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1 Executive Summary

The image path of multifunction printefidFPs)remains an area of active innovation driven by market demands to
improve quality, sped and overall cosffficiency.To date customASICs have beeatraditional solutiorfor much

of this processindyut NRE ostsandschedulegisksare getting out of handhile new, more potent processor
solutions are emerging as viable alternatiWgh the trend tdocus on core competeies, differentiation and time

to market there is also an increasing emphasisigorithmand softwarelevelopment over hardware design.

Althougha software programmablgrocessowould beidealto handlethechangng requirementsand enabléower
developmentoss, traditionalprocessorslonOt haviae computehorsepoweto fully replaceASICs formuch of the
image processindg-urthermore, the regular increases in processor performance based on increases in clock
frequency we have learned to enfnd expecbver the last decadgs coming to a halt.

A new emerging generation of media processoappoacing processingrom a different anglevith a focus on
parallelism withefficient, transparent data flow managent supported by higlevel C compilersto delivera new
level of usable performance. Of these new menbagssors, SPIOs Stetrprocessor familyeads the packith an
order of magnitude higher performance than the leading embedded pracessors

SPIOsStream Processor? architecturie built from the ground up for efficieqptarallelismwith thousand®f
operations in flight every clock cyclbridging the performance gap betweaisoftwareprogrammablgrocesss
andhardwiredASICs. Similar to how hardived ASICs can achieve high efficien&PlOarchitectureexploitsdata
locality with explicit compilermanagediata movemerih combimationwith massive parallelispdeliveringan
unprecedented combinationpdrformanceandease of use

With SAOsoltions, MFP manufacturersow havean attractivesoftwarebasedalternativefor thescan, copy and
print imagingpipelinesthat offers lower lifecycle costghancustomASICswhile improving competitivenesis the
next generation odipplicationsNew algaithms and approaches, such as a contone imagegaathe implemented
with significantly less effortwhile the C development environment profoundly simplifessturemanagement
across product lines.
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2 New and Emerging Features

2.1 Scan

MFDOgan scamlocuments to simple file typewith the more capable machines offgrmulti-planeMixed Raster
Content(MRC) encoding High image qualityandexcellentcompression ratio is achieved bgparating text and
other linework/line-art from photos and othelosvly varying image content.

The most commonly usédRC container Acrobat (pdf) allowsalmost arbitrarily complex decompositions,
including all known MRCsThe separation ofext and other content helps with accuracy when performing, OCR
and ®me MRCsill encode hidden plander text codes and position information to enable for text search and
copy/paste features.

Non-text lineart may bebitmap-encoded in a binary selector plaménereas newer technologies synthesize line art
into parametric modelecurves. Such Mixed Content (MC) files include planes consisting of calls to drawing
primitives, allowing for line art objects to be copied into other documents.

Persistent memory for scanned images allows readjusting a scanned document without pfassiealyng. The
user can apply different image corrections or enhancements, and select different encoding/compression over and
over again until the desired result is achieved.

Some vendors offetheseadvanced formatdutatlower speed, but as scanng supplants physical file cabinets for
incidental document filing, the pressure to provide fast delivery of image files will increase.

2.1.1 Scan - Next Generation

While Acrobat is the current container of choice, next generation machines will support théanesoftisets with

the XPS (XML Paper Specification) systelormats will continue to improve the encoding such that they come
closer to the abstractions from which the original images were generated. For example, the ideal encoding for a
PowerPoindocunent would be to synthesize the various image components.

While being able to surmise the generation program for a document might ultimately prove unworkable, extracting
structure based on the positioning of information on a page coupled with interprefatices allows abstractiof
common documents into wedkefined language descriptions like Extensible Markup Language (XML). Universities
and mainstream imaging companies are investing heavily in this area and new formats and applications based on
Document Structure Analys&re on the near horizon.

Persistent image repurposingll be generalized to a universal mechanism for moving content to other application
specific formats and uses. In the past there have been problems with repurposing Haséacothat if a low
resolution encoding is selected aais¢or shorterm rescan) timéhere is no way to go back to the high resolution
original if needed. In the future, image persistence will be long term and at the highest resolution, such that a
document can be rencoded, copied (printed locally), or broadcast (printed remotely), and users can have
text/graphic/photo content extracted (into editing applications), all without compromise in image quality or system
performance.This requires a mech&m for efficiently finding scanned material and for providing high levels of
access security.

2.2 Copy

Current devices strive teliverthe highest quality facsimil€ustomers are sensitive to distortiamshe copy
process andophisticated machines hafesatures to correct problems with the originki.fact, the customer rarely
wants the best facsimile of an original; they want an image that areietsal vision of their originaExamples of
distortions that can be corrected include:

De-skewing of images Ddetection of skew (slightly rotated image) and image rotation to correct.
De-speckle Ddetection and removal of spots caused by dust or other stray dirt.

