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ABSTRACT 

 

This paper describes a new way to look at telemetry data. We examine a way to use virtual or 

also augmented reality to evaluate and view data from a large collection of stored signals. Each 

individual signal will have limits associated with it that allow us to determine whether any part 

of the signal exceeds those limits and if so what part(s) of the waveform contain these 

abnormalities. A simple program to illustrate the basic technique has been written and will be 

demonstrated as part of the presentation. 

 

 

INTRODUCTION 

For years, the amount of telemetry data collected for test vehicles has increased almost 

exponentially. Even in the early years eight to ten signals displayed on a strip chart proved 

difficult to examine and then to be able to pull out the relevant information. As more signals 

have been added over the years, the huge amount of data collected has finally reached a point 

where it is extremely difficult to find the exact data that you would like to investigate. The era of 

“Big Data” is here and many different industries are now struggling to pull out the specific bits 

of data that they want to look at. The technique to be introduced here could be used for several 

different types of big data, but has been optimized for use where there is a large collection of 

data files, each containing a physical waveform. This easily lends itself to use in the field of 

telemetry. 

Virtual Reality (VR), using 3D glasses or a head mounted display to represent a three 

dimensional virtual world to the user, has been around for several decades now, but so far has 

not progressed much beyond its use for entertainment. It remains an untapped resource for 

scientific use other than perhaps in medicine, where it is used for training surgeons. Early 

versions of the glasses or head mounted displays were expensive and had very narrow fields of 

view. Fortunately, prices have lowered considerably over the last ten years and fields of view 

have increased. Also early in its evolution, virtual reality was envisioned as a tool for analyzing 

large amounts of data, but this field of research has largely disappeared over the years. Some 

early pioneers said that data could be visualized as a forest of trees, where each tree represented 

some collection of information. A user could then wander through the forest looking for clues 

from the trees that contained information about the data sets. The height of the tree, the color of 

the bark, the amount of leaves and their color could all represent various parameters of interest to 

the user. It never really caught on, perhaps because it was a very artificial way of looking at real 
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data. Nevertheless, the idea still has merit, but it just needs to be adjusted a bit in its use. This 

paper will try to make that adjustment. 

Virtual reality also has other aspects to it which try to model the interaction between our senses 

and the outside world. A head tracker follows the movement of a user’s head and allows the 

computer to model what happens to the user’s point of view as he turns his head. A data glove 

allows the user to point to and grasp items in the virtual world. Haptic feedback allows the user 

to feel something as he picks it up. A body suit puts the user into the picture of the world he is 

looking at. Another way to track movements of the body or a hand would be to use a system like 

Xbox Kinect which uses sensors to track the physical movements of the user. 

Augmented Reality (AR) has also been around for a few decades. It also uses some glasses that 

contain an LCD screen, but allow the user to see normally as well. An aircraft mechanic might 

use the glasses to view a repair manual while actually looking at a jet engine, for example. He or 

she could look back and forth between the actual engine and a schematic of the engine with, for 

example exploded views and/or a procedure for disassembling the engine. Google glass is one 

version of this kind of a display and also contains the ability to record the scene the user is 

looking at. This could be useful for trouble shooting repairs that didn’t work correctly or failed 

sometime after the repair. 

 

 

THE VIRTUAL WORLD OF TELEMETRY AND BIG DATA 

The first part of this problem is to design a way for a person to find the specific set of already 

stored data that he or she wants to look at. This could be done easily without VR or AR, but 

since other parts of the procedure use VR, it seems natural to use it for this part as well. Upon 

entering the virtual world, the user will see a set of virtual boxes forming a three dimensional 

cube (see Figure 1). The vertical dimension represents different kinds of test vehicles, i.e. 

missiles, watercraft, aircraft, land vehicles, space vehicles, weapons, etc. The first horizontal 

dimension represents specific programs, AMRAAM, EKV, TOW as examples of missile 

programs, etc. The second horizontal dimension represents different types of tests, like hover, 

flight, range, etc. When you first choose a specific layer (for example aircraft) representing the 

test vehicle by reaching inside of the layer of blocks, the upper blocks disappear so you now see 

on the top of the cube a two dimensional set of blocks (see figure 2). You choose a specific block 

from the top of the cube and pull it out. So you might have chosen, for example F16 flight tests. 

This then gives you a square of blocks with years as the vertical dimension and specific tests 

written on each block, grouped according to the organization/company that sponsored the test 

(see figure 3). You find the correct test and again pull out the block.  

Next you see a bookcase with books representing the different signals that have been captured 

during a specific test (figure 4). The first book is an index listing where in the bookcase, i.e., 

shelf and position, a specific signal is located. Each book jacket is a specific color depending 

upon the information contained in that particular signal. For example it would be green if the 

signal had no anomalies or red if it did contain anomalies. The color could also represent the type 

of anomaly. It might be red if the signal amplitude exceeded some predetermined limits, or blue 

if the frequency was out of bounds, or orange if a digital pattern was incorrect, etc.  
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By grabbing a book and pulling it out of the bookcase, the user would be then be immersed in a 

plot of the signal versus time (figure 5). The vertical dimension could be voltage, current, power, 

etc. and the horizontal dimension would be IRIG time. The signal would be green where there 

were no anomalies and red/blue/orange where there was a problem area. By flicking your finger 

vertically across the waveform you could move it up or down, flicking horizontally would move 

it back and forth. You could pinch your thumb and index finger together to compress the 

waveform or spread your thumb and finger apart to expand the waveform in the particular area 

that you were looking at. So a particular session might involve pulling a book out of the 

bookcase which would bring up a compressed waveform. By flicking your index finger you 

could find where the red area was, then by spreading your thumb and finger apart you could 

expand the waveform to see the details (figure 6). You could observe even the smallest details 

since you are immersed in the waveform. You close the data set by touching a close button with 

your finger.  

The preprocessing of the waveform would be an important part of the data processing program. 

All signals would need to be on digital storage such as magnetic tape, disk or in electronic 

memory before the program could be run. These waveforms would be the signals that the books 

in the bookcase represent. By choosing a particular book, the program would then read the 

correct signal into the local computer memory, so there would have to be a table that translated 

the test requested into a location and name of where to load the information from. The user 

would also have to specify parameters such as allowed minimum and maximum amplitudes, 

frequencies, etc. for analog signals, and/or specific digital patterns to look for at specific or in a 

range of IRIG time values. These would probably be specified by a system or design engineer 

associated with each test and could be entered into the raw data stream or more likely be input to 

the display program described here by the end user. 

A sample computer program has been written to illustrate how the program would work. It does 

not use Virtual Reality hardware but does illustrate how the software would work. Designing 

actual hardware and software would be a major design and programming task which could be 

done by an outside software company, in house by local engineers and programmers or even by 

students at a university. This would be a suitable task for a mixture of graduate and 

undergraduate students in a multi-year design environment. A proposed hardware system is 

shown in figure 7. Software could be written in C, C++, Java or even Python with a link to some 

sort of graphing program, perhaps MATLAB. 

 

 

CONCLUSION 

A system has been proposed to display large amounts of data output from a typical telemetry set 

of tests. It allows the user to get inside the data and also to view it using color coded graphics 

which quickly tell the user where the errors in the data have occurred. A program has been 

written to illustrate how the program would work and a block diagram of an actual working 

system has been presented. 
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Figure 1 

 

Figure 2 
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Figure 3 
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Figure 4 

 

Figure 5 
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Figure 6 

 

Figure 7 




