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1. Introduction

For the past 20 years, intensive researches in the fields of optoelectronics and fiber optic
communications have resulted in the invention of new devices that revolutionized our life.
The optoelectronics devices such as compact disc players, laser printers, bar code scanners,
and laser pointers are some of the examples [1]. In fiber optic communications, revolution in
the telecommunications system has been initiated by the introduction of higher bandwidth,
more reliable telecommunication links with lower bandwidth cost [2]. Recently, fiber optic
sensor technology has gained interest from the research community. Optical fiber sensors
offer a number of advantages over conventional electrical sensing technologies, which make
them attractive for a wide range of application areas. These advantages include intrinsic
safety in chemically hostile or explosive environments, low susceptibility to electromagnetic
interference, electrically passive operation and high sensitivity, compatible with composites,
light weight and geometrical versatility [3]. Improvement in fiber optic technology creates a
necessity for a virtual instrumentation system. A virtual instrumentation system is software
used for developing a computerized test system, a measurement system, a calibration
system, a control system for an external measurement hardware device and a display
system for test or measurement data [4]. The best virtual instrumentation system that has
been developed so far is LabVIEW. LabVIEW is an application development program that
was developed by National Instruments in 1986 to integrate science and engineering tasks
by interfacing computers with instruments for collecting, storing, analyzing, and
transmitting data while, at the same time, providing an effective user interface. Different
from other development software such as C/C++, FORTRAN, Basic, etc., LabVIEW utilizes
its own integrated programming language known as the Graphical Programming Language,
which uses graphics as code sequences in the application being developed, making the
software development process significantly easier [5]. LabVIEW is powerful programming
software that can interface with over 7,000 instruments to provide data acquisition,
industrial measurement, automated testing, and instrument control. Integrated through
LabVIEW, instruments such as sensors, optical time domain reflectometer (OTDR),
oscilloscopes, optical spectrum analyzer (OSA) and RF generators can work alongside the
GPIB hardware application software that makes fiber optic communication system research
activities significantly easier [6].
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In this chapter, applications of LabVIEW in automatic test measurement of fiber optic
system are demonstrated. In the first section, the LabVIEW applications in fiber optic system
and the basics of instrument connectivity are presented. Then, the aspects of hardware
communication to external instruments through GPIB and serial interfaces are analyzed.
Next, self-calibrating automated characterization system for depressed cladding
applications is demonstrated utilizing the LabVIEW’s GPIB interface. The automation
system consists of a tunable laser source (TLS), optical spectrum analyzer (OSA), attenuator,
laser diode controller, and a personal computer all networked using GPIB cables. Results of
the manual and automatic measurements and the analysis of the measurement trace
obtained from the optical time domain reflectometer (OTDR) are shown. Subsequently, the
communication methods between the OTDR device and personal computer along with the
details of the automation program developed using LabVIEW are presented. In the end, two
applications of LabVIEW in fiber optic sensor system are discussed.

2. LabVIEW for fiber optic applications

Fiber optic systems have become in high demand for use in telecommunication and sensor
systems. The optical systems, whether transmitting data across continents or providing real
time measurement consist of dozens of components. These components are made from
many different types of exotic materials and the manufacturing technologies are so new.
Traditional labor intensive techniques cannot keep up with market demands, which require
a cheaper solution. This section explains the automatic test measurement, fiber sensor and
remote testing, which can be used to solve many problems in fiber optic system.

2.1 Self-calibration automated measurement

Automatic test measurement is a vital part of the telecommunication and fiber optic
communication test scene today. Automatic test measurement enables self-calibrating test to
be done very swiftly and accurately. The amount of time consumed in implementing a fiber
optic sensor system forms the bulk of the development cost and thus it is necessary to
reduce the troubleshooting time to the shortest possible. This can be achieved with the use
of automatic test measurement techniques [6]. There are a variety of different approaches
that can be used for automatic test measurement systems. Each type has its own advantages
and disadvantages, and can be used to great effect in the right circumstances. Automatic test
equipment and automatic test software are the two main types of test measurement systems.
Equipments such as automatic optical inspection (AOI), automated X-Ray inspection (AXI)
and In-Circuit Test (ICT) are common forms of automatic test equipment which are used
today in optical and electrical science [4]. One the best solution in automatic test equipment
is a board or unit that can be tested using a stack of remotely controlled test equipment. The
most popular method of controlling the test equipment is the General Purpose Interface Bus
(GPIB). There may also be an interface adapter necessary to control and interface with the
item under test. While the GPIB is relatively slow and has been in existence for over 30 years
it is still widely used as it provides a very flexible tool of test. This type of systems use test
instruments on a board that can be slotted into a standard slot thus saving both space and
cost when compared to the stand-alone. Laboratory test equipment can often be used as
most items of lab test equipment have a GPIB port. The main drawback of GPIB is its speed
and the cost of writing the programmes although packages like LabVIEW can be used to aid
programme generation and execution in the test environment [5].
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2.2 Fiber optic sensor

Fiber optic sensor is a device in which variations in the transmitted power or the rate of
transmission of light in optical fiber are the means of measurement or control. The
information could also be derived in terms of intensity, phase, frequency, polarization,
spectral content, or other quantities. Physical parameters such as strain, temperature,
pressure, velocity, and acceleration can be measured by fiber optic sensor. Immunity to
electromagnetic interference (EMI) and radio frequency interference (RFI), elimination of
conductive paths in high-voltage environments, inherent safety and suitability for extreme
vibration and explosive environments, tolerant of high temperatures (>1450 C) and
corrosive environments, light weight, and high sensitivity are the main advantages of fiber
optic sensor over normal sensor [7]. Depending on the usage, fiber optic sensors can be
divided into Extrinsic (or Hybrid) and Intrinsic (or All-Fiber) types.

Figure 1 shows an extrinsic sensor which consists of an optical fiber that transmits
modulated light from a conventional sensor. A major feature of extrinsic sensors, which
makes them so useful in such a large number of applications, is their ability to reach places
which are otherwise inaccessible. In an extrinsic sensor, sensing takes place in a region
outside of the fiber [8]. An intrinsic sensor relies on the properties of the optical fiber itself to
convert signals from the environmental into a modulation of the light beam passing through
it. Intrinsic sensors can modulate the intensity, phase, polarization, wavelength or transit
time of light. Sensors which modulate light intensity tend to use mainly multimode fibers,
but only single mode cables are used to modulate other light parameters. A particularly
useful feature of intrinsic fiber optic sensors is that they can, if required, provide distributed
sensing over distances of up to 1 meter [7].