Hole removal Bdetection and fill of holes (such as punched holes) or tears in the scannectdbcu
Margin enforcement Dremoval of image data within specified borders.

K K K K
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MFDs canalsomerge annotations into the image as it is printed. Typical annotations include page numbers,
document title, company logo, and usage warning mesdd§éss can alsadjust image sizes and composite
images to achieve multiple images onto single image sheets. Predefined operationskioowrelage formatting
techniques such as OsignatureO booklets are built in.

2.21 Copy - Next Generation

Next generation machines will ladle to reprocess previously captured images such that prints done locally or
remotely are at the highest quality deliverable by the specific print technology usedtaygeigrint devices, e.g.
hi-res laser, liquid ink jet, solid inkmages capturetbr copy are later repurposed as encoded files exported for
database storage or downstream workflow processing.

Distributed printing of images captured on one machine requires scanning to some exporafute@py and

other implementations for OremotyingO are gaining popularity. The next step is to draw these into a single
uniform frameworkand tOs reasonable to expect more demand for operation across a heterogeneous collection of
devices.

2.3 Print

Native processing of Print Description Langua@f&i3Ls) for local device printing remains the most common use of
MFDs. Typically, MFDs accept a PDL from an application or driver and prabesg print jobs autonomously.
Thelocal processor in the MFD has primary responsibility for converting the lgregessed description acceptable
to the print engine. The print speed of this local processargely determined by the demands of PDL processing
and the performance of the process@urrently the most popular PDLs are Postscript and PCL, although the
remain a large number of limitgulirpose and even vendspecific formats. This is a much bigger problem for
production printing (sometimes done on higid MFDs) due to the requirement to support all PDLs.

2.3.1 Print — Next Generation

Although Microsoft tikks about coexistence with Adobe, many call XPS printing MicrosoftOs OAcrobat killerO.
Certainly, coexistence will have to be maintained for many years.

Similar to the persistent storage of images captured via scanning, users want to reprint pattgobseapening
applications that might regenerate Postscript. This assures that the reprint is identical to the original print. Users
want to print standard cover pages or forms directly from the MFD User Interface.

Users are looking to print composdecuments and forms from multiple sources without having to invoke
intermediate editing software to build the composite document. For example, the user might configure a standard
reply to requests for sales information that includes a customized ctieerdeandard product brochure and current
price list. Only the letter would be modified for each customer, while the other data (the brochure and price list)
would be kept in local storage. The ensemble would be printed as one print job. This mpelatidn would

primarily be implemented as a customized workflow.

2.4 Fax

Fax remains widespread, particularly in companies and whole countries with weak Internet infrastructure. However,
Fax is clearly used less and less as the mainstream for image camatiompito be replaced by more sophisticated
electronic image distribution, such as simple sttaemail.

2.5 Work Flow

High-end vendors have alreafly or are working toward\ exposinginterfaces to macréevel functions such that
they can be access#alallow for configurable workflows with scripted sequencing and specific user interfaces.
Thesefunctions can be exposed in a variety of ways: from basiehasbd Ul screens and dedicated scripting
languages running on the local controller, to a full Ababe services model.

© Copyright 2007 Stream Processors, Inc 4/15
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This accessibility allows third parties to develop applications for these machines that provide composite features and
functions that are not present on the base macb@epy is an example of a third party application available for
several vendorOs machines implementing distributed capture and printing.

A widely used form of a simple work flow within enterprises &an capture anfile export to some remote
application server. Expense report capture is an exampdistribution of printed faxes

2.5.1 Work Flow — Next Generation

Customers are starting to require ways to custom tailor low level machine operations. One example is the ability to
search for vendespecific control or security information buried in all captured insagi&dditionally, advanced

customers anchtegrators would like tdefine new, multistep image flows based on very srghin primitives.

The model is not new; for decades higiid production systems have used independent and configurable scanning,
OmakeeadyO and printing processes. The new innovation is to bring these functions closer to the end user in terms
of defining the application angroviding physical proximity of the devices used in the workflow.

Standalone scanners feeding dedicated ajpiims on PCs or mainframes have long been used in production
processing of handwritteforms-based information. Usually implemented as special departments or contracted
services, companies have build up proprietary applications for document submiggtarg,dnformation extraction

and database storage steps that constitute the flow of work in processing specific forms. Insurance claims are an
example. Multifunction devices with scan capture are already used in corporate workflows where the MBDs simpl
capture and export files to some remote application server. Time card reportinthar example.

