
ImagePlus  Workstation 
Program 

IBM's  ImagePlus"  system  is  designed to permit the 
capture, storage,  management, and retrieval of docu- 
ments  through  digital  imaging.  The  Imageplus  Worksta- 
tion  Program is that  portion of the Imageplus  system 
that controls the user's  workstation.  This  paper de- 
scribes the challenges that were posed  in  designing an 
ImagePlus  Workstation,  and the approach taken by the 
development  group to solve them. The  primary  design 
goal  was to deliver  operational  performance for image 
processing  in  a  cost-effective  workstation,  while per- 
mitting the user  maximal  control  in  viewing  and  manip- 
ulating  scanned  documents.  The  solution  chosen  im- 
plemented  a  Personal  SystemJr"'  workstation that op- 
erates  with  a  SystemJ36,  Application System/40@, or 
SystemJ370  Multiple  Virtual  Storage  host. 

D espite the widespread use  of computers in busi- 
ness today, most enterprises still  cope  with a 

significant number of documents on paper. Many 
reasons  exist  for  this, but the costs and delays  asso- 
ciated  with the storage and retrieval of paper files are 
strong motivations to limit their use. The IBM 
ImagePlus'"  system  was  designed to permit the cap- 
ture, storage, management, and retrieval of docu- 
ments through digital  imaging. 

The ImagePlus Workstation Program (IWP) is one 
component of the whole  ImagePlus  system, and in 
particular is the software component of  user  work- 
stations. It controls the user's workstation and host- 
workstation communications, provides the end-user 
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interface, and executes the image  processing func- 
tions required  for the capture, display, and printing 
of documents whose  images  have  been put in digital 
form. 

The k:y design criterion for an ImagePlus  Work- 
station and the IWP was that they form a cost- 
effective and high-performance  subsystem  for han- 
dling document images.  Early in the design, it was 
resolved that the most  cost-effective solution would 
be a host-workstation  configuration. To permit wide 
access to data and centralized management, the doc- 
ument images  would  be  stored on a SystemJ36, 
Application  System/400@ (AS/~OO'~ ) ,  or SystemJ370 
Multiple Virtual Storage (MVS) host. It was also  re- 
solved that the images  would be in a compressed 
form  for  storage and for communications between 
the host and workstation in order to reduce the data 
transmission and storage requirements and costs. 

Thus, to minimize host-workstation communica- 
tions and the user's  response time, a system  design 
was adopted whereby  only  compressed  images are 
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passed  between the workstation and host. Further, a Fast (100 kilobytes  per  second)  host communica- 
new coprocessor was utilized in the workstation for tions 
image  compression and decompression, for scanner Compliance with a document data stream struc- 
or printer attachment, and for driving the display. tured according to  an architecture 
The result is a high-performance workstation for the 

that should  serve  as a useful  base  for future exten- challenges to consider. Each one is now discussed. 
sions. 

b Imageplus system that meets key  design  goals and Performance. There were three key performance 

The fundamental goal  of the ImagePlus  system is to 
help enterprises manage and eventually eliminate 

There  were  three  key  performance 
challenges to consider. 

6 

paper documents. Since documents are vital to every 
business, the ImagePlus  system must be  reliable, 
accurate, and very  usable to be of value. Further- 
more, it must be  fast enough to yield an increase in 
productivity over the current handling of paper and 
must be  able to deal with the wide range of docu- 
ments encountered in a typical  business  setting. 

Design  considerations 

Requirements. There were  key requirements that had 
to be taken into account in the design of the 
ImagePlus Workstation. The design had to provide: 

A reliable 1 O-pages-per-minute  image capture sub- 
system. This system  had to be  able to scan thou- 
sands of  pages  per  day  with  sufficient quality in a 
production environment so as to permit the dis- 
posal of the paper originals. The system must also 
be  able to handle the wide  range of  size and quality 

mailroom. 

b 

B in documents that might  be found in a typical 

A six-pages-per-minute  image printing subsystem 
Emulation of a host 3270/5250 session' 
A display of a full  image  page,  within one second 

A concurrent display of the emulation session 
Subsecond  image  display  paging  (i.e., a rate typical 

Support for  text and image  overlays3 

of receipt from the host 

of a text-processing  system) 

Subsecond image display. Since a typical 8.5- by 1 1- 
inch page contains 456  kilobytes of data, processing 
this volume of data with a subsecond page  flip rate 
posed  difficulties,  given the price point that worksta- 
tion design  was  based on. 

