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System, Method, Apparatus And Raster Imaging Process For Universal Output
Inventor: William Ho Chang and Ying Liu

5  Field of invention
Present invention relates to pervasive output. More particularly, it relates to system, apparatus,
process, and method where an information apparatus can pervasively output digital document to
different output devices without the need for installing multiple dedicated device dependent
printer drivers,

10
Moreover, present invention provides universal output capability and process as well as provides
a new raster image process and method of output or printing so that an information apparatus
can pervasively output digital document to an output devices even if the Information apparatus
may have relatively smaller processing power, display screen size and memory space.

15

Background
An Information apparatus refers to both stationary computers and mobile computing devices
(pervasive devices). Examples of information apparatus include, without limitation, desktops,
laptops, networked computers, palmtops (hand-held computer), personal digital assistants

20 (PDAs), Internet enabled cellular phones, smart phones, pagers, digital capturing devices (e.g.
digital cameras and video cameras), Internet or information appliances, e-books and digital or

web pads among others. An output device may include fax machines, printers, copiers, image
and/or video display devices (e.g. TV, monitors and projectors), and audio output devices. For
simplicity and convenience, hereafter, we may refer to an output device as a printer and output

25 process as printing. However, it should be understood that the term printer and printing used in
the discussion of present invention may refer to a specific example intended to simplify the
description or may be one preferred embodiment among others. The definition of printer used
here should be easily applied and or extended to the larger scope and definition of output
devices. In no way this should be construed as restricting the scope and practice of present

30 invention.

in conventional output process, an output device (e.g. printer) is connected to information
apparatus via wired connection such as through a cable line. A wireless connection may also be

possible by using, for example, radio communication or infrared communication. Regardless of
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wired or wireless connection, a user must first install in his/her information apparatus a device
driver corresponding to a particular printer model and make. Using a dedicated or specific
device-dependent driver, the user's information apparatus may process output content or digital
document into a printer's input space. Printer's input space corresponds to the type of input that
a printer understands (herein and after referred to as print data). For example, printer's input
space or print data may include printer specific input format (e.g. image, graphics, file, data
format), encoding, page description language (PDL), markup language, instructions, protocols or
data that can be understood or used by a particular printer make and model. The print data
format, protocol or language may be proprietary to a particular printer maker or published or
combination. Printer's input space or print data is, in general, device dependent. Different printer
model may specify its own input, designed or adopted for optimal operation by the printer
manufacturer according to a specification. Consequently, different printers usually require their
own specific printer drivers producing specific print data for accurate printing. A device driver
(printer driver in this example) may process, control, manage, communicate, and output print
data to a printer among other functions. A printer or device driver may be invoked or used by
different application software. Sometimes, instead of using a printer or device driver, the device-

driving feature may be included in an application software or as part of an application software.

Installation of a printer driver or application may be accomplished by, for example, installing
manually using CD or floppy disk supplied by the printer manufacturer. Or alternatively, a user
may be able to download that particular driver or application from a network. For a home or
office user, this installation process may take anywhere from several minutes to several hours
depending on the type of driver and user's sophistication level with computing devices and
networks. Even with plug and play driver installation, it still requires the user to execute multiple-
step process for each printer. Nevertheless, this installation and configuration process is adding
undoubtedly a degree of complexity and work to end-users who may otherwise spend their time
doing other productive or enjoyable work. Moreover, many unsophisticated users may be
discouraged from adding new peripherals (e.g. printers, scanners) to their home computer or
network only to avoid the hassie of installation and configuration. Therefore, there is a need to
provide a method where a user can more conveniently or easily output digital content to an
output device without the inconvenience of finding and installing mulitiple printer drivers in order
to support multiple output devices.

Fueled by the ever-increasing bandwidth, processing power, wireless Internet, and availability of
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mobile software applications for pervasive devices, millions (if not soon billions) of users will be
creating, downloading, and transmitting content and information using their pervasive computing
devices or a mobile information apparatus. With computing paradigm shifting from static to
mobile, users need a method to output mobile content anywhere with their information
apparatus.

To illustrate, a mobile worker at an airport, receiving Email in his hand-held computer (information
apparatus) may want to walk up to a nearby printer or fax machine to have his e-mail printed. In
addition, the mobile worker may also want to print a copy of his to do list, appointment book,
business card, and his flight schedule from his mobile devices. As another example, a user
reading a news article using his/her Internet-enabled pager or mobile phone may want to print out
the complete article instead of reading it from the limited small screen on his pager or mabile
device. Yet in another example, a user with a digital camera, after taking a picture, may want to
easily print the picture out to a nearby printer. Still another example, a user may want to simply
walk up to a printer with a mobile device and conveniently prints his/her PowerPoint, Word
document, PDF, HTML, JPEG etc. stored in his/her mobile device or downloaded from a network
(e.g. Internet, corporate network). It is further desirable if a user can output directly and
conveniently content and information from their pervasive information apparatus, without
depending for example on synchronizing with a static PC for output. Nor should output process
and application be limited to only more powerful computing devices such as desktops and
laptops.

Conventional printing method may pose significantly higher challenge and difficulty for mobile
device users than for home and office users. The requirement for pre-installation of device-
dependent driver is in conflict with the concept of pervasive computing and output. As
mentioned in the above examples, a mobile user may want to print his e-mail, PowerPoint, web
page, or other document at airport, in airplane, gas station, convenient store, kiosk, hotel,
conference room, office, and at home. It is highly unlikely that the user finds at each of these
locations printer of the same make and model. It is usually not a viable option to pre-install
multiple (hundreds if not thousands) printer drivers in the user's information apparatus with
limited memory space and processing power. Alternatively, a user may have to install and
configure a printer driver each time at each of these locations before printing to every new
printer encountered. The user may not want to be bothered with looking for a driver or

downloading and installing it just to print out one page of email at the airport. This is certainly an
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undesirable and discouraging process to promote pervasive or mobile computing. Therefore, it is
desirable if there is a single device driver or application with a process or method that can act as
a "universal driver" or “universal application” that can output to a plurality of output devices even

if the output devices are of different make and model and may require different input print data.

Another challenge for mobile users is that many mobile information apparatus may have limited
memory space, processing capacity, display screen and power supply. These limitations are
more apparent for small and low-cost mobile devices including, for example, PDAs, mobile
phones, screen phones, pagers, e-books, Internet Pads, internet appliances etc. Limited memory
space poses difficulties in installing and running large or complete printer drivers, not to mention
multiple drivers. Furthermore, mobile computing devices with low processing power and memory
space may have difficulty running output application software or dedicated printer drivers
originally designed for more powerful static PCs. Running these applications or drivers may
become too slow for practical use. It is therefore desirable if a single small-sized driver (universal
driver or client application of present invention) can drive and output to multiple output devices. It
is also desirable to have an output application (or driver) that allows any computing device
(information apparatus), including those mobile devices having limited memory, processing
capability, and power, to conveniently output to an output device. There is a need for a new
output application, method and or process with less processing and computational requirements.

Even with more powerful computers such as laptop and desktop, an application or driver that can
output or support plurality of different output devices is of benefit. A user sometimes may not
have a particular dedicated printer driver installed for a variety of reasons. in this case, it is still
desirable for these more powerful computing devices to have a backup driver or application
(universal driver or universal application of present invention) that a user can use to drive or
output to an output device.

As known in prior art, there are two typical output processes and methods. The first output
method relates to a printer containing printer controller such as a PostScript controller. Raster
image process in this first case typically runs in the printer controller. The second output method
relates to lower-cost printer such as inkjet printer. This type of printer may not have a printer
controlier, and therefore, the raster image process typically runs in an application software or
printer driver within an information apparatus.

William H. Cﬂl}lang 4 Docket No.: FLX00P0006
16900 SE 26" Drivet, #94 Express Mail No.: EK692265665US
Vancouver, WA 98683 Deposited January 19, 2001
Page 4 of 54 Lexmark, Exhibit 1011

Lexmark v. Flexiworld



For The first type of printer - a printer containing a printer controller, output process starts with a
printer driver generating a print data such as a page description language -PDL (e.g. PostScript,
PCL etc.). Other types of languages or formats are also possible. To illustrate as an example of
the output process, the page description language (e.g. PostScript) file is sent to a printer (e.g.
5  PostScript printer) equipped with printer controller (PostScript controller in this example) for

output. The printer controller can be externally connected or internally installed within a printer.
The printer controller interprets input page description language, and may rasterize or renders the
input print data (a PDL) into an output image suitable as an input to the printer engine. One
drawback to this approach is that page description languages such as PostScript and PCL were

10 not originally designed for small mobile computing devices in a pervasive paradigm to output to a
variety of output device. Known PDL's such as PostScript, PCL among others may be too
complex and may contain much redundant information that are not practical for optimal
performance for mobile computing devices having limited processing power and memory. The
many drawbacks for this type of output device and process may include one or combination of the

15  following:

First, a printer driver or application in information apparatus generating complex page description
languages may be too big to fit and run in a variety of mobile computing devices having limited
processing power and memory.

20

Second, page description language file size generated (e.g. PostScript and PCL) can itself be
quite large for mobile devices. Page description language such as PostScript and others are
conventionally designed to be device independent. To achieve device independence, the page
description language may contain and preserve much information and descriptions relating to the
25  original digital document, as a result the output PDL may have a larger file and/or data size. This
relatively large amount of information is transmitted from information apparatus to printer. Large
file size may require more bandwidth in the communication link between output device and
printer. It may also require large memory space in the printer or printer controller for buffering of
print data. This higher requirement may increase the cost of output device and/or controller as
30  well as slowing down the output speed.

Third, interpretation of page description language and raster image processing (RIP) can be
complex and may require more powerful processing capability and larger memory in a printer or
printer controller for optimal printing speed. The increased computing requirement may increase
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the cost of printer or printer controller (e.g. PostScript, PCL controller) as processor power,
memory and components requirements are increased.

