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1.0 BACKGROUND

Under Request for Offers (RFO) No. DTFA01-01-R-LPDME the Federal Aviation Administration (FAA) plans to procure commercial ground-based Low Power Distance Measuring Equipment (LPDME) transponders.  These systems will be deployed in the United States National Airspace System (NAS) to sustain and upgrade Instrument Landing Systems (ILS). Currently, ILS is the backbone of the all-weather aviation system and is critical to minimizing delays caused by low ceilings and low visibility in the terminal areas.  Marker beacons and Distance Measuring Equipment (DME) comprise the range component of an ILS, with LPDME giving the ILS greater flexibility and functionality.  LPDMEs are similar to DME except that LPDMEs use lower power transmitters and thus have a limited range.  DMES are normally used for enroute navigation and LPDME are normally used in the terminal area. 

Prior to release of the RFO, the FAA published an Internet announcement inviting LPDME manufacturers to submit test procedures, including coverage, capacity, and reliability analyses, with technical instruction manuals to the FAA.  Test procedures submitted by interested vendors were reviewed and approved for FAA testing described in this test plan.  As specified in the RFO, test results and observations will be important considerations in selecting one vendor for a contract award.

1.1 Purpose of the Test Plan

This Test Plan describes the testing to be conducted by the FAA to assess and evaluate commercial LPDME systems offered by vendors in response to RFO No. DTFA01-01-R-LPDME. 

2.0 REFERENCE DOCUMENTS

1.  "International Standards and Recommended Practices and Procedures, Aeronautical Telecommunications", Annex 10, Volume I (Radio Navigation Aids), International Civil Aviation Organization, July 1996.

2.  Minimum Performance Specification for Distance Measuring Equipment (DME/N and DME/P). The European Organization for Civil Aviation Electronics, ED-57, December 1986.

3.  Minimum Operational Performance Standards for Airborne Distance Measuring Equipment (DME) Operation within the Radio Frequency Range of 960-1215 Megahertz, Radio Technical Commission for Aeronautics (Now Requirements and Concepts for Aviation), Document No. RTCA/DO-189.

4.  Low Power Distance Measuring Equipment Performance Requirements, June 2001. 

3.0 RESERVED

4.0 TEST PROGRAM DESCRIPTION

4.1 Approach and Concept

FAA estimates 14 days of testing will be required. Extraneous factors may necessitate the testing to be extended beyond the estimated time frame.  Product system anomalies may also extend the testing time frame. 

Various evaluation tests will be performed, including stability and performance characterization; verification of fault isolation and diagnostic procedures; format and content verification of RMM ICDs; and flight test.  The government will also perform a physical configuration audit.

The FAA will evaluate systems using the following:

· Low Power Distance Measuring Performance Requirements (Attachment J-1 of the RFO)

· Approved vendor unique test procedures

· Manufacturer’s Technical Instructions (TI) Manual

· Manufacturer’s Interface Control Document (ICD) for RMM

· Manufacturer’s coverage, capacity and reliability analyses

· Other documentation or clarification submitted by offerors

· Physical inspection of the equipment

The government reserves the right to deviate from the test plan after tests have begun or to repeat procedures if deemed necessary to verify or examine apparent anomalies or other characteristics that would affect evaluation of the equipment.  The government may also deviate from approaches and procedures described in this plan to accommodate unforeseen circumstances or to ensure a more efficient use of government or offeror resources. 

4.1.1 Test Location

Tests will take place at Kendall-Tamiami Executive Airport, Miami, FL.  The FAA will be responsible for obtaining approval from the airport sponsor for temporary installation of LPDMEs and conducting the testing.  An FAA contact will be provided to arrange escorts or identification badges for personnel to perform the installation.  

The FAA will provide each manufacturer with a separate and secure shelter for the installation of the DME transponder equipment.  Access to the shelter will be controlled and monitored by personnel form the FAA evaluation team.  The shelter will have access to commercial AC power (120.240 V, 60 Hz), phone lines for testing the remote status unit, and signals required for testing the ILS localizer interlock and remote identification keying.  A concrete pad in close proximity to the shelter will be provided for installation of the transponder antenna stand and antenna.  

4.1.2 Reserved

4.1.3 Manufacturer’s Representative

During testing, the offeror shall provide one representative on site to witness and assist the tests.  This individual must be knowledgeable of his/her company’s LPDME operation, maintenance, and test procedures.  This representative shall also be able to provide clarification to FAA evaluators related to testing and test results, if asked.

4.1.4 Test and Analysis Tools

FAA will provide a standard DME interrogation unit for each of the transponder units under test, as well as a flight test aircraft.

The manufacturer shall provide all other required test equipment and site level tools, as specified in the approved test procedures.  Required test and analysis tools shall include such equipment as frequency counters, oscilloscopes, multi-meters, spectrum analyzers, protocol analyzers, and antenna dummy loads.  Manufacturers shall ensure that test equipment is properly calibrated.