Ten-pages-per-minute image capture. Although the 
scanner chosen can operate at a rate of approxi- 
mately 1.2 seconds  per  page, a throughput rate of 10 
pages per minute also requires very  efficient handling 
of the scanned images, an easy-to-use end-user inter- 
face, and high-speed communications to send the 
documents to the host  for  storage. 

Six-pages-per-minute image printing. This rate posed 
problems,  because the conventional attachment of a 
printer to a workstation (through a serial or parallel 
port) entails several minutes of transmission per 
page. 

The design solution presented in this paper was 
derived  using  these three performance challenges as 
primary goals. 

Cost. To provide a cost-effective  ImagePlus  Work- 
station, the low-cost  Personal  System/2@' (PS/~@') 
Model 50Z was  selected  as the price-point worksta- 
tion. This workstation is a tabletop model, uses a 12- 
MHz  80286  processor,  has one megabyte of mem- 
ory, and includes three Micro Channel@' expansion 
slots. 

Given this price-point workstation and the perform- 
ance and function required, it was  necessary to in- 
clude an image  coprocessing adapter that would  also 
serve to provide connections to the scanner and 
printer. This design point was required to provide 
the peripheral attachments and communications 
from the three slots  available  in the P S / ~  Model 50Z. 

To minimize memory requirements, the Personal 
Computer Disk Operating System (PC DOS, or DOS) 
was chosen;  however, this selection created some 
additional challenges  since a digitized page image 
contains typically  456  kilobytes of data, and DOS has 
a 640-kilobyte limit for  program and directly ad- 
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Figure 1 Sample display configurations 
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dressable data. Thus the need to deal  with  these  large 
data objects and to load  high-speed communication, 
emulation, and application programs  necessitated 
designing around the memory issue. 

Usability. The ImagePlus Workstation had to be 
highly usable,  implying  simple operation, fast  re- 
sponse time, and quality imaging.  Simple operation 
meant that workstation operations must be  easy to 
learn. The response time must be  fast, so as to 
provide an advantage  over the use  of paper-based 
document handling. The document imaging must 
also be  of  good quality to ensure that the document 
information is captured in the images (to permit the 
elimination of the existing paper documents). The 
user must also  be  able to view an entire page at once, 
with  sufficient  resolution to be  able to clearly  see 
most  business document text. The displayed  image 
should  be  displayed at (or near) its original  size. 

Since the quality of paper documents varies  widely, 
the document images should be  displayed to the 
operator at scan time. This permits the operator to 
visually  verify the scanned image quality, and  to 
handle the diverse  range of document darkness, 
color, and contrast found in a variety of documents. 

A typical  business document often contains multiple 
pages. It is  also quite often  necessary to refer to 
several documents simultaneously. To be  highly  us- 

able, the workstation must be  able to handle multi- 
page documents and many documents at once. The 
workstation must also permit the user to correct 
common errors that might occur during the capture 
of multipage documents (e.g.,  by rescanning,  reor- 
dering,  deleting, and adding pages). 

The primary goal in making this application usable 
was to provide a performance level that would  allow 
processing  of  images  of  pages at a speed similar to 
what can be obtained when handling the actual paper 
copies.  However, other usability concerns were also 
important. These concerns included: 

Single format display: The image  display contains 
nothing but the image and information areas at 
the top  and the bottom of the display. No menus 
or other user interactions are required to view an 
image  (see  Figure 1). 
Multiple monitor options: The user can have the 
image  presented on a separate display (IBM 8506) 
or on a large composite display (IBM 8508). On 
the 8508 display, the image  may  be  presented 
beside an emulated terminal session (3270 or 
5250), as illustrated in Figure 1. Other options are 
also  available, such as using the 8508 display to 
show  two  images  side  by  side,  using the full  size 
of the 8508 display as a single  image  display  space, 
and placing the emulated terminal session  screen 
area on either the left or the right  side of the 
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Figure 2 Example of ruler  line 
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screen,  with an option to hide this information in 
order to temporarily use the entire surface  for 
image  display. 
Page  viewing:  Single  keystrokes permit the user to 
page forward or backward, at either a page  level 
or a document level.  Many other often-used  func- 
tions (such as go to the first  page or to the last 
page) are available as single  keystroke functions. 
A sample of other functions include: 

