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1. Introduction

Thi s docunent describes the use of TIFF (Tag Inmage File Format) to
represent the data content and structure generated by the current
suite of I TUT Recommendations for Group 3 facsinile. These
Reconmendati ons and the TIFF fields described here support the
following facsimle nodes or profiles:

S: mninmal black-and-white node, using binary MH conpression
[T. 4]

F: extended bl ack-and-white node, using binary MH, MR and MVR
conpression [T.4, T.6]

J: lossless JBIG bl ack-and-white node, with JBI G conpression

[T.85, T.82]

C. lossy color and grayscal e node, using JPEG conpression
[T. 42, T.81]

L: lossless color and grayscal e node, using JBI G conpression
[T.43, T.82]

M mxed raster content node [T.44], using a conbination of
exi sting conpression mnethods

Each profile corresponds to the content of ITU T Recommendati ons
shown and is a subset of the full TIFF for facsim e specification

Profile S describes a minimal interchange set of fields, which wll
guarantee that, at |east, binary black-and-white inages will be
supported. I nplenentations are required to support this nininal

i nt erchange set of fields.

Wth the intent of specifying a file format for Internet Fax, this
draft:

1. specifies the structure of TIFF files for facsimle data,

2. defines ITU fax-conpatible values for existing TIFF fields,

3. defines new TIFF fields and values required for conpatibility
with I TU col or fax.

This specification of TIFF for facsimle is known as TIFF-FX
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1.1 Scope

Thi s docunent defines a TlIFF-based file format specification for
enabl i ng st andardi zed nessagi ng-based fax over the Internet. It
specifies the TIFF fields and field values required for conpatibility
with the existing | TU-T Recormendati ons for G oup 3 black-and-white,
grayscal e and color facsinmle. TIFF has historically been used for
handling fax inmage files in applications such as store-and-forward
nmessagi ng. I nplenmentations that support this file format
specification for inmport/export may elect to support it as a native
format. This docunment recommends a TIFF file structure that is
conpatible with | ow nenory and page-1level stream ng inplenmentations.

Unl ess ot herwi se noted, the current TIFF specification [TIFF] and

sel ected TIFF Technical Notes [TTN1, TTN2] are the prinary references
for describing TIFF and defining TIFF fields. This docunent is the
primary reference for defining TIFF field values for fax
appl i cati ons.

1.2 Approach

The basic approach to using TIFF for facsinmile data is to insert the
conpressed fax inage data in a TIFF file and use TIFF fields to
encode the paraneters that describe the image data. These fields wll
have values that conply with the I TU T Recormmendati ons. The M Me
content type of the resulting file will be inage/tiff, with an
optional Application parameter [TIFF-REG; see Section 9.

Thi s approach takes advantage of TIFF features and structures that
bridge the data formats and performance requirenments of both | egacy
fax machi nes and host-based fax applications. TIFF constructs for
pages, inages, and strips allowa TIFF file to preserve the fax data
stream structure and the perfornance advantages that come with it. A
Tl FF- based approach al so builds on an established base of users and

i mpl enentors and ensures backward conpatibility with existing TIFF-
based | ETF proposals and work in progress for Internet fax.

1.3 Overview of this draft

Section 2 gives an overview of TIFF. Section 2.1 describes the
structure of TIFF files, including general guidelines for structuring
multi-page TIFF files. Section 2.2 lists the TIFF fields that are
required or recommended for all fax nodes. The TIFF fields used only
by specific fax npdes are described in Sections 3-8, which describe
the individual fax nodes. These sections also specify the I TU
conmpatible field values (i mage paraneters) for each node.
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The full set of permtted fields of TIFF for facsimle are included
in the current TIFF specification, Section 2 of this docunent and the
sections on specific nodes of facsinm|le operation. This docunent
defines profiles of TIFF for facsimle, where a profile is a subset
of the full set of permtted fields and field values of TIFF for
facsimle.

Section 3 defines the mnimal black-and-white facsimle node (Profile
S), which is required in all inplenentations. Section 4 defines the
ext ended bl ack-and-white fax node (Profile F), which provides a
standard definition of TIFF-F. Section 5 describes the |ossless

bl ack- and-white node using JBIG conpression (Profile J). Section 6
defines the base color node, required in all color inplenentations,
for the I ossy JPEG representation of color and grayscale facsimle
data (Profile C). Section 7 defines the | ossless JBIG col or and
grayscal e facsimle node (Profile L) and Section 8 defines the M xed
Raster Content facsinmile node (Profile M. Each of these sections
concludes with a table summari zing the required and recomrended
fields for each node and the val ues they can have.

Section 9 describes the MM content type image/tiff and the use of
the optional Application paranmeter in connection with TIFF for
facsinle. Sections 10, 11, 12 and 13 give Security Considerations,
the 1 SOC Copyright Notice, References and Authors’ Addresses. Annex A
gives a summary of the TIFF fields used or defined in this docunent
and provides a convenient reference for inplenentors.

To inplement only the mnimal interchange bl ack-and-white set of
fields and values (Profile S), one need read only Sections 1, 2, 3, 9
and 10.

The followi ng tree diagram shows the rel ati onshi p anong profil es and
between profiles and codi ng net hods.

/ F (MR M) C (JPEQ
/ I\
J (JBI G ceee
/ \
L (JBIG \
\

M ( MRC)

A profile is based on a collection of ITUT facsimle coding nethods.
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2.

2.

2.

For example, Profile S, the miniml node, is based on Mdified
Huf f man (MH) conpression, which are defined in ITUT Rec. T.4.
Profile F specifies Mdified Read (M) and Modified Mdified Read
(MWR) conpressions, which are defined in ITUT Rec. T.4 and T.6.

Al inmplenmentations of TIFF for facsimle MJST inplenment Profile S,
which is the root node of the tree. All color inplenentations of TIFF
for facsimle MJST inplenent Profile C. The inplenentation of a
particular profile MJST also inplenment those profiles on the path
that connect it to the root node, and MAY optionally inplenment
profiles not on the path connecting it to the root node. For exanpl e,
an inplementation of Profile Mnust also inplement Profiles C and S,
and may optionally inplenment Profile F, J or L. For another exanple,
an inmplenentation of Profile C nust also inplenent Profile S, and may
optionally inplenent Profile F or J.

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", " NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [REQ.

TI FF and Fax
1. TIFF Overvi ew

TI FF provides a neans for describing, storing and interchanging
raster inage data. A primary goal of TIFF is to provide a rich
environnment w thin which applications can exchange i mage data. The
current TIFF specification [TIFF] defines a commonly used, core set

of TIFF fields known as Baseline TIFF. The current specification and
TI FF Technical Notes 1 and 2 [TTN1, TTN2] define several TIFF

extensi ons. The Tl FF based specification for fax applications uses a
subset of Baseline TIFF fields, with sel ected extensions, as
described in this docunent. In a few cases, this docunent defines new
TIFF fields specifically for fax applications.

1.1. File Structure

TIFF is designed for raster inmages, which makes it a good nmatch for
facsinile docunents, which are multi-page raster inmages. Each raster
i mge consists of a nunmber of rows or scanlines, each of which has
the same nunber of pixels, the unit of sanpling. Each pixel has at

| east one sanple or conmponent (exactly one for black-and-white

i mages) .

A TIFF file begins with an 8-byte inmage file header. The first two
byt es describe the byte order used within the file. Legal values are
"I'1" (0x4949) when bytes are ordered fromleast to nost significant
(little- endian), and "MM' (0x4D4D), when bytes are ordered from nost
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to least significant (big-endian) within a 16- or 32-bit integer.

Ei ther byte order can be used, except in the case of the mnim

bl ack- and-white node, which SHALL use value "I1". The next two bytes
contain the value 42 that identifies the file as a TIFF file and is
ordered according to the value in the first two bytes of the header.
The last four bytes give the offset that points to the first inmage
file directory (IFD). This and all other offsets in a TIFF file are
with respect to the beginning of the TIFF file. An | FD can be at any
location in the file after the header but nust begin on a word
boundary.

