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ABSTRACT 
 
The Western Aeronautical Test Range (WATR) Integrated Next Generation System (WINGS) Mission 
Segment provides data acquisition, processing, display and storage in support of each project’s mission 
at NASA Dryden Flight Research Center (DFRC).  The network architecture for WINGS Mission 
Segment is responsible for distributing a variety of information from the Telemetry and Radar 
Acquisition and Processing System (TRAPS), which is responsible for data acquisition and processing, 
to the Mission Control Centers (MCCs) for display of data to the user. WINGS consists of three TRAPS 
and four MCCs, where any TRAPS can drive any one or multiple MCCs.  This paper will address the 
requirements for the TRAPS/MCC network and the design solution. 
 
 

KEY WORDS 
 
Telemetry Ground Segment Network, VLAN, Real-time Data Distribution 
 
 

INTRODUCTION 
 
The NASA Dryden Western Aeronautical Test Range (WATR) is developing its next generation real-
time data acquisition and processing system, the WATR Integrated Next Generation System (WINGS) 
Mission Segment. The purpose of the WINGS Mission Segment is to acquire data from a variety of 
sources and process that data for subsequent display and analysis by project engineers in the WATR 
Mission Control Centers (MCCs) in real time and near real time.  One of the primary goals of WINGS is 
to provide a flexible and re-configurable system for ground support of the wide variety of experimental 
vehicles assigned to Dryden.  WINGS is being implemented in an evolutionary phased approach. 
 



The WINGS architecture currently has four physical networks connecting data publishers and data 
subscribers for the setup of WINGS and the real-time distribution of data.  The primary data publishers 
are the Telemetry and Radar Acquisition and Processing Systems (TRAPS) which provides data 
acquisition, processing and distribution functions. The primary data subscribers are the Mission Control 
Centers (MCCs), which display the data processed by TRAPS.  All four network architectures currently 
consist of 10/100/1000-Megabit switches, and some edge devices using 100-megabit adapters and others 
using 10-megabit adapters.  All four of these networks are physically isolated from the outside world; 
that is, only accessible within the WATR.   
 
These four networks are identified as follows:  
 

• RES Net – This network distributes real time data (via UDP broadcast) to all display clients. 
• IADS Net – This network is dedicated to the SYMVIONICS Interactive Analysis and Display 

System (IADSTM) for client to server communication. 
• Command & Control (C&C) – This network supplies setup and command to all of the computers 

in the WINGS architecture. 
• Omega Net – This network is dedicated for transfer of real time strip chart data between Veridian 

Omega Sever and the Veridian Omega Thin Client (strip chart server). 
 
Figure 1 shows a graphical representation of these networks for a single TRAPS and two MCCs.  Table 
1 identifies the characteristics for each network. This paper describes the requirements and design to 
upgrade theses four physical networks into a single cohesive network using today’s networking 
technology. 
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Figure 1 – Current WINGS Mission Segment Networks 
 
 
 
 

Network Type Protocols # of Nodes 
per MCC 

Traffic Type Traffic Rate 
Sustained 

(Bytes/Sec) 
RES Net 
 

10/100 Mb UDP 
Broadcast 

26 RT Data 155K 

IADS Net 
 

10/100/1000 Mb TCP/IP Up to 26 RT Data, 
Data Queries 

20K per node 

C&C 10/100 Mb  TCP/IP 36 File Transfers, 
Periodic Data 

6K 

Omega Net 
 

10/100 Mb 
 

TCP/IP 3 RT Data, 
Data Queries 

850K 

 
Table 1 – Current Network Characteristics 

 
 



WINGS NETWORK REQUIREMENTS 
 
The goal of the new network design is to have one physical network replacing the existing four 
‘physical’ networks (C&C, Omega Net, RES Net and IADS Net) while maintaining four ‘logical’ 
networks.  The high-level system requirements for the new WINGS network are: 
 

