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Copyright
Copyright - 1994, INTERGRAPH CORPORATION
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Trademarks
Intergraph is a registered trademark of Intergraph Corporati
Other brands and products are trademarks of their respeetners.

Restrictions

Permission to use these formats in any softwarershiy granted, provided that the
permission and copyright notice below appears on all sagisupporting documentation
including, but not limited to, user's guides and referencaiaisn

Intergraph Raster File Formats- Copyright - 1994 Intergraph Corporation
Used with permission.

Marketing, sales and advertising literature, as an altem) may reference a footnote that
states:

* Copyright - Intergraph Corporation
and all documentation must refer to the applicabledilenéts as:
Intergraph XXX
where "XXX" is either the name of the raster daggetgr the short three letter acronym

that indicates the raster data type, as describedsinldlcument in the section entitled
"Raster Data Types."
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These file formats are the copyrighted property of gregsh Corporation, Huntsville,
Alabama. They may be used without formal licensingnfiotergraph as restricted on the
previous page. No warrantee is implied nor expressedrghaiph reserves the right to
modify, extend and enhance the file formats withoutrpratice.

This document is available by contacting:

Intergraph Corporation
Scanning Systems
Huntsville, AL 35894-0001

raster@ingr.com
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INTERGRAPH RASTER FILE FORMAT
REFERENCE GUIDE

This document is the Intergraph Raster File FormatrBeée Guide. It is
intended to be of use to Intergraph and other applicatimgrgmmers in
developing software to access and create Intergraph irasige files used
in conjunction with Intergraph systems.

These formats are considered the property of IntergrappoCation,
Huntsville, Alabama. No warrantee is implied nor espesl. See usage
restrictions on page two of this document.

For further information contact:

Intergraph Corporation
Scanning Systems
Huntsville, Alabama USA 35894-0001
raster @ingr.com
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INTRODUCTION

This document is designed to assist application developgria w
Intergraph and customers who have agreed to protect lapergr
proprietary information. It will assist the developrehsoftware
designed to read or write Intergraph raster files. db@ment defines the
standard location of information in the raster fitelancludes a brief
history of raster file development as well as a sgtmsary of raster
related terminology.
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BACKGROUND INFORMATION

The following section provides pertinent background
information about how Intergraph has approached development
of raster applications.

Raster files are used to store regular, rectangular arrays of data.
Raster files are most commonly used to store pictorial image
information obtained from scanners or created with raster
editors.

As the image elements of scanners pass over the area to be
imaged, individual sensors capture the intensity of light
reflected from the surface. This is true of engineering drawing
scanners, and for "scanners" used to image the earth's surface
from satellites.

The Intergraph system uses a rectangular grid of matrix
locations composed of a series of lines. "Lines" of raster data
are comprised of pixels. The data is organized in the file one line
at a time.

Each Intergraph raster file consists of a number of "Header
Blocks," optional application specific information in the header,
and the raster data.

"Blocks" in this context refers to contiguous 532ebsections of the raster file. This terminology
originated with the DEC VAX disk file structure dblocks" of 512 bytes.

"Words" in this document refer to 16 bit data itemagardless of the actual word size of the comppter
system used.
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The header blocks contain information about the raster data,
including size, orientation, and storage format. Some
information in the header is optional, and applications should
either ignore this data, or copy it intact to the output file. A
minimal amount of information is necessary to decode, display
and manipulate the raster data. Data items in the header
blocks are at fixed locations. See the sections on header blocks
for a full discussion of their structure.

Raster image data can consist of bi-level data, where the pixel is
either "black" or "white," "on" or "off," or "foreground" or
"background". Typically this data is the result of a scanner
imaging a piece of paper. Byte per pixel data is usually a single
(monochrome) sensor observation at each pixel location. In
addition to monochrome images, byte-per-pixel data can be
"palette color" images where the value of the pixel is an index
into a color look-up table that contains the actual red, green and
blue intensities of the image.

Other types of data can be stored as raster as well. The
elevation of the earth's surface is one example of data that can
be stored in a raster file. Much of Intergraph's historical raster
data is information that is not image related.

Since raster data can be very voluminous, various compression
techniques are used to minimize valuable computer resources.
Intergraph has developed a large number of compression
techniques, and uses many of the industry standards as well.
Run length encoding techniques have been used in the
Intergraph environment to store bi-level image data, and color
palette data. More recently, CCITT Group 4 compression
techniques are used to store bi-level information.

RASTER FILE VERSIONS

As the raster file format has evolved, it has become necessary to
identify three major versions of the format. Significant numbers
of Version 1 and Version 2 files are in the customer base, and
applications must be prepared to accept these files as input
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data. All new files that are created must follow this standard,
and indicate that they are Version 3 files.

Version 1 raster files are assumed to have two block headers,
with DEC-VAX format strings (a leading character count,
followed by the string), and VAX floating point formats.

Version 2 was a transition period, and the format is not
consistent. Those applications that have written data prior to
approximately 1987 are likely to be in VAX format. and since
then, are likely to be compatible with the Version 3 formats.
However, for imaging applications, the important applicable
data is in neither the described string, nor floating point format.

Version 3 formats are mandated to have IEEE floating point
formats, and use ASCII null terminated strings. In addition,
any software applications that read Version 3 formats should
accept files with arbitrary length headers.

DATA ORIENTATION

The orientation word is a bit-mapped word that indicates the
major direction of the raster data. In a rectangular coordinate
system there are four corners, and two directions from each
corner, yielding eight possible pixel orientations. These are
commonly referred to by defining the corner of the first pixel in
the file, and the orientation of the scanlines. For example,
"Upper-Left- Horizontal," indicates that the first pixel in the file
is in the upper left corner, and the scanlines are horizontally
oriented. This definition is dependent on the information in the
image, and on the normal viewing orientation. Such a
convention is excellent for documents, but when considering
imaging the earth's surface, there is no "horizontal" or "vertical"
direction for the scanlines, and the selection is somewhat
arbitrary.

Scanners and plotters have preferred directions. These devices
generally have a sensor or writing system that can process data
much faster in one direction. The scanlines in the raster file can
be oriented in a direction that is preferable. The decision of
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orientation should be part of an overall systems design. To
reduce the number of possible orientations, Intergraph has
chosen Upper-Left-Horizontal (ULH) and Lower-Left-Vertical
(LLV) as the default orientations. These two orientations differ
only in a 90 degree rotation relative to the image content.

Typically the smallest scanners and plotters possible are
purchased for an application. If scanning is done in such a
manner as to produce either ULH or LLV data, that data is in
an ideal orientation for the plotter. Display applications can
usually display data in either orientation in an efficient
manner. But scanners and plotters are very inefficient if they
have to rotate raster data during the scanning or plotting
process. These pieces of equipment represent a major purchase,
and need to be as fully used as possible.

RESOLUTION

The resolution of the image is the distance between adjacent
sensors on the original object. It is defined in the Intergraph file
header as "dots-per-inch" or in microns. If the signed word in
the resolution location is negative, the absolute value of the
number indicates image resolution in dots per inch. Should the
value be positive, it indicates the number of microns between
one scanline and the next.

SCANLINE HEADERS

Intergraph has used special "headers" on graphic elements for
many years to help software skip through a graphic file in a
very efficient manner. The raster file format optionally includes
these headers as well. The "scanline header" includes the
length of the graphic element (scanline) to allow software to
easily skip to the next scanline.

Scanline headers help find a random location in some
compressed data formats, and add nothing to the file in others.
In an uncompressed file, it is a trivial process to find any
arbitrary line and pixel coordinate in the file. In run length
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compressed data, the scanline headers can be used to skip over
un-wanted data to find the desired line.

COLOR TABLES

The header also contains a data structure that can be used to
map the raster values to color triplets for display. The color
display uses three (red, green, and blue) colors to create almost
any color available.

Two different types of color table structures are defined for the
Intergraph raster file. The first of these was defined in the
IGDS vector display system. IGDS defined 256 colors, each with
eight bits of intensity. The color value for the first slot (the oth
slot) contains the intensity triplet for the "background,” followed
by 254 color triplets for the vectors in the file. The 256th color
slot is used for the cursor.

The second type of color tables are used in what is called the
"standard" color table format. This color table structure does
not assume that all the color values, or slots, are defined, and as
such the color table contains quadruples consisting of a value
(slot number), and the red, green, and blue intensities. Only
those values required are included in the color table, and there
is no restriction on their order.

It is important to note that the color table is not mandatory;
some imaging and scanning applications will create files
without color tables. The default behavior for applications when
they encounter a file without a color table is to assume that the
values in the file are image data, and should be manipulated as
if there was a "identity" color table in the header. For example,
if the file had an IGDS format color table, it's contents would be
the values from 0 to 255. In the case of greyscale images, the
value of 0 represents the darkest part of the image, and the
value of 255 represents the part of the image of the highest
intensity.

The second half of Block Two, and all of Block Three are
reserved for color table usage. Should an application not use

Page 17



Intergraph Raster File Format Reference Guide Version 3.2.0

this area for color tables, or not use all of this area, it is
available for application specific information.

HEADER CONTENTS

The Intergraph file format uses a fixed header scheme to store
information about the raster data in the file. Specific, fixed
locations are assigned by this document to contain specific data
elements.

The raster file formats were first defined when Intergraph was
using VAX systems as the primary graphics processors. Many of
the concepts are based on VAX conventions and are more easily
discussed with these concepts in mind.

As discussed in the section on raster file versions, the VAX
floating point format is used in Version 1 and in some Version 2
files. Floating point formats used in later versions of Version 2
and all Version 3 files meets the IEEE Floating point standard.
Applications that need to use the floating point formats in the
header must accept data in either of these formats.

As a minimum requirement, all files must contain at least two
blocks of header information. The term "block" in this document
relates to the VAX disk blocking factor of 512 bytes per physical
disk block. The convention of allocating the header size in
"blocks" will be continued. However, all applications must be
able to handle an arbitrary number of header blocks. Some
early VAX applications could only handle data with two blocks
of header information.

Every raster file has a minimum amount of information
necessary to decode and interpret the raster data. All
applications can depend on this minimum information being
present in any Intergraph Raster File. Other information is
included at the discretion of the application and should not be
relied on, but applications must handle any information that is
present.
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FOREIGN SYSTEM INTERCHANGE FORMATS

The interchange of raster data with "foreign" systems is of
increasing importance to our customer base. There are two
existing (and emerging) standards supported at this point in
time. Intergraph is committed to support both of these
standards, and to supply translators to each of these formats.
Application developers are advised to consider the use of these
formats as alternatives to writing their own converters.

TIFF, or "Tag Image File Format," is widely accepted in the
personal computer industry as a standard interchange format.
The TIFF format uses a series of "tags," or small data structures
that identify various characteristics of the raster file. TIFF files
can store various types of raster data from one bit per pixel
through color raster imagery.

