WO 2011/099064 PCT/IP2010/000831

Description

Title of Invention: SYSTEM AND METHOD FOR PRINTER
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EMULATION
Technical Field

The present invention relates generally to printers and, more particularly, to
providing accurate print emulation and preview functionality.
Background Art

The use of computing devices to prepare electronic files, such as labels, documents,
data reports, or other formatted output remains prevalent. Prior to outputting an
electronic file or other electronic information to an output device, such as a printer,
users desire to preview how the document will appear as printed. Many prior art
software programs offer a "print preview" feature that displays on a computing device's
display screen a previewed representation of printed output. An example print preview
solution is described in greater detail in Japanese patent publication H06-110626,
entitled PRINTER AND PRINTING SYSTEM USING THE SAME, which is in-
corporated herein by reference in its entirety.
Citation List

Patent Literature
PTL 1: Japanese patent publication HO6-110626
Summary of Invention
Technical Problem

Another need for print preview functionality exists for software developers and pro-
grammers who write applications that use printers or that generate other printed output.
Print preview functionality, however, often cannot represent an actual printing result
accurately. This is often because the computing device can not correctly or accurately
emulate an actual printer environment. For example, a user creates a particular and
previously unknown typeface font on a computing device and uses the font in a
document prepared on the user's word processing software. The printing device
connected to the computing device does not have any record of the font. Accordingly,
when the user selects a print preview option, the computing device displays the font on
the display device. When the user outputs a print job that uses the font to the printer,
however, the printer is unable to generate the font. Thus, the print preview option
provided by the computing device is inaccurate. In order to accurately preview printed
output in the prior art, the user has to physically print the file or other cutput, or needs

to be coupled to a printer, This wastes paper or other valuable printed media, consumes
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time, and/or limits the development environment for the user.

A need for accurate previewing of printed output is particularly high for printed
labels. Printed labels continue to be used in many applications, including for shipping
and mailing, medical specimen vials, grocery and product inventories, or the like. Un-
fortunately, previous solutions, such as described in H06-110626, require a user to
connect a printing device to a computing device, Furthermore, the connected printing
device requires special firmware that expands the printing image in the printer's image
buffer, which is sent back to the computing device for display. This results in wasted
printer memory resource.

Solution to Problem

There remains a desire in the industry for users to preview an accurate representation
of printed matter, without a need to connect a printing device

In one aspect, there is provided a method of emulating a printer on a computing device
provided with printer

firmware and programming code that interfaces with the firmware for a customized printing
operation, the method comprising the steps of:

providing the firmware with the printer and the computing device, wherein the firmware
is operable on each of the computing device and the printer as a function of at least one
respective application programming interface provided with the printer, or provided with the
computing device and the printer;

providing the programming code with the computing device; and

running the programming code on the computing device, wherem the programming code
interfaces with the firmware provided with the computing device and causes the computing
device to emulate the printer running the programming code, thereby accurately representing a
printer output and the functioning of the printer, wherein the computing device and the printer
are not connected to each other.

In another aspect, there is provided a system for emulating a printer on a computing

device that is provided with
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printer firmware and programming code that interfaces with the firmware for a customized
printing operation, the system comprising:

at least one respective application programming interface that is provided with the
printer, or is provided with the computing device and the printer;

the printer firmware that is provided with the printer and the computing device, wherein
the firmware is operable on each of the computing device and the printer as a function of the at
least one respective application pro gramming interface;

the programming code that is provided with the computing device, wherein the
programming code runs on the computing device and interfaces with the firmware provided with
the computing device and causes the computing device to emulate the printer running the’
programming code, thereby accurately representing a printer output and the functioning of the
printer, -wherein the computing device and the printer are not connected to each other.

[0007h] Accordingly, a system and method are provided for accurately emulating a printer on
a computing device that is not connected to the printer. The computing device is
provided with firmware and programming code that interfaces with the firmware for a
customized printing operation. Moreover, the firmware is provided with the printer and
the computing device, and is operable on each of the computing device and the printer
as a function of at least one respective application programming interface. One ap-
plication programming interface may be provided with the printer and another ap-
plication programming interface may be provided with the computing device, or both
the computing device and the printer may be provided with the same appﬁcation pro-
gramming interface.

Advantageous Effects of Invention

[0008]  The programming code is provided with the computing device, and the computing
device runs the programming code. The programming code interfaces with the
firmware provided with the computing device and causes the computing device to
emulate the printer, when the printer runs the programming code. Moreover, the
computing device and the printer are not connected.

