
Tuesday, May 15th – Pre-Workshop Tutorials 
NOTE:	Pre-Workshop	Tutorials	require	a	separate	fee	from	the	Workshops.	

Single	Tutorial	-	$205,	Two	Tutorials	-	$385	(use	discount	code	"Tutorial-Multi"	at	check	out).	
 

 

8:00 a.m. – 5:00 p.m. All Day Tutorials               
                           

 
Instrumentation Systems for Flight Test Engineers 
Bruce Johnson, NAWCAD 
 
This course will provide an overview of a typical airborne Instrumentation system 
from the aircraft sensor to the display at the ground station. An overview of the major 
system components will be discussed (e.g. Data acquisition system, analog sensors, 
avionics busses, recorders, transmitters and data processing). Instrumentation test and 
measurements will also be discussed in detail, emphasizing how the requirements are 
used to make Instrumentation system design decisions. Parameter list details will be 
evaluated (e.g. Why so many questions?).  Data acquisition system equipment 
selection, sensor selection and why it matters. The training will define filtering, 
aliasing (with demos), calibrations and how this can affect the data that is being 
utilized to make critical decisions. 
 
Basics of LTE-A and Application to Cellular Range Telemetry 
Bob Picha, Nokia of America Corporation 
 
The current Aeronautical Mobile Telemetry (AMT) environment has many 
challenges including loss of spectrum, increasing demands for flight test data that 
exceed the capacity of current AMT radio links, the largely static and unidirectional 
nature of AMT radio links, and inefficient use of spectrum due waveforms and need 
for manual configuration and scheduling of radio resources. 
The Cellular Range Telemetry (CRTM) project funded under NSC-16-RPP-12 and 
managed by the Test Range Management Center (TRMC) seeks to evaluate the use 
of the 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE) as a 
radio link alternative for AMT on test ranges. LTE offers high spectral efficiency, 
flexible RF carrier configurations, automatic management of radio link resources for 
multiple simultaneous users, bi-directional links with channel adaptation and user 
device mobility. 
This tutorial is designed to give a high-level overview of the LTE air interface and 
basic LTE operation as described in the 3GPP LTE standards with a focus on the LTE 
capabilities that can be leveraged for cellular range telemetry. This full-day tutorial 
will cover: 
1. CRTM project overview 
2. LTE and the 3GPP standards, touching on the goals of the 3GPP standards, where 



LTE fits into the standards, performance goals of LTE and a comparison of LTE 
to current wireless technologies. 

3. Basics of the LTE Air Interface, including 
o Carrier configurations 
o Spectrum usage 
o LTE duplexing and framing methods 
o Downlink and uplink physical layers 
o LTE antenna configurations 

4. Overview of LTE Protocols including: 
o LTE Uu User and Control Plane protocol stacks. 
o LTE logical channels 
o Functions of the LTE physical channels 
o Uu, S1-MME, S1-U, S5-U, and X2 interface functions 
o S1-MME, S1-U, S5-U, and X2 User and Control Plane protocol stacks 

5. Network Acquisition and Call Processes 
o UE network acquisition 
o UE registration and authentication 
o Typical UE call processes 
o Intra- and inter-eNB handovers 

6. Advancements to LTE Technology for Cellular Range Telemetry 
 
 

 
8:00 a.m. – 12:00 p.m. Morning Tutorials               

 
The Pillars of Effective and Efficient Experimentation 
Mark J. Kiemele, Ph.D., Air Academy Associates 
 
It is not widely known that the manner in which data is collected highly influences 
how easy or how hard it will be to analyze and evaluate the results once the data has 
been collected. This tutorial will address the fundamental principles of optimal data 
collection with regard to test and evaluation, with special emphasis on the ability to 
characterize the process or system under test after the data has been collected.   
 
We will cover the major pillars for developing a culture of proper experimentation 
and demonstrate each of the principles using a miniature roman catapult.  The 
principles covered will include a technique for reducing the impact of extraneous 
variation and the use of measurement system analysis for the purpose of ascertaining 
the quality of data from a statistical perspective as well as conducting uncertainty 
analysis of the measurements.  The statistical analysis of experiments will be shown 
to be impacted by the principles of orthogonality, replication, randomization, and 
blocking. These techniques and principles are not a substitute for prior process 



knowledge, engineering knowledge, or experience.  But without applying them, 
engineers, researchers, scientists, or practitioners will not be as effective or as 
efficient as if they were to use these powerful and proven, but still largely unknown, 
tools.  This tutorial does not require any prerequisite knowledge and will be beneficial 
to anyone who is associated with test and evaluation activities.   
 