In the past, MFD vendors have tried a number of features to provide automation of certain user interface and/or
application workflows. For example, ntdnes have printed forms with embedded data glyphs on paper to generate
forms that are readable by the same or similarly equipped machines. The glyphs can include instructions for
downstream applications about how to interpret the fetah asmplementa paper Ul for material scanned back

into the machine. A cover form might indicate the numbers of copies or distribution of copies, file names, etc. The
forms might support user level control via manual marking with checkmarks, highlights, circlés jredicate

processing intent.

2.6 Security

Local controller execution, including its file system and network interactions, is protected using the security features
of its embedded operating system. That is, essentially all security is a function ofhgpsrstem integrityOn the

network level, traditional network encryption and authentication mechanisms are used ensure access. With more and
more data being stored in a MFDOs hard drive, keeping information safe is par@ntheteverse, make surath

no sensitive information being recorded.

Some devices implement a walk physical security where you will need to enter a pin code to access the device or
get your printout, which may kelivered in asecure output bin.

2.6.1 Security — Next Generation

New imaging technologies exist that can push some of the security of images directly into the image itself
including:

¥ Buried metadata invisibly encoded into the image but visible to electronic scanners, such as serial
numbers, date codes, digital rights mgaraent codes, source patimestamp, issuaand other unique
markers.
Visible metadata such asatermarks.
Image encryption which requires special access validation to decrypt and view.
Tamper detection can track if a document has been altered.

K K K
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3  Operation concurrency

Much has been made by various vendors of their machines abilities to do more than one thingSztmedew
end machines are limited to only one operation at a time, even if logical concurrency is possible. In the early cases,
this resuled from simple reused hardware components and the use of very simplistic operating systems / control

programs. The common operation concurrency table for MFDs today is shown in the folialéng

Scan Copy Print FAX send FAX receive
Scan NO NO YES NO YES
Copy NO NO NO NO YES
Print YES NO NO YES YES (defer)
FAX send NO NO YES NO NO
FAX receive YES YES YES (defer) NO NO

Table 1. Traditional Operation Concurrency

Notice that by treating most operations as atomic, the true potential concurreaciéssad. In the following
table, composite operations likepyare decomposed #oscan step followed by a print step.

Scan to Decompose Import to FAX receive Print from Export from FAX from
Internal PDL to Internal Internal to Internal Internal Internal Internal
Scan to
Internal NO YES YES YES YES YES YES
Decompose
PDL to YES YES* YES YES YES YES YES
Internal
Import to .
Internal YES YES YES YES YES YES YES
FAX receive . YESif 2
to Internal YES YES YES YES YES YES phone lines
Print from
Internal YES YES YES YES NO YES YES
Export from YES YES YES YES YES YES* YES
Internal
FAX from YESif2 YESif2
Internal YES YES YES phone lines YES YES phone lines

Table 2. Operation Concurrency with Full Multifunction Partitioning

When decomposed to this &y providing concurrency looks almost trivial. Full concurrency requires:

1) A multi-tasking operating system capable of running all controller functions as independent threads.
2) Concurrent image processing paths for scan input and print otpistcouldbe implemented on a single

multi-tasking processor if &t processor were fast enough.
3) Concurrent Fax send and receive functions require separate send and receive phone lines.

© Copyright 2007 Stream Processors, Inc
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4 Emerging trends summary
Reviewing the emerging tren@sprevious section, thiellowing common characteristics can be observed.

4.1 Re-purposing

Current generation machines require the user to consider all possible uses for an imagevadaigitized. Future
devices will capture documents into persistent memory, either manageg @evibe or on a secure file server, at
image qualities that are limited only by the characteristic of the capture device. Users will be able to access and
reprocess captured images maintained in persistent storage for use by other applications.

Repurposg requires high quality encoding to preserve content, but ideally in a more compact representation that
the full resolution pixemap. Repurposed images will be processed to extract as muelevedmeaning as
possible.

4.2 Increasing Configuration Flexibility, Workflows

Major vendors have products wih API exposing some level of internal control. In the simplest form, these are
Oconfigurable user interfacesO allowing quick customization of Ul look and feel. The unequivocal trend is to expose
the baic machine kernel operations, whichtinmn allows valueadded resellers (VARS), third party software

vendors and ultimately engsers to synthesize workflow and integrate customized machine operations. Web

services models seem to be the preferred mdtivagpening up the device to configurable control.