The United States Federal Government has initiated a series of
standards in the CALS, or Computer Aided Acquisition and
Logistic System. One aspect of these standards defines raster
file formats for exchange of images and scanned drawings. The
current standards use CCITT Group 4 compression of bi-level
images.
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FILE FORMAT

This section describes the format of raster data files. Each
raster data file consists of a file header and associated raster
data.

The raster data formats described are various compression
techniques used to store the raster data. Not all of the formats
described are used currently, but application developers should
be aware of their existence. Some of the formats are not used by
imaging systems, but are used by other applications.
Application developers should exit gracefully when they
encounter formats that they are not prepared to read.

RASTER FILE HEADER BLOCKS

Raster file headers contain information about the raster data
format in the file. The first part of this section provides
information on the content, structure, and format of these raster
file headers. Each raster file contains a header at least two
blocks (a total of 1024 bytes) long that stores information used
by different applications. This section describes the format of
these header fields. To maintain compatibility with older files,
headers have at least two blocks.
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Block 1 \

Block 2
Header

Block 3

Block "n"

Raster
Data

Raster File Structure

Raster file headers contain information about theeratata format in the
file. The first part of this section provides infoiioa on the content,
structure, and format of these raster file headersh Easter file contains a
header at least two blocks (1024 bytes) long that stoi@sration used

by different applications.

This document uses the convention of 512 byteshgeck," and numbers blocks starting with the
sequence humber "1". Byte locations within the &ihd within the blocks start with the sequenhce
number "0". This custom is deeply rooted in theXPORTRAN philosophy of starting with "1J'
and indicates our conversion to the "C" conventiainstarting with "0". It may appear confusin
at times, but at this juncture it appears unwisgetiine header blocks starting with "0".

«Q

Earlier applications assumed a fixed size header of twakdy however
new applications cannot assume the raster data inehedins in byte 0
of Block Three. The length of the header varies grefpending on the
application that created the raster data file. Us&\tbeds to Follow field
in Block One (byte 2) to calculate the number of wondhe header.
Refer to "Header Fields Block One," for informatiorabthe Words to
Follow field.

This document refers to "words". These wordsl&réit signed or unsigned data elements.
Specific element formats will be described in detai

Not all applications use every field in the rastertader. If an application
does not use a particular field, it places an integervadu in the field.
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Applications should assume that an integer zero inditaatshis field may
be not used, or the value may be a valid zero. Thexbof usage should

indicate the difference. This helps to prevent probiéthe fields are

defined later.

Applications that read raster files should only relyequired header
information. Fields that are required should be sahiegked for invalid
values. For example, if an application uses only teeralata types

described in this document, the header of the rastesHduld be checked

for a valid raster data types. If the header contansvalid data type,
the application should take appropriate action and displagsaage.
Refer to the section on Header Fields Block One forination on

required fields.

individual memory copies into data elements froen lblffer.

On Intergraph workstations, the elements of complgta structures are aligned on "natural”
boundaries. Not all the elements in the headealigaed on these boundaries. The definitiof of
a complex structure followed by a block read fréva disk file leads to erroneous results. Thg
recommended method of reading the header blodksresad each block into a buffer and perfgrm

Because of various word lengths on different computeesiollowing

table defines the bit length and sign use of each dp¢aitythe header field

descriptions:

DATA ITEM DEFINITIONS

DATA TYPE DESCRIPTION Intergraph " C"
Format

uint8 8 bit unsigned integer unsigned char
uint16 16 bit unsigned integer unsigned short
uint32 32bit unsigned integer unsigned int
int8 8 it signed integer char
int16 16 bit signed integer short
real32 32 bit IEEE floating point float
real64 64 bit IEEE floating point double

In multiple byte data elements, the bytes are order#tkifeast significant

to most significant order. This is commonly referteds the "Intel"

format.
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HEADER FIELDS DEFINITIONS- BLOCK ONE

The Header Block One table shows the name, synypa,df data, and
other specifications for each field in the first id8lock One) of a
standard Intergraph raster file. The fields indicatedegaired in any
raster file. Refer to "Header Field Descriptions Rl@ne" following the
table for additional information on the header fields.
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HEADER BLOCK ONE DATA ITEMS
Element Acronym Notes Symbol Element Type Number of Beginning
Elements Byte

Header Type Code 1 HTC uintl6 1 0
Words to Follow 1 WTF uint16 1 2
Data Type Code 1 DTC uintl6 1 4
Application Type 1 UTC uintl6 1 6

X View Origin XOR real64 1 8

Y View Origin YOR real64 1 16

Z View Origin ZOR real64 1 24

X View Extent XDL real64 1 32

Y View Extent YDL real64 1 40

Z View Extent XDL real64 1 48
Transformation Matrix TRN real64 16 56
Pixels Per Line 1 PPL uint32 1 184
Number of Lines 1 NOL uint32 1 188
Device Resolution DRS int16 1 192
Scanline Orientation 1,3 SLO uint8 1 194
Scannable Flag 1 SCN uint8 1 195
Rotation Angle ROT real64 1 196
Skew Angle SKW real64 1 204
Data Type Modifier 1 DTM uintl6 1 212
Design File Name DGN byte 66 214
Data Base File Name DBS byte 66 280
Parent Grid File Name PRN byte 66 346
File Description DES byte 80 412
Minimum Value 2 MN1 uint8 1 492
Minimum Value 2 MN2 uintl6 1 492
Minimum Value 2 MN4 uint32 1 492
Minimum Value 2 MNR real32 1 492
Minimum Value 2 MN8 real64 1 492
Maximum Value 2 MX1 uint8 1 500
Maximum Value 2 MX2 uintl6 1 500
Maximum Value 2 MX4 uint32 1 500
Maximum Value 2 MXR real32 1 500
Maximum Value 2 MX8 real64 1 500
Reserved RV1 byte 3 508
Grid File Version 1 VER uint8 1 511

NOTES
1 -> Required field

2 -> Interpretation of this field is applicati dependent.
3 ->SLO - bits 0,1,2 are used in this byte
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Field Descriptions
This section contains descriptions of the file hedidéts listed in the
Header Section 1 table. Refer to the table formétion on required
fields, data types, number of units, and beginning byte.
Header Element Type Word (HTC)

The Header Element Type Word field has the followingniair

IGDS element type = 9 (bits 8 through 15)
"3D" =3 or "2D" = 0 (bits 6 and 7)
IGDS major version level = 8 (bits 0 through 5)

Applications should check for IGDS element type 9, ver8iofif this
element is not in the file, the file is not a vdldergraph raster file. This
16bit integer should be 0x0908.

Wordsto Follow (WTF)

The Words to Follow field helps determine how many kdoare in raster
data file header. The number in the field represestatimber of 16 bit
words that follow this field. If the header has omi#p blocks, the number
of words to follow is 510. (There are 256 words in Block amd 254
words to follow for Block One.) If the number in theld is greater that
254, use the following formula:

WTEF + 2
256

(wheré'a" is the total number of header blocks)

Applications should always read the first block of thades and then
calculate the number of additional blocks in the heatfehe number of
header blocks is not an integral number, then thesfit®t a valid raster
file.

Data Type Code (DTC)

The Data Type Code field contains a code which idestifie format of
the raster data portion of the file. The followirgg liiescribes the codes
used for this field and the raster data format they atdic Refer to the
section on Raster Data Formats for format descrigtion
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RASTER FORMAT TYPES

Code For mat Notes
1 Packed Binary 1 bit / pixel
2 Byte Integer 8 hits / pixel
3 Word Integers 16 bits / pixel
4 32 bit Integers
5 32 bit Floating Point
6 64 bit Floating Point
7 Complex 64 bits / pixel
8 Double Precision Complex
9 Run length Encoded Bi-level Images
10 Run length Encoded Gray Scale, Color
11 Figure of Merit FOM
12 DTM Flags
13 RLE Variable Values with Z Simple
14 RLE Binary Values w/ Edge Type
15 RLE Variable Values w/ Edge Type
16 RLE Variable Values with Z w/ Edge Type
17 RLE Variable Values Color Table and Shad¢
18 RLE Variable Values w/ Normals
19 Quad Tree Encoded
24 CCITT Group-4 Bi-level Images
25 Run Length Encoded RGB Full Color
26 Variable Run Length
27 Adaptive RGB Full Color
28 Uncompressed 24 bit Full Color
29 Adaptive Gray Scale
30 JPEG Gray Scale
31 JPEG Full Color RGB
32 JPEG CYMK
67 Continuous Tone CYMK
68 Line Art CYMK/RGB

Applications can use an application data type of O in dalese the
standard header format as the header containing onlgatomti specific
data. In this case, the application specific data tgpebe indicated in the
application header. This is now a nonstandard use oéther file format,
and software that cannot handle this variant shoutcdyexcefully.

Application Type Code (UTC)

The Application Type Code (UTC) identifies the applicatibat created
the file. It is used to determine the applicabilityagplication specific data
in the header. If the software does not recognizepipéication type, only
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the information in Block One, the first 128 words of &drwo, and the
color table information is reliable. The applicat&hould ignore rest of the
header.

The following is a list of the applications using rasteta files and the
corresponding codes used in the Application Type code heelder f

RASTER APPLICATION TYPES

Q)
g
o

Application Type
"Generic" Raster Image File
Digital Terrain Modeling
Grid Data Utilities
Drawing Scanning
Image Processing
Hidden Surfaces
Imagitex Scanner Product
Screen Copy Plotting
I/IMAGE and MicroStation Imager
ModelView

OO (N[O~ |W|IN(F O

In the past, the last 128 words in Block Two of the headge reserved
for specific application information. If the applicaticequired further
storage space for specific data, additional blocks caithed. If a file
contains more than 2 or 3 header blocks, and has adlefipdication type
code reading applications should copy intact any heaaeniafion, and
append application data packets to the end of the existaughe

This technique is obsolete. Applications must Agplications Packets to store application specif
information. Each application group is responsfbtedocumenting Application Packets specifjc
to the application and releasing that informatimethers. For more information on Applications
Packets, refer to the section describing AppliceBackets.

View Origin (XOR, YOR, ZOR) and View Extent (XDL, YDL, ZDL)

The View Origin and View Extent fields are applicatioppeledent and
were used primarily by the Digital Terrain Mapping appl@asiin file
versions prior to Version 3 to orient raster data waationship to an
IGDS design file.
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Proper interpretation of the homogeneous transfoomanatrix (used by most applications)
essentially replaces this field for imaging apgimas. Refer to the Homogeneous
Transformation Matrix (TRN) field description forare information. Either the Transformatiop
Matrix, or the View Origin and Extent fields musg filled in to maintain the specified
relationship between the raster information andoredn a design file display. If the View
Origin and Extent fields are integer zero, the sfammation matrix will define the relationship
between the raster and the design file coordinates.

