

3.C.6. Morre on Representing Resol utions

The tags XResol ution and YResol ution are both RATIONALs, i.e., the
ratio of two LONGS. G3 fax resolutions are actually specified in
dots (or lines) per rmwhile &4 is in dots per inch (actually,
dots per 25.4 m)j).

For exanple, G3 horizontal resolution is defined to be 1728 dots
per 215 mm which comes out to 80.4 dots per cm or about 203 dots
per inch. It is frequently referred to as just 200 dpi. To avoid
any possibility of problens due to round off error, this should be
represented by having XResolution = 17280/ 215 and Resol utionUnit =
3 (cm. However when readi ng, 204/1 or even 200/1 with

Resol utionUnit = 2 (inches) should be recognized as representing
the sanme resol ution.

For G4, on the other hand, the resolution 400 dots/inch should be
represented by an XResol ution of 400/1 and ResolutionUnit = 2.

The foll owi ng table shows various ways of representing the

standard resol utions in order of preference:

YResol uti on

XResol uti on

Resol uti onUni t

G3 nor nal 3 17280/ 215 3850/ 100
3 80/ 1 3850/ 100
3 17280/ 215 385/ 10
3 80/ 1 385/ 10
2 2042/ 10 9779/ 100
2 204/ 1 98/ 1
2 200/ 1 100/ 1
G3 fine 3 17280/ 215 77/ 1
3 80/ 1 77/ 1
2 2042/ 10 19558/ 100
2 204/ 1 196/ 1
2 200/ 1 200/ 1

Kat z & Cohen
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4.

&4 200 dpi 2 200/ 1 200/ 1
G4 300 dpi 2 300/ 1 300/ 1
G her 300 dpi 2 300/ 1 300/ 1
&4 400 dpi 2 400/ 1 400/ 1
600 dpi 2 600/ 1 600/ 1

It is suggested that Inmage readers be able to handle all of the
above representations.

A Sanple TIFF Inmage File

Below is a sanple of what nmight be in a TIFF file for an MMR ((4)
encoded single image which is about 100K bytes conpressed at 400 dpi
A generic outline is given first, followed by a nore detail ed hex
listing.

4. A. Sample File

Comments are to the right and are preceded by a sem colon. Note that
tags nust be sorted in order of the tag codes.

0:, |FDADDR:, and STRIPO: are addresses within the file and denote
the nunmber of bytes fromthe beginning of the file.

Header :
0: Byte Oder= hex 4D4D ;first bytes of the file, from
;most significant bit to | east
;significant (big endian)
Ver si on= 42 (hex 002A) ; Must be 42
First |1 FD= | FDADDR ; Address of first (and only) IFD

Image File Directory (the only one in this exanple):

| FDADDR
| FD Entry Count = 24 ; (NOT A TAG Count of
; Nunmber of IFD Entries
NewSubFi | eType= 0
| mmgeW dt h= 3400 ;8.5 inches at 400 dp
| mmgelLengt h= 4400 ;11 inches at 400 dp
Bi t sPer Sanmpl e= 1 ; Bi - Leve
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Conpr essi on= 4 ; MVR
Phot ometri c-
Interpretation= 0
Document Name= "LAMBp1"
| mageDescri pti on= "A map of Los Angel es”
Make= "Fujitsu"
Model = " M3093E"
StripOfsets= <STRI PO> ; There is only one strip in

;this exanmple. However, note
;that strips can be in any
;order. (Offsets are fromthe
;beginning of the TIFF file.)

Sanpl esPer Pi xel = 1 ; Bi -Leve

RowsPer Stri p= 4400 ;Entire image in 1 strip

Stri pByt eCount s= <COUNTO> ; Byte count of entire
; conpressed i nage

XResol ution= 400/ 1

YResol ution= 400/ 1

XPosi tion= 0/1 ;position of left side of image

YPosi tion= 0/1 ;position of top of inage

G oup4Opti ons= hex 00000002 ;bit 1 on means unconpressed
; mode MAY be used

Resol utionUnit= 2 ; I nches

Sof t war e= " Xi oni cs"

Dat eTi me= "1990: 10: 05 15: 00: 00"

Artist= "Joe Pro"

Host Conput er = "Tardis.|si.Edu"

Next | FD Pointer= hex 00000000 ; (NOT A TAG Indicates no
; more |FDs in this file

| mage Dat a:

<STRI PO>: <actual conpressed i nage data>

[end of TIFF file]

In this exanple there is only one strip. Note that if there were
nore than one, the TIFF specification does not require themto be in
any particular order. Strips may be given in any order and TIFF

readers must use the StripOfsets to | ocate them

Al so, the TIFF docunent recomends not relying on the default val ues
of the tags.
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4.B. Detail ed Hex Listing

Al l

strings which are doubl e quot ed.

