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Abstract 
 

Virtual instrumentation is the use of customizable software and modular 
measurement hardware to create user-defined measurement systems, called 
virtual instruments. This paper presents a real-time application of Bar and 
Ball controlled by PID controller designed based on Lab VIEW program and 
the real - time position control of the DC motor was realized by using NI-
ELVIS. Bar and Ball is a common feedback control system application, due 
mostly to its ease in construction and its use in learning. The system includes 
a ball, a bar, a motor and several sensors. The basic idea is to use the torque 
generated from a motor to control the position of the ball on the bar. The 
mathematical model for this system is inherently nonlinear, so linearization 
was done in order to improve the controllability of the system. Data 
acquisition using ELVIS, signal processing and analyzing can be completed by 
virtual instrument based on Lab VIEW. 

 
 

Keywords: Proportional-Integral-Derivative (PID), NI-ELVIS, LabVIEW, 
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Introduction 
Closed loop control systems classified for two types of control, analog and digital. 
Analog and digital control have a relation between each other that can convert analog 
to digital and vice versa which gives the control world more flexibility for controlling 
any device. Figure (1) show the cycle of converting analog signal to digital signal and 
applying digital signal to computer then converting the digital signal back to analog 
signal. 
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LabVIEW and NI- ELVIS 
(Laboratory Virtual Instrumentation Engineering Workbench) is a graphical 
programming environment, developed by National Instrument (NI), which is well 
suited for high-level or system-level design. LabVIEW, developed by National 
Instruments, is a graphical programming environment suited for high level or system 
level design. This programming approach is based on building blocks called Virtual 
Instruments (VIs) [6, 7]. This software package is one of the first graphical 
programming products, and is currently used in academia and industries for data 
acquisition, remote control, simulation, and analysis [1]. LabVIEW uses dataflow 
programming, where the flow of data determines execution. LabVIEW programs are 
called virtual instruments, or VIs, because their appearance and operation imitate 
physical instruments, such as oscilloscope and millimeters 
 
A VI contains the following three components [9]: 

• Front Panel: serves as the user interface. 
• Block Diagram: contains the graphical source code that defines the 

functionality of the VI. 
• Icon and connector panel. 

 

 
 

Figure 5: ELVIS. 
 
 
 NI ELVIS environment consists of the hardware workspace for building circuits and 
interfacing experiments, and the NI ELVIS software. The NI ELVIS software, all 
created in LabVIEW has two main types: the soft front panel (SFP) instruments and 
LabVIEW APIs, which are just additional LabVIEW VIs for custom control and access 
to the features of the NI ELVIS bench top workstation. Thus ELVIS acts as data 
acquisition device. Where Data acquisition is the process by which physical 
phenomena from the real world are transformed into electrical signals that are 
measured and converted into a digital format for processing, analysis, and storage by a 
computer. 
 
 
Design & Simulation 
DC Motor and Driver Circuit 
The direction and the torque of the motor are needed to be controlled. In order to 
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Table 1: H-bridge Operation summary. 
 

S1 S2 S3 S4 Result 
1 0 0 1 Motor moves right 
0 1 1 0 Motor moves left 
0 0 0 0 Motor free runs 
0 1 0 1 Motor brakes 
1 0 1 0 Motor brakes 

 
 
Conclusion 
The LabVIEW based ELVIS system is used to control the bar and ball system. ELVIS 
was used for measuring the feedback signals and converting them into a digital format 
for processing, analysis, and storage on a computer. To drive the DC motor and 
control its direction, H-Bridge driver circuit was designed and implemented. PWM 
was programmed using LabVIEW to control the motor speed. The flexibility of 
digital control makes it easy to change the gains values without the need of new 
components. The application of virtual instruments makes data analyzing more 
accurate, and decreases the measuring time significantly. This system has been used 
for demonstration in the classroom to the students and the system is stable, and works 
properly. 
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