An IFD is a sequence of tagged fields, sorted in ascendi ng order by
tag value. An IFD consists of a 2-byte count of the nunber of fields,
a sequence of field entries and a 4-byte offset to the next |FD. The
fields contain informati on about the image and pointers to the inmge
data. Each separate raster image in the file is represented by an

| FD.

Each field entry in an I FD has 12 bytes and consists of a 2-byte Tag,
2 bytes identifying the field type (e.g. short, long, rational

ASCI 1), 4 bytes giving the count (nunber of values or offsets), and 4
bytes that either contain the offset to a field value stored outside
the I FD, or, based on the type and count, the field value itself.
Resol uti on and netadata such as dates, nanmes and descriptions are
exanpl es of "long" field values that do not fit in 4 bytes and
therefore use offsets in the field entry. Details are given in the

TI FF specification [TIFF].

A TIFF file can contain nore than one |IFD, where each IFDis a
subfile whose type is given in the NewSubfil eType field. Miltiple

| FDs can be organized either as a linked list, with the last entry in
each I FD pointing to the next IFD (the pointer in the last IFDis 0),
or as a tree, using the SublFDs field in the primary IFD [ TTN1]. The
Subl FDs field contains an array of pointers to child IFDs of the
primary | FD

Child I FDs describe related i nages, such as reduced resol ution
versions of the primary | FD i mage. The sanme | FD can point both to a
next IFD and to child IFDs, and child IFDs can thensel ves point to
ot her | FDs.

Al'l fax nodes represent a nulti-page fax image as a linked list of

| FDs, with a NewSubfil eType field containing a bit that identifies
the | FD as one page of a multi-page docunent. Each |IFD has a
PageNunber field, identifying the page nunber in ascendi ng order,
starting at O for the first page. Wiile a Baseline TIFF reader is not
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required to read any | FDs beyond the first, an inplenentation that
reads the files that conply with this specification SHALL read
multiple IFDs. Only the M xed Raster Content fax npde, described in
Section 8, requires the use of child |FDs.

The following figure illustrates the structure of a multi-page TIFF
file.
o e e e oo +
| Header [------------ +
R + | First IFD
| | FD (page 0) | <----------- + O fset
+-- - [------------ +

Val ue | R T + |

Ofset +-->| Long Val ues [--+ |
e R E R | | Strip |
| | mage Dat a | <-+ O f set
| strip 1 page O [ |
I I + | |
I : I I
e mmm e memiaeeaaaeaaaan + | Next |FD
| | FD (page 1) [ <----------- + O fset

+-- - [------------ +

Val ue | R T + |

Ofset +-->| Long Val ues [--+ |
e R E R | | Strip |
| | mage Dat a | <-+ O fset
| strip 1 page 1 [ |
o m e e e e e e ao-- + | |
| strip 2 page 1 | <-+ |
o m e e e e e e ao-- + | |
I : I I
T T T TP + | Next |FD

| | FD (page 2) | <-mmmemmee - + O fset

2.1.2 Image Structure

An I FD stores an inmage as one or nore strips, as shown in the
preceding figure. A strip consists of 1 or nore scanlines (rows) of
raster inage data in conpressed form An inage may be stored in a
single strip or may be divided into several strips, which would
require less menory to buffer. (Baseline TIFF recommends about 8k
bytes per strip, but existing fax usage is typically one strip per
i mage.)
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Each IFD requires three strip-related fields: StripOfsets,

RowsPer Strip and StripByteCounts. The StripOfsets field is an array
of pointers to the strip or strips that contain the actual imge
data. The StripByteCounts field gives the nunber of bytes in each
strip after conpression. TIFF requires that each strip, except the

| ast, contain the sanme nunber of scanlines, which is given in the
RowsPer Strip field. This docunent introduces the new Stri pRowCounts
field that allows a variable nunber of scanlines per strip, which is
required by the M xed Raster Content fax node (Section 8).

I mage data is stored as uninterpreted, conpressed i nage data streans
within a strip. The formats of these streans follow the ITU T
Reconmmendati ons. The Conpression field in the IFD indicates the type
of conpression, and other TIFF fields in the |IFD describe image
attri butes, such as color encoding and spatial resolution.
Conpression paraneters are stored in the conpressed data stream
rather than in TIFF fields. This makes the TIFF representati on and
conpressed data format specification i ndependent of each another.
Thi s approach, nodeled on [TTN2], allows TIFF to gracefully add new
conpressi on schenes as they becone avail abl e.

Sone attributes can be specified both in the conpressed data stream
and within a TIFF field. It is possible that the two val ues will
differ. Wien this happens for values required to interpret the data
stream then the values in the data streamtake precedence. For

i nformati onal values that are not required to interpret the data
stream such as author name, then the TIFF field val ue takes

pr ecedence.

2.1.3 TIFF File Structure for Fax Applications

The TIFF specification has a very flexible file structure, which does
not specify the ordering of IFDs, field values and image data in a
file. Individual applications may require or recomend an ordering.

Thi s specification recommends that when using a TIFF file for
facsinile, A nmulti-page fax docunent SHOULD be represented as a
linked list of IFDs. It also recomends that a TIFF file for
facsim |l e SHOULD order pages in a TIFF file in the sane way that they
are ordered in a fax data stream In a TIFF file, a page consists of
several elenments: one or nore |FDs (including sublFDs), long field
val ues that are stored outside the IFDs, and inmage data (in one or
nore strips).

The m ni mal bl ack-and-white node (Profile S) specifies a required
ordering of pages and elenments within a page (Section 3.5). The
ext ended bl ack-and-white node (Profile F) provides guidelines for
ordering pages and page elenents (Section 4.4.6). Qther profiles
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SHOULD fol |l ow these guidelines. This recomendation is intended to
sinmplify the inplenentation of TIFF witers and readers in fax
applications and the conversion between TIFF file and fax data stream
representations. However, for interchange robustness, readers SHOULD
be prepared to read TIFF files whose structure is consistent with

[ TIFF], which supports a nore flexible file structure than is
recommended here.

Thi s specification introduces an optional new d obal Paranetersl FD
field, defined in Section 2.2.4. This field has type |IFD and

i ndi cates paraneters describing the fax session. Wile it is often
possible to obtain these paraneters by scanning the file, it is
conveni ent to nake them avail abl e together in one place for fast and
easy access. |If the d obal Paranetersl FD occurs in a TIFF file, it
SHOULD be located in the first IFD, imrediately follow ng the 8-byte
i mge file header.

2.2 TIFF Fields for Al Fax Applications

The TIFF specification [TIFF] is organized as a baseline set and
several extensions, including technical notes [TTN1, TTN2] that wll
be incorporated in the next rel ease of TIFF. The baseline and
extensi ons have required and optional fields.

Facsimle applications require (and recomend) a nixture of baseline
and extensions fields, as well as sonme new fields that are not part
of the TIFF specification and that are defined in this docunent. This
sub- section lists the fields that are required or recommended for

all nodes. In particular, Section 2.2.1 lists the fields that are
required by all nodes and that have val ues that do not depend on the
node. Section 2.2.2 lists the fields that are required by all nodes
and that have val ues which do depend on the node. Section 2.2.3 lists
the fields that are recomended for all nodes. Fields that are
required or recomended by sone but not all nobdes are given in the
section (Section 3-8) that describes that node. The sections for each
fax nmode have sub-sections for required and reconmended fields; each
sub-section organi zes the fields according to whether they are
basel i ne, extension or new.

