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1 Abstract

El ectronic i magi ng systens transfer views of real-world scenes
or objects into digital bits for storage, manipul ation, and
viewing. In the area of bitonal inages, a |arge nmarket exists
i n docunent managenent, which consists of scanning vol unmes of
papers for storage and retrieval. However, high scan densi -

ti es produce huge vol unes of data, requiring conpression and
deconpressi on techni ques to preserve system nmenory and i nprove
system t hroughput. These techni ques, as well as general inmage
processing al gorithns, are conpute-intensive and require high
menory bandwi dth. To address the nmenory issues, and to achieve
interactive image display performance, Digital has designed a
series of bitonal imge hardware accel erators. The intent was
to create interactive nedia view stations, with inmaging appli-
cations al ongside other applications. In addition to achieving
menory, performance, and versatility goals, the hardware ac-
celerators have significantly inproved final image legibility.
[Accel erators paper starts here.]

Bi t onal i mage technol ogy, which can be viewed as the el ectronic
version of today's mcrofilmnethod, is experiencing a high
rate of growth. However, the electronic image data objects
generated and mani pulated in this technol ogy are very |arge

and require intensive processing. In a generic system these
requi renents can result in poor inmage processing performnce or
reduced application performance. To address these needs, Digita
has designed a series of imaging hardware accel erators for use
in the docunent managenent market.

Thi s paper provides a brief tutorial on electronic imging. It
begins with a general description of the inaging data type and
conpares this type to the standard text and graphics data types.
It continues with a discussion of specific issues in bitona
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i magi ng, such as inmage data size, network transport nethod,
renderi ng speed, and end-user legibility. The paper then focuses
on Digital's DEC mage 1200 hardware accel erator for the VT1200 X
wi ndow terni nal devel oped by the Video, Inmage and Print Systens
Group. It concludes with future i mage accel erator dermands for
the processing of nultinmedia applications and continuous-tone

i mges.

2 Introduction to I maging

Just as graphics technol ogy bl ossonmed in the 1980s, el ectronic
i magi ng and its associated technol ogi es shoul d cone of age

in the 1990s. Digital imaging is already in use in many areas
and new applications are being created for both comercial and
scientific markets. The enmergence of digital imges as standard
data types supported by the npjority of systens (like text and
graphi cs of today) seens assured. For a greater understandi ng
of specific imaging applications, this section presents genera
i magi ng concepts and terms used throughout the paper

Concepts and Ternmns

Inits sinplest form imging is the digital representation of
real -worl d scenes or objects. Just as a canera transfers a view
of the real world onto a chenmical film an electronic inaging
systemtransfers the same viewinto digital bits for storage,
mani pul ation, and viewing. In this paper, the terminmage refers
to the digital bits and bytes that represent the real-world

Vi ew.

The process of digitizing the view nay be done through various
nmet hods, e.g., an inmge scanner or inage camera. A scanner is
the conceptual inverse of a normal printer. A printer accepts

an electronic streamof bits that describe how to place the ink
on the paper to create the desired picture. Conversely, optica
sensors in the scanner transformlight intensity val ues re-
flected froma sheet of paper and create a stream of electronic
bits to describe the picture. Simlar sensors in the focal plane

2 Digital Technical Journal Vol. 3 No. 4 Fall 1991



Har dwar e Accel erators for Bitonal |nmage Processing

of a canera produce the other conmon digitization nmethod, the
el ectronic i mage camera.

The format of a digitized i mage has many paraneters. A pixe

is the common nanme for a group of digitized imge bits that al
correspond to the sane location in the image. This pixel con-
tains information about the intensity and color of the inmage

at one location, in a format that can be interpreted and trans-
formed into a visible dot on a display device such as a printer
or screen. The anount of information in the pixel classifies the
i mage into one of three basic types.

o A bitonal image has only one bit in each pixel; the bit is
either a one or a zero, representing one of two possible
colors (usually black and white).

0o A gray-scale image has nultiple bits in each pixel, where
each pixel represents an intensity val ue between one col or
(all zeros) and another color (all ones). Since the two
colors are usually black and white, they produce a range
of gray-scale values to represent the imge.

o A color imge has multiple conponents per pixel, where each
conponent is a group of bits representing a value within a
gi ven range. Each conponent of a color image corresponds to
a part of the color space in which it is represented. Color
spaces may be thought of as different ways of representing
the anal og, visible range of colors in a digitized, nuneric
form The nobst popul ar color spaces are television's YW
format (one gray-scale and two col or conponents) and the bit-
mapped conputer display's RGB format (red, green, and bl ue
components) .

The resolution of an inmage is sinply the density of pixels per
unit di stance; the nmost conmmon densities are nmeasured in dots
per inch (dpi), where a pixel is called a dot. For exanple,

a facsinmle machine (which is nothing nmore than a scanner
printer, and phone nodemin the sane unit) typically scans and
prints at 100 dpi, although newer nodels are capable of up to
400 dpi. As another exanple, npst workstation display nonitors
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are capable of 75- to 100-dpi resolution, and sonme high-end
nmonitors achi eve up to 300-dpi resolution.

To display an inmage at a density different fromits scanned
density, without altering the inmage's original size, requires
the image to be scaled, so that the new i nage density matches
the output nedia density. Scaling an i mage may be as sinple as
replicating and dropping pixels, or it may involve interpolation
and other algorithns that take neighboring pixels into account.
Generally, the nore conplex scaling algorithnms require nore
processi ng power but yield higher-quality imges, where quality
refers to how well the original scene is represented in the
resul ting i nmage.

Before an i mage can be displayed, its pixel values often require
conversion to account for the characteristics of the display
device. As a sinple exanple, a color inmage cannot retain its
col or when output to a bl ack-and-white video nonitor or printer
In general, when a device can display fewer colors than an

i mage contains, the inage pixel values nust be quantized. Sinple
quanti zi ng, or threshol ding, can be used to reduce the nunber

of image colors to the nunmber of display colors, but can result
in loss of image quality. Dithering is a nore sophisticated

nmet hod of quanti zi ng, which produces the illusion of true gray
scal e or color. Although dithering need use no nore colors than
sinple quantizing, it results in displayed i mages of much hi gher
quality.

| mage conpression is a transformation process used to reduce

the amount of nenory required to store the information that rep-
resents the image. Different conpression nethods are used for
bitonal inmges than those used for gray-scale and col or inmages.
These net hods are standardi zed to specify exactly how to com
press and deconpress each type of inmage. For bitonal inmages, the
nost common standards are the ones used in facsinile machines,
i.e., Recomrendations T.4 and T.6 of the Comite Consultatif
International e de Tel egraphi que et Tel ephonique (CCITT).[1, 2]
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Commonly known as the Group 3 and Group 4 standards, the desig-
nati ons are often shortened to G3-1D, G3-2D, and (4-2D, refer-
ring to the particular standard group and to the codi ng nethod,
whi ch nay be either one- or two-dinmensional. For gray-scale

and col or inmages, the Joint Photographic Experts G oup (JPEG
standard is now energing as a joint effort of the Internationa
St andards Organi zation (1SO and CCITT.[3] Whichever format or
process is used, conpression is a conpute-intensive task that

i nvol ves mat hematically renovi ng redundancy fromthe pixel data.