The relationship of raster (grid) data to a specifitmedesign file is
defined by the numbers in these two fields. The nundorersurrently
interpreted as Units of Resolution (UORS).

The view origin (specifically x and y origin) definegtrelationship of the
grid file to the vector graphics database. (The DesigniNédme (DGN)
field at byte 214 of the raster file header specifiedgsgn file name.)
The x and y origin point is the upper left corner ofghd file in UOR
space.

The view extents are used to store the delta X (cokpaning) and delta
Y (row spacing) respectively. These values are al&ORs.

Homogeneous Transformation M atrix (TRN)
The Homogeneous Transformation

Matrix (TRN) contains the 4 x 4 % ’Ldﬁ
transformation matrix which
" . e K,
completely specifies the relationship N
between the raster pixels and the //779 S
IGDS world coordinate system. It o 9
includes the origin in the application
coordinate space and scaling and ~ X axis

rotation matrices. Raster data files

are often used within the structure o

an application coordinate system,

referred to as a world coordinate system. Rasterifildude a coordinate
system of their own, referred to as a local coordisgstem. The raster
data file may include appropriate information for a speaiplication to
match the pixels with the world coordinate system.

The raster data in the file is a planar orthogonatimat pixels, the
relationship with a three dimensional world coordiratgtem is totally
defined by the pixels per line (PPL), the number o&li(dOL), the
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scanline orientation (SLO), and the homogeneous tyemation matrix
(TRN).

The scanline orientation (SLO) serves as a standdiip the position of
the data in the raster file to another orientatidhe transformation matrix
can also be used to represent this reorientationteRdata generated by
scanners and plotters have natural boundaries. Rasaestaauld be used
with the natural orientation for these devices. salinners and plotters
have a preferred orientation.

The scan head in a line oriented scanner produces jpxaie direction
faster than it will in the other directions. Lingemted scanners are
generally designed in such a manner that the pixel diretioriented
along the scan head direction, and the lines are oniab¢wmthe scan head
direction. The same is true for plotters, which atemmore efficient in
plotting a series of lines in one direction when t&er data is naturally
oriented along that plot head.

Raster file orientations should be consistent froamser to plotter. Raster
display and editing software should accept the data oriented "natural’
direction for the plotter and scanner. Software shdtatisform the data,
if necessary, for display. Orientations should be ister# for tiled files as
well.

To obtain full transformation from local coordinatesworld coordinates,
catenate the homogeneous transformation matrix (V&tK)a flip matrix
(T=TRN * FLIP). The concatenated matrix (T) now ains all the
information required to map a particular pixel to the dadordinate
system including the scanline orientation (SLO).

If a raster data file has a local coordinate systéwres(row, col)=(0,0)
occurs at the origin and the first row of data runsglbe X axis and the
first column of data runs along the Y axis, the localrdinate
representation of a row/column pair is (c,r,0). Faregle, the fourth
pixel in the sixth line of raster data has local climates (3,5,0) and maps
the following transformation to the world coordinates:
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Xw 3 tin tiz tiz tua 3

Yw 5 tzr to2 tos tosa| |5
=T x = X

Zw 0 far tz tas tas 0

1 1 tar tax tas tas 1

The origin of the raster data expressed as world codedirmecurs in the
fourth column of the T matrix. Because the perspediusually defined
as a viewing transformation, it should not occur intthesformation
above and the fourth row should always be (0,0,0,n), wihex¢he global
scale factor, normally equal to one.

In the raster file header, the transformation maicgurs in the following
order:

111

112

113

114

21

too
etc

The View Origin (XOR, YOR, ZOR), View Extent (XDL,DL, ZDL),
Rotation Angle (ROT), and Skew Angle (SKW) header fields
redundant since the homogeneous transformation matripletely
describes the local and world coordinates. These feds used in an
application dependent manner. The transformation matthe accepted
method of defining this information.

In a raster file it is recommended that either tlaloe orientation (SLO)
be used, or the transformation matrix to indicatetimta For orthogonal
rotations the scanline orientation with a unity sfanmation matrix is
much preferable and should be used. As an acceptable,@toanline
orientation of "4" (upper left horizontal) and a tramsfation matrix
indicating orthogonal rotation is acceptable. For aghogonal rotations,
set the scanline orientation to "4" and include tr@msation matrix
information.
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Pixels Per Line (PPL)

The Pixels Per Line field specifies the number of gixelone line of raster
data.

Number of Lines (NOL)

The Number of Lines field specifies the number of lioksaster data in the
image.

Device Resolution (DRS)

The Device Resolution field defines the scan resolutithe file was
scanned or the distance between pixels in real word Fpapits. A
positive value indicates the size of the pixel in misto A negative value
indicates the number of pixels per inch (or lines peh)in Some
applications place a zero in this field when the "nasmh" in paper units is
meaningless (satellite images are an excellent example

Scan Line Orientation (SLO)

The Scan Line Orientation field defines the data o®@&gid line orientation
for the raster file.

A raster data file is rectangular and the origin offikas in one of the
four corners. Starting from the origin, an applicatieads lines of raster
data vertically or horizontally depending on the linemtation. Therefore,
there are eight different possible orientations foaster data file.

A code in the SLO file indicates both the origin ane lorientation. Bits O
and 1 indicate the origin. Bit 2 indicates the line magion.
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SCAN LINE ORIENTATION CODES:

Data Origin Line Orientation bit 2 bit 1 bit 0 Value
Upper Left Horizontal 1 0 0 4
Upper Left Vertical 0 0 0 0
Upper Right Horizontal 1 0 1 5
Upper Right Vertical 0 0 1 1
Lower Left Horizontal 1 1 0 6
Lower Left Vertical 0 1 0 2
Lower Right Horizontal 1 1 1 7
Lower Right Vertical 0 1 1 3

The most common orientations are upper-left-horizqdgal lower-left-
vertical (2) and upper-left-vertical (0). All applicatiostsould support at
least these orientation types. Some applications egyire the application
provide raster in a specific orientation to improve g@arniance of critical or
expensive interface devices. For example, the stamdzctiostatic plotter
assumes that data supplied for plotting is oriented withaster lines
perpendicular to the paper direction. This requirementpssed to
eliminate the need for time consuming rotation ofeladata during the
plotting process. Appropriate work flows should be designguteéeent
unnecessary manipulation of raster data. Each scasihprovide raster
data consistent with the mechanical/optical designaaseparate process
step may be required to rotate the data from a spec#imngr prior to
storage or plotting.

Scannable Flag (SCN)

In the IGDS environment, raster "lines" could consfsbne or many
"scanlines,” each of which had a unique position irdésgn coordinate
space. This concept of one or many scanlines makinigeulariger image
line has carried into the raster file formats.

The Scannable Flag field defines how the applicationldhmove to the
next "scanline” of raster data without necessarilypdgressing the raster
data. The SCN field in the header contains a coderitiaates which
indexing method is used.
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SCANNABLE FLAG FIELD CODES:

Code | Indexing Method Description

1 Every line of raster data has a 4 word rasterHi@gder at the beginning of
the line. In the line header, the Words to Folfeld specifies the amount
of data following the field, indicating the stafttbe next scanline of raster
data

0 No raster line headers exist. The applicationtroalsulate where lines of
raster data start and end. This process is sifopleon-run length encoded
data. Itis a fixed value; therefore, the linegéncan be calculated from th
data type (DTC) and the number of pixels per [RBL). In a run length
compression case, the data must be decoded tthiinehd of a raster line.

1%

Most run length encoded raster files contain scankaelérs to assist the
application in moving through the file. This is noteguirement of this
standard, nor is its use recommended for future applicatioesirrent
systems, where large amounts of memory are genevalhalale,
alternative indexing methods can be generated at teethienfile is read
into memory. These methods make it much simpler ®agplication to
keep track of the raster data and update file changes \ebessary.

All applications should handle raster data with or withemanline headers.
A significant number of files with scanline headers eurrently in use.
New applications should not depend on these headers, #yeyanbe
applicable in the future.

Some types of raster compression techniques are istemtswith the
concept of scanlines and scanline headers. CCITT Gtaguapression
uses a "bit-stream" concept, and as a result, doesawetwell defined
image line beginning and endings. CCITT Group-4 files shooiccontain
scanlines nor scanline headers.

Rotation Angle (ROT)

The Rotation angle field specifies the counterclockaisgle of the raster
data coordinate system. The use of this field is apjplic@ependent and
not recommended since the homogeneous transformatiom (Td&RN
field) contains the full description of the relatioqsbetween the raster
pixels and the world coordinate system.
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For Intergraph RISC systems, the Rotation Anglie fireay not align "correctly." The field is a 64 K
number and is long word aligned. Application cetieuld declare this field an array of unsigred
elements and move the data to or from a data sneitd prevent alignment problems.

Skew Angle (SK W)

The information in this field is application dependentsithe
homogeneous transformation matrix (TRN field) conténestull
description of the relationship between the local anddicoordinate
systems.

For Intergraph RISC systems, the Skew Angle fietkymot align correctly. The field is a 64 bit
number and long word aligned. Application codeusth@eclare this field an array of unsigned
elements and move the data to or from a data speitd prevent alignment problems.

Data Type M odifier (DTM)

The Data Type Modifier field contains a modifier for al&gpes not fully
described by the code in the Data Type Code (DTC) fi€hs field
should be set to zero for data types fully describedediC field. The
only data type that uses a modifier is type 26 (Variable IBngth Indexed
Color).

This field is obsolete, and with the exceptionta type 26 file, it should not be used by any new
raster applications.

Design File Name (DGN)

The Design File Name field specifies the name of ayddse if there is
one associated with this raster data file.

This field is not used in imaging applications.islextensively used by non-imaging applications.
For example, Mapping software uses this fieldidtam important information regarding the
coordinate system definition.

Data Base File Name (DBS)

The Data Base File Name field specifies the namedata base if there is
one associated with the raster data file. The eatitiyattribute values
refer to the data base specified in the field.
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| This field is obsolete, and is not required. ||

Parent Grid File (PRN)

The Parent Grid File field specifies the original rask#ta file from which
the current file was extracted.

| This field is obsolete, and is not required. ||

File Description (DES)

The File Description field provides space for an opti&x&ClII description
of the raster data. The description limit is 80 charact This field is
optional, applications can place relevant text stringhis location.

Minimum Value (MN1, MN2, MN4, MNR, MN8)

The Minimum Value field contains the minimum raster datlae in the
file. It is an application dependent data structure.

Maximum Value (M X1, MX2, MX4, MXR, M X8)

The Maximum Value Field contains the maximum raster dalize in the
file. It is an application dependent structure.

Reserved (RV1)

Reserved fields are fields reserved for informatiobe@dded to the
header. An unused reserved field should always be iretibtiz zero by any
application that writes raster files.