The fields required for facsinmile have only a few | egal val ues,
specified in the I TUT Recormendations. O these | egal values, sone
are required and sonme are optional, just as they are required
(mandatory) or optional in fax inplenentations that conformto the

| TUT Recommendati ons. The required and optional values are noted in
the sections on the different fax nodes.
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This section describes the fields required or reconmended by all fax
nodes. The pattern for the description of TIFF fields in this draft
is:

Fi el dNane( TagVal uel nDeci mal ) = al | owabl e val ues. TYPE
Whet her Requi r edBy Tl FFor Tl FFf or FAX
Count = (onmitted if =1) = (if not in current spec but avail abl e)
Expl anation of the field, howit’s used, and the values it can have.
Default value, if any, as specified in [TIFF]

When a field s default value is the desired value, that field may be
omitted fromthe relevant | FD unless specifically required by the
text of this specification.

2.2.1. TIFF fields required for all fax nodes

The TIFF fields listed in this section SHALL be used by all fax
nodes, but have field values that are not specified by the ITU
standards, i.e. the fields do not depend on the node. The next sub-
section lists the fields that SHALL be used by all fax nodes, but

whi ch do have val ues specified by the | TU specified or node-specific
val ues. Fields that SHALL be used by sone but not all nobdes are given
in the sections (3-8) which describe the nbdes that uses them

| mageLengt h(257) SHORT or LONG
Requi r edBy Tl FFBasel i ne
Total number of scanlines in inmage.
No default, nust be specifi ed.

PageNunber (297) SHORT
Requi r edBy Tl FFf or FAX, TI FFEXt ensi on
Count = 2
The first nunber represents the page nunber (0 for the first page);
the second nunber is the total nunmber of pages in the docunent. If
the second value is 0, then the total page count is not avail abl e.
No default, nust be specified

RowsPer Stri p(278) SHORT or LONG
Requi r edBy Tl FFBasel i ne
The nunber of scanlines per TIFF strip, except for the last strip.
For a single strip image, this is the sane as the value of the
| mgeLength fi el d.
Default = 2**32 - 1 (nmeaning all scanlines in one strip)

Stri pByt eCount s(279) SHORT or LONG
Requi r edBy Tl FFBasel i ne
Count = nunber of strips
For each strip, the nunber of bytes in that strip after conpression.
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No default, nust be specifi ed.

StripOfsets(273) SHORT or LONG
Requi r edBy Tl FFBasel i ne
Count = nunber of strips
For each strip, the byte offset fromthe beginning of the file to
the start of that strip.
No default, nust be specifi ed.

2.2.2 Additional TIFF fields required for all fax nodes

The TIFF fields listed in this section SHALL be used by all fax
nodes, but the values associated with them depend on the node being
descri bed and the associated | TU Reconmendati ons. Therefore, only the
fields are defined here; the values applicable to a particul ar fax
node are described in Sections 3-8. Fields that SHALL be used by sone
but not all nobdes are given in the section (3-8) describing the node
that uses them

Bi t sPer Sanpl e(258) SHORT
Requi r edBy Tl FFBasel i ne
Nunber of bits per inmge sanple
Default = 1 (field nay be omitted if this is the val ue)

Conpr essi on(259) SHORT
Requi r edBy Tl FFBasel i ne
Conpr ession nmet hod used for inmage data
Default = 1 (no conpression, so nay not be omitted for FAX)

Fill Order(266) SHORT
Requi r edBy Tl FFf or Fax
The default bit order in Baseline TIFF per [TIFF] is indicated by
Fill Order=1, where bits are not reversed before being stored.
However, TIFF for Fax typically utilizes the setting of Fill O der=2,
where the bit order within bytes is reversed before storage (i.e.,
bits are stored with the Least Significant Bit first).
Default = 1 (field nay be omitted if this is the val ue)
Facsinmi |l e data appears on the phone line in bit-reversed order
relative to its description in the relevant | TU conpression
Recomrendati on. Therefore, a wide majority of facsimle
i mpl ement ati ons choose this natural order for storage. Neverthel ess,
all readers conformng to this specification nust be able to read
data in both bit orders.

| mageW dt h(256) SHORT or LONG
Requi r edBy Tl FFBasel i ne
The nunber of pixels (colums) per scanline (row) of the inage
No default, nust be specifi ed.
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NewSubFi | eType(254) LONG
Requi r edBy Tl FFf or FAX
A general indication of the kind of data contained in this |IFD
Bit 1is 1if the inage is a single page of a multi-page docunent.
Default = 0 (no subfile bits on, so nmay not be omitted for FAX)

Photonetriclnterpretation(262) SHORT
Requi r edBy Tl FFBasel i ne
The col or space of the inage data
No default, nust be specified

Resol uti onUni t (296) SHORT
Requi r edBy Tl FFBasel i ne
The unit of neasure for resolution. 2 = inch, 3 = centineter;

Default = 2 (field nay be omitted if this is the val ue)

Sampl esPer Pi xel (277) SHORT
Requi r edBy Tl FFBasel i ne
The nunber of col or conponents per pixel; SanplesPerPixel is 1 for a
bl ack-and-white, grayscale or indexed (palette) inage.
Default =1 (field may be onitted if this is the val ue)

XResol uti on(282) RATI ONAL
Requi r edBy Tl FFBasel i ne
The horizontal resolution of the image in pixels per resolution
unit. The ITUT Recormmendations for facsinile specify a small nunber
of horizontal resolutions: 100, 200, 300, 400 pixels per inch, and
80, 160 pixels per centinmeter (or 204, 408 pixels per inch). The
al | oned XResol ution values for each node are given in the section
defining that node. Per [T.4], it is permssible for applications to
treat the followi ng XResol ution val ues as bei ng equival ent: <204,
200> and <400, 408> in pixels/inch. These equival encies were all owed
by [T.4] to permit conversions between inch and netric based
facsimle term nals.
TIFF for Facsinmle Witers SHOULD express XResolution in inch based
units, for consistency with historical practice and to maxim ze
interoperability. See the table below for information on how to
convert froman ITUT netric value to its inch based equival ent
resol uti on.
No default, nust be specified

YResol uti on(283) RATI ONAL
Requi r edBy Tl FFBasel i ne
The vertical resolution of the inmage in pixels per resolution unit.
The ITU- T Recommendations for facsimle specify a small nunber of
vertical resolutions: 100, 200, 300, 400 pixels per inch, and 38.5,
77, 154 pixels per centinmeter (or 98, 196, 391 pixels per inch). The
al | oned YResol ution values for each node are given in the section
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defining that node. Per [T.4], it is pernissible for applications to
treat the followi ng YResol ution val ues as bei ng equival ent: <98,
100>, <196, 200>, and <391, 400> in pixels/inch. These equival enci es
were allowed by [T.4] to permt conversions between inch and netric
based facsinile terninals. TIFF for Facsinmile Witers SHOULD express
YResol ution in inch based units, for consistency with historical
practice and to maxim ze interoperability. See the table bel ow for

i nformati on on how to convert froman ITUT netric value to its inch
based equi val ent resolution. No default, mnust be specified

o m e o e e e e e e e e a—ao - o m e o e e e e e e e eeao - +
| XResol ution | YResol ution |
Fomm e e oo oo SR Fomm e oo o oo SR +
| Resol utionUnit| Resol utionUnit| Resol utionUnit| Resol utionUnit|
| =2 (inch) | =3 (cm | =2 (inch) | =3 (cm |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 100 | | 100 | |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 204 | 80 | 98 | 38.5 |
| 200 | | 100 | |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 204 | 80 | 196 | 77 |
| 200 | | 200 | |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 204 | 80 | 391 | 154 |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 300 | | 300 | |
Fomm e e oo oo SR Fomm e oo o oo SR +
| 408 | 160 | 391 | 154 |
| 400 | | 400 | |
Fomm e e oo oo SR Fomm e oo o oo SR +

2.2.3 TIFF fields recommended for all fax nodes

The TIFF fields listed in this section MAY be used by all fax nobdes.
However, Profile S witers (the mnimal fax node described in Section
3) SHOULD NOT use these fields. Recommended fields that are node-
specific are described in Sections 3-8.