A typical conpression nmethod creates an encoded bit stream

whi ch cannot be di splayed directly; the conpressed bits nust

be deconpressed before anything recogni zabl e may be di spl ayed.
The term conpression ratio represents the size of the origina

i mage di vided by the size of the conpressed form For bitona

i mges using the CCITT standards, the ratio is commonly 20:1

on normal paper docunents, but can vary widely with the actua
content of the imge. The CCITT standards are also "l ossl ess”
nmet hods, which neans that the deconpressed i nage i s guaranteed
to be identical to the original imge (not one bit different).
In contrast, many "l ossy" conpression nethods allow the user to
vary the conpression ratio such that a lowratio yields a nearly
perfect inmge reproduction and a high ratio yields a visible
degradation in imge quality. This trade-off between conpression
and inmage quality is very useful because of the w de range of
applications in imaging. An application need pay no nore in
menory space and bandwi dth than necessary to neet inmage quality
requi renents.

A New Data Type and Its Features

The image data type is fundanmentally different fromtext and
graphics. When a user views characters or pictures on a display
device, the source of that viewis usually not inmportant. A
sheet of text froma printer may have cone fromeither a text
file where the printer's own fonts were used, a graphics file
where the characters were drawn with line primtives, or an
imge file where the original text docunment was scanned into the
system In any case, the sane letters and words present the user
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with approximately the sane information; the differences are
nostly in character quality and fornmat.

In spite of their |arge storage space requirenments, imges have
several advantages over graphics or text. First, consider the
process of getting the information into the conputer. Wth the
i magi ng process, docunents may be scanned autonmatically in a
few seconds or |less, conpared to the tine required for someone
to type the information correctly (absolutely no errors) into a
text file. Also, even though the software exists to convert

el ectronic raster images into graphic primtive files, the
process | oses detail fromthe original inage and is relatively
sl ow. Next, consider the variety of information possible on a
sheet of paper: a user cannot easily reproduce a diagramor a
signature on a docunment. A scanned inmage preserves not only the
characters, but their font, size, boldness, relative position,
any pictures on the page, and even snudges or tears dependi ng on
the quality of the inmge scan.

The maj or drawback in the imaging process is increased data
size, which results in storage nenory and network transport

probl ems. High scan densities and color information conponents
create large volunmes of data for each image; a bitonal inmage
scanned at 300 dpi froman 8.5-by-11-inch sheet of paper re-

qui res over 1 negabyte of nenory in its original pixel form
Therefore, conpression and deconpression are integral parts of
any imaging system Even in conpressed form a bitonal inmage of
a text page requires about 50 kil obytes of storage, whereas its
Ameri can standard code for information interchange (ASClI1) text
equivalent requires only 4 to 5 kilobytes. Simlarly, a graphics
file to describe a sinple block diagramis nuch smaller than its
scanned i mage equi val ent.

Based on these advantages and |imtations, several applications
have enmerged as perfect matches for inmaging technol ogy. Bitona
i mages are used in the expandi ng market of document managenent,
whi ch consi sts of scanning volunes of papers into i mages. These
i mmges are stored and indexed for |ater searching and view ng.
Basically an electronic file cabinet, this systemresults in
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| arge savings in physical cabinet space, extrenely fast docu-
ment access, and the ability for multiple users to access the
same docunent sinultaneously. Gray-scale imaging is often used
in medical applications. Electronic versions of X rays can be
sent instantly to any specialist in the world for diagnosis,

and the ordering of sequential conputer-aided testing (CAT)-scan
i mages into a "volune" can provi de val uabl e t hree-di nensi ona
views. The applications for color imaging are relatively new

and still energing, but sone are already in use comercially,
e.g., license and conference registration photographs. A further
extension to still imging is digital video, which can be con-
sidered as a streamof still images. In conjunction with audio,

digital video is commonly known as multimedia, applications for
whi ch range from pronotional presentations to a nmanufacturing
assenbly process tutorial.

In this paper, we focus on the static bitonal inmaging nethod of
representing real-world data inside conputers. Static imging is
a sinpler nmethod of representing a broader range of infornmation
than the text and graphics nedia types, but it carries a greater
requi renent for processing power and nmenory space. In addition
static imging can be viewed as one part of true nultinedia, as
can text, graphics, audio, video, and any other media fornats.
Yet static imaging does not have the system speed requirenents
of a notion video and audi o system which nmust present data at
real-tinme rates. As long as the user can deal with static inmages
at an interactive rate, i.e., being able to view the images in
the format of choice as fast as the user can select them then
static imging is a powerful nedia presentation tool. The next
section presents the inportant issues concerning bitonal inaging
in a docunent managemrment environnent.
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3 Bitonal Imaging |Issues

As previously mentioned, bitonal electronic inmging as an al -
ternative to paper docunents offers many benefits, such as re-
duced physical storage space, instant and simultaneous access of
scanned i mages, and in general a nore accessible nedia. Serious
i ssues need to be resolved before a productive inmaging oper-
ation can be inplenented. The chief issues are the imge data

si ze, transport nethod, perceived rendering speed, and fina
legibility. In the follow ng sections, we exam ne each issue and
present sol utions.

Digitized Image Data Size

The npst inportant issue concerns inage data size. |nages are
typically docunents, draw ngs, or pictures that have been digi-
tized into a conputer-readable formfor storage and retrieval.
Dependi ng on the dot density of the scanner, a single inage can
be 1 to 30 negabytes or nore in size. However, storing a sin-
gle inage in its scanned formis not the typical usage nodel.

I nstead, a conpany may have tens of thousands of scanned doc-
uments. Clearly, with today's storage technol ogies, a conpany
cannot afford to store such a large volunme of inages in that
format.