Fourth, the page description languages, as known in the prior art, may not solve completely the
problem of pervasive universal printing. Developing a driver for a particular page description
language such as a PostScript driver, PCL driver among others may still require customization for
different printers such as configuring device dependent parameters. Therefore, in many
instances, a PostScript driver developed for a specific printer may still not become completely
compatible to drive different PostScript printers of different make, brand or model.

Finally, printer controller, which processes device independent page description languages, may
require installation of multiple fonts. If certain font such as international characters is not
supported in the printer controller the output result generated by the output device may become
inaccurate. Installing multiple fonts may increase the cost of the controller.

The second type of known output process and method relates to lower-cost printer such as inkjet
printer. This type of lower-cost printer may not have a printer controller. Prior art method and
process of output for this type of lower-cost printers is to have a printer driver or application
software performing entire raster image processing operations in the information apparatus for
output. The raster image processing operation converts a digital document into a final rasterized
print data. This final rasterized print data may often be a halftoned image, which can usually be
used as a direct input to the printer engine with little or no further processing required. One
drawback of this approach is that it may require the information apparatus have high processing
power for performing the entire raster image processing operations. For many mobile pervasive
devices, however, there may be limitations in memory or processing capability. These mobile
devices may not be able to generate the final print data in a desired or suitable output speed.
Therefore, there is a need for a new application or device driver and a new output process, which
place less processing, or computation requirement on the information apparatus when compared
to current prior art application, driver, process, and or method.

in present invention, the printer driver or client applications may perform a partial raster image
processing operation. Time-consuming digital halftoning as well as color matching and
correction among others may be partially or completely skipped to generate the print data of
present invention. The output image print data is sent to the output controller of present
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invention for further processing, which may include halftoning and Color correction among

others.

Objects and advantages of the invention
It is therefore an object of present invention to provide a method of raster image process for
pervasive output where processing load can be more balanced between Information apparatus
and output device. Present RIP (raster image process) provide less processing requirement for
information apparatus than prior art techniques.

It is also an object of present invention to provide mobile user with universal output capability. A
user equipped with a driver or client application of present invention can output to different
output devices of different brand, make, model and having different input print data
requirements. Unlike prior art, there is no need to preinstall multiple dedicated printer drivers or
applications for each different device in users' information apparatus. Mobile device users may
benefit with the new output capability. While static desktop users may benefit from the universal
drive capability of present invention as a backup device driver.

It is another object of present invention to provide output capability to small and lower-cost
mobile devices with limited memory space, power supply and processing capability. Present
invention provides a smaller-sized driver or client application and a less computation-intensive
raster imaging process when compared to prior art drivers or application for output to a plurality
of output devices.

Another benefit and object of present invention is that the new output process and raster image
process of present invention provides a lower-cost implementation for output controller and or
printer controller than prior art; and as a result, the output device may also be of lower-cost than
prior art. Prior art implementation of printer controller such as PostScript controller, PCL
controller among others may have higher computation requirements than present invention and
therefore, may require higher component cost such as, memory and processor.

It is still another object of present invention to provide an output method that transmits smaller
sized print data from information apparatus to output device when compared to existing page
description languages such as PostScript and PCL among others. Small-sized print data may
speedup transmission, lower bandwidth requirement and memory requirement.
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Still, it is another object of present invention to send partially or totally rasterized print data to
output device or output controller. The partially or totally rasterized print data of present
invention reduces the workload of output device (or printer controller or output controller) and
therefore lowers its cost. Furthermore, doing rasterization in user's information apparatus
eliminates the need to install various founts in output device or output controller.

It is another object of present invention to provide a convenient method allowing users to output
to an output device with or without connection to a static network. Through local communication
and synchronization between information apparatus and output device, hardware and software
installation for static network connectivity may not be necessary for the output device.

It is finally another object of present invention to provide output capability for mobile devices with
smaller processing capability and memory to output to low-cost printers such as the inkjet
printer. Present invention provides a less computation intensive raster imaging process in the
client application or printer driver when compared to the original dedicated printer driver or
application. Original dedicated printer driver or application may require time-consuming digital

halftoning among others in its raster image processing steps.

Detailed description

Before describing in detail the components and method of the output process of present
invention, it is useful to explain some definitions of the terms that are used in the following
discussion. These definitions are to facilitate discussion, understanding, and illustration of
present invention disclosure. In no way, this should be construed as limiting the scope to a
particular example, class, or category.

1.Printer profile

Printer profile may refer to a software and or data entity, which may encapsulate within itself both
data and atiributes describing an output device and the instructions for operating that data. A
printer profile may reside in different hardware environments or platforms or applications. Printer
profile may be transported in the form of a file, a message, a software object or component
among other forms and techniques.

A printer profile may contain a number of attributes, which may identify and describe, for

William H. Chang 8 Docket No.: FLX00P0006
16900 SE 26™ Driver, #94 Express Mail No.: EK692265665US
Vancouver, WA 98683 Deposited January 19, 2001
Page 8 of 54 Lexmark, Exhibit 1011

Lexmark v. Flexiworld



example, the identity, capabilities, functionalities and or input requirements of a particular output
device such as a printer. By way of example, an information apparatus requesting output service
may communicate (described later) with an output device to obtain at least a partial printer profile
from the output device. By obtaining printer profile, the information apparatus may learn about

5  device dependent parameters, such as capability, compatibility, input requirement, identification,
and service provided by that output device.

As an example, a printer profile may contain one or more of the foliowing fields and or attribute
descriptions. Each of following field may be optional, and furthermore, each of the following field
10 or attribute may or may not exist in a particular implementation (e.g. empty or NULL).

1. The types of input language, format, and or print data supported (e.g. PostScript, PCL, XML,
RTL, etc.) by an output device.

2. Identification of an output device (e.g. brand, model, identification number, registration, 1P
address etc.)

15 3. Services and feature sets provided by an output device (e.g. color or grayscale output, laser
or inkjet, duplex, output quality, price per page, quality of service etc.)

4. Device specific parameters including, for example, information such as color tables,
resolution, halftoning methods, dpi, bit depth, page size, printing speed, number of
independent colors or ink etc.

20 5. Dataand tables needed for image processing such as color table, halftone table, scale factor,
encoding/decoding parameters and methods, compression and decompression parameters

and method etc.
Payment information on a plurality of services provided by the output device.
Information or security requirements and type of authentication an output device supports.

25 Date and version of the printer profile, history of its modification and updates.

© ® N o

Software components. Software components may contain algorithm or instructions, which
may be uploaded to run in an information apparatus (described later in FIG 1). For example,
a graphical user interface (GUI) software component may be uploaded to an information
apparatus. The software component may be incorporated into or launched by a client

30 application residing in an information apparatus to capture user's preferences (e.g. print
quality, page layout, number of copies, number of card per page, etc.). In another example,
software components may include methods, instructions or executables for
compression/decompression, encoding/decoding, color matching or correction,
segmentation, scaling, halftoning, encryption/decryption among others.
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10. A pointer or reference where one or combination of the items listed above may be found. For
example, sometime a more up-to-date or original version of printer profile may be stored in a
network node ( a network node may be any device, servet, or storage location that is
connected to the network) or within the information apparatus where the client application can
obtain. A printer profile may include both information described in the above items 1-9) or

pointer or pointers to such information, or combination.

2. The metafile or output file of present invention

It is important to note that the metafile used and described in present disclosure, although may
include, is not restricted to the metafile term commonly known or defined such as WMF (Windows
Metafile), EMF (Enhanced Metafile), and CGM (Computer Graphics Metafile) etc. For simplicity
of describing present invention, we use the term metafile as defined below.

The term metafile used in present invention refers to the broader definition of an output file or
intermediate print data generated by the client application or printer driver of present invention.
We may also sometime refer to metafile as output file or print data in the following discussion.
The intermediate print data or metafile may be sent from information apparatus to an output
device through wired or wireless transmission. A metafile can be in the form of a page description
language, markup language, graphics format, imaging format, or conventional metafile or
combination among others. The metafile may contain texiual, graphical, and or pictorial content or
combination. Content of metafile may be described in vector, images and special coding such as
those for text and symbol information. A metafile may also contain instructions (e.g. output
preferences) and descriptions (e.g. data layout) among others. Content information describing
the output image in an output file or metafile may be compressed, encrypted or encoded.

An output fite (metafile) of present invention preferably contain rasterized image. Although it may
also contain text and vector graphics information, for best mode of present invention, it is
preferred that vector graphics and text information be rasterized into image data. The rasterized
output image may become device dependent if the rasterization parameters used such as
resolution, scale factor, bit depth, output size and or color space are device dependent.
Alternatively, the rasterized image may be device independent if the rasterization parameters
used are device independent - for example, rasterization parameters (such as scale factor and
output size etc) are predetermined in a standard or set by a specification defined by the designer,
owner or creator of the output file format or metafile. With predetermined and agreed upon
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standards, specification, and parameters describing the output image; different device can
communicate and understand each other. With predefined parameters for an output file or
metafile, the client application of present invention will be able to communicate universally to any
output device that is pre-configured to accept the input metafile with predefined resolution, bit
depth, output size, and color space among others.

Another advantage for the output file or metafile containing rasterized image in present invention
is that both text and graphics are already converted into image data. Therefore, the output device
no longer needs to perform rasterization with the input print data. Furthermore, no additional fonts
may be required in the controller of output device. With less processing requirement, the cost and
complexity of output controller and or printer controfler in an output device may be reduced.

