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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of 1SO or IEC participate in the development of International Standards through technical
committdes established by the respective organization to deal with particular fields of technical-activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other interrjational
organizations, governmental and non-governmental, in liaison with ISO and 1EC, aso take pari in the
work.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

In the figld of information technology, 1SO and IEC have established a‘joint technical committee,
ISO/IECQITC 1. Draft International Standards adopted by the joint technical-committee are circullated to
national bodies for voting. Publication as an International Standard requires approval by at least 15 % of
the natiomal bodies casting a vote.

Attentior] is drawn to the possibility that some of the elements of this International Standard may| be the
subject of patent rights. 1ISO and IEC shall not be held respansible for identifying any or all such patent
rights.

Internatignal Standard ISO/IEC 16485 was prepared: by the International Telecommunication| Union
(ITU) (as ITU-T Recommendation T.44) and was adopted, under a special “fast-track procedure’, by
Joint Teghnical Committee ISO/IEC JTC 1, Information technology, in parale with its apprqval by
national podies of 1SO and IEC.

Annex Alforms a normative part of this International Standard.
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Introduction and background

The Mixed Raster Content (MRC) Recommendation isaway of describing raster-oriented (scanned
and/or rasterized synthetic images) documents with both bi-level (text and/or line-art) and multi-level
(colour/continuous-tone) data within a page. The goal of this MRC Recommendation is to make exchange
of raster-oriented mixed content colour documents among users with varied communication systems
possible with higher speed, higher image quality and modest computing resources (memory, storage and
processing power).

allC INCrease in exchange of electronic documents has raised customer expectations and
ents for raster-oriented documents. Colour must be exchanged just as graceful and fficiently as

efficient exchange of the raster datais directly related to the file size and compression rgios,

Image quality in a scan anywhere - print anywhere environment is direetly related to the
exchange of device independent data forms and the rendering compromises made by theloutput
engine;

fast printing with modest resources is related to low complexity of the format.

The best approach to achieve high compression ratios and retain'quality is to compress the different
segments of the raster data according to their individual attributes. Text and line-art data (bi-leve| data)
would jpe compressed with an approach that puts high emphasis on maintaining the detail and stricture of
the input. Pictures and colour gradients (multi-level data)-would be compressed using an approagh that
puts a high emphasis on maintaining the smoothness'and accuracy of the colours. These different data
types (pi-level and multi-level) are often conceptulalized as being on separate layers/planes within the

page.

This sgparation of the data by importanceof content (spatial detail vs. colour) also directly impligsthat it
is advgntageous to use different resolutions for the different data, with a high spatial resolution uged for
text/line-art and high colour resolution for images/gradients.

This concept of data separation by importance of content has led to devel opment of the base mode 3-l1ayer
model pn which the MRC Recemmendation is built. Provisions to extend the model beyond the lhase
mode gre defined in Annexes to this Recommendation. The base mode 3-layer model identifies three
basic data types that may, be contained within a page. These are multi-level data associated with ¢gontone
colour |(continuous-tone and/or palletized colour) image for which mid-to-low spatial and high cglour
resolutjon is typicaly appropriate for good reproduction; bi-level data associated with high detai| of
text/line-art for.which high spatial and low colour resolution is typically appropriate for good
reprodpiction;-multi-level data associated with multi-level colours of the text/line-art data for whigch mid-
to-high spatlal and m|d col our reﬂol utlon |styp| caly appropnatefor good reproductlon Each pa eW|th|n
the M [OCCSSA A eSentea v

layers (also referred to as pl anes) to bei |mage processed, compressed and transmitted independently.
Multi-level contone data may be represented in the lower layer, bi-level in the middie layer and multi-
level data of text/line-art coloursin the upper layer. The lower and upper layers will from here on be
referenced as the background and foreground layers respectively, see Figure 1. The process of image
regeneration is controlled by the middie bi-level layer that acts as amask or selector to select whether
pixels from the background contone layer or foreground text/line-art colour layer will be reproduced. Due
to its selection function this layer is referenced as the mask or selector layer, throughout this
Recommendation the middle layer will be referenced as the mask layer. When the value of a mask layer
pixel isone (1), the corresponding pixel from the foreground is selected and reproduced. When the value

© ISO/IEC 2000 — All rights reserved Vv
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of the mask layer pixel is zero (0) the corresponding pixel from the background is selected and
reproduced, see Figure 2.

Given limited device memory in many facsimile implementations and that mixed content pages often
have a mixture of: text/line-art (monochrome or coloured) regions; contone image regions; text/line-art
(monochrome or coloured) and contone image regions. There are provisions to subdivide the page into
horizontal stripes that span the entire width of the page and isolate individual regions, see Figure 3.
Stripes are composed of one or more layers as determined by the image type within the stripe. The mask
layer must span the entr re wi dth and hei ght of the strrpe The background and foreground layers need not
span the ywid ; cky ound

correspo

The 3-layer model has 3 types of horizontal stripes that are implemented according to the type of data
being addressed:

. 3-layer stripe (3LS), so referenced sinceit contains all threeof the foreground, mask and
ackground layers asin Figure 1. The 3LS is appropriate when addressing an image that cgntains
oth multi-coloured text/line-art and contone image or.monochrome text/line-art on coloured
ackground and contone image, as in stripes 3 and.5 of Figures 3 and §;

-layer stripe (2LS), so referenced since it contaihs coded data for two of the three layers (fhe
nird is set to afixed value). The two layers piay be mask and background, as in Figure 6a pr
nask and foreground layers, asin Figure 6b: All combination of multiple layers shall include the
hask layer. The 2L S is appropriate wheryaddressing an image that contains monochrome
ext/line-art and contone image or coloured text/line-art and no contone image, as in stripes 2 and
of Figures 3 and 8;

-layer stripe (1L S), so referénced since it contains coded data for only one of the three layers
the other two are set to fixed values). The one layer may be mask, asin Figure 7a, background,
S in Figure 7b or foregreund, asin Figure 7c. The 1L S is appropriate when addressing an {mage
hat contains one ofzmenochrome text/line-art, contone image or possibly richly coloured
raphics, asin stripes 1, 4 and 6 of Figures 3 and 8.

[ ]
L=t =S S = N oo o

(0O = Q) S

Figure 8 provides an {lustration of the various stripe types that may apply to the various image regions
within a page.

The 3-layer model requires application of a multi-level coding scheme to the background and foreground
layers. Ay ITU multi level coding (such as JPEG or JBIG, as defined in Recommendation T 81 and
T-43, r CL;LI VCI y} may UC uMaUd fGr the b&?lr\gruw Id UI fUI CUI uuu Id II'\\ bl ICVC: L:UUII Iy Jal ICITIC ID I G'I JI re(j
for the mask layer, any ITU bi-level coding (such as JBIG or MMR, as defined in Recommendations T.85
and T.6, respectively) may be used, see Figure 5. The specific coders used throughout the page and over
the various layers are identified at the start of each page. Thisinformation is provided by parametersin a
Start of Page (SOP) Marker Segment. The spatial resolution of the mask layer, to be used throughout the
page, is aso identified by a SOP parameter. Layers with varied spatial resolutions may be combined
within a stripe, the resolution of the foreground and background layers must be integral factors of the
mask resolution layer, see Figure 5. The specific resolutions being used in the foreground and background
layers are identified within amarker segment at the start of each layer within astripe. A Start of Stripe
marker segment contains parameters indicating type of stripe (1LS, 2L S or 3LS), the foreground and
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background layer base colour, offset of the foreground and/or background, the stripe height (number of
lines) and the mask layer coded data length (number of octets).

