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1.0 INTRODUCTION

1.1 Background 

The Western Aeronautical Test Range (WATR), as part of the Dryden Flight Research Center, operates and maintains various systems and subsystems for gathering data from space flight and aeronautical missions.  The WATR is looking for innovative ways to reduce the number of “high value/high cost assets” currently used to communicate with research vehicles.  Arcata will be conducting a solicitation to replace multiple, individual range instrumentation systems (i.e. telemetry (TM), voice communications, Flight Termination System (FTS) & optics pedestals) with a single, transportable, multi-purpose tracking system that incorporates all of these capabilities.  This system shall be referred to hereafter as a Transportable Range Acquisition System, or TRACS.  The various subsystems (TM, radar, voice communication, FTS, etc.) will have to operate simultaneously, separately, or in various combinations as required for mission support.  The system will provide a high level of software control for pre-mission setup and calibrations, mission support operations, and system diagnostics.  This will include a remote control capability that will allow the operators of the system to be located in a facility several miles from the system.  The goal of this solicitation is to procure a system that will reduce operational costs to WATR customers.
Figure 1.1-1 Conceptual System Layout is a concept of the overall system in the travel configuration.  This conceptual layout is meant for clarification purposes only and does not suggest a desired solution.  The desired result is to maximize efficiency of space and performance while simplifying operations and maintenance.
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Figure 1.1-1 Conceptual System Layout

1.2 System Definition

This document establishes the technical specifications for a transportable integrated tracking system.  This system shall be capable of supporting L, S, and C band downlink telemetry and video, with command uplink in L and S bands, directional UHF/VHF voice communications, Doppler radar, FTS, and a long-range optical camera.  This document defines the TRACS to be composed of three functional elements:  a Tow Vehicle for transport requirements; an Equipment Shelter for electronics and control functions; and a Tracking System Trailer with the pedestal and associated equipment.

1.3 Government-Owned Contractor Furnished Equipment

The term “Government-Owned Contractor Furnished Equipment” (GOCFE) will be used to describe any NASA-owned equipment that may be provided to the successful respondent by Arcata.  The use of any or all of the proposed GOCFE, other than the Telemetry Receivers defined in Section 3.7.8 and the Radar Information Processing System defined in Section 3.12.2, is not mandated if the design proposed by the respondent accomplishes the requirements of this Technical Specification.  The respondent shall be required to provide proof of the cost/performance benefit of not using the GOCFE to Arcata.

2.0 Operational Concept
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Figure 2.1-1 Operational Concept

2.1 TRACS Operational Concept

The operational concept for TRACS is shown in Figure 2.1-1.  The solid line in Figure 2.1-1 represents the scope of the TRACS system.  This integrated tracker shall provide for simultaneous operation of telemetry, long range optics, UHF/VHF communications, radar, and FTS functions.  By accomplishing these functions, the system shall consolidate the current independent tracking systems in use by the WATR into one multi-function tracking system that meets the requirements for flight research mission support.

A major focus of the TRACS development effort will be the high level of software integration required to support this consolidation.  The software system shall allow all of the subsystems that comprise the TRACS to support monitoring and control from the local control computer(s), as well as remote monitoring and control as defined in Section 2.2.  The software shall give the operators the capability to support various mission profiles; routine pre-mission setup, mission support activities including monitoring system performance and overall health in a near real-time environment, or the execution of scheduled or non-scheduled maintenance or repair activities.  The system software shall support the capability of creating, storing, and loading configuration files that are required to support a given mission profile.  The system software shall be capable of supporting multiple displays that can be used to support the profiles documented above.  The system software shall make extensive use of the system diagnostic capabilities available in the hardware that comprises the TRACS.  These diagnostic capabilities shall be reported to the system operators in all modes of operation in a near real-time environment.

2.2 TRACS Operations Centers

The TRACS has two Operations Centers; one is located within the equipment shelter that can be moved with the tracking system to remote locations, and the other shall be at a fixed building location at NASA Dryden Flight Research Center.  In this document, “local control” refers to operator functions performed in the TRACS shelter.  “Remote control” refers to operator functions performed in the fixed building location.  In either of the operations centers, two operations personnel shall be capable of completing all functions required to complete system setup activities, perform target tracking and monitoring operations, and accomplish system maintenance activities.  The operational concept provides for either local control or remote control, but not simultaneous operations at both centers.  Monitoring of the TRACS system, however, shall be simultaneous at both centers, with only one center having control of the TRACS pedestal and hardware at a time.

2.3 Aeronautic Flight Research Operations

The primary support requirement for the TRACS will be to track aircraft in the airspace surrounding Edwards Air Force Base, referred to as the R-2508 Military Operations Area on Federal Aviation Administration (FAA) sectional charts.  The vehicles being tracked range from highly dynamic, supersonic vehicles operating at low altitudes to low speed, long endurance vehicles operating at high altitudes.  To meet this requirement, the TRACS will be located on the asphalt pad adjacent to Building 4720 on the DFRC compound at Edwards AFB.  This building is referred to as the Aeronautical Tracking Facility #2 (ATF #2).  The operators however, will be located in the Remote TRACS Operations Center, located elsewhere on the DFRC main compound, at a distance of up to 3 statute miles.  For other aeronautic support requirements, the TRACS may be deployed to support remote operations where no communication links to the Remote TRACS Operations Center are available.  Under this condition, recording of all flight test and tracking data generated by the TRACS subsystems shall be performed in the TRACS equipment shelter.

2.4 Low Earth Orbit (LEO) Operations

Another support requirement for TRACS will be to send and receive voice, video, and telemetry data as appropriate from the Space Shuttle Transport System (STS) and the International Space Station (ISS).  Radar support of LEO vehicles is an option discussed in detail in Section 3.12.1.1.  The TRACS shall also be used to track LEO targets from remote locations where no communication links to the Remote TRACS Operations Center are available.  Under this condition, recording of all flight test and tracking data generated by the TRACS subsystems shall be performed in the TRACS equipment shelter.

3.0 REQUIREMENTS

Specifications for performance, function, documentation, acceptance testing, and operator training for TRACS shall be detailed in this document.  The overall system design shall provide ease of transportability, assembly and disassembly, operation and maintenance, and shall emphasize the recognized principles of human factors engineering to the highest degree.  Materials and parts not specifically defined herein must be of the best commercial quality.  The system shall meet the performance requirements of this specification without making special adjustments for any one parameter.  Standard, commercially available parts shall be used wherever possible.  In the event of a conflict between verbal or other written specifications this document shall take precedence.  Due to this systems complexity and the major role of multiple subsystems integration, great emphasis shall be placed on communication between the Contractor and Arcata.  Points of contact will be provided to the Contractor by Arcata along with a timeline and format for status reports and schedules.
3.1 Safety and Security

Since the TRACS shall be operated remotely every consideration shall be made to ensure operator safety and security of the system.  Visual and electronic surveillance of the TRACS shall be required to prevent inadvertent injury to operators and loss of equipment.  The operators shall be provided real-time visual surveillance of the tracking system trailer to ensure all personnel are out of the designated hazard area prior to operations.  A user-adjustable timed warning horn and lighting system shall be used prior to system activation.  The horn shall terminate upon system activation.  The warning lighting system shall remain on until the tracking system trailer is completely deactivated/turned off.

3.2 General System Requirements

The system shall be designed so that two operators can fully setup or tear down the system within 8 hours.  Only common hand tools shall be required for routine operational assembly and disassembly.  The system shall be required to operate in temperatures ranging from –40 C to +55 C.  The system shall be designed to accommodate the effect of ground winds as follows:

a) 
Operate with no degradation of operational capability in winds up to 50 MPH and gusts to 60 MPH.

b) 
There shall be no loss of operational capability when the system is exposed to winds up to 70 MPH at zenith stow position with stow pins engaged (riser vertical).

c)
There shall be no loss of operational capability when the system is exposed to winds up to 100 MPH with the system in the road transport configuration.  Tie downs may be employed.

Once the system is setup and has successfully passed post setup checks, it shall require no more than 30 minutes for a pre-mission setup.  This will verify that the complete functionality of all the subsystems of the TRACS is ready for simultaneous operation from either the local or remote operations console.  The TRACS shall also require no more than 30 minutes for reconfiguration between missions.  The system shall have a complete automated built in test/calibration function that can be activated by the operator or programmed to execute at predefined times, intervals etc.  