Light Modulator

Input Fiber Output Fiber

Environment Signal

Fig. 1. Extrinsic sensor

Environment Signal

Fiber Optic

Fig. 2. Intrinsic sensor
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Different types of fiber optic sensors are designed based on the characteristics of light
modulated by the environmental effects. One of the most popular fiber optic sensors is the
intensity based fiber sensor. Intensity-based fiber optic sensors depend on the principle that
light can be modulated in intensity by an environmental effect. Multimode fiber reflective
sensor and bending the fiber are two examples of fiber optic sensors. Figure 3 shows a
displacement sensor using a multimode fiber. In this sensor, a light leaves the fiber end in a
cone pattern, and strikes a movable reflector as shown in Figure 3. The intensity of reflected
light is related to the distance of the fiber-reflector from the fiber’s end [9].
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Fig. 3. An example of a fiber optic displacement sensor
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Bending effect is another option which can be used to affect light intensity in an optical
fiber. Figure 4 shows the fiber optic displacement sensor using the light intensity
modulation based on the bending effect. As shown in the figure, the fiber loss increases as
the deformer closer to the fiber. The displacement of the deformer is linearly dependent on
the intensity of the transmitted light [10]. In interferometric fiber optic sensors, the optical
phase of the light passing through the fiber is modulated by the field to be detected. This
phase modulation is then detected interferometrically, by comparing the phase of the light
in the signal fiber to that in a reference fiber [8].

Displacement

Fiber Optic

et

Deformer

Fig. 4. Fiber optic displacement sensor based on bending effect
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2.3 Remote fiber test system

A Remote Fiber Test System (RFTS) is used mainly for error detection in optical networks that
may arise due to mechanical faults or quality losses in the optical fibers and connectors that
form the optical communication network [11]. Optical Time Domain Reflectometer (OTDR) is
the main device for measurement and software control of the measurement process in RFTS.
Figure 5 shows a simple RFTS measurement system. The control unit is a personal computer
which is used for pre and post-measurement management. The OTDR functions as a
measurement unit and the optical power splitter divides an input power equally into output
ports. The optical power splitter can be replaced by an optical switch [12].

PC Measurement

Management

Control unit

) Measurement
Start
results

Input pulses

— M optical fibers
OTDR OPTICAL |
POWER |
SPLITTER
-—
Measurement unit Backscattered pulses

Fig. 5. RFTS measurement system.

The measurement process begins as the OTDR injects a short light pulse into the optical
power splitter. In the splitter, the input power is divided into several output ports with
power ratio specified by the splitter type. As the light pulse travels along the test fiber, a
fraction of light is reflected back to the optical power splitter due to Rayleigh scattering and
Fresnel reflection. All the scattered signals from the test fiber form a complex measurement
trace as they reach the OTDR. Finally, the OTDR trace is saved in the computer memory and
the analysis of the measurement result begins. In the standard RFTS, the error detection
system is based on the measurement of the total loss in the optical link. Another approach
that can be used is by comparing the reference and test measurement results. The reference
measurement is collected just after the installation of the optical communication system [4].
As the test measurement is performed, the resulting test OTDR trace is compared with the
reference trace. If the difference between the optical power level of the reference and the test
measurement at certain measurement point exceeds the predefined threshold, the RFTS
reports an error and stops the measurement. The time for the measurement to repeat is
controlled by the user. The whole measurement process is software controlled and managed
by LabVIEW [13].

3. Instrument communication methods

There are different types of communication methods available for controlling laboratory
instruments as well as optical components. These methods are serial, parallel, GPIB, VX]I,
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PXI and others, which the choice is mainly based on the applications. Two most common
instrument communication methods are GPIB and serial port communication. In 1965,
Hewlett-Packard designed the Hewlett-Packard Interface Bus (HP-IB) to connect their line
of programmable instruments to their computers. Because of its high transfer rates
(nominally 1 MB/s), this interface bus quickly gained popularity. It was later accepted as
IEEE Standard 488-1975. Today, the General Purpose Interface Bus (GPIB) is more widely
used than the HP-IB. This is due to its ability to connect to different devices to the same
GPIB bus. Any devices must have a unique GPIB address between 0 and 30, so that the data
source and destinations can be specified by this number. Address 0 is assigned to the GPIB
interface board. The GPIB has one Controller, usually a computer that controls the bus
management functions. The LabVIEW GPIB VI automatically handles the addressing and
most other bus management functions, saving user from the hassle of low-level
programming. To use GPIB as part of in any virtual instrumentation systems, the GPIB
driver software is required and can be installed in our computer according to the directions
that accompany LabVIEW or the board. Installing a GPIB board is usually easy [14].

To configure the GPIB, serial interface or any communication method, NI Measurement &
Automation Explorer (NI-MAX) simulation software can be used. The GPIB boards can be
integrated with the NI-MAX so that it can be configured under the Devices and Interfaces tree
easily. For the other GPIB devices, their installation procedures are described in the manual
that comes with the GPIB board. Figure 6 illustrates the MAX windows which shows the GPIB
interface number as 0. It is followed by an instrument with the primary address 2.
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Fig. 6. Measurement & automation explorer windows

Serial communication is the other popular means of transmitting data between a computer
and a peripheral device such as a programmable instrument or even another computer.
Serial communication uses a transmitter to send data, one bit at a time, over a single
communication line to a receiver. This method is normally used when data transfer rates
are low or the data needs to be transferred over long distances. Serial communication is
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popular because most industrial computers have at least one serial port available. However,
for laptops and smaller desktops that do not have a built-in serial port, an inexpensive USB-
to-RS-232 adaptor can also be used. Serial communication requires that you specify four
parameters: the baud rate of the transmission, the number of data bits encoding a character,
the sense of the optional parity bit, and the number of stop bits. The requirements for port
setting features are shown in the Ports (serial and parallel) menu in Figure 7. For the port
binding, it is used for specifying the port to be used for the serial/parallel device. An
alternative port can be selected to link to the ASRL resource, this setting does not change the
logical port number (COMXx) of the physical serial port, it only changes which COM port this
VISA resource is binding to. After that, click the “Validate” button to test whether NI-VISA
can access the resource with the specified configuration. The result shown on Figure 8
should pop up.