• Capacity to handle twice the total combined bandwidth of the four existing networks 
• Software to monitor network performance, configuration and re-configuration 
• Shall be able to reconfigure without requiring a reset of any other equipment (server, switch, 

workstation, etc.) on the system  
• High Quality of Service (QoS) and reliability for all networks 
• Fiber connection between TRAPS and MCCs  
• Ability to perform modular upgrades throughout the WINGS implementation phases (no 

wholesale system replacements) 
• Any TRAPS can drive any combination of MCCs  
• Concurrent operation of two or more TRAPS driving multiple MCCs independently  
• Provide data separation between concurrent missions 
• Ability to reconfigure network so that MCC could be driven from another TRAPS (i.e. hot 

backup) within 5 minutes without affecting other operations (refer to Figure 2 for a graphical 
depiction of the four types of configurations) 
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Figure 2 – TRAPS to MCC Operating Configurations 
 
 

WINGS NETWORK DESIGN 
 
At the core of the WINGS network is an enterprise-class switch with gigabit connections over fiber to 
all of the TRAPS and MCCs.  Edge devices that require gigabit connections are connected directly to 
this enterprise switch.  Edge devices that have lower bandwidth requirements are connected via CAT6 
cables to access layer switches at the TRAPS or MCC that uplink to the enterprise switch at gigabit 
speed over fiber.  Both the enterprise and access layer switches support Virtual Local Area Network 
(VLAN) as described in the IEEE 802.1Q specification. VLANs will be used to provide logical network 
separation, both with a TRAPS/MCC configuration and between multiple TRAPS/MCC configurations. 
 
VLANs are a group of devices on one or more LANs that are configured (using management software) 
so that they can communicate as if they were attached to the same wire, when in fact they are located on 
a number of different LAN segments. Because VLANs are based on logical instead of physical 
connections, they are extremely flexible.  VLANs allow logical network topologies to overlay the 
physical switched infrastructure such that any arbitrary collection of LAN ports can be combined into an 
autonomous user group or community of interest. The technology segments the network logically into 
separate layer 2 “broadcast domains” whereby packets are only switched between ports designated to be 



within the same virtual LAN. This offers significant benefits in terms of efficient use of bandwidth, 
flexibility, performance and security.  
 
Due to cost and network complexity issues, only a single enterprise switch is used in this design.  A 
second enterprise switch would have added considerable overhead for both physical and computational 
resources, i.e. multiple Network Interface Cards (NICs) in each edge device, duplicates of all cable runs, 
doubling of all IP address controls and associated resolution, etc.  Instead, the WATR made the decision 
to incorporate a single enterprise switch with as much redundancy as possible.  This included installing 
dual, hot-swap power supplies, dual switch fabric modules installed as prime and hot back-up, and dual 
supervisor engines installed as prime and hot back-up.  Also, all TRAPS and MCC connections are 
striped across the gigabit interface cards to ensure that the failure of any one of the cards cannot disrupt 
all service from a TRAPS to a MCC.  Figure 3 shows the overall system design of the WINGS network.   
 
Every edge device has a NIC that supports IEEE 802.1Q VLANs, which ensure compatibility with the 
VLAN trunks that will condense the four logical networks onto the single physical network.  VLANs 
facilitate easy administration of logical groups of stations that can communicate as if they were on the 
same LAN.  Traffic between VLANs is isolated.  The enterprise switch and the access layer switches in 
the WINGS Network will only forward Ethernet traffic to the VLAN to which the traffic belongs. 
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Figure 3 – WINGS Network Architecture Overview 
 



 
CONCLUSION 

 
The initial design of the WINGS network is complete and the required equipment has been purchased.  
Implementation of the network design in the WATR Development Lab is commencing and should be 
completed during the Fall of 2003.  The following major functions that will be verified during testing: 
processing overhead associated with implementing VLANs, ease in reconfiguring network architecture 
with VLANs, overall effective throughput to handle the WINGS data requirements.  The 
implementation of this network architecture will provide the foundation to allow WINGS to support the 
needs of current and future flight research projects. 
 

GLOSSARY 
 
C&C   Command & Control 
DFRC  Dryden Flight Research Center  
IADSTM  Interactive Analysis and Display  
Mb  Megabit 
MCC  Mission Control Centers 
QoS  Quality of Service  
TRAPS Telemetry and Radar Acquisition and Processing System  
VLAN  Virtual Local Area Network 
WATR  Western Aeronautical Test Range ()  
WINGS  WATR Integrated Next Generation System  
  




