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ABSTRACT

Asynchronous Transfer Mode (ATM) is a technology that is experiencing tremendous
growth in the commercial telecommunications sector. Leveraging commercial investment
and introducing ATM into today’s flight test range, while ensuring that all requirements
are satisfied, are paying large dividends in capability and efficiency. The flight test
community imposes unique requirements specifically with regards to telemetry that are not
the norm of the commercial telecommunications industry. Efforts are underway at the Air
Force Flight Test Center (AFFTC), Edwards Air Force Base (AFB) to implement an ATM
system for all range communications.

This paper addresses the unique requirements imposed by the flight test community, a
revolutionary breakthrough from a commercial ATM vendor, and other challenges
experienced while implementing this system. The system being implemented at Edwards
will carry all types of range data over SONET/ATM hybrid equipment and interface to
other flight test ranges and facilities over a mix of commercial leased lines and dedicated
microwaves.

KEYWORDS

Communications, Asynchronous Transfer Mode (ATM), Telemetry, Inverse Multiplexing

INTRODUCTION

This paper addresses the implementation of a new range communications system at the Air
Force Flight Test Center (AFFTC) range located at Edwards AFB. As new customers
place increased demands on the range, existing customers are also seeking improved
capability. The Range Division at Edwards has seized this opportunity to increase the
capability of the range communications system, decrease the logistic support, centralize



network management, introduce state-of-the-art technology, and create a more efficient
network capability than previously existed. This paper discusses the requirements and
solutions that were considered during the development of this capability.

REQUIREMENTS

The new communications system must address all of the typical range services, replace
antiquated equipment, improve the level of system interaction, and leverage capabilities of
legacy systems where possible. In addition, the changing nature of the flight test must also
be considered. New programs arriving at the AFFTC are requiring higher bandwidths,
larger geographic areas of coverage resulting in data distribution between Edwards AFB
and remote locations over dedicated microwave systems, satellites, and/or commercial
leased lines.

Typical range services that must be considered for the new system include:
• Telemetry
• Voice
• Time Space Position Information (TSPI)
• Video
• Remote Command and Control
• Uplink
• Range Safety Command and Control Signals
• Modeling and Simulation Realtime Data Exchange

Much of the current equipment and communications techniques used at Edwards is 10 to
20 years old and completely unsupportable. For instance, several obsolete DS-2
multiplexers in use today are transporting telemetry over a DS-3 transmission system
utilizing DS-2 to DS-3 multiplexers. Although DS-2 signals have supporting standards,
they are almost never used in commercial systems and very few vendors support this signal
level. The advantage of DS-2 (6.312 Mbps) is that it provides a capability between T1
(1.544 Mbps) and T3 (44.736 Mbps). The new range communications system will bridge
this gap in technology by providing a new capability to support the mid-range data rates
over very long distances by using commercial lines or satellite links and inverse
multiplexing technology.

One very important requirement for this system is to avoid specialized development for
any specific part of this system. Using commercial products and the associated logistic tail
will significantly reduce the cost of logistic support. This challenging requirement
necessitates a tremendous knowledge of hard requirements versus soft requirements, the
use of legacy systems, introducing new systems, and available equipment and technology
in the commercial marketplace.



IMPLEMENTATION

System Services
The primary goal at Edwards is to provide a single system that can be centrally managed
and provide efficient use of network resources. The network is broken down into three
major categories: Backbone Services, Edge Services, and Network Management. Each of
these system segments is addressed separately.

The first critical decision was to select the core technology. Several technologies can meet
the requirements, but which one will provide the highest efficiency, lowest cost and
longest supportability. The options include a pure Synchronous Optical Network
(SONET), Asynchronous Transfer Mode (ATM) over SONET, or SONET/ATM Hybrid.
The differences between these implementations are the amount of equipment required in
each system and the efficiency of bandwidth used. In a SONET or ATM over SONET
solution, the bandwidth is segregated into distinct channels allocated for use in point-to-
point applications. Bandwidth in a particular channel that is not used is lost. Lost, or
stranded bandwidth, is a sunk cost to the network that cannot be recovered and is a real
cost to the owner.

In addition, the type of network topology selected for use is critical. The three typical
topologies are star, ring, and mesh. The physical plant infrastructure (where cable is
available) will partially dictate the possible topology along with requirements for diverse
routing and fallback switching.

The requirement to provide integrated system capabilities over the local range as well as
the extended range dictates the need for scaleable bandwidth. Inclusion of remote bases,
tracking facilities, and remote data monitoring stations require that many types of
transmission media can be efficiently integrated into the system. A revolutionary capability
is the ability to use inverse multiplexing as a solution to interface facilities together. The
ATM Forum, a consortium of ATM vendors and driving force behind the explosive growth
of ATM, has developed and ratified a specification detailing inverse multiplexing. As
stated above, the use of standards is a paramount factor in the development of the
transmission system at Edwards. Inverse multiplexing along with developments for
telemetry interfaces described below provides a critical capability to the test and
evaluation community.