[0009]  Other features and advantages of the present invention will become apparent from
the following description of the invention that refers to the accompanying drawings.
Brief Description of Drawings

[0010]  For the purpose of illustrating the invention, there is shown in the drawings a form
which is presently preferred, it being understood, however, that the invention is not
limited to the precise arrangements and instrumentalities shown. The features and ad-
vantages of the present invention will become apparent from the following description
of the invention that refers to the accompanying drawings, in which:

[00111 [fig.1]Fig. 1 illustrates an example hardware arrangement in accordance with an em-
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bodiment, for developing and emulating a printing environment over a communication
network.

[fig.2]Fig. 2 illustrates the functional elements of an example information processor
and/or user workstation shown in Fig. 1.

{fig.3]Fig3 is a block diagram that illustrates software components that are provided
with an information processor, and that is useable for developing and/or using printer
application.

[fig.4]Fig.4 is a block diagram that illustrates software components that are provided
with a printer, and that is useable for developing and/or using printer application.
[fig.5]Fig. 5 illustrates an example display screen that is displayed on information
processor and that represents an example embodiment of an application developer.
[fig.6]Fig. 6 illustrates an example display screen that is usable for uploading or
otherwise integrating a customer's data source for integration in a printing application
in accordance with an embodiment.

[fig.7]Fig. 7 illustrates an example data label layout that integrates the data to be in-
corporated in a label.

[fig.8]Fig. 8 illustrates an example display screen that represents a use of an ap-
plication developer and operable on information processor.

{f1g.9]Fig. 9 illustrates an example display screen that represents a use of an ap-
plication developer and operable on an information processor.

[fig.10]Fig. 10 illustrates the similarity between a physical label and tag printer and a
virtual printer emulator,

[fig. 11]Fig. 11 illustrates an example display of a virtual printer emulator and corre-
sponding previewed label output provided in accordance with preferred embodiments.
[fig.121Fig. 12 illustrates an example display of a virtual printer emulator and corre-
sponding previewed label output provided in accordance with preferred embodiments.
[fig.13]Fig. 13 illustrates an example display of a virtual printer emulator and corre-
sponding previewed label output provided in accordance with preferred embodiments.
[fig.14{Fig, 14 is a block diagram illustrating example components that may be
included in an example embodiment and usable for providing shared firmware.

[fig. 15]Fig. 15 illustrates an additional example hardware arrangement, in accordance
with embodiments,

[fig.16]Fig. 16 illustrates an additional example hardware arrangement, in accordance
with embodiments.

[fig.17]Fig. 17 is a flow chart that shows steps representing a process associated with
receiving an order for a customized label application from a customer and fulfilling the
order.
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Description of Embodiments
Example 1

In a preferred embodiment, a printer is emulated as a function of a shared printer
firmware operable via one or more application programming interfaces ("APIs") and
that enable custom and extended functionality. In a preferred embodiment, an in-
terpreted scripting language, LUA, is used to generate the firmware and to provide
custom printing applications via an integrated development environment. In ac-
cordance with the present application, at least one of a printer’s firmware, one or more
printer's API's and/or printer software applications that are developed and operate on a
printer are provided in an integrated development environment that is operable on a
computing device. Preferably, the integrated environment includes a graphical user
interface that emulates, at least in appearance, a control panel that is provided with the
printer.

Thus, one or more software programs that operate on a printer, such as the printer's
firmware, a software application, and a printer API, are loaded on the computing
device and operate in an integrated environment. The integration of the printer
software with the graphical user interface provides users with accurate print preview
representations of printed output because the same software {e.g., firmware, APl's and/
or application(s)) that operate on the printer operate on the computing device, as well,
Preferably, one or more printer API's are designed such that the application and shared
firmware execute on both the printer itself, and on the computing device (e.g., a
personal computer operating the MICROSOFT WINDOWS operating system), thereby
enabling a frue emulation of the printer. The teachings herein provide a new and non-
obvious printer emulation, at least because injected code functions to access any part of
a developed printer software application and/or the shared firmware via one or more
API's.

Thus, the teachings herein include software that operates effectively on a computing
device in the same way as if it was provided with an actaal, physical printer. Users,
particuiarly developers of software for the respective printers, view an accurate repre-
sentation of the printer’s functionality as well as an accurate preview of printed output
on the user’s display device, even though the display device is provided separately
from the physical printer. In this way, the development environment does not suffer
from the shortcomings described above with regard to prior art print preview func-
tionality.

In an embodiment, a printer application is written in LUA, which is platform in-
dependent language and developed in the C programming language. Computer and

printer interaction with LUA is done through an interface, such as the C APL By using
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the C APL, LUA based operations perform the same way on various platforms,
including a printer platform and a computing (e.g., MICROSOFT WINDOWS)
platform. In order to achieve an accurate printer emulation on a computing device, the
C API should function similarly or the same way on both platforms. On & computing
device, such as a personal computing running the MICROSOFT WINDOWS operating
system, a file system is provided by the operating system. In accordance with the
teachings herein, a file system API is provided for a printing device. Preferably, a file
system APT is used on both platforms (e.g., a computing device and a printing device)
to ensure identical behavior as a software application executes on the respective
platforms. Preferably, both a computing device and printing device are provided with a
LLUA virtual machine (as known in the art) and a C API, such that when a software ap-
plication is loaded on either platform, such as via memory card, USB connected
device, transferred over a network, or the like, the application is recognized by the C
APT and it runs consistently. Accordingly, the application runs the same way on the
computing device as it does on the printing device, thereby eliminating a need to
physically connect the printing device to the computing device to observe the ap-
plication as it runs.