An SOP marker segment denotes the beginning of an MRC page. Thisisfollowed by page data and
terminated with a EOP (End of Page). The page data consists of stripes. During transmission, stripes are
sent sequentially from the top of the page, stripe 1 through N, where N is an integer. Within a stripe, the
mask layer istransmitted first, followed by the background and then the foreground as appropriate.

© ISO/IEC 2000 — All rights reserved
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Information technology — Mixed Raster Content (MRC)

1 Scope
This Recommendation defines a means to efficiently represent raster-oriented pages that contain

a

mixture of multi-level and bi-level images. Any of the many ITU-T recommended encoding.schemes,
such as$ T.81 (JPEG) for the encoding of multi-level imagesand T.6 (MMR) for the encoding of bi-level
imageg, may be combined within the context of this Recommendation. Similarly, ITU<T spatial and
colour [resolutions may be combined within a page. This Recommendation does not-.défine new encodings

refererfce in thistext, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendation and other.references are subject to revision; @l users

ost

recent pdition of the Recommendation and other references listed below. A list of the currently valid ITU-

mmendations is regularly published.

- ITU-T Recommendation T.4 (1996) - Sandardization of Group 3 facsimile terminals for
document transmission.

- CCITT Recommendation T.6 (1988) - Facsimile coding schemes and coding control functions

for Group 4 facsimile apparatts:(Commonly referred to as MMR standard.)

- ITU-T Recommendation T%42 (1996) - Continuous-tone colour representation method fpr

facsimile.

- ITU-T Recommendation T.43 (1997) - Colour and gray-scale image representation usin
lossless coding scheme for facsimile.

- CCITT Recommendation T.81 (1992) | ISO/IEC 10918-1:1994 - Information technol ogy
compression-and coding of continuous-tone still image - Requirements and guidelines.
(Commonly referred to as JPEG standard.)

g

- Digital

— ITU-T Recommendation T.82 (1993) | ISO/IEC 11544:1993 - I nfor mation technology - Coded

representation of picture and audio information - Progressive bi-level image compressid
—{(Commenhy+eferredteasIBIGStandard)
- ITU-T Recommendation T.86 (1998) | ISO/IEC 10918-4:1999 - I nformation technology

n.

- Digital

compression and coding of continuous-tone still images: Registration of JPEG profiles, SPIFF
profiles, SPIFF tags, SPIFF colour spaces, APPN markers, SPIFF compression types and

Registration Authorities (REGAUT).

- ITU-T Recommendation T.85 (1995) - Application profile for Recommendation T.82 -
Progressive bi-level image compression (JBIG coding scheme for facsimile apparatus).

© ISO/IEC 2000 — All rights reserved
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3 Definitions

The definitions contained in Recommendations T.4, T.6, T.42, T.43, T.81, T.82 and T.85 apply, un
explicitly amended.

less

APP13 Marker: Encoded as X'FFED', is the application marker, registered per Recommendation T.86,

that uniquely identifies MRC.
End of page (EOP), encoded as two consecutive JPEG EOI (X'FFDOFFD9).

Joint Bi-level Image Experts Group (JBIG), and aso shorthand for the encoding method, described in

Recommendation T.82, which was defined by this group.
NOTE - |t is expected that JBIG will be changed to JBIG1 when referencing Recommendation’T.8

P. This

nomenclgture change is the result of a new standard that is being developed by the JBIG committeg. This

new stanglard will be referenced as JBIG2.

Joint Phptographic Experts Group (JPEG), and aso shorthand for the encoding method, descriljed in

Recommendation T.81, which was defined by this group.

layer: Amnimage, either multi-level or bi-level, that is to be combined with other images using the method

described here. Layers are encoded using ITU-T coding methods. One or 1iore layers may be used.

backgrolind layer: The "bottom™ layer (layer 1), multi-level data associated with a contone image
segment, |in a 3-layer segmentation of a page containing a combination of bi-level and multi-level i

mages.

At backgfound pixel locations where the contone background image is not present, a background layer
base colqur (default of white) is applied. A means to define other values of background layer base ¢olour

IS provided within the syntax described in clause 9.

contone |ayer: Continuous-tone and/or palletized calour. This definition is intended to account for
scanner gnd synthetic source image data. When a scanner is the source of an image, both continuou
and solid|coloured images would be available as continuous-tone data. When the source of an imag
synthetic| continuous-tone and solid coloured;images may be available as continuous-tone or pallet
colour dgta.

foreground layer: The "top" layer (layer 3), multi-level data associated with colours of text, graph
line-art, in a 3-layer segmentation ©0f) a page containing a combination of bi-level and multi-level in

At foregrpund pixel locationsWhere the multi-level data associated with colours of text, graphics of
art is not |present, aforeground layer base colour (default of black) is applied. A means to define ot
values of|foreground layer-base colour is provided within the syntax described in clause 9.

image layer: Odd-numbered layer (e.g. layers 1, 3, 5, ...), multi-level data associated with contone
images, qolours ef.fexts, graphics or line-art, in amulti-layer segmentation of a page containing a
combinatjion ofbi-level and multi-level images.

At imagd layer pixel locations, above layer 1, where theimage is not present, alayer base colour, d

both
S-tone
eis
zed

csor
ages.

line-
ner

ef ault

of black, isapplied. At layer 1 pixel locations where the image is not present, alayer base colour, default

of white, is applied. A means to define other layer base colour valuesis provided within the syntax
described in clause 9.

2 © ISO/IEC 2000 — All rights reserved
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mask layer: Even-numbered layers (i.e. layers 2, 4, 6, ...), bi-level data, in amulti-layer segmentation of
a page containing a combination of bi-level and multi-level images. The bi-level mask layer selects the
image layer directly above it or the image(s) below it to be visible. A corresponding image layer pixel
above the mask layer is selected for reproduction when amask layer pixel valueis"1". A corresponding
pixel from the image or collection of images below the mask is selected when amask pixel valueis"0".

Thefirst mask layer (layer 2) may be distinguished as the main mask. The main mask selects the
foreground or background to be visible. In a 3-layer segmentation it is ssmply referenced as the mask
layer. When there is more than one mask layer, the other mask layers (layers 4, 6, 8, ...) may be
refererjced as the overlay masks.

Virtugl mask layer: Even-numbered layer (i.e. layers 2, 4, 6, ...) that contains no coded data. A|virtual
mask layersis used to establish dimensions of a page or stripe when there is no coded mask |ayef that
spans the full dimensions of the page or stripe.

Modiffed Huffman (MH), is shorthand for the lossless bi-level one-dimensional encoding methpd
descrilyed in Recommendation T.4.

Modifled Modified READ (MMR), (READ is an acronym for Relative Element Address Designate) is
shorthand for the lossless bi-level encoding method described in Recomimendation T.6.

