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INTELLIGENT SCADA FOR HOME APPLICATION

S. R. KATKAR
STUDENT
ELECTRICAL ENGINEERING DEPARTMENT
G. H. RAISONI COLLEGE OF ENGINEERING
NAGPUR

ABSTRACT
A supervisory control data acquisition system (SCADA) is an integrated platform that incorporates several components and it has been applied in the field power
system and several engineering applications to monitor, operate and control a lot of processes. In the future electrical network, SCADA system are essential for an
intelligent home automation resources like HVAC centralized control of lighting appliances, Air Conditioning and Refrigeration system, water reservoir system,
etc. This paper present a SCADA system for typical household application which is implemented on iFIX4.0 software. The main objective is to manage residential
consumption, reducing or curtailing loads to keep the power consumption in or below a specified set point imposed by the customer and generation availability.

KEYWORDS

Human machine Interface, Intelligent control, PLC and SCADA.

INTRODUCTION
ome automation is the residential extension of "building automation". It is automation of the home, housework or household activity. Home automation
may include centralized control of lighting, HVAC (heating, ventilation and air conditioning), appliances, and other systems, to provide improved
convenience, comfort, energy efficiency and security. Home automation for the elderly and disabled can provide increased quality of life for persons who
might otherwise require caregivers or institutional care. Devices may be connected through a computer network to allow control by a personal computer, and
may allow remote access from the internet. Through the integration of information technologies with the home environment, systems and appliances are able
to communicate in an integrated manner which results in convenience, energy efficiency, and safety benefits.
Although automated homes of the future have been staple exhibits for World's Fairs and popular backgrounds in science fiction, complexity, competition
between vendors, multiple incompatible standards[a] and the resulting expense have limited the penetration of home automation to homes of the wealthy or
ambitious hobbyists. As the number of controllable devices in the home rises, interconnection and communication becomes a useful and desirable feature. For
example, a refrigerator can send an alert message when it needs cleaning and service. Rooms will become "intelligent" and will send signals to the controller
when someone enters. If no one is supposed to be home and the alarm system is set, the system could call the owner, or the neighbors, or an emergency
number.
Other automated tasks may include setting the air conditioning to an energy saving setting when the house is unoccupied, and restoring the normal setting
when an occupant is about to return. Home automation can also provide a remote interface to home appliances or the automation system itself, via telephone
line, wireless transmission or the internet, to provide control and monitoring via a Smartphone or web browser. In terms of Lighting Home Automation, it is
possible to save energy when installing various products. Simple functions such as motion sensors and detectors integrated into a relatively simple home
automation system can save hours of wasted energy in both residential and commercial applications. For example imagine an auto on/off at night time in all
major city office blocks, say after 10pm, when no motion is detected, lights shut down, the company could save kilowatts of wasted over night energy[b].
After this introduction section, this paper is organized as follows: Section Il deals with Basic structure of SCADA systems; Section Il describes intelligent SCADA
system for industrial purpose; Section IV presents case study; V Simulations; and finally, Section VIl presents the conclusions.

BASIC STRUCTURE OF A SCADA SYSTEM

In order to increase the flexibility of the SCADA systems, it is important to isolate subsystems which are influenced by changes of environments. Therefore,
programs in electric power systems falls into three hierarchical layers as shown in Figure 1. Interfaces between different layers encapsulate the inner-structure
of each layer; therefore, the modification of programs and data in one layer does not affect other layers [c].

FIG.1: THREE LAYERS OF SCADA SYSTEM
Task dependent part

Power system dependent part
Computer system dependent part

Monitoring of nowadays complex power systems and enable operators to accomplish their tasks. The traditional power system structure is changing with more
and a more competitive business environment. In face of these challenges the operators need to change their control/operation strategies adopting more
flexible methodologies and the SCADA system.

Task Dependent Part: Programs and data in this part are independent of the configuration of both power systems and computer systems. Since the programs in
this layer become general package software independent of system configuration, they can be used in all offices with minimum modification. Namely, their
modifications are needed only when application specification is changed.

Power System Dependent Part: This part encapsulates the hardware configuration and operational organization of real power system, and provides two abstract
data models. One corresponds to hardware of power systems, such as a topology of transmission lines, circuit-breakers and transformers. The other corresponds
to operational organization of power system, such as office configuration, control areas and ordering authority. These models make programs of the task
dependent part independent of real power system Configuration.