A less visible trend is extrapolated from trends in the commercial scanning industry. Here applicayidesmand
specialized processing to extract content, e.g. recognition of handwritten text, editkey buried metadata, and
photos. Content can in some cases include instruativh®w to interpret form content to implement a paper Ul.
Industry leading scan services companies have developed libraries and system scripting infrastructures to suppor
the generation of custom primitives as part of larger systems for customizing the overall workflow. Given that
essentially all customized scanning applications have over time migrated to multifunctional devidigs|yittisat

that low level imagingustomization will migrate to the MFD as well.

4.3 Network Distribution of Function, and Heterogeneous Device
Interoperability

One clear result deriving from configurable workflow, web service aaeiissievice discoveryand repurposed

documents is the altif to provide services across multiple devices with the same ease as on a single standalone
device. Scanned documents are frequently archived using networked resources. The next step is to draw these into a
single uniform framework, which is possible feach manufacturer at least across its own product line. 1tOs

reasonable to expect marestomerdemand for operation across a heterogeneous collection of devices.

4.4 Reuse of Multifunction Controller Across Product Lines

Customers are asking for more catant look and feel in the user interfaces and seamless interoperability. While a
common platform does not necessarily fulfill this need, it can make the goal easier to achieve and maintain when
properly designed. Certainly there are strong internabnsafor vendors to standardize system components, but a
universal directive to minimize hardware costs has been the primary reason for lack of standardization to date.
Consequently, manufacturers have carefully scaled hardware platforms to meet tmegrexéaneeds of very

specific product points. With this model, software also gets incrementally optimized to make best use of the
hardware at hand. As computer platforms continue to get faster and cheaper, narrow tuning becomes less
compelling, particuldy when the engineering costs associated with tuning are considered. Additionally, vendors

are doing a better job providing scalable yet compatible systems. All of this is leading manufacturers to standardize
on one or several compatible controller aretture and to build modular scalable implementations.

© Copyright 2007 Stream Processors, Inc 7/15
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5 Implementation Alternatives

Image pattprocessingequires thesome of thénighest computational performance found in commercial products

today. In the earliest digital copiers, Application Spediftegrated Circuits (ASICs) were the only technology

capable of providing sufficient performance. ASIC implementation was necessary even when product volumes were
low; the associated costs and design complexities were accepted as the only availabie ameand. As the

somewhat more flexible field programmable gate arrays (FPGASs) gained in density and performance, they were
readily used, frequentfipr prototyping and asompanion deviceextending the life of ASICs.

Now, a current generation of maspecialized Oreconfigurable fabricsO aspire to enter the digital imaging
marketplace. Collectively these look like stylized FPGAs with limited system architectural choices, which is why
these have not yet provémbe efficienfor document imaging. A geration of Omedia processoas@ DSP$as

come and gone without making a significant impact on the document imaging market. Hopes for complete host
based image processing always seem to be just one generation away, but have not yet proven tecebévengheff
cost per unit computation remains much higher than what is achievable through tailored ASIC implementations.

Recently a new generation of programmable platforms has emerged that shows great promise for fulfilling all of the
cost, performance drtimeto-market needs of document imaging. For the most part, these products are coming
from innovative starip companies and transform the legacy of media processors through better architectural
symmetry, and higevel C tools that support greatatgorithm-mapping efficiency.

5.1 Image Processing Algorithms Differentiate Products

To examine the implementation alternatives, it helps to begin by looking at the development cycle. When
implementing image processing paths, there is almost always a prejirsiap not usually present in other digital
design activities\ extensive algorithm prototyping. Imaging algorithms are always prototyped, evaluated and
refined at a relatively high level before being cast into a hardware implementation. Traditlughllgvel
languages such as@¥ were used for prototyping, and in recent times, Matlab/Simidinked as modeling tools.

In the best case, mapping algorithms to a high performance and cost effective implementation aould be
automatic code compilian; yet most implementation styles today fall far short of being automatic. They require
greater or lesser degrees of manual work to completthe extreme case the algorithm is ported to RTL, away
from the C domain, making algorithm updates complek lzard to easily provide for.

One important criterion when examining a higérformance programmable implementation is the ease of which
users can go from algorithms to eaplplications. The best of the current generation of ONew Media ProcessorsO
goesa long way to enable direcompilation support for algorith+to-end-application mappingvithout having to

use proprietary languages outside of the accepted C and C++

5.2 Data Flow Management is Critical

The implementation alternatives must address the issmanaging the flow of image data through the image

processing pipeline. All of the image path abstractions discussed previously in this paper assume an ordered,
controlled flow of image data between processing blocks. In reality however, eachipmpbkssk may require

data in a unique order. Additionally, multiple blocks may share the same source data, but at different relative

delays. Figurd gives a simple example of these data buffering characteristics. In general, data will be written into

a buffer in one orientation, such as scan line order for example, and retrieved in another order such as n*n blocks. In
many cases the same data will be retrieved multiple times, each with a different ordering and with different relative
delays (as showim Figure 9. This requires the data manager to comprehend the number of users, relative
delays/offsets, access order and priority.
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Figure 1. Example of Image Path Logical Data Buffering