= @ My Syskemn
- B3 Devi d Intetf
evices and Inker afces - ‘?’ ASALT-INSTR
+- P PrI System (Unidentified) =
— ;l," Ports (Serial & Parallel)
inding: COm1 -
;l,i com1 Port binding: | J
_y LFT1 Settings
* Software
+- &7 Remote Systems Baud rate: |384DE1 j
D ata bits: |8 j
Parity: |None j
Stop bits: |1 j
Flowe contral: |None j
“Yalidate

Fig. 7. Serial port setting

! Measurement & Automation: Explorer

| ¥

Successfully opened a YISA session ko "ASRELLGINSTRY,

Al of the parameters on this page are valid,

Fig. 8. Validation of NI-MAX

When a VISA session to “ASRL1:INSTR” is successfully opened, communication with the
device can be started by going to the Property Node (Set) and modifying the value of the
specified attribute as shown in Figure 9. The values for serial baud rate, serial data bits,
serial stop bits, serial flow control and others are set to the same values as those chosen
during Port Setting. Then click the execute button. Next, as shown in Figure 10, click the
“Write” tab and fill up the blank box under the “Buffer” with a proper command ending
with “\r\n” to initiate the communication with the serial device. The function of “\r\n” is
just like the “ENTER” button on a personal computer keypad. Without “\r\n”, the
command is incomplete, and hence, NI-MAX cannot recognize it. This is the same as when
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the command at Hyper Terminal has been inserted, the “ENTER” key must be pressed to
start the communication with the equipment such as OTDR.
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Fig. 9. Property node setting
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Fig. 10. Write buffer of NI-MAX

4. LabVIEW application examples

4.1 Self-calibrating automated characterization system for EDFA

Ultrahigh- capacity optical transmission systems are a vital component for 21st-century
telecommunications networks that support various expanding information systems such as
the Internet, mobile communications, and digital cable television [15].Wavelength-division-
multiplexing (WDM)systems employing optical amplifiers such as the erbium-dopedfiber
amplifier (EDFA) are considered the most effective solution to increase data transmission
capacity [16-17]. The main characteristics of EDFAs are their gain and noise figure, and their
values depend on the input signal wavelength, input signal power, and pump power [4].
The gain is determined by measuring the difference between the output signal power and
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the input signal power, whereas the noise figure is calculated from the gain, amplified
spontaneous emission (ASE), and resolution of the optical spectrum analyzer (OSA). The
accurate ASE level is measured using the interpolation technique, and thus, even a slight
error in the initial measurement of the input power level will cause a cascading effect that
will render the final ASE measurement invalid. In addition, the accuracy of the gain value is
also dependent on the accuracy of the input measurement [5]. This makes the current
manual measurement techniques not suitable for gain value measurement as even the
slightest deviation in the initial input measurement will result in inaccurate gain values. As
such, using manual measurement techniques for EDFA experiments could lead to inaccurate
results and long experiment times. EDFAs are typically characterized using OSAs, tunable
laser sources (TLSs), optical attenuators, laser diode controllers, and optical power meters.
From experience, EDFA research with manual control of these instruments will lead to
delays and inaccuracies in research due to the large number of values that have to be taken
and recalibrated for each parameter. To cope with this problem, a self-calibrating automated
measurement system for EDFAs has been developed based on the LabVIEW program and
GPIB hardware.

The basic architecture of a standard EDFA is depicted in Figure 11. The setup consists of a
piece of EDF, a wavelength division multiplexing (WDM) coupler, a pump laser and two
isolators. In this work, a depressed cladding EDF (DC-EDF) with Erbium ion concentration
of approximately 500 ppm is used as gain medium for amplification in S-band region. The
EDF is pumped by a 980 nm laser diode to generate population inversion for amplification.
A WDM coupler is used to combine the pump light with the input signal. Optical isolators
are used to ensure unidirectional operation of the optical amplifier [15].

DC-EDFA

Signal

TX RX

980 nm
pump power

Fig. 11. Configuration of the EDFA

The automation system consists of a TLS, OSA, attenuator, laser diode controller, and a
personal computer. All these instruments are networked using GPIB cables and are
individually designated as Talkers, Listeners, and/or Controllers. By having these functions,
all the involved instruments can automatically be controlled through a single computer for
the input signal measurement; the experiment is setup as shown in Figure. 11, using only
the TLS, attenuator, and OSA. Figure 12 shows the user interface of the automation system.
The program has two main menus, i.e., the “input” menu and the “output” menu. Under
the “input” menu, there are three submenus, i.e.,, “Multiwavelength/Power —-30 dBm,”
“Multiwavelength/Power 0 dBm,” and “Multipower.” The “Multiwavelength/Power —30
dBm” submenu measures data by fixing the input power at =30 dBm and varying the input
signal wavelengths. This submenu automatically changes the TLS wavelength values and
determines the most accurate corresponding attenuation value to obtain a constant input

www.intechopen.com



210 Modelling, Programming and Simulations Using LabVIEW™ Software

power of —30 dBm. The OSA measures the output data and gives the necessary feedback to
both the TLS and the attenuator, and the process repeats until the desired wavelength
values and corresponding attenuation values are obtained.

PC

GPIB Cable Connection

i
TP PP P e s e T PPPT P TP PP PRP PP PPty |

.
.
-
.
.

i
Fiber Optic Connection Fiber Optic Connection ‘

Tunable Laser Source Variable Optical Attenuator Optical Spectrum Analyzer
(Ando AQ8203) (Anntsu MN9610B) AQ6317B

Fig. 11. The automation system for input signal measurement

Multiwavelength/Power -30 dBM | Multiwavelength/Power 0 dBM | MULTIPOWER

PEAK SEARCH
CURRENT WAVELENGTH

CURRENT POWER

Fig. 12. The automation system user interface for input signal measurement

The automated measurement system is able to obtain a highly accurate input value by using
a “while loop” subroutine that is contained within the application. The “while loop” will
require the system to first obtain a rough attenuation value by adjusting the attenuation
value so that the OSA is able to obtain a reading that is within £0.9 dBm range of the
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required —30dBm value, as per the requirement of the multiwavelength menus or as per the
required power as determined by the user in the multipower menu. Once the rough
attenuation of the value has been determined, the system will then adjust the attenuation
value based on the OSA readings to obtain the exact attenuation value required for the
subsequent experiment. The “while” loop is illustrated in Figure 13. The submenu
“Multiwavelength/Power 0 dBm” gathers data at a constant 0 dBm input power at different
wavelengths. With regard to wavelength, the software is programmed for the S-band
wavelength region from 1480 to 1530 nm. The “Multipower” submenu obtains the input
power for a constant center wavelength, but at different input powers, which has been
programmed from —40 to 5 dBm. All submenu functions are automatic, and the software
records all required data on either diskette or hard disk.

