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ABSTRACT 
 
The Interactive Analysis and Display System (IADS) provides the test engineer with enhanced test-
data processing, management and display capabilities necessary to perform critical data monitoring 
in near real-time during a test mission.  The IADS provides enhanced situational awareness through 
a display capability designed to increase the confidence of the engineer in making clearance 
decisions within a Mission Control Room (MCR) environment.  The engineer achieves this 
confidence level through IADS’ real-time display capability (every data point) and simultaneous 
near real-time processing capability consisting of both time and frequency domain analyses.  The 
system displays real-time data while performing interactive and automated near real-time analyses; 
alerting the engineer when displayed data exceed predefined threshold limits.   
The IADS provides a post-test capability at the engineer’s project area desktop, with a user interface 
common with the real-time system. The IADS promotes teamwork by allowing engineers to share 
data and test results during a mission and in the post-test environment.  The IADS was originally 
developed for the government’s premier flight test programs.  IADS has set the standard for MCR 
advancements in data acquisition and monitoring and is currently being integrated into all the 
existing MCR disciplines. 
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INTRODUCTION 

 
The Interactive Analysis and Display System (IADS) is being developed by SYMVIONICS, Inc. 
software engineers to increase the efficiency of the mission testing process.  The mission test 
engineers in the Mission Control Room (MCR) primarily monitor data for safety-of-test 
considerations and for data quality; the data is later evaluated to determine test vehicle specification 
compliance.  The IADS provides the engineer with advanced data organization, processing and 
display capabilities, both in the MCR and at the office desktop.  
 
Previous real-time analysis systems were very time consuming and limited, so most of the testing 
analysis was conducted in a post-test environment.  At critical test conditions, real-time clearance 
decisions came very slowly by using analysis techniques designed for a post-test environment.  
Stripcharts were the main tool for displaying time domain data.  An analysis system running on one 
independent workstation provided spectral analyzer tools such as real-time power spectral density 
(PSD) and Nyquist plots.  For loads testing, Stripcharts were used as the primary data display 
source.  In many cases, loads analysis decisions required the engineer to hand plot peak loads from 
the Stripchart time histories onto paper cross-plots containing design load limit envelopes.   
 
The primary source of post-test data for the engineer was analog tapes processed after the 
completion of the test mission.  This process introduced delays into the test-point clearance process, 
ranging from several hours to days.  The engineers are now being faced with program objectives 
which require much higher mission test efficiency rates than in the past, and these rates cannot be 
supported with the previous analysis systems.  The engineers need to make quicker clearance 
decisions based on more detailed MCR analysis, and analysis results obtained during the test 
mission must be made available to the engineer at the desktop within a short period of time after the 
mission.   
 
In response to these needs, the test community developed a set of operational requirements for the 
next generation of test analysis systems.  The IADS has been developed to meet these requirements.  
The purpose of the real-time IADS is to provide the engineer sufficient resources within the MCR to 
allow enhanced safety-of-test monitoring and advanced near real-time analysis capabilities to 
support test-point clearance decisions in a timely and efficient manner.  What was once considered 
standard post-test data processing is now being accomplished during real-time.  Results computed 
during a real-time test can also be transferred to the engineer’s desktop and used with IADS in a 
post-test environment.  In post-test, data for the entire mission can be reviewed an analyzed and 
compared to results gathered in real-time.  This paradigm provides an integration of real-time and 
post-test which reduces overall mission time.  In addition, post-test is not limited to a review of the 
data, but can simulate an actual playback, allowing the engineer a flexible data environment and 
providing a realistic MCR training tool for new personnel. 
 
The IADS allows the engineers to transport selected Engineering Unit test data from the MCR back 
to their desktop for use in post-test analysis.  The requirement to obtain data from the aircraft tape 
before next-mission clearance is no longer necessary.  Rather, the engineer will use data collected in 
real-time to make timely analysis decision and then transport the data to the post-test IADS for a 
final check, for next mission clearance decisions (quick-look) and/or as a means of data archiving.  



 
Aircraft tape data will be used only to supplement the data collected in real-time, and the amount of 
data requested from the aircraft tape will be significantly reduced, thus saving time and money. 
 