The ASIC and FPGA solutions can implem the required buffering model via instantiation of memory blocks, but
this is very inefficient in terms of silicon area and memory bandwidth use. Shared memory architectures are more
efficient, but require customized logic to arbitrate access and majuaye addressing. In the ASIC and FPGA
implementations, the development of generalized and efficient mechanisms for data flow management can also
dominate in terms of the development time.

Some of the Reconfigurable Fabrics have made progress in toysigplify stream dataflow. Most include-on

chip controllers for system memory and support multiple DMA channels between this external memory and fixed
internal buffers. While these architectural features are useful, it still leaves dynamic streammesmas a

manual and very complalevelopment task for the user.

Of the New Media ProcessofStream Processors, InGR]) confronts thadata flow management problem directly.
Its DSP products use a commompi@gramming syntax to both define tt@mpue-intensive kerneland the

associated data contextslled streamsThis syntax exposes the various stream connections and dependencies to
the compiler, which allows for automatic synthesis of the control infrastructeféidiently manage data movemie
between orchip and offchip memoriesThis is a patented programming model thatfoundlysimplifies data
management and provides a deterministic, OemisgfreeO execution. One primary reason to why traditional
embedded processors generally perfoadly on streaming type applications is that cache misses will be frequent
for this type of data and very hard to minimize in these complextinealsystems.

Before attempting to quantify the differences among the various implementation alternativwelé ewamine these
implementation choices in more detail in the next section:

¥ Host PC based processing
¥ ASIC
¥ FPGA and Reconfigurable Fabrics

© Copyright 2007 Stream Processors, Inc 9/15
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¥ DSP, Video and Media Processors

5.3 Host based processing

As the performance of genefalirpose processors has continteeéhcrease, it has now become viable to perform
some or all image path functions on these OhostO processors. The present generatispeethigiultthreaded,
multi-core processors can provide the kind of computational performance needed forriotagsipg. The

problem with genergburpose processors is the cost. These computers are optimized for general computation on a
wide variety of diverse data processing and peripheral management tasks. While they support broad applications,
their cost anghower per unit computation is high relative to more focused solutions. However, systems that are
compelled to use higher cost, higher performance processors to runssingte third party applications, as in the

case of third party RIPs, can get anraXtenefit from the processor by including other image processing functions.

In addition to performance, host based processing excels in development productivity, too. Tools for developing
and testing are well refined and widely available. Applicatioreld@ment for generglurpose processors achieves
very high productivity. Consequently, systems that require high performance for other system requirements can
offer some imaging acceleration at low incremental cost.

5.4 ASICs

Many manufacturers were earlyadopt ASIG and had to buildip designresources from scratch to focus on

digital image processing solutions. Organizations have a tendency to maintain momentum, which is why some
companies continue to develop ASICs, even when the econfimigSIC implementatios are poor. With each
reduction of silicon geometry, however, the overhead in maintaining the skills to practice ASIC design increases;
this is because the contributions of more and more subtle technology characteristics must be considéed.in de
In addition, the NRE costs for smaller geometries grow exponentially, making it harder to motivate the return on
investment.

ASIC and FPGA share a common development methodology that involves the design of hardware at albow level
close to the basistructures masked onto silicon. Although there are certainly tools for encapsulating and
modularizing, the chip designers usually work at a level of abstraction well below where software developers
manage the logic in their progrankr instance, thenmay be functions in an image path that are simply too

complex or programmatic in nature with many degrees of freedom to realistically implements, such as deskewing.

The past 15 years have seen a myriad of design languages and synthesis technologies gonad attempting to
move the level of abstraction up for hardware designers. These can be very effective in expediting designs with
sufficient size/cost/performance margin to accept somewhatstirhal results. However, designs that strive to
makebest use of silicon area at the highest performance typically end up requiring manual design at the lowest
levels of abstraction.