Dat eTi me( 306) ASCI
Opti onal | nTI FFBasel i ne
Date/tinme of image creation in 24-hour format "YYYY: MM DD HH. MM SS".
No defaul t.

Docunent Nanme( 269) ASCI
Opti onal I nTI FFExt ensi on( Docunent St or ageAndRet ri eval )
The nane of the scanned docunent. This is a TlIFF extension field,
not a Baseline TIFF field.
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No defaul t.

| mageDescri ption(270) ASCI
Opti onal | nTI FFBasel i ne
A string describing the contents of the inage.
No defaul t.

Oientation(274) = 1-8. SHORT
Opti onal i nTlI FFBasel i ne
1. Oth row represents the visual top of the inmage; the Oth colum
represents the visual left side of the inage. See the current TIFF
spec [TIFF] for further values; Baseline TIFF only requires val ue=1

Default = 1.
Note: It is recommended that a witer that is aware of the
orientation will include this field to give a positive indication of

the orientation, even if the value is the default. If the
Oientation field is omtted, the reader SHALL assune a val ue of 1.

Sof t war e( 305) ASCl |
Opti onal | nTI FFBasel i ne
The optional nanme and rel ease nunber of the software package that
created the imge.
No defaul t.

2.2.4 New TIFF fields recommended for fax nodes

The new TIFF fields listed in this section MAY be used by all fax
nodes, but their support is not expected for the nmininmal fax node
described in Section 3. In addition, support for these new TIFF
fields has not been included in historical TIFFF readers described
in Section 4 and [TIFF- F]. These fields describe "global" paraneters
of the fax session that created the inage data. They are optional

not part of the current TIFF specification, and are defined in this
docunent .

The first new field, G obal ParaneterslFD, is an | FD that contains
gl obal paraneters and is located in a Primary |FD

d obal Par anet er sl FD (400) | FD
An | FD contai ning gl obal paranmeters. It is reconmended that a TIFF
witer place this field in the first |FD, where a TIFF reader would
find it quickly.

Each field in the dobal ParaneterslIFD is a TIFF field that is | ega
in any | FD. Required baseline fields should not be |ocated in the
A obal Paranet ersl FD, but should be in each inage IFD. |If a conflict
exi sts between fields in the d obal Paranetersl FD and in the inmage

| FDs, then the data in the image | FD shall prevail
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Anong the d obal Paranetersl FD entries is a new Profil eType field
whi ch generally describes information in this IFD and in the TIFF
file.

Profil eType(401) LONG
The type of imge data stored in this |IFD
0 = Unspecified
1 = Goup 3 fax
No def aul t

The followi ng new global fields are defined in this docunent as | FD
entries for use with fax applications.

FaxProfile(402) =0 - 6. BYTE
The profile that applies to this file; a profile is subset of the
full set of permitted fields and field values of TIFF for facsinle.
The currently defined val ues are:

0: does not conformto a profile defined for TIFF for facsinile
1. minimal black & white |ossless, Profile S
2: extended black & white lossless, Profile F
3: lossless JBIG black & white, Profile J
4: | ossy color and grayscale, Profile C
5: lossless color and grayscale, Profile L
6: M xed Raster Content, Profile M
Codi ngMet hods(403) LONG

This field indicates which coding nmethods are used in the file. A
bit value of 1 indicates which of the follow ng coding nethods is

used:

Bit 0: unspecified conpression,

Bit 1. 1-dinensional coding, ITUT Rec. T.4 (WH - Modified Huf fman),
Bit 2. 2-dinensional coding, ITUT Rec. T.4 (MR - Mdified Read),
Bit 3. 2-dinensional coding, ITUT Rec. T.6 (MWR - Mdified MR,

Bit 4. ITUT Rec. T.82 coding, using ITUT Rec. T.85 (JBI G,

Bit 5 ITUT Rec. T.81 (Baseline JPEG,

Bit 6: ITUT Rec. T.82 coding, using ITUT Rec. T.43 (JBIG col or),

Bits 7-31: reserved for future use
Note: There is a limt of 32 conpression types to identify standard
conpr essi on net hods.

Ver si onYear (404) BYTE
Count: 4
The year of the standard specified by the FaxProfile field, given as
4 characters, e.g. '1997'; used in lossy and | ossl ess col or nodes.

ModeNunber (405) BYTE
The node of the standard specified by the FaxProfile field. A
value of 0 indicates Mbde 1.0; used in M xed Raster Content node.
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3. Mninal Bl ack-and-Wite Fax Mde

This section defines the mnimal black-and-white subset of TIFF for
facsinile. This subset is designated Profile S. Al inplenentations
of TIFF for facsimile SHALL support the minimal subset.

Bl ack-and-white node is the binary fax application nbst users are
famliar with today. This node is appropriate for black-and-white
text and line art. Black-and-white node is divided into two | evel s of
capability. This section describes the m nimal interchange set of
TIFF fields that nust be supported by all inplenentations in order to
assure that sone formof imge, albeit black-and-white, can be

i nterchanged. This mininuminterchange set is a strict subset of the
fields and val ues defined for the extended bl ack-and-white node
(TIFF-F or Profile F) in Section 4, which describes extensions to the
m ni mal interchange set of fields that provide a richer set of

bl ack- and-white capabilities.

3.1. Overview

The m nimal interchange portion of the black-and-white facsiml|e node
supports 1-di nmensional Modified Huf frman (MH) conpression, with the
original Goup 3 fax resolutions, comonly called "standard" and
"fine."

To assure interchange, this node uses the minimal set of fields, with
a minimal set of values. There are no reconmended fields in this
node. Further, the TIFF file is required to be "little endian," which
nmeans that the byte order value in the TIFF header is "Il". This node
defines a required ordering for the pages in a fax docunment and for
the I FDs and image data of a page. It also requires that a single
strip contain the image data for each page; see Section 3.5. The

i mmge data may contain RTC sequences, as specified in Section 3.4.

3.2. Required TIFF Fields

Besides the fields listed in Section 2.2.1, the mninml black-and-
white fax node requires the followng fields. The fields listed in
Section 2.2.1 and the fields and fax-specific values specified in
this sub- section nust be supported by all inplenentations.

3.2.1 Baseline fields
Bi t sPer Sanpl e(258) = 1. SHORT
Requi r edBy Tl FFBasel i ne

Bi nary data only.
Default = 1 (field may be omitted if this is the val ue)
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Conmpr essi on(259) = 3. SHORT
Requi r edBy Tl FFBasel i ne
3 = 1- or 2- dinensional coding.
The value 3 is a TIFF extension value [TIFF]. The T4Options field
nmust be specified and its value specifies that the data is encoded
using the Mdified Huffman (MH) encoding of [T.4].

Fill Order(266) = 2. SHORT
Requi r edBy Tl FFBasel i ne
2 = Least Significant Bit first

NOTE: Baseline TIFF readers are only required to support FillOder =
1, where the | owest nunbered pixel is stored in the MSB of the byte.
However, because nany devices, such as nodens, transnmit the LSB first
when converting the data to serial form it is comon for black-and-
white fax products to use the second Fill Order =2, where the | owest
nunbered pixel is stored in the LSB. Therefore, this value is
specified in the mniml black-and-white node.

| mmgeW dt h(256) = 1728. SHORT or LONG
Requi r edBy Tl FFBasel i ne
This node only supports a page width of 1728 pixels. This w dth
corresponds to North Anerican Letter and Legal and to |1 SO A4 size
pages.
No default, nust be specifi ed.