One preferred embodiment of metafile image description or format for present invention is to
describe the output image in a mixed raster content format. This type of format may describe
output content with more than one raster image layers. As an example for three layers - one
layer may encode foreground image information, a second layer may encode background
information, and the third layer may function as an indicator or toggle to whether using foreground
or background information. Another example, one layer may contain luminance information while
another layer may contain chrominance information; a third fayer may contain other type of
information or may not be required. Each layer may be encoded with different resolution and may
use different compression techniques. One advantage of this format is that the image contained
in the output file may produce better compression ratio with a smaller output file size.
Furthermore, for the same output size, more information may be retained and therefore,
producing better image quality.

FIG 1. System and apparatus that can implement the process of present invention

The electronic system of present invention includes information apparatus 100, installed with a
client application 110, and output device 120 containing or connected to output controller 130.
The information apparatus 100 communicates with output device 120 through communication link
140.

Information apparatus 100 is a computing device with processing capabiiity. In a preferred
embodiment, the information apparatus may be a mobile computing device such as palmtop
computer, laptop, PDA, pocket PC, smart phone, screen phone, e-book, Internet pad, internet
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appliances, pager, digital camera among others. Information apparatus may also include static
computing devices such as desktop, workstation, and server among others.

Information apparatus may contain components such as processing unit, memory unit, storage
unit and input/output control unit. The information apparatus may also contain an interface, which
interacts with users. The interface may be implemented in software or hardware or combination.
Examples of such interface include, without limitation, mouse, keyboard, touch-sensitive or non-
touch-sensitive screen, push button, soft key, stylus, speaker, microphone, etc.

The information apparatus of present invention typically contains at least one communication unit,
which may interfaces with other electronic devices such as output device 120. The
communication unit may be implemented with hardware (e.g. silicon chipsets, antenna), software
(e.g. protocol stacks, applications) and or combination. Sometime an information apparatus may
contain more than one communication units in order to support different interfaces, protocols, and
or communication standards with different devices and or network nodes. For example, an
information apparatus may communicate with one output device through Bluetooth interface while
communicate with the second output device through parallel cable interface. The information
apparatus may also be coupled to a wired or wireless network (e.g. the internet or corporate
network) to receive information.

In a preferred embodiment of present invention, the interface 140 between information apparatus
100 and output device 120 is a wireless interface. As an example, the wireless interface may be
a short-range radio interface such as those implemented according to the Bluetooth or IEEE
802.11 standard. However, the interface may be realized by other means of wireless
communication such as radio, infrared, ultrasonic or hydrophonic. The HomeRF Shared Wireless
Access Protocol (SWAP) and standards for cellular communication such as GSM (Global System
for Mobile Telecommunication), D-AMPS (Digital Advanced Mobiie Phone System), PDC (Pacific
Digital Cellular), 1S-95 (International Standard 95) and IMT-2000 (International Mobile
Telecommunication) may constitute alternatives to the Biuetooth standard. Wired line
connections such as serial or paraliel interface, USB interface and fire wire (IEEE 1394) interface
among others are also possible. Connection to local network such as Ethernet and token Ring
network among others may also be implemented in the present invention for local communication
between information apparatus and output device. FIG 2 later illustrates exemplary hardware
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components of communication unit that may be used to implement wireless interface between the
information apparatus and output device of present invention.

The information apparatus of present invention may be a dedicated device (e.g. email terminal,

web terminal, Internet appliance, digital camera, e-book, etc) whose functionalities may be pre-

configured by manufacturers. Alternatively, the information apparatus may allow users to install
additional hardware components and or software application to expand its functionality.

Information apparatus preferably contains client application 110 of present invention to provide
universal output capability. The client application may comprise of software and data that can be
executed by the processing unit of its host information apparatus. The client application may be
implemented as a stand-alone software application or as part of another software application, or
in the form of device driver, which may be invoked, shared and used by a plurality of other
application software. The client application may also have means to invoke other applications
{e.g. document browsing or editing application) to provide certain feature set. The client
application may be variously implemented in an information apparatus and may run on different
operating systems or platforms. As an example, the client application of present invention may
comprise one or more of the following functionalities:

1. Obtaining digital document intended for output. The client application may obtain the
digital document from other applications (e.g. document browsing application, document
creation application, etc.) or it may provide its own capability for user to browse, edit and
or select digital document.

2. Rasterizing input digital document to certain output size and resolution. The client
application may perform the rasterization function according to various rasterization
parameters such as scale factor, output size and resolution. Rasterization parameters
may be obtained from printer profile uploaded from an output device, or stored locally in
the information apparatus, or manually inputted by user. Alternatively, rasterization
parameters may also be obtained by using a set of defaults stored in the information
apparatus, or hard-coded in the client application, or calculated by the client application
after communicating with output device and or user.

3. Generating intermediate metafile or output file containing at least a portion of the
rasterized digital document. This process may further include one or combination of
compression, encoding, encryption and color correction among others. The metafile may
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include, for example, image, instructions, document and or format description, color
profile among others.

4. Transmitting the metafile to an output device through wired or wireless local
communication link 140.

The client application may also optionally comprise one or more of the following functionalities:

1. Communicate with one or more output device to upload printer profile.

2. Communicate directly or indirectly (such as through an operating system or component or
object model, messages, file transfer etc.) with other applications residing in the same
information apparatus to obtain objects, data, and or content needed, or related to the
pervasive output process of present invention (e.g. obtain the digital document for
printing).

3. Directly or indirectly manage and utilize functionalities provided by hardware components
(e.g. communication unit described later in FIG 2) residing in its host information
apparatus.

4. Provide a graphical user interface (GUI) in host information apparatus to interact with
user.

5. Obtain user preferences. User preferences may be obtained, for example, by user
directly input through a GUI and/or using default values. Such defaults may be pre-set or

may be obtained as result of communication and negotiation with the output device.

The above functionalities and process of client application of present invention are described
further in the client application process illustrated later in FIG 6.

Output device 120 is an electronic system capable of outputting digita! content regardless of
whether the output medium is substrate (e.g. paper), display, projection, or voice. A typical
example of output device may be a printer, which outputs digital documents containing text,
graphics, image or combination onto a substrate. An output device may also be a display device
capable of displaying still image or video. Examples of display device include, without limitation,
TVs, monitors, projectors, and screens such as LCD among others. An output device can also be
a device capable of outputting voice. Any device capabile of playing or reading digital content in
voice (e.g. music, speech) or data (e.g. text, document) is also a possible output device for the
present invention. Printer (includes fax machine, copier, etc.) is frequently used as the preferred
output device in present disclosure. However, it should be recognized that the apparatus and
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method disclosed in the present invention applies to other output devices as well.

Conventionally, a printing system usually contains three basic components - raster image
processor (RIP), memory buffer, and marking engine. Raster image processor converts an

5 image into a bitmap suitable for printing, a memory buffer holds the rasterized image ready for
printing, and marking engine transfers colorant to substrate.

Marking engine of a printer may use different technologies to transform a rasterized image to
paper or in other words to transfer colorant to substrate. The different marking or printing

10 technologies may be used in present invention includes both impact and non-impact printing.
Examples of impact printing may include dot matrix, teletype and daisywheel among others. Non-
impact printing technologies may include inkjet, laser, electrostatic, thermal, dye sublimation
among others.

15 A printer engine mentioned in the present invention may include marking engine and memory

buffers. A printer engine may also contain additional circuitry, firmware, software, chips or
chipsets for decoding/encoding, signal conversion and interface among others. Input to a printer
engine is usually a final rasterized print data generated by a raster image processor. Such input
is device dependent and printer specific. The printer engine may take this device dependent

20 input and generate output pages.

Raster image processor (RIP) may be located within an output device or externally implemented
as hardware or software or combination. When located inside an output device, a RIP is usually
contained in a printer controller. A printer controller may, for example, convert or rasterize an

25  input print data in the form of a Page description language (e.g. PostScript, PCL), markup
language (XML) or other special document formats or language into a final format that a printer
engine can understand. For example, a PostScript printer controller may take PostScript (a Page
description language} as input and generate rasterized print data to feed into printer engine. In
this example, a device-dependent printer driver (postscript driver) may be needed in the

30  information apparatus to convert digital document from its original format (HTML, PDF, WORD
etc.) into print data or output file (e.g. in PostScript in the case) that is acceptable to the printer

controller.
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Some output device does not have a printer controller. A typical example is lower-cost inkjet
printer. In this case, image rasterization process usually occurs in the information apparatus that
outputs to such printer. Therefore, a device specific driver or application may need fo reside in
the information apparaius to rasterize and converi the digital document from its original format

5  into afinal print data (e.g. a compressed, halftoned, CMKY with one or more bits per pixel) that
can be understood by a particular printer engine.

Regardless of type or sophistication level, different output device may need information apparatus

to contain different printer driver or output management application in order to generate device-
10  dependent print data. In the universal output process discussed in present invention, however,
client application may output a common rasterized metafile format or data which can be
interpreted and further processed by an output controller contained or connected to an output
device, enabled with present invention. Therefore, a user does not have to install multiple device
driver when output to different output devices. Any output device equipped with the output
controller of present invention (described next) can read and process at least the predefined
raster metafile of present invention and generate the appropriate output or interface to the printer
engine or printer controller.

The output device of present invention may also contain output controller 130 to help manage

communication and negotiation process with information apparatus 100. An output controller is a

dedicated hardware or software or combination of both for at least one output device. Output

is controller may be integrated or instalied inside an output device. Alternatively, the output
controller of present invention may be connected externally to one or more output device 100. An
output controller is also sometimes known as print server or output server.

25
It is important to clarify the difference between output controller and printer controlier. Both
printer controller and output controller are dedicated hardware and or software for the output
device. Printer controller may contain functions such as interpreting input page description
language, raster image processing, queuing and spooling among others. Printer controller may

30  refer to existing prior art controllers. To differentiate, we use the term output controller to indicate
a controller containing the differentiating feature sets, capability, and functionalities described in
the present invention. Output controller may also contain all the features of a printer controller or
a controller known in prior art. In addition to possible prior art features and functionalities, output
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controller contains the new feature sets, functionalities, process, and capabilities disclosed in

present invention.

