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Intelligent Systems Research Laboratory
 Technical Report TR-ISRL-05-01
 Dept. of Computer Engineering and Computer Science University of Louisville
 Louisville, KY 40292
 February 2005
 Supervisory Control and Data Acquisition Remote Terminal Unit Testbed
 Sandip C. Patel, Dr. Roberto Z. Tantalean, Dr. Patricia A. Ralston, Dr. James H.Graham
 Abstract
 This technical report provides detailed information about the operation of the iFix supervisory control and data acquisition (SCADA) testbed in the Process Control Laboratory at the University of Louisville. This testbed uses a SCADA system to implement a water-level control system. The general guidelines described in this report can also be applied to controlling a binary-distillation column with this same SCADA hardware. Keywords: SCADA, iFix, Remote Terminal Unit, Process Control
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Supervisory Control and Data Acquisition Remote Terminal Unit Testbed
 Chemical Engineering Process Control Lab
 Ernst Hall Room 102
 I. IMPLEMENTATION (1) Software: Fix Version 7.0 (Build 112) from Intellution Inc., (“iFix32® “), running on a PC with Windows 2000. (2) Hardware:
 • PC: Gateway E-4200 Pentium II at 350 Mhz with 400 MB physical memory. • Terminator panel OPTO 22 ® referred to as Opto2 (OP2) in this document. • Remote Terminal Unit (RTU: including water-lines, an electrical pump, reservoir,
 “tank” made up of three vertically connected glass flasks, and controls associated with the lines such as sensors, a manually controlled outflow valve and a Supervisory Control and Data Acquisition (SCADA) controlled inflow valve.)
 (3) Documents:
 • Intellution Manuals located in the lab located in the Ernst Hall Room 102: The book titled System Development includes “manuals” (which are actually sections) on: (1) Database Builder, (2) Database Reference, (3) Alarming and Messaging, and (4) Security.
 • Doctoral Thesis by Roberto Tantaleán: Internet-based expert system for
 monitoring and control of chemical processes, University of Louisville, 2003. (4) Aim: This set up implements SCADA controls using above hardware and software. The goal of these SCADA controls is to maintain the specified water level in a tank consisting of three vertically connected glass flasks. Water from a reservoir is passed through a valve, which is automatically regulated by the SCADA controller, to the tank. The outflow from the tank to the reservoir is manually controlled by a valve, which needs to be operated only once (when the SCADA operation is started). By observing that (1) the inflow valve is controlled correctly (opening/closing depending on whether water needs to be added to the tank) to maintain the specified water level in the tank, and (2) by observing that the specified level is actually maintained in the tank, you can conclude that the SCADA controls are working as intended.
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II. DESCRIPTIONS (1) Opto2 This Terminator Panel links the computer’s serial port with the process’ measurement and actuator devices. (1) Channel 5: 4 to 20 mA signals used for controlling analog input (Analog to Digital) (2) Channel 4: 0 to 10 volt signals used for controlling analog output (Digital to Analog) (2) Closed Loop Controls
 (3) Fix 7.0 Program quick overview: Fix main programs include the following four: (1) Fix Database Builder: Currently configured to load automatically when Fix is started. (2) Fix Draw: Currently configured to load automatically when Fix is started This program provides graphical user interface to monitor SCADA operations. The Draw program also lets you change the values on the diagram. A file has been created to display a diagram of pipes, valves, etc. with the current status of water tank, etc. (3) Fix History/Log: Helps you keep track of different values by logging them. (4) Fix Dynamic Data Exchange (DDE): Interface to exchange data with other programs (e.g., those written in C++).