 

SYSTEM OVERVIEW 
 
Efficient data organization within the IADS is essential to support the analysis and display 
capabilities described previously and to provide the engineer with the flexibility in what is brought 
into and carried away from the MCR.  The IADS stores every data point and provides integrated 
full scroll back capability.  The workgroup may use this storage to transport test data of interest, 
user configurations, and other necessary data from the MCR back to their desktop for further 
analysis.  The post-test IADS provides the engineer with additional data organization and archival, 
allowing the engineer access to all of the data accumulated during the entire test program. 
 
As previously discussed, the IADS is comprised of two primary configurations: real-time and post-
test.  For each configuration, the IADS has an architecture which combines both data-driven and 
client/server elements.  Each of these configurations provides consistent capabilities through 
common software and hardware. 
 
 
Real-Time 
 
The primary real-time data path through the IADS, from acquisition through display, is data driven.  
Data is sent from the Telemetry Preprocessor to the Caching Data Server, where it is stored, and 
buffered.  The data is simultaneously available to the Display Workstation for presentation to the 
engineer.  The engineer may also initiate near real-time analysis requests from the Display 
Workstation utilizing the stored data.  Analysis requests are computed at the Display Workstation. 
Data latency is less than ¼ second from the test vehicle to the Display Workstation. 
 
The IADS uses raw telemetered data that has been converted to engineering units.  The IADS can 
hook to several commercial off the shelf (COTS) data telemetry products. 
 

• Current COTS Data Source Interoperability. 
–L3 Comm. 550 telemetry processor (Telemetry). 
–L3 Comm. O/S90 telemetry processor (Telemetry). 
–Veridian Omega 3000 telemetry processor (Telemetry). 
–NASA Dryden Mission Simulators (F-18 AAW and C-17). 
–AFFTC TEMS Mission Simulators (F-16, X-32). 
 

As shown in Figure 1., IADS real-time configuration consists of three major components: Caching 
Data Server, COTS Network, and Display Workstation. 
 
 
 

 



 

 
 

Figure 1.  The Real Time IADS System Architecture 
 
 
The Caching Data Server (CDS) provides the data management capability of IADS.  The CDS is a 
multi-processor high-performance Windows-based computer, which supports both the real-time data 
processing needs and post-test data storage needs of the IADS.  Only the data being used is archived, 
thus saving system space.  The IADS records (saves) every data sample it receives. The CDS retains 
the information requested by the engineers for future analysis.  This data, along with setup 
information, is transferred to the post-test configuration via removable media or storage area 
network (SAN).  This data is then available to the IADS workstation for use in a post-test 
environment 
 
A COTS Network provides the distribution of real-time date to the Display Workstations from the 
Caching Data Server. The IADS data distribution software is designed such that it may be modified 
to use any packed-based technology. 
 
Display Workstations provide the graphics and user interface to perform real-time processing. 
Windows NT/2000/XP workstations are used for the both the real-time processing and the post-test 
configuration.   
 
Post Test 
The post-test IADS processes the stored data files in a client-server fashion.  Each IADS Display 
Workstation can function as both a client and a server simultaneously (Figure 2).  This allows the 



 
engineer to access all data of interest, even if another engineer is viewing that data.  The data can be 
stored on CD Rom/Jaz Drives or removable SCSI drives, SAN, depending on the storage 
requirement of the data.  The IADS post-test data server de-compresses the data and places it on 
your local Display Workstation’s hard drive.  The data is accessed through the same IADS software 
interface that is used in real-time. 
 
 

 
 

Figure 2.  The Post Test IADS System Architecture 
 
 

CAPABILITIES 
 
The IADS is designed to support an engineering workgroup concept.  In this concept, a group of 
engineers from the same engineering discipline share the configuration during a mission.  The IADS 
provides both group and individual support to the workgroup.  For example, digital filtering defaults 
are set at the group level, but may be modified by each individual engineer.  The IADS organizes the 
test data so that each engineer may monitor a specific set of data, but the data is removed from the 
MCR at the workgroup level.  Each engineer may perform their own data analysis, but all engineers 
within the workgroup have access to the entire groups results. 
 
