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Abstract

The following paper summarizes the concept of developing a laboratory based control system utilizing Compact FieldPoint control hardware and LabVIEW Real-Time programming software. Developed by National Instruments, Compact FieldPoint is a system of data acquisition and input/output control hardware that communicates through an established, network connection. LabVIEW Real-Time, the complementary programming language to Compact FieldPoint, is a graphical development environment for data acquisition, analysis, and presentation. The power of the presentation software can be combined with a built-in web client allowing users to access and manipulate a control system over a network or the internet from great distances.

I. INTRODUCTION
Indiana State University currently offers distance education programs and courses. These programs and courses are designed to provide the distance student with a quality of education on par with that of the traditional classroom setting. Each program presents specific challenges to those responsible for developing the curricula. Distance education lends itself well to programs involved with liberal arts; i.e. programs which require minimal to no interaction(s) with educational technology (test equipment, machinery, trainers). Programs associated with sciences or technology have the potential to utilize distance education but with more apparent and difficult challenges. Traditional science and technology disciplines often require a laboratory component demanding students have a hands-on experience only available through the laboratories furnished by the university.

The College of Technology at Indiana State University has embraced the challenge of developing a distance education program incorporating a quality laboratory experience. More specifically, the Electronics and Computer Technology Department has begun work on developing an interface allowing a distance user to access a program via the Internet and then monitor and manipulate an industrial control systems experimental station. Each user would be able to monitor the physical results of their work by utilizing a set of adjustable video cameras mounted near the control hardware setup. In the Distance Learning Laboratory (TC 317), preliminary work has begun using a set of programmable logic controllers (PLC) and a software package named LabVIEW. LabVIEW software, distributed by National Instruments, provides a web client allowing any interfaced hardware to be monitored and manipulated by users from an Internet connection.

Currently, the distance laboratory supports a stepper motor controller that can be monitored and manipulated via the Internet and the LabVIEW software. However, this controller is limited in that it cannot accurately simulate real-world, industrial control processes. It does serve as the platform for developing more comprehensive systems giving the distance learner a better tool for understanding. A control system, utilizing a variety of inputs and outputs over a range of process variables, would more accurately simulate real-world processes, thus providing the distance learner with an experience more like the traditional laboratory experience.

In order for distance students to gain practical laboratory experience with LabVIEW, a laboratory based control system that simulates an industrial fluid process is being constructed and interfaced in the Distance Learning Laboratory in TC 317 of the John T. Myers Technology building on the campus of Indiana State University.

II. PROJECT EXECUTION
The development of the laboratory based control system is broken down into separate phases to be executed over a period of four months:

· Design

· Ordering/Purchasing

· Construction

· Documentation

· Testing

2.1 Design Phase

The first phase of the project will involve the design of the process trainer. The first objective of the design phase will be to choose an industrial process to mimic. For this project, a fluid (water) system has been chosen to serve as the process to be manipulated by the distance learners. (See figure 1 for a drawing of the proposed fluid process.)
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Fig. 1: General Outline for the Wet Process Trainer
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2.2 Ordering/Purchasing Phase

After the design of the trainer has been refined and finalized, parts will be ordered. These parts will include items such as fluid vessels, electric pumps, solenoid valves, and sensor equipment. Included in the list of parts will be the materials needed for the construction of the supporting structure. As the parts arrive, they will be cataloged and prepared for installation (assembly, wiring, etc.).

2.3 Construction Phase

Construction will begin with the supporting structure for the trainer. Working with university staff, materials will be ordered, prepared, and assembled. Once the supporting structure has been completed, the main system components will be added (tanks, sensors, valves, piping, etc.) to complete the physical part of the process trainer.

2.4 Documentation Phase

Throughout the design, ordering/purchasing, construction, and testing, all of the supporting documentation for the materials and components used in the construction of the trainer will be collected and integrated into the final deliverable of the project. (See Deliverable section for more detail.)

2.5 Testing

Testing the completed trainer will consist of two phases; complete system function and complete system integration. First, the trainer will be activated and tested in an effort to obtain system information; e.g. sensors readings (flow, level, pressure, and temperature) and verification of active system outputs (pumps, heating element, and discrete/continuous valves). The designer will develop a beta test to determine the correct function the system.

