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Advanced Data Acquisition and Processing System
(ADAPS) – The Current State of the System

F. W. (Bill) Hafner
TYBRIN Corporation

Edwards AFB, CA  93524

ABSTRACT

The technology growth in the Aerospace industry, as manifested and embodied in the
current fighter technology, presents many challenges in the area of flight test and data
processing. Past papers have delineated the concepts brought to bear in the design and
implementation of the AFFTC’s latest generation of telemetry data systems in the
Advanced Data Acquisition and Processing System (ADAPS) program. The current
deployed system incorporates the planned approach of commercial-off-the-shelf (COTS)
and government-off-the-shelf (GOTS) elements as basic to the system solution. The state
of the program has advanced through full development, delivery and performance testing.
The system is currently deployed in support of flight testing at Edwards AFB. This paper
will present the status of the program.
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INTRODUCTION

When ADAPS was first introduced1 the concept of including COTS and GOTS was in its
embryonic stage. “Re-use” and “Open System” were institutional phrases that evoked
followings only among purists wishing to theorize concerning cost savings. The ADAPS
was conceived with these and other architectural innovations revolving about the
evolving concept of a distributed systems design, allowing data flow at the base level and
implementation of workstation terminals for data processing and display. If one were to
review the early system concepts, today’s manifestation would seem awesome. Such
have the advances in computer technology been. This, though, is one of the incipient
attributes of the ADAPS concept: adaptability to the state of the technological art. While
the efforts of software generation for ADAPS were underway, the most changeable
feature on the system landscape was the component parts. Here the changes in system
components will be examined to better view the deployed structure.



BACKGROUND

The central system requirements introduced to the development process at Edwards were
set forth in the Operational Requirements Document (ORD) and were driven by the
anticipated telemetry data rates, data complexity, and perceived processing requirements.
An exponential increase in complexity of analysis brought on by advances in airframe
construction and weapons systems provided additional impetus for advancement. The
project was parsed into four segments. These were: 1) Real Time/Postflight Processing
(RT/PFP); 2) Automated Test Data Management System (ATDMS); 3) Auxiliary
Processing and Analysis System (APAS); and 4) AFFTC Post-test Analysis System
(APTAS). Each of the segments was assigned an Air Force project manager and a
subcontract organization to accomplish the development. A fifth organization-the base
System Engineering/Technical Assistance (SE/TA) subcontractor provided program
System Engineering, Software Quality Assurance (SQA) and testing responsibility.

Using classical system engineering processes, an initial slate of 974 requirements was
extracted from a variety of reference sources2,3. From the original set of requirements the
group was decomposed into 1,674 derived requirements. The MIL-STD-2167A was
initially followed, progressing to the variants offered by adoption of MIL-STD-498A. A
representative set of management, development and test documentation was produced.
These continue in use today as an aid in system maintenance and revision. These
included System/Segment Specifications (SSS), System/Segment Design Documents
(S/SDD), Software Development Plans (SDP), Configuration Management Plan (CMP),
Software Test Description (STD) and the like.
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Figure 1: ADAPS Context Diagram



INITIAL OPERATIONAL CAPABILITY (IOC)

The ADAPS design is depicted in Figure 1. The RT/PFP segment was first on-line,
having had a prototype system built in a laboratory environment for development
contractors’ use. At this point the ADAPS consisted of the Telemetry Pre-Processor
(TPP-OS/90) providing data to the distribution system (Universal Memory Network
[UMN]) for display on the Mission Control Room Workstations (MCWS – SGI Indigo2).
The original design called for the APAS functionality to be hosted upon the same MCWS
in a multi-boot personality. In this manner, the functionality of a given workstation could
be re-configured at mission start for maximum flexibility. The design of the APAS
segment called for two concurrent paths for the real-time data from the TPP one path to
the UMN and another to the Auxiliary Processor. The APAS MCWS’s would be
connected to a separate High-Speed Data Distribution (HSDD) network, again operating
in parallel with the UMN. The implementation of the HSDD is high-speed Ethernet from
TPP to CDS and ATM for workstation data. This IOC hardware configuration is depicted
in Figure 2.

