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METHOD AND APPARATUS FOR AUTOMATICALLY
GENERATING A SCADA SYSTEM

Field of the Invention

The invention reiates to supervisory control and data acquisition
(SCADA) systems generally. More particularly, the invention relates to a method
and apparatus for automatically generating and configuring a SCADA system

using electronic “as-built” data files.

Background of the Invention
Computerized systems for monitoring, diagnosing, operating and

controlling the operations of a wide variety of facilities, including factories, power
plants, warehouses, office buildings and apartment buildings, are known. In such
Supervisory Control and Data Acquisitioﬁ (SCADA) systems, microprocessor
devices convert device measurement and status inputs into computer data for
logging and transmission to higher level processors. These supervisory
processors make strategic decisions for the operation of a subsystem or subsystem
device and sénd out set points to dedicated controllers which will make the
changes to actuators and ultimately the process. The SCADA network therefore
connects to many controllers and field devices to gather information and make.
global decisions. These SCADA systems typically integrate a large number of
control devices through a number of diverse control networks. For example, there
may be security, fire protection, heating, cooling, electrical and elevator control
systems. U.S. Patent No. 6,067,477 describes a method and an apparatus for
providing an object-oriented frame work for the development of personalized
workflow applications that provide real time SCADA functionality, while
maintaining scalability to any number of users and integration with existing
applications and systems. More specifically, U.S. Patent No. 6,067,477 describes
a computer integrated SCADA system for managing distributed field devices that
control or monitor physical or logical entities and for providing users the ability to

construct personalized SCADA applications. The computer controlled system



10

15

20

25

30

2

provides real time continuous operational control by monitoring data received
from one or more remote device sensors and actuating at least one of the plurality
of control devices based on input from said remote sensors.

When a process control system is first installed, the system must be
configured to function properly. However, configuring a process control system
can be a complex, error prone task in which the user is required to keep track of
numerous operations, files, computer connections and software configurations for
all devices in the system. Typically, a user configures such a system from a
written description (e.g., in system manuals) that identifies the features that can be
configured and specifies the procedure for configuring the features (and,
sometimes, the order in which the features are to be configured). The user types
in commands based on instructions in the manual to configure such features as the
data paths that the SCADA system will use, alarm conditions, network
specifications, etc. In general, the user is required to type in the applicable
information for each feature. The user typically keeps track of the features that
have been configured, e.g., proceeding through a written checklist that he or she
constructs or that the manuals provide. According to a more advanced method for
configuring systems, there exist graphics-driven techniques according to which a
user can configure the data processing features of a SCADA system. According
to this method, the configurable data procéssing features are represented by
displayed graphical objects that the user can readily comprehend and associate
with each data processing feature. Symbols are created and added to the display
for at least some of the configured features to present the user with a pictorial
view of the features that have been configured. The user selects a displayed
graphical object using an input device of the computer and is prompted to enter
information associated with the data processing feature represented by the object.
The computer system is enabled to thereafter use the data processing feature to
process data in accordance with the entered information. Howevér, even such
graphics-driven methods for configuring SCADA systems are complex and time-
consuming. Accordingly, there exists a need for an automated method for

generating and configuring SCADA systems.
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Summary of the Invention
This invention is a method of using electronic copies of as-built drawings

to automatically generate and configure a SCADA system. “As-built” drawings
are often prepared at the conclusion of a construction project and reflect the final
location of floors, walls, and building systems and devices and their connections.
As-built factory drawings may also show the location of installed machinery, for
example. As-built drawings are typically, but not necessarily, based on building
and/or system blueprints which are modified following inspection of the final
facility and notation of the location and connections of the structure and devices.
Once prepared, as built drawings are often stored electronically in a graphics
format such as DXF and the like.

According to the invention, there is provided a method for reading an
electronic copy of an as-built drawing, compiling a list of objects represented in
the as-built drawing file and converting the graphical representation of the
systems and devices represented in the as-built drawing to a graphical format
according to the requirements of the SCADA system to be configured for usec as a
background drawing. According to the invention, the format conversion may be
proceeded by a filtering step in which systems or “layers” represented in the as-
built file may be filtered out or de-selected for conversion. Also according to the
invention, the list of objects compiled from the as-built drawing may include list
of all devices and systems represented in the as-built drawing, or it may be a list
of only pre-selected categories of devices and systems represented in the as-built
drawing, Compilation of the list of objects from the as-built drawing preferably
includes identification of location information and relational information for each
device selected for the device list and association of said location and relational
information in memory to the corresponding device and/or devices, so-called
binding addresses. Specifically, each object is associated, or “bouﬁd” toa
corresponding subsystem and to a device address. Since each subsystem often has
its own addressing scheme for devices, by combining subsystem and device

address, a unique binding address is made. For example, a particular thermostat
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might be assigned the unique binding address “HVAC_1.DEVICE 001.”
Optionally, this unique binding address may be renamed or mapped to an
application specific object such as “Floorl.Room1.Temperature.”

Once the list and associated location and relational information is
compiled from the as-built file and stored in the SCADA system memory, and the
as-built drawing’s graphical representation has been filtered, converted and stored
in the SCADA system memory, the generation of active screens in response to
inputs from a system requiring attention or in response to a user command, takes

place in a known fashion.