Second, a doctoral fellow, responsible for developing the LabVIEW interface for the stepper motor controller, will be consulted to aid in developing an interface that provides the distance learner with the appropriate level of monitoring and control for the trainer. The designer will develop a sample laboratory that will serve as the means for determining the success of the project.

III. PROJECT DELIVERABLES
Upon completion of the project, the Department of Electronics and Computer Technology will receive a Wet Process Trainer, fully integrated into the Distance Learning Laboratory in TC 317 of the John T. Myers Technology Building. The designer will also submit for review the required project report. In addition to the trainer, the department will receive an Operations and Maintenance Manual containing the following items:

· Bill of Materials outlining the cost of the materials, components, and labor used in the construction of both the supporting structure and the process trainer.
· Process and Instrumentation Drawings (P&ID) of the physical process of the trainer.
· Engineering Drafts depicting the physical construction of the trainer (piping, tanks, supporting structure, etc.).
· Elementary Wiring Diagrams depicting the final electrical wiring of the trainer.
· An Input/Output Schedule delineating the PLC addressing of the trainer.
· An Instrumentation Schedule cataloging any instruments used for the trainer.
· Datasheets and User Manuals supporting all components used in the function of the trainer.
· Results of the testing phase of the project.
IV. CONTROL HARDWARE AND SOFTWARE
4.1 Background

Compact FieldPoint (cFP) control hardware is a specific application of PLC technology, produced by National Instruments, and has the ability to supply Supervisory Control and Data Acquisition (SCADA) through one single network. The cFP family is comprised of 20 input/output (I/O) modules and that are interfaced via three intelligent controllers that perform analog and discrete control, user-defined data logging, and inline math and signal processing such as signal generation, curve fitting, statistics, PID loops, fuzzy logic, and optimal control routines. Built with industrial applications in mind, cFP hardware is capable of withstanding 50 g’s of shock and 5 g’s of rms vibration, and capable of operating in -25 degree to 60 Celsius. Network controller modules interfaces through RS-232, RS-485, and Ethernet connections (Budimir, 2003).

[C]FP technology creates I/O nodes that are used for real-time distributed monitoring. Each node can act independently in a networked system or continue to communicate with a host computer. These nodes are capable of integrating into existing controls system via an Ethernet, or connect to external RS-232 serial devices.

Professionals in the control technology field have come to recognize the impact of cFP. Dr. James Truchard, President and CEO of National Instruments, adds “These [compact] FieldPoint modules embody a convergence of major technology trends – from smaller, more embedded intelligent systems, to the growth of Ethernet on the factory floor, to Web-enabled applications the integration of manufacturing and test.” It is this foresight that demands a change in the approach to training. [C]FP represents the latest in systems integration making it a forerunner for growth and presence in the manufacturing sector (Anonymous, 2002).

Statistics show significant growth in the use of compact, network-based control systems. The most widely used network communications, connected to I/O modules, is presently 4-20 mA at 84% of the market. Results show that Ethernet-TCP/IP is now at 79% and will most likely secure the top spot, moving up to 85%, while 4-20 mA use will decrease to 83%. Other networks currently in double-digit use are as follows:

· 52% DeviceNet

· 38% ControlNet

· 38% HART

· 34% Profibus

· 22% Foundation Fieldbus

· 15% Interbus

· 11% Optomux

The future of distributed I/O systems seems clear. Jerry Pennick, a Rockwell Automation manager for distributed I/O, sees the reduction in installed, maintenance, and repair costs along with the use of “less centralized” control technology as a positive. “… [We] are seeing intelligence move from centralized locations to the I/O, especially in high speed applications.” Having I/O devices distributed, intrinsically safe, networked, and smart creates a change from “I failed” to “I’m going to fail.” The end result of predictive intelligence is less down time and less money lost by the end user.

To that effect, Ed Rogin, a manger for distributed I/O at Siemens Energy and Automation, see that a “demand for diagnostics, hot-swap capability and modules with higher current ratings” is increasing, driving the trend toward more flexibility, functionality and uptime. The smaller segments (nodes) allow for faster setup and quicker troubleshooting once running (Hoske, 2003).

