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ABSTRACT
Paper documents continue to play an important role in many
of today’s offices. This leads to the coexistence of both
paper and digital documents, with each type typically be-
ing managed using completely separate systems. There is
therefore a need for systems that bridge the gap between
the two realms of paper and digital document management.
We have developed a paper document management system,
called SOPHYA, which provides mechanisms for a seamless
integration with conventional digital document management
systems. This paper describes the modular architecture of
SOPHYA, and demonstrates its flexibility in supporting de-
velopment of different types of client applications.
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INTRODUCTION
Paper documents have a number of affordances that are not
provided by digital documents; such as fast and flexible nav-
igation, ability to read over multiple documents at once, etc.
[9]. Until digital alternatives to paper can provide these af-
fordances, it is likely that paper documents will continue to
be used along with digital documents. It is therefore crucial
to develop document management systems (DMS) which in-
tegrate organisation of digital and physical documents in a
seamless manner to support better document workflow.

Various systems have been developed for tracking of phys-
ical documents, while providing some degree of connectiv-
ity with existing digital DMS. Most of these systems use
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RFID tags to augment real-world artefacts. One such system
by Arregui et al. [2] uses RFID readers at various locations
around the office to scan and track tagged documents. This
system has been deployed in a patent office by O’Neill et
al. [6]. Hark et al. [3] also describe a similar system, in
which RFID tags are printed directly onto documents us-
ing e-ink technology. Other examples include research by
AbuSafiya and Mazumdar [1] who propose a model that in-
corporates paper documents into a digital DMS using RFID,
and Raskar et al. [7] who use active RFID tags, augmented
with photosensing capability, in conjunction with a handheld
projector that when aimed at the tags is able to determine
their relative location and project visualisations onto them.

We have developed several alternative versions of a DMS
called SOPHYA, which has been more fully described else-
where [8, 4, 5]. SOPHYA is a technology for augment-
ing paper DMS to allow them to be integrated with digital
systems. Unlike other systems referred to here, SOPHYA
utilises wired communication rather than RFID for tracking
physical documents. A wired system allows power to be
supplied to electronic components attached to physical arte-
facts, so that they can provide more advanced functionality.
This is clearly not possible with passive RFID systems, and
active RFID systems require the use of batteries.

A full discussion of the implementation details of SOPHYA
is beyond the scope of this paper. Here we describe the
modular architecture of SOPHYA, and demonstrate its effec-
tiveness in providing the necessary mechanisms for develop-
ment of client applications which can be connected to SO-
PHYA to allow management of physical documents, while
also integrating with conventional digital DMS used for or-
ganisation of electronic documents.

ARCHITECTURE OF SOPHYA
Figure 1 shows the architecture of SOPHYA, which is split
into five layers: three of them belonging to SOPHYA (hard-
ware, firmware and middleware components), and two that
are application specific (digital DMS server, and the clients).

The hardware component manages the containers, which
hold a collection of documents (e.g. folder, archival box)
rather than the individual documents themselves. Contain-
ers can be placed in physical storage locations (e.g. filing
cabinets, shelves, in-trays), which can be either ordered [5],
or unordered [4]. Both the container and physical storage lo-



Figure 1. Overview of the architecture of SOPHYA.

cation are augmented with electronic circuitry. These com-
ponents will be different depending on the type of SOPHYA
technology used (e.g. ordered or unordered). However, each
container would have a unique ID, and may have optional
user interface components such as LEDs.

The firmware is the software embedded into each physical
storage location which gives it a unique ID, and allows it to
communicate with the containers (e.g. read their IDs and
control their user interfaces), as well as communicating this
type of information to the middleware.

The middleware, on the other hand, is responsible for deal-
ing with data coming from different physical storage loca-
tions attached to SOPHYA, and presents this information to
any application specific DMS server using it. The middle-
ware maintains its own database to keep track of information
related to individual containers (e.g. their IDs, location).