3.3 Tow Vehicle

The tow vehicle shall consist of a quad cab chassis.  The tow vehicle shall be powered by a diesel engine sized to provide enough power to propel the fully loaded system (tow vehicle, equipment shelter, and the tracking system trailer plus four people) up a 4% incline at 55 mph.  The tow vehicle shall conform to D.O.T requirements.  The tow vehicle shall be equipped with a central leveling system located in the cab of the tow vehicle.  The leveling system shall have the capacity to level the tow vehicle with the shelter and 5 personnel aboard.  No special drivers license shall be required to drive the tow vehicle.

3.3.1 Power

A diesel generator shall be chassis mounted to the tow vehicle.  The generator shall be easily removable by hoist or crane.  The diesel generator shall be sized to allow 25% growth.  One diesel generator is preferred, however, two generators can be used, one for the shelter and one for the tracking system trailer, if necessary.  An electrical power loading analysis shall be provided by the Contractor to justify diesel generator sizing.  The sound level of the generator (s) shall not exceed 66 dBa, 23 feet from the generator running at full throttle.  The generator shall be vibration isolated from the equipment shelter.  The tow vehicle, equipment shelter, and tracking system trailer shall all be grounded is a manner that shall eliminate ground loops.  The tow vehicle, equipment shelter, and tracking system trailer shall make provisions for installation of grounding rods to be provided by the vendor.

3.4 Equipment Shelter

The equipment shelter shall be removable from the tow vehicle chassis by the use of 4 electromechanical jacks located at the corners of the shelter.  The shelter jacks shall be individually operable from a central point where the shelter level shall be displayed to the operator.  A 7’ x 3’ door shall be placed at the rear of the shelter and another door shall be placed on one of the sides.  A large removable wall/door shall be provided to facilitate the installation/removal of large equipment.  The equipment shelter shall accommodate 5 people comfortably.  The equipment shelter shall also provide a workbench that shall fold away for travel.  Secure shelving shall be provided in the interior of the equipment shelter.  Indirect lighting shall be provided over the work areas in the equipment shelter.  Main lighting shall also be provided which shall illuminate all operator areas of the equipment shelter.  Windows shall be provided to enable the operators to visually check the tracking system trailer during operations.  The equipment shelter shall provide outside lighting on all four sides.  Emergency lighting shall be provided on the inside of the equipment shelter.  Exhaust fumes from the generator must be prevented from entering the equipment shelter and the equipment shelter air conditioning system.  The equipment shelter shall be equipped with a work platform over the entire length and width of the shelter.  This work platform shall not touch the roof of the equipment shelter but shall be supported along the sides of the shelter.  The work platform shall be equipped with removable safety rails.  Access panels shall be provided from the work platform to the equipment shelter for any cable interconnections between equipment attached to the platform and the corresponding equipment inside the equipment shelter.  The equipment shelter shall be capable of accepting power from two sources and provide an automatic switch for two power sources.  The power input to the equipment shelter shall be three phase 120/208 VAC.  The power for the equipment in the shelter shall be filtered and backed up by a UPS.  The main lighting and air conditioning systems electrical loads are not required to be on the UPS.

3.4.1 Instrumentation Racks

Standard 19” wide instrumentation racks shall be used throughout the shelter for all equipment.  Each rack shall have an individual circuit breaker.  Physical access to all racks shall be possible from inside the shelter.  Each rack shall have access on at least two sides.  All instrumentation racks shall be shock and vibration isolated for air (C-17), sea and over the road travel.  Road travel shall include travel on unimproved roads.  The operations consoles shall be based on 19” wide instrumentation racks connected to cooling air.  The Contractor shall provide one 19” wide, full height expansion instrumentation rack, equipped with a power strip and connected to the cooling air supply.  The power to the expansion rack shall be filtered by an UPS.  The expansion rack shall be connected to power by its own 30 amp circuit breaker.  This expansion rack shall not be used by the Contractor for equipment needed to fulfill other requirements of this specification.  The expansion rack can be grouped with the other equipment racks and does not need to be physically isolated.

3.4.2 Environmental Control

The shelter shall utilize a commercial environmental control system for cooling and heating.  The shelter must be kept at an ambient temperature of 65 deg Fahrenheit for operations year round.  A heat loading analysis shall be provided by the Contractor to justify environmental control system sizing.  Since the system is mobile, considerations shall be made for operations in high and low humidity & temperature, salt spray near oceans etc.  The environmental control system shall be mounted to the shelter to provide ducted air within the shelter and the equipment racks.  More than one environmental control system shall be used to provide redundancy.

3.5 Tracking System Trailer

The tracking system trailer shall be used to transport the entire tracking system.  When the positioner is in the “fold down” configuration for travel it shall meet all requirements for air (C-17), sea and over the road travel, to include travel on unimproved roads.  The trailer shall provide outriggers, which shall maintain stability for the positioner operating at its highest dynamic rates as specified in Section 3.6.1 of this document and in the environmental conditions specified in Section 3.2 of this document.  The accuracy requirements defined in Section 3.6.1 shall also be maintained by the outriggers.  The outriggers shall be electromechanically operated.  The trailer shall have a central outrigger operations control, which shall also provide the operator with trailer leveling information.  The outriggers shall be capable of compensating for 5 degrees of terrain grade in both axes.  No part of the trailer or trailer mounted equipment shall extend past the trailer perimeter when the trailer is in the stowed for travel configuration.  The trailer-mounted equipment shall be capable of being completely collapsed and erected by two people.  The trailer shall include tool and accessory storage compartments.  The trailer shall include warning lights that indicate the pedestal servos are engaged and that an RF radiation hazard exists.  Interlocks shall be provided to minimize hazards to personnel maintaining or testing the system.  Safety provisions shall be used to prevent interlocks from being inadvertently overridden.  The tracking system trailer shall have the capability to determine its 3 dimensional location within +/- 30 feet.  The tracking system trailer shall also be equipped with an automated weather station to provide the operators with, at a minimum, real-time wind speed, wind gust speed, average wind speed, wind direction, and outside air temperature.  This weather data shall be provided to both the local and remote operations centers.

3.5.1 Tracking System Trailer & Equipment Shelter Interface

The tracking system trailer and equipment shelter shall be capable of a separation of up to 150 feet and maintain full operation.  The control and monitoring interface shall be over fiber optic cable.  The fiber optic cable shall be hardened tactical type.  The fiber optic cable shall be stored on a mechanical cable reel.

3.5.2 Portable Bore Sight System

The tracking system trailer shall be equipped with a small portable bore sight system configured for TM, CW radar and optics systems testing.  The bore sight system shall be one man portable and stored on the trailer.  Removal shall not be required in order to gain access to other trailer system equipment for setup or maintenance.  The bore sight system shall be capable of being operated and monitored at a maximum of 150 feet from the equipment shelter.  The portable bore sight system shall be manually height adjustable between 10 & 25 feet.

3.6 Positioner

The trailer-mounted positioner shall be of a dual opposed drive, elevation over azimuth, design.  The positioner shall be designed for “fold down” storage on the trailer.  All positioner electric motors shall be equipped with brakes, which shall be activated when the motors are de-energized.  A manual stow pin, for both axes, shall be provided for the system for transportation.  A remote stow pin, for the elevation axis, shall be provided that shall be capable of being remotely activated by the controller/operator when the positioner is fully erected.  The remote and manual stow pins can be the same or completely separate.  Weight is a major consideration and all efforts must be made to keep weight to the minimum necessary to comply with all sections of this Technical Specification.  The positioner shall be provided with a manual handheld controller.  The handheld controller shall allow the operator to walk completely around the tracking system trailer with the manual handheld controller.  The handheld controller shall give the operator full control of the positioner during maintenance or diagnostic activities.

3.6.1 Positioner Performance

The positioner shall provide a minimum of 30 degrees/second velocities in both axes.  The positioner shall provide acceleration in both axes of 30 degrees/second/second.  A maximum of 0.05 degrees of backlash shall be maintained for all velocities in both axes.  The positioner shall provide a minimum of 0.015 degree pointing accuracy at all angles, velocities and accelerations.  The positioner mechanical limits for motion in the elevation axis shall be –8/+188 degrees.  The electrical limits for the elevation axis shall be –5/+185 degrees.  The positioner shall provide continuous rotation in the azimuth axis.  Refer to Section 3.2 for operational wind limits.