NewSubFi | eType(254) = (Bit 1=1). LONG
Requi r edBy Tl FFf or FAX
Bit 1is 1if the inage is a single page of a multi-page docunent.
Default = 0 (no subfile bits on, so may not be omitted for fax)

Photonetriclnterpretation(262) = 0. SHORT
Requi r edBy Tl FFBasel i ne
0 = pixel value 1 neans bl ack
No default, nust be specified

Resol uti onUnit(296) = 2. SHORT
Requi r edBy Tl FFBasel i ne
The unit of measure for resolution. 2 = inch.
Default = 2 (field nay be omitted if this is the val ue)

Sampl esPer Pi xel (277) = 1. SHORT
Requi r edBy Tl FFBasel i ne
The nunber of conponents per pixel; 1 for black-and-white
Default =1 (field may be onitted if this is the val ue)

XResol ution(282) = 200, 204. RATI ONAL
Requi r edBy Tl FFBasel i ne
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The horizontal resolution of the image is expressed in pixels per
resolution unit. In pixels/inch, the allowed val ues are 200 and 204,
whi ch may be treated as equivalent. See Section 2.2.2 for inch-
metric equival ency.

No default, nust be specified

YResol uti on(283) = 98, 100, 196, 200. RATI ONAL
Requi r edBy Tl FFBasel i ne
The vertical resolution of the imge is expressed in pixels per
resolution unit. In pixels/inch, the allowed values are 98, 100,
196 and 200; 98 and 100 nmay be treated as equival ent, and 196 and
200 may be treated as equivalent. See Section 2.2.2 for inch-netric
equi val ency.
No default, nust be specified

3.2.2 Extension fields

T4Options(292) = (Bit 0 =0, Bit 1 =0, Bit 2
Requi r edTlI FFExt ensi on (when Conpression =
Bit 0 = 0 indicates M encodi ng.
Bit 1 nust be O
Bit 2 =1 indicates that EO.s are byte aligned, = 0 EOLs not byte
al i gned
Default is all bits are 0 (applies when EOLs are not byte aligned)

=0, 1) LONG
3)

Note: The T4Options field is required when the Conpression field has
a value of 3. Bit 0 of this field specifies the encoding used (M
only in this node) and Bit 2 indicates whether the EOL codes are
byte-aligned or not. If they are byte aligned, then fill bits have
been added as necessary so that the End of Line (EOL) codes al ways
end on byte boundaries. See Section 3.4 for details.

3.2.3. New Fields
None.

3.3. Recommended TIFF Fi el ds
None.

3.4. End of Line (EOL) and Return to Control (RTC)
The handling of End of Line (EOL) codes and Return to Control (RTC)
sequences illustrate the differences between conventional fax, which
is bit and streamoriented, and TIFF, which is byte and file

oriented. Conventional fax, Baseline TlIFF and Tl FF extensi ons for fax
all handle ECLs and RTCs differently.
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In conventional fax, an M+ conpressed fax data stream for a page
consi sts of the follow ng sequence:

EQL, conpressed data (first line), EOL, conpressed data, ... ,
ECQL, conpressed data (last line), RTC (6 consecutive EOL codes)

Basel i ne TI FF does not use ECL codes or Return to Control (RTC)
sequences for MHconpressed data. However, the TIFF extension field
T4Options used in this specification for MH conpression (Conpression
= 3) requires EQLs.

Furthermore, Bit 2 in the T4Options field indicates whether or not
the EOL codes are byte aligned. If Bit 2 = 1, indicating the EQOL
codes are byte aligned, then fill bits have been added as necessary
bef ore EOL codes so that an EOL code al ways ends on a byte boundary,
and the first bit of data follow ng an EOL begins on a byte boundary.
Wthout fill bits, an ECL code may end in the nmiddle of a byte. Byte
alignment relieves application software of the burden of bit-shifting
every byte while parsing scan lines for line-oriented inmage
mani pul ation (such as witing a TIFF file). Not all TIFF readers
historically used for fax are able to deal with non-byte aligned

dat a.

While TIFF extension requires EQL codes, TIFF in fax applications has
traditionally prohibited RTC sequences. |nplenentations that want
conmon processing and interfaces for fax data streans and | nternet
fax files would prefer that the TIFF data include RTC sequences.

To reconcile these differences, RTCs are allowed in cases where EQOL
codes are not byte aligned and no fill bits have been added to the
data. This corresponds to situations where the fax data is sinply
inserted in a strip without being processed or interpreted. RTCs
shoul d not occur in the data when EOLs have been byte aligned. This
is formally specified in the next sub-section

3.4.1. RTC Excl usion

| mpl enent ati ons which wish to maintain strict conformance with TIFF
and conpatibility with the historical use of TIFF for fax SHOULD NOT
i nclude the RTC sequence when witing TIFF files. However,

i npl ement ati ons which need to support "transparency" of T.4-generated
i mage data MAY include RTCs when witing TIFF files if the flag
settings of the T4Options field are set for non-byte aligned data,
i.e. Bit 2is 0. Inplenentors of TIFF readers should be aware that
there are sonme existing TIFF inplenentations for fax that include the
RTC sequence in MH image data. Therefore, mniml set readers MJST be
able to process files which do not include RTCs and SHOULD be able to
process files which do include RTCs.
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3.5. File Structure

The TI FF header, described in Section 2.1.1, contains two bytes which
describe the byte order used within the file. For the m niml bl ack-
and- white node, these bytes SHALL have the value "II1" (0x4949),
denoting that the bytes in the TIFF file are in LSByte-first order
(little- endian). The first or Oth IFD inmediately follows the
header, so that offset to the first IFDis 8. The headers val ues are
shown in the followi ng table:

S T S, Fomm e m o e +
| Ofset | Descri ption | Val ue |
S T S, Fomm e m o e +
| 0 | Byte Order | 0x4949 (11) |
S T S, Fomm e m o e +
| 2 | | dentifier | 42 deci mal |
S T S, Fomm e m o e +
| 4 | Ofset of Oth IFD| 0Ox 0000 0008 |
S T S, Fomm e m o e +

The m ni mal bl ack- and-white node SHALL order | FDs and image data
within a file as follows: 1) there SHALL be an IFD for each page in a
multi- page fax docunent; (2) the IFDs SHALL occur in the sane order
inthe file as the pages occur in the docunent; (3) the |IFD SHALL
precede the image data to which it has offsets; (4) the inage data
SHALL occur in the sanme order in the file as the pages occur in the
docunent; (5) the IFD, the value data and the image data it has

of fsets to SHALL precede the next inage |FD;, and (6) the inage data
for each page SHALL be contained within a single strip.

As a result of (6), the StripOfsets field will contain the pointer
to the imge data. Wth two exceptions, the field entries in the IFD
contain the field values instead of offsets to field values |ocated
outside the IFD. The two exceptions are the values for the

XResol ution and YResolution fields, both of which are type RATI ONAL
and require 2 4- byte nunbers. These "long" field values SHALL be

pl aced i nmedi ately after the |IFD which contains the offsets to them
and before the inage data pointed to by that |FD.

The effect of these requirenments is that the IFD for the first page
SHALL cone first in the file after the TIFF header, followed by the
long field values for XResolution and YResol ution, followed by the

i mmge data for the first page, then the IFD for second page, etc.
This is shown in the followng figure. Each IFD is required to have a
PageNunber field, which has value 0 for the first page, 1 for the
second page, and so on
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o e e e oo +
| Header [------------ +
R R + | First IFD
| | FD (page 0) | <---------- + O fset
+-- - [------------ +
| |--+ I
Val ue | e R TR + | |
O fset +-->| Long Val ues | |
R | | Strip |
| Image Data (page 0) |<-+ Ofset |
LR T + | Next |FD
| | FD (page 1) | <---------- + O fset
+-- - [------------ +
| |--+ |
Val ue | R T + |
O fset +-->| Long Val ues | |
e R E R | | Strip |
| Inage Data (page 1) |<-+ Ofset |
e + | Next |FD
| | FD (page 2) | <---------- + O fset
o e e e oo +

Using this file structure may reduce the nenory requirenents in

i npl enentations. It is also provides some support for streaming, in
which a file can be processed as it is received and before the entire
file is received.