TLS ON

v

ATTN 0dB

I

OSA Obtain Input Power Value

v

Attenuation =input signal Value- 40 dBm E

T

OSA Attenuation Rough calibrations E

No

39.1>M>40.9

OSA Attenuation Fine

M=40 dBm

Store Attn Value

Fig. 13. “while loop” subroutine
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For EDFA gain and noise figure measurements, the apparatus is set up as shown in Figure
14. The EDFA is placed between TLS and OSA, with the laser diode controller pumping the
EDF (the pump power value must first be determined). The EDFA software “Output” menu
is designed to automate this setup, as shown in Figure 15. Under the “Output” menu, there
are two submenus, i.e., “Multiwavelength” and “Multipower.” The “Multiwavelength”
submenu obtains such output data as the gain, noise figure, ASE, peak power, and peak
wavelength, and the obtained data are compared with the input data taken from the
“Multiwavelength —30 dBm” or “Multiwavelength 0 dBm” submenu first. This comparison
of input and output data is done to obtain the gain and noise figure values using
interpolation techniques.

Laser Diode s
Controller ;

PC o

i GPIB Cable Comnection

e
)
H

S-band EDF

Fiber Optic Connection

Fiber Optic Connection
Tunable Laser Source

(Ando AQ8203) Variable Optical Attenuator ' Optical Spectrum Analyzer
(Anntsu MN9610B) AQ6317B

Fig. 14. The automation system for output gain and noise figure measurements

Fig. 15. The automation system user interface for gain and noise figure measurement
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The “Multipower” submenu obtains output data at a center wavelength of 1500 nm but at
different input powers. As with the “Multiwavelength” submenu, all data obtained from the
“output” menu “Multipower” submenu are compared with data obtained from the “input”
menu “Multipower” submenu to obtain values such as gain, noise figures, etc. All the
“output” submenus plot graphs after one experiment cycle is complete, as shown in Figure 16,
saving time for data analysis. In addition, the obtained data can also be stored in Word,
Powerpoint, Excel, and other formats for further analysis. Figure 17 shows the flowchart for
the automation system. The basic software design methodology possesses the required
characteristics of being time efficient and the ability to accurately and consistently gather data
while simultaneously reducing the uncertainty value, as these characteristics are very
important in ensuring that the software can be utilized to gather data. The EDFA automation
system is tested based on the aforementioned characteristics. The software is proven to reduce
the EDFA testing time by more than 80%, as compared to manual EDFA testing methods.

GAIN vs WAVELENGTH Plot 0 [

-70.0 -} ' i ' 1 0 i
1480.0 1490.0 1500.0 1510.0 1520.0 1S30.0 1540.0

Wavalength (mm)

Fig. 16. S-band EDFA software “Output” menu

Accuracy is also increased, as at times, the experimentalist can make mistakes in acquiring and
analyzing the data. By using the automation software, the human error factor can be
eliminated, thus providing a higher degree of accuracy. The uncertainty value is also
determined to be approximately +0.012 dB, as compared to manual testing methods, as shown
in Figures 18 and 19. However, each new experiment cycle will require the recalibration of
equipment. This is due to changing environmental conditions such as temperature and
experimental setup alignment, which have a significant effect on the measurements taken by
the equipment. In addition, the optical connectors cannot be removed during the experiment
cycle, and a recalibration must be performed by the automation software if the optical
connectors are removed. For OSA calibration, standard lamps are frequently used to calibrate
the OSA, whereas power measurements are made using a standard lamp and a power
detector. In addition to increased accuracy and a reduction in the experiment time, the
software also reduces the number of personnel needed for each experiment, thus allowing
personnel to focus more on the interpretation of the acquired data. In addition, the software is
designed to be user friendly and does not require specialist training to operate.
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4.2 Remote fiber test system using Optical Time Domain Reflectometer (OTDR)
DWDM has increased fiber traffic capacity and thus it is important to proactively monitor
and maintain the fiber networks. Due to huge penalties specified in Service Level
Agreements (SLAs) and Quality of Service (QoS) commitments, carriers are keen to take
measures in maintaining their fiber network. Optical Time Domain Reflectometer is a well-
known optoelectronic instrument used for testing a fiber optic cable assembly in optical
network [18]. An OTDR emits a pulsed ray into the fiber under test and acquired reflected
ray. The strength of the return pulses is measured and integrated as a function of time, and
is plotted as a function of fiber length. The plot can be used to analyse the optical fiber and
detect the approximate location of the fault event that occurred. Different pulse widths in
OTDR will affect the distance resolution and dynamic range. A longer laser pulse width will
improve dynamic range and attenuation measurement resolution at the expense of distance
resolution. This is useful for getting the overall characterization of a link, but is weak when
trying to locate faults. A short pulse width will improve distance resolution of optical
events, but will also reduce measuring range and attenuation measurement resolution [19].
Theoretically, OTDR has good distance measuring accuracy since it is software based and
with its crystal clock possesses an inherent accuracy of better than 0.01%. Further calibration
process is not needed since the practical cable length measuring accuracy is typically limited
to about 1% [20].

Figure 20 shows the block diagram of an OTDR where a laser diode is driven by an electrical
pulse generator that produces a train of short optical pulses. The backscattered optical
power from the fiber through a directional coupler is detected by photodiode (PD). The
detected waveform is amplified by an amplifier and converted to digital signal through the
analog to digital converter (ADC) and then processed by the digital signal processing (DSP)
unit. The timing of the DSP is synchronized with the source of the optical pulses so that
delay in the propagation of each scattered pulse can be precisely calculated. Figure 21 is a
typical commercial OTDR trace, showing among other things, the fiber attenuation. This
figure shows that different losses will have different shapes in the trace. Hence, the analysis
of the trace can be done to estimate the cause of a fault event [21].
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Fig. 20. Block diagram of an OTDR

One of the automation programs suggested for Remote fiber Test System is LabVIEW whose
configurations will be explained in this section. The front panel or the graphic user interface
of the automation program is shown in Figure 22. There are five sections in the program as
indicated by arrow A, B, C, D and E. Section A is the communication settings required by
LabVIEW to enable the communication link with the OTDR device. The settings in this
section are VISA resource name, baud rate, data bits, parity, stop bits, flow control and
timeout. The VISA resource name is the COM port which the RS-232C cable is connected to.
Timeout sets the timeout value for the Write and Read operations. The baud rate, data bits,
parity, stop bits and flow control must be set to the same value as the settings at the OTDR
device and RS-232C cable in order for the communication link to be successful. Failure to do
these will cause errors in the LabVIEW when running the automation program.

