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Abstract 
 
This paper describes a very innovative approach to integrating face-to-face and real-time 
Internet-based education and training in NDE. In addition, the developed techniques could 
be utilized for NDE procedures in industries, in which the human presence is limited or 
restricted. Education and training in NDE involves a hands-on laboratory- and project-based 
learning of NDE techniques, which will lead to better understanding of engineering methods 
and principles used in real-world commercial applications. This approach encourages 
engineering and engineering technology students to be involved in research and 
development in NDE. One of the main objectives of the project was to develop a 
videoconference teaching facility, which can provide greater program delivery flexibility in 
NDE education and training. Real-time remote control of automatic flaw detectors USN 58L 
and USN 60 devices has been developed. Utilizing UltraVNC (Virtual Network Computing) 
software control functions and commands, one can remotely control and change any setting 
of the flaw detectors, such as calibration of the detectors and evaluation of test objects. This 
configuration of equipment and software packages allow students at the remote site to 
participate fully in laboratory activities. All commands performed by the USN 58L and USN 
60 correspond to similar commands performed under LabVIEW™ control from the remote 
computer.  
 
1. Introduction 
 
As a national manufacturing economy is improving due to new initiatives by the U.S. 
government, a new generation of industrial engineers, manufacturing engineers, and 
engineering technologists must be educated and trained in various quality control-related 
techniques, methodologies, and corresponding equipment. These degree-holders provide the 
hands-on technical expertise needed to develop, operate, maintain, optimize, and trouble-
shoot processes in industries as diverse as automotive, aerospace, railroad, nuclear, petro-
chemical, and renewable energy. The role of NDE in assuring public safety is greatly 
increasing. The New York Times reported that more than a quarter of the nation’s bridges 
were structurally deficient or functionally obsolete and leaky pipes lose an estimated seven 
billion gallons of clean drinking water every day (Michael Cooper. U.S. Infrastructure Is in 
Dire Straits. New York Times, January 28, 2009, p. A16). Similar issues exist in other areas, 
such as maintenance and diagnostic techniques for nuclear power plants and petro-chemical 
industry. Aerospace designers and manufacturers, too, are frequently faced with the need to 
validate the integrity of structural parts for military and commercial aircrafts. Transportation 
equipment is highly specialized and safety sensitive; it is critically important that all aspects 
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of a failure are investigated, not only to classify the failure mode but also to determine its 
cause from an engineering mechanics and design perspective. The rapidly developing and 
expanding field of nondestructive evaluation is in constant transition from research, 
development, and instrumentation development to inspection and quality control processes. 
Filling industry’s need for NDE personnel in the future constitutes a significant challenge to 
America’s colleges and universities. According to the published Nondestructive Testing 
Management Association (NDTMA) report (1), there are approximately 3,500 more jobs 
than NDE specialists today and that the average age for NDE personnel is about 42 years 
old. The data presented by General Electric, Inc., NDTMA, and MISTRAS, Inc. indicated 
severe shortage of NDE personnel in nuclear energy industry. Responses to the survey 
indicate a continuing surge in growth across the NDT and quality inspection industries. NDT 
is still ahead of the national average when it comes to employment and the rate of wage 
increases. This has been a consistent trend over the past few years (2). 

New methods and techniques are constantly being developed and there are increased 
demands for use of NDE in virtually every industrial and public safety sector. The increased 
globalization of industrial production raises NDE challenges associated with maintaining 
quality, safety, and reliability while minimizing life-cycle costs. These issues are found in 
areas as diverse as manufacturing, energy, electronics, infrastructure, communications, 
transportation, and mining (3).  

To meet these demands, there must be a renewed emphasis on NDE educational efforts, 
particularly within the curricula for engineering and engineering technology students. The 
integration of NDE technology with related engineering studies is a significant step in that 
direction. To this end, two courses have been developed and offered to the engineering 
technology students of the College of Engineering at Drexel University. Specifically, 
Ultrasound of Nondestructive Evaluation course EET 333 course has been developed 
including face-to-face and real-time Internet-based delivery during lectures and laboratory 
sessions. The Acoustic Emission course EET 335 has been developed for a face-to-face 
delivery. The Internet-based delivery of this course is under development. Both courses 
consist of two parts.  The first part emphasizes the foundations of a particular NDE method. 
The second part has a focus on specific NDE applications and techniques. These techniques 
are studied through experiments that closely simulate industry-relevant processes in a pilot-
scale manufacturing and testing processes laboratory. In this paper the EET 333 course will 
be discussed in detail. 