5.4.1 The Mapping Divide

In ASIC and FPGA based designs, an area of conflict arises with the typical algorithm development agipoeach,

this low-level methodology and associated mentality is incompatible with the idea of iterative improvement that is
common in algorithm development. To explain, algorithm designers, using quick software prototyping, reach a
point where they transith an algorithm over to the hardware developers. The hardware designer expects something
that is fully refined and ready for lockirigto-silicon, namely mapping the algorithm into structures to be hardwired

in silicon. Unless the algorithm designers extremely disciplined, there will be cycles of iteration in which the
hardware designer is forced to redo work to adjust for late revisions from the algorithm developer. In many cases,
the algorithm is frozen only because time runs out on the hardwagbpgment, rather than because the algorithm
reaches some ideal state of refinement. In reality, the algorithm developer almost always continues with
improvements after the initial release to the ASIC team. This opens up a Omapping divideO betwseantudibt i

in the chip and what the algorithm developer really wants. As a consequence, late chip revisions and multiple chip
spins end up becoming the common case, driving up the cost of ASIC development

All ASIC developmentelated costs have increasgith advancements in technology. Better design tools and
methodologies have increased design capture productivity over the past 20 years, but these are partially
compensated by greater complexity in backl tasks like timing closure.

© Copyright 2007 Stream Processors, Inc 10/15
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5.4.2 ASIC cost

The realcost for any ASIC is the peromponent cost plus the development cost amortized over total volume. No
matter how much companies may creatively redistribute their accounting of ASIC developménthtaist the

base chip cost look more attractive for aggiprojectthese arg¢he real costs that ultimatelgnpact company
profitability.

Examination of the costs requires a brelakvn that includes all expenses related to manufacturing and packaging of
the silicon, and all expenses associated with the ASV€ldement process

1. Engineeringdthe various onéime expenses to develop and verify an ASIC design.
a. System architecture
b. Algorithm / intellectual property development
c. Design capture
d. Design simulation / verification
e. Design synthesis, timing analysis andstice
f.  Chip layout iteration and optimization
g. Acceptance and manufacturing test development
2. Toolsbthe recurring expenses to license CAE/CAD tools to support the design process.
Mathematical modeling and visualization
Design capture
Design synthesis
Simulaton
Timing analysis
Floor-planning and other physical tools in some cases
3. ASIC suppliers NofRecurring expenses
a. Layout charges
b. Masks
c. Prototype fabrication
4. Percomponent expend2based on supplier cost structures for:
Lot management
Wafer costs
Wafer fabrcation
Dicing and packaging
Testing

ToQo0 TR

PO T®

5.4.3 ASIC Cost Example

We will start with a basic ASIC design example to illustrate ASIC costs. This example will be used as a basis for
comparison of all implementation che&at the end of this section.

A reasonable ésnate for the gate complexitf such sstandardmage path at the 50 page/minute level is about 3
million gateswith acontone path at the same performareguiresaround 5 million gates. If we assume that 3 of
the 5 million gates can be acquired asried IP cores, there would be 2 million gates left over that must be
managed directly by design engineers. Assumiraughproductivity estimateof 130,000 gateengineetyear, we
would need 1ersonyears (PY) of effort to complete a new desigrnt.aAuman resource cost of 20 PY at
$150K/yearthis is$3M dollars. Development time for a design of this size is typically around 18 montinss s
project requires about IfersonyearsO1.5 years = 1ASIC designers. This is in addition to the basis
algorithm/architecture development staff, which is (under) estimated at 3 PY (2 people for 18 months).

Vendor NREs and tools costs must also be considered. Masks, wafers and prototype processing can edsily reach $
million. For this analysis, we will be moconservative angse $500K. The recurring license cost for a teanDof 1

is easily $200K/year. IP core licensing depends on the functions, but we will assurnaecdE00K for all

licensed IP.
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The final assumption is a panit cost for the target AS of $10. Once this cost is fully burdened, this seemingly
low component cost is aally more like $O over the target product life. This difference begs for alternatives that
either lower real cost, or offer more product value at the same cost.

This exkample assumes a relatively clean sheet design, i.e. design new from the start. Most manpfesteness
do not start with a clean sheet, but reuse pieces of previous desigghsmaydramatically reducethe costs of
incrementally improved design$lowever, just as silicon technology moves forward year over year, design
approaches and content change over time as well. Ultimately, old design content needs to be replaced, and
manufacturers cannot get away from paying for new design work. Theswalisswhether or not they can
effectively implement a long term plan that both amortizes effort over many designs while also embodying a
contemporary, competitive architecture.

5.5 FPGAs and Reconfigurable Fabrics

Today, a full range of FPGA densities, penfi@nces and architectures are applicable to digital image processing
attractive for low and medium volume products. The limitation of the FPGA development approach is that it is
primarily a lowlevel, hardwareentric process.