Grid FileVersion (VER)

The Grid File Version field identifies the version nuanbf the raster file.
Thisisamandatory field.

HEADER FIELD DEFINITIONS-BLOCK TWO

The following table shows the name, symbol, type ¢ddand other
specifications for each field in the second block (Bldwo) of the
standard two block header.
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BLocK TwoO FIELD DESCRIPTIONS:

Element Acronym Notes Symbol Element Number of | Beginning
Type Elements Byte
Gain GAN uint8 1 0
Offset / Threshold OFT uint8 1 1
View # Screen #1 VF1 uint8 1 2
View # Screen #2 VF2 uint8 1 3
View Number VNO uint8 1 4
Reserved RV2 uint8 1 5
Reserved RV3 uint16 1 6
Aspect Ratio ASR real64 1 8
Catenated File Pointer CFP uint32 1 16
Color Table Type CTV uintl6 1 20
Reserved RV8 uint16 1 22
Number of CT Entries CTE uint32 1 24
Application Packet Pointer APP uint32 1 28
Application Packet Length APL uint32 1 32
Reserved RV9 uint16 110 36
Application Data USE uintl6 128 256

Field Descriptions

This section contains descriptions of the file hedidtets previously listed
in the Header Block Two table. Refer to the tabtearftormation on
required fields, data element types and number of unitdhegidning
bytes.

Gain (GAN)

The Gain field stores the gain of the analog to digbalerter used during
scanning.
Offset/Threshold (OFT)

The Offset/Threshold field defines the thresholding patars or the
analog to digital conversion parameters for scanningdgvi

View Number (VF1, VF2, VNO)

The View Number fields define which view a raster dégaepresents and
whether the view is in "quadrant mode."

Reserved (RV2 and RV3)

Reserved fields are fields reserved for informatiobeg@dded to the
header.
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| An unused reserved field should always be zero. ||

Aspect Ratio (ASR)

The aspect ratio is the ratio of the width and heighihe pixel. It is the
floating point number represented by dividing the physidadiwof the
pixel to the physical height of the pixel.

Catenated File Pointer (CFP)

The Catenated File Pointer field represents the bdfgetdrom the
beginning of the file to the next image in the filk.value of zero indicates
that this is the last image in the file. See the agpefor more
information on multi-image file formats.

Color Table Type (CTV)

The Color Table Type field specifies the application pedelent color
table associated with the file.

COLOR TABLE VALUES(CTV)

Code Color Table Type

0 No Color Table

1 IGDS Color Table

2 Environ-V Color Table

IGDS Color Table

The IGDS color table is located in the second halBlotk Two and Block
Three (256*3 bytes total). The format consists of aayanf 256
elements, each being three bytes. For each cbkre tare eight bits for
red, eight bits for green, and eight bits for blue. Wé@mbined, these
three components create other colors. Varying theegdbr any of the
RGB components varies the color created by their gwtion. The
following is an example of the beginning of a coloréabdex. Each byte
is a separate color component.
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Index 0, Red Value
Index 0, Green Value
Index 0O, Blue Value
Index 1, Red Value
Index 1, Green Value
Index 1, Blue Value
Index 2, Red Value

etc.
Index 255, Red Value

Index 255, Green Value
Index 255, Blue Value

When IGDS loads a color table, the background colossaraed to be at
the first index, followed by the remaining 255 color xee

If the file has an IGDS format color table, theawt half of Block Two is not available for

application data. Again, application data packétsuld be used for ANY application specific
data.

Environ-V Color Tables

An Environ-V color table consists of an array afiges starting at Block
Three.

The following is the format of the Environ-V colatile slot as it would
appear in the native Intergraph-C language.

struct vit_slot

{

unsigned short v_slot;
unsigned short v_red,;
unsigned short v_green;
unsigned short v_blue;

3

The Color Table Entries header field defines the nurabentries. All
entries in the color table should have a value befdding any additional
application data blocks. The Environ-V format does raveha fixed size;
it specifies a slot or index number, and the assoc@iled components.
Individual workstations have different sizes of colataring tables, and
only those necessary entries in the file formatirsieded. In addition, the
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index or slot numbers are not in any specific orderchatbe randomly
placed in the table.

Should a color value be eight bits in length, the ceddue appears in the
most significant byte of each slot value.
Reserved (RV8)

Reserved fields are fields reserved for informatiobeg@dded to the
header.

| An unused reserved field should always be zero. ||

Color Table Entries (CTE)

The Color Table Entries field specifies the numbegnidfies in an Environ-
V color table. Each entry is four bytes long. IG&gor tables by
definition, always have 256 entries.

Offset of Start of First Application Packet (APP)

The application packet offset is thgte offset from the beginning of the
file to the first byte of the first application packdtach application packet
contains a "words to follow" field, allowing applicat®&to index through
the application packets. All application packets are éutat the header of
the raster file. Refer to the appendix for more dadadiscussion of the
application packets.

| All application data packets are quad-word aligimethe raster file. ||

Length of Data Packets (APL)

This field is the total length of the application dafis field is an
unsigned 32 bit integer. It is the total length of al #pplication packets
in words.

Reserved (RV9)

Reserved fields are fields reserved for informatiobgd@dded to the
header.

| An unused reserved field should always be zero. ||
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Application Data (USE)

The Application Data field is application dependent unles<G®dS color
table is defined (CTV=1) in which case it is the cdlle. If this field is
unused, it should be set to zero.

The preferred method of storing application spedfita is to use application packets. The stom&Jhe
application specific data in this location is naarglard, and must be avoided. Refer to the ||
appndix for more information on application packets
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RASTER DATA TYPES

This section describes the raster data type formegsghaph uses to store
raster data, including each data type's suggested use and conpres
technique. The formats vary from no compression @b ahe maximum
compression. The Data Type Code (DTC) field (byte 4¢IBIOne of the
raster file header) identifies the raster data forforathe file. Refer to the
section on the header fields of Block One for morermtion on the Data
Type Code (DTC) field and a list of the codes.

RASTER DATA TYPES -- BACKGROUND

Before producing any software that reads and/or creajesfahe formats
described in this section, read the introduction irRaster File Format
Reference Guideo determine the applicability of each specific forma
Some of these formats are rarely used, and their docatizenin this form
is not a commitment by Intergraph to support these ftsrimahe future.

RECOMMENDED STORAGE FORMATS

Image Type Recommended Currently Acceptable
Bi-Level 24 9, 24

Gray Scale 29, 30 2,29

Palette Color 29 10, 29

24 Bit Color 27,31 27

Those formats specifically defined below as” OBSOLETE" arenot to be
used! Theinformation provided isa guideto assist in interpreting
existing files, but cannot be relied on as sufficient documentation to
create any of these files!!!
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Scanline Header s

All lines of raster data can begin with scanline hesd&ough this method
is not recommended. In the past, scanline headergdpobairapid method
of indexing through a raster file if the file was congsed causing the
exact length of the compressed data to be indetermibefdee expanding
each line. With the current memory and tiling techrigasailable, the use
of scanline headers is limited and discouraged. New applissshould

not create files with scanline headers, but shouldleeta read files with
or without headers.

Scanline headers are not valid with file types 27, 30, 3163%8 and 69.
They should not be used in any of these file types.

Each scanline header begins with a file processopatibfe identifier
(value 0x5900), which identifies the header. All softwthigg uses scanline
headers should check this value to ensure the data igtebeiach raster

line.
SCANLINE HEADERS

Bits Description Value (Hex)
15 Delete Flag 0

8-14 IGDS Element type 59

7 Complex Flag 0

6 Reserved 0

0-5 IGDS Level # 0

Immediately following the identifier is a 16 bit "Words Follow" field that
indicates the number of words remaining in this raster The Words to
Follow field is followed by a line number, a sequemianber beginning at
1 for the first line of the image. This line numbesets to 1 (or zero) after
65535 lines and then resumes incrementing. The last 1®ftis/the
pixel offset within the line. This is commonly getzero.

Type 1l: Packed Binary

The type 1 format uses the packed binary storage techmigamgle bit
represents the value of each pixel in the image.

Each 16 bit word in the raster file represents 16 piredsraster data line.
The most significant bit is the pixel farthest to t&ie on the line; the least
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significant bit is the pixel farthest to the righf.tHe length of each raster
line is not a multiple of 16, the remaining bits aredilwith zeros.

This compression technique is used with bi-level imadd® "ON" bits
(value = 1) represent foreground information, and the "@iE (value=0)
represent background.

OBSOLETE - No application currently uses this form@ihe CCITT-Group IV compression
technique is much more efficient, and is to be usgaace of this format.

Type 2: Byte per Pixel
The type 2 format uses a single byte to store eachipike® image.

Each 8 bit byte represents a single pixel in the rdiggerNo word order
exists, and each sequential byte is the next pixékrile. The
interpretation of the sign bit is application dependérite default is
"unsigned.” This value can be the gray scale interwitig,can be an entry
into a color lookup table either in the image or exer his format is
most frequently used to store gray scale continuous ieae ft is
generally referred to as either type 2, contone, otirmoous tone data.

A large number of files exist in the type 2 format.p&y9 includes an
adaptive compression technique that, in most casesgy& efficient than
type 2, and is to be used for current and future rasteageorApplications
should be prepared to read this format and in most casestkis data
uses the type 29 format.

Type3: Word

The type 3 format uses each 16 bit word to store the adlie pixel.
The interpretation of the sign bit is application depenhden

Type 4: 32Bit Integer

The type 4 format uses each 32 bit integer to storedine of the pixel.
The interpretation of the data is application dependent.

Type5: 32Bit Floating Point

The type 5 format uses each 32 bit floating point valussaxe the value
of each pixel. The interpretation of the data is appton dependent.
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NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 6. 64Bit Floating Point

With the type 6 format, every 64bit element is a flogpoint value
representing the value of that information.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type7: Complex

With the type 7 format, each 64bits is a complex numggresenting the
value of that pixel.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 8: Double Precision Complex

With the type 8 format, every 128 bit data element isublgoprecision
complex value representing each pixel value.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 9: Run Length Encoded

The type 9 format compresses bi-level raster datah Eadit unsigned
word stores the number of pixels with an identicallleve

This format consists of a series of on and off riach line starts with an
"OFF" run (background level) followed by an "ON" run (fgreund level).
This OFF/ON pattern repeats until the end of the Imeanew line starts.
This continues until the end of the file. Each lindgwith an "OFF" run.
A zero length "OFF" run is placed at the end of aifinecessary. Zero
length runs are valid runs any where in the file. Ruasalways less than
65536 pixels in length. It is strongly recommended that apiplitacut the
run at 32767 pixels for consistency with the majoritypgdleations.
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Data stored in this format is generally referred tousslength, RLE or
type 9 data. The most popular file extension is ".RLE".