Backbone Services
The backbone capability provides the core capability to the transmission system. Many
considerations go into the selection of a backbone system. Primary considerations at
Edwards include:

• Efficiency of bandwidth usage
• Diverse routing
• Fallback switching time
• Capacity
• Future supportability
• Network management
• Cost

During the market survey timeframe, Edwards served as a beta trial site for ADC
Telecommunications Cellworx Service Transport Node (STN). The Cellworx provides an
ATM/SONET hybrid backbone capability that has the following benefits:

• Efficient use of bandwidth
♦ Every channel uses only what is required
♦ SONET PATH overhead is available for data

• Diverse Routing
♦ Path Switched Ring

• Fallback switching time is <50 msec
• Capacity

♦ OC-12c (622 Mbps)
♦ Future Upgrade to OC-48c (2.4 Gigabit per second (Gbps)

• Future Supportability
♦ New technology – early in life cycle

• Network Management
♦ Self-contained Network Management Software
♦ Simple Network Management Protocol (SNMP) management capable

• Cost
♦ Comparable to pure SONET backbone solution

Edge Services
The capability of the edge device determines the capabilities that can be provided to the
user community. The edge device should meet the following requirements:

• Modular system for scalability
• Support Standard Network Interfaces

♦ User Network Interface (UNI)
♦ Network Network Interface (NNI)
♦ Physical Layer Interfaces



• OC-3c
• DS-3
• Inverse Multiplexing (N x T1)

• Required User interfaces
♦ Constant Bit Rate (CBR)/Circuit Emulation Services (CES)

• T1
• T3
• RS-530 (N x 56, N x 64)
• Telemetry

♦ Ethernet
♦ Structured T1 (DS-0 visibility and switching from a T1 interface)

Several manufacturers of edge devices can meet most of these requirements. The edge
device of choice for the Edwards range was determined by the ability to switch telemetry
directly over ATM. ADC Kentrox has worked to implement the telemetry interface as well
as supporting the other requirements listed above. The details of the telemetry interface are
described below including performance data.

Network Management
Critical to the operation of any modern system is the ability to control, monitor, and take
corrective action from a central location. Network management provides that capability.
The ability to provision new circuits, remove unused circuits, reallocate bandwidth, check
health and status, and perform general house cleaning of network equipment from a central
location is not a capability that Edwards has had for its range communications network.
The existing system requires trained personnel at every site and a hands-on approach to
system management.

All elements of the new system are capable of remote monitoring and management. The
primary method of accessing the equipment will be in-band. That is, the ability to
communicate with the end devices will be carried over the same lines that are carrying
mission critical data. In case of failure of end equipment or physical line problems, an out-
of-band capability will be provided using dial-up phone lines, modems, and terminal
servers. Therefore, barring catastrophic failure of a facility or hardware failure within a
network element, little or no personnel actions are required to manage the entire network.
Software upgrades and network element backup files can be performed from the central
management station.

Currently, each individual element is managed separately. The Cellworx system as a whole
is one network management element and each AAC-3 is managed separately. The ability
to manage every element as a whole is being investigated.



Telemetry Interface
One critical function of the new transmission system and a driver in the selection of the
ATM/SONET hybrid solution is the ability to transport telemetry over ATM with minimal
stranded bandwidth. The key functional requirement for this capability is the ability to take
an isochronous data stream that may have significant jitter and wander and transport it
through a highly synchronized network. ADC Kentrox tackled this problem in their ATM
Access Concentrator–3 (AAC-3) product. While working with other adaptive techniques
on their interface card, Kentrox provides an unconstrained adaptive interface that allows a
drifting clock to be transported directly over ATM.

The trade-offs of using this transmission technique are noticed in cost, efficiency, delay
and frequency limitations. These trade-offs are compared to the more traditional method of
a DS-3 smart multiplexer carrying telemetry and interfacing the isochronous data stream.

The telemetry interface card is an integrated solution with the edge switch. This card is
capable of transmitting data up to a center frequency of 5.1 Mbps with wander. The
efficiency of a single telemetry stream uses around 13% to 18 % overhead to allow for
frequency wander and ATM overhead. This is in contrast to a 95% overhead for a single 5
Mbps over a full DS-3 smart multiplexer in a SONET or DS-3 system (Note: in a SONET
or DS-3 system a full 45 Mbps is allocated in both directions). The only external
equipment currently required to interface this card is a converter between Transistor-
Transistor Logic (TTL) levels and RS-530. These conversion devices are currently
manufactured in-house and cost a couple hundred dollars for a full duplex four-port
capability. Therefore, the cost of this solution is minimal compared to a DS-3 smart
multiplexer. However, the 5.1 Mbps limitation may require the use of a DS-3 smart
multiplexer for programs with a bandwidth greater than 5.1 Mb/s.