3.6.2 Positioner Backup structure

The backup structure referred to in this specification is the structural interface between the positioner and the various subsystems.  The backup structure shall be divided into two sections, primary and secondary.  The primary backup structure shall be used to support all position sensitive subsystems (TM reflector, optics & radar).  The backup structure shall be securely attached to the positioner.  No part of the primary backup structure shall require disassembly for transport or “fold down”.  The Radar antenna elements shall not be removed from the positioner or positioner primary backup structure for transport. Since it shall not be removed, a protective cover shall be provided to safeguard the radar antenna(s) during transportation.  The parabolic reflector may employ secondary supports that can attach to the primary backup structure.  Emphasis shall be kept on system simplicity to ensure no more than two operations personnel are required to assemble the entire TRACS from the transport configuration.

3.6.3 Positioner Power

The positioner shall operate on 3 phase 120/208 AC power.  The trailer shall be equipped with a power distribution center allowing electrical isolation of the positioner. 

3.6.4 Positioner Slipring

The positioner shall accommodate continuous rotation in the azimuth axis facilitated by the use of a slipring assembly.  The Contractor shall provide a sufficient number of slipring channels to meet all the requirements listed in this Technical Specification.  The slipring sub-system shall have connectors installed on both ends to facilitate easy removal.  The slipring sub-system shall be designed to provide expansion for all the options and 10% spare signal channels and 3 spare electrical power channels.  The slipring sub-system shall be braced adequately to prevent damage during transport.  Allowances shall be made for the fiber optical rotary joint (Section 3.6.5) and the mechanical rotary joint (Section 3.6.6).  Provisions shall be made to accommodate pressurized air for the prime focus feed.  If liquid coolant is necessary for other systems on the positioner, all coolant lines will be isolated from all electrical components on the positioner.

3.6.5 Positioner Fiber Optic Rotary Joint (FORJ)

The positioner shall accommodate continuous rotation in the azimuth axis facilitated by the use of a 3 pass 3 channel single mode fiber optic rotary joint. The FORJ shall have no data dropouts on any channel.  The maximum insertion loss for any channel shall be 4.0 db.

3.6.6 Positioner Mechanical Rotary Joint

The positioner shall accommodate continuous rotation in the azimuth axis facilitated by the use of a mechanical Rotary Joint (RJ) assembly adequate to meet all the requirements of this Technical Specification.  The RJ shall be designed to provide expansion for all the options.  The RJ shall be braced adequately to prevent damage during transport.

3.6.7 Positioner Pedestal Interface

All positioner control and monitoring electronics shall be located in a environmentally sealed enclosure mounted to the outside of the positioner.  The pedestal interface shall be located such that no equipment shall require removal in order to gain access to the pedestal interface when the positioner is either stowed or erected.

3.6.8 Positioner Controller Interface

Arcata can provide as Government-Owned Contractor Furnished Equipment (GOCFE) a Telemetry Communications Systems, Inc. (TCS) M-1 PC-based Antenna Control Unit (ACU) to be located in the equipment shelter.  Additional details are covered in the ACU software Section 3.16.3.

If the vendor has a design that precludes the use of the TCS ACU, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.

3.6.8.1 Global Positioning System (GPS) Timing

As part of the Positioner Controller, the TRACS shall have a GPS system capable of delivering GPS-based IRIG-B amplitude-modulated time code to the Positioner Controller.

3.6.9 Positioner Control & Monitoring

The positioner shall be operated either locally or remotely (Section 2.2) with provisions that control shall be either remote or local and not simultaneous.  The positioner shall, however, have monitoring capabilities at both the remote and the local sites simultaneously.  The system shall be equipped with an emergency override command/procedure to switch between either local or remote control.

3.7 Telemetry

The telemetry (TM) system is made up of a downlink operating in the L, S & C Frequency Bands (Table 3.7.5-1) and uplink capability in the L & S Frequency Bands (Table 3.7.5-2).  The TM system shall utilize a parabolic reflector to provide high gain for transmission and reception in the L, S & C frequency bands (Table 3.7.8-1).  The TM system shall provide for polarization diversity reception of telemetry RF signals as specified in Table 3.7.5-1 and Table 3.7.5-2.  The Positioner Controller (Section 3.6.8) shall provide for control and operation of the TM system.

3.7.1 TM Reflector

The reflector shall be parabolic and the f/D ratio shall be optimized for the least degradation on error gradients to meet the G/T requirements in Section 3.7.9.  When collapsed for travel the reflector shall either fold or be sectional and/or removable and stowed on the tracking system trailer.  If the reflector is disassembled for travel it shall require no more than two people to disassemble or assemble.  The reflector side-lobes shall be a minimum of 18 dB below main beam.

3.7.2 TM Prime Focus Feed 

The prime focus feed shall be removable from the support spars and reflector.  The feed shall be stored in a container on the trailer for transport.  The feed storage container shall be easily secured and removable from the trailer.  The operators shall be able to reinstall the feed without having to perform any focal point adjustments. The support spars shall be removable from the reflector separately and stored on the trailer for transport.

3.7.3 Telemetry Frequencies

The TM frequencies for reception and transmission are listed in Table 3.7.5-1 and Table 3.7.5-2.

	Receive Frequencies

	Band #
	From (MHz)
	To (MHz)
	Polarization
	Notes

	1 (L)
	1435
	1525
	R/L CP
	Simultaneous polarization reception

	2 (L)
	1756
	1850
	R/L CP
	Simultaneous polarization reception. 

	3 (S)
	2200
	2290
	R/L CP
	Simultaneous polarization reception

	4 (S)
	2360
	2390
	R/L CP
	Simultaneous polarization reception

	5 (C)
	4550
	4850
	R/L CP
	Simultaneous polarization reception


Table 3.7.5-1 TM Receive Frequencies

	Transmit Frequencies

	Band #
	From (MHz)
	To (MHz)
	Polarization
	Notes

	6 (L)
	1800
	1850
	R/L CP
	L-Band uplink mode allowing transmit in Band 6, while allowing reception for Bands 1, 2, 3 & 4 

	7 (S)
	2030
	2115
	R/L CP
	S-Band uplink mode allowing transmit in Band 7 and reception in Bands 1, 2 & 3


Table 3.7.5-2 TM Transmit Frequencies

3.7.4 TM Interference

The feed shall provide for filtering to eliminate RF interference from the following sources.  A minimum of 80db isolation shall be provided between the sources listed below and the operational frequencies of the feed assembly.

	Radar
	TX Pwr. (MW)
	TX Freq (GHz)

	FPS – 16
	1.0
	5.4-5.9

	RIR – 16
	1.0
	5.4-5.9

	AN-TPQ-14 (FAA)
	2.0
	1.27 / 1.327

	ASAR-5 (FAA)
	2.0
	2.712 / 2.82


Table 3.7.6-1 RF Interference Sources

NOTE:  Another cause of RF interference is cell phone sites in the local area. The use of notch filters manufactured by Micro-Tronics (209) 532-1008, Model # BRC-12854 has eliminated this problem.  Any filters that meet the performance specifications of the referenced filters are acceptable for use.

3.7.5 TM Modulation

The TM receiving system modulation schemes required shall be FM, PM, AQPSK, and BPSK.

3.7.6 TM C-Band Feed

The C-Band feed shall operate over the 4550-4850 MHz range.  The C-Band feed shall down-convert the 4550-4850 MHz RF signals to the 830-1130 MHz band.

3.7.7 Uplink Amplifiers

The uplink system shall be capable of transmitting over the frequency bands listed in Table 3.7.5-2.  The amplifiers shall be capable of maintaining a 6dB link margin to LEO vehicles at a slant range of 1200 nautical miles.  The amplifiers shall be linear, allowing user selectable output levels in 0.5 db increments.  The uplink system shall be capable of transmitting FM, PM, BPSK, Linear PSK, true TV FM, PCM FM, QPSK and PCM PM.  The uplink system shall contain two independent amplifiers.  The operator shall have the ability to select one amplifier as primary and one amplifier as backup.  The uplink system controller (Section 3.16.9) shall transfer from the primary to the backup transmitter when a drop in output power of 3db or more is detected.  The switching time shall be less than 0.5seconds.  The amplifiers shall be mounted to an appropriate portion of the pedestal back up structure and allow for easy access when the positioner is erected or folded for travel.  No equipment or parts shall require removal in order to gain access to the amplifiers or amplifier enclosure.  The uplink subsystem shall be required to operate for up to 24 hours continuously.