The teachings herein also eliminate the prior art burden of having to physically print
labels or other outpui to observe how printed output will appear. For example, a
proprietor of a chain of fast food restaurants needs fo create respectively formatted
labels for each of a plurality of restaurants in the chain. The proprietor uses the in-
tegrated development platform in accordance with the teachings herein to design and
preview the labels. The proprietor, thereafter, distributes the label design to each of the
restaurants in the chain for generating labels. The labels that are output at each
restaurant are accurately previewed by the proprietor. Even though the proprietor does
not physically access to the printers used at the restaurants, the preview is accurate,
Thus the label production workflow is significantly more efficient than that of the prior
art. Moreover, the integrated environment operating on a computing device does not
require a printer connected to the computing device that transmits image data back to
computing device. Accordingly, the memory resource of printers is conserved.

In a preferred embodiment, an integrated development environment inciudes a
graphical user interface that is operable for designing and/or developing output, such
as labels. Preferably, an integrated development environment, for example, for
designing data labels for a label] and tag printer is provided in combination with a
graphical user interface that provides virtual representation of the printer, such as the
printer’s control panel. The integrated development environment and/or the graphical
user interface that represents the printer preferably include the printer's firmware and

one or more applications that are executed by the printer. Thus, application de-
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velopment tools are provided that operate on a computing device, such as a personal
computer, and that include scripts and/or code libraries that facilitate application de-
velopment of programs that execute on or by a printing device. This provides improved
connectivity capabilities, such as for decentralized and "local” application development
by a plurality of parties. In this way, many programmers can work remotely from a
centralized office and do not have to be located in close proximity to end-users and
customers in order to produce applications that are customized and/or tailored for
specific customer needs. This results in shorter lead-time, which represents the time
when a request from a client is made to the time when a program is deployed and used
by the customer. The systems and methods herein further strengthen relationships with
customers and developers.

Preferably, developers of formatted output, such as printed labels, use the teachings
herein to develop applications for formatted output. The developers are provided with
an accurate virtual or displayed representation of printed output, as well as a virtual
representation of the respective output device, such as the printer, that will produce the
output. For example, a graphical user interface is provided for developers that includes
a representation of the printer control panel (e.g., the LCD and keyboard/keypad) that
is provided with the printer for end-users to print fabels. In this way, developers can
test how a particular printer or other output device will respond for an end-user. For
example, the developer can preview how the printer will behave in response to one or
keys that are selected by an end-user. Further, the developer is provided with an
accurate representation of the liguid crystal display ("LCD") or other display provided
with the printing device, in response to one or more key selections made by an end-
user, Moreover, the developer is provided with an accurate representation of the
physical output that the printer will provide. In this way, the teachings herein simulate
and accurately represent output results from a printing device, as well as printer key
operation and LCD or other display results on the developer's computing device. This
is enabled at least in part by providing firmware that is in the printing device with the
developer's computing device. In this way, the physical output (i.e., printing) en-
vironment is accurately represented without a need to physically couple an output
device or printer to the developer's computing device. Another advantage for de-
velopers is that when developing applications (or injected) functions, debugging is
done on a computer, thereby eliminating or reducing time-consuming downloads and
test prints.

Thus, a plurality of printing solutions are provided by including a printer's firmware
source code with a developer’s computing device to accurately represent the resuit of,
for example, software developed for proprietary printer control and operations,

Referring now to the drawing figures, in which like reference numerals represent like
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elements, Fig. [ illustrates an example hardware arrangement in accordance with an
embodiment for developing and emulating a printing environment over & commu-
nication network, and referred herein, generally, as system 1{}). System 100 preferably
comprises at least one information processor 102, which may be configured to operate
as an Internet web server and database file server and that is programmed and
configured to access communication network 106 and communicate with user
workstation{s) 104. User workstations 104 and information processor(s) 102 may com-
municate via the known communications protocol, Transmission Control Protocol/
Internet Protocol "TCP/IP." In the example shown in Fig. 1, information processor 102
is provided with an integrated development programming environment ("IDE"), such
as to develop applications in the LUA programming language, as known to those
skilled in the art. Information processor 102 is provided with or has access to all
databases necessary to support the teachings herein. Information processor 102 is also
preferably provided with printer firmware that is installed on printer 108. However, it
1s contemplated that information processor 102 and/or user workstation 104 can access
any required database via communication network 106 or any other communication
network to which information processor 102 may be coupled. Communication network
106 1s preferably a global public communication network such as the Internet, but can
also be a wide area network (W AN), local area network {I.LAN), an intranet or other -
network that enables computing devices and peripheral devices to communicate.