A large number of files exist in this format throughthe Intergraph
installed customer base. It has been primarily thieage format for bi-
level image data. It is not as efficient as CCITTo@r IV compression.
This format should be read by all applications, and wnilgen when
specifically required. The preferred storage formatps 84 or type
65/24.

Type 10: Color Run Length

This format is used to store gray scale or color imagese there are a
large number of adjacent pixels of any one color odshd he format is a
run length format, where the color is stored, followgdhe number of
pixels in the line that are of that color. Two 16uikigned integers are
used. The "color" is the index value to use in therclble to determine
the actual RGB values for the pixels.

This format is a standard format for storage of scdulaga, and for
specific map publishing applications. Additional applicatrdarmation
about "color" tables is required to interpret this formahe most popular
names are type 10 and "CRL" data, and common file ertenare
".CRL,"".TPE" and ".LSR".

This format is not as efficient as type 29 for storafeolor palette and
continuous tone images, and is currently supported onpeicife
applications. Applications should be prepared to readdmsat and write
it only in specific applications.

Type 11: Not used (reserved)
Type 12: Not used (reserved)

Type 13: RLE Variable Valueswith Z (Simple)

The RLE variable values with Z (simple) raster forisaiseful for storing
gray scale shaded data or color data that may be metged [ahis
format was primarily used by one application area. Hmeyld be
contacted for details of the exact data format.
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NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 14: RLE Binary Values (with Edge Type)

The RLE binary values (with edge type) raster formaseful for storing
gray scale data or any data consisting of only tweestg@ or 1). It was
used primarily by one application.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 15: RLE Variable Values (with Edge Type)

The RLE variable values (with edge type) raster forimaseful for storing
gray scale shaded data or color data. Only one appficasied this
format.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ighore
this data type.

Type 16: RLE Variable Valueswith Z (with Edge Type)

The RLE variable values with Z (with edge type) ragtemat is useful for
storing gray scale shaded data or color data that manefgped at some
later time.

NOTE: This data type is obsolete and should naidsal in general applications. Readers may ignhore
this data type.

Type 17: RLE Variable Valueswith Separate Color and Shade

The RLE variable values with separate color and shaueat is useful for
the number of shade run lengths. It is assumed that @edbshade may be
separated on the output device involved.

NOTE: This data type is obsolete and should naidsl in general applications. Readers may ignhore
this data type.
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Type 18: RLE Variable Valueswith Normals

The RLE variable values with normals raster forreatseful for storing
color, shade, and normal values in run length encoded form

Type 19: Quad Tree Encoded Variable Values

The quad tree encoded variable values raster formatygetastuseful for
storing raster data intended for display on a random sicisagce such as a
terminal, or in some cases provides more econontiza@e than typical
RLE schemes. Type 19 format has limited usefulnessutdr gun length
oriented devices as plotters and optical scanners.

A quad tree encoded record is actually a major subdivisicord (where
the definition of major depends on the particular date ocaspplication)
which contains all nodes in the quad tree that belongabsubdivision.

Each pair of bits in the 28 bit subdivision location esgnts an encoding
of one of four possible subdivisions at a particularllgvéhe quad tree.
The encoding starts with the high order pair of bitsesgnting the first
level in the quad tree (after the root) and ends weHdtv order pair of
bits representing the lowest possible level in the quesad Therefore, there
can be at most 15 levels including the root (level @)addition, if a
subdivision appears at levein the quad tree, then only the firspairs of
subdivision location bits are relevant; the othergaiay be ignored.
Fifteen levels in the quad tree permit a maximum resoiwf 16K by 16K
pixels.

Type?24. CCITT Group 4

The CCITT Group 4 format is a highly compressed formait hlas become
a standard for transmission and storage of bi-leveirfale images.

The format uses a modified Huffman code scheme to ereadeline in
terms of that line's relationship to the previous liD&ata in this format will
not have the four word raster line header since tloaii4 specification
defines the complete data format. Skipping to a partiin&of data
would be no use in this case because a line of datatcherdecoded
without first decoding all lines that precede it.

The compression technique is complicated and beyond dipe s¢ this

document. For a complete description refer to theviatig standards
documents:
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CCITT Draft Recommendation T.5, General Aspects
of Group 4 Facsimile Apparatus

CCITT Draft Recommendation T.6, Facsmile Coding
Schemes and Coding Control Functions for Group 4
Facsimile Apparatus

The tiled version of this format is the recommendethor of storing bi-
level raster data. It is strongly suggested that thmdobe used by all
new applications.

Type 25: Simple 24bit RGB RLE

The simple 24 bit RGB run length encoded raster formafasmat
consisting of runs of composite RGB values. The dasaraster line
record consists of a series of four byte fields, eactsisting of an 8 bit
red, green, and blue intensity and an 8 bit run lengtin.afaore compact
RGB format, refer to the information on Type 27: Corspesl RGB.

Type 26: Variable Run length Indexed Color

The variable run length raster format is defined ta b@ore flexible and
compressed color run length format. The format wagdediso that
different applications can use a different number oftbitepresent the
data. Most applications have been using the type 10 favitiathe 16 bit
value simply representing a color. This format is nemepressed for
images that are not 16 bits per pixel.

This data type is parameterized. The Data Type Modii@M) raster
header field is a parameter that has valid values 0 tdHi&represents the
number of bits in the run length. Refer to the seabin header Block One
for more information on the Data Type Modifier (DTKgader field.

Type 27: Compressed RGB

Type 27 format is a compressed RGB format for 24-bit cidda. A file
of this format can contain both run length encoded aiatiunencoded
data for separate red, green, and blue components.

The RGB data is band interleaved by line. Each [fiife@B data is stored
as a line of red data, followed by a line of green datha line of blue
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data. The end of line is reached when the appropriatberuoh pixels
have been represented.

Each line of raster data is composed of one or morasat An atom is a
string of bytes consisting of an atom head and an sdmThe first byte,
or the atom head, is a signed value that determineszih@nd format of
the remaining byte(s), the atom tail. If the atarpasitive (1 to 127), then
the atom tail contains that number of bytes. Tlgses are to be
interpreted as a string of individual intensity valugthé atom head is
negative (-1 to -128), then it signifies a constant shaddength. In this
case, the absolute value of the atom head is the lefgtl run, and the
atom tail is a single byte that specifies the intgrsithe run. Atom head
values of zero are ignored, and the atom is skipped.

The tiled version of this format is the recommendethoe of storing 24
bit data color raster data. It is strongly suggestedthimformat be used
by all new applications.

Type 28: Uncompressed RGB

Type 28 is uncompressed RGB raster data. The main usis data type
is the storage of unprocessed color scan data. TEhtah be smaller in
size if there are many runs of pixels of differenueal Each line consists of
triplets of red, green and blue intensities, one bytedeh intensity.

For some short length of time, files may have beeated that assumed each line was an integrg
number of words long. Should the line be an odulmer of bytes, the line was padded to the
next word boundary with zero.

Type 29: Compressed 8 Bit

The type 29 format is a compressed 8 bit data formattmbines a run
length encoding technique with straight byte per pixel &rnT his format
is the 8 bit counterpart to the 24 bit compressed RGBdb(type 27).

Each line of raster data is composed of one or morasat An atom is a
string of bytes consisting of an atom head and an tatmrhe first byte,
or the atom head, is a signed value that determineszih@nd format of
the remaining byte(s), the atom tail. If the atarpasitive (1 to 127), then
the atom tail contains that number of bytes. Tlgses are to be
interpreted as a string of individual intensity valuggthé atom head is
negative (-1 to -128), then it signifies a constant sitgmun length. In
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this case, the absolute value of the atom head Ienigéh of the run, and
the atom tall is a single byte that specifies thenisity of the run. Atom
heads of zero are ignored and the atom is skipped.

The tiled version of this format is the recommendethoe of storing 8 bit
raster data. It is strongly suggested that this formatsed by all new
applications.

Type 30, 31 and 32: JPEG

JPEG is a compression technique defined by the "JootbBraphic
Experts Group," that is used primarily for full color, pigal images. It
uses a block by block conversion to frequency space,taressa discrete
cosine series representation of the frequency spagmpr@ssion is
achieved by defining the number of terms to retaihéndosine series. The
image is converted (if necessary) into HSI color spand then
compressed. The Hue and Saturation images can be g@afyessed
without loosing pictorial quality. This is the only Sley" compression
technique Intergraph supports.

Type 30 is JPEG compressed greyscale imagery with etghtdai pixel in
the original image. By default, no color table ass@miieexists for this
type of data. Type 31 is JPEG compressed RGB data, 24ditraster
images, and type 32 is JPEG compressed CYMK, four band imager

As the JPEG formats contain a private application patietcontains
critical information necessary to decode the JPEG dat#act the
Intergraph Raster Review Board Chairman at the addreéks beginning
of this document for information about this applicatiacket.

Tiled JPEG files must have "full" tiles for proper congsien and
decompression without image anomalies. Tiles should daeplawith the
last pixel value in each line to give the least digort

Type65: Tiled raster data

Should a type "65" occur in the Data Type Code (DTC) irrdiseer
header, it indicates that the data contained in therrpart of the file is
organized into logical "tiles”. The tiled image is prdee by a tile
application data packet, including the specification ofitteal raster data
type in the file. The tile raster format is definadhe appendix.
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Type 66: Not Used (reserved)

Type 67: Continuous Tone CMYK

Type 67 files are used to store continuous tone CMYK imagesse
images are representative of images used in the lithagnafiting
process. Each color ink used in the printing procespigsented by an
intensity in the image file. The three subtractivenaries of Cyan,
Magenta and Yellow, and a fourth printing ink in Black ased in this
image format. Each pixel in the file is represented sst of eight bit
values corresponding to these four colors.

In the Type 67 file, an eight bit value of zero repres@®0% ink
coverage, and a value of 255 represents 0% ink. Even thoagh ah
continuous tone format, it includes a facility for rendth encoding to
allow large contiguous areas of solid color to be reptesecompactly.

Each row is made up of a line of cyan atoms, followed line of magenta
atoms, followed by a line of yellow, and finally bkacAtoms are composed
of a string of bytes which represent a run length. fireebyte of the atom
is the atom head. The atom head determines the lehtjt atom talil.

If the atom head positive, then that number of byd#svi the atom head
and the bytes are individual pixel values.

A negative atom head indicates that the next bytegsept a string of
pixels that are all the same intensity. The absolalge of the head is the
length of the run, The single unsigned byte value immegi@i#owing the
atom head is the value of the run.

When the number of pixels per row are represented &r @alor, the
current line is terminated. Note that an atom hedld avzero value is
meaningless.

Type68: Linework CYMK and RGB

Type 68 files are used to store CYMK and RGB "lineworlesfi These
files represent images that are generally not contintenes but are "spot”
color that contain large areas of a single colomsitg. The type 68 file is
similar to the Type 67 in general structure, but includesotion to have
very long runs stored as single atoms.
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Type 68 files use additional data elements in the header.