Delay of the unconstrained adaptive clock is handled much differently than a DS-3 smart
multiplexer. In ATM, Cell Delay Variation Tolerance (CDVT) accommodates variable
delays between cells through an entire transmission system. This is the same feature used
to determine the depth of the buffer to allow the clock wander and delay through the
system. If set to low, the clock frequency may jump significantly or risk buffer underflows,
but the overall delay might be lower when operating at very small buffer depths. Empirical
experience has shown that at above 2 Mbps, the unconstrained adaptive solution provides
less delay overall than the DS-3 smart multiplexer. Between 500 kilobits per second (kbps)
and 2 Mbps, the unconstrained adaptive solution is comparable in delay to the DS-3 smart
multiplexers. Below 500 kbps, the overall delay of the unconstrained adaptive approach is
higher than the DS-3 smart multiplexer, but expected to be acceptable in the flight test
scenario.



Table 1 shows delays through the unconstrained adaptive cards on the bench. The AAC-3s
are connected via OC-3c with the data rates shown Table 1 and the CDVT values as
indicated. There are four sources of delay that are worth mentioning. First is the cell fill
delay, which is dependent on the data rate. The slower the data arrives, the longer it takes
to assemble and transmit a single 53 byte cell. Second is the transmission delay from the
source AAC-3 to the destination. This delay is probably the least significant of the four.
Third is the delay in the reassembly process prior to the CDVT buffer. And finally, fourth
is the CDVT buffer delay. This is the delay associated with the adjustable buffer. Table 1
shows the delays in a steady-state mode after the output system has converged on the
center frequency.

Data Rate CDVT Setting Delay (msec)
5 Mbps 2 msec 2.3
500 kbps 5 msec 7.3
256 kbps 10 msec 14.7
120 kbps 10 msec 18.5

Table 1 - Delay Measurements for Telemetry Interface at Various Data Rates

Figure 1 and Figure 2 show two important aspects of a telemetry signal through the
transmission system: frequency stability and frequency variance and absolute delay and
delay variance. These figures show a test running 5 Mbps data through two AAC-3s and a
Fireberd test set generating data and monitoring the return signal. Figure 1 shows the delay
through the system. As can be seen, the delay is converging to a steady-state condition.
After about 1 minute, the delay is below 3 milliseconds for the remainder of the test. In
Figure 2 the frequency is within the +/- .1% from the beginning of the test and within 1
minute is narrowed to +/- 0.01% for the remainder of the test. These values are expected
to be acceptable, but we are continuing to work with the vendor to reduce the delay
variance. The desired goal is a constant delay (minimal or no variance) which means that
the input frequency is perfectly replicated at the output port. Perfect replication of the
frequency is not seen as an absolute requirement, but a frequency variance (+/- 0.1 %)
within IRIG 106 specifications is.

System Performance
Figure 3 diagrams the system that is expected to be in place by the end of 1999. The
Range communications system provides the modularity and capacity to add capabilities
and users as required. The core system provides an OC-12c path switched ring that is
expected to be upgraded to an OC-48c capacity.
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Figure 1 - Delay Measurement through ATM System with 5 MBPS Signal
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Figure 2 - Frequency Stability of ATM Stability with 5 MBPS Signal

Delays measured in the system for most services are in the single-digit millisecond range
end-to-end. Every circuit has diverse routing and <50 msec fallback switching time on the
backbone segment. The edge devices can be populated with only the required user
interface cards. Since the backbone and edge devices are ATM Forum and ITU standard
compliant, other ATM devices can be integrated into the system with little effort.

CONCLUSION

The new range communications system being implemented at Edwards AFB uses new
ATM/SONET hybrid technology supported by an edge switch that supports the
transmission of telemetry as an integrated plug-in card. The overall system provides the
capability to manage the network from a single location, including circuit provisioning,
routing, and troubleshooting. The bandwidth efficiency, scalability, and flexibility of user
interfaces available using ATM provides a real cost savings to ranges by reducing the end
equipment inventory and logistics tail.
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Figure 3 - Future Edwards Range Communication System

One revolutionary application that has resulted from this effort is the ability to add very
remote nodes as an integrated element of the Edwards Range network while utilizing very
high bandwidth efficiency. The use of inverse multiplexing, the ability to combine several
relatively inexpensive T1s together to form a single stream, offers an integrated extended
range capability. The extended range capability provides a cheaper method of extending a
geographical range and can provide the ability to exchange data with a contractor facility
at locations remote to the test range.

REFERENCES

1. Eslinger, Brian and McCombe, Joleen,” Telemetry Transmission Using Inverse
Multiplexing and Asynchronous Transfer Mode (ATM),” Proceedings of the International
Telemetry Conference (ITC), Volume XXXIII, October 1997.

2. Eslinger, Brian and McCombe, Joleen, “Range Communications System Using
Asynchronous Transfer Mode (ATM),” Proceedings of the International Telemetry
Conference (ITC), Volume XXXIV, October 1998.