In a preferred embodiment, information processor 102 and user workstations 104 are
any computer readable medium devices that are capable of sending and receiving data
across communication network 106, e.g., mainframe computers, mini computess,
personal computers, laptop computers, a personal digital assistants (PDA), cellular
telephones and Internet access devices such as Web TV, In addition, information
processor 102 is preferably equipped with web browser software, such as
MICROSOFT INTERNET EXPLORER, MOZILLA FIREFOX, or the like. In-
formation processor 102 is coupled to communication network 106 using any known
data communication networking technology.

Also shown in Fig. 1 1s printer 108 that is preferably a label and tag printer and
operable to print labels and tags of data received from information processor 102,
Printer 108 may be provided with keyboard and display to enable input and output
functionality with printer 108 in addition to or in the absence of or in conjunction with
information processor 102, A keyboard 110 is preferably provided that is operable to
receive and interpret (i.e., read) signals from a user using printer 108. The keyboard
may be an external keyboard or other input device not directly coupled to printer 108,
Moreover, a display 112 is preferably provided that operates to present a variety of

textual and graphical content on printer 108. The display be an external display (not
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shown) attached to printer 108. Preferably, the display 112 supports a wide selection of
fonts and coding types, for example, for many different written languages.

Fig. 2 illustrates the functional elements of an example information processor 102
and/or user workstation 104, and includes one or more central processing units (CPU)
202 used to execute software code and control the operation of information processor
102. Other elements include read-only memory (ROM) 204, random access memory
(RAM) 206, one or more network interfaces 208 to transmit and receive data to and
from other computing devices across a communication network, storage devices 210
such as a hard disk drive, floppy disk drive, tape drive, CD ROM or DVD for storing
program code databases and application data, one or more input devices 212 such as a
keyboard, mouse, track ball, microphone and the like, and a display 214, Further, one
or more of functional elements 202-214 may be suitably configured or provided with
printer 108, as well.

The various components of information processor 102 and/or workstation 104 need
not be physically contained within the same chassis or even located in a single
location. For example, storage device 210 may be located at a site which is remote
from the remaining elements of information processor 102, and may even be connected
to CPU 202 across communication network 106 via network interface 208. Information
processor 102 and/or user workstation 104 preferably includes a memory equipped
with sufficient storage to provide the necessary databases, forums, and other
community services as well as acting as a web server for communicating hypertext
markup language (HTML), Java applets, Active-X control programs. Information
processor 102 and/or user workstations 104 are arranged with components, for
example, those shown in Fig. 2, suitable for the expected operating environment. The
CPU{s) 202, network interface(s) 208 and memory and storage devices are selected to
ensure that capacities are arranged to accommodate expected demand.

The nature of the invention is such that one skilled in the art of writing computer ex-
ecutable code (l.e., software} can implement the functions described herein using one
or more of a combination of popular computer programming languages, scripting
languages and developing environments including, but not limited to, LUA, C, C4++,
C#, Visual Basic, JAVA, HTML, XML, ACTIVE SERVER PAGES, JAVA server
pages, servlets, MYSQL and PHP.

Although the present application is described by way of example herein and in terms
of a web-based system using web browsers and a web site server (e.g., information
processor 102), system 100 is not limited to such a configuration. It is contemplated
that system 100 is arranged such that printer 108 communicates with and outputs data
received from information processor 102 and/or user workstation 104 using any known

communication method, for example, using a non-Internet browser WINDOWS viewer
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coupled with a local area network protocol such as the Internet Packet Exchange (1PX),
dial-up, third-party, private network or a value added network (VAN).

It is further contemplated that any suitable operating system can be used on in-
formation processor 102, for exampie, DOS, WINDOWS 3.x, WINDOWS 95,
WINDOWS 98, WINDOWS NT, WINDOWS 2000, WINDOWS ME, WINDOWS
CE, WINDOWS POCKET PC, WINDOWS XP, MAC OS, UNIX, LINUX, PALM
0OS, POCKET PC and any other suitable operating system.

In a preferred embodiment, printer 108 applications are developed in the LUA pro-
gramming language. In accordance with a preferred embodiment, a LUA interpreter is
included that is operable to process LUA programming statements provided in the ap-
plications. Unlike typical high-level programming languages, I.LUA is a scripting
language and not a basic programming language. The teachings herein implement
printer APIs that are extensions to the LUA language that interface with the printer
firmware and that are interpreted by the LUA interpreter. This enables more advanced
and complex applications to be developed, such as via function calls, Furthermore, by
implementing APIs that are extensions to the LUA programming language, a portion
of printer 108 functionality can be modified, as opposed to prior art label and tag
printers that require a complete overwrite of their respective firmware applications in
order to implement a single change.