The output controller of present invention may or may not contain a communication unit (e.g.
Bluetooth). [n the case that it does not contain a communication unit, the output controller may
utilize and/or manage the communication unit residing in the associated output device.
Alternatively, the output controller may contain or provide communication units to an output
device. For example, an output controller containing a wireless communication unit may be
installed inside or connected externally to a legacy printer and provides the output device with
wireless communication capability which it lacks previously.

The output controller of present invention may be variously implemented. (1) The output
controller may be implemented as a circuit board or a card, installed inside an output device and
may comprise software, hardware or both. (2) The output controller may be implemented as an
external box connected (wired or wirelessly) to an output device. Such box may contain its own
user interface. One example of such implementation is a print server connected to an output
device. (3) In another configuration, the functionalities of output controller may be integrated into
an existing printer controller (referred to as “combined controller”) internally or externally
connected to an output device. Under this configuration the functionalities of output controller
and printer controller may share the same resources such as processing unit, memory unit
among others. Exemplary implementations of output controller are illustrated later in FIG 3.

Other possible implementations of output controller may include, for example, a conventional PC,
workstation, output or print server. In this case, the functionalities of output controller may be
implemented using application software installed in a computer (PC, server, or workstation), with
the computer connected (wired or wirelessly) to an output device. Using a PC, server,
workstation, or other computers to implement the feature sets of output controller with application
software is just another possible embodiment of the output controller of present invention, and in
no way depart from the spirit, scope and process of present invention.

Regardless of implementation method, the output controller usually contains hardware, software,
or combination. For example, an output controlier may inciude components using one or more or
combinations of ASIC, DSP, FPGA, firmware, system on a chip, and various communication chip
sets. Output controller may also contain embedded processors with software components or
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embedded application software to implement its feature sets and functionalities.

Qutput controller may contain an embedded operating system. With an operating system, some
or all functionalities and feature sets of the output controller may be provided by application
software managed by the operating system. Moreover, additional application software may be
more easily installed or upgraded to newer versions in order to, for example, provide additional
functionalities or bug fixes.

The output controller of present invention typically contains a memory unit (it may share the
memory unit with, for example, printer coniroller). The memory unit, such as ROM, RAM, flash
memory and disk drive among others, may provide persistent or volatile storage. The memory
unit may store printer profiles, programs, objects, codes, instructions and/or data (collectively
referred to as software component). Part or the entire software component (e.g. printer profile)
may be uploaded to information apparatus during an output process.

Functionalities of output controller of present invention for the purpose of providing pervasive
output capability may include:

1. Means for receiving rasterized metafile from information apparatus.

2. Means for interpreting or decoding the rasterized metafile.

3. Means to further process the metafile:

» For printers that do not have printer controller, the output controller may further
perform image-processing functions such as scaling, color correction, GCR,
image enhancement, and or halftoning among others.

* Alternatively, for output devices equipped with printer controller, the output
controller may convert the input metafile into the type of input (e.g. a PDL such
as PostScript and PCL) the printer controller can understand or requires. The
output controller may then send the generated output to the printer controller
residing in the same output device to perform further processing.

In addition of the above functionalities, the output controller of present invention may further
comprise one or more of the following:

* Means for communicating through wired or wireless connections with information

apparatus.
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* Means for communicating and or managing a communication unit residing in the same
output device. The communication unit may contain hardware and or software to
communicate with information apparatus through wired or wireless links.

* Means for storing a partial or the entire printer profile in a memory component.

* Means for transmitting partially or entirely printer profile to the information apparatus
requesting service. The output controller may transmit the printer object at once or in
multiple sessions.

* Means to respond to service request from an information apparatus (e.g. in a discovery
process) by providing at least partial printer profile.

* Means to broadcast or advertise the services provided by its host output device to
information apparatus that may request such services.

*  Means for implementing payment processing and management functions by, for
example, calculating and processing payments according to the services requested or
rendered to a client (information apparatus).

* Means for implementing job management functionalities such as queuing and spooling
among others.

¢ Means for implementing security or authentication procedures. For example, the output
controller may store in its memory component (or shared memory component) an access
control list, which specifies what device or user may obtain service form its host output
device. Therefore, an authorized information apparatus may gain access after confirming
with the control list.

When output controller is implemented as a firmware, or embedded application, the configuration
and management of the output controller’s functionalities may be optionally accomplished by, for
example using controller management software in a host computer. A host computer may be a
desktop PC, workstation, or server. The host computer may be connected locally or through a
network to the output device or controller. Communication between the host computer and output
controller can be accomplished through wired or wireless communication. The management
application software in the host computer can manage the settings, configurations, and feature
sets of the output controller. Furthermore, host computer’s configuration application may
download and or installed application software, software components and or data to the output
controller for the purpose of upgrading, updating, and or modifying the features and capabilities of
the output controller.
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Referring back to the output device of present invention, it is preferred that an output device of
present invention contains output controller or is being connected to output controller as
previously described. Therefore, functionalities and feature sets provided by output controller is
automatically included in the functionalities of output device of present invention described

5 Herein. The output device, however, may implement or contain other controllers and/or
applications which provide at least partially the features and functionalities of the output controller
of present invention.

Therefore, the output device with universal output capability of present invention may comprise
10 some or all of the following functionalities among others:

Means for receiving rasterized metafile from information apparatus.

Means for interpreting or decoding the rasterized metafile.

Means to further process the metafile to generate final output on substrate or in other
15 medium.

An output device may further comprise optionally one or more of the following functionalities:
¢ Means for communicating through wired or wireless connections with information
apparatus.
20 * Means for storing a partial or the entire printer profile in a memaory component.
* Means for transmitting partially or the entire printer profile to the information apparatus

requesting service. The output device may transmit the printer object at once or in
multiple sessions.
* Means to respond to service request from an information apparatus (e.g. in a discovery
25 process) by providing at least partial printer profile.
¢ Means to broadcast or advertise the services provided by to one or plurality of
information apparatus that may request such services.
* Means for implementing payment processing and management functions by, for
example, calculating and processing payments according to the services requested or
30 rendered to a client (information apparatus).
* Means for implementing job management functionalities such as queuing and spooling
among others.
* Means for implementing security or authentication procedures. For example, the output

device may store in its memory component an access control list, which specifies what
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device or user may obtain service form it. Therefore, an authorized information
apparatus may gain access after confirming with the control list.
» Means to provide output based on final processed print data.

FIG 2 illustrates two exemplary configurations of hardware components of wireless
communication unit.

Referring to FIG 2A, radio adapter 200 may be implemented to enable data/voice transmission
among devices (e.g. information apparatus and output device of present invention) through radio
links. A RF transceiver 214 coupled with antenna 216 is used to receive and transmit radio
frequency signals. The RF transceiver also converts radio signals into/from electronic signals.
The RF transceiver is connected to RF link controlier 210 by an interface 212. The interface may
perform functions such as analog to digital, digital to analog conversion, modulation/demodulation
compression/decompression and other data conversation functions.

RF link controller 210 implements real-time lower layer {e.g. physical layer) protocol processing
that enables the hosts (e.g. information apparatus, output controller, output device, etc.) to
communicate over radio link. Functions performed by the link controller 210 may include, without
limitation, error detection/correction, power control, data packet processing, data
encryption/decryption and other data processing functions.

A variety of radio links may be utilized in present invention. A group of competing technologies
operating in the 2.4 GHz unlicensed frequency band is of particular interest. This group currently
includes Bluetooth, Home radio frequency (Home RF) and implementations based on IEEE
802.11 standard. Each of these technologies has a different set of protocols and they all provide
solutions for wireless local area network (LAN). Interference among these technologies could
limit deployment of these protocols simultaneously. It is anticipated that over the next few years,
new local area wireless technologies may emerge and/or the existing ones may converge.
Nevertheless, all theses existing and future wireless technologies may be implemented in the
present invention without limitation, and therefore, in no way depart from the scope of present
invention.

Among the current available wireless technologies, Bluetooth may require relatively lower power
consumption. Bluetooth has its own protoco! stack and is designed for short range (10 meters),

point-to-multipoint voice and data transfer. It is based on the frequency-hopping version of
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spread spectrum. Seventy-nine hop frequencies are utilized beginning at the lowest frequency of
2402 MHz and each of the 79 hop frequencies is 1 MHz above the next lower frequency.
Bluetooth enabled devices operate in piconets, in which several devices using the same hopping
pattern or sequence are connected in a point-to-multipoint system (piconet). There is one device

5  (master) in each piconet that determines how the bandwidth is allocated to other devices (slaves).
As many as 10 piconets of 8 devices each can operate simultaneously.

Referring to FIG 2B, infrared (IR) adapter(s) 220 may be implemented to enable data
transmission among devices through infrared. The IR adapters may be conveniently implemented
10  in accordance with the Infrared Data Association (IrDA) standards and specifications. In general,
IrDA standard is used to provide wireless connectivity technologies for devices that would
normally use cables for connection. IrDA standard is a point-to-point (vs. point-to-multipoint in
Bluetooth), narrow angle, ad-hoc data transmission standard designed to operate over a distance
of 0 to 1 meter and at speeds up to 4 Mbps.
15
Configuration of infrared adapter may vary depending on the intended rate of data transfer. FIG

2B illustrates one embodiment of infrared adapter. Transceiver 226 receives/emits IR signals and

]

converts IR signals to/from electrical signals. The UART (universal asynchronous
receiver/transmitter) 222 performs the function of serialization/deserialization, converting serial

20  data stream to/from data bytes. The UART is connected to the IR transceiver by

encoder/decoder (ENDEC) 224. This configuration is generally suitable for transferring data at
relatively low rate, for example 115.2kbps or below. Other components (e.g. packet framer,
phase-locked loop) may be needed for higher data transfer rate.