3.7.7.1 Uplink Amplifier Option

Arcata can provide as Government-Owned Contractor Furnished Equipment (GOCFE) an Uplink Amplifier system.  This system will be a WV Communications, Inc Model # 1750-1850/2025-2120/100ra-r.  If the vendor has a design that precludes the use of the WV Communications uplink system, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.

3.7.8 Telemetry Receivers

Arcata will provide as GOCFE (4) Lumistar LS-24-RTR telemetry receiver chassis for each TRACS system.  Each chassis will contain (2) RF receivers and (1) diversity combiner.  The Contractor shall use the Lumistar LS-24-RTR receivers and provided software (Section 3.16.5) as the primary TM receivers.

3.7.9 TM System Performance

The TM subsystem shall be designed to provide G/T performance compliant with Table 3.7.8-1.  The G/T measurements shall be taken at the input to the TM Receiver.
	Frequency
	G/T Performance

	4600 MHz
	19 dB/K0

	2250 MHz
	17 dB/K0

	1442 MHz
	13 dB/K0


Table 3.7.8-1 G/T Performance

3.8 Optics

The long-range optics system shall be comprised of a camera, lens, and associated equipment mounted to the positioner primary backup structure.  The camera and lens subsystem shall be collimated along the RF center of the TRACS reflector (Section 3.7.1).  The optics-mounting configuration shall allow for 3-axis manual adjustments to assist the collimation.  The manual adjustments shall require only common hand tools.  These adjustments shall not require more than two operations personnel.  The initial adjustments shall be performed at the Contractor’s facility. The optics system shall not require removal for travel/transport.  Two options for meeting the requirements for the optics subsystem are presented.  Option 1 is to provide an optics system compliant with Sections 3.8.1.1 and 3.8.1.3.  Arcata can supply as GOCFE an optics system meeting these specifications and all required equipment manuals.  Option 2 is to provide a HDTV optics system compliant with Section 3.8.1.2 and 3.8.1.4.  Should the vendor decide to use the GOCFE optics system, all equipment and documentation shall be provided within 30 days to the vendor’s facility.  The optical data shall be recorded in the shelter in standard NTSC or High Definition format depending on the option selected by the vendor.  The recorded optical data shall be of quality suitable for post-production editing, depending on the option selected by the vendor.  The GOCFE tracking camera has composite as well as component video output.  The Video Tape Recorder (VTR) should be broadcast quality with component recorder capability.  The reason for the component recording is it offers higher quality signal and is required for postproduction.  The VTR for the TRACS Option 1 shall be equal to the capabilities of the Panasonic DVCPro 50, Sony Betacam, or Digibetacam.  The High Definition VTR shall record in a component digital format.  The recorder bit rate shall be no less than 100 megabits per second. The VTR for the TRACS Option 2 shall be equal to the capabilities of the Panasonic DVCPro100HD, D-5, or Sony HDCam.  The Contractor shall present cost and performance proposals for the GOCFE optics system and the optional HDTV system.
3.8.1 Optics Specifications

The optics system shall be mounted in an environmentally sealed enclosure for protection.  The enclosure shall be pressurized and provide a visual indicator to warn of pressure leakage.

3.8.1.1 GOCFE Camera

The GOCFE camera has the following specifications:  3CCD Color format CCDs - 800 TV Lines Resolution, 64db S/N, Minimum sensitivity .9 lux, 12-bit A/D - External Triggering, long-term integration - RS-232 Interface - Outputs: Composite, Y/C.

3.8.1.2  HDTV Camera Option

The HDTV Camera to be used for the optional optics subsystem shall meet the following specifications: 3CCD Color format – 2/3” CCDs with a minimum of 800 lines of horizontal resolution, a bayonet-type lens mount, optical filter (color filter 3200K, 4300K, 6300k ND filter 100%, 25%, 6.3%, 3.2%), standard sensitivity 2000 lx @ F9.5, 4 mode variable shutter, external genlock, and support of RS-232, RS-422, or RS-485 protocols for the remote interface.  The camera output shall be VBS (NTSC). The camera shall also provide the following remote control options: gain in db, color gain (black and white), shutter control, black level, iris level (automatic & manual), detail level, and scene files, auto white and black functions, and control of the optical filter.  The camera shall provide onboard image stabilization with remote on/off capability.  The camera shall provide as an output a video signal compliant with SMTPE Standard 296 for 720 Progressive High Definition Television.

3.8.1.3 GOCFE Lens

The GOCFE lens consists of an Auto-iris broadcast quality motorized zoom lens with the following characteristics:  20 mm to 1100 mm zoom, 40 mm to 2200 mm with motorized 2X range extender, 1-inch format, f/3 (f6 with 2X), ND Spot filter, preset follower pots.

3.8.1.4 HDTV Lens Option

The Lens to be used for the HDTV optics subsystem shall meet the following specifications:  Broadcast quality motorized zoom lens with remote capable auto/manual iris, zoom and focus servo controls.  Controls shall be digital to reduce possible interference.  A Bayonet type lens mount shall be used.  The starting lens focal length will be 13.5 mm selectable to a minimum of 2380 mm.  This lens shall use a 2X extender.  The maximum relative aperture shall be F2.4, and with an extender F11.6.  The maximum lens weight with servos shall not exceed 60 pounds.

3.8.2 Optics Control & Monitoring

The optics system shall be controlled wherever the operator is located, either at local or remote positions as defined in Section 2.2.  The optics system shall have monitoring capabilities at both the remote and the local sites simultaneously.  The optics system shall be operable via the Positioner/ACU GUI controller.  Optics control functions for zoom, manual/auto focus, and manual/auto iris shall be possible from the positioner/ACU touch screen control computer and from joystick pushbuttons.  There shall be a Camera Control Unit (CCU) as well as the focus and zoom controls to the lens.  This shall enable the operator to observe the camera and lens adjustments that are made at the local or remote operations center.

3.9 UHF/VHF Communications

3.9.1 UHF/VHF Frequency Bands

The voice communications system shall incorporate three transceivers.  The transceivers shall be located to reduce RF line losses.  However, regardless of transceiver location, they shall be capable of either local or remote control.  The transceivers shall be limited to only remote or local and not simultaneous control.  The transceivers shall have monitoring capabilities at both the local and the remote sites simultaneously.  The voice communications system shall, at a minimum, accommodate the following specifications listed in the tables below:

	#
	Freq / Modulation
	B/W / Tuning Increments
	Notes

	1
	116-149 MHz, AM
	25/25 kHz
	Flight Operations / STS Voice Comm

	2
	225-399 MHz, AM
	25/25 kHz
	Flight Operations / STS Voice Comm

	3
	121-145 MHz, FM
	20/25 kHz
	ISS Voice Comm.

	4
	160-174 MHz, FM
	10/25 kHz
	Ground Operations Voice Comm.

	5
	400-420 MHz, FM
	 10/25 kHz
	Ground Operations Voice Comm.


Table 3.9.1-1 UHF/VHF Frequency Bands

3.9.2 UHF/VHF Transmit Specifications

	Audio Response
	RF Output 

Impedance
	Spurious Outputs
	Harmonic Outputs
	High VSWR Operation
	Duty Cycle

	300-3000 Hz
	50 ohms
	>65 dB below CW
	> 50 dB below CW
	> 3 to 1
	Continuous


Table 3.9.2-1 UHF/VHF Transmit Specifications

3.9.3 UHF/VHF Receive Specifications

	Audio Response
	Input Impedance
	Spurious Response
	Image Response

	300-3000 Hz
	50 ohms
	75 dB down
	75 dB down min.


Table 3.9.3-1 UHF/VHF Receive Specifications

3.9.4 UHF/VHF Modulation

See Table 3.9.1-1 above.

3.9.5 UHF/VHF Uplink / Downlink System Gain

Use the following specifications to determine the required ground system VHF / UHF uplink and downlink system gain.  The uplink amplifier power output for the voice communication radios may be adjustable.  Sinad for Airborne and Ground Receivers is 10 dB and the link margin is 10 dB.  UHF Receive preamps may be used.  