Figs. 3 and 4 are block diagrams that illustrate software components that are
provided with information processor 102 and printer 108, respectively, and that are
useable for developing and/or using printer applications. In Fig. 3, information
processor 102 1s represented in box 102, and inclndes an operating system 302 (e.g.,
MICROSOFT WINDOWS). Application developer 304 includes, for example, an in-
tegrated development environment for developing new or modifying existing prinier
applications, such as developed in the LUA programming language and that are de-
ployable to one or more printers 108 for printing formatted output, such as labels. In-
formatton processor 102 further includes a virtual printer emulator 306 that is operable
10 provide a virtual representation of a printer 108 that executes a printer application
developed, for example, on information processor 102 via application developer 304.
As noted above, the printer's 108 firmware is preferably provided with the information
processor 102 that enables the emulator 306 to accurately represent printed output and
the way that the printer 108 will function while the application is executing. Moreover,
information processor 102 includes an AP and the printer application 310.

In Fig. 4, a printer 108 such as a labe!l and tag printer is represented in box 108, and
includes firmware 312 that is particular to printing device, and not shared with in-
formation processor 102. Also provided with printer 108 is shared firmware 308 that is
particular to printer 108, but operates on information processor 102 as well, and that
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enables printer emulator 306 to be accurate. As noted above, the printer’s 108 firmware
is preferably provided with information processor 102 that enables the emulator 306 to
accurately represent printed output and the way that the printer 108 will function while
the application is executing. Moreover, printer 108 includes the API and printer ap-
plication 310.

In a preferred embodiment, information processor 102 is provided with application
developer 304 and printer emulator 306 that enabie, for example, a software developer
to write a printing application for printer 108. Fig. 5 illustrates an example display
screen 400 that is displayed on information processor 102 and that represents an
example embodiment of application developer 304. In the example shown in Fig. 5, the
application developer 304 is provided as an integrated development environment
("IDE"), and used to develop a label application for outputting a plurality of labels on
printer 108. As shown in Fig. 5, table section 402 provides a list of one or more data
tables that store information to be printed on a label. Options section 404 includes ad-
ditional application development selections, including for data field entry, label layout
options, and data source. In the example shown in Fig. 5, the option "Tables” 406 1s
selected.

Continuing with reference to Fig. 5, label format section 408 includes interactive
graphical screen controls that provide options for designing a label to be output on, for
example, printer 108. In the example shown in Fig. 5, a label is being designed for a
retail company and the respective label is developed for a product, AGAM. Options
are provided for, among other things, font type, lines, boxes, or the like. Data table
section 410 includes a display of a respective table of information that is used for
inclusion in the designed iabel. In a preferred embodiment, data tables or other
formatted sources of information are provided to information processor 102, such as
via FTP, e-mail, physical disk or drive, or the like. In this way, a decentralized source
of label data can be managed, without a need for a label application programmer fo be
physically located nearby to the location where the labels will be eventually printed
and/or used.

Continuing with reference to Fig. 5, code generating section 412 is provided for a
user of infosmation processor 102 to write programming code that is included in a
printing application. In the example shown in Fig. 5, LUA programming statements are
displayed, and used to provide color options to be included in a label. Integrating pro-
gramming code development in a graphical label development platform enables
convenient options for developers to accurately and quickly develop printing ap-
plications. Further, properties section 414 include options for controlling the ap-
pearance and data to appear in printed output, such as a label. In the example shown in

Fig. 5, the word, "Agam”" 1s selected and identified in properties section 414 to be in
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the font type, Sans Bold font, 12 point, at X:Y coordinates 153, 86, and the data for the
label is provided from a table, such as displayed in table section 402.

Thus, and as shown in example display screen 400, an integrated development en-
vironment that represents application developer 304 is usable for developing an ap-
plication for formatted printed output, such as a label.

As noted herein, programmed applications that are usable for printing, such as
custom data labels, were developed in the prior art by parties who had to be situated
physically close to each other. Developers needed access to the end-user's data, as well
as to be physically connected to the end-user’s printing device 108 in order to test the
output and revise the application as necessary. In accordance with the teachings herein,
deveiopers no longer have to be tied physically to an end-user's printer 108, and can
instead develop printing applications remotely that are integrated with the end-user's
data, and that can be tested and evaluated away from the end-user's site, as well.