It is important to note that within the internal layers of SO-
PHYA there is no concept of digital documents. All that
these layers are aware of is that there are a series of con-
tainers and locations, each with their own unique ID, and
where each container is located. This type of information
can, however, be queried by the application specific software
which is then responsible for mapping it to digital content it
is dealing with. This separation of the physical management
of documents from the digital management of content asso-
ciated with those documents makes it possible for a range
of client applications to be developed. The separation also
makes it possible for the internal components of SOPHYA
to be modified without requiring the modification of the ap-
plication specific software. We have already developed two
versions of SOPHYA, ordered [5] and unordered [4], which
can interact with application specific software seamlessly.

SOFTWARE INTEGRATION
As mentioned earlier, SOPHYA has been designed to fa-
cilitate integration of application specific DMS and clients

with its middleware component. DMS software can connect
to the middleware to receive information about the physi-
cal storage locations and containers. Software connecting to
the middleware can opt to subscribe and receive events (e.g.
containers added or removed), as well as being able to query
for specific information when required.

The interface between the middleware and the application is,
by design, abstracted from the hardware for reason of mod-
ularity. The type of SOPHYA hardware used in a particular
setting would be dependent on the physical document man-
agement requirements of that specific setting. For instance
paper documents storage and retrieval needs of a small law
firm are radically different from the requirements of a library
that needs to handle a large number of books; and as such
the type of SOPHYA hardware used in each of these settings
would be different. In a law firm it would be sufficient to
know where a document is, and so an unordered system [4]
might be all that is needed. In a library, on the other hand,
it is also important to know the physical order of the books
on shelves, what is before and after a book, etc., so a more
advanced ordered system [5] would be more suitable.

Therefore, the information that can be queried from the mid-
dleware may not be possible with all hardware configura-
tions, and as new hardware platforms are developed more
queries may be supported by the appropriate middleware.
However, an important requirement is that all different types
of middleware support a set of basic functionality (i.e. event
notification and queries) and they degrade gracefully when a
given query is not supported by a specific hardware. The fol-
lowing sections describe these basic events and query types.

Events
There are a number of cases where the DMS software may
want to be notified of events by SOPHYA. For example,
when a folder is placed in a user’s physical in-tray an alert
could be sent to their email if they are out of the office. Cur-
rently there are two possible events, addition or removal of
containers, to which a DMS can subscribe. The application
can receive notification when a container is added to, or re-
moved from, specific locations or across the whole system.

Queries
To allow the application to get information about the lo-
cations and containers, the middleware provides a virtual
database which the application software is able to query.
This is divided into three virtual tables, one for locations,
one for containers and one for event history. These are vir-
tual in that they do not exist in an static sense, but rather
the information is gathered dynamically when a query is re-
ceived. Table 1 lists the fields provided by each table.

This virtual database gives access to all of the information
SOPHYA is currently able to provide about the physical arte-
facts it manages. By querying this database it is possible
to answer questions such as: Where is container x located?
Which containers are at location y? Which containers are
not currently present at a location? Which containers have
been moved since time z? How long has container m been at



Physical Storage Locations
ID the unique ID of the location.
Type the type of location (e.g. filing cabinet,

document tray, etc.).
Last Event the ID of the most recent event at this lo-

cation.
Last Accessed the time of the most recent event at this

location.
Containers
ID the unique ID of the container.
Type the type of container (e.g. folder).
Location the ID of the current location of the con-

tainer (or null if it is not currently present
in the system).

Position the current position of the container in its
present location (if available).

Last Event the ID of the most recent event this con-
tainer was involved in.

Last Accessed the time of the most recent event this con-
tainer was involved in.

Events
EventID the unique ID of the event.
Type the type of event (e.g. added or removed).
Time the time at which the event occurred.
ContainerID the container which this event involved.
LocationID the location which this event involved.

Table 1. Virtual tables provided by the SOPHYA middleware.

its current location? Which containers are in the vicinity of
container n? Where has container i been?

EXAMPLE APPLICATIONS
SOPHYA provides low level information about document
containers (e.g. folders, books) and their location, which
then needs to be processed by application specific software
designed to support the requirements of a particular setting.
As mentioned earlier, such application software is likely to
integrate with conventional digital DMS. To demonstrate SO-
PHYA’s flexibility in this respect, we provide two demon-
strative examples of such applications.

