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ABSTRACT

The CENTS Program is a Central Test and Evaluation Investment Program (CTEIP) effort
conducted by the 46th Test Wing at Eglin Air Force Base, Florida. This project uses advanced
internetworking technology to collect data unobtrusively from multiple Line Replaceable Units
(LRU's) within an aircraft without the expense of running new wiring. The data is transported to a
master network controller using the existing aircraft powerlines at a raw data rate of over 10 Mbits/s.
Sensors are integrated into the shells of the LRU's data bus connectors to minimize the number of
aircraft modifications required for a test.

CENTS began in January 2000 as an OSD CTEIP Sponsored Test Technology Development and
Demonstration (TTD&D) project and is currently in Phase 2 of the effort. Phase 1 saw the successful
demonstration of the use of MIL-STD-704 power busses to establish a virtual network for data
transport. This paper reviews the current status and past achievements of the CENTS TTD&D
program as well as describing some immediate potential pay-offs for the Test and Evaluation
community in the near-term.
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INTRODUCTION

The CENTS Program is a Central Test and Evaluation Investment Program (CTEIP) effort
conducted by the 46th Test Wing at Eglin Air Force Base, Florida. This project uses advanced
internetworking technology to collect data unobtrusively from multiple Line Replaceable Units
(LRU's) within an aircraft without the expense of running new wiring. The data is transported to a
master network controller using the existing aircraft powerlines at a raw data rate of over 10 Mbits/s.
Sensors are integrated into the shells of the LRU's data bus connectors to minimize the number of
aircraft modifications required for a test.



CENTS began in January 2000 as an OSD CTEIP Sponsored Test Technology Development and
Demonstration (TTD&D) project and is divided into 3 development phases.  Phase 1 is concerned
with the development of the powerline networking interface.  Phase 2 develops the smart
instrumented connector couplers.  Phase 3 ties in the overall network master control and data
decoder.  The project has successfully completed Phase 1 and is currently in Phase 2. Phase 1 saw
the successful demonstration of the use of MIL-STD-704 power busses to establish a virtual network
for data transport. This paper reviews the current status and past achievements of the CENTS
TTD&D program as well as describing some immediate potential pay-offs for the Test and
Evaluation community in the near-term. The intent of the project is to develop and demonstrate a
new method of data collection and processing for use on advanced air vehicles (F-22, JSF, UCAV &
Comanche Helicopter).

Common Event Network Test-instrumentation System (CENTS)

The Common Event Network Test-Instrumentation System (CENTS) develops a new open
architecture system for use on advanced air vehicles providing for common instrumentation data
acquisition interfaces and transducers that conform to a commercial standard.  CENTS is an event-
oriented system built on a publisher-subscriber model that monitors data from items under test via
"instrumented coupled" connector interfaces.  These "instrumented coupled" connector interfaces
eliminate the need to add many of the traditional data acquisition boxes to the severely space limited
air test vehicle. Additionally, these interfaces provide full commonality between test vehicles and
minimize aircraft installation/downtime since many of the data acquisition boxes are replaced by the
"instrumented coupled" connector interfaces. The transducers provided by this development are
smart sensors, which along with the "instrumented coupled" connectors will place data on the
network in the event of a data limit or trip point condition. The CENTS hardware architecture differs
from traditional Time Division Multiplex (TDM) data encoding by the use of variable length data
packets and packet telemetry protocols. Bandwidth is reduced to a minimum since traditional
sampling and/or associated fixed frame encoding is not employed.

The three building blocks of CENTS are the CENTS Local Area Network (CLAN), the CENTS
Smart Instrumented Coupled Connectors (CSICC) and data Decoder as depicted in Fig 1.  Each
building block is developed during a single phase of the program. The CLAN will be a “virtual
network” and will be implemented by superimposing data on the existing Aircraft/UAV power lines,
during Phase 1.  At the lowest layer the CLAN will provide for utilization of existing TCP/IP
protocols and will allow for remote wireless applications. CSICC’s are the second building block of
CENTS providing for direct interface to all "data producing” hardware.   These are the development
focus of Phase 2.  CSICC’s connect directly to the existing Aircraft/UAV Input/Output (I/O)
connectors and will only transfer data in the event of a change of state or trip condition. CSICC’s
shall provide for built in test capability and be automatically configured for the data type and
expected values over the CLAN.  The third component of the CENTS is a Decoder/Network Master,
which is used to demodulate the superimposed data for onboard recording/telemetering. And is to be
developed in Phase 3.
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Figure 1 CENTS Block Diagram

