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Abstract

In this paper the establishment of a remote motor control system for a remote virtual laboratory by implementing LabVIEW programming language is presented. The purpose of the remote virtual laboratory is to enable participation in laboratory experiences by distance students. The paper demonstrates how LabVIEW is used in establishing remote virtual laboratory. Functions of hardware and software and the integration among them are presented.
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I. INTRODUCTION
Current technology enables the remote access of equipment and instruments via the Internet. While more and more remote control solutions have been applied to industry via LANs, WANs, and the Internet, there exist requirements for the applications of such technologies in the academic environment (Salzmann, Latchman, Gillet, and Crisalle, 2002). One typical application of remote control solutions is the development of a remote virtual laboratory. A project establishing a remote virtual laboratory is now being conducted in the College of Technology at Indiana State University (ISU). This paper describes the efforts to develop an Internet-based motor control process using LabVIEW.

As distance learning has progressed from basic television broadcasting into web-based Internet telecasting, it has become a very effective teaching tool (Kozono, Akiyama and Shimomura, 2002). The development of a remote-laboratory facility will enable participation in laboratory experiences by distance students. Laboratory experiences are important to technology students to reinforce theories and concepts presented in class lectures. The ability to offer remote students these lab experiences is vital to effective learning. The development of a remote virtual laboratory is also motivated by the fact that presently, as never before, the demand for access to the laboratory facilities is growing rapidly in engineering and technology colleges. Being able to make the laboratory infrastructure accessible as virtual laboratories, available 24 hours a day and 7 days a week, goes far in addressing these challenges, and would also contribute to lowering the costs of operating laboratories. Additionally, remote virtual laboratories will provide the opportunity for students to explore the advanced technologies used in remote control/monitor solutions, so to prepare them for their future careers.

II. BACKGROUND
With the rapid developments of computer networks and Internet technologies along with dramatic improvements in the processing power of personal computers, remote virtual laboratories are now a reality. In the early 1990’s, the first remotely shared control system laboratory was proposed in the 1991 ASEE Frontiers in Education Conference. The system enables sharing of laboratory data between universities using networked workstations. Since then, a variety of remote experimentation activities have been developed in universities, such as microelectronic experiments for transistor characterization, engineering introduction experiments for circuits and devices, online experiments for control systems, and remote experiments using a scanning electron microscope. 

The project conducted in the College of Technology at ISU began in January 2004. The purpose of this project is to establish a remote virtual laboratory for controllable and programmable process-control systems, to analyze the requirements and feasibility of utilizing remote laboratories in both in-class learning and distance learning, and to compare the remote laboratory with the traditional laboratory in efficiency and effectiveness. This paper concentrates on the project to develop an Internet-based motor control process. A stepper motor located in the remote control lab of the College of Technology is remotely controllable over the Internet. A user who has access to the Internet and the permission to this control process can log onto a remote control panel to control the stepping motor using a web browser installed in his/her computer. This remote control panel is a virtual instrument (VI) programmed in the LabVIEW environment. The paper explores the integration of mechatronic equipment, computer software, and networking techniques to achieve a remotely controllable system. It demonstrates how LabVIEW is used in establishing remote virtual laboratory. Functions and performance of hardware and software will be presented.

III. OVERVIEW OF THE SYSTEM 
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Fig. 1. Basic components of the remote motor control system (Courtesy of National Instruments).
3.1 Physical Setup of the System

The physical setup of the remote motor control process is composed of a PC, LabVIEW motion control software, a motion control card inserted in the PCI bus of the computer, a stepping driver connected with the motion control card, and a stepper motor as shown in figure 1. Additionally, an Internet camera is included in this system to bring live video clips for users to visually monitor the process. 
The control software piloting the real process locally is a virtual instrument (VI) built in the LabVIEW environment. An in-house real-time kernel extends LabVIEW capability and ensures high-speed and accurate operation. The VI provides an interface between a user and the process. The main concept of such an interface is to provide a general view of the process and facilitate full control of the operations. The motion control card provides the communication channel between the computer and the motor system. The card is integrated with its own processor so that the motion control operation will not affect the computer’s processing capability. The MID-7602 integrated 2-axis stepper drive provides reliable 2-axis drive solutions for the motion control card. And a SLO-SYN stepping motor from Superior Electronic is connected to the motor drive which will be controlled and monitored in this system.  There is other software running behind the interface to support the system: NI motion control and NI MAX (Measurement and Automation). NI motion control is motion driver software used to support the motion controller. NI MAX is software used for control driver management, test management, technical data management, and providing measurement services.