TYPE 68 HEADER ELEMENT VALUES

File Byte Offset | Value
212 1
213 1
508 8
509 0 (Note)

Note: byte offset 509 may not be zero (0) in many current files, but should be set to zero
in newfiles.

Each row of raster data in a type 68 file is made uplinéaf atoms.
Atoms are composed of a string of bytes which represemh length. The
first byte of an atom is the atom head. The atoad ltetermines the
length of the atom tail.

If the atom head is positive, then that number ofdjaéow the atom
head and the bytes are to be interpreted as a strindiafual pixel
values. A negative atom head signifies a constant vafuength. The
absolute value of the atom head is the length of the run

The single byte following the atom head is the valuthefrun. The next
two bytes (a 16 bit unsigned word ) contain the length@fun. When
the number of pixels per row are represented, the cuimens$ terminated.
There is no run length encoding across row boundaries.

Color Table

The color table for the type 68 file is contained standard application
packet. The application packets are fully described impipendix of this
document.

The color definition for each of the 256 possible pbedlies is an array of

structures (RSvc_entry) The array starts at thefitet indicated in the
last field (colors) in the application data packet.
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RSvC ENTRY STRUCTURE

struct RSvc_entry

{
uint8 type;
uint8 flags;
uintl6 rgb[3];
uintl6 c[4];
uint8 spot[12];
int32 trans_flag;
uint8 spot_index;
uint8 res2;
uintl6 res3;
uint32 res4,
uint8 name[RSVC_MAX_ NAME];
}

The field "type" indicates the type of the color whmbhy be 0 or 1. A
value of O indicates that the color is an RGB colbfetand that the
values are stored in the rgb[3] location in the enfrlge color red value is
stored in rgb[0], green in rgb[1] and blue in rgb[2].

A value of 1 inthe "type" field indicates that thearak a CYMK color
stored in the c[4] portion of the structure. The ordehe unsigned 16 bit
integer is cyan, magenta, yellow and black in c[0] throe/@h
respectively. The 8 bit color value for both RGB antMK are stored in
the most significant byte of the unsigned 16 bit integer.

A value of 2 in the "type" field indicates that the ea#a spot color stored
in the spot[spot_index] portion of the structure. A valti in the "type"
field indicates that the color is a combo color. ofbo color can exist on
all 16 films. The color values are stored in the cj#] apot[12] portions
of the structure.

The "trans_flag" is used to indicate that the separ@&itansparent. Each
bit starting with the least significant bit is one {fla particular separation
is transparent. The bits are assigned cyan, magetitayyblack, spot[1],
spot[2], ... spot[11] from the low order bit. Un-used bisst be zero, and
are currently reserved.

The remaining fields of "res2,” "res3," and "res4" asereed at this point,
and must be set to zero.
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A color may have a name contained in the "named.fithe name is an
ASCII null terminated string. If there is no name tioe color, the first
uint8 of the field contains the ASCII null charactdihe constant
RSVC_MAX_NAME is defined to be 32.

The virtual color table packet includes the followingdexammediately
following the application data packet header.

RSPTCLSUB14 DATA FORMAT

struct RSptclsubl4 data
{

uintl6 version;
uintl6 num_colors;
uint64 resi;

uint64 colors;

}

The version field contains the value of 2 for the aurmmplementation, the
num_colors are the number of colors in the color t&hkximum of 256).
The resl field is reserved and must be set to zero.cdlbes field is the
byte offset for the first color in the color tab&mnsisting of num_colors
entries of RSvc_entry structures contiguously locatelddrfile.

The application packet for the color table has Applice@ode = 1, and
Sub-Type Code = 14. The Words to Follow field in the apjidiogpacket
should include all the RSvc_entry and RSptclsubl4 data structBees
Appendix B for more information on the application packets.

Type 69: Continuous Tone CYMK (Non-Compressed)

Type 69 files are use to store non-compressed continunesX6MK
images. The pixels are stored as 32-bit per pixel vallibs.first byte is
cyan, the second magenta, the third yellow, and théhfasiblack. An
eight bit value of zero represents 100% ink and a value ofe}Bsents
0% ink.
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APPENDICES

APPENDIX A: GLOSSARY:

atom: A group of bytes used in the adaptive compression techrige@nsists of a
"head" that indicates either the run length, or numbancompressed pixels that
follow in the "tail."

block: A section of the file containing 512 bytes. [TheX/Allocated disk space in 512
byte sections called "blocks."]

byte: a data element consisting of 8 bits

horizontal: the "left to right" direction in an image, as thewer is looking at the image
oriented for natural viewing.

line: A group of contiguous pixels in a single direction. Thage is composed of a
regular set of lines, each of which is composed ofalae set of pixels.

longword: A data element consisting of 32 bits. May eithesigaed or un-signed.
[uint32 or Int32]

pixel: the smallest element in a digital image. The imag®mprised of a regular set of
lines, each composed of a regular set of pixels.

guadword: A data element consisting of 64 bits. May eithesigaed or un-signed.
[uint64 or int64]

guadword alignment: The byte boundary that corresponds to an integral euotb
guadwords from the beginning of the file (or data structure)

word: a data element consisting of 16 bits. May be egliggred or un-signed. [uint16 or
int16]
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APPENDIX B: APPLICATION PACKET FORMAT

Application packets are the preferred method of storingagtmin specific
information. Each packet contains a header followeappfication
defined data. See the section on application packetsde background
information.

This is a graphic representation of the raster fékitling the header, and
application packets:

/:I L
— APP
WTF =0
\\
% b
Application
Packets Raster
Image
Data

Raster File with Application Packets

The packets are located in the last part of the heakielong as each
application uses the words to follow (WTF) as the lemjtthe raster file
header, application packets can be ignored. If an applicatcognizant
of application packets, the application packet pointer (AdPi)the
application packet length (APL) fields indicate the lomatnd length of
each application packet.

Application packets consist of a short, 8 byte "tag" ithaxtifies the

packet type code, sub-type code, and the remaining lentjtk of
application packet. The Intergraph Raster Review Boagir@an is
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responsible for maintaining a list of application padkpe codes, and

Application Code
Sub-Type Code
| Words

Follow

Application
2 Specific

Data

e

Application Data Packet

allocating new codes to application
developers. Each application is
responsible for allocating a sub-
type code for each of their
individual packet types.

By reading the application type,
software can determine if it
understands the format of the
application specific data to follow,
and whether it needs to interpret
the information contained in the
packet. If not, the application uses
the last field in this structure to skip
the “foreign” information, and
searches for application packets
that are applicable. Should an
application produce a "derived" file

from this raster file, all application packets are cdp@the new file, and
any new application data packets appended to the existingtpaake

within the raster file header.

APPLICATION PACKET DATA TYPE CODES

Application

IGE (Intergraph Graphics Environment)

Image Processing Applications

MapPublishing Applications

Mapping Applications

DTM (Digital Terrain Modeling Applications)

Code

1

2

3 DMANDS
4 GRASS

5

6

7

8 Scanning

Other application packets are non-standard and should bedby all
applications. For the latest list of application packetso add your
applications to the list, please contact the IntergRgntter Review Board

Chairman.
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APPENDIX C: TILED FILE FORMAT

When raster data becomes very large, it may be ragesssubdivide the
raster data into smaller sections or "tiles" that loa loaded into memory
and operated on individually. Raster data type code (DT®) @&ed to
specify the data format of a tiled raster file. Tiketraster file consists of
the standard raster file header with additional data fgperthe tile
information stored immediately after the standard headibe application
data packet format is used to store the tile informa®apecified below.
The actual tiled raster data is contained immediatétyong this tile

directory.
The tiles are stored in the file 123 |4]|5 |6
immediately after the tile directory. 8 | 9 [10 |11 |et.

Tiles are "numbered" or logically

thought of as appearing in the image

in the same order as the pixels. For

example, if the data is upper-left-
horizontal, the first tile is in the

Horizontal Upper Left Orientation

upper left corner, the second 1o

immediately to its right, and so on.

. . . . 2 7 etc..
Tiles in new images are allocated in

this manner, however, no assumptions 818
should be made about the physical 4|9
order of the tiles in the file. Tiles may =115
be stored in any order. After editing, Vertical Lower Left Orientation

for example, a tile that will no longer fit in theiginally allocated area, can
be placed at the end of the image, and only the tiletdine updated.
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TILE DIRECTORY FORMAT

Data Type | Number of Description Comments
Elements
uintl6 1 Application Type Must be 1
uintl6 1 Sub-Type Code Must be 7
uint32 1 Words to follow Multiple of 4
uintl6 1 Packet Version Must be 1
uintl6 1 Identifier Must be 1
uintl6 2 Reserved Must be 0
uintl6 1 Properties bit 0 = 1 if tiles not in order
bit 1 = 1 if overview packet present
uintl6 1 Data Type Code Raster data compression (DTC)
uint8 100 Reserved Must be 0
uint32 1 Tile size Square Tiles
uint32 1 Reserved Must be 0
uint32 1 S Starting Byte Offset, Tile O, relative tq
the end of the raster file header.
uint32 1 Ao Allocated Length, Tile O
uint32 1 W Used Length, Tile 0
etc
uint32 1 Sn Starting Offset, Tile n
uint32 1 An Allocated Length, Tile n
uint32 1 Un Used Length, Tile n
uint8 AS Padding Pad to quadword boundary
REQUIRED
NOTE:

offset, allocated, and used lengths are in bytes
offset isrelative to the end of the raster file header

Each tile is a contiguous area of the image with tbation and size
characterized by the start location, allocated lefaytkhe tile, and used
length of the tile. The tile information contain$directory"” of starting
position, and the allocated and used length for eachTie. tile
"directory"” is really an application packet, (Sggpendix B for a complete
discussion of application packets) located diregftlgr the header in the
raster file; preceding the overview image data in tise odi a tiled
overview. Thetiledirectory isthe one exception to therule that all

application packetsreside in the header.
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Since the tile directory is a non-conforming apgion packet, the APP (Application Packet Pointg
entry in Block One of the header should not painte tile directory, but should point to the
"real" application packets in the header. Forpet§5 file, the tile directory is at the end of thg
header, and can be found by using the WTF (WordBdllow) entry in Block One.(See the
appendix on Application Packets for more informataout the Application Packet Pointer).

=

)

The offset in the tile directory is the number ofdsybetween the end of
the file header and the beginning of the tile. IpiscHicallynot relative to
the tile directory, but to the end of the header asnéefin the WTF entry
in the first block.

The allocated length of the tile is that area infibehat can be used by the
data representing this particular tile. Should a rastiéoremodify a tile,

and it will still fit within the allocated space, thata should be written in
that location. Should the edited data be too long io fite allocated

area, it should be written at the end of the tile aaed the directory
updated appropriately.