The system underwent extensive requirement verification testing after initial installation.
The RT/PFP segment was on-line ahead of the other segments, and this system backbone
received the major share of testing activity. The original deployment utilized the UNIX
derivative operating system IRIX for the SGI environment. The initial version of IRIX
was 5.2, but this upgraded during development. Major software subsystems were also the
subject of revision, as the release of IRIX 5.3 required different interfaces and links. The
most prominent of these was the DataViews package, extensively utilized for MCWS
display to support the RT/PFP segment.

The basic MCWS started life with dual, removable hard disks, the one gigabyte (GB)
system drive and the two GB Data, or User, drive. A 3.5 inch floppy was configured but
never deployed. The 200 MHz R4400 processor was greatly anticipated as an advance
over the capabilities present in the Mission Display System (MDS)3. A similar
workstation was eventually implemented as the Setup and Control Workstation (SCW)
for the TPP. The original equipment supplied with the OS/90 as an SCW was the SGI
INDY workstation. For operational performance, the unit was replaced by the SGI
Crimson unit. For the sake of compatibility, the unit was eventually changed to the SGI
Indigo2.

From there, a third type of workstation for ADAPS evolved: the scenario development
unit called the Mission Preparation Workstation (MPWS). All three retained the same
basic features but were distinguishable by their functional aspects within the architecture.
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Figure 2: ADAPS Hardware – IOC Implementation

Workstation Roles

The MCWS is the main engineering workstation in the mission control room (MCR).
Each unit is connected to the high-speed distribution network (HSN-UMN) for data
transfer; to the low speed network (LSN–Ethernet) for control and information flow; and
is connected via RGB outputs to the printer and display subsystems.

The SCW connects to the TPP via Ethernet link and provides scenario storage and
distribution, TPP setup and mission control from the telemetry room. The unit also is
connected to the reflective memory and in this manner can exercise and control the
UMN.

The MPWS is located in the runfile development area and is the creativity center for the
mission scenarios–here called the Mission Load Database (MLD). The MLD’s are an
encapsulation of setup, parameter definition, display definition, processing and storage
definition files that completely define the ADAPS mission. The MPWS is conceptually
connected to the SCW so that the MLD may be passed to the central distribution point.



Current WS Configurations

Each of the three WS flavors has evolved over the past two years. The central unit is now
the SGI Indigo2 Solid Impact, equipped with a 250 MHz processor, 128 MB RAM, a
2GB and a 4 GB removable hard drive. Each also has a 1 GB jaz™ drive configured,
providing a facile solution for walk-away data products. The jaz™ drive allows MLDs to
be easily moved to the SCW when security conflicts arise in the use of network
operations.

The SCW is equipped with a QIC tape unit in order to accept vendor software updates
and fix releases. It also is configured with a CD-ROM for system software installation
activity. A 3.5 inch floppy drive is included for maximum flexibility, as is a 4mm DAT
drive.

The Test Conductor MCWS is a full-configuration unit in the same manner as the SCW.
The remainder of the MCWS are not equipped with the tape units, CD-ROM nor floppy.
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Evolutions in APAS

The APAS segment was envisioned to be flexible and provide ancillary processing
systems with the access to real– and near-real-time flight-test data. As such, several
APAS systems were thought to be available for inclusion.

The initial instantiation of the APAS is the Interactive Analysis and Display System
(IADS), first deployed to meet the rigors of Structure and Flutter testing for new aircraft.
Design called for an auxiliary processor unit connected to those MCWSs designated as
APAS terminals. Prototyping indicated the MCWS, even in the evolved form, would not
serve as a configurable element and the decision was made to separate the functions,
giving rise to the IADS workstation (IWS). The IWS was deployed as a 200 MHz, dual
processor Windows NT system. The data path to the unit was still via ATM link from
the processor unit–now called the Compute Data Server (CDS). The CDS initial instance
is an SGI Power Challenge, running IRIX 6.2.