Section B is the setting for measurement conditions. Examples of measurement conditions
are wavelength of the signal used, distance range, pulse width, attenuation, average time
and index group. For the AQ7260 OTDR default setting, there are only two possible
wavelengths which are 1310nm and 1550nm. The possible distance range is from 2km to
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Fig. 21. Simulation of an OTDR trace.

www.intechopen.com



LabVIEW Applications for Optical Amplifier Automated Measurements,

Fiber-Optic Remote Test and Fiber Sensor Systems 217
C
S N A,
COMMUNICATION SETTINGS MEASUREMENT CONDITIONS MEASLREMENT CONDITION O MEASUREMENT RESLLTS
} y ‘bytecaunt | i t
VI resotrce rame Wavelength (o} byte countl [ rewmentl | || || : retwrrenint | | )Ll
T 50 il }ﬁ e o GET .IU .....
ha:u’d et (3500) distance range (km) | “Fiber Type with Wavelength”, Distance Range”  Pulse *Event o’ , Distance”, Spice Loss” , Returnloss! , Cumifative
ﬂﬁ’ 0 T Width" ,"Attenuation”, Resalution” Loss?, : i el i
dataos ) poere ' i
i i
100 v
parlty (Jnoe]. ‘ ]
i None Ateruston {68
0,00 v
stop'ats [10: [bi) ESEREEEHE
4 .0 :AVHEQE'TME it SAVE
o contel (Tne) B i |
flls Indes Group (1,00000-1.35935) i e L
imeout (10seg) i 1,480000 .
%W * - - * + ‘ =8 fiber optic b K "
Y | k\ \\

A B

™

D
Fig. 22. Front panel of the automation program

640km. The pulse width is from Ons to 20us as provided by the manufacturer. The possible
attenuation settings are from 0dB to 26.25dB according to the AQ7260 OTDR user manual.
Finally, the group index with is varying from 1.00000 to 1.99999. Next is the measurement
conditions output given in Section C. The blank space will display the output of the “fiber
type with wavelength, distance range, pulse width, attenuation and resolution of the
measurement”. The byte countl value is set to more than the possible return countl to
prevent any loss of data. Users can enable or disable this function by clicking the “Save to
USB” button. Finally, section E provides the measurement results. The measurement results
in term of “event number, distance, splice loss, return loss, cumulative loss, dB/km, event
type, and total span ORL” are shown in the blank area after the completed run of the
program. For the event number, it will show “END” if the event is at end of the fiber, else it
will show “1”, “2” and so on according to the number of the detected event. Some of the
measurement results will be neglected if they are not detected by the OTDR measurement,
and the only display values are for those detected by the OTDR. The whole program
consists of 6 main stacked sequences and 20 sub stacked sequences.

Figure 23 depicts the configuration for the distance range setting for the second main
stacked sequence or the sub stacked sequence. VISA Write is used to write the data from
write buffer to the device. The command for distance range is Rm\r\n, where “m” depends
on the distance range chosen by the user. Figure 24 shows the configuration for pulse width
programming. In the second sub stacked sequence, the command needed for the pulse
width is PWm\r\n.

The configuration for the programming of group index is shown in Figure 25. The command
needed is IORm\r\n, in this case, the “m” is the range from 1.00000 to 1.99999 depending
on the value needed for the user. The “concatenate strings” function will combine the two
constants (IOR and \r\n) and the control (value of group index) in the arrangement from
top to bottom to form IORm\r\n. Thereafter, the concatenate output string will pass to
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000000000000000000000000000[177,4 s 000000000000000000000000000
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170 | 1

w\

VISA
|
E ] write
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Number to decimal strings

000000000000 0000000000000000000000000000000000000000000000070 10

Fig. 23. Programming for distance range
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Sequence local

O0000000000000000000000000000000000000000000000000000

Fig. 24. Programming for pulse width

VISA Write to initialize the related operation. The next step is to initialize the OTDR device
to start the measurement from the personal computer. The command needed to initialize the
real time measurement is ST2\r\n. This command is sent to the VISA and the output is
connected to the next sub stacked sequence. The duration needed for the OTDR
measurement to be completed is approximately 15sec, so, a 20 second delay is applied to the
next sub stacked sequence as shown in Figure 26 to ensure the measurement process is 100
percent complete. Then, to stop the measurement after 20 seconds, a stop measurement
command is needed which is STO\r\n, as shown in Figure 26. Without this stop command,
the measurement will keep going without end.
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Fig. 25. Programming for group index
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Fig. 26. Programming for stop measurement

For the automation program, the user has the option to choose whether they want to save a
copy of the measurement trace and data or not. If the user does not wish to save the
measurement trace, the program configuration at LabVIEW is as shown in Figure 27. The
case structure is at the false condition (save function disable at the front panel). There is
nothing to process or pass through during this sequence, hence, the program will continue
to the next main sequence. If the user wishes to save a copy of the measurement results, the
program configuration is shown in Figure 28. The case structure is at the true condition
(save function enabled at the front panel). The configuration shown in Figure 28 is for the
drive setting and file name to be saved for the measurement results. The command used is
FDAmp\r\n (refer to Table 1), where “m” in this case is for drive setting and is equal to 5,
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“ 4

which sets the drive used to save data to USB drive. While, “p” indicates any file name that
the user wishes to save. The strings will be combined into a single output by the
“concatenate strings” function and act as the input to the VISA Write. A delay is
implemented to reduce the traffic to the OTDR to prevent the occurrence of a hang situation.

EIEIDEIDEIDEIEIEIEIEIEIEIEIEIEIEIEIDEIDEIDEIEIEIE5[,3“6]vtFDEIDEIDEIDEIEIEIEIEIEIEIEIEIEIDEIDEIDEIEIEIEI

M| False 't

[+[#]

VISA resource name

Case structure (for
false case)

?