The recommended tile size is 512 X 512 pixels for bi-lewabes and
128X128 for other formats. This appears to be an "optimiz@'fer the
current applications and hardware. If these sizesarpassible, the tiles
must be divisible by 32. Some applications use a setbobstines called
the "RCE" library, which requires that tiles are dbles by 32.

/
Image Aréa \\riles

Tiles along the "right" and "bottom" edges of the origmagter are not
"padded" to provide full tiles, unless required by specific apptins The
JPEG compression technique requires all tiles must d¢ &atl the
recommended technique of completing the edge tiles is tthpade with
the last pixel value. The number of pixels and/or nurobénes of these
tiles may be less than the rest of the tiles intf@ge. Applications should
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always use the number of pixels and lines from thaliikctory to
determine the size of an individual tile.

If the "scannable” flag is set in the header, allrdster in the file, including
all the tiles must contain scanline headers. E#elstconsidered a
separate file and the pixel line numbers should start it in the pixel

line number field. Tiled files are "scannable" omlyekceptional
circumstances.

There are some application alignment restrictionghe tiles and on the application packet tile
directory: for CCITT Group 3 or Group 4 files, tlees in the tiles are padded to a "longword
boundary" (an even multiple of 32 bits). And thst line in the file is also padded to a longwprd
boundary.

If the tile is all one color or shade, it is not essary to store the entire tile.
All that is stored is the color of the tile in thet@l@acket "directory.” For
these "un-instantiated" tiles the offset, allocated @sed structure

becomes:
UNINSTANTIATED TILES
Data Type | Number of | Description | Notes
Elements
uint32 1 Sn Sn = 0 indicates un-instantiated tile
uint32 1 An Reserved, Must be O
uint32 1 Un Color Word

When §,= 0, the color (uint32) indicates the color of the.tiFor color
values of 8 bits (or less) per pixel, the least siganifidoyte is the color.
Full color data uses the lower three bytes to staredt, green and blue
intensities. The format is:

For 8 bit (or less) pixels, the color uint32:

| 0000

| 0000 | 0000 |

0000 |

0000

00J0 CCgC ccgc

Where "CCCC" is the color shade information.. And E6 bit color data
the color uint32:
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| 0000 | 0000] RRRR| RRRR GGGG GGGG BBBB BBBB

Un-instantiated tiles are strongly recommended topglieations that
create tiled data, and should be handled by all productset@tiled data.

APPENDIX D: OVERVIEW PACKETSAND OVERVIEWS

Overviews are small "postage stamp" raster imagesepegsent the large
image contained within the raster file. They are usedpplications to
improve the apparent speed in displaying a raster imagesedras "static”
displays for operator reference and selection. Witienintergraph raster
file, multiple overviews are permitted, allowing applioas to create and
use "multiple resolution data sets" that provide pre-deeithat
representations of the raster image for rapid retrewvdldisplay.

The overview is located at the end of the rastetdilallow applications
that do not know about overviews the ability to displagy/ full resolution
image, and completely ignore the overview. This provimekward
compatibility with earlier raster applications.

The overview application packet contains the file ¢ffider each overview
in the image, the number of lines and pixels in eacye, and the
sampling method used to reduce the image resolution forozachiew.
The actual length of each overview, and the allocaegth are also
indicated. Applications can allocate more length tleguired for each of
the overviews, leaving room for larger images if ileei$ edited.

TILED OVERVIEWS

Overviews can also be tiled. Some reduced resolutiagesare still very
large, and the application can achieve significant pexdorce
improvements by including tiles in the overviews. nglis described in
detail inAppendix C.

The overview application packet contains a flag thatatés if the

overview is tiled. Should the overview be tiled, thecated and used
length fields in the overview application packet includetile packet.
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Raster Data Compression in Tiled Overviews

If the image includes tiles and/or if the overviewiledt the compression
technique (raster data type) is included in a differeration in the image
file.

Untiled Image with Untiled Overviews

The algorithm used to compress the main image in & filee same
technique used to compress the overviews. For untilegesnand untiled
overviews, the "Data Type Code (DTC)" in the maingmaeader
indicates the compression technique used.

Untiled Image with Tiled Overviews

The tile packet (described in detail in the tile apperals) has a "Data
Type Code (DTC)." For tiled overviews, the DTC valurethe main
image header and in the tiled overviews must be the.s@ompression of
the tiled overview with a different algorithm is notrpdtted.

Tiled Image with Tiled Overviews

If an image is tiled, the Data Type Code in the nagge contains the
decimal value of "65." The tile packet contains anotbata Type Code"
that indicates the actual compression of the dateeitilds. The DTC in
the tile packet for the main image is used to indicatecttimpression
algorithm for the raster data in the overview andlier main image.

Tiled Image with Untiled Overviews

In the case of tiled images with untiled overviews,DfeC in the main
image tile packet is used to indicate the data compresserh

Overview L ocation and Contents

The overview is defined in an application packet in theder of the raster
file. The structure of this header is described beldvine typical file
structure with an overview is as follows:
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The Application Packet
Block 1 Pointer (APP) in the file
/ .
header is the number of
APP [———] e
Block 2 [———_bytes from the begining of
the file to the first application
Overview Packet packet.
Block 3 thru "n"
App Packet
App Packet Start Overview 1 (Start OV!)

in the overview packet is
the number of bytes from
the end of the header to

the begining of the overview
Raster image data.

Image
Data

Tiled overviews

| ___— include tile packet

—11

Overview

Raster File with Overview
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OVERVIEW PACKET CONTENTS
Data Number of Description Note
Type Elements
uintl6 1 Application Type Must be 1
uintl6 1 Sub-Type Code Must be 10
uint32 1 Words to follow Multiple of 4, words in padke
not the data
uintl6 1 Packet Version Must be 1
uintl6 1 Identifier Must be 1
uint32 1 Reserved Must be 0
uint32 1 Number of Overviews
uint32 1 Number Lines, OV1 Lines in first overview
uint32 1 Number Pixels, OV1 Pixels in first overview
uintl6 1 Sampling Method, OV1 0 = Subsample
1 = Logical "OR"
2 = Averaging
uintl6 1 Flags bit0 1 = tiled overview
uint32 1 Reserved Must be 0
uint32 1 Number Lines, OVn Lines iffhoverview
uint32 1 Number Pixels, OVn Pixels inthoverview
uintl6 1 Sampling Method, OVn 0 = Subsample
1 = Logical "OR"
2 = Averaging
uintl6 1 Flags bit0 1 = tiled overview
uint32 1 Reserved Must be 0
uint32 1 Start, OV1 Starting byte offset for first
overview
uint32 1 Allocated, OV1 Allocated length of the first
overview
uint32 1 Used, OV1 Used length of the first
overview
jejele]
uint32 1 Start, OVn Starting byte offset for thidn
overview
uint32 1 Allocated, OVn Allocated length of th&hn
overview
uint32 1 Used, OVn Used length of thB'roverview
uint8 AS Padding End of application data packet
REQUIRED must be on 32 bit boundary
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NOTE:

All the lengths and offsets indicated in the format are in bytes.
Offsets are relative to the end of the file header, not the application
packet.

Length of overviews include any application packet.

There is an alternative method of placing overview plaickermation in
the raster image fileT his techniqueis not recommended, but
applications should be prepared to accept data in this forngraphic
representation of this positioning follows:

Block 1
APP I~
Block 2 \ The Application Packet
[~ Pointer (APP) in the file
neon App Packet header is the number of
Block 3 thru "n bytes from the begining of
App Packet the file to the overview
packet.
Raster
Image Start Overview 1 (Start OV!)
Data in the overview packet is
[~ the number of bytes from
™ the end of the header to
|~ the begining of the overview
image data.
Overview Packet /
; | — ——  Tiled overviews
L] | include tile packet
Overview

Alternate Overview Location

In the alternate scheme, other application packetassuemed to start at
the beginning of the third block. These files do nattam color table
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information that extends beyond the second block. T feld in the
header is used to point to the overview application paeketnot to other
application packets.

APPENDIX E: MULTI-IMAGE FILES

Multi-image files are simply the catenation of standarajge files. These
files can be any compliant image format, mixed typeth) @ar without
application packets, etc..

The second block of the raster file header containsaigned longword
called "Catenated File Pointer (CFP)." If this vakiaon-zero, it is the
byte offset of the next image header from the beginafrthe multi-image
file.

The last image in a multi-image file is indicated by pplg@ zero in the
CFP field. Note that this means that a single imégesfreally a multi-
image file with only one image.

Header —

Image #1
CFP

Image #1

Header _\

Image #2
CFP

Vi
Header _\

CFP in the
last image
file is 0000

Image #2

Image #3

Multi Image File
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There is no restriction on placing images in theirfilsequential order.
Indeed images can be inserted in the logical documerddiygathe new
image to the end of the file and changing pointers toéxé image in the
sequence.

Images can be deleted by eliminating all pointers tedhmages that are
no longer required. However, for optimal access, apiesishould
include utilities to re-sort and pack ("garbage-colledt®) multi-image file.

Applications can use the catenated file pointer to builchizernal linked
list of the location of each image in the file. Tdmplication can then seek
directly to the required image.

APPENDIX F: VAX FLOATING POINT FORMAT

Version 1 and some Version 2 files will have floatingnpdata in the
VAX D_FLOATING or in the H_FLOATING formats. Thedermats
were called "REAL*4" and "REAL*8," in VAX FORTRAN. Tl
formats are depicted in the associated diagram.
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11

5 4 76 0
S| EXP | FRACTION | A

b FLOATING FRACTION A+2

FRACTION A+d

FRACTION A+b
5 EXPONENT A

FRACTION A+2

FRACTION A+d

H_FLOATING FRACTION A+6

FRACTION A+8

FRACTION A+10

FRACTION A+12

FRACTION A+14

VAX Floating Point Format

APPENDIX G: RASTER ELEMENT BY REFERENCE

I ntroduction

A number of IGDS-based applications have a need to diaptayplot both
vector and raster data. The current IGDS type 87 and 8&eis do not
include a number of raster formats used today (for exa®dphat color).
Furthermore, they are inefficient in that they reqaind GDS header for
each element, and each element can only be threlestdiang.

This appendix is the definition of a new IGDS elemRaister Element by
Referencethat allows raster data in an external file todderenced from
within an IGDS vector design file.