A typical ASCII file representing the text on an 8.5-by-11-inch
sheet of paper requires approximtely 3 kilobytes of menmory. |f
the sane sheet of paper is digitized by scanning at various dot
densities, the resulting data files are huge, as shown by the
deconpressed bitonal inmage sizes in Table 1. Note that Table

2 includes the size of the scanned inage if scanned in gray-
scal e and col or nodes, although using these nmodes woul d not
make sense on a bl ack-and-white sheet of paper. The inmage sizes
are included for conparison and are di scussed in the section
Future I mage Accel erator Requirenents. The data presented in
Tables 1 and 2 illustrates that the size of the original ASCI
file is much smaller than any of the scanned versions. The data
al so gives evidence that scanned inages, in general, require
consi derabl e nmenory.
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Table_1: _Sanpl e_Bitonal _| mage_Si zes

Ki | obytes of Data

Document Type (Pa- Scan Density (dpi) Pi xel Form (Decom
Typi cal Conpressed
per Size) pressed)
A size 100 114
46
(8.5 x 11 inch) 200 457
47
300 1027
50
E size 100 1826
106
(44 x 34 inch) 200 7305
114
300 16436

127
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Tabl e_2: _Sanpl e_Gray-scal e_and_Col or _|I mage_Si zes

Docunment Type and Size Ki | obytes of Data in
Pi xel Form (Decom
pressed)

128 by 128 pixel, 12 bits per pixel 24

gray-scal e i mage

512 by 512 pixel, 8 bits per pixel color 256
i mge

512 by 512 pixel, 24 bits per pixel 768
col or inmmge

8.5 by 11 inch, 100 dpi, 24 bits per 2740
pi xel , _col or _i mage

Since the typical use for bitonal images is for volume docunent
archival, an imaging application nmust include a conpression
process to reduce nmenory usage. This process nust transform
the original scanned inmage file to a nuch smaller file wthout
| osing the content of the original scanned data.

Conpression algorithns may take different paths to achieve the
same result, but they share one basic process, the renmpva

of redundant information to reduce the object size. A commn
conpression routine searches the pixel data for groupings,

or "run lengths," of black or white pixels. Each run | ength

is assigned a code significantly shorter than the run | ength
itself. The codes are assigned by statistics, where the nost
frequent run lengths are assigned the shortest codes; statistics
have been amassed on a variety of docunent types for different
scan densities and docunment sizes. A conpression process parses
through the original inmage file, generating another file that
contains the codes representing the original inmge. Figure 1, a
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sanpl e bitonal inage conpression, illustrates these conpressed
codes in a serial bit stream

Several algorithns for bitonal conpression are widely used
today. As nentioned in the previous section, the npst commn
for bitonal inmages are the CCITT standards G3-1D, G3-2D, and
A-2D, which all use the approach just described. For the one-
di mensi onal nmethod, the algorithmcreates run | engths from al
pi xel s on the sanme scan line. In the two-dinmensional nethods,
the al gorithm sonetines creates run |lengths the same way, but
the previous scan line is al so exam ned. Sone codes represent
run | engths and even whole scan |lines as "the sane as the one
in the previous scan line, except offset by N pixels," where N
is a small integer. The two-di nensional nethod takes advant age
of nost of the redundancy in an imge and returns the small est
conpressed file. In addition to preserving system nenory, these
conpression nmethods significantly inmprove network transport

per f or mance.

Net wor k Transport Constraints

The network transport performance for an image is inportant,
because i mages are nost often stored on a renote system and

vi ewed on a wi despread group of display stations. For exanple,
one group in an insurance conpany receives and scans claim
papers to create a centralized i mage database, while users in
anot her group access the docunents simultaneously to process
clainms. For the imaging systemto be productive, this inage data
needs to be transported quickly fromone group to the other

t el ephone attendants answering calls nust have i medi ate access
to the data.

Scanned i nage docunents take a long tinme to transport between
systens, sinply because they are so |arge. When conpression
techni ques are used, a typical unconpressed inmage stored in 1
megabyte can be reduced to approxi mately 50 kil obytes. Since
transport tine is proportional to the nunmber of packets that
nmust be sent across the network, reducing the data size to 5
percent of its original size also reduces the transport time to
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5 percent of the original tine. Therefore, you can now send
twenty conpressed inmages in the same tine previously spent
sendi ng one unconpressed i mage.

Even with conpression techniques, the image files are stil
larger than their text file equivalents. Mreover, npst network
protocols limt their packet size to a meximum nunmber of bytes,
i.e., an image file larger than the maxi num packet size gets

di vi ded over multiple packets. If the protocol requires an
acknow edgrment between packets, then the transport of a large
file over a busy network becones a | engthy operation.

The platform for our nobst recent accelerator is the VT1200

X wi ndow term nal, which uses the | ocal area transport (LAT)
network protocol. W soon realized that the X server packet size
was limted to 16 kil obytes and the typical A-size conpressed
docunment was approxi mately 50 kil obytes. Wth this arrangenent,
each i mage transport woul d have required four |arge data packets
and four acknow edgnment packets. Working with the X W ndow

Term nal Base System Software Group, we were able to raise the
packet size limt to 64 kilobytes. The base system group al so

i mpl enented a del ayed acknow edgnent schene, which elinmnates
the need for the client to wait for an acknow edgnent packet
before sending the next data packet. Table 3 shows conpressed

i mmge data taken during the DECi nage 1200 devel opnent cycl e.
Notice that the network transport tines for Digital docunent

i nterchange format (DDl F) decrease sharply after the packet
changes.
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Table 3: DDIF Inmage File Read Tine and File Transport Perfor-

Net wor k Transport

(ml1iseconds)

Bef ore Packet

Change

960

1792

3928

6430

__________ mance
Disk Read Tinme (M 11iseconds)

Ti me
| mage Size M cr oVAX VAX8800 VAX6440 After Packet
(ki | obyt es) Change
19 1223 480 281 325
41 1534 655 332 614
99 2351 1035 598 1351
157 3288 1380 716 2283

Per cei ved Renderi ng Speed

Because the i mage scanni ng and conpressi on operations occur only
once, they are not as performance-critical as the deconpression
and rendering for display operations, which are done many ti nes.
Deconpressi on and rendering are part of the system s display
response tine, which is a critical factor in a system designed
for high-volunme applications that access thousands of inmages
daily. This time is neasured fromthe instant the user presses
the key to select an inmage to view, to the nonment the inmmge is
di spl ayed conpletely on the screen. The display response tine is
a function of the disk read tine, network transport tinme, and

di splay station render tine.