The connection to the TPP from the CDS was changed from an ATM implementation to
a high-speed Ethernet link which passes the data required for display on the IWS to the
CDS as EU converted parameters. The CDS applies requisite processing and ships the
ATM data packets to the IWS. Operational aspects of the interface in the TPP dictated the
change.

RIDLEY MISSION CONTROL CENTER (RMCC) MODIFICATIONS

Strip chart units are deployed in the MCRs. To connect the 16 units (196 maximum
channels) initially required high quality data cables, as the DAC units were in the
Telemetry room. The UMN system required connectivity for 32-bit data flow and this
was originally set up as copper. Eventually both would be replaced by fiber, with the
DAC units moved to the control room, and interface to the TPP accomplished by a
parallel digital interface over the fiber, reducing noise considerably.

A large scale patching system was installed to provide flexibility in allowing any one of
four TPPs and two CDSs to be connected to any of four control rooms. This allows
simultaneous support of four operational missions of variant scales.

Each control room, in turn, was rebuilt to house the ADAPS consoles, display,
communication and support systems required in this advanced testing genre.



TPP CONFIGURATION

Current Hardware System

As previously pointed out, the TPP serving ADAPS is the L-3 Communications OS/90.
The TPP can ingest up to eight PCM streams and can process up to 1.1 megasamples per
second. The upper bound of the processing is heavily dependent upon the processing mix
and PCM input contents, but this sample rate serves as the upper boundary for the
purposes here. Six Data Processing Units (DPUs) are in the system for EU conversion,
filtering, data compression and custom processing. One System Unit (SU) is generally
included for overall system control, but the ADAPS configuration adds an additional SU
for extended strip chart setup/reconfiguration operations.

The standard data output functionality has also been augmented. Standard disk output
functionality has been increased from one drive to three each 4.0 GB removable drives
for data logging and archival storage. Two parallel output paths have been installed for
transmission of Current Value Table (CVT) data to the reflective memory system and one
path (Fast Ethernet) is in place for communication with the CDS.

TPP Software System

The basic TPP control system software from the vendor is installed. It has been
“wrapped” in the operational RT/PFP software, which allows the SCW to perform the
functions endowed by the TPP vendor, but also allows the necessary run-time setup and
control to be exercised in the ADAPS configuration. The added functionality includes the
handling of the MLDs, diagnostic control for the UMN and other additions and the
additional security layers necessary in the RMCC environment. There is also the
implementation of a MOTIF Graphical User Interface (GUI) over the vendor elements to
provide a unified look and feel to the three workstation types.

Some operational aspects of the TPP still take place at the vendor software level. The
diagnostic elements and load-time alterations of hardware element configurations were
best left with the supplied software.



ADAPS, JUNE-1999

All of the above noted, the current ADAPS system is depicted in Figure 4.
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Figure 4: ADAPS Configuration, June 1999

In this simplified representation, the basic revisions to the RMCC infrastructure are clear.
The more detailed representation of the Mission Control areas (Figure 5) details the
system as of today.

In the telemetry room, any of the four TPP systems may be patched to either of the CDS
units in order to support any of four MCRs currently configured for ADAPS.

ADAPS Software

There are essentially four main elements of the current ADAPS software, each of which
will be discussed at a very topological level in the following paragraphs. The elements
are autonomous and were created by four different organizations, with the product
gradually phased together with extensive integration and testing efforts.

Flight Test Data Management
The Flight Test scenario is programmed at the MPWS. Here onboard instrumentation
is characterized as data cycle, transmission scheme, sensor characteristics (type,
calibration factors, etc.) and a description of the processing to be performed in the
TPP. The control room displays are defined, as well as requirements for data



recording, chart recording, function key definitions and the like. The scenario is
compiled and encapsulated into the MLD. The MLD now contains two main
elements: the Mission Configuration Database (MCD) and the TPP setup
information–the telemetry configuration files.
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Figure 5: ADAPS Control Room

RT/PFP System
This element consists of two basic constructs. The first of these has been discussed
previously in the discussion concerning the TPP. This is the vendor software for the
OS/90. The operational RT software integrates the vendor package, several COTS
products as previously mentioned and a large segment of re-use from the MDS
project. The main functionality may be explained in the following manner.

