Background Information ASDE-3/ASDE-X 

ASDE-3 is a high resolution ground RADAR that operates in the Ku band (15.7 to 16.2 GHz) region of the radio frequency spectrum and provides accurate, clutter-free position information on all moving and stationary aircraft and vehicles on the airport surface area to a maximum instrumented range of 24,000 feet. The system can resolve two 3 meter squared targets that are separated 40 feet in range and 80 feet in azimuth anywhere within its coverage.  In addition, aircraft in flight over runways at heights up to 200 feet above ground level are detected.  There are 38 ASDE-3 systems at 34 airports and 2 in support systems roles in the following configurations:

· Local where the ASDE-3 antenna/rotodome is installed on the air traffic control tower.

· Remote, where it is not appropriate to install the rotodome/antenna on the Air Traffic Control Tower, it is installed on a freestanding remote tower.

· MOSAIC, where the system uses both a local and a remote integrated system for full airport surface coverage not possible with a single system.  The “mosaic” video is presented on a single ASDE-3 display.  The MOSAIC configuration is presently installed at only one site, George Bush Intercontinental Airport in Houston, TX. 

· Two systems are installed at the FAA Academy and Airways Operational Support facilities in Oklahoma City, Oklahoma.

ASDE-3 Major Unit Overview

The ASDE-3 subsystem is divided into the following major units:

· Transmitter/Receiver (T/R) cabinets 
· Antenna Systems Controller (ASC) 
· Antenna/Rotodome
· Remote Monitoring System and Display Processor Interface Control (RMS/DPIC)
· Remote Monitor Maintenance System (RMMS)
· Display Processor Unit (DPU)
· Displays and Keyboard

Transmitter/Receiver (T/R)

The ASDE-3 system presently uses two fully redundant T/R cabinets.  The cabinet is divided into two sections, RF and digital. 

The RF section transmits a 40-nanosecond pulse at any one of 16 discrete frequencies within a 500 MHz bandwidth using a traveling wave tube amplifier with a grounded collector.  The transmit frequency changes at each pulse repetition interval (PRI).  There are 16,384 PRIs in a 360 degree scan.  The receiver uses a low noise front end with a single down conversion to a 1.25 GHz intermediate frequency (IF).  Both RF sensitivity time control (STC) and IF STC /AGC are used to normalize receiver gain for close-in targets and receiver gain drift.  The down converted RF is peak detected and applied to an 8-bit analog to digital converter. 

The digital section of the T/R cabinet provides processing for fully adaptive thresholding/CFAR (constant false alarm rate) of targets to maintain an output video free of false alarms.  The digital signal processing employs several types of processing control maps based on an airport viewable map to perform both its adaptive thresholding and gain functions.  The T/R cabinet outputs 8-bit differential emitter coupled logic (ECL) video to the RMS/DPIC cabinet.

Antenna System Control (ASC)

The antenna system control cabinet uses an 8 bit micro controller and associated interface controls to perform all functions necessary to control the operation of the rotodome/antenna.  In addition, when used with remote and MOSAIC sites, the ASC provides both high and low speed fiber optic interfaces for RADAR video and cabinet

data links.

Antenna/Rotodome

The ASDE-3B antenna is housed in a radome/rotodome that rotates at 60 r.p.m.  The antenna has a circularly polarized horizontal beamwidth of 0.25 degrees with a cosecant shaped vertical pattern. 

RMS/DPIC 

This cabinet is divided into two sections: an RMS and a DPIC.  The RMS function provides all inter-cabinet communications and data files (processing/control maps and configuration) that are required for operation of the ASDE-3 system.  In addition, the RMS cabinet provides a human interface that allows the user to control/determine system status and performance. 

The DPIC section receives 8-bit ECL video from the T/R cabinets and distributes it to the DPU cabinets.  The DPIC employs a fully redundant design so that any of 8 independent DPU video/keyboard channels can be substituted for any single operational/non-operational DPU channel.