3.6 M ninal Black-and-white Mde Summary

The tabl e bel ow summari zes the TIFF fields that conprise the mninma

i nt erchange set for black-and-white facsinmle. The Baseline and
Extension fields and field values MJST be supported by all

i npl eent ati ons. For convenience in the table, certain fields which
have a value that is a sequence of flag bits are shown taking integer
val ues that correspond to the flags that are set. An inplenentation
shoul d test the setting of the relevant flag bits individually,
however, to allow extensions to the sequence of flag bits to be
appropriately ignored. (See, for exanple, T4Options bel ow.)

o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Baseline Fields | Val ues |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| BitsPerSanple | 1 |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Conpression | 3: 1D Modified Huf fman coding |
| | set T4Options = 0 or 4 |
o m o m o e o o e o e e o o e o o e e e e o mmmemooaoo- +
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o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| FillOrder | 2: least significant bit first |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| | mageW dth | 1728 |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| 1 magelLength | n: total number of scanlines |
| | in imge |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| NewSubFil eType | 2: Bit 1 identifies single |
| | page of a multi-page docunent

o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| PageNunber | n,m page nunber n foll owed by |
| | total page count m |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Photonetriclnterpretation | 0: pixel value 1 neans bl ack |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Resol utionUnit | 2: inch |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| RowsPerStrip | nunmber of scanlines per strip

| | = ImageLength, with one strip |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Sanpl esPer Pi xel | 1 |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| StripByteCounts | nunber of bytes in TIFF strip |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| StripOfsets | offset from beginning of |
| | file to single TIFF strip |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| XResol ution | 204, 200 (pixels/inch) |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| YResol ution | 98, 196, 100, 200 (pixels/inch)]
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| Extension Fields |
o m e e e e e e e eoaaoo- o m e e e e emamoooo- +
| T4Options | O0: MH coding, EO.s not byte |
| | al i gned |
| | 4. MH coding, EOLs byte aligned

o m e e e e e e e eoaaoo- o m e e e e emamoooo- +

4. Extended Bl ack-and-Wite fax npbde

Thi s section defines the extended bl ack-and-white node or Profile F
of TIFF for facsimle. It provides a standard definition of what has
historically been known as TIFF Cass F and now TIFF-F. |In doing so,
it aligns this node with current | TU T Reconmendations for bl ack-
and-white fax and with existing industry practice. |nplenentations of
this profile include inplenentations of Profile S.
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Thi s section describes extensions to the mniml interchange set of
fields (Profile S) that provide a richer set of black-and-white
capabilities. The fields and val ues described in this section are a
superset of the fields and val ues defined for the mninmal interchange
set in Section 3. In addition to the WMH encoding, Mdified READ (MR
and Modified Mdified READ (MVR) encoding as described in [T.4] and
[T.6] are supported.

Section 4.1 gives an overview of TIFF-F. Section 4.2 describes the
TIFF fields that SHALL be used in this node. Section 4.3 describes
the fields that MAY be used in this node. In the spirit of the
original TIFF-F specification, Sections 4.4 and 4.5 discuss technical
i npl erentation i ssues and warni ngs. Section 4.6 gives an exanpl e use
of TIFF-F. Section 4.7 gives a sunmary of the required and
recommended fields and their val ues.

4.1 Tl FF-F Overvi ew

Though it has been in conmon usage for nany years, TIFF-F has

previ ously never been docunented in the formof a standard. An

i nformal TIFF-F docunment was originally created by a small group of
fax experts led by Joe Canpbell. The existence of TIFF-F is noted in
[TIFF] but it is not defined. This docunent serves as the formal
definition of the F application of [TIFF] for Internet applications.
For ease of reference, the termTIFF-F will be used throughout this
docunent as a shorthand for the extended bl ack-and-white node or
profile of TIFF for facsimle.

Up until the TIFF 6.0 specification, TIFF supported various "C asses"
whi ch defined the use of TIFF for various applications. Casses were
used to support specific applications. In this spirit, TIFFF has
been known historically as "TIFF Cass F'. Previous informal TIFF-F
documents [TIFF-FO] used the "Class F' ternminology. As of TIFF 6.0
[TIFF], the TIFF O ass concept has been elimnated in favor of the
concept of Baseline TIFF. Therefore, this docunment updates the
definition of TIFF-F as the F profile of TIFF for facsimle, by using
Baseline TIFF as defined in [TIFF] as the starting point and then
addi ng the TIFF extensions to Baseline TIFF which apply for TIFF-F.
In alnost all cases, the resulting definition of TIFF-F fields and
val ues remains consistent with those used historically in earlier
definitions of TIFF Cass F. Were sone of the values for fields
have been updated to provide nore precise confornance with the ITUT
[T.4] and [T.30] fax recommendations, these differences are noted.
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4.2. Required TIFF Fields

This section lists the required fields and the values they nust have
to be I TU-conpatible. Besides the fields listed in Section 2.2.1, the
ext ended bl ack-and-white fax node SHALL use the follow ng fields.

4.2.1. Baseline fields

Bi t sPer Sanpl e(258) = 1. SHORT
Requi r edBy Tl FFBasel i ne
Bi nary data only.
Default = 1 (field nay be omitted if this is the val ue)

Conpr essi on(259) = 3, 4. SHORT
Requi r edBy Tl FFBasel i ne
3 = 1- or 2- dinensional coding, nust have T4Options field This is
a TIFF Extension value [TIFF].
4 = 2-dinmensional coding, ITUT Rec. T.6 (MR - Mdified Mdified
Read, nust have T6Options field)) This is a TIFF Extension val ue.
Default = 1 (and is not applicable; field nmust be specified)

NOTE: Baseline TIFF permts use of value 2 for Modified Huffman
encodi ng, but data is presented in a form which does not use EQLs,
and so TIFF for facsinile uses Conpression=3 instead. See Sections
4.4.4, 4.5.1 and 4.5.2 for nore informati on on conpressi on and
encodi ng.

FillOrder(266) =1, 2. SHORT
Requi r edBy Tl FFBasel i ne
Profile F readers nust be able to read data in both bit orders,
but the vast mpjority of facsimle products store data LSB
first, exactly as it appears on the tel ephone line.
1 = Most Significant Bit first.
2 = Least Significant Bit first

| mageW dt h(256) SHORT or LONG
Requi r edBy Tl FFBasel i ne
Thi s node supports the followi ng fixed page wi dths: 1728, 2592, 3456
(corresponding to North American Letter and Legal, |SO A4 paper
si zes), 2048, 3072, 4096 (corresponding to | SO B4 paper size), and
2432, 3648, 4864 (corresponding to | SO A3 paper size).
No default; nust be specified

NOTE: Historical TIFF-F did not include support for the follow ng
widths related to higher resolutions: 2592, 3072, 3648, 3456, 4096
and 4864. Historical TIFF-F docunments al so included the follow ng

val ues related to A5 and A6 widths: 816 and 1216. Per the nost recent
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version of [T.4], A5 and A6 docunents are no | onger supported in
Goup 3 facsinmile, so the related width val ues are now obsol ete. See
section 4.5.2 for nore information on inch/metric equival encies and
ot her inplenmentation details.

NewSubFi | eType(254) = (Bit 1=1). LONG
Requi r edBy Tl FFf or FAX
Bit 1is 1if the inage is a single page of a multi-page docunent.
Default = 0 (no subfile bits on, so may not be omitted for fax)

NOTE: Bit 1 is always set to 1 for TIFF-F, indicating a single page
of a nulti-page imge. The sanme bit settings are used when TIFF-F is
used for a one page fax inage. See Section 4.4.3 for details on

mul ti-page files.