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The first two are the main programs that you need to run Fix software. They are currently configured to start automatically when Fix is started. If you close them or need to load them manually for any reason, then click on:
 • Microsoft Windows “Start” button on lower left corner of console • Select: “Programs” • Select: “Intellution Fix” • Select: “Database Builder” or “Draw” depending on whichever you need to start
 Fix is installed in C:\fix32 directory on the computer. Check C:\fix32\pdb directory for more information on the above. In summary, the things you need to do are accomplished using two Fix programs: Database Builder and Draw. The following are the steps necessary to run Database Builder and Draw successfully. III. STEPS (1) Computer Hardware Check: Make sure that the blue “key” on back of the computer (serial line) is plugged in. If not, you will get a message saying, “Server is running in demo mode.” If you get this message, the key is either missing or is loose. (2) Log On: Get the password from Dr. Ralston or Steve Williamson (see the contact information at the end of this document). Login as “Administrator”. Remember that a password is case-sensitive. (3) Opto2: Make sure to power on the Opto2 which is a microwave-oven-size black box sitting near the computer. You will see the red light when it is turned on. (4) Fix 7.0: Start Fix 7.0 by executing C:\FIX32\fix.exe or simply click on the FIX32 shortcut icon on the console. You will see blue screen with Fix 7.0. Two necessary programs (Database Builder and Draw) are loaded automatically since Fix is configured that way currently. Process variables (such as input, output, and channels) are in the database. If you see any errors, you will have to check C:\fix32 directory. Fix configuration can also be changed by selecting:
 • Microsoft Windows “Start” button on lower left corner of console • Select: “Programs” • Select: “Intellution Fix”
 4
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• Select: System Configuration Wait until you see “Fix software is currently running” at the top of the blue Fix Startup screen displaying Fix 7.0® in large fonts at the bottom of the screen. Minimize this screen. Do NOT close it. (5) Load Database Builder: You will also see the Database Builder (minimized) in the taskbar at the bottom of the screen.
 • To view values or make changes, click on this minimized Database Builder in the taskbar.
 • Select: Database (from the menu bar at the top of the window) • Select Reload • Under nodes, select FIX • Under databases, elect Level_c • Click OK • You will get a message saying that databases are loaded. Click OK.
 Now, you have loaded a database. Next, perform following to open the database:
 • Select: Database (from the top menu bar) • Select: Open
 You will get the main page of the Database Builder. (6) Database Builder Main Page:
 5
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The spreadsheet-type display of the main page of Database Builder main page has the following columns. To run SCADA successfully, make sure that the fields in all the columns except “Curr Value” columns are as shown in the figure. The following describes the database columns:
 • Tag Name: You will see rows for level indicator (LEVEL_I) which indicates tank water levels, valve position (VALVE_P), PID (proportional, integral, and differential) controller (PID_LEVEL), ERROR (the difference between the current and desired level), and CALC (indicates the necessary calculations). LEVEL_I, VALVE_P, and PID_LEVEL must be set to control the actual water-lines at desired levels. The remaining two tags are not necessary to run this SCADA water operation. They are used to display values on the Fix View screen.
 6
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• Under the column “Type”, the terms AI means analog input, AO means analog output.
 • The description is an optional field with any description in English.
 • Scan time (or polling time) indicates how frequently the value (water level) is
 measured. It is set to 1 second which can be changed to 0.1 seconds for faster checking or scanning of current water level. In turn, valve position would get re-set more frequently.
 • Input output device is OP2 which is the piece of hardware sitting near computer in
 the lab (a microwave-oven-size black box).
 • Channels 5 of OP2 (that is, OP2:5) is used for analog input (AI for LEVEL_I). Channel 4 of OP2 (that is, OP2:4) is used for analog output (AO for VALVE_P).
 • The current value of the variables is indicated in the next column. They are
 automatically calculated. LEVEL_I, VALVE_P, and PID_LEVEL are necessary values. The other two (CALC and ERROR) do not have to be calculated to run this SCADA operation since they are used only to display values on the Intellution Fix View screen.
 As mentioned above, the values in this column are calculated automatically. However, you can try to type 0.00 for valve position, which is shown as 0.14 in the figure (2nd row for VALVE_P and 7th column for Curr Value) and hear the RTU valve operate. You will hear a sneeze-type click of opening/closing of the valve. Try typing 0.00 and then 100.00. Repeat the sequence if necessary to hear the noise of the valve operating confirming that SCADA controls are working as intended.