PHASE 1 CENTS LOCAL AREA NETWORK (CLAN)

The development of the CLAN was predicated on the use of COTS hardware developed for the
home networking industry.  The goals set for the program were to establish a reliable network with a
data rate of 1Mbits/s, minimum.  This would allow CENTS to transport/collect data at rates very
near current, dedicated wire systems.

Vendor surveys soon uncovered commercial developments approaching 8 to 10 Mbits/s using spread
spectrum transmission techniques.  The HomePlug standards development consortium was
sponsoring a development competition aimed at the home networking market in the US, Europe and
Japan with the goal of 10 Mbits/s over standard household wiring.

The CENTS project worked with one of the vendors to adapt the technology to MIL-STD-704, the
aircraft power specification.  This proved somewhat difficult as vendors were all focused on the
commercial marketplace and were not engaged in MIL-STD developments at all.  Eventually a
component set was modified for the 400 Hz 115 VAC powerlines (the product was already adapted
for 28 VDC operation) and brought to Eglin for a series of tests.



Figure 2 Video Teleconferencing Over F-15C Powerlines

The CENTS team demonstrated the CENTS LAN backbone technology in May of 2000 at Eglin
AFB.  A picture of the demo team conducting the testing is shown in figure 2.   This testing
demonstrated video teleconferencing between weapons stations 2a and 8b over the 400 Hz powerline
in the Aim 9 connector.  A rigorous series of tests showed raw data speeds of around 13 Mbits/s.

PHASE 2 CENTS SMART INSTRUMENTED COUPLED CONNECTORS
(CSICCs)

The development of the CSICCs envisioned the most non-intrusive method of data collection from
LRU’s possible.  This is to be accomplished using TRW’s µDisc, pictured in figure 3.   This device
is inserted within the connector shell of the LRU’s data connector and couples to the signals and
power interfaces present on the connector pins.  The example in figure 3 is for a MIL-D-38999
connector.  The signal processing, data filtering, reduction, time-tagging, calibration, conditioning,
etc. is done in the personality adapter circuitry which is unique to each data bus or data type being
monitored.  The widest use envisioned is for data bus monitoring but other signals, such as discrete,
video signal (digital or analogue), or analogue voltage level indicators are also able to be
instrumented and monitored to the CSICC requirements via either µDisc, tee-connection or direct
connection.



Figure 3 TRW’s µDisc

The 1553 data busses are the target of CENTS Phase 2 development effort.  This fall a
demonstration is planned for Eglin AFB to show the capture and transmission of two different 1553
busses using the CSICC µDisc and personality adapter design.  These will interface inside Mil-D-
38999 connectors and the data will be transported to the test monitoring points via the aircraft
powerlines.

PHASE 3 NETWORK MASTER/DECODER

The final phase of the CENTS development efforts is the development of the CENTS Network
Master/Decoder.  This unit will be designed to recognize which CSICCs have been instrumented for
the particular test, configure the network and ensure time stamp accuracy and uniformity across the
network.  In addition it is the translation point where the data is translated from the CENTS internal
data protocol top the telemetry and/or recorder waveform format requirements.  The Network Master
will also interface with the test set-up or mission load interface and except test parameters.  These
test parameters will allow the Network Master to monitor signal conditions and adapt the
configurations of the CSICCs according to the test objectives.  Phase 3 is to commence in October of
2001.

CONCLUSION

The 46TW at Eglin AFB is in the midst of the development of ‘no new wires’ approach to aircraft
T&E systems called CENTS.  CENTS is divided into 3 phases, of which the first has been
successfully completed while the second is ongoing and the third is set to commence.  This program
has demonstrated video teleconferencing between weapons stations on the F-15 as well as a raw data
transmission rate of 13Mbits/s over the aircraft powerlines.  Smart Instrumented Coupled
Connectors are under development and will be demonstrated in the near future.  The next
technological hurdle will be the Master Controller and Data Interface for the CENTS network.


