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ABSTRACT

The Edwards Digital Switch (EDS) is a digital communication system that provides
advanced voice networking capabilities to the Edwards Test Range. The EDS is a member
of a new family of all-digital switching systems that internally handle data in digital form.
To accommodate analog voice and data circuits, conversions between analog and digital
formats occur at the system interfaces.

The EDS consists of six groups of configuration items:

System-level control and monitoring is centralized in the Control and Display Subsystem.
Workstations provide subsystem-level control and monitoring.

The Central Switching Subsystem, as the primary interface with the range environment,
provides system connectivity to radios, telephone circuits, and communications links to
other facilities. It integrates the EDS with links to the Control Room Switching
Subsystems.

Each Control Room Switching Subsystem connects individual user stations within a
Mission Control Room or other localized area.

The user equipment element consists of a Subscriber Terminal Unit, Channel Expander,
and interface panels for headsets, foot switches, and speakers.

The Remote Radio Control Unit optimizes usage of available frequencies, allowing control
of tunable radios from the Control and Display Subsystem.



The original name, Edwards Communication Switching System (ECSS) was changed to*

Edwards Digital Switch (EDS) in 1990.

The Site Selection Unit facilitates the handover of voice communications between receiver
sites when a long-range test is monitored.

The system architecture is based on a central system-level control element, a central
switch, multiple subsystem-level control elements, multiple subsystem switches, and
end-equipment items that are interconnected through the switch network.

The EDS combines multiple voice communications applications in a single system. The
system is being expanded to integrate voice and data switching. Its major function is
support of multiparty networked voice communications within Mission Control Rooms and
between other test participants. Other voice functions are an intercom capability including
both Direct Access (hot line) and Indirect Access (dial-up), subscriber loop connections to
the base-level telephone exchange, and the Public Switched Network System. Digital
interfaces allow integration of ciphertext data and Time Space Position Information data
switching functions.

A system based on the EDS design has also been installed by the Air Force at Eglin AFB.
Engineering studies for systems that make use of the EDS design are currently underway
by the Navy at China Lake and the Army at White Sands Missile Range.

The EDS project office has actively pursued promising program management concepts
such as: specifying nondevelopmental items, requiring industry standard interconnectivity
and interoperability, and using a multiyear fixed-price requirements-type contract to
encourage multiservice participation.

INTRODUCTION

The Edwards Digital Switch (EDS)  acquisition & development project began in 1985*

when a technical specification was prepared by the Air Force Flight Test Center (AFFTC)
for a new voice switching system to replace the existing (then) 15-year-old voice switching
system. The technical specification envisioned a systems development approach based on
using proven technologies and stressing the use of non-developmental items. A multiyear,
fixed-price requirements-type contract was awarded in April 1989 for a system based on
T-1 signaling and using major components already in wide use within the Public Switched
Telephone Network.

One of the primary requirements for the new switch was to achieve very high system
reliability. Flight testing of manned and unmanned aircraft requires highly reliable



air-ground voice communications. A communications switch must be capable of handling
voice traffic ranging in importance from routine to critical. Events that might threaten the
success of a mission or the safety of the pilot could occur at any time during a mission.

The system to be replaced is the existing Voice Communications Facility (VCF) system
located in the Ridley Mission Control Center (RMCC). The existing system provides a
space-division switching capability for analog voice circuits. It services a complex of
Mission Control Rooms (MCRs) within the RMCC. This system was designed in 1970
and became operational in 1975.

By 1985, it had become apparent that the VCF system was getting close to the end of its
useful life. The system was becoming increasingly difficult to maintain. The control
computers were no longer supported by the original equipment manufacturer, requiring the
use of third-party vendors. Replacement components for the switch frames were becoming
more difficult to obtain, with the risk that they also would no longer be available. Added to
the maintenance problem was the fact that the original switch frames had been expanded to
the limits of their capacity, and AFFTC was expecting the influx of several programs
which would necessitate the construction of new MCRs. Most critical was the need to
meet new requirements for communication security and separation of RED and BLACK
data, impossible to accomplish with the existing equipment.

Against this background of developments, a project team was assembled to start the
procurement of a new voice communications system for the RMCC which could carry the
AFFTC well into the 21st century. The requirements for the new system were based upon
increased capacity, security, and the use of standard as opposed to proprietary
implementation.

SYSTEM CAPACITY ISSUES

The VCF is shown in Figure 1. The system contains two computer controlled switches —
the Radio Communication Switching System (RCSS) and the Intra-Communication
Switching System (ICSS) — to handle dynamic traffic plus a pin matrix to connect
permanent networks (1). The RCSS connects on its input side primarily with the radios
used for communications with test aircraft. Its output side connects with users outside of
the RMCC, a separate Range Operations switch, and the input side of the ICSS. The ICSS
output matrix is used to form user networks in the various MCRs.