Bave to USE

6th main stacked sequence

£

D000 0000 0000000 0000000000000 00000000000000000000000000000000

Fig. 27. Programming for false (save function disable)
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O000000000000000g0000000000o0oooo

D000 00000000000 0000000000000 0000000000000000000000000

Fig. 28. Programming for true (save enable) case, drive setting and file name to save

Figure 29 shows the configuration to set the file type of the measurement trace. Examples of
the possible file types are BMP, SOR (Telcordia) and so on. The command used here is
FF7\r\n, which will set the file type to be saved in the SOR format. This file format will
assist the user when analyzing or modifying the measurement trace by using Yokogawa
OTDR Viewer software. Again, a delay is applied to reduce the traffic to the OTDR to
prevent hang up. Finally the “data save” command is used to save the data. Figure 30 shows
that the command FST\r\n is sent to the input of the VISA Write. Then, the measurement
trace or data will be completely saved into the device (pen drive or thumb drive) plugged
into the USB port of the OTDR device. A delay of few seconds is needed for the
measurement trace or data to be successfully saved into the pendrive or thumbdrive.
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Fig. 30. Programming for data save.

The end of the program is as shown in Figure 31. This automation program ends with a
VISA Close. The VISA Close closes a device session or event object specified by the VISA
resource name. Finally, the simple error handling function indicates whether an error has
occurred. If an error occurs during the program execution, it will return a description of the
error and optionally displays it in a dialog box. In this section, the measurement data
obtained from the automation program are presented. These data will be used to compare
with the data obtained without using the automation program in the next section.

The results obtained from the automation program for 1310nm wavelength single mode
fiber at 100ns, 200ns and 500ns pulse width are printed on the screen and shown in Figures
32, 33 and 34. The data shown are the event number, distance, splice loss, return loss,
cumulative loss, dB/km, event type and the total return loss. The data are separated by
comma and is ignored if there is no such data for the certain event. The event number is in
accordance with the sequence of the events.
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Fig. 31. Closes of the program

"Exvent Mo" | "Distance” ,"Splice Loss" [ "ReturnLloss" | "Cumulakive
Loss" "dBfEM" "Event Tywpe" ,"Tokal Return Loss"

1, 75.06305KM, 0.293DE, 45.75506, 5.1020B, 0.324DB/
KM,R END, 25.56333KM, 57.12806, 5.54606,
0.302D6/KM, R, TOTAL SPAN ORL 51.6770E

Fig. 32. 1310nm SMF at 100ns pulse width (automation program)

"Event Mo" | "Diskance” "Splice Loss" | "ReturnLoss" | “Cumulative
Loss" "dEfEM" ,"Event Twpe" ,"Total Rekturn Loss"
]

||
1, 25.06305KM, 0.2960E, 44.753DE, 5.069DE, 0.323DB] ~
KM,R EMD, 25.56338KM, 34.0280E, 5.51406,
0,300DE/KM,R. |, TOTAL SPAN ORL 31.6430E

Fig. 33. 1310nm SMF at 200ns pulse width (automation program)

"Ewvent Mo | "Diskance" "Splice Loss" "FeturnLoss" | "Cumulative
Loss" “dEfEM" ,"Event Twpe" ,"Tokal Return Loss"

1, 25.06503KM, 0.2940E, 44.462DE, 5.029DE, 0.321DE/ -
EM,R. ,END, 25.56333KM, 25.820DE, 5.474DE,
0.3030E/KM, R, TOTAL SPAM ORL 31.5550DE

Fig. 34. 1310nm SMF at 500ns pulse width (automation program)

To verify the reliability of the automation program, a comparison between the results
obtained from the automation program and the manually measured OTDR device is made.
The data of Figures 35, 36 and 37 are obtained manually for 1310nm wavelength SMF at
100ns, 200ns and 500ns pulse width respectively. These results are compare with those
obtained from the automation program. By comparing Figures 32, 33 and 34 with Figures
35,36 and 37, it can be observed that the results are identical without any deviation. Hence,
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it is concluded that the automation program is very reliable and the results obtained from
automation program are exactly the same as those obtained from the manually measured
data from the OTDR device.

E| Event List

Event Mo. | Distance(km) | Splice Loss{dB) | Return Loss(dE) | Cumulative Loss(dE) | Slope(dE/km) | Event Type

INES 25.06305 0.293 45..255 8.117 0.324 R
MIEND 25,56338 iy < 37,128 8.561 0,302 R

A

ot

Fig. 35. 1310nm SMF at 100ns pulse width (manually measurement)

| Event to. | Distance(km) | Splice Loss{d8) | Return Loss{dB) | Cumulative Loss{dB) | Slope(dB/km) | Event Type |

1851 25.06305 0,256 44.733 8,086 0,323 R
b EMD 25.56333 e « 34,028 8.532 0,300 R
e e L

Fig. 36. 1310nm SMF at 200ns pulse width (manually measurement)

E Event List
Event Mo. | Distance(km) | Splice Loss(dB) | Return Loss{dB) | Cumulative Loss{dB) | Slope(dB/fkm) | Event Type

M1 25.00508 0.294 44,462 8.053 0.321 R
hEND 25,56333 b < 28.829 8,498 0,303 R
s
SU
g

Fig. 37. 1310nm SMF at 500ns pulse width (manually measurement)
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4.3 Automated fiber optic multiphase dynamic fluid differentiation measurement
Nowadays the main concern for many industries, especially those related to power
production and more importantly the oil and gas industry is the discrimination of the
immiscible phases of fluids in a flow system. The phase differentiation method is one of the
effective, low-cost and highly accurate methods to discriminate phases in a flow system [22].
This ability to discern between the various phases of a flow system is important as this will
ultimately affect the production outcome of the system. Oblique tips is one of the effective
ways to achieve phase discrimination in fiber optic sensor. However, a proper automation
and analysis software is necessary for the interpretation of the data from the optical probes
[23], [24]. The LabVIEW software is a smart analysis program which is able to discriminate
the individual phases of a multiphase system using Boolean logic and it presents the data in
a real-time manner. Discrimination of the immiscible phases of fluids in a flow system using
the phase differentiation measurement method is demonstrated by Kavintheran in 2007 [25].
The software was designed to monitor up to 8 individual sensor probes and it can also be
configured to monitor two-phase or even three-phase flows.