25  FIG 2illustrates exemplary hardware configurations of wireless communication unit. Such
hardware components may be contained in devices (e.g. information apparatus, output controller,
output device, etc.) to support various wireless communications standards. Wired links,
however, such as parallel interface, USB, fire wire interface, and Ethernet and token ring
networks may also be implemented in present invention by using appropriate adapters and

30  configurations.

FIG 3 illustrates various configurations and implementations of output controller of
current invention.
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In the configuration illustrated by FIG 3A, the output coniroller may be installed, for example as
one or more board or card containing both hardware and software, inside output device 120(A).
The output device 120(A) may or may not have printer controller inside. In the case that output
device 120(A) contains a printer controller, the output controller of present invention may co-exist
with the printer controller and other components of the output device. One example of this
implementation is to connect output controller sequentially or serially with the printer controller.

in another implementation as shown by FIG 3B, the functionalities of output controller and printer
controller may be combined into a single controller (herein and after may referred to as
“Combined controller”). The combined controller may be implemented, for example, as one or
more board or card containing both hardware and software, inside output device 120 (B). This
implementation may help to reduce the cost of material when compared to implementing two
separate controllers. As an example, the combined controller may share common processors,
memories, and storages to run the applications and functionalities of the two types of controllers

and therefore, may have lower component cost.

In the third implementation as shown in FIG 3C, the output controller of present invention may be
implemented in a separate box or with an application in a print server. The output controller can
be cascaded or connected externally to output device 120(C). The output device 120(C) may or
may not have a printer controller inside. If the output device does not contain a printer controller
inside, the externally connected output controller may optionally contain the functionalities of
printer controller and therefore, may provide raster image processing such as halftoning, color
correction capabilities among others as additional features. If the output device contains a printer
controller, the external output controller may convert the input metafile into the interface or type of
input require by the printer controller such as a Page description language or a special image or
graphics or document format among others. The communication link between output controller
130(C) and output device 120(C) may be through a wired or wireless link or connection.

The above are exemplary implementations and configurations of output controller of present
invention. Other implementations are also possible. For example, partial functionalities of output
controller may be implemented in an external box while the remaining functionalities may reside
inside an output device as a separate board or integrated with a printer controller. As another
example, the functionalities of output controller may be implemented into a plurality of external

controllers connected to the same output device. As a further example, the same output
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controller may be connected to service a plurality of output devices. Variously implemented
output controllers shall not depart from the spirit and scope of present invention provided that
they all support the same functionalities and feature sets described in the present invention.

FIG 4 illustrates a logic flow of raster imaging process relating to output a digital
document.

Digital document 400 may be obtained and or generated by an application running in information
apparatus 100. For example, a document browsing application may allow user to download and
or open digital documents stored locally or in a network node. As another example, a document
creating or editing application may allow user to create or edit digital documents in his/her
information apparatus.

The client application of present invention may be in the form of a device driver, invoked by
applications residing in the information apparatus to output digital documents or provide output
service. Alternatively, the client application of present invention may be an application that has
many feature sets (such as document viewing, browsing, and or editing etc) including the output
management feature described in current invention. For example, a client application in
information apparatus may itself provide means for user to download, view and or edit digital
document 400 as well as output management functions among others.

Steps 410 to 450 describe the method and logic flow of raster imaging process (RIP) of present
invention. The raster image process of present invention allows an information apparatus such
as a mobile device to pervasively and or universally output a digital document to an output device
equipped with an output confroller of present invention. One advantage of present “Ripping”
process is that it may require less processing on the information apparatus when compared to
prior art methods. Therefore, current disclosed process may enable additional lower-cost mobile
devices with less memory and processing capability to have digital document output capability. In
present invention, client application in information apparatus performs part of the Ripping (e.g.
rasterization). The rest of Ripping requirement (e.g. halftoning) may be completed in output
device. Contrary to prior art methods, where RIPing is completed either in information apparatus
(e.g. in the case of low cost ink jet printer without printer of controller) or output device (e.g. in the
case of high-speed laser printer equipped with printer controller); present invention provides a
more balanced approach. An input digital document 400 in present invention may be processed
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by different components or parts of the overall output system of present invention from the client
application to the output controller before finally sent to printer engine for final output in step 460.

Raster processing (410)

in step 410, raster processing, digital document is rasterized and or scaled according to certain
output size and resolution. A digital document may contain image, text, vector graphics and
descriptive information among others. In rasterization process, text and vector graphics
information may be rasterized or converted into image or bitmap information according to a given
output size and resolution. Image information may be, for example, scaled and or interpolated to
fit the output size and resolution requirements. Rasterization process may require input
parameters such as scale factor, resolution, and or output image size. Such parameters may
device dependent and may vary according to different requirements of output devices. In one
example, the device dependent rasterization parameters may be obtained from a printer profile
stored in information apparatus or from the output device.

In an alternative implementation, rasterization parameters may be pre-determined for example by
a standard, in which case the output digital document 400 is rasterized into a fixed or standard
output size and resolution, and therefore, the output image may become a device independent
{(and may be readable by output controllers or output devices implemented or created with the
knowledge of such a standard or specification). For example, the output page size and number of
pixels per inch may be fixed or standardized for the output image. Both the client application and
output device may be preprogrammed to receive, interpret, and output base on the predefined
standard. For easy update or upgrade, in one exemplary implementation, both client application
and output device may store and read a file or profile containing the standard information and
parameters instead of hard coding these parameters into the programs. Upgrading or updating
standard or defauit parameters can be accomplished by replacing or editing the default or
standard parameter file or profile instead of replacing the software application.

Creating metafile (420)

In step 420, the rasterized digital document in image or bitmap form may be encoded into a
metafile of present invention. The metafile, as described before, may contain image information,
instructions, descriptions, and data such as color profile among others. The output image may
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require further processing including compression, encoding, encryption, smoothing, image
enhancement, segmentation and or color correction among others before storing into metafile.
The image contained in metafile may be encoded in any image format or compression such as
JPEG, BMP, TIFF, JBIG etc. One preferred technique is to use mix raster content (MRC)
description and related compression techniques described earlier as a format for the metafile of
present invention. The advantages of using MRC over other image formats and techniques may

include, for example, smaller file size, better compression ratio and or relatively better image
quality.

Transmit metafile to output device (430)

In step 430, the metafile is transmitted to an output device for further processing and or final
output. The transmission of metafile may be accomplished through wireless or wired
communication links between information apparatus and output device. The transmission of
metafile can be accomplished through one or multiple sessions. The output device may contain
an output controller to assist communication with the information apparatus and processing of the
metafile.

Interpret and decode metafile (440)

After being transmitted to an output device, the metafile is received by the output controller of
present invention and may proceed with interpretation and decoding process in step 440. The
reading and or decoding process may further include parsing, decompression and or decryption
among others if the metafile received require such processing. The output image retrieved and
decoded from metafile may be temporarily stored in a buffer or memory of an output device or
controller for further processing.

Conversion and or processing for printer engine output (450)

In step 450, the decoded image from metafile may require further processing or conversion.
Such processing or conversion may include, for example, scaling, segmentation, interpolation,
color correction, GCR, black generation, color matching, anti-aliasing, image enhancement,
image smoothing and or digital halftoning among others. if an output digital document is
rasterized using MRC technique as described earlier, it may contain segmented foreground and
background information in its image format , which can be used to improve image quality. For
example, different techniques or algorithms in scaling, color correction, color matching, image
enhancement, anti-aliasing and or digital halftoning among others may be applied to different
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segments or different layers of the image information to improve output quaiity. The muitiple
layers may later be combined or mapped into a single layer. These image processing and
conversion operations may be performed by the output controller of present invention.

5 Inadifferent situation, if the output devices contain a conventional printer controller, the printer
controller may perform these image processing operations such as color correction and
halftoning. In this case, the output controller of present invention may simply decode and or
convert a metafile into the type of input format or language required by the printer controller. For
example, a printer controller may require as input a page description language (e.g. PostScript,

10 PCL etc.) or markup language (HTML, XML etc) or any special image or graphics or document
format. In this case, output controiler may parse, decompress and convert the metafile into an
image or bitmap format in an optimal output resolution and size compatible with the output
device. The image or bitmap is then encoded or embedded into the required page description
language (or other language or format required by the printer controller). The newly created or
converted page description language (or other language or format ) is then sent to the printer
controller. After the printer controller receives the appropriate input such as PostScript or XML
etc, the printer controller may further parse, rasterize, scaled, color correct, image enhance and
or halftone among others processing on the image and then generate a final print data suitable
for printer engine output.

Generating final output
Ex In step 460, the print data generated by output controller or printer controller in step 450 is sent to
printer engine of the output device to generate final output. The printer engine may contain
memory buffers and marking engine required to temporally hold the print data as well as
25  generating the final output.

FIG 5 illustrates the system and apparatus of present invention implementing the logic
flow described in FIG 4.
The raster image processing of present invention for universal and pervasive digital document
30  output described in FIG 4, and a system and or apparatus, which may implement such invention,
is comprised of following steps:
1. User initiates output process and indicating or selecting a digital document for output;
2. Client application processes the digital document, generating a metafile or output file
containing at least an image or description of the digital document;
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3. Information apparatus transmits the metafile to output device;
4. Qutput device (or output controller) reads the metafile and further processes the
metafile to generate final output.