Currently, the IADS is sized to support 50 engineers simultaneously, providing the following 
capabilities: 



 
• Avionics 

-1553 Bus Monitoring 
-Fault Reporting Codes 
- Integrated cautions, advisories and warning (ICAW), the ICAW function bit (ICFB) 

• Loads 
-Cross Plots 

-Data History Tail 
-Capturing Data Load Limits 
-Slider Displays 

• Flutter 
-Time Domain 

-Noise Reduction Methods 
-Frequency and Damping Results 
-Time History Curve Fit 

-Frequency Domain 
-Half Power Damping 
-Root Means Square Selective Area Sum/Peak 

-Transfer Functions 
-Frequency Response Plots 
-Nyquist Plots 

• Data Editing 
-Wild Point Editing 
- Spike Detection/Correction 
- Digital Filtering 

• Logs 
-Thresholds 
-Event Markers 
- Data Point Selections 
- Analysis Results 

• Dynamic Drawing Package 
• System Displays 

-Stripcharts 
-Numeric Displays 
-Streaming Video/Audio 

• Active X Controls 
-Custom Displays 
 AIM-9 Display 
 Aircraft Models 

• COTS 
-Export to Matlab 
-Export to Excel 
-Data Views 

 
As described in more detail in the following sections, the IADS provides the engineer with 
capabilities in the areas of analysis, display, data organization, and data export. 



 
Analysis and Display Capabilities 
 
The IADS provides capabilities to the engineer at the workgroup and individual level and with a 
display tool set optimized to aid in the task of data analysis and data monitoring.  The IADS displays 
the test data in a format, which allows the engineer to efficiently, and confidently make test point 
clearance decisions.  This display tool set includes high fidelity time history displays eliminating the 
need for strip chart recorders.  The engineer can fully interact with the time history display to freeze 
and scroll back in time, zoom, annotate/mark events and select data points on which to perform 
requested analysis or export data.  These interactive capabilities are available through drag and drop, 
toolbars, mouse selections, and menus.  The IADS analysis capabilities include algorithms for both 
time and frequency domain processing, in real-time and near real-time.  The engineers may choose 
to use the workgroup level settings for the system or may chose to override these with their own 
settings, including digital filtering, sample rate decimation, derived equations, data export, parameter 
threshold limits, and parameter scaling.  The engineer may also change display types, change the 
size of an individual display, or drag and drop new parameters into existing displays, all of which 
can be performed dynamically in real time.  The engineer may perform analysis on real-time data 
from the current test-point or on data from previous test points within the current or previous 
missions (post-test).  The engineers may combine their analysis results with results from others 
within the workgroup.  The engineers may monitor real-time parameters or they may chose to freeze 
a set a parameters and perform more detailed analysis. 

Avionics – 1553 Bus Monitoring – The IADS Fault Reporting Codes (FRC) display is used to 
monitor failure reporting code data and (to a limited degree) determines vehicle system performance.  
The FRC also has a filter file that allows the engineer to setup multiple tabbed displays, filtering 
only the data on interest for that FRC.  The engineer has the option in real-time to create a log of the 
reporting code data that can be transported back to the desktop environment.   

Integrated Cautions, Advisories and Warning (ICAW), the ICAW function bit (ICFB) display is used 
to monitor the health and status of a test vehicle during a mission. It will show the integrated 
cautions, advisories, and warning (ICAW) messages associated with a parameter and bit number, 
and the time elapsed since the event was triggered. When a warning, caution or advisory event 
occurs, the message associated with that parameter will become highlighted with the appropriate 
color as defined in the ICFB input file. Any parameter that shows an ICAW message is forwarded to 
the top of the table for easy recognition. A log file is created that records the event and the time that 
it occurred. This log file is available for post-test analysis within local applications. 

Loads – Cross Plots –The IADS provides a method of adding and displaying multiple envelopes. 
Load limit calculation dynamically track the user defined design load limit for the data.  Data points 
(including a data history tail) can be logged within the IADS or exported to other COTS products 

Slider Display, a bar-type display that presents a one dimensional load limit. Changes in the data are 
represented by the movement (sliding) of a caret along the bar. Percent and peak Load Limit are 
constantly tracked on the display and can be “logged” for later recall and use. 