 

2. Ultrasound NDE course EET 333  
 

The EET 333 course was developed as a four-credit, forty-hour, course in 2006 according to 
ASNT (American Society for Nondestructive Testing) Recommended Practice SNT-TC-1A 
(4, 5). This course is required for all concentrations within the engineering technology major. 
The course presents principles of Ultrasound Nondestructive Evaluation (NDE) of Materials 
combining hands-on laboratory experience with lectures. Students learn physical principles 
and fundamentals of ultrasound material characterization. Students also learn industrial 
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applications of NDE techniques and procedures and become familiar with detection and 
characterization of defects in materials, such as flaws and cracks (6). Students are engaged 
in the weekly experiments using automatic flaw detectors, such as USN 58L, USM 35, and 
recently acquired USN 60. The goal of the laboratory procedures is not only to carry out 
NDE experiments but also to incorporate these devices into Internet for future data 
processing and evaluation utilizing computers. During the laboratory sessions, students are 
able to control NDE devices via computers allowing integration of the experiments with 
Internet-based automation technologies. The series of experiments enable students to 
understand how computers and Internet-based technologies can streamline the remotely 
operated manufacturing and inspection systems. During laboratory sessions, students learn 
principles and techniques of calibration and testing procedures and carry out experiments 
under supervision of the instructor (Figure 1). Each laboratory is conducted in groups of 3 
students. 

 
Figure 1. Students conduct experiments in the NDE laboratory 

 
The following topics are covered during laboratory sessions: 
  Calibration of NDE equipment using straight- and angle-beam probes.  Detection and evaluation of discontinuities using USN 58L, USN 60, and 

USM 35X.  Distance-Amplitude and Area-Amplitude calibration procedures.  Evaluation of shapes and dimensions of discontinuities in metals using a 6 dB drop 
technique.  Welds testing. 
 

Collected data files are transferred to computers and saved for individual laboratory reports 
and the final group PowerPoint presentations (Figure 2). 
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Figure 2. Area-amplitude calibration (left) and weld testing (right) 
 

3. Real-time remote NDE procedures 
 
One of the main objectives of the project was to develop an Internet-based educational NDE 
laboratory by implementing the traditional face-to-face settings over the Internet (7, 8). The 
real-time laboratory sessions can be carried out utilizing Internet2-based access to the 
equipment of Drexel’s NDE laboratory for other universities and training centers. Real-time 
remote control of the USN 58L, USN 60, and USM 35X was completed.  GE Inspection 
Technologies’ UltraDoc software allows for control and data transfer to and from the 
portable ultrasonic flaw detectors. UltraVNC (Virtual Network Computing) software 
enables remote control and data transfer between the local computer and flaw detectors (9). 
In this paper, the remote control of USN 58L and USN 60 is described. These flaw detectors 
are capable of receiving coded instructions from a personal computer connected to the RS-
232 I/O port. Instructions must be transmitted to the USN 58 and USN 60 as escape 
sequences. Every key press and menu function of the USN 58L and USN 60 can be operated 
by the remote control. In addition, the current value (setting) of a particular function may be 
requested. Utilizing UltraVNC and UltraDoc control function and commands, one can 
remotely control and change any setting of flaw detectors, such as calibration of flaw 
detectors and evaluation of test objects.  
 
During laboratory sessions, students are able to control flaw detectors remotely via 
computers. A remote connection via Internet2 to the USN 58L and USN 60 ultrasonic flaw 
detectors is established by accessing flaw detectors under the LabVIEWTM (Laboratory 
Virtual Instrumentation Engineering Workbench) control.  All commands performed by the 
USN 58L and USN 60 correspond to similar commands performed under LabVIEWTM 
control from the remote computer (Figure 3 and Figure 4). 
 
LabVIEWTM 2016-based application was developed to remotely control the GE Inspection 
Technologies USN 58L and USN 60 portable flaw detectors. Remote control of each device 
is achieved by sending a set of short codes to the devices. The codes are sent one at a time 
through a serial port. Each Code represents a particular command. SubVIs (virtual 
instruments) are used for changing the value/setting of a particular function of the flaw 
detector.  
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As can be seen in Figure 3 and Figure 4, each button on the front panel of flaw detectors is 
replicated by a corresponding OK button located on the Front Panel of the Main VI. When 
a particular subVI is called by pressing the OK button, the Code string for that particular key 
is applied to the global variable “Code”. At the same time, each increment or decrement of 
the controlled value, which corresponds to the particular function key, is represented by a 
certain numerical value (9). The particular subVI executes the function by pressing a 
corresponding key on the front panel or turning the left-hand or right-hand knob of the flaw 
detector.  Even though there are similarities between LabVIEW™ control functions of both 
devices, there are also differences that should be taken into account during the development 
of remote procedures for USN 58L and USN 60.  
 