Al t hough network transport tine and disk file read tinme have
a direct effect on the response tine, accel erator devel opers
rarely have any control over them The disk access tinme data
fromthe DEC nmage project analysis shown in Table 3 denobnstrates
that the disk file read tinme is a significant portion of the



overall response tinme. Thus, the display station render tine
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is the only area of the display response time which can be
clearly influenced and is, therefore, the nmain focus of our
i mmge accel erators. The |ocal processing that nust occur at
the display station is not a trivial task; an inmage nust be
deconpressed, scaled, and clipped to fit the user's current
wi ndow si ze, and optionally rotated

The deconpression procedure inverts the conpressi on process;
both are conputationally conplex. Input to the procedure is
conpressed data, and output is the original scan |ine pixe

data, which can be witten to a display device. Scaling the data
to fit the current window or fill a region of interest is not
trivial either: a huge input data stream nust be processed (the
deconpressed, original file), and a noderate output data stream
nmust be created (the viewable inmage to be displayed). Wile
sinple pixel replicate and drop algorithnms nay be used to scale
the data, a nore sophisticated scaling algorithm has been shown
to greatly enhance the output inmage quality.

In addition to scaling and clipping, the orthogonal rotation

of images (in 90-degree increnments) is a useful function on a
di splay station. Some docunents nmay have words running in one
direction while pictures are oriented another way, or the user
may Wi sh to view a portrait-node i mage in | andscape node. In

ei ther case, orthogonal rotation can help the user understand
the information; i.e., the increased tine to rotate the viewis
war r ant ed.

When an image is scanned, particularly with a hand-held scan-
ner, the paper is never perfectly aligned. Thus, the inmage often
requires a rotation of 1 to 10 degrees to nmake the view appear
straight in the image file. However, nultiple users want the

i nformati on fromthe docunent as quickly as possible, and should
not have to rotate the imge by a few degrees to make it per-
fectly straight on the screen. Therefore, this nmniml rotation
shoul d be done after the initial scanning process; i.e., only
once, prior to indexing the material into the database, and not
by every user in a distributed environnent. Because any form

of rotation is compute-intensive, allow ng the user to perform
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mnimal rotations at a high-volune view station would reduce the
application's perceived rendering speed and add little value to
the station's function.

Final Legibility

While the primary issue facing imging applications is data
size, image view ng issues nust al so be addressed. In short, an
effective bitonal inmaging display system nust be responsive to
overall inmage display perfornmance and the resulting quality of
the i mage di splayed. To enhance our products, we optim zed the
di spl ay performance paraneters as best we could, given that sone
paraneters are not under our control. Inprovements to nonitor
resolution and scanner densities continue to increase the |egi-
bility of imges. An affordable i mage system should i ncrease the
imge legibility by rendering a bitonal inmage into a gray-scale
i mage using standard i mage processing techni ques. W di scuss

the nmethod used in our accelerators, i.e., an intelligent scale
operation in the hardware pipeline, in the next section.

4 Hardware Accel erator Design

As explained in the previous section, transform ng docunents
into a stream of electronic bits is not the demandi ng part

of a bitonal imging process for docunent managenent. Al so,
scanners and dedi cated i nage data-entry stations abound in

the marketpl ace already. Instead, the challenge lies in: (1)
managi ng the i mage data size to control nenory costs and reduce
network sl owdown; (2) increasing the inage rendering speed,
i.e., deconpress the imge, scale it, and clip it to fit the

wi ndow size with optional rotation; and (3) increasing the
quality of the displayed i nages. This section describes the

way our strategy influenced the design of DEC nage products. W
al so discuss the chips used for deconpression and scaling, and
how Digital's existing client-server protocols support these

i magi ng hardware accel erators.
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General Design Strategy

The nunber of applications using bitonal imge data continues to
increase. In general, these applications attenpt to offer |ow
cost while achieving an interactive | evel of perfornmance, de-
fined as no nore than 1 second from point of request to conplete
i mage display. Utinmtely, software nmay provide this functional-
ity without hardware accel eration, but today's software cannot.
Mor eover, the paranmeters of image systens are not static; scan
densities, overall inmage size, and the nunber of inmages per
database will all increase. These increases will provide the
nost incentive for hardware assist at the | ow end of the X

wi ndow terninal s market, because software al one cannot per-
formthe anopunt of processing that users will expect for their

i nvest ment .

The User Model Although a single nmodel cannot suit every appli-
cation, imaging is centered on certain functions. Therefore, a
user nmodel built on these functions would be very useful in map-
pi ng individual steps to the hardware: hardware versus software
performance, the function's frequency of use, and the cost of

i mpl ement ati on.

The general user nodel for bitonal inmaging systens is relatively
simple. A small narket exists for inage entry stations, in which
docunents are scanned, edited, and indexed into a database.
While a high throughput rate is inportant at these stations, a
general - purpose i mage accelerator is not the solution- dedicated
entry stations already exist in the market. |Instead, we designed
a general -purpose platform or versatile nedia view station, to
be used for inmaging applications al ongside other applications.
The user nmodel for this larger market is a set of operations for
vi ewi ng and mani pul ating i mrages already entered into a database.
The npbst common operations in this nodel are deconpression,
scaling, clipping, orthogonal rotation, and regi on-of-interest
zoom ng.
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Di spl ay Performance and Quality Optim zation The main thrust of
t he DECi mage accelerator is to achieve interactive performance
for the operations defined in the user nodel. A secondary goa
is to bring added value to the system by increasing the quality
of the displayed i mage conpared to the quality of the scanned

i mage. A side effect of maxim zing performance in hardware is
that the main system processor has work off-loaded fromit,
freeing it for other tasks.

The general design of the accel erator uses a pipelined approach
Si nce maxi mum performance is desired and a | arge amount of data
nmust be processed by the accel erator board, nultiple passes
through the board are not feasible. Simlarly, the targeted | ow
cost does not allow a whole image buffer on the board. Wth one
exception (rotation), all board processing should be done in one
pi peline, with the system processor sinply feeding the input end
of the pipe and drai ning the output end. Because of the |large
anount of data to be read fromthe board and di spl ayed on the
screen, the processor should only have to nove that data, not do
any further operations on it. To this end, any logic required to
format the pixels for the display bitmap should be included in

t he pi peline.

Cost Reduction through Less Expensive System Conponents The net
cost of a bitonal imaging systemis influenced by the capability
of the assist hardware. The capability of the hardware inplies
flexibility in the choice of other system hardware. In this
regard, the nost significant inpact on cost occurs in the nmenory
and the display. A systemthat makes use of fast deconpression
and scaling hardware can quickly display conpressed i nages from
menory. This neans either nore i mages can be maintained in the
same menory, or the system can operate with less nmenory than it
woul d without the assist hardware; |ess nenory neans | ower cost.

A nore dramatic effect on systemcost is in the display. |nmaging
systems generally need higher-density displays than noni nagi ng
systenms, but the cost of a 150-dpi display is approxi mately
twice the cost of a 100-dpi display of the same di nensions.
However, we found that we could increase legibility, i.e.
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expand a bitonal imge to a gray-scale representation, by using
an intelligent scale operation in the hardware pipeline. For
exanple, a bitonal inmage rendered to a 100-dpi display using
the intelligent scale process gives the perceived legibility

of the sane inmage rendered to a 150-dpi display with a sinple
scaling nethod. That is, by adding the intelligent scale, a 100-
dpi display can be used where previously only a 150-dpi display
woul d be adequate.