	#
	Frequency/

Modulation
	Slant

Range
	Airborne Transmit EIRP
	Notes

	1
	116-149 MHz, AM
	1500 miles
	+35 dBm
	Flight Operations / STS Voice Comm

	2
	225-399 MHz, AM
	1500 miles
	+28 dBm
	Flight Operations / STS Voice Comm

	3
	121-145 MHz, FM
	1500 miles
	+29 dBm
	ISS Voice Comm.

	4
	160-174 MHz, FM
	50 miles
	+26 dBm
	Ground Operations Voice Comm.

	5
	 400 – 420 MHz, FM
	50 miles
	+30 dBm
	Ground Operations Voice Comm.


Table 3.9.5-1 VHF / UHF Downlink Gain Calculation Specifications

	#
	Frequency/

Modulation
	Slant

Range
	Airborne Receive Sensitivity
	Notes

	1
	116-149 MHz, AM
	1000 miles
	-97 dBm
	Flight Operations / STS Voice Comm

	2
	225-399 MHz, AM
	1500 miles
	-97 dBm
	Flight Operations / STS Voice Comm

	3
	121-145 MHz, FM
	1500 miles
	-97 dBm
	ISS Voice Comm.

	4
	160-174 MHz, FM
	50 miles
	-97 dBm
	Ground Operations Voice Comm.

	5
	 400 – 420 MHz, FM
	50 miles
	-97 dBm
	Ground Operations Voice Comm.


Table 3.9.5-2 UHF/VHF Uplink Gain Calculation Specifications

3.9.6 UHF/VHF Power

The transceivers and amplifiers shall operate on 120 VAC.

3.9.7 UHF/VHF Antennas

The UHF/VHF subsystem shall include both a directional and an omni-directional antenna.  The UHF/VHF communications transceiver shall be capable of being switched between the directional and omni antennas.  The directional antenna will be mounted to the reflector (Section 3.2.1).  The omni antenna shall be mounted to the crew shelter (Section 3.7.2).  The Directional Communications antenna(s) shall provide Linear (Vertical & Horizontal) and Circular (Left & Right-Hand) polarizations.  The antenna(s) shall have 50 Ohm impedance.

3.9.8 UHF/VHF Switching

The operator shall have the ability to switch between antennas, and be visually alerted to the antenna configuration (Section 3.16.8).  There shall be no default switch setting.  The antenna switching shall be available in both local and remote modes, but not simultaneously.

3.9.9 Intercommunications

The transceivers shall be capable of being interfaced to the WATR Digital Integrated Communication Electronics System (DICES).  The transceivers shall allow keying by use of the DICES communication system.  The DICES communications interface specifications are: 

Input/Output Impedance
600 ohms

Input/Output Level 

0 dBm

Keying



Ground

3.9.9.1 Operator Intercommunications

The TRACS shall include a closed circuit intercom capability between the pedestal trailer and the equipment shelter.

3.9.10  International Space Station Voice Communications Option 

Arcata can provide as GOCFE two (2) complete International Space Station (ISS) Communication Transceiver systems with antenna(s) for the Contractor to integrate into the system.  These transceivers will cover the frequencies listed in item #3 of Table 3.9.1-1 above.  All drawings, integration diagrams, schematics, and manuals will be provided.  If the vendor has a design that precludes the use of the ISS Communication Transceivers, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.
3.9.11  UHF/VHF Radio Option

Arcata can provide as GOCFE three complete URC-200 radio transceiver systems with omni antenna for the Contractor to integrate into the system.  All drawings, integration diagrams/schematics, and manuals will be provided.  If the vendor has a design that precludes the use of the URC-200 radio transceivers, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.
3.10 Flight Termination System

The Contractor shall provide a dual redundant Flight Termination System (FTS).  The operational frequency range is 370-450 MHz.  The FTS system shall consist of power supplies, High Power Amplifiers (HPA), Exciter/Tone generator, switching unit, high power omni antenna, and associated signal and power cables.  Due to certification requirements by the Dryden Range Safety Systems Office (RSSO) the FTS design/model number shall be compliant with the IRIG Standard for UHF Command Systems IRIG Std 208-85, and must have a system and major component (HPA power supply, exciter/tone generator, HPA, etc.) with a MTBF of at least 5000 hours.  The system when operational shall provide a link margin of 12 db with the target at a maximum range of 250 statute miles.  The target antenna should be assumed to be omni-directional, linearly polarized with 0 db gain.  Target line losses should be 5 db maximum and the FTS receiver sensitivity shall be maximized at –107 db.  Refer to Section 3.16.7 for details on the software controls required for the FTS subsystem.  The FTS system shall have a remote control panel which will control the FTS Carrier, Transmitter select, Arm, Dearm, Terminate and Optional command functions. The remote control panel shall be one rack unit high. The WATR shall be changing to the Enhanced Flight Termination System (EFTS).  The system design shall make all design accommodations for a seamless transition to the EFTS when the change occurs.  Arcata shall provide all design drawings and documents needed for the EFTS interfaces needed.

3.10.1 FTS High Power Amplifier

The power output of the HPA shall be user selectable over the entire available output (0-1KW). The output level shall be selectable in 0.1 db increments.  The power stability shall not exceed +/- 5.0 %. The HPA system shall provide protection to prevent cascading amplifier failure.

3.10.2 FTS Exciter / Tone Generator

The system shall be capable of generating 6 simultaneous IRIG Tones from the accepted 20 IRIG Tones listed below:

	Audio Channel
	Frequency (kHz)
	Audio Channel
	Frequency (kHz)

	1
	7.50
	11
	25.01

	2
	8.46
	12
	28.21

	3
	9.54
	13
	31.83

	4
	10.76
	14
	35.90

	5
	12.14
	15
	40.49

	6
	13.70
	16
	45.68

	7
	15.45
	17
	51.52

	8
	17.43
	18
	58.12

	9
	19.66
	19
	65.56

	10
	22.17
	20
	73.95


Table 3.10.2-1 IRIG FTS Tones

The frequency stability for the tones is +/- 0.01%, and for the carrier frequencies shall be +/- 0.0005%.  These stabilities shall be attained after no more than 15 minutes for system warm up.

3.10.3 FTS Power Supply

The two independent power supplies shall operate on 120/208 3-phase AC, electrical power.

3.10.4 FTS Receiver Decoder

The FTS subsystem shall utilize a FTS receiver/decoder to verify proper FTS system operation.  The receiver decoder data shall be time tagged and stored within the TRACS system. 

3.10.5 FTS Antenna

The FTS antenna subsystem shall utilize an omni antenna rated for a minimum of 5 Kilowatt Constant Wave (CW) RF energy.  The antenna shall be connected to the RF output of the Controller/Switch.  The antenna shall be left hand circular polarized.  Gain of the antenna shall be at the Contractors discretion to meet the link margin requirements.

3.10.6 FTS Switching Unit

The FTS switching unit shall provide for local and remote switching between the primary and backup HPAs.  The switching unit shall also provide the ability (locally and remotely) to designate either of the HPAs as primary or backup.  The FTS switching unit shall provide for automatic switching between the primary and backup HPAs.  Switching between the primary and backup HPAs shall occur if the power level of the primary HPA drops by 3 db.

3.10.7 FTS Option 1

The Contractor shall present as an option the addition of a directional FTS antenna.  The directional antenna shall have a minimum of 15 degree and a maximum of 35 degree beam-width in both axes.  The directional antenna option shall include a switch allowing the operator to change the HPA output between the omni and the directional antennas.  The directional antenna shall be mounted on a positioner allowing for pointing based on an external slaving source.  The directional antenna and positioner shall be mounted to an antenna mast.  The antenna mast shall be pneumatically operated, and shall be capable of being raised to a maximum of 60 feet above the equipment shelter.  The antenna mast shall be mounted to the roof platform of the equipment shelter.  The directional antenna shall not replace the omni antenna, only supplement it.

3.10.8 FTS Option 2

Arcata can provide as GOCFE a complete FTS system with omni and directional antennas for the Contractor to integrate into the system.  All drawings, integration diagrams/schematics, manuals and software will be provided.  If the vendor has a design that precludes the use of this FTS, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.
3.10.9 FTS Remote Control & Monitoring

The FTS shall be capable of either local or remote control, with provisions that control shall be limited to only remote or local and not simultaneous control. The FTS shall have monitoring capabilities at both the remote and the local sites simultaneously (Section 3.16.7).