Library Application
Libraries are a good example of a scenario where manage-
ment of physical artefacts (e.g. books, journals) can benefit
from integration with digital systems. Most libraries have
a combination of digital cataloguing and lending systems,
which are separate from the mechanism used for storage and
retrieval of items; the only link being the cataloguing label
attached to individual items. Because of the lack of systems
for digital tracking of artefacts, or the lack of sufficient in-
tegration between the digital and physical management sys-
tems, most large libraries often have problems with items
being misplaced or lost permanently.

In this particular case an integrated digital library system can
be developed which would rely on an ordered version of SO-
PHYA [5] for physical tracking of library items in terms of
location, ordering on shelves, etc., while being linked to the

cataloguing and lending systems. Figure 2 shows the archi-
tecture of such a system. On the hardware layer, items such
as books are augmented with container circuitry, and shelves
are augmented with physical storage location circuitry. Their
firmware then allows them to communicate with the SO-
PHYA middleware, which maintains its internal database as
described previously.

The library management system, on the other hand, is re-
sponsible for getting items’ location information from SO-
PHYA, and cataloguing and lending information from the
existing library system, and making them available to client
software. The loan database, keeps tracks of items that are
on loan, the catalogue database provides catalogue infor-
mation about the items (e.g. title, author, etc.), and SO-
PHYA’s middleware provides dynamically changing infor-
mation about the current location of items in the library.

Clients access integrated library collection information thr-
ough the library management software. There may be dif-
ferent clients for different purposes, allowing different lev-
els of access. For example, the librarian client would allow
librarians to access loan information for all library patrons
and add entries to the catalogue database, while the patron
client would only be able to view information about books
and loan information for the logged-in user. Other clients
could include on-shelf visualisations, remote browsing, etc.

Design Office Application
Another example of a typical kind of office document work-
flow that could benefit from the integration of physical and
digital document management systems is demonstrated us-
ing the following fictitious scenario, which is actually based
on our observation of an existing graphic design office:

The workflow begins with sales representatives in the field
getting jobs from clients. A “job sheet” is then filled in for
each job, and is brought back to the office along with any
related hardcopy material. All material relating to a job is
placed in a “job-bag”. Information from the job sheet is then
entered into the job management software and the job is as-
signed a unique ID. The job-bag goes to whoever is working
on the job, and may get passed around if more than one per-
son needs to work on it, though only one person can have it
at a time. Job-bags for jobs that are incomplete, but not cur-
rently being worked on are stored on shelves at the centre of
the office. These shelves provide a quick visual indicator of
how much work remains to be done.

This workflow process could be supported using an unorder-
ed version of SOPHYA [4], as shown in Figure 3. The phys-
ical in-trays and desktops of the designers are augmented
with physical storage location circuitry, and the job-bags be-
come containers. Other than the physical artefacts being
managed, SOPHYA would function in the same way as in
the library example.

The differences appear on the application specific software
side. In this case SOPHYA is integrated with existing job
management system currently used by the example design



Figure 2. Library application.

Figure 3. Design office application.

office. As each job (and thus job-bag) is already assigned a
unique ID, it is simply a matter of creating a mapping be-
tween the job ID and the container ID of the augmented job-
bag. When entering the digital information about a job into
the job management system, the sales representative would
place the job-bag on a container reader (similar to an in-tray)
to create a mapping between its job ID and container ID.

A more advanced job management system and client soft-
ware can then be developed to provide valuable information
on tracking job-bags as they are processed and moved be-
tween different people, making it possible to dynamically
view job-bag location, history, digital content associated or
needed, etc.

CONCLUSIONS
This paper described the modular architecture of SOPHYA,
which has been designed to facilitate seamless integration
with conventional digital DMS. The demonstrative applica-
tion software discussed in this paper illustrated how this in-
tegration can be achieved in two radically different case sce-
narios. We are currently in the process of developing a pro-
totype library management and visualisation client software.
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