Computer Dependent Part: This part hides a computer system configuration. It encapsulates network topology of computer system, computer architecture,
location of resources etc., and the programs and data of upper two layers can be developed without awareness of computer environments.

INTELLIGENT SCADA

Making the new paradigm possible requires decision decentralization and the adequate means to implement it. This is certainly not the case of current SCADA
systems. These are intended for the monitoring and supervision of equipments owned (or at least operated) by a very limited number of entities (one in most
cases). It is assumed that there is a fixed entity to operate each piece of equipment (there is of course flexibility to operate at different levels, such as locally or
remotely, but in the scope of the same entity such as a distribution or transmission company). In the future DER owned by a large set of diverse entities will
represent a significant part of the overall resources. It is not possible to adequately plan and operate the system if DER are not considered as taking part in the
solution of power system problems. For this, it is required to have decentralized intelligence and decision ability. It is equally important to have SCADA based on
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a power system model which is based on the new paradigm. This imposes to consider both the physical part of each power system component and its cyber
dimension, which requires a SCADA based on a cyber-physical model of the power system. Power system components are important because of:

a) the relevance of their physical existence and operation features (P);

b) the availability of relevant information we may have about them in decision centers (1);

c) the permission to operate them (O).

The relevance of one specific component for the solution of a particular problem must be evaluated considering simultaneously a), b) and c). In fact, it is not at
all relevant to have a component with the adequate characteristics to in the current state of art; SCADA systems consider these three conditions in a very limited
way, using the logic of serving a single entity that uses each SCADA. In the future, SCADA will have to consider the same three conditions in the scope of
competitive environments where each entity SCADA has direct access to its own components. When negotiated, each SCADA can also have access to
information and operation of other players owned components. Moreover, in many cases, once these permissions, and the conditions under which they should
become active, are define are, the permission should be automatic and transparent to the users. Like this, real-time operation is guaranteed and market and
ownership issues are respected. solve a problem if one does not have access to the required information about it in due time to take a decision. None of these is
of any value if one does not have the permission to operate this component. Some characteristics of SCADA systems presently Commercialized can be pointed
out [d]:

» Today’s SCADA systems are able to take advantage of the evolution from mainframe based to client/server architectures. These systems use common
communications protocols like Ethernet and TCP/IP to transmit data from the field to the central master control unit;

* SCADA protocols have evolved from closed proprietary systems to an open system, allowing designers to choose equipment that can help them monitor their
system using equipments from a variety of vendors;

* SCADA systems are widely used to monitor and control critical infrastructure utilities;

¢ While SCADA protocols are more open today, there is not yet a clear consensus of which protocol is the best.

The main advantages of using SCADA systems in a company are [e]:

-Real-time monitoring,

-System modifications,

-Increased equipment life,

-Automatic report generating,

-Troubleshooting, etc.

CASE STUDY

This section presents a case study to illustrate the implemented energy management methodology. Sub-section A describes the methodology used to undertake
load management. Sub-section B describes the equipment used for the case study. Sub-section C describes the developed human-machine interface. Finally,
sub-section D presents the results obtained for this case study.

A. DECISION METHODOLOGY

The main objective of the decision methodology is to manage loads when there is a shortage in the available power to supply the load. This can happen due to a
shortage in power generation or to user defined consumption limits. When, for instance, in night periods, generation is higher than load, no action in the load
side is performed. The surplus energy is stored in batteries; if batteries are full-charged, some generation resources are automatically disabled. This is a real-
time control system that evaluates at each moment the energy consumption and, if necessary, makes changes to the connected loads. Fig. 2 presents a
schematic representation of the implemented decision strategy.

FIG. 2: SCHEMATIC REPRESENTATION OF IMPLEMENTED STRATEGY
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The controlled installation can operate two load types: controllable and non-controllable loads. Non-controllable loads can only be operated manually.
Controllable loads can be operated both in manual and automatic modes. Load management is performed taking into account a reestablished order of merit
that orders the loads by priority of supply as determined by the user. Rules concerning reducible and curtail able loads are taken into account by the decision
methodology. As a reference for load management, a set point is required to define the maximum load to be supplied. This set point can be defined by the user,
but if the power provided by the installed generation is not sufficient to supply the whole load, the set point is automatically adjusted to the value of generated
power.
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B. EQUIPMENT CHARACTERIZATION
For the present case study, the energy provided by generation units and storage is managed by the SCADA system and delivered to a set of loads.