The automated measurement of the phase differentiation measurement system is
demonstrated in Figure 38. The system consists of four optic sensor heads, four laser diodes,
four optical circulators, an optical coupler and an OSA. The laser diodes work as signal
sources which send signal through the circulator to the optic sensors. The sensor head
assembly is designed such that the sensor probes are arranged 90 degrees apart at 0, 90, 270
and 360 respectively. The reflected signal from the optic sensor head goes back to the
circulator and is redirected to combine with reflections from the other laser sources through
the OSA. The OSA is connected via GPIB hardware to a computer equipped with the
LabVIEW software and a phase discrimination program that uses Boolean logic to
accurately determine the various phase fractions of the multiphase system in real-time.
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Fig. 38. Sensor probe location in sensor head assembly

The system is designed so that the output for each probe that computes a reflectivity
between 0.015 and 0.040 generates a digital “1” which indicate water, and a digital “0” for
each probe that computes a reflectivity of less than 0.015 to indicate air. The system
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incorporates a Boolean logic function that allows the phase level measurement to be
determined accurately and also without any overlay in data. Figure 39 shows the flowchart
for the operation of the program, while Figure 40 below shows the Boolean logic circuit. To
detect three possible indications of the phase level, the Boolean logic function is designed to
accommodate up to eight sensor probes. The three possible results are one-quarter water
three-quarters air, three-quarters water one-quarter air and full water. Visual representation
of the phase level is the result of the outputs of the logic circuit which is connected to the
indicators. Each sensor probe is connected to an OR gate. In order to allow the logic
functions to operate with only one input, OR gates are used. The OR gate allows the
deployment of either four sensor probes or eight sensor probes. The program will refresh
the phase fraction levels every 1 second, which is the scan time of the OSA [25].

Start [
v v 2 ) 4
Read Probe 1 Read Probe 1 Read Probe 1 Read Probe 1
0.015< 0.015 < 0.015< 0.015<
Yes R< 0.040 R< 0.040 R< 0.040 R< 0.040
No Yes No Yes No Yes No
\ 4 A 4 \ 4 A 4 \ 4 4 4 A 4
Indicate=1 Indicate=0 Indicate=1 Indicate=0 Indicate=1 Indicate=0 Indicate=1 Indicate=0
I I I i I i | f
| |
Boolean Logic Function

Indicate Phase Level

Fig. 39. Phase discrimination program flowchart
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Fig. 40. Boolean logic function for phase discrimination
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The reflectivity of the probes as a function of time when the water level in the flow system is
at one-quarter is shown in Figure 41. As depicted, the reflectivity of probe 3 in water is
shown to be 0.032 by the software, while the reflectivity’s of probes 1, 2 and 4 is shown to be
0.002. To determine the phase level of the system, the Boolean logic function is done
automatically and immediately. When digital “1” signal is generated by probe 3, it
immediately passes through the respective logic gates to determine the phase level. Once
this has been done, the system will represent the phase level using a diagram as shown in
Figure 42. When the flow system is half-full, the reflectivity of probes 2, 3 and 4 is 0.0316,
while the reflectivity of probe 1 remains at 0.002. Figure 43 shows the reflectivity of the four
probes against time.

Raflactivity {30}

0.045
0.040
e
0.035 : W Z | =R | R
0.030 ! i | | . 5 VN . .
A & Probe 1
opes |- @ o o @ ® L
- * o L d * BProbe 2
0.020 - w " 2
¢ AProbe3
0.015
»Probed
0.010
0.005 ' , -
AAAdaAaad b aAr0040
0.000 T T T 1
a 5 10 15 20
Tima {5)

Fig. 41. Reflected power (dBm) of sensor probe vs. time for one-quarter full flow system

Fig. 42. LabVIEW phase level representation for one-quarter full flow system

Similarly, the Boolean logic gate function will determine the phase level of the system as
shown in Figure 44. When all four probes detect water, the reflectivity of all four probes is
0.002, as shown in Figure 45. The Boolean logic system will then determine the phase level
of the system to be fully water, and will indicate the condition of the system as shown in
Figure 46.
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Fig. 44. LabVIEW phase level representation for half-quarter full flow system.
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Fig. 46. LabVIEW phase level representation for full flow system

4.4 Polarimetric fiber-optic pressure sensor

Due to the possibility of it being used to distribute high sensitivity sensors and of it being
configurable in many different shapes, the polarization-based FOS is widely used. Recently
different types of polarimetric sensors have been investigated for the measurement of
various physical parameters such as: pressure, strain, stress and temperature. Polarimetric
fiber optical sensors are sensitive to the variations in the polarization state of light
transmitted by a single mode optical fiber. The state of polarization may vary according to
physical factors such as stress, pressure, temperature, etc [26]. So far, the polarimetric fiber
sensors demonstrated in the literature are based on interferometric schemes. In
interferometric schemes high-birefringent (HB) polarization maintaining (PM) fibers are
used. The proposed fibers have strong asymmetries so the quasi-degeneracy of the two
orthogonally polarized modes can be avoided and thus forcing a single polarization mode
under normal operations.

A low-cost distributed deformation sensor based on the change of polarization in a standard
single-mode fiber of which data is obtained by the help of LabVIEW has been successfully
developed by G. C. Contantin [27]. The schematics of the sensor is shown in Figure 47 which
consists of a laser source, a mechanical polarization controller, a fiber polarizer and an
optical receiver that is connected to a PC via a digital acquisition card (DAQ). The Power
source consists of a laser diode and the biasing circuit. The laser source which is used is a
telecommunications laser diode mounted inside a butterfly package. To acquire the diode
temperature and monitor its temporal evolution, a laser diode is connected to a PC via a
digital acquisition card. The light emitted by the laser source feeds the pressure transducer
via the mechanical polarization controller that is used to align the incident polarization
orthogonal to the transmission axis of the polarizer in the absence of the applied pressure
stimulus. In this situation, the receiver reads a “0” voltage in the absence of any
perturbations. It is also possible to align the light polarization in order to maximize the
receiver reading in the idle state. As shown in Figure 47, the pressure sensor is made of a
fiber sandwiched between two plexiglass plates [27]. Under pressure, the polarization state
of the single-mode fiber changes and the value of the power transmitted from the fiber
polarizer is affected. Therefore, if an optical power of zero is registered in the absence of
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perturbation, once pressure is applied to the transducer an optical power other than zero is
obtained at the receiver [27].

Mechanical Polarization Controller

Plexiglass

.