3.2 LabVIEW Interfacing and Programming

Figure 2 shows the front panel of the VI using LabVIEW language to control and monitor a stepper motor. It is a virtual instrument (VI) used as a graphical user interface (GUI). A user can interact in real-time with the motor control process through this GUI. This interface has been designed to be the same for a local or a remote control. As shown in figure 2, there are several parameters the user needs to define for control purposes. The Board ID is the device ID of the motion control card assigned by MAX (Measurement & Automation) application. In cases where multiple devices are connected to a computer through different control cards, the computer and the VIs are able to identify each device by their Board IDs. It ensures that data and signals are sent to the correct locations. In this remote motor control process, only one control card, PCI – 7334, is installed in the computer. As shown in the front panel, the Board ID is set to a default value. The Axis number is the number of axis currently controlled. In cases of multi-axis motion control, such as motions along XY or XYZ axes, the axis number needs to be assigned to each axis. In the case of this motor control, there are two axes available for configuration because a 2-axis motor drive is used. Currently, only one stepping motor is controlled in the process, so the axis number is set to a default number and can not be changed by the user. The axis number is configured as Axis 2 in the MAX environment before the VI can be operated. 
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Fig. 2. Front Panel for the Motor Control.
There are three values that users can use to define the motor’s movements: velocity (steps/s), acceleration (steps/s^2), and target positions (steps). The velocity and acceleration are used to set the motor’s velocity rate and acceleration rate respectively, and they can only be positive values. The target position can be either a positive value or a negative value. A positive value will direct the motor to run clockwise while a negative one will direct it to run counter clockwise. The user must enter these three values before the control process can be started. The red STOP button is used to stop the motor movement at any emergent situation. The waveform in the interface is an indicator of the motor’s current position. Also, a live video is integrated into the interface for users to monitor the motor’s movements in a real time manner. 

3.3 The Communication Architecture

LabVIEW’s architecture allows for easy integration of the laboratory environment for remote manipulation. The main concept in turning the locally controlled setup into a remotely controlled one consists of moving the user interface away from the physical setup. The local computer will work as the web server as well as the control server. There can be a number of clients that log onto the server, but only one user can be granted control. Other users can monitor the control process. They can monitor the motor’s status from their remote front panel (VI) while the one granted control can actually control the process from the panel. There is a waiting queue for users. When the control right is available, it will be granted to the next user who is in the queue.  

The function of the remote client and the local server is described as below:

· The remote client can be any computer that has Internet access. The only tool that the client needs to use is a web browser. The client can browse to the webpage integrated with the remote control panel by entering the URL address of the web server in the browser. The client only updates the screen and gets information on front panel interactions. The client can not make changes to VIs. Execution happens only on the server machine.
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Fig. 4.  Client and Server Connection Architecture.
· The local server hosts a LabVIEW web server, which publishes the VIs to the Internet. Through the LabVIEW RTE (Real Time Engine), the local server can communicate with the remote client, and controls the motion according to the data from the remote control panel as well as sends the current data back to the remote control panel.  Remote clients are not required to have LabVIEW software installed to view VIs for control and monitoring.

The security of the control system is ensured by the management from the server side. On the server side, the user permissions to access the LabVIEW web server can be granted or denied by their IP addresses or domain names. VIs in the server can be configured to be available to or hiden from certain users. 

IV. ISSUES OF RELEVANCE TO THE PROJECT
The remote motor control process demonstrated above is the first step in the development of the remote virtual laboratory. In this section, we explored the functions and performance of the hardware and software that need to be used in remote laboratory construction. There are two issues related to the project that will affect the job of laboratory construction in near future.  

First is the effect of network bandwidth on information transmission in remote control. The second is the limitation of the functions of the LabVIEW web server.

4.1 Effect of Bandwidth

In this simple remote motor control process, there exist time delays in data transmission especially when the client accesses through a dial-in network connection. Obviously it was caused by the different bandwidth of networks. In the development of the remote laboratory, not only parameter and administrative data, but also audio and video data need to be transmitted over network connections. Web cameras brings live images of physical setups to remote clients. Undoubtedly, how to use the available bandwidth efficiently in data transmission will be a critical issue in the project. Otherwise, time delays will destroy the whole remote experimentations. Several networking techniques can be used in solving this problem. For example, set respective data priorities for the transmission rate of different data can ensure critical data to be transmitted without delay. Another technique that can be used is data compression, but it involves a trade-off because of the additional delay introduced through the compression and decompression operations. This delay should be kept much smaller than the transmission delay. Data compression is especially useful for audio/video transmission which involves a huge amount of data. At the same time, the server needs to adapt to different bandwidth requirements from remote clients. For example, some might be on the same local LAN with the server on the same campus while others may be connected from home using a dial-up line.

4.2. Limitations of the Web Server

The function of the LabVIEW web server is the second issue in the remote virtual laboratory. In this remote motor control process, the LabVIEW web server publishes the VIs to the Internet, but clients only can update screen and get information on front panel interactions. Clients can not make changes to VIs. In order to let students to learn and practice programming in the LabVIEW environment, clients must have the capability to re-program the process and re-download their programs to the controller for testing purpose. To achieve this function, the LabVIEW web server must be separated from the control server. Some programming languages with powerful web-based function are recommended to be used to establish the LabVIEW web server, such as JavaScript and VB. NET.   

V. CONCLUSION
Remote virtual laboratories over the Internet are feasible for long-distance applications. Experiences from this project show that multiple aspects must be taken into consideration to obtain adequate performance of the remote virtual laboratory. It includes a system for the connection between computers and the physical setups and a web-based networking system.  In the next step of remote laboratory construction, NI fieldpoint from National Instruments will be used in the LabVIEW environment to control and monitor several process stations. It will include temperature control, pressure control, and level control in fluid processing. Clients will not only control and monitor the processes from the remote panels but also view the live images of the processes from their computer screens. Furthermore, they will be able to re-program the process and save their programs in the control server.
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