3.11 Test Equipment 
The Contractor shall, with the approval of Arcata, determine the test equipment required to perform the routine pre-mission tests listed below:

Figure of merit (G/T), Noise figure, RF power, BERT, Video levels (consider the HDTV option), Standard Definition or High Definition video monitor along with the correct format waveform\vectorscope, RF & Video (color bars) signal simulation, Power Amplifier-power output, exciter frequency accuracy and deviation. The Contractor shall provide a list of test equipment required for preventative and remedial maintenance.

Because of the automation and the use of digital electronics, the Contractor will discuss with Arcata the possible elimination of test equipment no longer needed due to built in test or reliability/repeatability of new equipment operations.  The Contractor will use PC based test equipment when available.  The test equipment selected shall not be required to operate in the upper or lower 10% of the test equipment range.

3.12 Radar

The radar shall be Constant Wave (CW) Doppler type radar.  The radar shall have the performance and capabilities equivalent to the Weibel MFTR-2100.  The radar shall interface to the NASA Radar Information Processing System (RIPS).  A RIPS system will be provided to the Contractor as GOCFE for integration into the equipment shelter (Section 3.12.2).

3.12.1 Radar Specifications

The radar subsystem antenna(s) shall be co-mounted with the other subsystems on the positioner.  The radar subsystem shall be powered by 3-phase 120/208 VAC.  The radar shall be capable of tracking a minimum of 10 targets simultaneously in real-time and outputting the tracking data for the minimum 10 targets.  The tracking data shall consist of UTC time, range in yards, and azimuth and elevation of the target(s) in degrees.  The tracking data output shall be at a maximum of 100 Hz (per parameter) sample rate in asynchronous RS 232 format.  All tracking data shall be recorded on the radar subsystem.  The radar will be capable of skin or transponder tracking modes, or a combination of both.  The operator shall have the capability of selecting the mode of tracking and the tracking target in real-time.  The radar shall be capable of tracking a 0 dbm/1 square meter cross sectional area target at a minimum range of 130 nautical miles slant range.  The maximum range resolution for the radar subsystem shall be +/- 2.5 meters at 130 nautical miles.  Angle resolution shall be a minimum of 0.015 degrees in both azimuth and elevation.  The angle resolution will remain the same for both skin and transponder tracking. 

3.12.1.1 Radar Option for LEO Support

The vendor shall propose as an option, a radar system that shall support tracking of targets in LEO at the 1200 nautical mile slant range specified for uplink in Sections 3.7.7.

3.12.2 Radar Information Processing System (RIPS)

The radar subsystem will interface to the Radar Information Processing System.  Arcata will provide as GOCFE a complete RIPS system to integrate into the system.  All drawings, integration diagrams/schematics, manuals and software will be provided.  The purpose of the RIPS is to provide the ability to acquire data from a variety of sources and process that data for subsequent distribution to Project Users in the WATR Mission Control Center (MCC) in real-time and in a post-flight mode.  Additionally, RIPS is used to provide pointing or acquisition data used for additional radar, communications, FTS, video, and telemetry assets.  Refer to Appendix C of this document for details regarding the RIPS interface to the TRACS.

3.13 Data Communications

The data communications system will be capable of transmitting PCM data, video, audio and command, control & monitoring signals.  The data communications system may multiplex the data for greater efficiency of the transport medium.  The data communications system will accommodate at a minimum (4) PCM data streams in any variation of formats, NRZ-L/S/M, RNRZ, Bi-Phase and PSK.  The data rates for the PCM streams will vary from 400 bits per second to 10 Mb/s.  The data communications system will also transport (2) NTSC videos, one standard T-1 for all Voice communications, and all signal formats needed for remote control and monitoring.  The Contractor will be limited to 6 single mode fibers for all communications needs.  The shelter communications interface will be equipped with ST type connectors.  DFRC will provide the single mode tactical fiber for connection between the shelter and the remote control center.

3.13.1  Multiplexing

The PCM signals may not be compressed for multiplexing.  The video may be compressed using the MPEG 2 format.  The multiplexer will provide a tape recorder output for data recording at the local and remote sites. 

3.13.2  Power

The data communications system will operate on 120 VAC.

3.13.3  Bandwidth

The data communications system interconnection will be designed to minimize bandwidth usage.  Bandwidth will be based on standard TELCO rates (T-1, DS-3, OC-3, etc.).

3.13.4  Range Communications Interface

The data communications interface will utilize single mode fiber-optic media with ST connectors on all jacks. 

3.13.5  Control & Monitoring

The data communications system will be operable either manually or remotely with provisions that control will be limited to only remote or local and not simultaneous control.  The data communications system will have monitoring capabilities at both the remote and the local sites simultaneously.

3.14 Data Routing

The Contractor will determine the method for data routing at the equipment shelter.  The capability to perform all operations and monitoring of the data routing sub-system is required at both the local and remote operations centers.  The data routing will require operation to facilitate system configuration for pre-mission tests and remote diagnosis for preliminary fault troubleshooting.  The Contractor will provide all insertion loss and latency information and any tradeoffs between different designs.

3.15 Data Recorders

Arcata will provide as GOCFE data recorders.  The specifications, capabilities and detailed information about the recorders will be delivered to the Contractor after contract award.  If the vendor has a design that precludes the use of the GOCFE data recording system, a cost/performance analysis shall be provided to Arcata to define the benefit of not using the GOCFE while still meeting the system performance requirements of this Technical Specification.

3.16 Software

Figure 3.16-1 provides an overview of the software interfaces for TRACS.  The primary operator of the system will sit at the Main Operations Console (MOC), which will contain control of the optics system, the feed, and the ACU.  The diagram illustrates that the software for uplink, UHF/VHF communications, FTS, radar, and the telemetry receivers will all provide health and status information to the MOC.  The MOC is not required to have direct control over these assets, but essential status information must be available to the MOC operator at the console.  During operations, if the MOC receives an error message from one of the TRACS assets, the primary or secondary operator could turn to the software for that asset for further troubleshooting and problem correction.

“System software” is defined as software which is used to control the seven main hardware assets of the pedestal system:  the ACU, the optics, the telemetry hardware, the radar hardware, the uplink controller, UHF/VHF radio hardware, and FTS system.  The term “software” is used for easy recognition, but these processing functions may be alternately be performed by firmware.
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 Figure 3.16-1  Software overview

3.16.1.1 Operating System

All system software shall operate on an operating system supporting a graphical user environment.

3.16.1.2 Configuration storage

All system software shall allow for system memory storage of a configuration file, or files as appropriate, containing all parameters required for system setup.

3.16.1.3 Configuration file format

The configuration file or files shall be in an ASCII or Unicode format, and shall be editable in a standard text editor outside the system software.  It shall be possible to store the file on removable media for transfer to external systems for editing.  Extra consideration will be granted for configuration file storage in XML format.

3.16.1.4 User’s Guide

All system software shall be delivered with a User’s Guide, which shall cover, at a minimum:

Every function and operating mode of the software

Descriptions of the configuration files

Keyword/acronym definitions

3.16.1.5 Ease of Use

All system software shall require no more than 3 button clicks to access information or change options for daily/routine operations.  For maintenance functions, upgrades, or rarely accessed information, more button clicks are allowable.

3.16.1.6 System Status Conditions

System status conditions shall be indicated to the operator via colors (font color, button color, box or light panel color).  Red shall be used to indicate non-functional components or processing functions of the system.  Yellow shall be used to indicate potential problems with components or processing functions.  Green will be used to indicate components and processing functions that are fully operational.

3.16.1.7 Data entry confirmation

The system software shall provide positive confirmation of valid data entry or actions taken; for example, the system shall provide visual feedback to the operator so the operator knows that the system has accepted the action and is processing it.

3.16.1.8 Real-time processing functions status indicator

All real-time processing functions shall provide a status indicator to the operator during processing.  This indication will confirm that the commanded action has occurred thus providing the operator with a closed-loop indication.  This will not be merely a “signal has been sent” status.

3.16.1.9 System description

Preliminary system descriptions including hardware, software, and layout of operator console and displays shall be delivered at the Preliminary Design Review (PDR) and finalized versions delivered after the Critical Design Review (CDR).