User in step 500 may initiate the universal output process of present invention. Typically, a user
may initiate the output process by invoking client application 110 in his/her information apparatus.
The client application may be implemented as a device driver, which can be launched from other
applications (such as from a document browsing, creating, or editing application) to provide
output capability. In the case that the client application is a device driver or helper application,
the client application may communicate with other applications to obtain information such as
digital document for output. This communication can be accomplished, for example, by
messages or facilitated through an operating system or a particular object or component model.
Alternatively, the client application may be implemented as a stand-alone software application or
as part of another software application, which include the pervasive output capability discussed in
present invention. In this case, the client application may provide its own user interface for users

to input or select the digital document he intends to output.

During the output process of present invention, a user may select one or more output devices for
output service. An optional discovery process 520 may be implemented to help user find and
select output devices. During the discovery process, user’s information apparatus may, for
example, search for available output devices, provide user with a list of available output devices,
and or provide means for user to choose one or more output devices to take the output job. FIG
6 later illustrates further an exemplary discovery process of present invention.

The discovery process 520 may be an optional process and therefore, may sometimes be
skipped. For example, a user may skip the discovery process if he/she already knows to which
printer he/she wants to output. In this case, the user may simply connect his/her information
apparatus to that output device by wired connections or directly point to that output device in a
close proximity such as in the case of infrared connectivity. As another example, a user may set
the output device or devices he/she uses frequently as preferred defaults; as a result, the
discovery process may be partially or completely skipped if the default printer is found to be

available.

William H. Chang 28 Docket No.: FLX00P0006
16900 SE 26" Driver, #94 Express Mail No.: EK692265665US
Vancouver, WA 98683 Deposited January 19, 2001

Page 28 of 54 Lexmark, Exhibit 1011
Lexmark v. Flexiworld



10

15

20

25

30

in stage 530, the client application of present invention may interact with output devices, user,
and/or other applications residing in the same information apparatus. Through such interaction,
the client application may, for example, (1) obtain necessary printer profile and/or user
preferences, (2) perform image processing functions such as rasterization, scaling and color
correction, and or (3) convert or encode the rasterized digital document into metafile. The
processing and generation of metafile may reflect in part a relationship to the printer profile and/or
user preferences obtained, if any. FIG 7 later illustrates an exemplary client application process
of present invention. The metafile generated by the client application is then transmitted to the
output controller contained in or connected to the output device selected by user through wired or
wireless locally communication link 140.

In step 540, after the output controller of present invention receives the metafile, there are two
types of processing scenarios. The first processing scenario is for lower-cost output devices,
which do not contain a printer controller (e.g. PostScript, PCL controller). In this case, the output
controller or present invention may perform further processing functions such as parsing,
interpreting, decompressing, decoding, color correction, image enhancement, GCR, black
generation and halftoning among others. The generated print data from the output controller can
often be used as input to printer engine for final output. If necessary, the output controller may
convert the print data into the proper format required to interface and or input to printer engine.

In the second processing scenario, the output device may already contain or is connected to a
printer controller. The printer controiler may require specific input such as a page description
language, markup language, or a special image or graphics format. in this case, the output
controller of present invention may need to generate the proper language or input format to
interface with the printer controller. The output controller may first decode and or read the
metafile, and then convert the metafile into a printer controller’s input (e.g. PDL such as
PostScript or PCL). The converted metafiles is then send to printer coniroller for further
processing. The printer controller may perform interpretation, rasterization, color correction,
halftoning, among others. After processing, the printer controller may process, convert or
generate the final print data for printer engine input.

The final result of output controller or printer controller processing (referred to as “print data”) may
be sent or interface to printer engine for final output. The print data may be temporarily buffered
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in the output device. FIG 8 later illustrates an exemplary implementation of the output device
process.

The steps described in FIG 5 may proceed automatically when a user requests output service.
The user may be provided with options to cancel or abort the output process at each and every
step. Printer is used as a primary output device in this example. It should be recognized,
however, that the above-described process can be similarly applied to other output devices such
as fax machines, digital copiers, display screens, monitors, TVs, voice output devices among
others.

FIG 6 exemplary discovery process of present invention

FIG 6 illustrates an exemplary implementation of a discovery process. As described earlier in
FIG 5, discovery process may be an optional step to help user locate one or more output devices
for an output job. The discovery process, however, may be skipped partially or entirely.
Implementation of discovery process may require compatible hardware and software components
residing in both the information apparatus and the output device.

The discovery process may be comprised of:
1. Information apparatus communicates with output devices to obtain information such
as printer capability, feature sets, service condition, etc.
2. Information apparatus presents such information on each available or compatible
output devices to user.
3. The user selects one or more devices for output service from the available or
compatible output devices.

Various protocols and or standards may be used during discovery process. Wireless
communication protocols are preferred. Wired communication, on the other hand, may also be
implemented. Examples of applicable protocols or standards may include, without limitation,
Bluetooth, HAVi, Jini, Salutation, Service Location Protocol, and Universal Plug-and-play among
others. Other proprietary protocals or combination may also be implemented in the discovery
process. However, these different protocols, standards, or combination shall not depart from the
spirit and scope of present invention.
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It is preferred that an application (referred here for simplicity of discussion as “communication
manager”) residing in the information apparatus helps communicate with output device, manage
service requests and discovery process. The communication manager may be a part of or a
feature of the client application of present invention. Alternatively or in combination,

5  communication manager may also be a separate application. When communication manager is a
separate application, the client application of present invention may have the ability to
communicate, manage or access functionalities of the communication manager.

The discovery process may be initiated manually by user or automatically by communication
10  manager when user requests output service with information apparatus.

in the optional step 600, a user may specify searching and or matching criteria. For example, a
user may indicate to search for color printers and or printers that provide free service. User may
manually specify such criteria each time for the discovery process. Alternatively or in

15  combination, a user may set default preferences that can be applied to a plurality of discovery
processes. Sometimes, however, no searching criteria are required - the information apparatus
may simply search for all available output devices that can provide output service.

In step 601, information apparatus searches for available output devices. The searching process
20  may be implemented by, for example, an information apparatus multicasting or broadcasting or
advertising its service requests and waiting for available output devices to respond. Alternatively

or in combination, an information apparatus may “listen to” service broadcast from a plurality of

output devices and then identify the one(s) it needs. It is also possible that a plurality of output
devices of the same network (e.g. LAN) register their services with a control point. A control point

25 isa computing system (e.g. a server) that maintains records on all setvice devices within the
same network. An information apparatus may contact the control point and search or query for
the services it needs.

In state 602, if no available device is found, the communication manager may provide user with
30  alternatives 604. Such alternatives may include, for example, aborting the discovery process, to
try again, to temporarily halt the discovery process and or to be notified when available output
device is found. As an example, the discovery process may not detect any available output
device in the current wired/wireless network. The specified searching criteria (if any) is then
saved or registered in the communication manager. When the user enters a new network
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comprising of available output devices, or when new compatible output devices are added to the
current network or when an output device becomes available for any reason, the communication
manager may notify the user of such availability.

5 Instep 6086, if available devices are discovered, the communication manager may obtain some
basic information or partial or the entire printer profile from these devices. Examples of such
information may include, but not limited 1o, device identity, setvice charge, subscription, service
feature, device capability, device feature, operating instructions among others. Such information
may be and sometimes, preferably, provided to the user through the information apparatus’ user

10  interface (e.g. display screen, speaker, etc.).

In step 608, the user may select one or more output devices to take his/her output job. If the user
is not satisfied with any of the available output device, he/she may decline the service. In this
case, the user may choose to try again in step 610 with some changes on searching criteria.

15  Alternatively, the user may choose to terminate the service request.

In step 612, with one or more output devices selected or determined, the communication link

i
u o

between information apparatus and the selected output devices may be “locked”. Other devices
not selected may be dropped. The output process may then proceed to the next stage — client
20  application process as described in step 530 of FIG 5.

FIG 7A illustrates an exemplary client application process of present invention (step 530 in
FIG 5)
A client application process for pervasive output may include the steps of:

25 1. Client application obtains digital document intended for output.

2. Client application obtains output and rasterization parameters such as device dependent
printer profile. The printer profile may be obtained through various means. For example,
the client application may communicate with the output device of present invention to
upload printer profile, or user may select a printer profile stored in his/her information

30 apparatus. The client application may also automatically retrieve a default profile or
calculate the best approximation based on partial or incomplete information it has
obtained from an output device and or user. Alternatively, the client application may use
predefined standard values or default values.
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3. In an optional step, the client application may obtain user preferences through user’s
input (automatic or manual) or selections or preset preference, or by using pre-defined
defaults or combination.

4. The client application rasterizes digital document to certain output size and resolution
according to printer profiles and/or through user preferences obtained from previous
steps.

5. The client application generates an intermediate metafile or output file containing at least
the rasterized digital document.

6. The client application transmits the metafile to output device for further processing and or
final output.

Digital document 700 may be obtained variously. In a preferred embodiment, it is obtained by the
client application from other applications in the same information apparatus. The client
application may be in the form of a device driver or an independent application. As an example, a
user may first view or download or create a digital document by using a document browsing,
viewing and or editing application in his/her information apparatus, and then request output
service by launching the client application of present invention (in step 500 of FIG 5). The client
application may then communicate with the document browsing or editing application to obtain
the digital document. As another example, the client application may launch another application
to help locate the digital document for output. For instance, a user may first launch the client
application of present invention, and then invoke another application (e.g. document editing and
or browsing application) residing in the same information apparatus to view or download digital
document. In this case, the client application may communicate with the document browsing or
editing application to obtain digital document for output.

In another embodiment, the client application itself may provide functionalities or feature sets for
user to select the digital document he/she intends to output. In one example, the client application
of present invention may provide a GUI where a user can directly input or select the reference or
path of a digital document that he/she wants to output.

Obtain device dependent printer parameters
In order to perform raster image processing or rasterization on digital document for output, the
client application of present invention may need to obtain printer profile containing device
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dependent parameters such as rasterization parameters. Client application may obtain printer
profile in various ways.