Photonetriclnterpretati on(262) = 0, 1. SHORT
Requi r edBy Tl FFBasel i ne
0 = pixel value 1 neans black, 1 = pixel value 1 neans white.
This field allows notation of an inverted or negative inmage.
No default, nust be specified

Resol uti onUnit(296) = 2, 3. SHORT
Requi r edBy Tl FFBasel i ne
The unit of measure for resolution. 2 = inch, 3 = centineter; TIFF-F

has traditionally used inch-based neasures.
Default = 2 (field may be omitted if this is the val ue)

Sampl esPer Pi xel (277) = 1. SHORT
Requi r edBy Tl FFBasel i ne
1 = nonochrone, bilevel in this case (see BitsPerSanpl e)
Default =1 (field may be onitted if this is the val ue)

XResol ution(282) = 200, 204, 300, 400, 408 RATI ONAL
Requi r edBy Tl FFBasel i ne
The horizontal resolution of the image is expressed in pixels per
resolution unit. In pixels/inch, the allowed val ues are: 200, 204,
300, 400, and 408. See Section 2.2.2 for inch-netric equival ency.
No default, nust be specified

NOTE: The val ues of 200 and 408 have been added to the historica

Tl FF-F val ues, for consistency with [T.30]. Sonme existing TlIFF-F

i npl erentati ons may al so support val ues of 80 pixels/cm which is
equi val ent to 204 pixels per inch. See section 4.5.2 for information
on inplenmentation details.

YResol ution(283) = 98, 100, 196, 200, 300, 391, and 400 RATI ONAL
Requi r edBy Tl FFBasel i ne
The vertical resolution of the imge is expressed in pixels per
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resolution unit. In pixels/inch, the allowed values are: 98, 100,
196, 200, 300, 391, and 400 pixels/inch

See Section 2.2.2 for inch-nmetric equival ency.

No default, nust be specified

NOTE: The val ues of 100, 200, and 391 have been added to the

hi storical TIFF-F values, for consistency with [T.30]. Some existing
TIFF-F inpl ementati ons may al so support values of 77 and 38.5 (cn)

whi ch are equivalent to 196 and 98 pixels per inch respectively. See
section 4.5.2 for nore information on inplenentation details.

NOTE: Not all conbinations of XResol ution, YResolution and | mageW dth
are legal. The followi ng table gives the | egal conbinations and
correspondi ng paper size [T.30].

Fomm e e oo oo S o m o e e e e oo +
| XResol uti on x YResol ution | | mageW dt h |
Fomm e e oo oo S I S Fomm oo o - +
| 200x100, 204x98 | | | |
| 200x200, 204x196 | 1728 | 2048 | 2432 |
| 204x391 | | | |
Fomm e e oo oo S I S Fomm oo o - +
| 300 x 300 | 2592 | 3072 | 3648 |
Fomm e e oo oo S I S Fomm oo o - +
| 408 x 391, 400 x 400 | 3456 | 4096 | 4864 |
Fomm e e oo oo S I S Fomm oo o - +
| Letter, Ad| B4 | A3 |
| Legal | I I
I S Fomm oo o - +
| Paper Size |
o m o e e e e oo +

4.2.2. Extension fields

T4Options(292) = (Bit 0 =0 or 1, Bit 1 =0, Bit 2 =0 or 1) LONG
Requi r edTl FFExt ensi on (when Conpression = 3)
T4Options was al so known as G oup3Options in a prior version of

[ TIFF].

Bit 0 =1 indicates MR encoding, = 0 indicates MH encodi ng.

Bit 1 nust be O

Bit 2 =1 indicates that EO.s are byte aligned, = 0 EOLs not byte
al i gned

Default is all bits are O (applies when MH encoding is used and ECLs
are not byte aligned EOLs) (See Section 3.2.2.)

The T4Options field is required when the Conpression field has a
value of 3. This field specifies the encoding used (MHd or MR) and
whet her the EOL codes are byte-aligned or not. If they are byte
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aligned, then fill bits have been added as necessary so that the End
of Line (ECL) codes always end on byte boundaries See Sections 3.4,
4.5.3 and 4.5.4 for details.

T6Options(293) = (Bit 0 =0, Bit 1 = 0). LONG
Requi r edTl FFExt ensi on (when Conpressi on = 4)
Used to indicate paraneterization of 2D Mdified Mdified Read
conpression. T6Options was al so known as G oup4Qptions in a prior
version of [TIFF].
Bit O nust be O.
Bit 1 = 0 indicates unconpressed data node is not allowed; =1
i ndi cates unconpressed data is allowed (see [TIFF]).
Default is all bits 0. For FAX, the field nust be present and have
the value 0. The use of unconpressed data where conpressi on would
expand the data size is not allowed for FAX

NOTE: MVR conpressed data is two-di nensional and does not use ECLs.
Each MVR encoded i mage MUST i ncl ude an "end- of -facsi mi | e-bl ock"
(EOFB) code at the end of each coded strip; see Section 4.5.6.

4.2.3. New fields
None.
4.3. Recommended TIFF fields
4.3.1. Baseline fields
See Section 2.2.3.
4.3.2. Extension fields
See Section 2.2.3.
4.3.3. New fields

Three new, optional fields, used in the original TIFF-F description
to describe page quality, are defined in this specification. The

i nformation contained in these fields is usually obtained from
receiving facsinile hardware (if applicable). They SHOULD NOT be used
inwiting TIFF-F files for facsimle image data that is error
corrected or otherw se guaranteed not to have coding errors. Somne
applications need to understand exactly the error content of the
data. For exanple, a CAD program mi ght wish to verify that a file
has a low error |level before inporting it into a high-accuracy
document. Because Group 3 facsinile devices do not necessarily
performerror correction on the inmage data, the quality of a received
page nust be inferred fromthe pixel count of decoded scan lines. A
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"good" scan line is defined as a |ine that, when decoded, contains
the correct nunber of pixels. Conversely, a "bad" scan line is
defined as a line that, when decoded, conprises an incorrect nunber
of pi xel s.

BadFaxLi nes(326) SHORT or LONG
The nunber of "bad" scan lines encountered by the facsinile device
during reception. A "bad" scanline is defined as a scanline that,
when decoded, conprises an incorrect nunber of pixels. Note that
Percent Bad = (BadFaxLi nes/ | mageLength) * 100

No defaul t.

C eanFaxDat a(327) = 0, 1, 2. SHORT
Indicates if "bad" |ines encountered during reception are stored in
the data, or if "bad" |ines have been replaced by the receiver.

0 = No "bad" lines

1 = "bad" lines exist, but were regenerated by the receiver,
2 = "bad" lines exist, but have not been regenerated.

No defaul t.

NOTE: Many facsimle devices do not actually output bad |ines.

I nstead, the previous good line is repeated in place of a bad |ine.

Al though this substitution, known as |ine regeneration, results in a
vi sual inprovenent to the image, the data is neverthel ess corrupted.
The C eanFaxData field describes the error content of the data. That
is, when the BadFaxLi nes and I mageLength fields indicate that the
facsim | e device encountered lines with an incorrect nunber of pixels
during reception, the CeanFaxData field indicates whether these bad
lines are actually still in the data or if the receiving facsimle
device replaced themw th regenerated |ines.

Consecut i veBadFaxLi nes(328) LONG or SHORT
Maxi mum nunber of consecutive "bad" scanlines received. The
BadFaxLi nes field indicates only the quantity of bad Iines.

No Defaul t.

NOTE: The BadFaxLi nes and | magelLength data indicate only the quantity
of bad lines. The ConsecutiveBadFaxLines field is an indicator of the
distribution of bad lines and may therefore be a better genera

i ndi cator of perceived image quality. See Section 4.4.5 for exanples
of the use of these fields.

4.4. Technical Inplenmentation |Issues
4.4.1 Strips

In general, TIFF files divide an imge into "strips," also known as
"bands."” Each strip contains a few scanlines of the inmage. By using
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strips, a TIFF reader need not load the entire inmage into nmenory,
thus enabling it to fetch and deconpress small random portions of the
i mge as necessary.