Figure 1 - Edwards VCF

Internal trunks connect the RCSS and ICSS input and output matrixes. External trunks
connect the RCSS output matrix with the ICSS input matrix. The number of these trunks is
limited and imposes the first and most critical capacity constraint on the VCF system.
Although the RCSS has 96 Input channels and 205 Output channels, there are only 48
internal trunk circuits with restrictions on their assignment.

As presently configured, the system operators constantly reroute circuits to meet the
varying mission needs; there is no reserve capacity to handle additional MCRs or any
growth in the circuits assigned to the positions in the present MCRs.

The users also face limitations in the number of channels that can be monitored. The user
interface units, called Radio Communications Units (RCUs) and Radio Intercom
Communications Units (RICUs), provide a maximum of 6 or 12 channels, respectively.
Although this is ample for some positions, there are key positions within the MCRs that
need to be able to contact a much larger number of participants

SYSTEM SECURITY ISSUES

Increasing emphasis was placed upon operational security during the 1980’s. The
capability and requirement to encrypt voice communications as well as data increased.



Numerous programs were designated Special Access to protect advanced technology.
These two forces require the separation of RED (classified) data and BLACK (unclassified
or encrypted classified) data. They also drive the need to encapsulate as much of the
communications relating to a specific project within its own physical space. The VCF
system has no capability to isolate RED communications from BLACK communications,
and the ICSS concentrates all user interfaces within the same equipment.

The EDS architecture includes features to meet each of these security requirements. Each
switching subsystem consists of two separated and isolated switches, a RED switch and a
BLACK switch. Although both use the same switching technology, extensive shielding and
filtering and the use of fiber optic trunks substantially reduces emissions from the RED
switch elements. The RED/BLACK separation is extended all the way to the user position,
with an interface divided between RED and BLACK channels and high levels of isolation
between the two parts of the unit.

The need to compartmentalize programs with critical security requirements is meet by the
hierarchical switching architecture. The system is partitioned into elements, each
consisting of either one large MCR or a large MCR and small MCR pair. Switching for
each of these elements is performed by the Control Room Switching Subsystem (CRSS)
assigned to the element. Although interfaces to external circuits, such as radios, and
interconnection with other MCRs is accomplished by the Central Switching Subsystem,
sensitive communications can be contained within a specific MCR.

STANDARDS ISSUES

The use of off-the-shelf hardware and software components was specified (2) to eliminate
the problems encountered in maintaining the existing proprietary switching systems. In
addition to a general statement to this effect, T-1 technology was specified as the means of
interconnecting switching subsystems. Where feasible, system parameters were specified
in multiples of 24 for compatibility with the T-1 frame structure.

After a competitive procurement, a multiyear, fixed price, requirements-type contract was
awarded to Communications Systems Technology, Inc. (CSTI) in April 1989 with an
initial delivery order to produce the Control and Display Subsystem, the Central Switching
Subsystem, and three Control Room Switching Subsystems.

The basic EDS switching units are standard Digital Access and Cross Connect (DACS II)
switches used by AT&T in long distance switching centers. They are time division digital
switches that connect to the external network through T-1 ports. Internally, each T-1 frame
is broken into its 24 individual DS-0 channels which are recombined into a T-1 frame at
the destination port. A wide variety of switching modes can be configured for each DS-0



channel under dynamic external control. The DACS II is available in 160 and 320 digroup
sizes. Each size can be procured with zero digroups and populated to maximum size with
modules which support two full duplex T-1 ports (Dual DiGroups). These same switches
are being supplied to the Air Force on another major contract. Thus, there is perceived to
be the assurance of long term support for the most critical element in the system.

SYSTEM ELEMENTS

The EDS, shown in Figure 2, contains a central core of control and switching equipment.
This central core consists of the Control and Display Subsystem (CDS), the Central
Switching Subsystem (CSS), and the Power Distribution Subsystem (PDS). The EDS
capabilities can be expanded modularly. At the AFFTC, the module of expansion is the
Mission Control Room (MCR). An MCR contains a Control Room Switching Subsystem
(CRSS) and a number of User Equipment sets. Two units worthy of note, are the Remote
Radio Control Unit (RRCU) and the Site Selection Unit (SSU).

Figure 2- EDS Architecture

CONTROL AND DISPLAY SUBSYSTEM (CDS)

Operation of the EDS is controlled and monitored from the CDS. The CDS consists of
dual redundant network control (NETCON) computers and two operator workstations.
There are also provisions for remote operator workstations that are used to control a
limited set of system resources associated with a single range function. There are presently
two remote workstations.