3.16.1.10 Flow charts

Preliminary flow charts or diagrams showing hardware data busses, hardware interfaces, software interfaces, data flow, and power systems shall be delivered at the PDR and finalized versions delivered after the CDR.

3.16.1.11 Software Design Descriptions

Preliminary logic diagrams and software design descriptions shall be delivered at PDR and finalized versions delivered at CDR.

3.16.2 Main Operations Console

3.16.2.1 Interface to ACU

The MOC shall provide direct control of all ACU software functions listed in Section 3.16.3 ACU Software.

3.16.2.2 Interface to Optics Software

The MOC software shall interface to the optics software for control of the features described in 3.16.4.1 Camera Health and 3.16.4.2 Camera Functions.

3.16.2.3 Interface to Telemetry Software

The MOC software shall receive and display telemetry receiver health and status information as described in section 3.16.5.1 Telemetry Interface to MOC.

3.16.2.4 Interface to Radar Software

The MOC software shall receive and display radar health and status information as described in section 3.16.6.1 Radar Interface to MOC.

3.16.2.5 Interface to FTS Software

The MOC software shall receive and display FTS health and status information as described in section 3.16.7.1 FTS Interface to MOC.

3.16.2.6 Interface to UHF/VHF Radio Software

The MOC software shall receive and display VHF and UHF communications health and status information as described in section 3.16.8.1 UHF/VHF Interface to MOC.

3.16.2.7 Interface to Uplink Controller Software

The MOC software shall receive and display uplink communications health and status information as described in section 3.16.9.1 Uplink Interface to MOC.

3.16.3 ACU Software

3.16.3.1 Command Entry

The ACU software shall provide operator control through a touch screen. 

3.16.3.2 Position Control

The ACU software shall accept operator elevation and azimuth commands through mounted handwheels.

The ACU software shall accept operator elevation and azimuth commands through a joystick.

3.16.3.3 Slaving

The ACU software shall accept for positioning purposes data input via the NASA WATR MODE1 format as described in Appendix C.

3.16.3.4 Parameter Monitoring

The ACU software shall display to the user, at a minimum:

Health and status of all the positioner-mounted instruments

Commanded azimuth and elevation (graphical & digital)

Actual azimuth and elevation (graphical & digital)

Local and GMT time based on IRIG-B

Local date based on IRIG-B

Current operating mode (slave, manual, or Autotrack)

Communication status with the positioner

3.16.3.5 Safety Lock-Out Feature

The ACU software shall provide a feature for disabling control of the pedestal.

3.16.3.6 Help Feature

The ACU software shall contain a Help dialog accessible from the main operating screen.

3.16.3.7 ACU Interface to MOC

All functions of the ACU described in this section shall be available in the MOC.

3.16.4 Optics Software

3.16.4.1 Camera Health

The optics software shall report status of communications with the camera (communications successful or unsuccessful).

3.16.4.2 Camera Functions

The optics software shall allow the operator to perform the following functions on the camera:


Power on/power off


Auto Focus


Manual Focus


Optical zoom in / zoom out


Digital zoom in / zoom out


Day / night light condition control


White balance control

3.16.4.3 Optics Interface to MOC

The optics software shall allow for control of the features described in Camera Health and Camera Functions through the MOC software interface.

3.16.5 Telemetry Software

3.16.5.1 Telemetry Receiver Interface to MOC
The telemetry software shall communicate health and status to the MOC software.

3.16.6 Radar Software

3.16.6.1 Radar Interface to MOC
The radar software shall communicate health and status to the MOC software.

3.16.7 FTS Software

3.16.7.1 Command latency

Command latency shall not exceed 200 ms.

3.16.7.2 FTS Software Control Functions

The following tests will be performed by the Built In Test Equipment (BITE)
FTS BITE Tests:

1.Modulation

2.Deviation

3.Received Signal strength

4.Bandwidth

5.Carrier frequency

6. Tone Frequency

7. Forward Power

8. Reverse Power

9. VSWR
The FTS software shall provide the following control functions:



Transmitter:



1. Power on/off



2. Carrier on/off



3. Adjusting the percentage of deviation



4. Adjusting the RF power output level

         5.  Carrier frequency control

         6.  Primary / Backup transmitter select


         7.  Directional / Omni antenna select



Power Amplifier:



1. Power on/off



2. RF bypass on/off

        FTS monitor Receiver Control parameters:

         1.  Receiver 0n/off

         2.  Receiver frequency


         3.  Command tone set

3.16.7.3 FTS Software Monitor Parameters

The FTS software shall provide the following monitor parameters:


Transmitter:



1. Forward Power



2. Reflected Power



3. Power on/off



4. Carrier on/off



5. Percentage of Deviation/Modulation



6. Transmitter Local/Remote Status



FTS Monitor



1. Carrier frequency indicator



2.  Primary / Backup transmitter indicator



3.  Directional / Omni antenna indicator



4.  Command generation request indicator:  

Check, Dearm, Arm & Terminate



5.  Command generation indicator: Check,, Dearm, Arm & Terminate



6.  Transmitter and System failure alarms



7.  Directional and Omni Antenna VSWR alarm



Power Amplifier:

1. Forward Power

2. Reflected Power

3. Power on/off

4. RF Bypass mode



Off-air independent FTS Monitor Receiver parameters: 



1. Carrier on/off display



2. Carrier level display



3. Carrier Frequency display



4. Received Tones indicator



5. Command decode display: Check, Arm, Dearm and Terminate
3.16.7.4 FTS Interface to MOC

The FTS software shall communicate the status of the parameters described in Section 3.16.7.2 FTS Software Monitor Parameters to the MOC software.

3.16.8 UHF/VHF Radio Software

The following tests will be performed by the Built In Test Equipment (BITE)
Communications  BITE Tests:

1. Receive sensitivity / squelch threshold

2. Forward Power

3. Reverse Power

4. VSWR

3.16.8.1 Radio Control Functions

The radio software shall provide the following control functions:

1. Power on/off

2. Frequency selection

3. Frequency adjust

4. Modulation type adjust

5. Modulation percentage adjust

6. Squelch on/off

7. Squelch level adjust

8. Forward / Reverse power display

9. Antenna switching functions

3.16.8.2 UHF/VHF Interface to MOC

The UHF/VHF software shall communicate health and status to the MOC software.  Health and status parameters include, but are not limited to:

- Frequency display

- Modulation type display

- Modulation percentage display

- Squelch on / off display

- Squelch level display

- Received Signal strength display

- Forward power display

- Reverse power display

3.16.9 Uplink Controller Software

3.16.9.1 Uplink Interface to MOC

The uplink controller software shall communicate health and status to the MOC software.

3.16.9.2 Uplink Functions

The uplink controller software shall provide the following control functions:

1. Frequency selection

2. Modulation type selection

3. Input port selection

4. Deviation setting

5. Local/remote control options

6. Modulation control

7. Generator/Power amplifier selection

8. Transmit control

9. Alarm control including the selection of alarm thresholds

10. Error logging

11. Indication of transmit power (graphical representation and digital read-out)

12. Indication of deviation

APPENDIX A Government-Owned Contractor Furnished Equipment (GOCFE)

	#
	Item
	Manufacturer
	Model Number
	Serial Number(s)

	1
	Antenna Control Unit
	Telemetry Communications Systems Inc,

20860 Plummer Street

Chatsworth, CA 91311

(818) 718-6248 www.tcs.la
	M-1
	TBD

	2
	Uplink Amplifier System
	WV Communications, Inc.

1176 Tourmaline Drive
Newbury Park, CA 91320

(805) 376-1820 www.wv-comm.com
	1750-1850/2025-2120/100ra-r
	TBD

	3
	Telemetry Receiver
	Lumistar

2701 Loker Avenue West, Suite 230

Carlsbad, CA 92008

(760) 431-2181 ext. 103 www.lumi-star.com
	LS-24-RTR
	TBD

	4
	Flight Termination Panel (FTP)
	System Planning Corporation

1000 Wilson Boulevard

Arlington, VA 22209-2211

(703) 351-8200 www.sysplan.com
	202393
	TBD

	5
	Flight Termination System (FTS)
	System Planning Corporation
1000 Wilson Boulevard
Arlington, VA 22209-2211

(703) 351-8200 www.sysplan.com
	202610
	TBD

	6
	VHF Transceiver
	Goddard Space Flight Center
	MRT 1600
	TBD

	7
	Radar Information Processing System (RIPS)
	James Bros. Systems, Inc.

P.O. Box 1819

Rosamond, CA. 93560

(661) 276-3977 russ.james@james-systems.com
	N/A
	TBD

	8
	UHF/VHF Transceiver
	General Dynamics C4 Systems 

8220 E. Roosevelt Street

Mail Drop R7222

Scottsdale, AZ 85257

(800) 424-0052 bobby.boyle@gdds.com
	URC-200
	TBD


Table A-1 Government-Owned Contractor Furnished Equipment

APPENDIX B Referenced Documents

	#
	Document Name
	Document #

	1
	Test Methods for Telemetry Systems and Subsystems, Test Methods for Telemetry RF Subsystems
	IRIG Document 118-89 Volume II, Dec 89

