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Abstract. In order to assist control room staff in case of failure of any electrical or mechanical component a new
Qbject-Qriented-database-system (OODBS) has been developed and installed. Monitoring and diagnostics may be
supported by this OODBS within a well-defined response time. The operator gets a report on different levels: For
example, at a first level data about the vendor of a device (like reactor vessel internals, pumps, valves, etc.), date of
installation, history of failures since installation, at a second level e.g. technical data of the device, at a next level e.g.
a scanned photo of the device with its identification number within a certain compartment, and at another level using
a CAD-system presenting technical drawings and corresponding part lists in order to assist necessary
communication between operator and maintenance technician.

1. INTRODUCTION

Object-oriented databases were introduced in the late 1980s to provide database management for
applications built using object technology. Object technology enhances traditional application
development by introducing new data modeling and programming techniques. To achieve better
maintainability, object technology organizes code into objects, which combine data and
procedures. This introduces significant database issues, since the object model is different in
many respects from traditional data models.

Databases using object-oriented technology have become the preferred solution for applications
requiring the storage and processing of complex data. Conventional relational database
management (RDBM) schemes are unable to model the complex constructs and processes found
in some fields like engineering environment. Complex assemblies, versions, and revisions of
elaborate product configurations, variant and multiple product structures, concurrent engineering
environments, and global design-to-manufacture business control are too complex, too dynamic,
and too widely distributed to be easily implemented with RDBM systems.

Object-oriented technology has become the technology of choice for complex data and
processes, because object-oriented systems

- can easily model complex data,
- demonstrate much faster performance,
- support an unlimited number of atomic types,
- move or seperate information into component parts,
- support facilities for managing the notion of time, versions of objects and schema,

and change notification,
- scale to larger networks with higher system availability.

This is functionality that is difficult or impossible to obtain with relational database management
systems.
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Blobs and Stored Procedures = OBJECTS

Several relational database management system vendors perseived years ago that they needed to
extend their products past the basic relational model. Two common extensions have been blobs
(binary Jarge objects) and stored procedures. Without blobs , most relational databases could
store only fixed-length fields of certain predefined types (e.g. INTEGER, REAL,
CHARACTER). With blobs, a relational database can also store variable-length unformatted
data, basically treating that data as bit strings. An important use of blobs has been to enable
relational databases to store images.

Object-Oriented Database Management System

One of the most interesting properties of object-oriented programming languages is inheritance.
Using this feature a programmer is able to establish a hierarchy among different classes. A child
class simply inherits the whole or a part of the properties of its parent class(es). Defining a class
with data members that are also classes is another way of making relations between classes.

Using a relational DBMS does not support the programmer in the form of taking over the whole
data structure and functionality into the database. In some cases, even the data structure has to
be taken apart into the native types of the relatinal DBMS and stored in a different scheme. This
translation would destroy the data structure.

Having the same data structures and functionality in the data base system as well as in the
application can become very important, specially during the analyzation phase, when the analyst
has to model the data structures and classes that should be used in the application. Object-
oriented databases make this feature possible for analysts. Classes and their logic can be taken
over directly into the database without having to translate them into a limited number of data
types that are relevant in the relational database systems. This would make the process of
abstracting complex models easier for both analyst and software developer as well.

An object-oriented database system is also able to store the relations between the classes. This
is important because using this feature one can define easily a hierarchy of objects in a natural
way. For example one can define a car that consists of a certain number of doors, wheels, motor
and other parts. The motor itself consists of cylinders, pistons, valves, crankshafts and other
parts. This definition process can go on and on and on. This feature of keeping the relations in
the database is useful for implementing an information system in order to fetch information about
any object stored in it.

Object-Oriented Information System

In order to assist control room staff in case of any warnings/failure from the site we decided to
configurate and install an OODBS called MATRIX developed by Adra Systems, Inc..The
OODBS is a comprehensive designed specifically to manage any type of information in any
process environment. It supports the management of documents, the applications that created
them, and processes that govern their life cycle.
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Matrix operates in a distributed mode within networked system environments of file servers,
workstations, and PCs without requiring a dedicated mainframe or minicomputers. Because of
its fully distributed architecture, the Matrix System can be used by an entire organization.

Information Management

Access control, integrity, consistency, and recovery are fundamental principles for an efficient
OODBS.

Access control means that no data is accessible without proper authorization.

Integrity means that each instance of information is unique, with its own history and owner.

Consistency means that people work with data from a variety of sources (e.g. from different
applications), but each person has access to the most current information.

Recovery means that all information can be readily stored to the state that existed prior to any
failure, whether the result of system failure or human error.

Access Control

The OODBS provides the user with a strong framework for comprehensive access control while
giving him a high degree of flexibility. By using the object-oriented database management system
access control to the information is assured. This is achieved by using integrated features of
Objectivity / DB to define rules of ownership for both data and functions. These rules can be
defined quickly and flexibly through the visual user interface by establishing various associations
between users, data, applications, and processes.