We include the broad cateryoof Oreconfigurable fabricsO with the FPGAs because work in industry and academia
on reconfigurable fabrics is largely based on FPGA platforms. To build specialized parts for the reconfigurable
processing market, fabric manufacturers have carefullyniovied features, such ashigh performance memory
systemand the tendency to need more ALUs than general logic. So far, these appear to offer only incremental
advantage to the digital imaging implementer. In some cases, the wrong choice of busfeizedmoory size and
predefined data flow have actually prevented use of certain parts for document imaging. Even if the architecture
seems to fit, the complexity of mapping implementations usually forces a fall back to manual optirtozation
achieve bestesults. While vendors do offer various tools to assist in application mapping, so far the productivity
gains for realworld implementations appear to be minimal.

The Omapping divideO between algorithm development and hardwareagptigmto FPGAs wel Ultimately, the
only way to address the mapping divide is have only one langhesgsl representation for the algorithms that
compiles efficiently to both the simulation reference and thepeoduct. This is a strong argument for the software
progranmable solutions desbied in the following sections.

5.6 DSP/Video/Media Processors

A number of seemingly promising technologies in the video/media processor and Digital Signal Processor (DSP)
space have fallen short of meeting their promises of very hidbrpemce with softwaréike simplicity.

These DSPs have always been enticing for digital imaging but consistently deliver surprisingly low usable
performance for two dimensional (2D) image processing. Early architectures that focused on 1D processihg show
serious limitations in document imaging capabilities. Even today, after addition of incremental features for 2D
image processing, the leading DSP vendors have a minor presence in document imaging products.

Although there is no single common charactgion that describes the limitations of all tiferent types omedia
processors, one common characteristic was the lack of flexible, uniform, well integrated data streaming mechanisms
necessary to support stélee processing. THéenited supporfrequently appeared to be afterthoughts and not well
integrated into the architectyr@nd less so into the programming moddbwever, these mechanisms are absolutely
central to pipelined imaging implementatior@ommon for DSPs to date has also beentthathieve high

performance, programmers had to resort to asselab@f programming and manually manage caches and data

flows withoutsufficienthigh-level language suppoi@onsequently, the fact that they were inefficient or difficult to
programwas wha crippled the first generation media processors for document imaging use.

Because of the lack of appropriate commerciatioéshelf products, some document imaging companies have
developed proprietary processors optimized for 2D/imaging applicationthdse have not been consistently
successful because of the need for ongoing investment to support an internal architecture.

© Copyright 2007 Stream Processors, Inc 12/15



Multifunction Image Path Design: Current Practice and Future Evolution SI I

I\/\

Compared to the hardwaoentric model discussed above for ASIC or FPGA design, a media processor or DSP
does not necessarily @ easier implementation. Enormous theoretical performance can be achieved in media
processors with asymmetric architectures comprised of multiple processors offering different resources or
algorithmspecific functional units, and multileveled, user mathiguffer memories. Unfortunately, approaching

the theoretical performance requires careful low level planning and can exceed the complexity of pure hardware
design. Designer productivity is relatively low, and requires significant training erstaddall the special cases.

5.7 The New Media Processors

The ideal case is a symmetric architecture with easy to understand parallelism and data flow abgtiestciens

fully transparent and predictabl@oday we are starting to see a new generation of parsessit were designed

from the ground up for fastiataparallel computation on streaming data. These processors are efficiently supported
with high level language compilers. Ttrend toward more softwattgased systems is unstoppable and\iee
MediaProcessors are currently the best hope for cost effective high performance image processing.

A complete review of the new media processor vendors and their respective architectures and associated advantages
is beyond the scope of this paper. Howevegrg gtrong argument can be made for SPI as the leading vendor in

this arenahat brings a stream processing approach to matkggarticular, SEDs chipsxhibit the following key
characteristics critical to delivering a cegtective document imagingpeline:

1. Outstanding development productivity

a. High level language programmirig C

b. Easily understood parallelism

c. Compiler assisted, hardware driven memory allocation and stream data management
2. Excellent cost/performance

a. High overall performanceypically more than 10X of a traditional DSP

b. Low relative cost per unit of computation

c. High integratiorBminimizes overall system component count

A distinctive advantage of such as processor over ASICs is the fact that the same hardware can be reused for
multiple operations to reduce cost, such as running both the print and scan pipeline, something that commonly uses
two or more ASIC chips, each designed for its own particular task.

The Storm12 SP16 processor from SPI is used as the benchmark for the New Media Processor entry in the
following cost comparison.

Below an example of a contone scan and print path processing pipeline.