4.2 cFP Controller Interface

The brain of any cFP system is controller interface. NI cFP-20xx collection of interfaces introduces a new level of intelligent industrial I/O. Each controller module can act as a stand-alone, embedded, real-time controller or a PC-based distributed I/O Ethernet interface. The real power of the cFP controller interface is recognized in its ability to communicate peer-to-peer with other cFP-20xxs, FP-20xx intelligent FieldPoint controllers, or to non-intelligent network interfaces such as the FP-16xx and FP-1000. Other features of the cFP-20xx are as follows:

· Industrial-grade reliability

· Automatic self-diagnostics

· Redundant power supply inputs

· Isolated communication bus I/O modules

· RS-232 and RS-485 serial ports for local device control

· Removable CompactFlash for data logging

· Class I Div 2 Rated for Hazardous Environments

A single controller module is capable of administrating eight discrete or analog I/O modules, each constituting a node. Each network module mounts to a metal backplane forming the communication bus between the controller module and the I/O modules.

One of the more important features of the NI cFP-20xx controller module is its ability to interface through a Web browser to connect to the front panel user interface. Several Web browser clients can simultaneously view the front panel. The cFP-20xx real-time controllers use an embedded Web server that handles up to 20 simultaneous remote panel connections. In addition to the Web browser feature, the cFP-20xx controllers also uses a static Web page to display system information and automatically run an FTP server to facilitate embedded control program update or to share logged data (National Instruments, 2003).

4.3 LabVIEW Real-Time Programming Software

[C]FP technology utilizes National Instruments’ programming language Lab Virtual Instrument Engineering Workbench (LabVIEW Real-Time) Real-Time. Suited to embedded systems, LabVIEW Real-Time (LVRT) is based on the rapid prototyping and development of graphical programming. LVRT intuitively compiles LabVIEW Real-Time code directly to machine code for optimization of real-time targets. The user can define program operation using one tool that encompasses the entire period of development including system configuration, algorithm prototyping, and application development (Loy, 2004).

The function palette of LabVIEW can be used by LVRT to perform data analysis, data storage, and network communication. Each application can be developed and debugged in Windows and then downloaded to the dedicated processor on the cFP controller; the cFP controller then scans all of the control loops 200 times/s.

[C]FP controllers run on non-Windows based Real-Time Operating Systems (RTOS) on an x86 Intel-based processor. RTOS provide two distinct advantages. First, the onboard RTOS is less complex than that of a standard OS, thus requiring fewer resources to operating effectively. The streamlined nature of the OS cuts down on instabilities inherent in a complex OS. Second, RTOS can assign loop priority; i.e., the control portion of an application can be run at a high priority while a less important communication or logging application can be run at a lower priority. This prioritization creates an environment where multiple PID loops can run in real-time to assure process stability while a Human-Machine Interface (HMI) runs at a lower priority. The RTOS assures that the PID calculations get processor resources when needed and the HMI is activated on processor down times (Anonymous 2003).

The main advantage of LVRT is its application across a broad range of industries. Engineers can implement the real-time technology to enhance deterministic performance, increase levels of safety and reliability, and embedded intelligence. LVRT currently is applied to control nuclear fuel rods, design engine control units, monitor the health of transmission towers, and synchronize measurement and control in electromechanical systems tests (Loy, 2004).

4.4 Distributed LabVIEW Real-Time for Data Acquisition

Through the use of Ethernet, cFP controllers are capable of distributing intelligence and control within the manufacturing environment. Within this intelligence is the capability of acquiring real-time data from control process loops. The cFP system uses a FieldPoint Explorer to configure the entire system, including network parameters, module and I/O settings, and named channel items. FieldPoint Explorer intuitively guides the user through setting the network parameters (e.g. IP addresses) while browsing any local subnets for new cFP Ethernet nodes. The software also provides for a simplified way of configuring I/O parameters.

4.5 Embedded Control

One distinct advantage of cFP is the architecture of LVRT as it pertains to embedded control. Normal control theory is based on point-by-point decision making. Since cFP uses an embedded point-by-point read/write architecture, it is well suited to the point-by-point processing available through LVRT. LVRT allows for advanced signal processing while maintaining a simple single-point acquisition model. In this case, the program read a point at a time and moves each point into the application’s special function to perform continuous functions (such as running averages, high/low calculations, standard deviations, and frequency calculations).

