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ABSTRACT

The Advanced Range Instrumentation Aircraft (ARIA) is an airborne platform designed to
receive, record, process, and retransmit telemetry data. This paper will provide a brief
overview of ARIA capabilities and focus on a specially modified ARIA – the Cruise
Missile Mission Control Aircraft (CMMCA). Currently utilized in cruise missile testing,
CMMCA features on-board real-time display of telemetry data as well as remote
command and control of the test missile.

BACKGROUND

The Advanced Range Instrumentation Aircraft (ARIA) are EC-135E and EC-18B aircraft
designed to provide airborne telemetry reception for Department of Defense (DOD) and
NASA space and missile launches. First operational in January 1968, the ARIA fleet since
1975 has been operated and maintained by the 4950th Test Wing at Wright-Patterson Air
Force Base, Ohio.

Each ARIA has undergone extensive internal and external modifications, including the
addition of a large bulbous nose. This nose is actually a ten foot radome which houses the
seven foot steerable dish antenna used for telemetry reception. Internal modifications
include the 30,000 pound modular package of instrumentation subsystems (Figure 1)
known as Prime Mission Electronic Equipment (PMEE).



THE ARIA MISSION

The primary task of the ARIA is to receive and record telemetry data. Other capabilities
include on-board data processing, observation and voice reports of critical telemetry
parameters, and real-time relay of data via satellite, L-band links, or HF radio. An on-
board computer is available for analysis and printout of multiple events, for selection of
critical portions of the data for retransmission at lower bit rates, and for other specialized
functions.

ARIA support missions are broadly divided into three categories: reentry, orbital, and
cruise missile missions. Reentry missions generally require receive and record, nonreal-
time coverage of Army, Navy, and Air Force ballistic missile tests. Orbital mission are
DOD launches designed to put a satellite into orbit. ARIA support of these missions
generally involves real-time relay of data via satellite, voice reports of critical events via
HF radio, and full recording of the data.

CRUISE MISSILE MISSIONS

Cruise missile missions include support of both Air Launched and Ground Launched
Cruise Missile (ALCM/GLCM) testing. These missions require ARIA to perform three
distinct functions: real-time retransmission of missile data to ground stations via L-band
links, UHF radio voice relay for all support aircraft in the test area, and control of the
missile during special tests using an on-board remote command and control/flight
termination system (RCC/FTS).

Presently, four ARIA are configured to support cruise missile tests. Each of these aircraft
contain the following special modifications: (1) three L-band transmitters, (2) a special
computer/inertial navigation system interface to provide real-time antenna positioning
information, (3) cockpit displays to provide the pilot with aircraft ground speed and the
navigator with distance and azimuth to the cruise missile, and (4) the RCC/FTS equipment.

CMMCA, PHASE 0

One ARIA, designated the Cruise Missile Mission Control Aircraft (CMMCA) Phase 0,
has undergone extensive additional modification to enhance its cruise missile support
capabilities. In addition to its former support roles described above, the CMMCA has an
additional capability:  real-time display of selected parameters from the missile telemetry
stream.

CMMCA was conceived to support CANUS (Canada/United States) ALCM testing.
Besides providing complete missile control over remote areas outside the coverage scope



of ground sites, the CMMCA eliminates the need for the chase and tanker aircraft
currently required for United States ALCM/GLCM tests. CMMCA Phase 0 proved to be a
complete success during the initial CANUS/ALCM tests in January and February 1985.

CMMCA Equipment

The ARIA Cruise Missile Control Console (CMCC) has been added to the PMEE suite
just aft of the cockpit. It is designed to accommodate three console operators, nominally
the test director, test conductor, and lead engineer. The consolidation of data display and
RCC/FTS functions allows a test team from the user agency to monitor missile health, and
thus make determinations about control or termination of the missile flight.

Physically, the CMCC comprises the following (Figure 2):  three flat-screen plasma
displays, three keyboards, RCC power control, RCC/FTS control panels, and an RCC/FTS
test set. In addition, a Telemetry Data Processor is located at the Data Separation Console.

Display Equipment

Real-time telemetry data parameters are displayed using a combination of graphics and
text on the plasma displays. The keyboards are used to select the type of screen display
desired as well as the data stream to be processed. Two distinct sources of reconstructed,
decommutated data are available.

The Telemetry Data Processor (TDP) is the core of the real-time display system. It
replaces the ROLM 1602B computer used on all of the other ARIA. The TOP consists of
three Motorola 68000 16-bit monoboard computers, two serial and two parallel
input/output interface cards per computer, and associated memory. The memory
incorporates both random access memory (RAM) and programmable read only memory
(PROM); the real-time display program is stored on two erasable PROMs.

Each keyboard/plasma display pair is controlled by a distinct microprocessor. Currently,
each processor is programmed identically and each can present three different display
formats of preselected parameters. This provides redundancy in the display of critical
parameters.

A typical real-time display depicts missile flight attitude using graphics to create an
artifical horizon. Parameters such as missile position, on-board system health, flight
control surface commands and associated feedback are displayed in text. Current
parameter update rates approach three updates per second. The most important parameter
displayed is confirmation of the fail-safe tone received by the missile; this verifies proper
missile feedback of the remote command and control signal.



RCC/FTS Equipment

The CMMCA Phase 0 modification incorporated redundant remote command and
control/flight termination systems. Each allows for generation and transmission of test and
command tones to a cruise missile via independent signal paths. All RCC/FTS functions
are controlled from the cruise missile control console.

The RCC power control provides remote control of the RCC transmitter and power
amplifiers which are located in the RF subsystem of the ARIA. The RCC/FTS control
panels (two for redundancy) output command tones for the RCC transmitter, to maneuver
the missile or terminate missile flight. Every function of vehicle flight can be commanded.

The RCC/FTS system select/test set provides for the selection of primary or secondary
systems. In addition, the test set illuminates LEDs as a verification that the correct test or
command tones are being transmitted. Toggle switches are available for manual tone
generation. The test set also contains two analog meters which measure deviation and
reflected power of the transmitted signal.

The redundant RCC/FTS systems are identical except for the antenna used with each
system. The primary system uses a crossed-dipole antenna mounted on the telemetry dish
in the nose radome. The secondary system uses right and left side-looking cup turnstile
antennas, also located in the nose radome.

Software Development

The real-time display software programs used by CMMCA Phase 0 are developed by
4950th Test Wing personnel to meet specific user requirements. The programmers work
with a description of the telemetry format and the algebraic expressions/scaling factors
required to convert the data to engineering units. Large scale data manipulation is
performed as required. The choice of graphics or textual presentation as well as the actual
display screen formats are tailored to user preferences.

To date, two complete software programs are operational for different Department of
Defense projects. Software development for additional projects is ongoing at the time of
this writing.

CONCLUSION

The CMMCA Phase 0 concept, i.e., real-time airborne display of telemetry data, is a
proven success in cruise missile testing. The concept may have further application to other 



programs, such as testing done in remote areas or when real-time data relay is not feasible
due to extremely high bit rates.

The CMMCA Phase 0 modification is an example of the continuous upgrades and
tremendous flexibility of ARIA to meet specific telemetry user requirements.
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FIGURE 1 - ARIA PMEE SUBSYSTEMS



FIGURE 2 - ARIA CRUISE MISSILE CONTROL CONSOLE