Cost Reduction through Integration Presently, as in the DEC

i mage 1200, hardware-assi sted i mage mani pul ation exists as a
board-1 evel option. Higher levels of integration with the base
platformw ||l provide |ower overall cost for an imgi ng system
The nost straightforward nmethod of integration is to relocate
the hardware fromthe present option to the main system pro-
cessor board; successive steps of integration would consolidate
mapped hardware to fewer total devices. The npbst cost-effective
integration will be the inclusion of the mapped hardware in

the processor in a way simlar to a floating-point unit (FPU)
Just as graphics acceleration is now being included in system
processor design, inages will eventually achieve the status of
a required data type and thus be supported in the base system
processor.

Product Definition-Wat Does the User Want?

The previously described strategy was used in the design of

the image accel erator board for the DECi mage 1200 system The
product requirenents called for a | owcost, high-perfornmance
docunent image view station. These requirenments evolved fromthe
belief that nost users currently investigating inmaging systens
are interested in applications and hardware that will enable
themto quickly and sinultaneously view docunment inmges and
run their existing nonimaging applications. These users are in-
vol ved with commerci al and business applications, rather than
scientific applications. The DECi nmage 1200 system was pl anned
for the managenent of insurance clains processing, hospita

pati ent medical records, bank records, and manufacturing docu-
ments. As previously stated, the imging functions required for

18 Digital Technical Journal Vol. 3 No. 4 Fall 1991



Har dwar e Accel erators for Bitonal |nmage Processing

these vieworiented applications are hi gh-speed deconpression
scaling, rotation, zoonmi ng, and clipping.

General Product Design

In defining the i mage capabl e system the key points in the
product requirenents list were

Hi gh- performance i mage di spl ay

Low cost

Bitonal inmages only (not gray-scale or color)
Vi ew-only functions

The need for high-performance di splay influenced the project
teamto design the hardware accel erator board to handl e inmge
deconpression, scaling, and rotation. Previous perfornmance
testing on a 3-VUP (VAX-11/780 units of performance) CPU had

yi el ded i mage software display tines from5 to 19 seconds. These
i mmges were conpressed according to the CCITT Goup 4 standard
(300 dpi, 8.5-by-11 inches), and ranged from 20 to 100 kil obytes
in size. In addition, the software display times were highly
dependent on the inmge data content. The nore conpl ex inage
files, which had | ower conpression ratios, took significantly

| onger to deconpress, scale, and display than the sinpler inmge
files. For exanple, an A-size, 300-dpi, CCITT G oup 4 conpressed
imge with a conpression ratio of 10:1 took approxi mately 18
seconds to display, while another with a ratio of 33:1 took
approximately 7 seconds.

The other three requirenments |ed to decisions about the spe-
cific design of the image accel erator board. The need for |ow
cost neant designing an option for an existing | owcost plat-
form which led us to Digital's VT1200 X wi ndow terminal. This
requi renent also led to our support of the proposed X | mage Ex-
tension (XIE) protocol.[4] The Xl E protocol extends the X11 core
protocol to enable the transfer of conpressed i mages across the
wire and to enable interactive imge rendition and display at
the server. In the X windowi ng client-server environnent, inmage
applications and conpressed image files exist on the client host
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machi ne, as depicted in Figure 2. In addition, the Xl E protoco
standardi zes the interface-to-image functions in the X w ndow ng
envi ronnent and enabl es the devel opment of a comon applica-
tion that can be used on any Xl E-capable station. The client
application issues commands to the X server display subsystem
and the XIE specialized i nage subsystem When a user selects an
imge to view, the conpressed image file is transported fromthe
client-side storage device to the X server nenory.

Because the proposed accel erator would handle only bitonal im
ages, we could specialize our board to deconpress only the stan-
dard CCITT Group 3 and Group 4 bitonal conpression algorithns.
This specialization allowed the use of a Digital application-
specific integrated circuit (ASIC) deconpression chip. Finally,
the viewonly requirenent limted the scope and conpl exity of
the design by elimnating the need for extra hardware to han-
dl e the conpression of inages after they have been scanned and
edi ted.

Speci fic Product Design

The deci sions described in the previous section |led to our
design of an imge accel erator board that supports: CCITT G oup
3 and Group 4 image deconpression using an ASIC deconpression
chip; integer scaling using an ASIC scaling chip; orthogona
rotation; and i nmage display. Figure 3 shows a general bl ock
di agram of the board and how it fits into Digital's VT1200
system architecture. The accel erator board is attached to the
system address/data bus, and its registers, data input port,
and data output port are mapped into the CPU s I/ O space. The
accel erator board is accessed by reading and witing specific
addresses |ike any other system nenory space. Note that the

i mage accelerator logic is separate fromthe video term na

| ogi c. Deconpressed inages are read fromthe i mage board and
written to the base system video nenory for display.
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The main operation consists of the follow ng steps: conpressed

i mge data is read from system nmenory and witten to the ASIC
deconpression buffer by the processor; the data is then decom
pressed, scaled by the ASIC scaling chip, packed into words, and
written to the output buffer. Figure 4 shows a detail ed bl ock

di agram of the image accel erator board logic. The scaling chip
outputs pixels of data (1 bit per pixel in this case) which

are packed into words using shift registers. As soon as a word
of data is available, the scaling chip output halts. Contro
signal s generated in programmable array logic (PAL) wite the
packed word into the output buffer and tell the scaling chip to
begin outputting pixels again. Wien the output buffer is full
the processor reads the rendered i nage data fromthe buffer. If
rotation is required, the processor wites the data to the rota-
tion matri x; otherwise, the data is clipped and witten to the
bit map. The inmage driver software, after setting up the board,
al ternates between checki ng whether the input buffer is enpty
and whet her the output buffer is full.

The rotation circuit handles 90- and 270-degree rotation,
whereas 180-degree rotation is handled in the data packing

shift registers by changing the shift direction. The circuit
rotates an 8-by-8-bit block of data at a tinme. The first byte of
ei ght consecutive scan lines is witten into eight individua

byt e-wi de registers. The nost significant bit (MSB) of each of
these registers is connected to the byte-wi de rotation output
port latch. A processor read of this port triggers a sinmultane-
ous shift in all of the rotation data registers so that the next
bit of each register is now |latched at the rotation output port
for the next read. Figure 5 diagrans the rotation circuitry just
descri bed.