Fig. 6 illestrates an example display screen 500 that is usable for uploading or
otherwise integrating a customer's data for a printing application. Data package section
502 illustrates example options availabie for application developers, and include
options for formatting, data sources, images, profiles, fonts, other and system options.
Other options may include translation tables for different languages, function key
support (e.g., F1) providing quick access to selectable resources, pre defined settings
and power fail storage, including a repository for accumulated values.

Table section 504 illustrates an example data table that has been imported from an
example client and includes data for product code, product name, manufacturer code,
and color code. Once imported, the data are nsable for a custom printing application,
such as for data labels, and further is usable for the example customer.

Fig. 7 illustrates an example data label layout 600 that prints the data provided, for
example, in the table shown in table section 504 (Fig. 6). As shown in Fig. 7, a barcode
18 provided that incorporates a pluraiity of the data values, such as manufacture code,
color code, and product code. Further, the data label incorporates written words, such
as to represent the same. Further, a custom logo may be included in the label and that
was imported from a client company.

Fig. 8 illustrates an example display screen 700 that represents another use of ap-
plication developer 304 and operable on information processor 102, In the example
shown in Fig. 8, the application developer 304 is used to develop data labels for a food
provider. As shown in table section 410, the data shown are for foods, and include
apple pie, bacon and other foods. Corresponding data are provided for the amount of
time that each of the foods needs to thaw, how long a particular food's shelf life is, or
the like. In labe] format section 408, some of the data in the first row of data are il-
lustrated for apple pie. The respective data fields that have been selected by the
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programmer for inclusion in the label are the name of the food, a "pull” date and time,
a "thaw"” date and time, and a "discard” date and time. As the data labels are printed by
the customer, corresponding information from each of the respective rows of data from
data table section 410 are output in the labels. In the example display screen 700, the
code generating section 412 is not displayed, which further illustrates the flexibility of
application developer 304. Sections 408, 410, 412 or the like of application developer
304 can be displayed or hidden from view, for exampie, simply by selecting one or
more graphical screen controls (e.g., checkboxes, tabs, radio buttons or the like) by the
user.

Fig. 9 illustrates an example display screen 800 that represents another use of ap-
plication developer 304 and operable on information processor 102. In the example
shown in Fig. 9, the application developer 304 is used to develop data labels for a
sports equipment retailer. In the example display screen 800, the user is designing a
data label that includes a plurality of components, including a product image, barcode,
brand description, product description, original sales price and cwrent sales price.
Moreover, the label is preferably formatted in graphically appealing ways, including
with diagonal textual output, respective font types and point sizes, etc. In the example
display screen 800, the data table section 410 and the code generating section 412 are
not displayed. By enabling the user to turn off the display of those sections, the user
can focus his attention on the label's graphic development without the clatter of data
and programming code consuming display screen 800.

As noted above, in addition to application developer 304, software is included that
operates on information processor effectively in the same way as software provided
with an actual, physical printer 108. This enables users to view an accurate repre-
sentation of a printer, as well as an accurate preview of printed output on the user's
display device, even though the display device is located separately from the physical
printer.

Fig. 10 illustrates the similarity between a physical printer 108 and printer emulator
306. On the left side of Fig. 10 is an illustration of printer 108, and that includes
keyboard 110 and dispiay 112, Printer emulator 306, similarly, includes a virtual repre-
sentation of the printer 108, including sections 110 and 112, In a preferred em-
bodiment, all of the controls and displays in printer emulator 306 operate as they do on
printer 108, and do so accurately as a function of shared firmware 308, which is
provided on both printer 108 and emulator 306. Also illustrated in Fig. 10 is an
exarnple application that is provided via application developer 304, and that preferably
includes prompts in display 112 that can be selected via keyboard 110.

Figs. 11-13 illustrate example displays 1002, 1006 and 1008, respectively, of printer

emulator 306 and corresponding previewed label output provided in accordance with
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preferred embodiments. As shown in Figs. 11-13, printer emulator 306 is provided in
the left portion of display screens 1002, 1006 and 1008, and previewed label output
1004 is provided in the right portion. Fach of the display screens 1002, 1006 and 1008
represent a virtual representation of printer 108 outputting labels for different users.
For example, display screen 1002 represents labels generated for a sports equipment
provider. Display screen 1006 represents labels generated for a food provider, and
display screen 1008 represents tabels generated for a retail establishment. Each of the
example display screens 1002, 1006 and 1008 illustrate output that can be provided in
accordance with the teachings herein, including for a plurality of labels (as shown in
display screen 1002), a plurality of label types {as shown in display screen 1006), and
labels for a plurality of products (as shown in display screen 1008). The output
displayed in section 1004 is an accurate representation of the actual output to be
generated by printer 108, at least as a result of the shared firmware that is provided
both on information processor 102 and printer 108.