When required, the appropriate MLD is loaded onto the SCW and decomposed. The
balance of the MLD elements is sent to the TPP to properly configure the hardware
for operation. The MCD is then distributed to each of the MCWSs as they log in as
operationally ready. Transmission takes place over the Ethernet.



After the system is initialized and placed in an operational state, the PCM data is
ingested by the TPP, decommutated, processed and output to the UMN, CDS or Strip
charts as required. The format of data in the UMN resembles a data cycle in a Current
Value Table (CVT) view. The unique form in the UMN is that high rate data is stored
in a circular buffering scheme–rather like a “three dimensional CVT”–to enable
efficient processing at the MCWS. While not entirely a new concept,4 the ease of
definition of this element allows the high rate nature of current data to be completely
captured for analysis in a near-real time system.

The MCWS accesses the CVT data through the UMN as if it were part of the
workstation memory. Applications such as display generation, local data recording,
Data Analysis Program (DAP) applications and system control are executed as
required from the distributed MLD.

IADS Software
The IADS package consists of data processing algorithms used mainly for frequency
domain analysis of data in near-real time. The CDS acquires data from the TPP
(parametric definitions are defined in the MLD as to which measurands are to be sent
to the CDS). The CDS acquires data via HS Ethernet link from the TPP and then
sends these to the appropriate IWS. The development effort included the creation of
NT-based plot, display and computation packages that will find extensive re-use
application as ADAPS evolves.

APTAS: Last but not Least
Completing the test spectrum, APTAS is essentially a stand-alone element of the
ADAPS system. It is an engineering tool employed to analyze flight test data by using
a common toolbox of algorithms, visualization utilities, and data management utilities.
The essential functions of APTAS are analysis, management, and visualization. These
functions can be described as follows:

• DATA ANALYSIS. Data analysis provides the user with the tools to analyze post-
test data through each generation and perform comparative analysis between this data
and the modeling or simulation data.

• DATA MANAGEMENT. Data management is a collection of file directories,
databases, and application utilities that perform all of the tasks associated with the
organization, storage, access, and tracking of post-test data.

• DATA VISUALIZATION. Data visualization allows the user to visualize data in
the form of plots and lists. It includes both on-screen-interactive data display as well
as hardcopy prints of plots and lists.



Currently in IOC release, the program is operational on the Windows NT platform.
Later implementations will be supported across a variety of platforms. Historical data
from previous systems have been used for the Beta testing process.

EXTENDED ADAPS FACILITIES

As of this date, there are seven ADAPS systems of various stripes in operation. Four
additional installations are planned for the near future. Three systems are in regular use in
the RMCC complex. Two small systems are in deployable van configuration, with one
medium system installed at a fighter combined test forces (CTF) facility.

The Edwards South Base CTF complex will be the recipient of two systems in the third
quarter of this year, while two more are expected to be added to the RMCC complement.

SUMMARY

The ADAPS has evolved over the years but has retained the characteristics originally set
as goals of an open system with loosely coupled hardware and software constructs. The
systematic improvement of the MCWS is a small example, but an important one,
demonstrating that the hardware can be upgraded without a total re-write of the
operational software. The deployment of Windows NT terminals as the IWS is a more
cogent example. The ADAPS design was and is a success, albeit somewhat limited. A
change of vendor for the TPP would cause a significant revision, although not total, to the
RT implementation.

Yet it is just these examples of the change process that points out the necessity and
success of such a system design, allowing for more rapidly obsoleted equipment at the
periphery to be replaced while the system remains alive during the technology transplant.
The success of the system design is in its inherent extensible nature, with the attribute of
tailorability to a differing set of stationary or mobile environments that acquire, process,
display and record test information in real-time.

The ADAPS has successfully completed Y2K testing and continues to evolve to meet
new requirements and equipment challenges.
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