Brief Description of the Drawings
Figure 1 is a representation of a SCADA system according to the

invention.

Figure 2 shows a portion of a representative as-built drawing.

Figure 3 is an excerpt from a printout of a representative as-built drawing
file in DXF format.

Detailed Description of the Preferred Embodiments of the Invention
Referring to Fig. 1, there is shown a SCADA system 1 including object list

3 and background drawing 5 stored in memory 7. SCADA system 1 may be
maintained on a server 9, and server 9 may be hard-wired to PC 11 and/or it may
be in communication with remote PC 13 by the internet 15. Server 9 may itself
optionally be a personal computer.

HVAC control system 20, fire control system 30, water control system 40,
electrical control system 50 and security system 60 receive and optionally store
data from corresponding system devices. For example, HVAC control system
receives, monitors and selectively stores data, for example, from thermostat 22,
cooling tower 24, furnace 26 and ventilation fan 28. Fire control system 30
receives, monitors and selectively stores data from fire control devices including
smoke detector 32 and sprinkler water pressure meter 34. In addition, in an

integrated system, fire control system 30 may optionally receive and monitor data
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from thermostat 22 which may have a primary association with HVAC control
system 20 but a secondary association 35 with fire control system 30. Water
control system 40 may receive, monitor and optionally store data from devices
including water meter 42, water pressure sensor 44 and hot water heater 46.
Optionally, water control system 40 may receive, monitor and selectively store
data from fire control devices, for example, sprinkler water pressure gauge 34.
Water control system 40 may receive data from sprinkler pressure gauge 34
directly or through fire control system 30. Electrical control system 50 may
receive, monitor and selectively store data from electrical control devices 52, 54,
and 56, and security control system may receive, monitor and selectively store
data from security control devices 62, 62 and 66. HVAC control system 20 fire
control system 30, water control system 40, electrical control system 50 and/or
security control system 60 may be hard wired 70 to server 9, 'or may communicate
with server 9 over the intemnet 15 (lines 80) or by radio transmission. Typically,
the SCADA system sends periodic requests to monitoring devices associated with
each object for status information corresponding to the objects, and the
monitoring devices corresponding to each object respond by sending status data
back to the SCADA system.

The SCADA system associates data received from sub-system devices
with corresponding object on the object list 3. If the data from a sub-system
device is outside specified operational parameters associated with corresponding
object on the object list 3, the SCADA system alerts the user to a situation that
requires attention. The notice to the user may constitute a prompt to the user to
execute a command that results in the generation of an active screen. Optionally,
the system may be configured to notify the user by automatically generating an
active screen showing the state of the device requiring attention.

The active scréen is generated as is known in the art by identifying the
portion of the background drawing 5 that contains a representatiori of tﬁe device
on list 3 that requires attention, generating a graphic interface of that portion of
the background drawing on the user’s computer screen and showing the state of

the device requiring attention on the bacicground drawing. The user may select
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from a variety of zoom and windows settings for the display depending on the
relative context in which he or she wishes to view the device, and the system
calculates the boundaries of the requested screen in terms of physical coordinates.
The system then picks up drawing elements and devices within the calculated
5 boundary and configures the graphical interface. Using the active screen
graphical interface generated by the SCADA system that reflects the device or
devices requiring attention, the user may change the setting of the device, turn it
on or off or simply ignore the alarm.
According to the invention, a SCADA system of the type described above

10 may be automatically generated and configured using an electronic as-built file.
Specifically, the electronic as-built drawing is first scanned for codes that
correspond to specific devices or device types. Since the as-built files existina
variety of formats, the system may be adapted to read and distinguish between
these different formats. For example, if the system identifies the as-built file as

15 being in DXF format, the system may scan the as-built file for all known DXF
device codes, or, if the SCADA system to be generated is intended to monitor and
control, for example, only fire control systems, the system will scan the as-built
file only for DXF codes that correspond to fire control devices. The system may
provide a menu of systems, devices and/or device types for which the SCADA

20 system will be generated, and the system may scan the as-built file for DXF codes
for corresponding only to the systems, devices or device types selected by the user
from the menu.

‘When the system identifies a device in the as-built drawing file that has

been selected from the menu, the device, its location and binding address is added

25 to list 3. The as-built file is then scanned for graphical data corresponding to the
systems and building environments selected by the user from the device list.
Graphical data that corresponds to the devices, systems and environments selected
by the user from the menu are then translated from DXF format in:co the customize
and user friendly graphical interface of the SCADA system.

30
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Claims

1. A method for automatically generating a supervisory control data
acquisition system comprising:

identifying devices on an as-built electronic data file;

creating data cells that represent identified devices based on default icon
defined for specified device types;

identifying device-specific information and device relational information
form the as-built electronic data file; and

configuring each data cell with said device-specific information.

2. The method of claim 1 further comprising generating a background
graphic from the as-built electronic data file showing the relationship between

selected devices.

3. The method of claim 1 where in the as-built electronic data file is in
the DXF format.

4, The method of claim 1 further comprising:

identifying a device type and a device address for a specific device from
said as-built electronic data file; and

binding the data cell corresponding to such specific device to said device
address.

5. The method according to claim 1 further comprising using attributes of
drawing elements to specify the binding address and to specify a user interface

icon.