 Similarly, if you changed the scan status of LEVEL_I, to ON (by typing ON in that field and hitting the Enter key), you will hear the indicator operating
 • The LEVEL_I, VALVE_P, and PID_LEVEL status should be turned ON to run
 this SCADA operation (water levels, etc.) IMPORTANT: When you display or change this Database Builder spreadsheet, these status values get turned OFF. You must turn them back on by:
 - Click on the first field of the last column (Scan status column) which probably says: OFF
 - Type “on” without the quotes and hit return. (It changes to “pon” until you finish the next step of refreshing).
 - Click on “Display” in the menu bar. Select Refresh - All the three important parameters (level indicator, valve position, and
 PID level) should now say: ON
 7
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• If you click on LEVEL_I, you will go to the page displaying values for LEVEL_I tag. Click on LEVEL_I and set the values as listed in the following section. Then, come back to this Database Builder main page and click on VALVE_P, and set the values as listed in the following section. After doing so, click on PID_LEVEL and set the values as listed in the following section.
 (7) LEVEL_I: Analog Input Block To run SCADA successfully, make sure that the fields (especially the hardware specifications and Next Block) are set as shown in the figure.
 • The scan time is set to 1 second. You can change it to 0.1 second for faster polling of the RTU.
 • The “LIN” Signal Conditioning means that level-indicator indicates level using 4
 to 20 milliamperes linearly sent from op2 channel 5. Notice that this channel is represented by I/O address OP2:5.
 • Engineering units can be centimeters (cm) or %. If you use cm, you need to keep
 the low limit to 0 and high limit to 150. This is because the total length of the vertical water tube (flasks) is about 150 centimeters. The “current value” of water-level in the flasks is measured from the bottom of the water flasks. The higher the value, higher the maintained water-level in flasks.
 If you use %, you need to keep the low limit to 0 and high limit to 100. If you make any changes, make sure to go to the main database page and turn “Scan status” on as listed under Database Builder main page.
 8
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The “Next Block” value indicates how the tags are linked with one-another in the sense where the data is gathered from and where they are passed. Make sure that the Next Block value is set to PID_LEVEL.
 9
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(8) VALVE_P: Analog Output Block To run SCADA successfully, make sure that the fields (especially the hardware specifications and Next Block) are as shown in the figure. The “LIN” Signal Conditioning means that the valve position is linearly controlled using 0 to 10 voltages sent from op2 channel 4. Notice I/O address OP2:4 representing this channel. If you make any changes, make sure to go to the main database page and turn “Scan status” ON as listed under Database Builder main page.
 10
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(9) CALC: Calculation Block These values are currently not used since they are not necessary to run the SCADA controls. Therefore, they do not need to be set. However, if they are set properly, they will enable Fix Draw display correct values for Error which are currently shown as “?????”
 11
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(10) ERROR: Calculation Block Error means the level-difference between the desired level and the actual current level. It is not “error” in the conventional sense that something is wrong. These values are currently not used since they are not necessary to run the SCADA controls. Therefore, they do not need to be set. However, if they are set properly, they will enable Fix Draw display correct values for Error which are currently shown as “?????” because the display for the error is not working at the present time.
 12

Page 13
						

(11) PID_LEVEL: PID Control Block PID (proportional, integral, and derivative) controller levels are indicated by PID_LEVEL. To run SCADA successfully, make sure that the fields (especially the hardware specifications and Next Block) are as shown in the figure. IMPORTANT: The Engineering Units (0 to 150 cm) should match with those listed in two other blocks (LEVEL_I and VALVE_P). VERY IMPORTANT:
 • By using Tuning parameters, we specify the parameters to correct the “error” (the difference between the desired and actual water level). We need to specify two things: In what increments/amount we want the correction to apply and for what duration (how long) we want it to apply. Specifically, Tuning parameters are used to specify proportional band (increments of adjustments needed to maintain the desired water level) and the time (length of adjustments needed to maintain the desired water level).
 • Other important parameters are set points: This is used to specify what water-
 level we would like to maintain. Currently it is set to 70. You can change it to see the water-level rise/fall gradually to a new level. You should see the values changing on Fix Draw display and in the actual RTU. Once you make the changes, make sure to go to the main database page and turn “Scan status” ON as listed under Database Builder main page.