Modifled READ (MR), (READ is an acronym for Relative Element Address Designate) is shorthand for
the loskless bi-level two-dimensional encoding method described in Recommendation T.4.

MRC Magic Number: MRC Magic number, encoded as the JPEG SOI (Start of Image - X'FFDB') to
aert dIcoders that JPEG application markers registered per Recommendation T.86 follow.
f

Start gf page marker segment (SOP), encoded as ARP13 (X'FFED"), length of segment, SOP i¢lent
(MRCO), parameters.

Start gf stripe marker segment (SOSt), enceded as APP13 (X'FFED"), length of segment, SOSt ident
(MRCY), parameters.

Stripe] Animage swath, spanning thewjdth of the page, that may consist of one or more layers.

Termipation Number (TN), encoded as the JPEG EOI (End of Image - X'FFD9') to alert decodgrs to the
end of the initial JPEG application marker registered per Recommendation T.86. The TN is located
directly after the SOP parameters.

4 Conventions
The conventions.ii-Recommendation T.81 apply to this Recommendation.

5 Fmage representation

This Recommendation includes description of syntax for encapsulating one or more ITU-T encodings on
asingle page.

A pageis composed from a set of page-wide stripes of image data, which are coded independently. The
stripes are transmitted sequentially from the top to the bottom of the page.

© ISO/IEC 2000 — All rights reserved 3
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In the base mode, stripes are composed of one to three (3) layers. Each layer is coded using a
recommended ITU-T coding method. The base mode is mandatory and must be supported by all future
modes. All future modes should support al previously defined modes unless specified otherwise.

Information required to decode the page, such as coding types used within the layers, is specified within
the page header (start of page marker segment). Stripe height is specified within the stripe header (start of
stripe marker segment).

Information required to decode a layer is included in the stripe header and the layer data.

In the bage mode, the mask layer is transmitted first, followed by the background layer and then the
foreground layer.

Details of the syntax are described below.

6 Stripe structure

In the bage mode, stripes are composed of one to three layers; background layer, mask layer and
foreground layer. Annex A to this Recommendation makes provision for strijpes to be composed of |more
than threg layers. One or more layers may be assigned a fixed value (e.g. fixed colour value). Virtugl
mask layers and fixed value layers are not counted in classifying the stripe types as follows:

. hree-layer stripe:  (3LS).
. wo-layer stripe: (2LS).
. One-layer stripe: (1LS).

6.1 hree-layer stripe (3LS)

3LSisthe basic structure of this Recommendation. The 3L S contains foreground, mask and background
layers, sge Figure 1 and stripes 3 and 5 of Figure 8. It provides a means to transfer two images and p bi-
level magk layer describing their recombination on the same page. This capability enables representation
of richly [coloured text, graphics, and line-art together with contone imagery in the same region using only
multi-leviel and bi-level coding methods. It also enables representation of monochrome or coloured|text,
graphics,|and line-art that resides.énia coloured background together with contone image in the same
region. The text/line-art colour.isplaced in the foreground layer and the contone image in the basc?liground
layer. The bi-level mask planets used to select which of theimagesis expressed at every pixel locgtion
within the stripe. It may contain the high detail text shape or rectangular outlines of text and contorje

ned a

background or mask and foreground Iayers For the case of mask and background, the foreground issetto
alayer base colour value (e.g. black), see Figures 6a and stripe 2 of Figure 8. It provides a means to
transfer a continuous-tone image, a layer base colour value and a bi-level mask layer describing their
recombination on the same page. This capability enables representation of monochrome text, graphics,
and line-art together with contone imagery in the same region using only multi-level and bi-level coding
methods. The monochrome text/line-art may overlay the coloured image. The text/line-art colour is
represented by the fixed foreground value while the contone image is in the background layer. The bi-
level mask planeis used to select which of the foreground layer base colour or the background imagesis
expressed at every pixel location within the stripe. The mask contains the high detail shape of text,

4 © ISO/IEC 2000 — All rights reserved
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graphics or line-art. For the case of mask and foreground, the background is set to a layer base colour

value (e.g. white), see Figures 6b and stripe 7 of Figure 8. It provides ameans to transfer a colou

r

foreground image, a background layer base colour value and a bi-level mask layer describing their
recombination on the same page. This capability enables representation of coloured text, graphics, and
line-art without contone imagery in the same region using multi-level and bi-level coding methods. The
bi-level mask plane is used to select which of the foreground or the background images is expressed at

every pixel location within the stripe.

6.3

Qne.laver strine (1l S)
Re-tayerstHpe{==—o)

1L Sis|one of the specia cases of the 3LS, in which two of the three layers are assigned a fixed v

"0" (foreground colour is not applied) and the background layercbase colour (e.g. white)
outside the area coded, see Figures 7b and stripes 4 and 6 of Figure 8. Case 2: the mask i

outside the area coded, see Figure 7c. To represent dimensions of pages that contain onlyj

alue (e.0.
e coded

base

yer, see
d and

Hlevel

P mask is
S

5 fixed to

5e) IS
casel

Ipe(s), where there is no coded mask data, a virtual mask layer should be assumed. There

virtual mask is fixed to the page dimensions, such as page width and height (number of scan lin
width of the stripeis fixed to the page width. It is possible in cases 1 and 2 that the foreground o
backgrpund layers may contain afixed colour value (e.g. alayer base colour value), in effect thef
encodead colour data.

The 1US is applied to areas containing only:monochrome text, graphics (e.g. business graphics)/I
or confinuous-tone image data.

7 I mage coding

7.1 Spatial resolution

of the yirtual mask is fixed to that of the foreground or background layer while the dimensions (%the

s0lution
). The

eisno

ine-art,

The regolution of thermain mask layer is fixed for the entire page and defines the maximum resol
the page. In generalit is possible to define foreground and background layers of lower spatial reg
Spatial| resolution of all layers must be integral factors of the main mask layer resolution. All re
used must besquare (i.e. same horizontal and vertical values) and conform to ITU-T recommend

values| The main mask resolution is specified in the page header. The foreground and backgroun
resolutlons are indicated in the layer data

ution for
ol ution.
plutions
ed

d

7.2 Stripe width and layer width
Stripes always span the entire width of a page. The main mask layer must always span the entire

© ISO/IEC 2000 — All rights reserved
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This method takes advantage of the image width and height dataincluded in the layer data stream, such as
JPEG. A foreground and/or background layer (e.g. JPEG data) is not required to span the entire width. All
layers must be fully contained within the boundaries of the stripe. In addition, a horizontal offset may be
used to select a starting point to the right of the left stripe boundary. This offset is expressed in the main
mask layer pixel units. A simple stripe containing only background (e.g. JPEG data) or foreground (e.g.
T.43 JBIG data) image data may use this feature al so.

7.3 Stripe height and layer height

To limit {he data that must be buffered by an application, some applications may choose to limit the
maximurm height of two or more layer stripes (2LS & 3LS) to a specified number of lines (in.mask layer
resolution).

One layef stripes (1L S) are not required to conform to a maximum stripe height, and areonly limited by
page sizg. Layers without coded data (i.e. virtual mask layers and image layers with only base layer colour)
are not tq be counted when considering whether astripeisa 1L S, 2LS or 3LS stripe.