 
Troubleshooting Ethernet Data with Wireshark                                                   
Paul Ferrill, ATAC  
 
This tutorial will use real-world aircraft data to demonstrate how to use the open 
source program Wireshark to both view data and troubleshoot problems. The class 
will include presentation and hands-on usage of Wireshark to look at data as if you 
were connected to the Ethernet network on an airplane and if you were connected to 
an IRIG 106 Chapter 10 recorder broadcasting data over UDP. We’ll start out with a 
brief overview of Ethernet fundamentals and then get right on to using Wireshark. 
 
 
HD Transport, Timing and Compression  
Paul Hightower, President and CEO, Instrumentation Technology Systems 
 
While many of the terms used in digital video are the same, the nature of digital video 
is quite different from analog video. As a first step in understanding what vertical 
sync, horizontal sync and resolution means in the digital video world this presentation 
will compare these terms side by side. This tutorial will describe the commonly used 
formats and their variations. It will be shown how resolution is 3-dimensional in 
digital video and that these dimensions are affected by compression in several ways. 
Timing is another critical measurement in engineering test. In analog video time 
stamping at frame sync was customarily done at the destination. Time was consistent 
and delays due to transport were in microseconds. In digital video that may still be 
true when directly connected, but when transporting HD digital video more than 300 
feet, the need to compress may be the only alternative. Compression introduces 
latencies that may be 70 milliseconds, but could just as easily be 10 seconds. The 
latency at any point in time varies. Reliable time stamping may only be possible at 
the source. These issues will be discussed along with possible solutions. 
 
 
Video and Video Compression Basics 
Gary Thom, Delta Information Systems 
 
With the growing complexity of flight test programs and the improved efficiency of 
compression algorithms, video is an ever increasing component of flight test data 



collection. This tutorial will provide a basic understanding of video interfaces. This 
will include a discussion of the signals, formats, resolutions and frame rates. Building 
on those basics the tutorial will then present a  high level description of how video 
compression works and the trade-offs that can be made when selecting and 
implementing video compression components. An overview of various video 
compression algorithms will be provided, highlighting the differences between the 
algorithms. We will examine the effects of video compression on video quality and 
investigate some of the causes and resolutions of quality problems. Finally, there will 
be a brief overview of audio compression. 
 
 

 

 1:00 p.m. – 5:00 p.m. Afternoon Tutorials 
  

The TENA and JMETC Solution for Distributed Test and 
Training                  
Gene Hudgins, TENA 
 
Together, TENA and JMETC enable interoperability among ranges, facilities, and 
simulations in a timely and cost-efficient manner. TENA provides for real-time 
system interoperability, as well as interfacing existing range assets, C4ISR systems, 
and simulations; fostering reuse of range assets and future software systems. JMETC 
is a distributed, LVC capability which uses a hybrid network architecture; the 
JMETC Secret Network (JSN), based on the SDREN, is used for secret testing and 
the JMETC Multiple Independent Levels of Security (MILS) Network (JMN) is the 
T&E enterprise network solution for all classifications and cyber testing. JMETC 
provides readily available connectivity to the Services' distributed test and training 
capabilities and simulations, as well as industry resources. 
 
This tutorial will address the current impact of TENA and JMETC on the Test and 
Training community; as well as its expected future benefits to the range community 
and the Warfighter. 

 
Practical Considerations using Pressure, Force, Acceleration                            
and Torque Instrumentation  
Bill Zwolinski, Senior Applications Engineer Kistler Instrument Corp 
 

This tutorial will explore the what’s, why’s and how’s related to using Pressure, 
Force, Acceleration and Torque instrumentation and solve various application 
problems. The tutorial will cover the concepts of operation and technology review 
for Piezoelectric (PE), Integrated Electronics Piezoelectric (IEPE), 
Microelectromechanical Systems (MEMS) and Piezo-resistive (PR)/Strain Gage 



instrumentation. Practical considerations include the explanation of key performance 
specifications, selection criteria, installation, cabling and checkout. Several 
applications will be discussed to illustrate the concepts including military and 
aerospace. Active demos will be used to highlight various concepts as well as 
DAQ/signal conditioning. 
 

 
Real World Telemetry over IP  
Gary Thom, Delta Information Systems 
 

As telemetry ranges are making the move to network centric architectures, it is worth 
considering the lessons learned over the previous 10 years of designing, installing, 
troubleshooting and optimizing telemetry data distribution over IP networks. This 
tutorial will begin with the motivation for moving to Telemetry over IP (TMoIP). It 
will then provide a basic networking foundation for understanding TMoIP and 
TMoIP formats. With this basis, we will be able to discuss network design 
considerations and tradeoffs for a successful TMoIP deployment. Finally, we will 
present some of the real-world problems and issues that may arise in a TMoIP system 
and the troubleshooting techniques that can be used to resolve them. 
 