CDS Hardware

The NETCON computers are presently AT&T 3B2/1000 computers, they will be replaced
by EISA 80486-based computers. The workstations are presently ISA 80386-based
computers which are being replaced with ISA 486-based computers. All applications
software on both the NETCON and workstation computers runs under the Unix operating
system. All 486-based computers will run Santa Cruz Operations (SCO) Unix v 4.0.

CDS Software

The CDS applications software, the subject of another paper in this session (3), was
produced by the contractor and was a major development effort. This software in addition
to making and breaking all connections. configures all interfaces and continuously runs
diagnostics on off-line system elements.

CENTRAL SWITCHING SUBSYSTEM (CSS)

The Central Switching Subsystem provides the major interface between the EDS and
external circuits, interconnects users in multiple MCRs, and serves as the entry switch for
users located outside of an MCR. The CSS contains two 320-line DACS II frames each
with a capacity of 7,680 voice circuits. A separate frame is used for the RED and the
BLACK section. Neither frame is fully populated, but each can be expanded to its full
capacity with readily available modules.

CONTROL ROOM SWITCHING SUBSYSTEM (CRSS)

Each CRSS contains two 160-line DACS II frames, partitioned into RED and BLACK
sections. This smaller size easily accommodates the various MCR sizes envisioned.
Presently, five CRSSs have been ordered with 24 user positions, and one each with 40 and
72 user positions. Each user position requires at least one T-1 digroup from each section.
Positions with channel expanders require one additional T-1 digroup for each RED or
BLACK expansion section. T-1 digroups are also used for interswitch trunking, BLACK to
RED intraswitch trunking, and interface connections.

USER EQUIPMENT

A suite of EDS user equipment was developed around a Subscriber Terminal Unit (STU)
with capabilities to provide the user with access to nine BLACK and rune RED voice
channels. This unit is described in detail in a later paper(4). In response to new
requirements, additional STU configurations were developed. To date, the following
BLACK/RED channel configurations have been developed: 9/9, 15/3, and 18/0. In order



to provide even greater channel capacity, Station Channel Expanders (SCEs) are also
available in the 9/9 and 18/0 channel configurations. Up to three SCEs can be attached to
each STU to make a maximum configuration of 72 channels.

A variety of user interface panels are available to customize the user position. Each STU
contains output and volume controls for two-user headsets. The headsets with
accompanying hand switches are plugged into a Type I Remote Headset Interface Panel. If
use of a foot switch is preferred, it is interfaced via the Remote Footswitch Interface Panel.
The position can be expanded to accommodate four personnel using the Type II Remote
Headset Interface Panel which includes a separate pair of volume controls as well as
headset jacks. For positions where a loudspeaker is preferred, it can be interfaced via the
STU Speaker Panel.

REMOTE RADIO CONTROL UNIT (RRCU) AND SITE SELECTION UNIT
(SSU)

Two EDS auxiliary units improve the management of ground-air radio assets, the Remote
Radio Control Unit and the Site Selection Unit. They operate together to increase the
capability of the EDS operators to control the radios and ease the support of extended
flights.

The RRCU controls the tuning frequency of up to 16 radios at a remote site based upon
instructions entered by the EDS operator at the CDS console. It also reports error status to
the CDS operator if the radio does not accept the information. Each RRCU accepts up to
16 printed circuit cards, each controlling a radio. The unit can interface to either GRC-171
(UHF) or GRC-211 (VHF) radios. All interface cards are identical with tailoring for the
two radio types implemented in the interface cable.

The SSU allows the CDS operator to select one site out of 15 as the active site for each of
ten radio groups or networks. In each group, one selected radio is the unit used for
communications with the MCR while all other radios in the group remain disabled. As the
flight progresses, the CDS operator uses the SSU to select the site with the best signal,
which is then fed to the desired network. This capability makes it easier for personnel in
the MCR to track a flight which uses a sequential set of radio sites for communication. The
communications channel appears at a single position on the STU front panel. The change
in receiving site is relatively transparent to the user personnel in the MCR as the mission
progresses along its flight path.



SYSTEM CAPABILITIES

The EDS provides several types of networked voice communication capabilities and
services to T&E participants. There are several variations of functionally allocated
networks. There are also two forms of point-to-point access within the system, Direct
Access and Indirect Access. Dial-up access outside of the system is available through
two-wire interfaces to the base telephone exchange.