To achi eve the best performance, we pipelined the functional

bl ocks in the hardware. The scaling engi ne does not need to

wait for the entire inmage to be deconpressed before it can begin
scaling; instead, scaling begins as soon as the first byte of
data is output fromthe deconpressor. Thus different pieces

of the image file are being deconpressed, scal ed, and rotated
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si mul taneously. The hardware pipeline also elimnates the need
to store the fully unconpressed i mage (approximtely 1 nmegabyte
of data for A-size 300-dpi inmges) in menory. The conpressed
imge is witten fromsystem menory to the accel erator board
and a deconpressed, scaled, and clipped inmge is read from

the board. Because of the speed of the hardware, the software
can redisplay an imge with different scaling, clipping, or
rotation paraneters; it merely changes the hardware setup for
the different paraneters and sends the conpressed inmage file
back through the accel erator board pipeline.

ASI C Desi gn Description

The ASI C design consists of a deconpressor chip, which decodes
the conpressed i nage data to pixel image data, and a scaling
chip, which converts the inage fromthe input size to the de-
sired display size

Deconpressor Chip The deconpressor chip acts as a CCITT binary
i mmge decoder. The chip contains three distinct stages, which
are pipelined for the nost efficient data processing. Double
buffering of conpressed input data is inplenmented to enable

si mul taneous i nput data | oading and i mage decoding to occur
Conpressed data is | oaded into the input buffer by the processor
through a 16- or 32-bit port. Handshaking controls the transfer
of deconpressed data fromthe deconpressor's 8-bit-w de output
bus to the scaling chip

The first stage of the deconpressor chip converts CClI TT-standard
Huf f man codes, which are of variable-length, to 8-bit, fixed-

| ength codes (FLCs).[5] A sequential tree follower circuit

is inmplemented to handle this conversion. Every Huffman code
corresponds to a unique path through the tree, which ends at a

| eaf indicating the FLC. The 8-bit FLC is sent to a first-in,
first-out (FIFO buffer, which holds the data for the second

st age.
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The second stage of the chip generates a 16-bit, run-length
value fromthe FLC. The lower 15 bits of the word contain the
nunber of consecutive white or black pixels (called the run

I ength). The upper bit of the word contains the run-1length
color code (0 for a white run and 1 for a black run). An FLC is
read fromthe FIFO buffer and decoded into one of eight routine
types. Each routine is made up of several states that contro
the col or code toggling, run-length adder, and accumnul at or
circuits. At the end of each routine, a new word contai ni ng

the run-length and color information is witten into a FIFO
buffer for the final stage.

The final stage of the deconpressor chip converts the run-length
and color information to black or white pixels. This stage
outputs these pixels in 16-bit chunks when the scaling chip
sends a signal indicating a readiness to accept nore data.

Scaling Chip The primary purpose of the scaling chipis to in-
put hi gh-resol ution docunent inmges (300 dpi) and scale them for
di splay on a nmediumdensity nonitor (100 dpi). The chip offers

i ndependent scaling in the horizontal and vertical directions.
The scaling design inplenented in the chip is a patented al go-
rithmthat maps the input inmage space to the output inmage space.
General Mto-N pixel scaling is provided where Mand N are in-
tegers between 1 and 127, with the delta between them | ess than
65. Mrepresents the nunber of pixels in and N represents the
nunber of pixels out (in the approxi mted scale factor).

G ven an image input size and a desired display size, we nust
find the Mand N scale factors that best approxi mate the desired
scale factor, within the range |linmts of Mand N as previously
stated. Thus an input wi dth of 3300 and a desired output w dth
of 550 are represented by an Mof 6 and an N of 1. The approx-
imted Mand N values are |loaded into the chip scale registers
for downscal ing or upscaling.
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The chip scaling logic uses the scale register values to incre-
ment the input pointer position and generate output pixels. A

| at ched i ncrenent decision termis updated every clock cycle,
based on the previous termand the scal e register val ues. Wen
scaling down (where fewer pixels are output than are input), the
| ogic increnents the input pointer position every clock cycle,
but only outputs a pixel when the increnment decision termis
greater than or equal to zero. Figure 6a illustrates how this

al gorithm maps input pixels to output pixels for a sanple re-
duction. When scaling up (where every input pixel represents

at | east one output pixel), the logic outputs a pixel every
clock cycle, but only increnments the input pointer position when
the increnment decision termis greater than or equal to zero.
Figure 6b illustrates how this algorithm maps input pixels to
out put pixels for a sanple magnification. For both cases, the
val ue of the pixel (black or white) being output is the val ue

of the input pixel pointed at during that clock cycle. In this
description, sinply substitute rows for pixels to represent the
vertical scaling process.

Sof tware Support for the Hardware

Software support is needed to enhance the functions of the hard-
ware accel erator in our inage view station. As nmentioned in the
section General Product Design, the XIE protocol extends the Xl11
core protocol to enable the transfer of conpressed inmages across
the wire and to enable inmage rendition and display at the server
usi ng the hardware accel erator board. Like the X11 protocol, the
XIE protocol consists of a client-side library called XIElib

whi ch provides client applications access to inage routines, and
a server-side piece, which executes the client requests. The XIE
server inplenents support at two | evels: device-independent and
devi ce-dependent. The devi ce-dependent | evel supports the func-
tions that benefit fromoptim zation for a particular platform
or functions that are inplenmented in hardware accel erators. The
devi ce-i ndependent | evel enables quick porting of functional-
ity fromplatformto platform Figure 7 illustrates the X/ XIE
client-server architecture.
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The client-side XIElIib offers the minimum functions necessary
for image rendition and display. The toolkit |evel offers

hi gher-1evel routines that assist with wi ndows application
devel opnent. An exanple of a routine at this |evel night be

| mageDi spl ay, which displays an inmage in a previously created
wi ndow. | mageDi spl ay paraneters mght include x and y scaling
val ues, the rotation angle, and regi on-of-interest coordinates.
Whet her programming with the XIE protocol at the library or
tool kit level, applications devel opers benefit fromthe platform
interoperability of the standard interface. |Image accel erator
har dware and optinized devi ce-dependent Xl E code changes the
application's inmage display performance, but an application
devel oped using the XIE protocol can run on any Xl E-capabl e
server.