The external raster file is in the Intergraph RaBtler Format described
elsewhere in this document.
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RASTER TYPES SUPPORTED IN RASTER ELEMENT BY REFERENCE

Raster Data Type Description Reference " Class'

1 bit-packed bi-level bi-level
2 byte per pixel contone
3 word (16 hit) contone
9 run length-encoded bi-level bi-level
10 run length-encoded byte contone
25 run length-encoded RGB RGB
26 run length-encoded variable contong¢ contone
27 compressed RGB RGB

65 (sub-type 24) Tiled Group-4 bi-level

The scanline orientation in the raster data filgnered and the raster data
is assumed to be bottom left origin with vertical $icas in reference to
the IGDS coordinate system.

| | Scanlines
0.0

Raster Scanline Orientation for Plotting

+Y

+X

Y

Refer ence Element Definition

A raster element by reference will be a set of IGIEsSnents of type 90.
The first element of this set will have a comportgpe of zero (0). It will
have the complex bit clear in its header.

The header element can be followed by optional comgsngany. The
only optional components defined are the clip polygon compiband the
color table component. These components are defimagletely in this
appendix.

Ending the complex element, there will be a requirecsdasponent.
The class component contains information specifihefraster data. For
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example a transparent color for RGB data or foregrouddaokground
colors for bi-level class raster.

The raster data type and the class component must agtezrendering
of the raster data will be unpredictable.

The overall structure of the raster element by referes:

Header

! |

|

! Optional Component :
|

! |

Class Component

Raster Element by Reference

Raster Element by Reference Header Format

The Header is an IGDS header; it contains type,,lezeye, index to
attribute linkage, properties, and symbology informatibar more
information about IGDS header elements, consult theecuMicroStation
documentation.

Since a Raster Element by Reference is plot and ndéation independent,
the range of the header element is the cube contadirengphere formed by
rotating the raster about its origin in all possibledions. The range of
the components are the same as the range of the leeaient.

The symbology ( color, weight, and line style) is iggthr
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MSB
15

LSB

0

TYPE =90 fo]o]

LEVEL

#WORDS TO FOLLOW

XLOowW

Y LOW

ZLOW

X HIGH

Y HIGH

Z HIGH

GRAPHIC GROUP

INDEX TO ATTRIBUTE LINKAGE = 95

PROPERTIES INDICATOR

DISPLAY SYMBOLOGY

NUMBER OF WORDS

VERSION =1

COMPONENT =0

FILE SPECIFICATION
33 WORDS

RASTER ID

IMAGE NUMBER

MASTER ORIGIN

WIDTH

HEIGHT

LOGICAL NAME
12 WORDS

DESCRIPTION
21 WORDS

FLAGS (0)

ATTRIBUTE LINKAGE

DP =1, DISPLAY ENABLED

PL =1, PLOT ENABLED

Element Header
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The number of words is an unsigned integer defining thetM@adod length
of the complex element description. It is the sum efiéimgths of all
component elements plus the number of words existirtgeicdmplex
header element after this word.

The version is an unsigned byte number, the first meitseing O (zero),
with the current version being 1 (one). As improvemmevil be made in
the future, the element format is likely to changee Vérsion number is
the mechanism to let the software know how to intgrfite information.
All care will be taken to make any future changes bactwampatible,
but this is not guaranteed.

DATA ITEM DEFINITIONS

Item Type | Description Comments

uint32 Number of words Length of the data followirngstfield
uint8 Component Type 0, for the main Type 90 header
uint8 Version Number Must be one (1)

uint8 * 66 File Specification [66] File specificatipASCII Null terminated string
uintl6 Raster ID Raster Identification

uint32 Image Number For multi-image files

real64 * 3 Master Origin [3] Position of first pixéX, Y, Z2)
real64 Width Width of the raster in UOR's
real64 Height Height of the raster in UOR's
uint8 * 24 Logical Name [24] Application logical name

uint8 * 42 Description [42] Application description

uintl6 Flags Plot and Display enable

The file specification contains the raster file sfieatiion as a null-
terminated string. The raster file can be specifidtiriee distinct methods:
logical name, environment variable, or complete pathen

For example, suppose that two raster files are namefrvaster/mary.rgb
and /usr2/raster/marlene.rgb. Using the logical nambadethe file
specification could consist of "RASTER_FILES:marlené€'rgihere
RASTER_FILES is an environment variable containingt2/raster”. As
an environment variable, the file specification coxdatain just
"WIFES_FILE", where the environment variable "WIFES&_F"' would
contain "/usr2/raster/mary.rgb”, or "/usr2/raster/maxlegb”. Or, the file
specification could contain just "/usr2/raster/mary.rgb".
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The raster ID is a number that provides a shorthandadeif identifying a
raster element. It is used primarily by display applcetifor quickly
referring to the raster.

In multi-image files, the Image Number refers to tlkeedequence number
of the image to be displayed, or plotted. Refer to nmlige files
elsewhere in this document for more information.

The master origin is the point in the design file thatches the first pixel
in the first line in the raster file. Width and heigine the design space
UORSs in the raster/view plane for the raster fileatisions.

Logical name and description are both null terminatedgstifor user
information.

The flags word contains settings for different optiovesiable in the
processing of the raster element. The least sigmnifisi& (bit 0) is the
display flag. If this bit is set, the raster will 8isplayed. The second least
significant bit is the plotting bit. Plotting will plahe referenced raster
only if this bit is set.

Raster Element by Reference Components

Raster class components are used to identify speddienation required
to display or plot the raster information in combioatwith the associated
vector data. For continuous tone and full color imagésansparent color
is identified, and for bi-level images, the color numbespecified for both
the background and foreground. Optional components areefised to
provide a color table and a raster clip polygon.

The class component includes an IGDS element headersian number

and a component number that identifies the component fijpe
following components have been defined:
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COMPONENT TYPES

Component | Component Description
Type
0 Header Component
1 Bi-Level Component
2 Contone Component
3 RGB Class Component
4 Clip Polygon Optional Component
5 Color Table Optional Component
6-255 Reserved

Binary Raster Class Component

The binary, or bi-level class component includes tG8Rolor values for
both the foreground and the background pixels in the imAdat in the
flags item indicates that the RGB colors in the corepbmre either direct
color intensities, or indices into the color tabldere the exact RGB
components can be found. In addition,. two bits irflfgeitem indicate
the transparency of the foreground and background pixels.
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MSB
15

LSB

0

TYPE = 90 |1| 0| LEVEL

#WORDS TO FOLLOW = 22

X LOW

Y LOW

ZLOW

X HIGH

Y HIGH

Z HIGH

GRAPHIC GROUP

INDEX TO ATTRIBUTE LINKAGE =8

PROPERTIES INDICATOR

DISPLAY SYMBOLOGY

VERSION =1

COMPTYPE=1

0 (RESERVED) BT

FT

FT = 1, If FG Color is transparent

BT =1, If BG Color is transparent
Cl =1, If FG and BG Colors are indicies

Bi-Level Component Structure
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Continuous Tone Raster Class Component
For continuous tone raster, a single digital value

igd tsedentify a single

transparent color. The least significant bit inftags item is used to
indicate that the transparency is enabled. The ramgaits in the flag

item are reserved and must be zero.

MSB
15

LSB

o| TYPE=90 [1]o] LEVEL

#WORDS TO FOLLOW = 20

— X LOW

Y LOW

ZLOW

X HIGH

Y HIGH

Z HIGH

GRAPHIC GROUP

INDEX TO ATTRIBUTE LINKAGE =7

PROPERTIES INDICATOR

DISPLAY SYMBOLOGY

VERSION =1 COMP TYPE =2

TRANSPARENT COLOR

0 (RESERVED)

TE

TE =1, If transparency is enabled

Continuous Tone Component Structure
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RGB Raster Class Component

A specific RGB triplet can be identified if a transpdrewior is identified
for the RGB Raster. The LSB in the flags item isdu indicate that
transparency is enabled for the raster component.

MSB LSB
15 0
0 TYPE = 90 | 1 | 0 | LEVEL

#WORDS TO FOLLOW = 20

[ X LOW ]

Y LOW

ZLOW

[ X HIGH -

Y HIGH

Z HIGH

GRAPHIC GROUP
INDEX TO ATTRIBUTE LINKAGE =7
PROPERTIES INDICATOR
DISPLAY SYMBOLOGY

VERSION = 1 COMP TYPE =3
0 . RED
U GREEN TTTRWE T TRANSPARENT COLOR
‘
0 (RESERVED) TE

TE =1, If transparency is enabled

RGB Component Structure
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Clip Polygon Optional Component

The optional clip polygon component identifies a polygothédesign
space that is used to clip the raster during plotting andaglisglhis is an
optional component, if it is not present, the ent@ger is displayed or
plotted.

The component contains a list of vertices of the grlyin design file UOR
coordinates. These UORs are relative to the rasigin (lower left corner
of the raster) and are aligned with the raster pldrme range of these
UORS are from O to width-1 and from O to height-1. Tits point of the
polygon is repeated as the last element.

Plotting does not have a multi-point polygon clipping elemen
implemented, and during the plot process, the minimum englosctangle
of the clip polygon will be calculated and used to cliprdster data.

If the Optional Clip Polygon component is not presdrg,iew extents are

used to clip the raster data. If the clip polygon isgmg but reaches
outside the view, the raster data is still clipped tovibw extents.
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MSB LSB
15 0
o| TYPE=90 [1]o] vLEVEL

#WORDS TO FOLLOW

XLOowW

[ Y LOW ]

ZLOwW

RANGE
— X HIGH ]

Y HIGH

Z HIGH

GRAPHIC GROUP
INDEX TO ATTRIBUTE LINKAGE
PROPERTIES INDICATOR
DISPLAY SYMBOLOGY

VERSION =1 COMP TYPE =4
NUMBER OF VERTICES

I X0 J—

Clip Polygon Component Structure
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Color Table Optional Component

The plotting software uses the color table storedarfitet Type 5, Level
4 element to determine the vector color table duringipgpt This color
table will also be used if there is no color tabléhia type 90 element.

The color table consists of a standard IGDS headkaatarting slot
number, followed by a list of RGB color values. Besmof limitations on
the length of an IGDS element, the number of RGBdtgpére limited to
249 in any single color table component. Multiple coddrlé components
can be used to specify color tables longer than 249.eT$&@o limit to the
number of color table components that can be includdukitype 90.

Each color table list of triplets begins with the sfest slot number, and
each succeeding triplet populates the next contiguous slddemum
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MSB

15

LSB

0

TYPE=90 [1]o| LEVEL

#WORDS TO FOLLOW

X LOW

Y LOW

ZLOW

X HIGH

Y HIGH

Z HIGH

GRAPHIC GROUP

INDEX TO ATTRIBUTE LINKAGE

PROPERTIES INDICATOR

DISPLAY SYMBOLOGY

VERSION =1 COMP TYPE =5

NUMBER OF ENTRIES

SLOT NUMBER, FIRST ENTRY

RED INTENSITY, FIRST ENTRY

GREEN INTENSITY, FIRST ENTRY

BLUE INTENSITY, FIRST ENTRY

RED INTENSITY, nTH ENTRY

GREEN INTENSITY, nTH ENTRY

BLUE INTENSITY, nTH ENTRY

Color Table Component Structure
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