NETWORKED COMMUNICATIONS

The EDS permits the creation of large networks which allow communities of common
interest to communicate throughout a test mission. The network can allow communication
among as many as 100 participants. Although this large a number would rarely be focused
upon a single test mission, it becomes more applicable for networks that provide common
functions for many missions.

The construction of common networks for multiple missions is eased by the capability to
combine networks into a master network without losing the identity of the individual
networks. Thus functional networks can be assembled and prestored for each control
room. As a room is activated, necessary functional networks can be added to the root
functional network without impact upon those presently using it. Similarly when the
mission is over, the control room subnet can be quickly detached.

 DIRECT ACCESS

Direct Access (DA) implements rapid preprogrammed connections between key personnel.
Each DA link appears as a separate channel on the STU. In each case the channel is
identified with an eight-character identifier denoting the party at the other end. If there is a
DA link between Tom and Ruth, Tom’s STU will have one channel labelled RUTH, while
Ruth’s will have a channel labelled TOM. Depressing the Transmit button for that channel
initiates an instant “hot mike” connection between the two parties. No further action is
required on either part for a two-way conversation. Both parties can still monitor other
networks to which they are connected, but cannot speak on them. Actuating the
Push-to-Talk (PTT) switch to speak on a network terminates the DA connection.

INDIRECT ACCESS

Indirect Access (IA) provides a dial-up intercommunication capability within the EDS. The
19th STU channel is used for this function. Each STU is assigned a three digit IA
“telephone” number. To initiate an IA call the user selects IA on a function keypad and
then “dials” the desired code. At the other end, a light flashes to indicate the incoming call;



the user must depress his IA button to pick up the call. Conversation over the link is then
“hot mike” until the connection is terminated, either by depressing the IA function key or
actuating a network PTT. The IA function allows private two-way conversations, but
eliminates the need for the connection to be programmed in advance.

PUBLIC SWITCHED TELEPHONE NETWORK ACCESS

The CSS has provision for 192 two-wire interfaces. Each simulates a standard telephone
set to the local exchange. Any of these interfaces can be connected to one STU channel or
networked to several STUs. The channel indicator on the STU panel can display the seven
digit commercial telephone number to which it is connected. Using the STU keypad, the
user connected to a two-wire interface has the complete equivalent of a standard telephone
set integrated into the user position. All functions available in the local exchange switch
through the standard “flash” capability (i.e. hold, call transfer, etc.) can be accessed.

DIGITAL CONNECTIONS

Since the EDS is a digital network, it is used to transmit encrypted voice and voice-rate
digital data. It provides a system level solution to the problem of distributing classified
communications in a secure, straight-forward manner. Encrypted voice may enter the
BLACK section of the EDS directly from a wideband radio into a Ciphertext Interface
(CTI). The interface processes diphase ciphertext so that it may be transmitted via a
standard 64 kbs DS-0 channel. It can be transported in that fashion and switched until it
reaches another CTI connected to the BLACK (digital) interface of a KY-58. The RED
(voice) interface of the KY-58 then connects to an analog four-wire interface to a RED
switch. The voice can then be distributed throughout the secure RED portion of the
system. This capability multiplies the effectiveness of a limited quantity of encryption
equipment.

Although originally designed to interface voice data in analog form, the EDS provides for
direct T-1 interfaces. These allow intermixed voice and data from other ranges to enter the
EDS and be switched to a final output without separating the multiplex out in channel
banks. Voice can be switched directly to STUs or radios, encrypted data directed to
decryption equipment, and digital data such as inter-range Time Space Position
Information (TSPI) can be routed as required. This reduces both the amount of equipment
needed for these purposes, but also saves space and allows the data to be moved to the
location where it is used in the most efficient form.

This capability will be fully utilized with a new digital interface being developed for the
EDS. The Advanced Range Data System being implemented concurrently requires an
expansion of the present AFFTC TSPI data switching capability. This includes an increase



in the number of ports, interlinking with other nearby ranges such as NAWC WPN China
Lake, and synchronization of the timing at all locations to eliminate loss of data. Some of
the available EDS switching capacity is being dedicated to this expansion with the
development of a standard digital interface and improvements in the central time base
capability. This latter effort is described in a later paper (5).

CONCLUSIONS

The EDS is an advanced digital switching system that was designed initially to provide
voice communications networking in support of test missions at the AFFTC. The EDS
design has also been adopted for use by the AFDTC at Eglin AFB, where a smaller system
is installed and currently supporting operations (6). The original switching capability of the
EDS has been expanded to allow TSPI data within the same switching fabric as voice,
increasing its utility at a relatively low marginal cost. Finally, the EDS is pointing the way
to the solution of the problems associated with switching telemetry, video, and other
digital data.
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