FIG. 3: INTELLIGENT BUILDING SYSTEM OR SMART HOME
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The SCADA system is composed by several hardware components for data acquisition and resources management such as energy meters, switches, electronic
ballasts, and drivers for motor control. The central operation of SCADA is undertaken by a tactile industrial computer that provides users with the human
machine interface and runs iFIX4.0 software. This software is able to communicate with a PLC that is connected with all the components of the system. Since it
is able to communicate in several protocols, it can be used to communicate with a large diversity of appliances and fig. 8 presents the control panel of the test
bed used for this case study. The non-controllable portion of load is implemented with a set of variable resistive loads.

The test bed includes six controllable loads:

¢ 0.5 HP induction motor (IMA);

¢ 1.0 HP induction motor (1MB);

e 2.0 HP induction motor (IMC);

¢ 40 W incandescent lamp (IL);

® 72 W (2 x 36 W) fluorescent lamps (FL);

* 600 W heat accumulator (HA).

The energy to supply the load is provided by two photo voltaic panels, one wind turbine, one fuel cell and a storage system.

C. HUMAN MACHINE INTERFACE

The test bed installation represents a residential house which control display is presented in Fig. 4. This is the main menu where one can have a general view of
the installation and some information about the loads.

FIG. 4: INSTALLATION MAIN CONTROL PANEL
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Clicking on each element, accesses a more detailed information menu. Fig. 4 shows a screen where one can see the total active power consumption of the
installation and verify the results of the implemented load management. This interface is implemented in iFIX software which provides users with flexibility for
both graphical interface and functionality development. Altogether, this implementation has 6 screen menus to control the whole installation.

SIMULATION

A. SIMULATION OF LADDER PROGRAMING

We studied the three types of plc like Siemens, Schneider, and Renu Electronics. After comparatively study we decide to use of Renu Electronics PLC with
Prizm3.12 simulator. Because this PLC MODBUS protocol supported and it is easy to communicate with SCADA. Also it required RS 232 or serial cable. Proposed
hardware system totally based on automation in which all field devices running according to ladder logic for this using Prizm3.12 simulator.

FIG. 5: BASIC LADDER LOGIC DIAGRAM
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The ladder logic see in fig. 5 download in PLC after that all field devices inputs and outputs connected to the PLC. In Prizm3.12 a best feature is it gives a on-line
or off-line simulation, if hardware not connected that time we test the ladder logic by off-line simulation mode. The on-line simulation step show in fig. 6.

FIG. 6: SELECT SIMULATION USING PRIZM3.12
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B. SIMULATION ON iFIX4.0 SOFTWARE

We studied the three types of SCADA like iFIX, InTouch and ICONICS. After comparatively study we decide to use iFIX SCADA software. Because iFIX SCADA is
supports different PLC, it does not required particular drivers for communication with PLC. For SCADA use the ICONIC software in which we see the real time
information of proposed system even if we observe fault at which place in system occur means monitoring whole system operation at control room. Real time
status of field devices shows in fig. 7.

FIG. 7: REAL TIME STATUS OF HOME DEVICES ON SCADA
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RESULT
The proposed system is designed for home automation, So that we can save the power of different Heavy Electrical Equipments (e.g. Motors, Refrigerator,
Lighting, etc) also controls the operations and monitoring the real time information of home devices in the system.

CONCLUSION

This paper presents a load management application for use in home installations. The presented application is implemented in iFIX and Prizm3.12 simulator

software.

. A supervisory control and data acquisition (SCADA) system is an integrated platform that incorporates several components.

. It has been applied in the field of power system and several engineering applications to monitor, operate, and control a lot of processes.

. To study how efficiently we can use SCADA system to control, operate and monitor the Load Distribution Schemes.

. The proposed work having Hardware and software Optimization with the help of PLC Ladder Logic. We are adopting this technique to reach strong
Conclusion about their actual impact on the power Consumption.
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