Stripe anfl main mask layer height is always equal. Foreground and background layer heights are lgss than
or equal fo stripe heights. All layers must be fully contained within the botndaries of the stripe. In
addition, [avertical offset may be used to select a starting point below thefirst scan line of the stripg. This
offset is ¢xpressed relative to the first scan line at the top of the stripe'and in the main mask pixel upits. A
simple stfipe containing only background (e.g. JPEG) or foreground’(e.g. JBIG) data may use this fleature
also.

7.4 ayer combination

Image layers are rendered sequentially in ascending order of layer number (i.e. layer 1 then 3). The
background layer (i.e. layer 1), if present, shall berendered first. Bi-level mask layers (even-numbered
layers, sych as layer 2) select pixels from their corresponding image layer (odd-numbered layer dirgctly
above the mask layer, such as layer 3) for rendering. A corresponding image layer pixel (directly alpove
the mask|layer pixel) or its layer base colour value, is selected when amask pixel valueis"1". The
selected iimage layer pixel is rendered.on top of any layer that may have been previously rendered. A
correspomding image layer pixel shall-hot be rendered when the mask pixel valueis"0". The pixel {rom
the layer pelow the mask, or its layer base colour value, shall remain visible when the mask pixel velueis
"0". In eyent of an image layex (i.e. layer 3), or portion thereof, without a corresponding mask layey, the
image layer shall be rendered’on top of any previously rendered layer.

8 Uayer transmission order

In 3LS, the bi<tevel mask datais transmitted first, followed by the background layer and then the
foregroqu layer. In 2LS, the bi-level mask image datais transmitted first, followed by the backgrqund or
foregrourdtayer-

9 Data for mat

9.1 Overview

The MRC image data consist of a series of: markers; parameter data that specify the image coder, image
size, bit-resolution and spatial resolution; image data. The conventions of Annex B/T.81 are used broadly
here. The JPEG registration body, per Recommendation T.86, has been used to register the marker code,
APP13, classified as an application marker.

6 © ISO/IEC 2000 — All rights reserved
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The MRC page structure for this application has the following elements: parameters, markers, and
entropy-coded data segments. Parameters and markers are often organized into marker segments.
Parameters are integers of length Y%, 1, 2 or more octets. Markers are assigned two or more octet codes, an
X'FF' octet followed by an octet not equal to X'00' or X'FF' and optionally preceded by extra X'FF' octet
codes. This base mode application defines marker segments to denote the Start of Page (SOP), optional
marker segments and the Start of Stripe (SOSt). The MRC Magic Number (JPEG SOI) is used
immediately preceding the application marker as part of the SOP marker segment. The JPEG EOI is used
as atermination number located directly after the last SOP parameter. The end of a page (EOP) is defined

dition

nal,
such are
legment

oders,

value
Numbers

00'-

brent
of

as X'FED9FED9', These markers are inserted by the encoder, and understood by the decoder in

to all markers used for the coding methods, such as SOS (start of scan) of Recommendation T(81.

9.2 Page data structure

The baginning of aMRC page is denoted by the Start of Page Marker Segment, followed by ternination

number, optional marker segments, page data, and EOP. The optional marker segments are optio

unlessptherwise stated. Their purpose is to provide insight into reproduction of the image and as

typical]y not mandatory for image reproduction. Skipping of any unrecognized optional marker g

is apprppriate. Page data consists of stripes 1 to N, as described in 9.2.1.

9.2.1 | Start of page marker segment

Start of Page Marker Segment has the following structure:

MRC Magic Number, APP13, Length of segment, SOP ident, version, mask coder, image layer ¢

mask resolution, width.

The Start of Page Marker Segment is defined as follows:

MRC Magic number: 2 octets X'FFD8'

APP13 Marker: 2 octets X'FFRED'

Length of Segment: 2 octets L-ength of segment in octets, MSB to LSB, as an integej
including the octet count itself but not including Magic
or APP13.

SOP Ident: 4 octets 'MRCQO', represented as a 3-octet ASCII string plus an
hexadecimal count (i.e. X'4D',X'52',X'43',X'00"). This X
terminated string "MRC" uniquely identifies this marke
segment as the start of page.

Version: 1 octet Revision number, X'00" indicating revision "0".

Mode: 1 octet X'01', indicating mode 1.0. Each mode identifies a diffg
level of performance. Mode 1.0 identifies the base level
ISO/IEC 16485 / Recommendation T.44 as defined by {

he
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Mask layer coders:

Image layer coders:

1 or more octet(s) with value indicating coder as shown in Table 1. Theidentified

coders may be used in any mask layer. The main mask layer is
the only mask (even-numbered) layer permitted in this mode
(Mode 1.0) and only one coder may be selected. Only one coder
shall be used for the main mask (layer 2). The value shall be
fixed to zero "0" in the event that there is no mask layer coder
(i.e. no coded mask layer data present).

1 or more octet(s) with value indicating coders as shown in Table 2. Theidentified

Main M3

Page wid

sk resolution: 2 octet

th: 4 octets

coders may be used 1n any image layer. Background and
foreground are the only image (odd-numbered) layerspermitted
in Mode 1.0. Any one of the selected coder(s) may‘heused in an
image layer. The value shall be fixed to zero "0".in the event

that there is no image layer coder.

S expressing vertical and horizontal resolution'as asingle irteger
value in units of pels/25.4 mm. Basic.value is 200 pels/25{4 mm.
The value shall be fixed to that of the'image layer in the event
that there is no coded mask data.(fayer) in the page.

expressing page width as a single integer value. For pageg with
two or more layers, the main mask layer image width defipes the
page width using units ©f the main mask resolution. For ppges
with only asingle |ayer foreground or background image,|no
coded mask data, a virtual mask (i.e. amask layer withoug coded
data) shall be used to define the page width.

TABLE 1/T.44
Mask (even:niumbered layer) coder octet(s)

Octet bit number

Coder used

¢

One dimensional T.4 (MH) coding

Two dimensiona T.4 (MR) coding

T.6 (MMR) coding

T.82 (JBIG) coding applying Recommendation T.85

Reserved

QIR LWIN]| -

Reserved

Reserved

P | O

vt a_adldl Ca 2N dob tiaat £l v ay al

E;
[42)]
®©
b\

ol Lataly 2
LALUINIU, dUU AN iULNicrn UoLTL UNick TUITUVW O IIIIIIIWIUI.CI_Y

NOTE - New bi-level coders (i.e. a5th, 6th and 7th coder) would be assigned bit numbers 4, 5

and 6 respectively. Bit

accommodate additional coders, such as an 8th which would be assigned to bit number 8.

7, the extend bit, would be set when adding another octet to
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922

The op
into rey
of any
Option
initiate
plusa
where
the Tef

Eacho
Appl3
OM Sx
disting
9.2.2.1

TABLE 2/T .44
Image (odd numbered layer) coder octet(s)
Octet bit number Coder used

LSBO T.81 (JPEG) coding

1 T.82 (JBIG) coding applying Recommendation T.43

2 Reserved

4 Reserved

5 Reserved

6 Reserved

MSB 7 Extend, add another octet that follows immediately.
NOTE - New multi-level coders (i.e. 3rd through 7th coder) would be assigned bit numbers 2
through 6 respectively. Bit 7, the extend bit, would be set when adding another octet to
accommodate additional coders, such as an 8th which would be assigned to bit number 8.