Accel erator Performance Results

Wth the DEC mage 1200 X term nal, we have achieved interactive
performance rates, reduced nmenory usage, and increased fina
imge legibility. W achieved these rates by transporting com
pressed files instead of huge pixel files and by inplenenting
speci al i zed i mage processi ng hardware. The DEC nage 1200 can
read, transport, deconpress, scale, and display an 8.5-by-11-

i nch bitonal docunent in 1 to 2 seconds. Successive displays,
i.e., rotating, region-of-interest zooni ng, panning around the
i mge, all occur in less than 1 second, which is essentially as
fast as the user can ask for the displays. This speed is possi-
bl e because the inage already resides in conpressed formin the
server menory. Thus, the inmage does not have to be read fromthe
di sk or transported across the network.
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5 Future Image Accel erator Requirenents

Har dwar e accelerators will continue to be required for bitona
i magi ng until software can provide the sanme functionality at
the sane performance level. This section discusses the nore
conpl ex i mage schenes that are used for gray-scale inmaging and
nmul ti medi a applications. In contrast to bitonal imging, these
applications will require the use of hardware accel erators wel
into the future.

Ot her applications will require richer user interfaces utilizing
conti nuous-tone images, video, and audio. Al of these new

data types are generally data-intensive, and conpression or
deconpression of any one of themis a significant processing
burden. Handling themin comnbination indicates that the need for
speci al i zed hardware assistance will persist for the foreseeable
future.

Conti nuous-tone | mages

Bitonal inmages are either black or white at each point, but sone
applications require snoothly shaded or col ored i nages. These

i mges are typically referred to as continuous-tone images, a
termthat denotes either color or gray-scale, e.g., photographs,
X rays, and still video. The representation and required pro-
cessing of this image format is significantly different from
that of bitonal inmages.

Conti nuous-tone inmages are represented by multiple bits per

pi xel. This format allows a greater range of values for each

pi xel , which yields greater accuracy in the representation of
the original object. Additionally, each pixel can consist of
nmul ti pl e conponents, as in the case of color. The nunber of bits
used to represent a continuous-tone inmage is chosen according to
the nature of the imge.
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For exanple, nedical X rays require a high degree of accuracy.
Consequently, 12 bits are generally regarded as the m nimum
acceptable for the rendering of this class of inmage. Col or

i mages typically require 8 bits per pixel for each conponent
(YU or RGB format) for a total of 24 bits per pixel. Table 2
shows the relative size of sanples of each imge. The need to
express these inmages in a conpressed format is obvious fromthe
storage space requirenents and the current storage nedia limts.

The conpression of continuous-tone inmages can be acconpli shed
in several ways. However, nost inmaging applications are not

cl osed systems; inevitably, each system needs to manipulate im
ages that are not of its own nmeking. For this reason we adopted
the JPEG standard, which specifies an algorithmfor the com
pressi on of gray-scale and col or images. Specifically, the JPEG
conpression nmethod is based on the two-di nensional (2D) discrete
cosine transform (DCT). The DCT deconposes an 8-by-8 rectangle
of pixels into its 64 2D spatial-frequency conponents. The sum
of these 64 2D sinusoids exactly reconstructs the 8-by-8 rect-
angl e. However, the rectangle is approxi mated-and conpression

i s achi eved-by di scarding nost of the 64 conponents. Typically
adj acent pixel values vary slowy, thus there is little energy
in most of the discarded high-frequency conponents.

The edges of objects generally contribute to the high-frequency
conmponents of an imge, whereas the | ow frequency conponents
are made up of intensities that vary nore gradually. The nore
frequency conponents included in the approximtion, the nore
accurate the approxi mati on becones. Table 4 shows sone sanpl e
JPEG i mage conpression rati os. [ 6]
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Tabl e_4: __Typi cal _Conpressi on_Parameters_for_JPEG

Conpr essi on Conpr essi on Met hod Rendered I nmage Integrity
Rati o

2:1 Lossl ess Hi ghest quality - no data
| oss

12:1 Lossy Excell ent quality - in-
di stingui shabl e fromthe
ori gi na

32:1 Lossy Good quality - satisfactory

for nost applications

100: 1 Lossy Low quality_-_recogni zable__

The nost popul ar part of the JPEG standard, the "baseline"

nmet hod, was defined to be easily mapped into software, firnmware,
or hardware. Straightforward DCT al gorithns can be efficiently

i mpl enmented in firmvare for progranmable DSP chips, due to their
pi pelined architecture. The first systens to enbody the standard
did so using DSPs, because any change to either the evolving
standard or a standard extension could be easily introduced

to the firmvare. The fastest inplenmentations, of course, are
achi eved by speci al - purpose hardware accel erators.

The JPEG i npl enentati on does not require hardware, i.e., the

al gorithm can be perfornmed conpletely in software. The case for
har dware assist is nade in performance. Table 5 describes the
reduced instruction set conputer (RISC) processor performance,
in mllions of operations per second (nops), needed to provide
the specified operation at a notion video rate of 30 franes per
second. [ 7] However, generic RISC processors of those speeds are
not avail able today. Therefore, dedicated, customvery |arge-
scale integration (VLSI) devices (such as the CL550-10 from
C-Cube M crosystens) must be used to performthe operations.|[8]
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Tabl e_5: __Processi ng_Requi rements_for_I| nagi ng_Functi ons

| magi ng Functions

Processor Oper at

i ons per Pixel*

Read Wite ALU+ Mul tiply
Pi xel move . 25 . 25 0 0
Poi nt operation 2 1 1 0
3 by 3 convol ve 9 1 8 9
8 by 8 DCT 24 1 14 16
8 by 8 bl ock 128 1 191 0
mat chi ng
*RI SC processor, 1M pixels, 30 frames per second (fps), 8 bits.

+ALU = arithnmetic logic unit

27

65

320
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Li ve Video and Vi deo Conpression

Vi deo captures the natural progression of events in an en-
vironment, and is therefore a natural and efficient way to
comuni cate. Consider, for exanple, the assenbly of a set of
conmponents. One way to express the assenbly process is to show
a series of photographs of the assenbly at successive steps of
conpletion. As an alternative, video can show the actual assem
bly process fromstart to finish. Subtle details of the process
such as part rotations and novenents can be clearly conveyed,
with the added di mension of tinme.

Qobviously, information expressed in video form can be val uabl e;
however, significant problens arise in adapting video for use

in conputer systens. First, the huge data size of video appli-
cations can strain the systenls storage capability. Video can

be characterized as a stream of continuous-tone i mages. Each of
these i mages consists of pixel values with individual conponents
maki ng up each pixel. For video to have full effectiveness, the
still images nmust be presented at video rates. In nmany cases

the rate to faithfully reproduce notion is 30 franmes per second,
whi ch neans that one mnute of unconpressed video (512-by-480

pi xel s at 24 bits per pixel) would consune over 1 gigabyte of
storage. In addition to storage demands, |arge volunmes of data
cause bandwi dth problens. Presenting 30 franes per second to the
vi deo output with the above paranmeters would require a transfer
rate of nmore than 22 negabytes per second fromthe storage de-
vice to the video output. Thus, reducing the anpunt of data used
to represent the video stream would alleviate both storage and
bandwi dt h concerns.