In one example implementation, the client application may communicate with the selected output
device to upload printer profiles stored in memory or storage components of the output device or
output controlfer. In some instance, the uploaded printer profile may contain only pointers to the
device parameters (instead of device parameters themselves) that are stored, for example, in a
network node or in the information apparatus itself. In this case, the client application of present
invention may have the capability to fetch the device parameters (e.g. stored in a network node or
in an information apparatus) based on the pointers provided in the uploaded printer profile. It is
important to note that step 710 may be optional - a partial or the entire printer profile or related
information may have been already obtained by the client application during the prior optional
discovery process (step 510 in FIG 5). In this case, step 710 may be partially or entirely skipped.

A plurality of information apparatus may request to obtain printer profile from the same output
device at the same time or at least during overlapping periods. The output device or the output
controller of present invention, therefore, may have means to manage multiple communication
links and provide printer profile concurrently or in alternating means to a plurality of information
apparatus. Alternatively, an output device may provide means to queue the requests from
different information apparatus and serve them on a sequential fashion according to a scheme
such as first come first serve or quality of service among others. Multi-user communication and
service management capability with or without queuing or spooling functions may be
implemented by many means including, for example, the output controiler of present invention as
an optional feature sets.

In another example implementation, a plurality of printer profiles may be stored locally in user’'s
information apparatus. The client application may provide a GUl where user can select a profile
from a list of profiles. As an example, the GUI may provide the user with a list of output device
names (e.g. makes and models}), each corresponding to a unique printer profile stored locally.
When user selects the one that matches the output device he/she intends to output to, the client
application may retrieve the printer profile corresponding to the name selected by user.

In another example implementation, during discovery or communication process described
earlier, the client application may have already obtained the output device ID, name, or reference
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or other information in a variety of ways. In this case, the client application may automatically
activate or retrieve a printer profile stored in information apparatus based on the output device ID,

name, or reference obtained without user intervention.

5  Still, in yet another example implementation, the client application may use a set of pre-defined
default values stored locally in user’s information apparatus. Typically, such defaults are stored
in a plurality of files or tables. The client application may access a file or table to obtain these
default values. The client application may also create, or calculate certain default values based
on the information it has obtained during previous steps (e.g. in optional discovery process,

10  based on partial or incomplete printer profile information obtained, etc). A user may or may not
have opportunity to change or overwrite some or all defaults. Finally, if no device dependent
information is available or can be obtained, the client application may use standard output and
rasterization parameters or use pre-defined default parameters.

15  Obtain user preference (optional)
In step 720, the client application of present invention may obtain user preferences.
The client application may obtain such preferences by, for example, using a GUI. In one
instance, the client application may provide a universal, device independent GUI to user

regardless of what output device he/she has selected. Through such an interface, the user may
FE 20  specify some device-independent parameters such as page range, number of cards per page,

number of copies, etc. Alternatively or in combination, the client application may also incorporate

s _ output device-dependent features and preferences into the GU! provided to user. In one
example, the device-dependent portion of the GUI may be supported partially or entirely by
information contained in the printer profile obtained through the means described in previous

25  step. Toillustrate, examples of device dependent features and capabilities may include print
quality, color or grayscale, duplex or single sided, output page size among others.

It is possible that some or all components, attributes or fields of user preferences have default
values. The client application may have certain defaults such as those hard-coded in software or
30  hardware or pre-configured by user. The client application may access a file to obtain default
values. The client application may also create, or calculate certain default values based on the
information it has or obtained during previous steps (e.g. information contained in printer profiles).

A user may or may not have opportunity to change or overwrite some or all defaults. The client
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application may obtain and use some or all defaults with or without user intervention or
knowledge.

Rasterization

(n step 730, the client application of present invention may perform image processing function
such as rasterization and scaling among others. During rasterization process, text and vector
graphics information may be rasterized or converted into image or bitmap information according
1o a given output size and resolution. Image or bitmap information may be scaled or interpolated
to fit the output size and resolution. The output size and resolution may be obtained from a printer
profile or calculated as described previously or through a default or standard.

Generating metafile

In step 740, the rasterized digital document in raster or bitmap form may be encoded into a
metafile of present invention by the client application. The metafile may contain image
information, instructions, descriptions, and data such as color profile among others. Creating and
generating metafile may further include sub-steps such as compression, encoding, encryption,
smoothing, segmentation, scaling and or color correction, among others. The image contained in
metafile may be variously encoded and implemented with different image formats and or with
different compression methods such as JPEG, BMP, TIFF, JBIG etc or combination. One
preferred technigue is to generate or encode the image in the metafile by mix raster content
(MRC) description discussed earlier in present invention. MRC may permit application of
compression techniques with better compression ratio and opportunities to improve image or
output quality.

Transmitting metafile to output device

In step 750, the client application transmits metafile to output device through local communication
link 140. As described earlier, the communication link may be implemented by using wired or
wireless technologies and the transmission may be accomplished through one or muttiple
sessions.

It should be recognized that FIG 7 only illustrates one example of the client application process
530 described earlier in FIG 5. Other implementations with additional or less steps are also
possible. As an example, authentication may be necessary when the selected output device
provides service to a restricted group of users or information apparatus. Various authentication
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procedures may be added to step 710 when client application obtains printer profile from output
device or in step 750 when client application transmits metafile to output device. As another
example, payment or deposit process may be necessary when the service of output device is
provided for a fee. Examples of payment or deposit may include cash, credit card, bankcard,
charge cards, smart card, electronic cash, among others. A payment or deposit procedure may
be added to step 710 or 750 when user requests service from the output device.

FIG 7B illustrates another exemplary client application process of present invention (step
530 in FIG 5)

FIG 7B illustrates a client application output process where an information apparatus can
pervasively and universally output to any output device equipped with the output controller of
present invention. In this process, rasterization parameters such as output size, output resolution
and or scale factors may be predefined by a standard or specification. As such, the client
application may not need to upload printer profiles from output device. Consequently, no two-way
communication between the information apparatus and output device is necessary for this
process - the client application may perform rasterization based on standard parameters and
output a standard metafile describing the output document or page to the output device or output
controlier. The output controller contained or connected to the output device may be
preprogrammed to interpret rasterized image containing those standard parameters and
dimensions such as size and resofution. The standard parameters and output dimensions such
as size and resolution may be hard coded or programmed into client application or output
controller. However, instead of hard coding, one technique that can facilitate update or change of
those standard parameters and dimensions is to store them in a default file or profile. The
standard or predefined parameters contained in the file or profile can be retrieved and used by
the application in information apparatus (client application) and in the output device (e.g. output
controiler) during run-time processing. Updates or upgrades or any required changes to these
predefined or default standard parameters may be accomplished by replacing or modifying the
standard or default file or profile.

A client application process providing universal output capability to information apparatus may
comprise of the following steps:
1. The client application optionally obtaining user preferences through user manually input,
user selecting preferences, and or using pre-defined defaults.

William H. Chang 37 Docket No.: FLX00P0006
16900 SE 26" Driver, #94 Express Mail No.: EK692265665US
Vancouver, WA 98683 Deposited January 19, 2001
Page 37 of 54 Lexmark, Exhibit 1011

Lexmark v. Flexiworld



10

15

20

25

30

2. The client application rasterizing digital document according to pre-defined output size
and resolution.

3. The client application generating an intermediate metafile containing at least the
rasterized digital document.

4. The client application transmitting the metafile to output device for further processing and
final output.

The process illustrated in FIG 7B is similar to the process described in FG 7A except that step
710, obtaining printer profile, is skipped. In this embodiment, the client application may contain a
set of hard-coded or pre-defined priner parameters according to which it performs rasterization,
scaling and/or image processing functions. Users may not need to change this set of
parameters. These hard-coded or pre-defined parameters typically comply with specifications of
a standard such as those defined for the metafile. The predefined standard parameters may
also be stored in a file in the information apparatus and in output controller or output device for
easy update and or upgrade.

FIG 8A illustrates one exemplary digital imaging process performed by an output device of
present invention

FIG 8A illustrates an output process performed by an output device capable of receiving output
requests and or output file or metafile from an information apparatus equipped with client
application of present invention. The output device may contain an output controller of present
invention to assist in processing and managing the output process. This output method, process,
and feature set performed by an output device of present invention may comprise of following
steps:

1. Output device receiving an output file or metafile, containing at least a rasterized image
describing at least a portion of an output digital document;

2. Output device reading the input metafile (the output image in metafile may be in MRC
format or any other image format);

3. Output device performing further processing, such as halftoning among others, on the
rasterized output image.

4. The output device converting and generating print data in the format and description
suitable for input to printer engine.

5. Printer engine generating final output based on the print data.
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The output process of present invention enables an output device to provide setvice to a variety
of information apparatus including mobile computing devices. The information apparatus may
have relatively low processing power and limited memory space compared to conventional
desktop computers. As an example, a low-cost output device such as an inkjet printer may be
equipped with the output controller of present invention to provide output capability, process and
feature set of present invention to a variety of information apparatus, including mobile computing
devices.

Prior to initiating an output process using a specific output device, an optional discovery process
may be involved. During the discovery process, information apparatus requesting output service
may obtain information (e.g. partial or the entire printer profile) and or identity related to an output
device from an output device or its output controller. The printer profile, which may contain
device dependent information about the output device, may be stored in the memory or the
storage unit in the output device.

In step 800, output device process may be initiated by the client application of present invention
transmitting a metafile to an output device. As described above, the metafile may contain at least
an image and may additionally contain description (including language, graphics, and image
formats) of the output digital document. The communication between client application and
output device may be accomplished through wired or wireless links as previously described.