Optional marker segments

tional marker segments are optional, unless otherwise stated. Their purposeisto provide i
production of the image and as such are typically net.mandatory for image reproduction. S
unrecognized optional marker segment is appropriate.

al marker segments (OM Sx) consist of markerand associated parameters. The APP13 mal
S identification of the entry. Each optional mharker segment isidentified by the 3-octet AS
nexadecimal count for 'MRCn'. The 'MRCn' identifier is a4-octet value X'4D',X'52',X'43,

mination Number (TN).
ptional marker segment (OMSx) has the following structure:

Marker (X'FFED"), Length of entry, OM Sx ident (MRCn), entry data.

represents specific aptional marker segments, where "X" is the value of a character used t(
Li sh each optionalmarker segment.

Layer baseccolour gamut range marker segment (OM Sg), MRC10 entry

This
such

is as fgllows:

try specifies the gamut range information for indicating image layer (i.e. odd numbered |
background and/or foreground layers) base colour. Structure of the OM Sg marker segme]

nsight
Kipping

rker
Cl1 string
X'n',

N equals X'0A' (10) to a maximum ef X'FE' (254). The optional marker segments are localed after

yers
Nt entry

APP13; Tength, OMSgidentitier, gamut range daia

The OM Sg marker segment is defined as follows:
APP13 marker: 2 octets X'FFED'
Length: (2 octets) Total entry field octet count, MSG to LSB, including the octet

OMSg

count itself, but excluding the APP13 marker.
identifier: (4 octets) 'MRC10, represented as a 3-octet ASCI| string plus an

hexadecimal count (i.e. X'4D',X'52',X'43',X'0A"). This X'0A'-
terminated string "MRC" uniquely identifies this entry marker as
containing MRC information about optional gamut range data

© ISO/IEC 2000 — All rights reserved
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Gamut range data: (12 octets)

where the first integer of the first pair, P, contains the offset of the zero point in L* in the gight mogt
significant bits. The second integer of thefirst pair, Q, contains the span of the gamutrange in L*.
Rounding to the nearest integer is performed. The second pair contains offset and range values for
third pairf contains offset and range values for b*. If the image is gray-scale (L* ,only), the field still
contains §ix integers, but the last four integers are ignored.

O an eignt bit value, L, IS made as Tollows:

used to represent the layer base colour of the image layer
stripes of the page.

The data field contains six two-octet signed integers. For

inall

example the two octets signed integer X'0064' represents 100.
The example gamut range L* = [0, 100], a = [-85, 85], and b*

= [-75, 125] would be represented by the code:
X'0000', X'0064', X'0080", X'00AA', X'0060', X'00C8..

L = (255/Q) x L* + P,

* . The

NOTE - This description of gamut rangeis similar to APP1 (G3FAX1) defined in ITU-T T.4 Annex E,

except thit 12 bit numbers are not defined.

9.2.2.2 | Layer basecolour illuminant marker segment (OMSH,MRC11 entry

This entry specifies the illuminant information for indicating image layer (i.e. odd numbered layers
as backgiiound and/or foreground layers) base colour. Structure of OMSi entry is as follows:

APP13, Iength, OMSi ident, illuminant data

This optipn isfor further study with the exception ofthe default case; the specification of the defau
iHluminant, CIE Illuminant D50, may be added for information.

The OM$ segment is defined as follows:

APP13 marker:
Length:

OMS identifier:

[HTuminant data;

(2 octets)
(2 octets)

(4 octets)

(4 octets)

X'FFED'.
Total entry field octet, MSB to LSB, count including the (
count itself, but excluding the entry marker.

'MRC11', represented as a 3-octet ASCII string plus an

such

—

hctet

hexadecimal count (i.e. X'4D',X'52',X'43',X'0B"). This X"
terminated string "MRC" uniquely identifies this entry m
containing MRC information about optional illuminant da
representing the layer base colour.

The data consist of afour-octet code identifying the illum
In the case of a CIE standard illuminant, the four-octet co

B'_
ker as
ta for

nant.
Heis

ane-aof-thae faolawan

e
VTG U UN'IC TUINTUvvIaI IU.

- CIE [lluminant D50: X'00', X'44', X'35', X'30'
- CIE [lluminant D65: X'00', X'44', X'36', X'35'
- CIE [lluminant D75: X'00', X'44', X'37', X'35'
- CIE [lluminant SA: X'00', X'00', X'53, X'41'

10
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CIE [lluminant SC: X'00', X'00', X'53, X'43'
CIE [lluminant F2:  X'00', X'00', X'46', X'32'
CIE [lluminant F7:  X'00', X'00', X'46', X'37"
CIE [lluminant F11: X'00', X'46', X'31', X'31'

NOTE - Thisdescription of illuminant is similar to APP1 (G3FAX2) defined in ITU-T T.4 Annex E,

except
9.2.2.

the colour temperature aloneis not alowed.

W] MDD

The en
to MR

segme
9.2.3
Thisis
registe
TN:

9.3
The be

Thefirn
layer (
the cas
In the
n 1ll .
Start o
APP13

NMDOD 4+ MDOO o D12+ A T ST PO THT THT vt orcran
IVITNCO LU IVITNCIT AlTU IVITVN O LZ LU IVITN OGO TIHIL y TUI TULUT T CTALTITOIUINTO
tries from MRC3 to MRC9 are to be reserved for future structural marker segments while

254 are to be reserved for other future use, such as optional marker segments, encoder m|
nts (see Annex A/T.44) and reproduction information.

TN (Termination Number)

the JPEG EOI (End of Image) to alert decodersto the end of the initial JPEG application
red per Recommendation T.86. The TN is located after the last SOR parameter (i.e. page W

2 octets X'FFDY'

Stripe data structure

st layer represented is the mask layer, followed bysthe background layer, and next the forg
hs appropriate). When there are two or more layers, the mask layer shall always be one of
e of background only pixel data, no mask or;foreground pixel data, the mask shall be fixeg
tase of foreground only pixel data, no mask-or background pixel data, the mask shall be fi

Stripe Segment has the following Structure:

base c

, Length of segment, SOSt ident; type of stripe, background layer base colour, foreground

layer rélative to upper left-hand pixel in the stripe, stripe height (number of lines), length of code
layer if number of octets.

In Mogle 1 (base mode)-all-SOSt parameters must be present (i.e. layer base colour and offset val
be proyided for boththeforeground and background layers).

The Start of Stripe'Marker Segment is defined as follows:
APP13 marker: X'FFED'.
Length of Segment: 2 octets Length of segment in octets, MSB to LSB, as ainteger

meludina A PD12

MRC12
arker

markers,
idth).

ginning of astripe is denoted by the Start of Stripe Marker Segment, followed by stripe data.

ground

hem. In
i to "0".
Ked to

layer

lour, offset of backgroundstayer relative to upper left-hand pixel in the stripe, offset of foeground

d mask

ues must

value not

moTraarmig7Yxr T 1O

SOSt Ident: 4 octets 'MRCL1', represented as a 3-octet ASCII string plus an
hexadecimal count (i.e. X'4D',X'52',X'43',X'01"). This X'01'-
terminated string "MRC" uniquely identifies this marker

segment as the start of stripe.