Zoom-An approach similar to moving  a  mag- 
nifying  glass  over  a  page  was adopted. The size 
of the magnified area is  variable under end-user 
control. Its speed  is similar to the speed at which 
one might  move  a  real  magnifying glass over  a 
piece  of  paper. 
Rotate-A function to rotate a  displayed page 
in 90-degree increments is  provided.  Each  ro- 
tation is  performed in a  small fraction of a 
second. 
Ruler line-This function provides  a  movable 
horizontal line to highlight areas of the dis- 
played  image. This feature is  useful  when  col- 
umns of data are being  processed.  (See  Figure 
2.) Note that the height of the ruler line can be 
varied by the end user. 
Page  marking-Often  when  processing  a  large 
number of  pages, several key  pages  need to be 
marked as ones that will  likely be viewed again. 
This facility  lets  users mark a page in such  a 
way so that they can quickly return to it without 
having to browse through other pages. 
Configurable functions-A default keyboard 
and keypad layout was provided,  which  assigns 
keys to functions. This layout was  based  pri- 
marily on experience  gained in the early  pro- 

totype work. The IWP configuration functions, 
however, permit users to tailor this default  lay- 
out to the one most suitable for  a particular 
installation. 
On-line help-Extensive on-line help was pro- 
vided. A separate help panel was made available 
to give additional information for any message 
issued, as well as to give general-purpose help 
for  overall usage information. 

For further information regarding the facilities pro- 
vided by IWP, see the ~s~z/magePlus Workstation 
Program Operations Guide. 

Development  approach 

During the development phase  of this project, the 
advice of customers was often solicited  with  regard 
to further defining requirements and was invaluable 
in all  areas  relating to ease  of  use and overall  usabil- 
ity. This direct communication with customers is a 
highly recommended approach, particularly in the 
development of a  system that has many usability 
design  issues. 

The approach taken was to build prototypes of the 
workstation  early in the development cycle and have 
them evaluated by real end users.  Two prototypes 
were delivered to customers: one that operated with 
a  System/370 MVS host, the other with  a System136 
host. The experience  gained  with  these prototypes 
was  used to build the ImagePlus Workstation Pro- 
gram  (released in September 1989). This ms product 
is  able to operate with  a Systeml36, ~ s / 4 0 0 ,  or Sys- 
tem/370 MVS host through configuration options. 
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Figure 3 Hardware block diagram 
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cation Architectye'" (sAA'") Common Communi- 
cations Support. Specifically, the Mixe5 Object 
Document Content Architecture (MO:DCA) is  used 
to define the document structure, and the Image 
Object Content Architecture (IOCA)'~"' is  used to 
define  each  image  page. 

Although the emphasis in ImagePlus  is the handling 
of  images,  it  is  also important that it  be  capable of 
receiving  text  objects  within  a document. These  text 
objects are formatted  according to the Pr:yntation 
Text  Object Content Architecture (PTOCA) and can 
be  created by the host  ImagePlus application. 

One of the key features of this architecture exploited 
by the IWP is the ability to define  pages that are 
composed  of  local data and of  references to external 
data resources  (i.e.,  overlays). This feature provides 

the ability to store  a  page  of  text that may  be  pre- 
sented  along  with  a  prestored  image. The prestored 
image  may  be  a  (blank) form that is referenced  by 
many  text  objects.  Since  this  feature  provides  a 
means of storing  text  pages  without  repeated  storage 
of a common form, considerable  savings in storage 
media and communication bandwidth can be ob- 
tained. (Text pages  typically  use 20 to 30 times less 
storage than compressed  image  pages.) 

Communication  architecture. The IWP has  two  sep- 
arate communication components, each  designed  for 
local  area  network (LAN) attachment. LAN attach- 
ment provides the high-speed communication facil- 
ity  necessary to achieve  performance  requirements. 

In Multiple  Virtual  Storage/Enterprise  Systems  Ar- 
chitecture (MVS/ESA~~) configurations,  a  Systems  Net- 
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work  Architecture (SNA) LU 6.2 protoc01'~ is  used to 
communicate between the IWP and the Object  De- 
livery and Management (ODM) program. In ~ S / 4 0 0  
configurations, the IWP utilizes functions provided 
by A S ~ O O  PC Services for communication with the 
Workfolder  Application  Facility (WAF). 

The ImagePlus  system  also  gives  users  some  quality 
and cost options versus  performance  options.  Typi- 
cally,  a  user captures the incoming image at 200 pels 
per inch (ppi)  bilevel. This image  is  compressed and 
saved at the host. For the best quality display, its 

resolution  is  modified and it  is anti-alia~ed'~ to 100 
ppi  with  four  shades  of  gray.  For  faster  performance, 
however, the user  may  save both the 200 ppi com- 
pressed  image and a 100 ppi  bilevel  compressed  copy 
of the image. The latter contains significantly  less 
data, permitting faster  retrieval of a  lesser-quality 
version  of the image. 