The starting point for the conpression of video is with stil
i mmges and, as previously nentioned, the JPEG al gorithm can be

used to conpress still continuous-tone inages. Because video
can be represented as a sequence of still inmages, the algorithm
could be applied to each still. This procedure would produce a

sequence of conpressed video frames, each frame independent of
the other frames in the sequence.
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The evolving Mtion Picture Experts Group (MPEG standard takes
advantage of frane-to-frame sinmlarities in a video sequence,

t hereby enabling nore efficient conpression than the applica-
tion of the JPEG algorithmalone.[9] In nost situations, video
sequences contain high degrees of simlarity between adjacent
frames. The conpression of video can be increased by encoding a
frame using only the differences fromthe previous frane. The
maj ority of scenes can be greatly conpressed; however, scene
transitions, lighting changes, or conditions of extreme notion
need to be conpressed as independent franes.

The need for hardware assist in this area is conpelling. Table
5 shows that to sustain a JPEG deconpression at 30 frames per
second woul d require a 1950-nmops processor. The sanme result can
be obtai ned using the CL550-10 JPEG | nage Conpressi on Proces-
sor.[9] Although this device does not nmeke use of interfrane
simlarities to increase conpression efficiency, a device im

pl ementing the MPEG standard woul d exploit these simlarities.
Tabl e 5 shows that notion conpensation, to be supported at 30
frames per second, requires a 9600-npps processor

Audi o and Audi o Conpression

Video is usually acconpani ed by audi o. The audio can be repro-
duced as it was recorded (with the video), or it can be m xed
with the video froma separate source (such as a conpact disc
(CD) player). The audio data is defined by application require-
ments. |f the application allows |ower quality, the audio can
be sanpled at lower rates with fewer bits per sanple, such as
tel ephony rates, which are sanpled at 8 kilohertz and 8 bits
per sanple. For applications requiring high-quality (CD) au-
di o, sanples are usually taken at 44 kilohertz and 16 bits per
sanmpl e.

Integrating audio data into an application creates specia
probl ems. The mmjor characteristic that differentiates audio
fromthe other data formats presented here is its continuous
nature. Audio nmust flow uninterrupted for it to convey any
meani ng. In video systens, the flow of franes nay sl ow down
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under heavy system | oadi ng. The user mmy never notice it, or may
not be annoyed by it. Audi o, however, cannot slow or stop. For
this reason, large buffers are used to allow for | oad variations
that may affect audi o reproduction.

A nore subtle problemin creating applications using audio

is in synchronization. Audio data is usually included to add
anot her dinmension of information to the application (such as
speech). Wthout a nmethod of synchronizing the video and audi o,
one data streamwi |l drift out of phase with the other. One way
to include synchronization is to use tine stanps on the audio
and video. This is particularly useful because standard tine
codes are used in nost production machi nes.

The conpression of audio data is not as efficient as that of

the other data formats. Since a statistical approach to coding
audio is highly dependent on the type of input (i.e., voice,
nmusi cal instrunment), another method is required for generalized
inputs. Differential pulse code nodulation (DPCM is often used
to encode audi o data. DPCM codes only the difference between

adj acent sanpl e values. Since the difference in val ue between
sanples is usually less than the nmagnitude of the sanple, npdest
conpression can be achieved (4:1). The limtation using this
technique is in the coding of high-frequency data.

Har dwar e assi st for the audio data fornmat will probably conme in
the formof hardware to perform functions other than conpres-
sion. For instance, DSP al gorithnms can perform equalization,

noi se reduction, and special effects.

Mul ti medi a

As the terminplies, nultinmedia my integrate all of the previ-
ously nmentioned image formats. The word "may" is inmportant in
this context. This area has been mainly technol ogy-driven, due
to such factors as |ack of standards, devel oping |I/O devices,

i nsufficient system bandwi dth, differing data formats, and a
vast anount of software integration.
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It is currently a topic of debate whether typical users wll
require the ability to create, as opposed to only access, multi-
medi a source material. However, for discussion purposes, nulti-
medi a platforns can be classified into two categories: authoring
and user. Authoring refers to creation of multinedia source ma-
terial and requires different capabilities than user platforns.
In the creation of a nultinedia application, data from many dif-
ferent devices may need to be digitized and cross-referenced. As
the data is incorporated, it is conpressed and stored. Authors
require the capability to edit and m x video and audi o passages
to get the desired result. Mreover, the video and audi o may
originate fromdifferent devices and may even be in different
formts.

As defined above, "user systens" do not require all of the
functions that authoring systens need: only deconpression is
required in a typical user system Most existing user systens
requi re an anal og video source (videodisk), which is purchased
as part of the application. The device control is perfornmed

by the application, i.e., when a user selects a passage to

be repl ayed, the application sends commands to the vi deodi sk.
Figure 8 depicts an authoring system and a user system al ong
with suggested I/O capability.

Next - generation nmultinedia platforns will nake full use of dig-
ital video and audio. This inplies that systens will be able to
receive and transnit nultinmedia applications and data over net-
works. This interactive capability will inprove the efficiency

of many nundane applications and devices. For exanple, elec-
tronic mail can be extended with video and audi o annotati ons,

or neetings can be transfornmed into video tel econferencing. The
adoption of conpletely digital data for multinedia also inplies
that the platformI1/O w Il change. Sone user systens will not
requi re anal og device interfaces or control: the user will | oad
the application over the network or from an optical disk.
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Each of the inage formats described in this section has dif-
ferent characteristics, and each will be presented in the
enbodi nrent of multimedia. G ven the size, processing require-
ments (conpression and deconpression), and real -ti me demands of
applications, hardware assist will be a necessity.

6 Sunmmary

Imaging is a unique data type with special systemrequirenents.
To achieve interactive rates of bitonal inage display perfor-
mance today, hardware accel erators are needed; that has been the
primary focus of this paper. In the future, a general -purpose
processor should be able to handl e the imaging process at the
necessary speed, and beyond that, the processor should be af-
fordable in a | ow-cost bitonal inmaging system However, the
bi t onal docunent processing market will not wait; it is in a
high state of growth and requires that products |ike accel era-
tors be devel oped for at |least a few years.

Conti nuous-tone docunents and nultimedia applications will place
an even heavier processing load on an i magi ng system These
areas will require accelerators for several years. As inaging
applications, including bitonal, expand to cover nore narkets,
the quality enhancenents and performance benchmarks nmet by
accelerators today will set custonmer expectations. Consequently,
our future imagi ng products nust be designed to neet these
expect ati ons.
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