Type of stripe: 1 or more octet(s) with value indicating stripe type as shownin Table 3. The
corresponding bit shall be set to "1" for each layer present.
When there are > 2 layers, the main mask layer must be one of
the layers (bit 1 set to 1). A maximum of three layers may be

present in this mode (Mode 1.0).

© ISO/IEC 2000 — All rights reserved
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Background layer base colour: 3 octets

Foreground layer base colour: 3 octets

colour encoded using Annex E/T.4 and the layer base colour
gamut range.

The value iswhite X'FF', X'80', X'60" unless otherwise specified.
If available, custom gamut range may be applied from the
optional marker segments.

colour encoded using Annex E/T.4 and the layer base colour
gamut range.

The valueis black X'00', X'80', X'60" unless specified otherwise.

Offset of

Offset of

Stripe hef

Mask lay

background layer:

foreground layer:

ght (lines):

er length (octets):

8 octets

8 octets

4 octets

4 octets

If available, custom gamut range may be applied from th
optional marker segments.

horizontal offset, vertical offset as 2 integer values in mask layer
units, as appropriate. Offsets are relative to stripefirst line
and left boundary.

horizontal offset, vertical offset as 2 integer values in mask layer
units, as appropriate. Offsets are relative to stripe first line
and left boundary.

height of stripe as an integer vaue. For images with two qr more
layers, the main mask layer’height defines the stripe height. For

single layer images, a viftual mask layer height defines the stripe
height.
coded length of the main mask layer as an integer value, when

present. This value must be set to zero (0) when thereisn
coded mask data.

[®)

TABLE 3/T.44
Typeof stripe

Octet bit number

Layer used

LSBO Background layer (layer 1)

1 Main mask layer (layer 2)

2 Foreground layer (layer 3)

3 Layer 4

14 Layer 5

5 Layer 6

6 Layer 7

MSB 7 Extend, add another octet that follows immediately

NOTE: Refer to Annex A of this Recommendation for stripes with 4 or more layers.

Layers above seven (7) would require an additional octet for representation. Bit 7, the extend
bit, would be set when adding another octet to accommodate additional layer such as Layer 8
which would be represented by bit 8.

12
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9.4 EOP (End of Page)
This End of Page code indicates the end of MRC page.
EOP: 4 octets X'FFD9' , X'FFD9"

95 Layer data structure

Layers are coded using ITU-T coding methods indicated in the Start of Page Marker Segment. The coding
method and resol ut|on of the background and foreground Iayers aredefined in the Iayer data The

resol ut ' FeCommenae %

must be integral factors of the main mask resolution. For example if the mask resolution is 400pel5/25.4
mm, the background and foreground layer may each be either 100, 200 or 400 pel /25.4 mim:

9.6 Data format summary

9.6.1 | High-level data format summary

SOP TN OM g OMS Pagedata EOP
SoP Para- |X"FFD9| OMSg OMSi Stripe 1 ..| StripeN [X'FFD9
marker | meters marker marker FFD9'
X'FHDS', | Version, X'FFED, | X'FFED, SOSt Stripe data SOSt | Stripe
X'FHED', | Mode, ... Length, | Length, data
Length, MRC10 | MRC11
MRCO

parameters|parameters| SOSt | Para- | Mask | B.G. | F.G.
marker |meters| layer | layer | layer

X'FFED',| Type, | (layer |(layer |(layer
Length, | B. G. | data) | data) | data)
MRC1 | layer
base
colour,

9.6.2 | Detail data format summary

MRC Magic Number
SOP mjarker segment
APP13 marker

Length of Segment
MRCQ SOP:identifier
Version

Mask coder
Image layer coder
Mask resolution
Page width

TN

© ISO/IEC 2000 — All rights reserved 13
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Layer base colour gamut marker segments
Appl3
Length of Segment
MRC10 OM Sg identifier
gamut range data
Layer base colour illuminant marker segments
Appl3
Length of Segment

MRC11 @ivSrdentifrer
[|luminant data

OMSX (Qptional marker segments)
Appl3
Length of Segment

MRCn (n = 12 - 254) OM Sx identifier
gptional maker segment data

Stripe 1
SOS marker segment
APP13 marker
Length of Segment
MRCIL SOSt identifier
ype of stripe
ackground layer base colour
oreground layer base colour
ffset of background layer
ffset of foreground layer
ripe height (lines)
ask layer length (octets), when appropriate
Sripe daja
Mask|layer
Layer| coded data ----------

Background layer
Layer| coded data ----------

Foreground layer
Layer| coded data -~><------

Stripe 2
SOS mar ker-segment
APP13 marker

Sripe data
Mask layer
Layer coded data ----------

Background layer
Layer coded data ----------

Foreground layer
Layer coded data ----------

14
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Stripe N

EOP (X'FFD9', X'FFD9)
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Did you
red ever geta
sinking
green feeling?
Foreground
(Multi-level, text colour)
green
\» Mask
(Bi-level, text sh&pe or
rectangular.text/contong
outline)
Background
(Multi-level contone
images)
T0828670-99/d01
Figure 1/T.44
3. text colour
generated
2. foreground
pixel selected
1. mask pixel =1
d Did you
re
evergeta 3. contone colour
ki generated
green smkmgo 2. background
feeling? pixel selected 1. mask pixel = 0
T0828560-99/d02
Figure2/T.44
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If we do not make Recommendations
together, we will surely not make them at all.

Did you
ever geta
sinking
feeling?

Butitis

to pull green
and red together?

ISO/IEC 16485:2000(E)

Stripe 1: monochrome text

Stripe 2: monochrome text
and contone

Stripe 3: coloured text and
contone

Too red late!

than to never have proposed blue.
But better still to propose and see success in red
document and green marketplace.

T0828570-99/d03

Figure 3/T.44

/7

,/dotted area

not coded S
or sent ,

Did you
red — ] | ever geta
sinking
green { feeling?

3. contone colour
generated
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2. background pixel selected :' %
but none present | N
L
/
/
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colour (white) generated )/
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T0828580-99/d04
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red

~ Foreground
S~_ (e.g. JBIG @ 12bpp, 100 dpi)

~
~
~
~

dotted area J
not coded J
N or sent ’

7/
7/

green

Mask

’
A

(e g MMR@ T Opp, 200°0pi)

Foreground
(e.g. JPEG @ 24 bpp, 200 dpi)

T0828590-99/d05

Figure5/T.44
Did you
ever geta
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(constant — black)

Mask

(Bi-level, text shape or
rectangular text/contone
outline)

Background
(Multi-level contone
images)

T0828600-99/d06

Figure 6a/T.44 — Mask and background
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Figure 6b/T.44 — Mask and foreground
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Foreground
(constant — black)

Mask
(constant — 0)

Background
(Multi-level contone
images)

T0828630-99/d09

Figure 7b/T.44 — Background

Foreground
(Multi-level, colour
graphics images)

T0828640-99/d10

\> Mask

(constant — 1)

Background
(constant — white)

Figure 7¢/T .44 — Foreground

20 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=fd12c7936093eacb0e67dae5bced40df

together, we will surely not make them at all.