Data flow. Since  image  pages  involve  large amounts 
of data, the primary criterion for  achieving  high 
performance  is to keep the data path as short as 
possible. The following  two  examples, in conjunc- 
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tion with  the data flow illustrated in Figure 4, show 
the data flow for  typical  scan and display  operations. 
The numbers in parentheses  correspond to the num- 
bers in the figure. 

Data flow for scan operation. Uncompressed  image 
data are received  from the scanner (1) as the paper 
is  passed through. These d$a are read  directly into 
the high-resolution  bit map in the Image  Adapter/A 
memory. 

Since the sampling rate provided by the scanner  is 
200  pels  per  inch  and the resolution  of the attached 
display  is  100  pels  per inch, a  resolution  modification 
process  must take place (4). The input data to this 
process  is the contents of the high-resolution  bit map. 
The output of this  process  is  placed into the low- 
resolution  bit  rnap.I6 

Note that the image  has  been captured and displayed 
completely under control of the image adapter proc- 
essor and that the image  has not left the memory of 
the adapter. 

While the image  is  being  viewed  (quality-checked) 
by the operator, the encode operation takes  place." 
The compressed data resulting  from the encode op- 
eration are placed in P S / ~  extended  memory (3). 

The page-scan operation is  repeated until all  pages 
of the document have  been  scanned.  At  this time 
the pages are assembled into a document format and 
sent  to the attached image  host (7). 

Data flow for display operations. A document is 
received  from the image  host (7). The document is 
broken  down into a  series of  pages, and each  page  is 
stored in P S / ~  extended  memory. If all of PS/Z ex- 
tended  memory  has  been  allocated by  pages  previ- 
ously  received, the pages are written to the P S / ~  fixed 
disk (8). 

Display attachment hardware in the image adapter 
is  used to display the contents of the low-resolution 
bit map on the attached display  device. 

If no page  is currently  being  displayed, the first  page 
received  is decoded'* and its  resolution  is  modified 
to the display  resolution. The data resulting  from 
this operation are placed into the low-resolution  bit 
map. 

Display attachment hardware in the Image 
Adapter/A  is  used to display the contents of the low- 
resolution  bit map on the attached display  device. 
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Once one page has been  displayed, the remaining 
pages  may  be  displayed  upon operator demand. Note 
that, depending  on the amount of memory  available 
in the image adapter, there  may  be  room  for  multiple 
low-resolution  bit  maps. If so, a  different  low-reso- 
lution bit map is  used  for  each  page  display  request. 
Having  different  bit maps provides  response times 
of  less than 100  milliseconds  when  a  request  is made 
to view a  page  again.  Once  all of the low-resolution 
bit  maps  have  been  used,  a  subsequent  paging  re- 
quest will  reuse one of the bit  maps. The bit map 
reused  is the one that was  referenced  least  recently. 

Internal design. Figure 5 illustrates the manner in 
which the dual processor  capability  is  used. The P S / ~  
portion of the application consists  of  a number of 
processes that operate from  queues. A task  dispatcher 
passes control sequentially to each  process, as long 
as  any  work  is queued for that process. 

The Image  Adapter/A  manager  is  used to start tasks 
that run in the image adapter and  to take the appro- 
priate action when  these  tasks are completed. In the 
Image  Adapter/A,  a  simple  dispatcher is provided to 
route requests to the appropriate task. The image 
adapter section of the application can run only one 
task at a time, and each  task  must run to completion. 

An important benefit  of  having  a  separate  coproces- 
sor is the ability to overlap  operations. For example, 
receipt  of document pages can occur  simultaneously 
with the decompression and display of a  page  already 
in the system. This overlap  is  possible  because the 
LAN communications are managed by code operat- 
ing on the P S / ~  processor,  whereas the decompression 
and display  code  operates on the image adapter. 

Concluding  remarks 

The combination of a  low-cost P S / ~  and a  separate 
image  coprocessor  provides  a suitable hardware  base 
for  meeting the stated  requirements. The DOS oper- 
ating system,  along  with an application specifically 
designed to maximize  performance, can provide  a 
workstation solution that permits handling of docu- 
ments in image  form in a  highly  productive manner. 

In  March  1990, IBM announced a statement of direc- 
tion  for  a  version of the ImagePlus  Workstation 
Program  based on Operating  System/2" ( 0 ~ 1 2 ~ ) .  This 
version  will  conform to Systems  Application  Archi- 
tecture and Common User  Access architecture and 
will exploit  features of os/2 such  as  multitasking and 
the Presentation  Manager".  Enhanced  device  sup- 



Figure 5 Software block diagram 
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port and new data types,  such  as  color  image and the design and development of the application  are 
audio,  are  also  planned. acknowledged. 
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