4.6 Control Capabilities of LabVIEW Real-Time

Along with the data acquisition features of LVRT, it can provide seamless integration with control hardware. The industry-standard graphical development environment of LVRT holds all of the tools necessary to create an advanced measurement and control application. Control applications range from simple analog PID process control loops to high-channel-count hybrid systems combining both analog and discrete hardware. LVRT incorporates a PID Toolset for basic and advanced PID, feed-forward, and fuzzy control along with linear and nonlinear testing modeling and simulation.

4.7 Data Logging

Each cFP controller module uses built-in nonvolatile Flash memory for data logging. Data is logged through any DOS-compatible format including Comma Separated Values (CSV) and Extensible Markup Language (XML), both of which are work within an MS Excel environment. Each controller module is programmed with an FTP server for transferring logged data to an external PC.

Through LVRT, an intelligent data logger can be embedded on a cFP controller. The intelligent data logger is capable of making onboard calculations and decisions to reduce unneeded data. Embedded data loggers incorporate computer functions allowing for onboard real-time processing and control. LVRT combines data reduction, control algorithms, HMI, and the ability to communicate with other nodes on the network.

4.8 Web-Enabled Technologies with LabVIEW Real-Time

One of the most powerful functions of LVRT is the ability to broadcast the LabVIEW front panel over the Web. Without any rigorous programming, an interactive, Web-enabled graphical user panel can be created and accessed simultaneously by up to 20 users. With the help of the built-in FTP server, logged data can be shared and used to update control code from remote locations (Anonymous, 2003).

V. RESULTS OF TESTING
5.1 Hardware Testing

Upon completion of the construction of the control system, the cFP hardware was interfaced. Using the intelligent features of the control hardware/software, each system variable was set to a range appropriate for the control system. Each system variable signal was confirmed and set to the following parameters:

· Pressure: 0 – 20 psig

· Level: 2 – 18 gallons (H2O)

· Temperature: 50 – 150 °F

· Proportional Valve Orifice: 0 – 100 % (at 20 % increments)

In additional to each sensor signal tested, each discrete device was tested for proper activity. Voltage readings were taken when individual outputs were set active by the cFP hardware. These readings, taken as an On/Off condition, were compared against the status displayed by the control software. If a device failed to agree with the status of the software, it was corrected in one of two ways. First, the wiring connecting the device to the control hardware was checked for proper termination. If the device was wired properly, the software was then checked to determine if the program, written to control the device, was flawed.

After careful inspection, each device was wired properly and activated in accordance with the program written for the control system.

5.2 Interface Testing

Figure two represents the interface developed to link the control system to users accessing from a distance. As mentioned a sample laboratory was developed to determine the success of the project outlined in this paper. A full version of the laboratory used to exhaust the interface will be available upon the publishing of the final paper. For reasons of brevity, an excerpt of questions will be included so the reader may see the author’s reasoning and compare it to figure two.

1. Set the trainer to Automatic (Auto) mode by pressing the soft switch labeled “Auto.” With the trainer in Auto mode, is the process running automatically?

2. Can you turn the pumps On/Off? Can you open/close the discrete valves?

3. With the trainer in Auto mode, can you change the position of the proportional valves?

4. Set the trainer to Manual mode by pressing the soft switch labeled “Manual.” With the trainer now in Manual mode, has the process stopped running?

5. Can you turn the pumps On/Off? Can you open /close the discrete valves?

The author opened and Internet Explorer window and logged into the interface. From here, each question was answered successfully proving the function of the interface.
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Fig. 2: LabVIEW Interface for the Control Process

VI. CONCLUSIONS
Based on the results of the test conducted on both the hardware and software, the system is successful in allowing distance students to gain practical laboratory experience. The user can login to the system and access the interface linked to the physical control system. Once at the interface, the user can manipulate a set of variables or create a predetermined level of personal control. The program accompanying the interface limits the control the user can exert over the system; however, this is not viewed a limitation but rather as tool which can be used for critical thinking exercises.

Through the interface, and more extensive laboratories to be written by graduate faculty, students will be able to develop a better understanding of the basic concepts of process control and the type of logic used to control complex systems involving multiple discrete and continuous variables.
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