If we do not make recommendations

Did you
ever geta
sinking
feeling?

to pull green
and red together?

ISO/IEC 16485:2000(E)

Stripe 1: 1LS, mask

Stripe 2: 2LS,
mask/background

Stripe 3: 3LS,
mask/background/foreground

Butitis

than to never have proposed blue.
But better still to propose and see success in red
document and green marketplace.

Too red late!

T0828650-99/d11

Figure 8/T.44

Stripe 4: 1LS, background

Stripe 5: 3LS,
mask/backgretmd/foreground

Stripe6: 1LS, background

Stripe 7: 2LS,
mask/foreground
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ANNEX A
(to ISO/IEC 16485 / Recommendation T.44)

Mixed Raster Content (MRC) Modes2 and 3

Al Scope

This Anrjex defines Modes 2 and 3 to ISO/IEC 16485 / Recommendation T.44. Mode 2 adds SLC(start
of layer qoded data segment) support to the 3-layer model defined in Mode 1. Mode 3 adds SIKC-support
and extends the model beyond three (3) layers to realize greater capability. Applications implementing
Mode 2 ghall support Mode 1 while applications supporting Mode 3 shall support modes®and 2. Aswith
ISO/IEC (16485 / Recommendation T.44 Mode 1, this Annex does not define new encedings or
resolutiofns. The method of image segmentation is beyond the scope of this Annex, segmentation is|left to
manufacturer's implementations.

A2 References
See the mpain body of this Recommendation.

A3 Definitions
The definitions of the main body of this Recommendation apply, plus the following definitions:

Encoder |specific marker segment (EM Se), encoded as’APP13 (X'FFED"), length of segment, EM Se
ident (MIRC12 to 254), parameters/data. This category of marker segments provides information thét is
specific tp the encoding/decoding of the image. These marker segments are not always present since they
are encoder dependent. When present, parsing of the EMSeis required for proper decoding of the layer
for which they are defined, unless otherwise stated.

der marker segment (EQH), encoded as APP13 (X'FFED"), length of segment, EOH ident
(MRC255), parameters.

Start of layer coded marker segment (SL C), encoded as APP13 (X'FFED"), length of segment, §.C
ident (MIRC2), parameters.

A4 Conventions
See the main body-of this Recommendation.

A5 IImage Repr esentation

This Anneximctudes descriptiomof syntax for encapsutatimgtwo or more t TU=T encodimgs ormasingle
page. The base mode is mandatory and shall be supported by this mode.

A page is composed from a set of page-wide stripes of image data. The stripes are transmitted
sequentially from the top to the bottom of the page.

The stripes are composed of one or more layers. Each layer is coded using arecommended ITU-T coding
method.

Information required to decode the page, such as coding types used within the layers, is specified within
the page header (start of page marker segment). Stripe height is specified within the stripe header (start of
stripe marker segment).
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Information required to decode alayer isincluded in the stripe header and the layer data.

The main mask layer is transmitted first, followed by the background layer, followed by the foreground
layer, and then any subsequent layer in increasing numeric order.

Details of the syntax are described below.

A6 Stripe structure

Stripes are composed of one or more Iayers background layer (Iayer 1), main mask Iayer (layer 2)
foregr & ' € : image
layers (odd-numbered Iayers 5,7, ...). One or more image may be assgned aflxed coI our val ue,\while
mask |ayers may be assigned aflxed bit value (i.e. 0, selecting the background or 1, selecting'theg
foregrqund layer). Virtual mask layers and fixed value layers are not counted in classifying the siripe
types gs follows:

N layef stripe (NLS)
Three layer stripe (3LYS)
Two lgyer stripe (2LS)
One layer stripe (aLs)

A6.1 | Threelayer stripe(3LYS)
See the¢ main body of this Recommendation.

A6.2 | Twolayer stripe(2LS)
See thg¢ main body of this Recommendatian:

A6.3 | Onelayer stripe (1L S)
See thg¢ main body of this Recommendation.

A6.4 | N-layer stripe (NLS)

N-layer stripes (NLS), avhéere N is an integer, are an extension to the basic structure of 1SO/IEC 16485 /
Reconmendation T-44) as defined in this Annex. The NLS contains more than three (3) layers; spethe
figure pelow. It prevides a meansto transfer one or more multi-level image layers (background,
foregraund, layer’s, layer 7, ...) and one or more bi-level mask layers (layers 2, 4, 6, ...) that defjne layer
recombpi nation-on the same page. Beyond layer 1 (background), the layers occur in pairs, 2 & 3,4 & 5,
etc. Theimain mask layer (layer 2) must span the full dimension of the stripe Whl|e other layers (i.e. layer

dimensions of the masks need not be the same as those of the corresponding image Iayers seethe figure
below. This capability enables representation of richly coloured text, graphics, and line-art together with
contone image using a combination of multi-level and bi-level coding methods.
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Mask and image Layersin N-layer Stripe

‘ Z Layer 7

Layer 6

; Layer 5
Layer 4

Layer 3

Layer2

Layer 1

T0828660-99/d12

Figure A.1/T.44 —Maskcand image layersin N-layer stripe

A7 Image Coding

A7.1 El;patial resolution

The resollution of the main mask {ayer is fixed for the entire page and defines the maximum resolut|on for
the page.|In general it is possible to define lower spatia resolution for other layers. Spatial resolutign of
al layergmust be integral factors of the main mask resolution. All resolutions used must be square((i.e.
same hor|zontal and vertical values) and conform to ITU-T recommended values. The main mask
resolution is specified in the page header. The resolution of other layersis specified in the stripe dafa
stream.

A7.2 Steipewidth and layer width
Stripes always span the entire width of a page. The main mask layer must always span the entire width.

This method takes advantage of the image width and height dataincluded in the layer data stream. Layers
other than the main mask are not required to span the entire width. All layers must be fully contained
within the boundaries of the stripe. The width value of the mask layers (even numbered layers) and the
width value of the corresponding image layers (odd numbered layers) are independent. In addition, for
layers other than the main mask layer, a horizontal offset may be used to select a starting point to the right
of the left stripe boundary. The offset value of the mask layers (even numbered layers) and the offset
value of the corresponding image layers (odd numbered layers) are independent. This offset is expressed
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in the main mask pixel unitsin the layer data. A simple stripe containing only background (e.g. JPEG
data) or foreground (e.g. T.43 JBIG data) image data may use this feature al so.

A7.3 Stripeheight and layer height

To limit the data that must be buffered by an application some applications may chose to limit the
maximum height of two or more layer stripes (2LS to NLS) to a specified number of lines (in main mask
layer resolution).