	2
	Slinging and Tie-down Provisions for Lifting and Tying Down Military Equipment 
	MIL-STD-209G

	3
	Electromagnetic Emission and Susceptibility Requirements for the Control of EMI
	MIL-STD-461B

	4
	Electrostatic Discharge Control Program
	MIL-STD-1686B

	5
	Dissimilar Metals
	MIL-STD-889B (3)

	6
	Flight Termination Systems Commonality Standard
	RCC 319

	7
	IRIG Standard for UHF Command Systems
	IRIG Std 208-85


Table B-1 Referenced Documents

APPENDIX C Radar Information Processing System (RIPS) Data Format

The MODE1 asynchronous slaving data format is used by various assets of the WATR.  The format of the fifteen byte message for MODE1 is:


“aXXXXeXXXXrXXXX”

which repeats at twenty Hertz.  The capitalized "X" signifies a hexadecimal character.  The lower case “a” signifies an azimuth value in the hexadecimal format described in Table C.1-1, where the MSB is equal to 180 degrees in azimuth.  The lower case “e” signifies an elevation value in the hexadecimal format described in Table C.1-2, where the MSB is equal to 180 degrees in elevation.  The lower case “r” signifies a range value in the hexadecimal format described in Table C.1-3, where the MSB is equal to 180000 yards of range.  All the fields are left-justified MSB first.  The hex characters A through F are output in upper case.  RIPS uses standard RS-232 signal levels at 9600 Baud with 8 bit words, no parity, and one stop bit.

As an example, a range of 20,000 international yards, elevation of 30 degrees, and an azimuth of 200 degrees, would result in the following calculations:

Azimuth = (int)((200 * 65536)/360) = 36408 = 0x8E38

Elevation = (int)((30 * 65536)/360) = 5461 = 0x1555

Range = (int)(20000/(360000/65536)) = 3640 = 0x0E38 or 

Range = (int)(20000/5.493164062500) = 3640 = 0x0E38

The output would be ‘a8E38e1555r0E38’ or as the hex value byte string ’61 38 45 33 38 65 31 35 35 35 72 30 45 33 38’.

Appendix C

RIPS Data Format (Continued)

	
	
	
	

	Azimuth Value Table, unit of measure is Degrees

	
	
	
	

	LSB
	0.0054931640625
	
	360(/216

	
	0.010986328125
	
	360(/215

	
	0.02197265625
	
	360(/214

	
	0.0439453125
	
	360(/213

	
	0.087890625
	
	360(/212

	
	0.17578125
	
	360(/211

	
	0.3515625
	
	360(/210

	
	0.703125
	
	360(/29

	
	1.40625
	
	360(/28

	
	2.8125
	
	360(/27

	
	5.625
	
	360(/26

	
	11.25
	
	360(/25

	
	22.5
	
	360(/24

	
	45
	
	360(/23

	
	90
	
	360(/22

	MSB
	180
	
	360(/21

	
	
	
	

	Full Range
	 360  
	
	360(/20

	
	
	
	

	
	
	
	


Table C.1-1 RIPS MODE1 Azimuth Value Table

Appendix C

RIPS Data Format (Continued)

	
	
	
	

	Elevation Value Table, unit of measure is Degrees

	
	
	
	

	LSB
	0.0054931640625
	
	360(/216

	
	0.010986328125
	
	360(/215

	
	0.02197265625
	
	360(/214

	
	0.0439453125
	
	360(/213

	
	0.087890625
	
	360(/212

	
	0.17578125
	
	360(/211

	
	0.3515625
	
	360(/210

	
	0.703125
	
	360(/29

	
	1.40625
	
	360(/28

	
	2.8125
	
	360(/27

	
	5.625
	
	360(/26

	
	11.25
	
	360(/25

	
	22.5
	
	360(/24

	
	45
	
	360(/23

	
	90
	
	360(/22

	MSB
	180
	
	360(/21

	
	
	
	

	Full Range
	 360  
	
	360(/20

	
	
	
	

	
	
	
	


Table C.1-2 RIPS MODE1 Elevation Value Table

Appendix C

RIPS Data Format (Continued)

	
	
	
	

	Range Value Table, unit of measure is International Yards

	
	
	
	

	LSB
	5.4931640625
	
	360000/216

	
	10.986328125
	
	360000/215

	
	21.97265625
	
	360000/214

	
	43.9453125
	
	360000/213

	
	87.890625
	
	360000/212

	
	175.78125
	
	360000/211

	
	351.5625
	
	360000/210

	
	703.125
	
	360000/29

	
	1406.25
	
	360000/28

	
	2812.5
	
	360000/27

	
	5625
	
	360000/26

	
	11250
	
	360000/25

	
	22500
	
	360000/24

	
	45000
	
	360000/23

	
	90000
	
	360000/22

	MSB
	180000
	
	360000/21

	
	
	
	

	Full Range
	 360000
	
	360000/20

	
	
	
	

	
	
	
	


Table C.1-3 RIPS MODE1 Range Value Table

Appendix C

RIPS Data Format (Continued)
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Figure C-1 RIPS/TRACS Block Diagram

APPENDIX D Acronyms

	ACU
	Antenna Control Unit

	AFB
	Air Force Base

	AQPSK
	Asynchronous Quadrature Phase Shift Key

	ATF
	Aeronautical Tracking Facility

	BERT
	Bit Error Rate Test

	BITE
	Built In Test Equipment

	BPSK
	Binary Phase Shift Key

	CCD
	Charge Coupled Device

	CCU
	Camera Control Unit

	CDR
	Critical Design Review

	CW
	Constant Wave

	D.O.T
	Department of Transportation

	DFRC
	Dryden Flight Research Center

	DICES
	Digital Integrated Communication Electronics System

	EFTS
	Enhanced Flight Termination System

	FAA
	Federal Aviation Administration

	FM
	Frequency Modulation

	FORJ
	Fiber Optic Rotary Joint

	FTP
	Flight Termination Panel

	FTS
	Flight Termination System

	G/T
	antenna Gain over system noise Temperature

	GMT
	Greenwich Mean Time

	GOCFE
	Government-Owned Contractor Furnished Equipment

	GPS
	Global Positioning System

	GUI
	Graphical User Interface

	HDTV
	High Definition Television

	HPA
	High Power Amplifiers

	IRIG
	Inter-Range Instrumentation Group

	ISS
	International Space Station

	LEO
	Low Earth Orbit

	MCC
	Mission Control Center

	MOC
	Main Operations Console

	MTBF
	Mean Time Between Failure

	NASA
	National Aeronautics and Space Administration

	NTSC
	National Television System Committee

	PCM
	Pulse Code Modulation

	PDR
	Preliminary Design Review

	PM
	Phase Modulation

	QPSK
	Quadrature Phase Shift Key

	RIPS
	Radar Information Processing System

	RJ
	Rotary Joint

	RSSO
	Dryden Range Safety Systems Office

	STS
	Space Transport System, the Space Shuttle

	TCS
	Telemetry Communications Systems, Inc.

	TELCO
	Telephone Company

	TM
	Telemetry

	TRACS
	Transportable Range Acquisition System

	UPS
	Un-interruptible Power Supply

	UTC
	Universal Time Code

	VSWR
	Variable Standing Wave Ratio

	WATR
	Western Aeronautical Test Range

	XML
	eXtensible Markup Language
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