Sl Il De  BlobID/ _ Reducg Frinter Binary
Signature Correction N P Corrections T Color Render T
Comp /Convert 9 9 Convert P
Scan Tap
Export i
< P Package |[BIEHECCE[] Binary
Compress Compress
ALC
5
& Import Re- Page Flow
-4 package Manager Decompress
v Disola Optmization
Print Language play Image/ Color
» . List . . Render
Interpretation G . Rasterize  Conversions
L eneration

- =runs on SPI chip

Figure 2. Example of Image Path Running on SPI chip
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6 Implementation Cost Comparison

Realistic comparisons of cost for image processing solutions must include both componecogtieead all of the
expenses incurred in developing the end solution based on these componen&hleTilow quantifies both the
piececosts and the development and support costs for a typical application. The piiciigaveof average
costs for the associated products and services.

. New
COST . Previous .
ELEMENT ASIC FPGA Fabric DSP Media Media Host
(SPI)
1 ‘:‘Lgs‘i’;:h’“ $300000 $300000 $300000 $300000 | $300000 | $300000 | $300000
2 | NRE $500000 0 0 0 0 0 0
3 | Licensed IP $100000 $100000 0 0 0 0 0
4 | Tools $200000 $100000 $20000 $20000 | $20000 $20000 | $20000
Design
5 | mapping $2000000 | $1500000 | $1000000 | $800000 | $500000 | $500000 | $300000
6 | Unitcost $10 $50 $150 $200 $100 $60 $300
7 | Base volume | 50000 50000 50000 50000 50000 50000 50000
8 E::{ costper | o9 $90 $176 $222 $116 $72 $312
g | TTM 0 3 3 6 6 9 9
advantage
10 | TTMadjusted | ., 54500 54500 59000 59000 63500 63500
volume
TTM adjusted
11 | component $72 $87 $174 $219 $114 $70 $310
cost
12 | REV NRE $250000 0 0 0 0 0 0
13 | REV $150000 | $100000 | $75000 $70000 | $60000 | $50000 | $50000
Engineering
REV
14 | component $80 $89 $176 $220 $115 $71 $311
cost

Table 3. Implementation Cost Comparison

Rows 15 itemize cost incurred in solution development. Row 6 is the component cost charged to the solution
developer by the component vendor. The full cost, in row 8, adds the development costs, amortthedatedr

volume shipped. Rows Bl characterize the advantage for faster time to market. The fact that total product volume
invariably increases with early market entry, a volume multiplier of 3% per month was included to compute
OAdjusted volumeO. @bame costs amortized over the larger volume yields the OAdjusted component costO.
Notice that the minimunreost firstpass solutions are both ASIC and New Media, whose costs are roughly
equivalent when all factors are considered. When early marketiemysidered, the New Media solution gains an
additional edge. Rows 1?4 characterize additional expenses incurred for revisions to the solution design.
Furthermore, if we assume even a single respin of the ASIC, the New Media solution becomes tostcleader.

Any additional revisions driven by feature enhancements or bugs further disadvantage the ASIC solution.
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7 Conclusions

This paper has offered an extensive discussion of image path algorithms and alternatives. Today, the algorithms and
archiectures for document imaging devices, including scanners, printers, and multifunction devices, are still an area
of ongoing innovation. Given the lack of fixed solutions, flexible/programmable implementation architectures are
preferable. The ideal platim must provide the flexibility to incorporate new imaging innovations quickly and at

low cost. Flexibility alone is not sufficient, as shown by the failureaafitional DSPs to serve document imaging.
Programmable devices need to support the heawaytdatsport and buffering needs of digital imaging in such a way

that it is completely overlapped with complexd extensiveomputation.

The emerging generation of higierformance media processors with efficient, transparent stream data flow
managemenrgupported by efficient higlevel compilers deliver highest possible value. Of these New Media
ProcessorsSPIOSrm-12  SP16processoteads the pack.

7.1 Contone image path on SPIl is the future

A properly implemented contone image path readily provides superior image quality and image quality
interoperability. The contone path seamlessly supports emerging produntdeaithout awkward, costly and
inefficient tactical stofgaps measures.

For many printer and MFD manufacturers, embarking on a contone image path represents the adoption of new
technology. It should be clear from the implementation alternatives deddhit the most effective delivery

vehicle for this new technology is a New Media Processor such as SPIOs offerings. SPIOs processors yield superior
product cost and performance while also dramatically is@ngadevelopment productivity.

Beyond the simle cost and tim#¢o-market advantages for this type of implementation, programmability supports

the emerging trend to enable pskip upgrades and customization. Product upgrades and bug fixes can be bundled
into a software release process instead qiireng expensive hardware retrofits to machines in the field. Finally,

VAR and even endiser customizations requiring sophisticated new processing can be had by provision of an
appropriate API. Clearly, the programmability and high performance in aMdelia Processor enables this future

for digital document imaging.
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