One layer stripes (1L S) are not required to conform to a maximum stripe height, and are only Iinlited by
page size. Layers without coded data (i.e. virtual mask layers and image layers with only baselayer
colour) are not to be counted when considering whether astripeisa 1LS, 2L S, 3LS or NE S strip

19%

Stripe height and main mask layer height is always equal. Heights of layers, other than the main mask, are
less than or equal to stripe heights. All layers must be fully contained within the-houndaries of the stripe.
The hgght value of the mask layers (even numbered layers) and the height value of the corresponding
image |ayers (odd numbered layers) are independent. In addition, for layersother than the main rpask
layer, avertical offset may be used to select a starting point below the first scan line of the stripe| The
offset yalue of the mask layers (even numbered layers) and the offset-value of the correspondingfimage
layers (odd numbered layers) are independent. This offset is expressed relative to the first scan lipe at the
top of the stripe and in the main mask pixel units. A simple stripe-containing only background (e}g. JPEG)
or foreground (e.g. T.43 JBIG) data may use this feature al so;

A7.4 | Layer combination

Image|ayers are rendered sequentially in ascendingorder of layer number (i.e. layer 1, then 3, then 5, ...
then N). The background layer (i.e. layer 1), if present, shall be rendered first. Bi-level mask layers (even-
numbered layers, such aslayer 2) select pixelsfrom their corresponding image layer (odd-numbered layer
directly above the mask layer, such as layer:3) for rendering. A corresponding image layer pixel (directly
above the mask layer pixel) or itslayerbase colour value, is selected when amask pixel valueis|'1". The
selected image layer pixel isrendered on top of any layer or layers that may have been previously
render¢d. A corresponding imagelayer pixel shall not be rendered when the mask pixel valueis {0". The
pixel from the layer or layer combination below the mask, or its layer base colour value, shall reqain
visiblelwhen the mask pixel valueis"0". In event of an image layer, or portion there of, without a
corresponding mask layer;-the image layer shall be rendered on top of any previously rendered |gyers.

A8 Layer Transmission Order

In NL$, the bi-level main mask data is transmitted first, followed by the background (layer 1), fgreground
(layer B), layer 4, layer 5, ..., layer N. In NLS without a background layer, the bi-level main magk image
dataisjtransmitted first, followed by the foreground layer, layer 4, layer 5, ..., layer N.

A9 Data for mat

A9.1 Overview

The MRC image data consist of a series of markers; parameters; data that specify the image coder, image
Size, hit resolution and spatial resolution; coded image data. The conventions of Annex B of ITU-T
Recommendation T.81 are used broadly here. The JPEG registration body, per Recommendation T.86,
has been used to register the marker code, APP13, classified as an application marker.
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The MRC page structure for this application has the following elements. Parameters, markers, and
entropy-coded data segments. Parameters and markers are often organized into marker segments.
Parameters are integers of length Y2, 1, 2 or more octets. Markers are assigned two or more octet codes, an
X'FF octet followed by an octet not equal to X'00' or X'FF' and optionally preceded by extra X'FF' octet
codes. This application defines marker segments to denote the start of page (SOP), optional marker

segments-the-start-of-a-strpe-{SOShHthe-start-ofHayercoded-data{SEC)-eneodermarker-segrments and
end of hegader (EOH). The MRC Magic Number (JPEG SOI) is used immediately preceding the

applicatic

N marker as part of the SOP marker segment. The JPEG EOI is used as a termination-nunpber

located djrectly after the last SOP parameter. The end of a page (EOP) is defined as X'FER9FFD9' | These
markers gre inserted by the encoder, and understood by the decoder in addition to all markers used for the

coding m

A9.2 H

The begi
marker

Page data structure

ethods such as the SOI of ITU-T Recommendation T.81.

nning of an MRC page is denoted by the Start of Page Marker Segment, followed by optignal
pgment(s), Termination Number, page data, and EOP. The parameters of the optional marker

segmentq are optional, unless otherwise stated. Their purpose is to provide insight into reproduction of the

image anf as such are typically not mandatory for image reproduction. Skipping of any unrecognizgd

optional marker segment is appropriate. Page data consists of stripes 1 to n (where n is an integer), gs
described in the next section.

A9.2.1 | Start of page marker segment

Start of Rage Marker Segment has the following strueture:

MRC Magic Number, APP13, Length of segmemnt, SOP ident, version, mask coders, image layer cqders,

main magk resolution, width.

The Start{ of Page Marker Segment is defined as follows:

MRC Mdgic Number: 2 octets X'FFD8'

APP13 marker: 2 octet X'FFED'

Length of Segment: 2 octets Length of segment in octets, MSB to LSB, as an integer vielue
including the octet count itself but not including Magic Number
or APP13.

SOP Ident: 4 octets 'MRCQO, represented as a 3-octet ASCI| string plus an
hexadecimal count (i.e. X'4D',X'52',X'43',X'00"). This X'00'"-
terminated string "MRC" uniquely identifies this marker
segment as the start of page.

Version: 1 octet Revision number, X'00" Indicating revision "0".

Mode: 1 octet X'02', indicating Mode 2.0. Each mode identifies adifferent
level of performance. Mode 2.0 identifies the SLC (start of layer
coded marker segment) supported 3-layer mode of ISO/IEC
16485 / Recommendation T.44 as defined by the contents of this
Annex. Applications supporting this mode shall support the
capabilities defined in Mode 1.0.
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X'03', indicating Mode 3.0. Each mode identifies adifferent
level of performance. Mode 3.0 identifiesthe SLC (start of layer
coded marker segment) supported N-layer mode of ISO/IEC
16485 / Recommendation T.44 as defined by the contents of this
Annex. Applications supporting this mode shall support the
capabilities defined in Modes 1.0 and 2.0.

with value indicating coder as shown in Table 1. The identified
coders may be used in any mask layer. Only one coder shall be

Image

Main N

Page w

A9.2.2
See thé

A9.2.3
See the

A9.3

ayer coders. 1 or more octet(s)

lask resolution: 2 octet

idth: 4 octet

Optional marker-segments

TN (Termination Number)

Stripe data structure

e main body of this\-Recommendation.

2 main body of this Recommendation.

used in the main mask Iayer. Only one mask layer 1S present in
Mode 2.0. More than one mask layers (i.e. main mask; |ayer 2,
plus other even-numbered layers) may be present)in Mgde 3.0.
The value shall be fixed to zero "0" in the eventithat thereis no
mask layer coder (i.e. no coded mask layer. data present))

with value indicating coders as shown+n Table 2. The igentified
coders may be used in any image layer-"Only two image layers
may be present in Mode 2.0. There'is no restriction to the
number of image layers that may be present in Mode 3.0 (i.e.
image layers, layer 1, 3, plus.other odd-numbered layerg). The
value shall be fixed to zexo "0" in the event that thereigno
image layer coder.

expressing verticaland horizontal resolution as a singlginteger
value in units of, pel/25.4 mm. Basic value is 200 pels/R5.4 mm.
The value shdll*be fixed to that of the image layer in the event
that thereis'no coded mask data (layer) in the page.

expressing page width as asingle integer value. For pages with
twoor more layers the main mask layer image width defines the
page width using units of the main mask resolution. For pages
with only asingle layer foreground or background image, no
coded mask data, avirtual mask (i.e. amask layer withgut coded
data) shall be used to define the page width.

The beginning of a stripe 1s denoted by the Start of Stripe Marker Segment, Tollowed by stripe data.

Thefirst layer represented is the main mask (layer 2), followed by the background (layer 1), followed by
the foreground (layer 3), followed by layer 4, followed by layer 5, ..., followed by layer N (as
appropriate). When there are two or more layers, the main mask layer shall always be one of them. The
stripe height is determined by the height of the first layer within the stripe.
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