Fig. 14 is a block diagram 1100 illustrating example components that may be
included in an example embodiment and usable for providing shared firrnware 308. As
shown in Fig. 14, a standard LUA API 1102 and a custom LUA Printer APl 1104 are
provided that interface with the LUA virtual machine ("VM") 1106. In print engine
section 1108, components relating to printer 108 are listed, including the motor
control, sensor control and thermal printhead ("TPH") control. In devices section 1110,
communication interface ("I/F"), keyboard and display are listed. Render engine
section 1112 inciudes a font scaler, fonts wrapper, code pages, images, barcode
wrapper and lines. A barcode library section 114 may further include bitmap fonts and
rendering for respective barcodes. File system section 116 preferably inclodes read
only memory ("ROM"), random access memory ("RAM"), flash drive, and secure
digital ("SD") card wrapper. An SD card file system 1118 may further be provided.
Software library ("C™) 120 is further inciuded, and inciudes custom library
componenis, such as "malloc” and "printf" which may be custom written functions. In
addition, a real-time operating system and hardware are provided in section 1122, Use
of these components are provided as building blocks for firmware that is preferably
provided to information processor 102 and usable for providing accurate print preview
and printer emulation for programmers.

Figs. 15 and 16 illustrate additional example hardware arrangements, in accordance
with embodiments, wherein a printer 108 is provided with an application developed,
for example, by application developer 304. In the example shown in Fig. 15, an ar-
rangement is shown that supports use of a desktop printer 108. In addition to in-
formation processor 102, user workstation 104, communication network 106, printer
108, keyboard 110 and display 112, scale 1204 is shown and useable for transmitting
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information representing the weight of foods or goods to be included in labels
generated by printer 108. Moreover, scanner device 1206 is usable for obtaining in-
formation from an existing barcode and transmiiting the information to printer 108,
Other data input devices include keyboard 1208 and handheld device 1210, which may
be a PDA. Data and software may be provided via information processor 102, which
may store an application 1212 developed via application developer 304, and database
1214, which may store data for a particular business customer. In the example shown
in Fig. 15, the application is operable and usable at a particular site, such as a grocery
store, retailer or other business, and interfaces with devices typicaily located at a
particular site. The printer 108 generates labels via, for example, a LLUA application,
which runs via a LUA interpreter, and which may further interface with a database.

Fig. 16 illustrates a hardware arrangement 1216 that is usable in a print and apply
("P&A") printing environment, such as to provide production line labeling. A
production line 1218 is provided, which may include sensor 1220 for fast and accurate
data transfer and/or recognition.

Fig. 17 is a flow chart that shows steps S100 that represent the process associated
with receiving an order for a customized label application from a customer and
fulfilling the order so that the application is placed into production. At step S102, the
process starts and the customer thereafter formally requests a particular label ap-
plication (step S104). At step S106, the customer's request is formally defined, for
example, by technical personnel capable of describing the customer's request
technically for a programmesr. The request is transmitted to a programmer who uses the
application developer 304 to produce a customized application. At step S108, the
programmer uses the application developer 304, for example, to design label formarts,
create program prompts, associate fields and prompts with data table columns, develop
application and printer setup routines, and/or integrate user predefined functions, such
as LUA scripts. The programmer may use the application developer 304 to develop a
new application or, alternatively, to modify an existing application. Once the ap-
plication is developed, then the application is verified , for example, via printer
emulator 306 (step S110) or with a physical printer 108 (step S112). Thereafter, at siep
5114, a determination is made whether changes to the application are required. If so,
then the process branches back to step S108 and the programmer modifies the ap-
plication. If not, then the process branches to step S116 and the application is
submitted to the customer, such as a file transmutted over communication network 106,
provided in an SI) card, a compact disc, or other media. The customer verifies the ap-
plication, either via printer emulator 306 or on printer 108 (step S118). Thereafter, a
determination is made whether revisions are needed to the application (step S120). If
so, then the process branches back to step S108 and the programmer modifies the ap-
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plication and the process continues from there. If not, then the process branches to step
5122, wherein the customer approves the application, payment may be tendered and
the process ends.

Thus, as shown and described herein, the present application solves problems as-
sociated in the prior art, such as relating to printer emulation and program de-
velopment. By sharing firmware with a printer and a computing device, an accurate
printer emulation is obtained, including to provide an accurate print output preview.
Moreover, the development cyele for printer software applications is significantly
reduced, and engineers and programmers no ionger have to be located physically near
to end-users. A decentralized, advanced, fast and cost-effective solution is provided for
custom failored printing solutions that were previously unavailable in the prior art.
This is provided, at least in part, due to use of a powerful programming and scripting
language, such as LLUA, that is capable of accessing and interfacing with file systems
to provide powerfud printer functions, connectivity functionality and improved font and
code page handling. The result is a shorter total lead-time and more accurate ap-
plication solutions provided initially to customers, which improves and solidifies
customer relations.