Flutter – Time Domain – The IADS offers several powerful methods to average out noise (leaving 
only the transient response) from data and extract frequency and damping results. To extract 



 
frequency and damping information, averaging techniques can be employed to average out the noise, 
leaving only the responses modes of interest that have sufficient energy present in the time history.  
The IADS offers Randomdec, Pseudo Randomdec and Auto Correlation as a means of averaging out 
noise.  The IADS automatically logs frequency and damping results for quick recall of desired data. 

The IADS uses the following time-domain algorithms to extract frequency and damping for impulse 
responses that are dominated by a single mode: The Log Decrement algorithm is used to from a 
decaying sinusoidal where one mode is present, The Log Decrement Averaging algorithm is used 
from a decaying sinusoidal where one mode is dominant, and the Log Amplitude Picking is used 
from a decaying sinusoidal that does not display a clean exponential damping envelope.  

The frequency response parameters from multiple modes of data can be obtained by curve fitting 
Time History Curve Fit is a method used to calculate frequency and damping from a decaying time 
history where more than one mode is present in the signal.  

Frequency Domain data are derived from time history data where near real-time calculations convert 
the data from the time domain to the frequency domain. These displays are driven by calculations of 
real-time time history data, or by calculations made from frozen time history data. Additional editing 
functions like adding spectral lines, frequency averaging, and windowing are also available. 

The Half Power Damping algorithm is used to extract frequency and damping from frequency 
domain data. Sweep response data and random excitation response data can be evaluated with this 
algorithm.  

The Selective Area RMS algorithm computes the RMS of a parameter over a specified frequency 
range. It can be used to exclude static loads from RMS computations (without using filters) and can 
help determine the true magnitude of a "leaky" frequency component.  

Frequency Response Plot is a dual plot of various properties of the Frequency Response function. 
The engineer can create Phase & Imaginary, Phase & Real, Phase & Magnitude, Phase & Gain, 
Coquad, and Bode plots.  Phase and gain margin are used to evaluate the stability of a system given 
its frequency response function. The Nyquist Plot is a rectangular/polar plot of the Frequency 
Response function of a system. The real and imaginary parts (rectangular) of the Frequency 
Response function are shown directly. 

Data Editing – Wild Point Correction – A Wild Point is a data dropout or spike that might adversely 
affect the analysis and comparisons of the data to test limits. Wild-Point checking is accomplished 
for data loss, data spikes, and loss of synchronization. The lost or bad data is replaced with a default 
value that the engineers specify.   

Spike Detection/Correction is typically used to automatically correct single spurious data points to 
prevent discontinuities in downstream processing such as data filtering.  The IADS offers two 
detection methods, absolute change spike detection and slope change spike detection.  



 
A Digital Filter is a computational process or algorithm that transforms a discrete sequence of 
numbers (input) into another discrete sequence (output) having a modified frequency spectrum. The 
IADS offers discrete IIR filters (Butterworth and elliptic) with Low Pass, Band Pass, and High Pass 
responses. 

Logs – The IADS offers a variety of logs store events and analysis results.  The engineer can select 
and log single and multiple points of interest within the data and recall these points at a later time.  
Each time an analysis is performed the results (along with statistical information regarding the data) 
are written to the IADS logs.  The logs are flexible enough to allow for manual entries/deletions and 
imports/exports. 

Thresholds allow the engineer to log statistical data information when a numerical value in the data 
is met.  Once the statistical information is logged, the engineer can retrieve the data of interest in one 
step. This logging of events is an effective means of looking at specific data of interest based on an 
exceeded threshold. 

Marking an Event of interest is a single button click in the IADS; a visual marker is placed on all the 
Stripcharts and Cross Plots viewed by the user or by the group (optional).  Statistical information is 
logged for each event and can be quickly retrieved in both real-time and post test.  The engineer can 
move from event to event with a button click.  This tool is highly effective for looking at specific 
areas of interest within the data. 

Individual data point selections can be logged and recalled with a single button click.  This gives the 
engineer that ability to log a single data point of interest vs. a time of interest.  Point selection and 
any statistical information regarding the data, i.e., filtering, etc., are logged per display. 

Analysis results are automatically logged for each parameter where analysis results are obtained.  
These results can then be quickly accessed for further review. 