April 1992

of fsets and val ues are represented by hex except for ASCI

Renenmber that Value O fsets nust
al ways be an even nunber since the value it points to nust always be

reference and are not actually a

on a 16-bit word boundary.

Entries in the Name columm are for

part of the TIFF file.

O fset Nane Val ue

Header (first byte is Offset 0):

0000 Byte Order 4D4D

0002 Ver si on 002A

0004 1st. | FD pointer 00000010

| FD (| FDADDR from above is 0010 here):

0010 Entry Count 0018

0012 NewSubFi | eType OOFE 0004
001E | mageW dt h 0100 0004
002A | magelLengt h 0101 0004
0036 Bi t sPer Sanpl e 0102 0003
0042 Conpr essi on 0103 0003
004E Photonetric Interp. 0106 0003
005A Documnent Nane 010D 0002
0066 | mageDescri ption 010E 0002
0072 Make 010F 0002
007E Model 0110 0002
008A StripOfsets 0111 0004
0096 Sanpl esPer Pi xel 0115 0003
00A2 RowsPer Strip 0116 0004
00AE Stri pByt eCount s 0117 0004
00BA XResol ution 011A 0005
00C6 YResol ution 011B 0005
ooD2 XPosi tion 011E 0005
00DE YPosi tion 011F 0005
00EA Group4Opti ons 0125 0004
00F6 Resol uti onUnit 0128 0003
0102 Sof t war e 0131 0002
010E Dat eTi e 0132 0002
011A Arti st 013B 0002
0126 Host Conmput er 013C 0002
0132 Next | FD Poi nter 00000000
Fields O fsets Point to:

0136 Docunent Nane "LAMapl"
013E | mageDescri ption

Kat z & Cohen

00000001
00000001
00000001
00000001
00000001
00000001
00000007
00000015
00000008
00000007
00000001
00000001
00000001
00000001
00000001
00000001
00000001
00000001
00000001
00000001
00000008
00000014
00000008
0000000F

"A map of Los Angel es"

00000000
00000D48
00001130
00010000
00040000
00000000
00000136
0000013E
00000154
0000015C
000001A8
00010000
00001130
<COUNTO>
00000164
00000164
0000016C
0000016C
00000002
00020000
00000174
0000017C
00000190
00000198
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0154 Make "Fujitsu"

015C Model "M3093E"

0164 X, Y Resol ution 00000190 00000001
016C X, Y Position 00000000 00000001
0174 Sof t war e " Xi oni cs"

017C Dat eTi ne "1990: 10: 05 15: 00: 00"
0190 Arti st "Joe Pro"

0198 Host Conput er "Tardis.|si.Edu"

| mage Data (<STRI PO> from above is here 01A8)
01A8 Conpressed Data for single strip, of |ength <COUNTO> bytes

[end of TIFF file]
NOTE: Since in this exanple there is only a single strip, there is only
one count for StripByteCounts and one offset for StripOfsets.
Thus, each of these only takes 4 bytes and will fit in the
Val ue Ofset instead of being pointed to.
5. Concl usi ons

Bi t mapped i mages transferred within the Internet should be in the
foll owi ng fornmat

1. The file format should be TIFF-B with nulti-page files

supported. |mages shoul d be encoded as one TIFF strip
per page.
2. I mages shoul d be conpressed usi ng MVR when possi ble. |mages

may al so be MH or MR conpressed or unconpressed. If Md or MR
conpression is used, scan |lines should be "byte-aligned".

3. For maxi muminteroperability, image resolutions should
ei t her be 600, 400, or 300 dpi; or else be one of the
standard Group 3 fax resolutions (98 or 196 dp
vertically and 204 dpi horizontally).

Note that this specification is self contained and an inpl enentation
shoul d be possible without recourse to the TlIFF references, and that
only the specific TIFF docunments cited are relevant to this
specification. Updates to the TIFF docunents do not change this
speci fication.

Exi sting comercial off-the-shelf products are avail abl e which can

handl e i mages in the above format. ISl would be delighted to help
those interested in assenbling a system
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Security Consi derations

Wil e security issues are not directly addressed by this docunent, it
is important to note that the file format described in this docunent
is intended for the comunications of files between systens and
across networks. Thus the sane precautions and cares shoul d be
applied to these files as would be to any files received fromrenote
and possi bly unknown systens.
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