Remote Maintenance Monitoring System (RMMS) Function:
The ASDE-3 RMS function provides status and performance data to the RMMS system, as specified in NAS-SS-1000.  ASDE-3 provides this data via the Simple Asynchronous Interface (SAI).  Using the RMMS, the ASDE-3 can be remotely controlled and certified by FAA maintenance personnel.
Display Processor Unit (DPU)  

The display processor unit receives ECL video from the RMS/DPIC and processes the rho-theta data to a raster format.  The DPU adds airport viewable maps, ASDE-3 targets, AMASS alert icons and alert data, alphanumerics, and visual system status/alerts and sends ECL video data to the DPIC for eventual display to the operator.  In addition, the display processor also presents diagnostic Built-in Test/Fault Isolation Test (BIT/FIT), Remote Monitoring, and adaptation/optimization information to the maintenance operator.

Airport Movement Area Safety System (AMASS)

The AMASS is a separate cabinet that was designed as an enhancement for the ASDE-3 system.  It provides both visual and aural automated conflict alerts that are used to assist air traffic controllers in reducing possible aircraft/vehicle/obstacle collisions on the airport surface.  AMASS alert icons and other visual information is presented on the ASDE-3 system displays.  All audio alert data is generated by the AMASS voice processor, amplified, and sent to the air traffic control tower cab.

A Terminal ARTS Interface Unit (TAIU) is also part of AMASS.  This unit performs runway predictions to AMASS for arriving aircraft using data from the ASR-9 Serial Communications Interface Platform (SCIP).  BEACON/MODE-S targets from the terminal RADAR are used to form tracks upon which prediction data is extracted and passed to the AMASS tracker.  The TAIU also interfaces to ARTS/STARS to obtain aircraft identification tag data (ACID) to be input to AMASS in the event that it is required by air traffic control.   

Human interface to AMASS is provided by the ASDE-3 keyboards and displays.  In addition, a separate workstation is provided for the maintenance user.         

ASDE-X Functional Modules

 Radar Data Processor

The Radar Data Processor (RDP) will receive the 8-bit, 10.5 MHz ECL differential signal from ASDE-3.  Its performance includes plot extraction, centroiding, multipath mitigation, clutter reduction, and tracking.  Furthermore, it provides plots and tracks to the fusion processor in ASTERIX Category 010 protocol via LAN.  

 Multilateration

The Multilateration subsystem is a surveillance subsystem of the ASDE-X and is a BEACON based, cooperative surveillance system for the defined coverage volume.  It can function with both existing and future transponders; i.e. Modes A/C of older transponders, Mode S short and future extended squitter transponders.

The Multilateration subsystem provides accurate position and identification information on transponder equipped aircraft and surface vehicles by multilaterating on signals transmitted by the transponders.  Multilateration is the process of determining a transponder's location in two (or three) dimensions by solving for the mathematical intersection of multiple hyperbolas (or hyperboloids) based on the time difference between reception of the transponder's signal at multiple sensors

. 

The Multilateration subsystem uses receivers and transmitters located both on the airport surface and the periphery of the airport to provide surveillance.  The transmitters are used for whisper shout interrogations and for an occasional Mode S interrogation to acquire the Mode A code assigned to Mode S equipped aircraft.  

The Multilateration subsystem will provide certain data to other ASDE-X subsystems, principally the Multiprocessor.  The principal Multilateration subsystem output is position measurements on beacon-equipped targets within the specified coverage region. The position measurements are made by multilateration.  This data is provided to the multiprocessor via ASTERIX Category 010 protocol data link.

Fusion

The Multiprocessor subsystem will process all surveillance sources, perform fusion tracking and identification functions, handle surveillance and tracking control functions, and provide output to the AMASS in ASTERIX Category 011 protocol via Ethernet LAN.  Multilateration subsystem data in the form of plot and/or track data, based on multilaterated position measurements from beacon-equipped targets, will be processed by the Multiprocessor subsystem to track and identify targets within the ASDE-3B coverage volume.  Both types of data will be supplemented by plot and/or track data from other radar or beacon sources of the NAS ATC system, such as the ASR-9. The Multiprocessor subsystem will associate flight plan data to targets and provide it to the AMASS.  It will also support controller and automated tagging of targets.

Single sensor processing for radar and multilateration will filter data suitable for multisensor fusion based on a database of sensor coverage and false detection characteristics, and provide filtered, normalized and aligned data for combination. The fusion algorithm will be designed to develop seamless coverage, a single picture combining all source data and maintaining track and ID continuity.  
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