Pressure

—_r In-line Polarizs

Fig. 47. Distributed deformation sensor schematic

—

.| Optical Coiled Fiber

Figure 48 shows the data acquisition program which has been developed with LabVIEW
software. The main results obtained using the polarimetric fiber-optic pressure sensor is
shown in Figure 49. In these figures, the dependency of the sensor output on time is shown.
Figure 49(a) shows the output voltage (V) versus time in the absence of deformation. Figure
49 (c) presents the output normalized tension for different values of the pressure. The
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Fig. 48. Data acquisition program
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Fig. 49. Figure 49 (a) shows the dependence of the sensor output on time in the absence of
deformation, Figures 49 (b), (d) and (e): show the output normalized voltage (dB) at constant
pressure. Figure 49 (c): presents the output normalized tension for different values of the
pressure. Figure 49(f): show the dependence of the sensor output on weight.

www.intechopen.com



LabVIEW Applications for Optical Amplifier Automated Measurements,
Fiber-Optic Remote Test and Fiber Sensor Systems 231

output normalized voltage (dB) at constant pressure is shown in Figures. 5 (b), (d) and (e).
The normalized value is calculated by [27]

Vout = Vznf
Vaorm=0—""—
Vout(O) - me

Where Viorm represents the output normalized voltage, Vou is the value of the acquired
voltage, Vin=— 0.5V is the lower limit of the output voltage and out (0) V is the output
voltage in the absence of deformation.

4.5 Fiber Bragg Grating (FBG) sensor interrogation system

Recently in the field of architecture and civil, infrastructures such as long-span bridges,
high-rise buildings, large dams, nuclear power stations, off shore platforms and others,
there is a great demand for high performance sensors for structural health monitoring
(SHM) systems to guarantee the efficiency/safety of the structures. Optical Fiber sensors
such as the Fiber Bragg Grating (FBG) shows distinguishing advantages: immunity to
electromagnetic interference and power fluctuation along the optical path and high
precision. An FBG is a type of Bragg reflector constructed in a short part of optical fiber that
reflects particular wavelengths of light and transmits all others. A key research area in FBG
sensors is FBG fabrication, FBG demodulation and FBG encapsulation. In order to push
forward the applications of the FBG sensors, reliability and accuracy of the FBG sensors
must be ascertained. To achieve accuracy in the interrogation system, there is a great need in
a monitoring program that could process the data and display the data collected for each
sensor in graphical forms [28]. The optics, hardware and software architecture of such
system was developed in year 2005 by Toh Yue Khing [29]. In this FBG fabrication system,
digital filtering, peak detection and the ability to lock onto the reference wavelength are
implemented by the LabVIEW program. In this research work, FBG is fabricated by using
photosensitized optical fibers where the fiber reflective index is imprinted within the fiber
core. The FBG sensor is fiber with different reflective indices which are connected in series
to increase the number of sensors in a single fiber optic channel. Under tension or
compression, changes in the reflective indices in the fiber will cause a shift in the reflected
wavelength. By measuring the change in wavelength of the reflected light, the FBG
interrogation system will be able to measure temperature, pressure or strain changes,
depending on the types of material embedded in the FBG [29].

Figure 50 shows the interrogation System designed for the FBG fabrication system. As
shown, a PCI-7831R FPGA Module, Fiber Fabry Perot Tunable Filter (FFP-TF), 8
photodiodes, 8 Pre-amps and an 8-Channel Fiber Optic Configuration are used in the
system. Fiber Fabry Perot is a tunable filter which allows a narrow band of wavelength to
pass through the fiber and filters the broad band laser. The Fabry Perot Tunable Filter is
very sensitive to voltage change and serious noise disturbance produced by the electronic
circuitry can also affect the accuracy of the result. Therefore, a high precision and low noise
DAC voltage set is required. The PCI-7831R is a national instrument multifunction board
featuring a user-programmable FPGA chip for onboard processing and flexible I/O
operation. All analog and digital functionality is configured using the NI LabVIEW
graphical block diagrams and the LabVIEW FPGA Module. When the PCI-7831R receives
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instructions from LabVIEW to perform a scan, it will instruct the DAC to send out a whole
range of voltage from 0 to 10V. At each change of DAC output, the FPGA will read from the
8 ADCs simultaneously and store the raw data onto the onboard memory. Once completed,
data in the memory will be digitally filtered using the LabVIEW program.

The main software filters the noise from the data that is caused by both optical and electrical
disturbance. Since the tunable filter is sensitive to temperature, the characteristic of the filter
tends to drift over time. This drift will cause an error in the measurement. Thus, the
software will automatically lock onto a reference FBG to obtain an accurate reading. The
software front panel consists of two tabs. Figure 51 shows the sensor view tab. As shown in
Figure 50, every peak in the FBG sensors is represented by the strain, pressure or
temperature gauge. Any shift in wavelength of the FBG sensors will cause the measurement
gauge to respond.

PCI-7831R FPGA Module

<«
FBG
User Configurable Sensor
FPGA PD -l=1-pin
AD Q y FBG
S . § Channels > Wi
Onboard X Fiber Optic '
Memory ; x8 Confi i !
) ' x8
D : |
0-10VL| _ m
. FBG
Sensor
Tunable
filter

Fig. 50. Interrogation System design using FBGs

The scope view tab of the waveform acquired from the interrogation system developed for
one of the channels is shown in Figure 52. These tabs consist of two scope displays. The top
display shows the filtered data, while the bottom display shows the raw data from the
Interrogation System. The first peak is the reference FBG and the rest of the 10 peaks are
from 10 different types of FBG sensors. The shifting of peak 9 is caused by a change in
pressure applied to the FBG sensor.
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5. Conclusion

The techniques and capabilities of LabVIEW development applied in fiber optic science are
demonstrated. The application of LabVIEW in self-calibration and automatic measurement
system, fiber remote test system and optical sensor are explained. The self-calibrating
automated EDFA characterization system using the LabVIEW software and GPIB hardware
is a more effective solution to testing. The overall experiment time is reduced by more than
80%, whereas data acquisition is more accurate and consistent with a low uncertainty value
of £0.012 dB. The automation program for remote fiber test systems using the optical time
domain reflectometer (OTDR) is also presented. Polarimetric fiber-optic pressure sensor and
multiphase dynamic fluid differentiation measurement are two examples of fiber optic
sensors which are discussed. A low cost multi-channel interrogating system is developed
with the NI PCI-7831R Module. This minimizes the electronic hardware configuration,
simplifies and reduces the time required in the development process. The use of virtual
instrumentation has not only provided a modern and interesting way for users to perform
experiments but also reduced the amount of time necessary to make connections. The real-
time display of quantities, such as gain, spectrum, temperature, strain power, and so on has
made a great improvement in the users” ability to visualize these quantities and understand
their relation to one another.
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