The nunber of scanlines in a strip is described by the RowsPerStrip
val ue and the nunber of bytes in the strip after conpression by the
StripByteCount value. The location in the TIFF file of each strip is
given by the StripCOfsets val ues.

Strip size is application dependent. The recomended approach for
multi- page TIFF-F images is to represent each page as a single
strip. Existing TIFF-F usage is typically one strip per page in
multi-page TIFF-F files. See Sections 2.1.2 and 2.1. 3.

4.4.2 Bit Oder

The current TIFF specification [TIFF] does not require a Baseline

TI FF reader to support FillOrder=2, i.e. |owest nunbered 1-bit pixel
in the least significant bit of a byte. It further recomrends that
Fill Order=2 be used only in special purpose applications.

Facsinm|l e data appears on the phone line in bit-reversed order
relative to its description in ITUT Recormendation T.4. Therefore,
a wide magjority of facsimle applications choose this natural order
for data in a file. Nevertheless, TIFF-F readers nust be able to read
data in both bit orders and support FillOder values of 1 and 2.

4.4.3. Milti-Page

Many existing applications already read TIFF-F-like files, but do not
support the nmulti-page field. Since a nulti-page format greatly
sinplifies file managenent in fax application software, TIFF-F
specifies multi-page docunments (NewSubfil eType = 2) as the standard
case.

It is recomended that applications export nultiple page TIFF-F files
wi t hout mani pul ating fields and val ues. Historically, some TIFF-F
writers have attenpted to produce individual single-page TIFF-F files
with nmodi fied NewSubFil eType and PageNunber (page one-of -one) val ues
for export purposes. However, there is no easy way to |link such

mul tiple single page files together into a logical multiple page
document, so that this practice is not recomended.

4.4.4. Conpression
In Goup 3 facsimle, there are three conpression nethods which had

been standardi zed as of 1994 and are in conmon use. The ITUT T.4
Reconmmendati on [T. 4] defines a one-di nmensi onal conpression nethod

Ml ntyre, et. al. St andards Track [ Page 31]



RFC 2301 File Format for Internet Fax March 1998

known as Modified Huf frman (MH) and a two-di nmensi onal nethod known as
Modi fied READ (MR) (READ is short for Relative El enment Address
Designate). In 1984, a sonewhat nore efficient conpression method
known as Modified Mdified READ (MVR) was defined in the ITUT T.6
Recommendation [T.6]. MVR was originally defined for use with Goup 4
facsinile, so that this conpression nmethod has been conmonly call ed
G oup 4 conpression. In 1991, the MVR nethod was approved for use in
Goup 3 facsimle and has since been widely utilized.

TI FF- F supports these three conpression nmethods. The npst conmon
practice is the one-di nensional Mdified Huffman (MH) conpression
method. This is specified by setting the Conpression field value to
3 and then setting bit 0 of the T4Options field to 0. Alternatively,
the two di mensional Modified READ (MR) net hod, which is nuch |ess
frequently used in historical TIFF-F inplenentations, may be sel ected
by setting bit 0 of the T4Options field to 1. The value of Bit 2 in
this field is determ ned by the use of fill bits.

Dependi ng upon the application, the nore efficient two-dinensional
Modi fi ed Modi fied Read (MVR) conpression nethod fromT.6 may be

sel ected by setting the Conpression field value to 4 and then setting
the first two bits (and all unused bits) of the TéOptions field to O.
More information to aid the inplenmentor in making a conpression
selection is contained in Section 4.5. 2.

Basel i ne TIFF also pernmits use of Conpression=2 to specify Mdified
Huf f man conpressi on, but the data does not use EOLs. As a result,

Tl FF- F uses Conpression=3 instead of Conpression=2 to specify

Modi fied Huf f man conpressi on.

4.4.5. Exanple Use of Page-quality Fields

Here are exanples for witing the C eanFaxData, BadFaxLines, and
Consecut i veBadFaxLi nes fi el ds:

1. Facsinmle hardware does not provide page quality
i nformation: MJST NOT wite page-quality fields.

2. Facsinile hardware provides page quality informtion, but
reports no bad lines. Wite only BadFaxLines = 0.

3. Facsimle hardware provides page quality infornmation, and
reports bad lines. Wite both BadFaxLi nes and
Consecuti veBadFaxLines. Also wite CeanFaxData = 1 or 2 if
the hardware’s regeneration capability is known.

4. Source image data streamis error-corrected or otherw se
guaranteed to be error-free such as for a conputer generated
file: SHOULD NOT wite page-quality fields.
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TIFF Witers SHOULD only generate these fields when the inmage has
been generated froma fax inage data stream where error correction
e.g. Goup 3 Error Correction Mdde, was not used.

4.4.6. Practical Guidelines for Witing and Reading Milti-Page TIFF-F
Files

Traditionally, historical TIFF-F has required readers and witers to
be able to handle multi-page TIFF-F files. Based on the experience
of various TIFF-F inplenmentors, it has been seen that the

i npl enentation of TIFF-F can be greatly sinplified if certain
practical guidelines are followed when witing nmulti-page TlFF-F

files.
The structure for a nulti-page TIFF-F file will include one |IFD per
page of the docunent. In this case, this IFDw Il define the

attributes for a single page. A second sinplifying guideline is that
the witer of TIFF-F files SHOULD present |FDs in the sane order as
the actual sequence of pages. (The pages are nunbered within TIFF-F
begi nning with page 0 as the first page and then ascending (i.e. O,
1, 2,...). However, any field values over 4 bytes will be stored
separately fromthe IFD. TIFF-F readers SHOULD expect |FDs to be
presented in page order, but be able to handl e excepti ons.

Per [TIFF], the exact placenent of inage data is not specified.
However, the strip offsets for each strip of imge are defined from
wi thin each | FD. Wher e possi bl e, another sinplifying guideline for
the witing of TIFF-F files is to specify that the image data for
each page of a multi-page docunment SHOULD be contained within a
single strip (i.e. one image strip per fax page). The use of a single
i mage strip per page is very useful for applications such as store
and forward nmessagi ng, where the file is usually prepared in advance
of the transm ssion, but other assunptions may apply for the size of
the inmage strip for applications which require the use of "streaning"
techni ques (see section 4.4.7). 1In the event a different image strip
si ze guideline has been used (e.g. constant size for inage strips
that nmay be | ess than the page size), this will inmrediately be
evident fromthe values/offsets of the fields that are related to
strips.

A third sinplifying guideline is that each | FD SHOULD be pl aced in
the TIFF-F file structure at a point which precedes the inmage which
the | FD descri bes.

In addition, a fourth sinplifying guideline for TIFF-F witers and
readers is to place the actual inmage data in a physical order within
the TIFF file structure which is consistent with the |ogical page
order. In practice, TIFF-F readers will need to use the strip
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offsets to find the exact physical |ocation of the inage data,
whether or not it is presented in |ogical page order

If the image data is stored in multiple strips, then the strips
SHOULD occur in the file in the sane order that the data they contain
occurs in the facsimle transm ssion, starting at the top of the

page.

TIFF-F witers MAY make a fifth sinplifying guideline, in which the
| FD, the value data and the inmage data to which the I FD has offsets
precede the next imge | FD. However, this guideline has been rel axed
(witers MAY rather than SHOULD use it) conpared to the other
gui del i nes given here to reflect past practices for TIFF-F

In the case of the mnimal node, which is also the mniml subset of
Profile S, the SHOULD s and MAY's of these guidelines become SHALL' s
(see Section 3.5).

So, a TIFF-F file which is structured using the guidelines of this
section will essentially be conposed of a linked list of |FDs,
presented in ascendi ng page order, which in turn each point to a
singl e page of inage data (one strip per page), where the pages of

i mmge data are al