Moreover, very complex print configurations are now possible, particularly for
labels, that may include, for example, various colors, logos, database information,
barcodes, and operator sequences for an improved workflow. After customer databases
are accessed or obtained, and customer requests or requirements are defined, a
programmer can use the teachings herein to design a label format that includes the
customer's data and custom graphics, and that can be packaged in an application and
transmitted to the customer quickly. Moreover, the application can be verified for
accuracy, via printer emulator 306.

In one embodiment, customers receive printers that have virtually no predefined
functionality, and are essentially "empty” machines. An end-user accesses and
downloads a printer application over a communication network via the end-user’s
computing device. Thereafter, the printer executes programming instractions that
provide custom functionality.

Although the present inveniion is described and shown in relation to particular em-
bodiments thereof, many other variations and modifications and other uses will
become apparent to those skifled in the art. It is preferred, therefore, that the present

invention be limited not by the specific disclosure herein.
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CLAIMS

I. A method of emulating a printer on a computing device provided with printer
firmware and programming code that interfaces with the firmware for a customized printing
operation, the method comprising the steps of:

providing the firmware with the printer and the computing device, wherein the firmware
is operable on each of the computing device and the printer as a function of at least one
respective application programming interface provided with the printer, or provided with the
computing device and the printer;

providing the programming code with the computing device; and

running the programming code on the computing device, wherein the programming code
interfaces with the firmware provided with the computing device and causes the computing
device to emulate the printer running the programming code, thereby accurately representing a
printer output and the functioning of the printer, wherein the computing device and the printer

are not connected to each other.

2. The method of claim 1, further comprising:

providing the programming code with the printer; and

running the programming code on the printer, wherein the printer running the
programming code is emulated accurately by the computing device when the computing device

runs the programming code.

3. The method of claim 1, wherein the programming code is a label generation

software application.
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4. The method of claim 3, wherein the computing device displays a virtual label
generated by the programming code, wherein the displayed label appears the same as a physical

label printed as a function of the printer running the programming code.

5. The method of claim 3, further comprising providing an integrated development
environment with the computing device, wherein the integrated development environment

configures the computing device for a user to develop the programming code.

6. The method of claim 5, wherein the integrated development environment includes

a label format section that configures the computing device for a user to develop a label format.

7. The method of claim 6, further comprising providing at least one data source of
information for the label, wherein the integrated development environment further configures the
computing device for a user to provide the information in the label when the label is generated

by the printing device,

8. The method of claim 6, further comprising providing a program code editor with
the integrated development environment, wherein the integrated development environment
provided with the program code editor further configures the computing device for a user to

develop the programming code.

9. The method of claim 1, wherein the programming code is written in a scripting

language.

10.  The method of claim 1, further comprising displaying a representation of the

printer when the computing device is caused to emulate the printer,
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11. A system for emulating a printer on a computing device that is provided with
printer firmware and programming code that interfaces with the firmware for a customized
printing operation, the system comprising:

at least one respective application programming interface that is provided with the
printer, or is provided with the computing device and the printer;

the printer firmware that is provided with the printer and the computing device, wherein
the firmware is operable on each of the computing device and the printer as a function of the at
least one respective application programming interface;

the programming code that is provided with the computing device, wherein the
programming code runs on the computing device and interfaces with the firmware provided with
the computing device and causes the computing device to emulate the printer running the
programming code, thereby accurately representing a printer output and the functioning of the

printer, wherein the computing device and the printer are not connected to each other.

12.  The system of claim 11, wherein the programming code is further provided with
the printer, and the printer runs the programming code, and further wherein the printer running
the programming code is emulated accurately by the computing device when the computing

device runs the programming code.

13, The system of claim 11, wherein the programming code is a label generation

software application.

14, The system of claim 13, wherein the computing device displays a virtual label
generated by the programming code, wherein the displayed label appears the same as a physical

label printed as a function of the printer running the programming code.



19

15. The system of claim 13, further comprising an mtegrated development
environment provided with the computing device, wherein the integrated development

environment configures the computing device for a user to develop the programming code.

16.  The system of claiml 5, wherein the integrated development environment includes

a label format section that configures the computing device for a user to develop a label format.

17. The system of claim 16, further comprising at least one data source of information
for the label, wherein the integrated development environment further configures the computing
device for a user to provide the information in the label when the label is generated by the

printing device or by the computing device.

18.  The system of claim 16, further comprising a program code editor with the
integrated development environment, wherein the integrated development environment provided
with the program code editor further configures the computing device for a user to develop the

programming code.

19.  The system of claim 11, wherein the programming code is written in a scripting
language.
20.  The system of claim 11, wherein a representation of the printer is displayed when

the computing device is caused to emulate the printer.