 13
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(13) Fix Draw To run the Fix Draw program: Fix is currently configured to start Draw automatically when Fix is started. If you close it (say, by closing the window) or need to load it manually for any reason, then click on:
 • Microsoft Windows “Start” button locate on the lower left corner of console • Select: “Programs” • Select: “Intellution Fix”
 14
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• Select: “Draw” To load the latest Draw program, from Draw menu bar, select:
 • File • Open • LEVEL.ODF (or, check the dates to find the latest file in the directory)
 Once loaded, you must do the following to run. From Draw menu bar, select:
 • View • Quick View
 You can have two Draw windows- (1) one with values showing ###.## which you originally opened. You can keep this window open but minimized to make any changes again. For example, you may need to change interval on the graphs to 1 second so that it shows the continuous graph. Once you make any change, save this file so that you can use the same settings next time. (2) Then, keep the second window maximized showing all the current values. This GUI will help you monitor the SCADA operation.
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Since we have set up the set point value to 70, you will see the blue tank-level fluctuating in the neighborhood of 70. (The word “tank level inches” is typed statically on the drawing. It is not actually inches nor will it change dynamically showing the right units). The tank in this picture represents the vertically-connected glass flasks in the actual pipelines. You will see the valve position opening (increased values) or closing depending on whether water needs to be added to the tank or not (i.e. if there is more/less water than the set point). As mentioned previously, the error display is not working properly. The graph plots the continuous values of the tank level (blue) and the valve position (green). If there are problems, try changing values such as that for the interval by clicking on the graph on main Draw window (the one showing ###.## in place of the actual values). One second is just right time since 0.1 second may be too fast and 10 seconds may be too slow to be plotted. You can click and change the value on the screen, say for the valve position. It will momentarily change but as soon as scanning is done (every second), SCADA control will change it back to a necessary value.
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If you go to Database builder to view or change anything, make sure to turn the Scan status back ON as described in the main Database Builder section above. (14) Water fill-up in RTU Open the sink tap to fill in the main reservoir (a white container) sitting on the floor about 90% (almost up to the level where there is a small tube for overflow). Put a tube in such a way so that the outflow comes back to the reservoir. Open the outflow valve a little so that it drips water into the reservoir. In order to maintain a constant set/desired level (of 70 cm), the SCADA will have to make calculations and then send control commands accordingly to the inflow valve to open or close it to increase or decrease the water-level in the tank. That is, you control outflow manually by keeping outflow valve slight open and dripping water back into the reservoir. SCADA controls the inflow valve automatically. Read the description listed under “Aim” at the beginning of this document to understand what you are trying to achieve. (15) Start the pump Start the pump by plugging in the cord into an electric outlet. Keep the pump running. After few minutes of operation, you will see the specified water-level maintained in the tank (vertically connected flasks) and in the Draw GUI. IV. MISCELLANEOUS (1) Contacts Dr. Patricia Ralston: [email protected] phone: 852-0479 Dr. Roberto Tantalean: [email protected] Sandy Patel: [email protected] For hardware, etc. see lab administrator Steve Williamson: 852-7855 For lab keys, etc. see Pamela White in Chemical Engineering Department Office (2) Fix Software Versions Originally the software was called Fix DMACS until its 3rd or 4th version. Then the software was named iFix. We have iFix version 7.0 installed in this lab. This software (still called iFix) is now owned by General Electric (GE) Fanuc (2003) and the software with little changes to version 7.0 (almost “version 8.0”) is sold by GE Fanuc now. Other products such as Fix are: InTouch (Wonderware, 2003) Simatic WinCC (Siements, 2003), CitectSCADA (Citect, 2003), and RSView (Rockwell Software, 2003).
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18
 (3) Access via the University of Louisville Intranet or the Internet The SCADA controls are currently implemented via the web page at http://136.165.49.134:8080/examples/NetControl/NetControl.html .
 http://136.165.49.134:8080/examples/NetControl/NetControl.html
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