The Dynamic Drawing Package provides capabilities similar to DataViews™, and SL-GMS™. This 
drawing package provides many familiar drawing primitives such as text, lines, circles, squares, 
triangles, meshes, and pictures. The drawing package has many powerful properties to enhance a 
display’s appearance such as rotation, translation, scale, extrusion, outlining, bitmap fill, gradients, 
color keying, and transparency blending. The drawing package offers the flexibility of graphically 
modeling systems or grouping the drawing primitives to form new displays. The engineer has the 
ability to dynamically change any property using the data.  As with all IADS displays, scroll back 
works with these drawing primitives as well.   

System Displays – Stripcharts – The IADS provides Stripcharts that emulate paper Stripcharts in 
form and function.  The data is represented as a parameter trace. You can create vertically and 
horizontally oriented Stripcharts with a simple drag and drop function. The IADS Stripchart has the 
capability of presenting the engineer with a variety of options and does not limit the number of 
Stripcharts that can be created.  Some of the many features include, multiple pens can be added to a 
single chart, thresholds can be set, data can be wrapped or the scales adjusted automatically.  The 
engineer can change the grids, chart speed, paper length and even the paper color.   



 
The IADS also offers several different types of Numeric displays.  Annunciators track data 
numerically and show color changes when a threshold limit is met.  Alphanumeric displays can 
represent the data as letters or numbers.  The Alphanumeric Table represents data in a table format.  
Each of these displays can track data in a variety of ways; minimum/maximum values, 
latitude/longitude, etc.  The displays can track range of data changes, Boolean equations, table 
lookup or interpretation or numerical equations. 

Streaming Audio and Video displays allow the user to input video as a file and audio as a parameter.  
The audio player currently plays either raw PCM or CVSD data input.  The engineer can listen to the 
audio and watch the video of a test in both a real-time and post-test environment. 

Active X controls are custom displays that the engineer can create or download from the Internet and 
use within the IADS application.  IADS offers a variety of stock Active X controls; altimeter, eight 
ball, heading indicator, horizontal situation indicator, stick force, ADI, various aircraft models (F-
16, F/A-22, T-50, C-5, C-30, etc.).  Active X controls can be dynamically added, so the engineer has 
the flexibility to determine which Active X controls will be available.  Figure 3 represents various 
Active X control aircraft models. 

COTS – Matlab/Excel – Both the real-time and post-test IADS provide the flexibility to export data 
into various COTS products.  The IADS allows the engineer to configure parameters that can be 
exported based on any time range the engineer chooses or by setting up a group of parameter to 
export.  The engineer can also place special editing functions on the data, such as decimation.  The 
IADS current supports data export to ASCII files, comma delimited data files, Matlab and Excel. 

Extensibility – IADS has several techniques to allow end users to extend the IADS functionality 
without the need of source code or interaction with the IADS development team. These methods 
include; a full-featured derived parameter builder an automation interface similar to many Microsoft 
Office products, and ActiveX displays that can be dynamically added to the IADS Display 
workstation for use in both real-time and post-test.  ActiveX controls can be built in many languages 
including C++, Visual Basic, Macromedia Flash, and JAVA. 

Data Views screens can be viewed directly in the IADS application.  The IADS provides the real-
time data back-end so that no modifications to the Data View’s views are necessary in order to be 
used in the MCR. 

Figure 4 represents a depiction of the Avionics displays 

Figure 5 represents a depiction of an analysis window with time history displays, alphanumeric 
displays, transfer function (phase vs. magnitude) and power spectral density plots. 

 

CONCLUSION 

The IADS is a combination of current state-of-the-art commercial technology (Telemetry 
Preprocessor, Caching Data Server, Display Workstations, and networks) and custom software 



 
running on COTS hardware.  This system has been developed to provide the engineer with advanced 
data organization and processing both in the MCR and at the engineers desktop, increasing the 
efficiency of the engineer for point-to-point mission clearance decisions and during post-test 
analysis.   
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Figure 3. Example of the IADS Active X Aircraft Model Displays



 

 

Figure 4. Example of an IADS Avionics Display 



 
 

 

Figure 5. Example of an IADS Display 