In step 810, the output device reads and or decodes the input metafile, containing at least a
rasterized image needed for output. During this interpretation process, the output device may
parse the metafile and perform functions such as decompression, decoding, and decryption
among others. The output image contained in the metafile may be in a variety of image format
and may be compressed using a variety of compression methods. One preferred example of
image format and compression technigue is to use a mix raster content (MRC) format and its
related compressions. In this preferred case, different layers in an MRC may have different
resolutions and may use different compression techniques. Each layer in an MRC image may be
decompressed, processed, and mapped (which may include scaling, mapping, and/or
interpolation) into a single layer image. To improve image quality and compression ratio of MRC
format, different information such as chrominance and luminance and or foreground and
background information may be compressed and stored with different resolution in different
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layers. The lower resolution layer and information may be mapped or scaled or interpolated to a
higher-resolution output image during this decoding and decompression process in order to
produce a better image quality. In addition of the possibility to provide different scaling ratio and
mapping for different layers, another advantage of using MRC is that segmentation information
contained in MRC can be used to improve image quality as will be described in step 820.

In step 820, the output device may further perform image processing functions on the parsed and
decompressed output image. The further processing may include, for example, color correction,
color matching, image segmentation, image enhancement, anti-aliasing, image smoothing,
scaling, interpolation, and halftoning among others. The image processing 820 may occur
concurrently with step 810 while each row, pixel, or portion of the image is being decoded and or
decompressed. In a different example of implementation, the image processing may occur after
the entire output image or a portion of the image has been decoded or decompressed. One
advantage of present invention is that these image processing functions, which may consume a
lot of processing and computing power, may be performed in an output device (or output
controller) instead of in an information apparatus as in conventional methods. For example, some
of these functions, such as halftoning in particular, my require substantial processing and
computing power. Consequently, the output process in this disclosure may require less
processing burden on information apparatus, and therefore, enabling information apparatus
including mobile devices with relatively lower processing power and memory space to have
output capability.

As described earlier, if the input image contained in the metafile is in MRC format, it may provide
additional opportunities to improve image quality. An image with MRC content may contain
additional information that a single layer image format does not. In MRC, different layers in an
image may contain or provide segmentation information. For example, foreground may be in one
layer, and background in another. As another example, chrominance information may be in one
layer and luminance may be in a different one. This segmented information in MRC may be used
to apply different or selective techniques or algorithms to different layers or segments to improve
or enhance image quality. The different or selective techniques or algorithms applied on different
segment or layer of the image may include, for example, color matching, color correction, black
generation, halftoning, scaling, interpolation, anti-aliasing, smoothing among others. For example,
one can use colorimetric color matching for foreground and perceptual color matching for
background or vice versa. As another example, error diffusion halftoning can be applied to
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foreground and stochastic halftoning can be applied to background layer or vice versa. As yet
another example, bi-cubic interpolation can be applied to one layer and bi-linear or minimum
distance interpolation can be applied to a different layer.

In step 830, the output device may convert the processed and halftoned image into printer engine
input. This step may sometimes be optional, depending on the type, format and input
requirement of a particular printer engine. As an example of possible printer engine input, the
input may be bits or bytes in a compressed or uncompressed CMYK (or any combination of Hi-Fi
color) content sent in a row/column or multiple row/column or in a chunk at a time. Sometime, the
result of step 820 is generated directly into the input format required by printer engine, in which
case no conversion is needed. In other instances, however, further conversion may be required to
satisfy the specific input requirement of a particular printer engine.

It is important to note that the above described processing from step 810 to step 830 may require
one or more memory buffer to temporarily store processed results. The memory buffer may store
or hold a row, a column, a portion, or a chunk, of the output image in any of the steps. Storing
and retrieving information into and from the memory buffer may be done in a sequentially,
alternating, or in an interlaced or interleaved fashion among other possible combinations. The
above processing and conversion from step 810 to step 830 in the output device may be
performed or assisted by an output controller of present invention.

In step 840, the printer engine in output device generates final output based on input print data
generated in step 830 or step 820. For example, the input print data may be in a CMYK; one or
more bits per pixel format satisfying the resolution required by the output device. The printer
engine in the output device may take this input print data information and generate an output
page through its marking engine.

FIG 8B illustrates another exemplary output device process of present invention

Many output devices may contain a printer controller. An example of this type of printer is
PostScript printer or PCL printer among others. A printer controller may require as input a page
description language (e.g. PostScript, PCL etc.) or markup language (HTML., XML etc) or a
special image or graphics format, depending on the type of printer controller. There may be
many ways to provide universal mobile printing capability of present invention to a printer

containing or connected to a printer controller. In one example, the existing printer controller may
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incorporate the feature sets provided by the output controller (collectively referred to as
scombined controller”) described previously in present disclosure. In another example, the output
controller of present invention may also be connected sequentially or cascaded to an existing
printer controller, internally installed or externally connected to the output device. In this case, the
output controller may simply decode and then convert the input metafile into the type of input
required by the printer controller.

The following illustrate a printer controlier and or output controller output process and input and
interfacing requirement. A printer controller may require as input a page description language
(e.g. PostScript, PCL etc.) or markup language (HTML, XML etc) or any special image format.
The output controller of present invention will convert the metafile to the required input such as
PostScript, and then, sent the PostScript file to the printer controller. After the printer controller
receives the appropriate input such as PostScript, it may further parse and process (e.g.
rasterize, scale, color correct, color match, halftone among others) the image into a final print
data suitable for printer engine output. The output method, feature and process performed by an
output device, containing a printer controller, of present invention may be comprised of the

following steps:

1. Output device receiving an output file or metafile, containing at least a rasterized image
describing at least a portion of the outputting digital document,

2. The output device or output controller reading the input metafile (the output image
contained in metafile may be in MRC format or any other image format);

3. The output controller converting at least the rasterized output image from the metafile
into an appropriate format or language (e.g. PDL, XML, graphics and image formats
etc.) compatible to the printer controller’s input.

4. Printer controller receiving the input format or language and further processing the
output information or data (rasterization, scaling, image enhancement, color correction,
halftoning etc.) and generating print data suitable for input to printer engine.

5. Printer engine generating final output based on the received print data.

Prior to initiating an output process using a specific output device, an optional discovery process
may be involved. During the discovery process, information apparatus requesting output service
may obtain information and identity related to an output device from the output device or its

output controller. In another case, the client application may obtain or upload partially or entirely
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printer profile from the output device or its output controller. The printer profile, which may contain
device dependent information about the output device, may be stored in the memory or the

storage unit in the output device or output controller.

5 In step 800, output device process may be initiated by the client application of present invention
transmitting a metafile to an output device. As described above, the metafile may contain at least
an image and may additionally contain description (including language, graphics, and image
formats) of the output digital document. The communication between client application and
output device may be accomplished through wired or wireless links as previously described.

10
In step 810, the output device may read and or decode the input metafile, containing at least a
rasterized image needed for output. During this interpretation process, the output device may
parse the metafile and perform functions such as interpretation, decompression, decoding, and
decryption among others. The output image contained in the metafile may be in a variety of

15  image formats and may be compressed using a variety of compression methods.

One preferred method of image format and compression technique is to use a mix raster content
(MRC) description or format and its related compressions techniques. As described earlier, MRC
format may provide better compression ratio as well as opportunities to improve image quality.
20  The multiple layers in an MRC may have different resolutions and may use different compression
techniques for each layer. With additional segmentation information contained in MRC format,

different image processing methods and techniques such as in color correction, color matching,
image enhancement, black generation, GCR, black generation, anti-aliaéing, halftoning among
others may be apply strategically to different areas, layer or content information of the image.

25  Each layer in an MRC image may be decompressed, processed, and mapped or interpolated
into a single layer image with different scale factors and interpolation techniques. For example,
one can use colorimetric color matching for foreground and perceptual color matching for
background or vice versa. Another example, their diffusion halftoning can be applied to
foreground and stochastic halftoning can be applied to the background layer or vice versa. Yet

30  Another example, bi-cubic interpolation can be applied to one layer and bi-linear or minimum
distance interpolation can be applied to a different layer. Other advantages and processes in step
810 of figure 8B are identical to the step 810 as previously described output process in figure 8A.
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In step 850, the output controller may create an output file or print data suitable or compatible for
input to the printer controller. For example, a printer controlier may require as input a specific
page description language (PDL) such as PostScript. The output controller may then create a
PostScript file and embed the output image generated in step 810. The output controller may also
generate other languages and formats, depending on the requirements of the printer controlier.
And similarly, the output controller will create and embed the output image based on the proper
format or language required by the printer controller.

In step 860, the printer controller may read the input language or format from step 850 and then
perform parsing, interpretation, and decoding. The printer controller may further perform
rasterization, color correction, black generation, GCR, anti-aliasing, scaling, image enhancement,
and halftoning among others to the output image. The printer controlier may then generate a
print data suitable for input to printer engine. The type and or format of print data may vary
according to requirement of that particular printer engine.

it is important to note that the above described processing from step 810 to step 860 may require
one or more memory buffer to store intermediate or temporary processed result. The memory
buffer may store or hold temporarily a row, a column, a portion, or a chunk, of the output image.
Storing into and retrieving from the memory buffer may be done in a sequentially, alternating, or
in an interlaced or interleaved fashion among others possible combinations. The above
processing and conversion from step 810 to step 860 in the output device may be done or be
assisted by an output controller of present invention as previously described.

In step 870, the printer engine in output device generates final output based on print data
received from printer controller in step 860. For example, input print data may be in CMYK with
one or more bits per pixel format satisfying the resolution required by a printer engine. The printer
engine in the output device may take this input print data information and generates an output
page through its marking engine.

The inventors understand that claims are not a necessary component of a provisional patent
application, and therefore have not included claims, the inventors reserve the right to claim,

without limitation, the subject matter contained in present provisional application.
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