 

            
 

Figure 3. Front panel of USN 60 (left) and image of the front panel of USN 60 
simulated on the computer monitor using LabVIEW™ (right) 

 

                  
 

Figure 4. Front panel of USN 58L (left) and image of the front panel of USN 58L 
simulated on the computer monitor using LabVIEW™ (right) 

 
The LabVIEW™ Code for USN 58L works exactly like the device itself. The user can press 
yellow arrow buttons to highlight the specific function that needs adjustment and change 
values by adjusting the right-hand function knob. This function knob will be controlled by 
two sets of gray up/down arrow buttons on the top right side of the LabVIEW™ Code 
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(Figure 4, right). The left set of up/down arrows corresponds to a coarse adjustment mode 
and the right set corresponds to a fine adjustment mode. The gain knob on the left-hand side 
of the USN 58L is simulated by the up/down arrows on the left side of LabVIEW™ Code 
(Figure 4, right). The LabVIEW™ block diagram for right-hand function knob control is 
presented in Figure 5. 
 
The OK buttons correspond to four gray buttons on the simulated front panel of the USN 
58L. To change a certain variable of the USN 58L LabVIEW™ Code, e.g. “Gate Width” or 
“Gate Start”, the user needs to click on the corresponding yellow arrow button on the right 
side of the simulated front panel (Figure 4, right). Finally, the gray arrow will be pushed to 
increment/decrement the “Gate Start” or “Gate Width” value using coarse or fine adjustment 
modes. This procedure is step-by-step identical to the actual USN 58L device gate 
adjustment. Thus, The USN 58L LabVIEW™ Code allows for seamless transition from 
utilizing the actual device to using the simulated LabVIEW™ program.  
 

 
 

Figure 5. LabVIEW™ block diagram for right-hand function knob control 
 
The programming of the simulation procedure for the USN 60 flaw detector has some 
distinctions compare to the USN 58L. To compensate for the lack of function knob control, 
additional subVIs (Figure 6) have been created to include specific values to a designated 
parameter. According to the USN 60 manual (section 15.4) (10), the write command is as 
follows: 
 

<ESC><COMMAND><SPACE><VALUE><RETURN> 
 

This write command is concatenated inside the event structure in the Main VI. The event 
structure contains different “events” to adjust different values for specific parameters. For 
example, the command to change the gain to 20 will be <ESC> DB 20 <RETURN> (Figure 
6). All values must be sent to and from the device as integers. Thus, it is necessary to insert 
a “Precision” variable to allow decimal numbers, e.g. “Precision” of 1 in Figure 6, should 
correspond to one decimal point. The Main VI for USN 60 is presented in Figure 6. 
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Figure 6. Main VI for USN 60 consists of two subVIs 

 
By using these write commands within event structures, one can create a knob control-like 
function for each variable (Figure 3, right). Precision and increments are adjusted exactly 
the same way as they are adjusted in the USN 60 flaw detector. Additionally, users can also 
type in specific number for each variable. This feature is useful for advanced users who are 
familiar with the device and the procedures they are working on.  
 
To change a certain variable in the USN 60 LabVIEW™ Code, e.g. gate positioning, the 
user will use the control labeled “Gate Start” on the right side of the interface (Figure 3, 
right). There are two ways of adjusting this value: 1. Click on the up/down arrows that will 
increment/decrement it or 2. Type a number into the white box for the gate start variable.  

 
This modification allows for a knob control and changing the value of each function of the 
USN 60 (Figure 3) in a similar but, at the same time, different way compare to the function 
knob control of the USN 58L for which values of any selected highlighted function can be 
changed by the simulated knob.  
     
4. Conclusion 
 
The objective of the completed project was to develop a laboratory and a course entitled 
“Nondestructive Evaluation of Materials” with a problem-based learning approach to 
nondestructive evaluation of materials using Internet Protocol (IP) networks. All goals, 
objectives, and planned tasks of the project have been successfully completed. EET 333, 
Nondestructive Evaluation of Materials course, was developed as a four-credit, forty-hour 
course to fulfill Levels I & II NDE in theory and training requirements, according to ASNT 
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(American Society for Nondestructive Testing) Recommended Practice. During the 
laboratory sessions, students work as teams conducting calibration and testing procedures 
and developing possible approaches to solving the problem. Students are introduced to the 
tools, methodologies, and techniques used in real-world industrial applications. Students 
have access to the developed material in two modes: the traditional face-to-face classroom 
mode for those on Drexel’s campus, and a real-time, Internet-based videoconferencing mode 
for those attending classes at remote locations, specifically students at community colleges 
partnering with Drexel. Fully-interactive videoconference teaching creates infrastructure for 
remote access to high-end equipment via the Internet2 and provides experience in effective 
delivery of education through this modality. Remote real-time laboratory procedures have 
been developed using the graphical programming language LabVIEWTM. The 
videoconference-based instruction of the NDE procedures and techniques can be 
implemented between any remote sites using Internet Protocol (IP) networks. 
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