Integrity / Consistency

The integrity of information is of extreme importance. The OODBS assures the integrity and
consistency of information in a variety of ways. Each object contains its own unique information,
which may be accessed by all people who have the appropriate privileges, yet only one copy of
the information exists in the database.

The OODBS cross-checks the object-oriented database to ensure that the information stored
within it complies with all defined relationships, process, and format requirements.

Recovery

A data manager must also provide a robust recovery facility. This is not an option, but rather a
necessity to insure against data loss; whether the result of system catastrophe, media failure, or
undesired user changes.

. 3. tf -
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2. INFORMATION SYSTEM OPERATION

In case any failures the I&C-System generates corresponding warnings comprising device ID and
a short failure description. This warning is sent as a telegram via serial interface to the OODBS,
starting it automatically (Figure 1).

Control Computer

Measurement
&

Monitoring
Equipment

WARNING!
Vtlve(KKS-ID)
cannot be shut!

Distributed

OODB-

Systera

Technical Process

NPP

Operators

Figure 1: WARNING initiating the OODB-System

Thus, no activity from the operator is necessary e.g. to send any request, like SQL, to the
information system. The OODBS starts at once presenting general information due to a certain
warning (Figure 2).
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The warning itself is presented in the center of the screen with connections to available additional
information like e.g.

- specification of device
- repairs
- services
• technical staff
- technical documents

due to the reported device. Furthermore, there is presented a link that this reported device is a
part of... (e.g. a part of preheat er #2). All symbols for additional information are implemented
as buttons, so that the operator may choose certain additional information by a simple mouse
click. In case of any failures due to mouse device or mouse driver software the operator is able
to choose additional information by corresponding keyboard input.

The information system was implemented as a distributed OODBS (Figure 3)
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Figure 3: Distributed Object Oriented Database System

If one implements a distributed database system, one or more operators can be provided with
reports parallely, e.g. in case of a certain avalanche of warnings/alarms. But, because complete
information on the plant should be held consistently, operators have access rights for reading
only. As shown in figure 3 there are additional nodes: One for complete technical description of
the plant that has to be actualized steadily by an authorized engineer and one for software system
administration purposes. Both nodes have access rights for reading as well as writing. The
operational head of control room staff is provided with an additional node for monitoring
purpose.
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If the operator clicks on General Infonnation Button, he gets additional information at a first
level comprising

- ID of device
- device name
• location
- manufacturer
- security level
- date of installation
- maximum value of operation time
- actual value of operation time
- a short description.

In order to avoid that the operator has to change back to first information level, he is provided
with a number of navigation buttons to change over to further dctailled information (Figure 4).
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Figure 4: General Information on device
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If necessary, the operator can be provided with a detailled device specification (Figure 5).
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Figure 5: Device Specification



As a historical report the operator is provided with all services done in the past comprising

- service identification
- technician ID
- date of service
- result (as a short description reported by technician)

(Figure 6).
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Figure 6: Device Services
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The OODBS offers a historical report on repairs of the device done in the past comprising the
following information:

- repair order
- technician ID
-date
- result (a short report by technician)

(Figure 7).
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If the operator needs detailled information on technician staff, he is provided with detailled
information:

- technician ID
- name of technician
- security level
- phone number (extension)
- availability (YES or NO)
- qualification
- description of licence for repairs/services
- department (organizational)
- department head (organizational)

(Figure 8).
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Figure 8: Technician Staff Information

The OODBS contains an additional software interface to personal data acquisition system
(PDAS) in order to provide the operator with a valid and actual information, if a certain
technician with wanted licenses is available or not.
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If the operator wants to get detailled information on a certain device, he may choose e.g.
graphical drafts like CAD documents using CAD-tool CADRA governed by MATRIX
automatically (Figure 9).

Figure 9: CAD-Document of Device

To ensure that technician has entered to right compartment of NPP to do some repair a
telephone communication between operator and technician can be started checking part numbers
in the compartment in comparison to a scanned photo presented to the operator by OODBS
(Figure 10).

Figure 10: Scanned Photo of Compartment (device & neighbouring devices)
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Conclusions

An object-oriented database system was presented. An essential feature of this OODB-System is
that it can be installed and configurated as a distributed OODBS. Thus, in a LAN operators can
get different information from OODBS in case of alarm avalanches parallely. The OODBS is
started automatically by a certain WARNING generated by measurement equipment and presents
the operator complete existing information on a failed device, so that he is able to click on any
button to get more detailled information. The real-time behaviour of the installed OODBS was
found to be excellent. The fundamental advantage of object-oriented-database design is its
expandability. This OODBS has been developed to assist control room staff under precondition
that such an information system will be accepted by control room staff only, if human interface
can be handled easily.
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