4.1.5 Site Spare Parts

Manufacturers shall provide a complete set of site spares for the transmitter, receiver, monitor, RF, and the AC/DC power modules.  These spares shall be available on site during all evaluation activities.  The intent is that the site spares shall be sufficient to ensure a 30-minute MTTR for 95% of maintenance or repair actions.

4.1.6 Test LRUs and Modules

Manufacturers shall provide faulty LRUs for each operational LRU in the system for conducting fault diagnosis and isolation in accordance with approved test procedures.  Manufacturers shall also provide a faulty module for checking system alignment procedures.

4.1.7 System Configuration

The manufacturer shall deliver and install a commercial production LPDME for FAA testing.  The evaluation team will check hardware and software configuration to verify that it conforms to the proposal.  Parts and serial numbers, as well as software version, will be identified and cross referenced to the manufacturer’s previously provided information (proposal, Volume 3, Parts List and Software Revision).  Offerors shall ensure that all EPROMs containing firmware are marked with the part reference designator, part number and firmware revision.  Offerors shall also ensure that EPROMs contain the latest revision of system software.
Testing of all manufacturers’ products will occur in a real world environment. There are no special test bed configuration requirements.

4.1.8 Activities Prior to Commencement of Testing

The following activities shall be completed prior to start of testing:

1.
Manufacturers shall make all arrangements for transporting their equipment to the test site.  Deliveries must be made during normal business hours.  The government will not be responsible for damaged or missing equipment.  Therefore, it is recommended that a representative of the manufacturer be at the site to receive the shipment and assess its condition.  A storage area will be provided for packing material.

2.
Manufacturers shall perform a turnkey installation and dry run their systems.  One week has been allocated for this activity.

3.
Following installation and dry run, the manufacturer shall provide written notification to the Contracting Officer that the equipment is ready for FAA testing.

4.2 Commencement Of Testing

Testing of the manufacturers LPDME systems will be accomplished through both ground based and flight testing.   This will involve Stability Testing, Performance Characterization Testing, Verification of Fault Diagnostics and Isolation Procedures, Verification of Interface Control Document, Physical Configuration Audit, and Flight Testing. 

Testing may be terminated at anytime if a participant notifies the Test Director of an unsafe condition or an equipment failure that will affect test results.  

4.2.1Stability Testing

This section describes stability testing that must be satisfactorily passed before proceeding to other testing.

4.2.1.1Stability Data Collection 

Evaluation team members will collect stability data on a daily basis.  At the conclusion of the 168-hour test period, the evaluation team will evaluate the compiled data collected during that time. A go/no go decision will be made based on test results. Upon authorization to proceed, manufacturers will continue on to the Performance Characterization Testing, Section 4.2.2.

4.2.1.2 Length of Test/Failures

The evaluation team will conduct a 168-hour uninterrupted test for the parameters listed in the PCTM Addendum of the Performance Requirements and Instructions for Test Procedures document at the minimum sample per hour indicated. This test will be completed without interruption, or until an equipment related LPDME system shutdown or alarm event occurs. 

In the event that a system fails during the 168-hour test, the manufacturer’s representative will diagnose the reason for failure, make the appropriate repairs and re-start the system. The 168-hour test will then start over at zero hour for the failed system. This activity may extend the overall test time beyond 14 days and possibly up to 21days. Only one re-start per LPDME system will be permitted. In the event of a second failure, that manufacturer will be disqualified. Failure of the software will also disqualify a manufacturer from further testing. Testing will continue for the other unaffected manufacturers.

4.2.1.3 Interrogators 

During the stability testing, the transponders will be interrogated using a standard commercially available interrogator connected to data recording equipment. This interrogator is identical to the equipment that will be used during flight testing with the exception that it will be configured to ground operation. Data will be downloaded from the interrogator to collect and review range information, range variance, automatic gain control (AGC), identification signal quality and signal strength variation.    

4.2.1.4 Configuration 

Stability testing of each manufacturer’s LPDME transponder may be performed either simultaneously or sequentially by the evaluation team. It is the evaluation team’s preference to conduct stability testing simultaneously; however, this may not be feasible due to several factors. The first factor that may effect simultaneous testing is the number of LPDME systems to be evaluated. Currently there are three ILS/DME channels available for use at the test site. If the number of LPDMEs to be evaluated exceeds three (3), special considerations will be made to fairly test each system. Secondly, the number of LPDMEs also places additional requirements on the number of shelters and the amount of real estate required for the testing. For example, sufficient separation must be provided between the transponder antennas to avoid mutual Carrier Wave (CW) interference and multi-path effects caused by the physical presence of one transponder on another. When standard omni direction transponder antennas are used, a separation of 600 feet or more may be required. However, as the separation between antennas is increased, dissimilarities in the installation are introduced.  These dissimilarities have to be accounted for when conducting the flight test described in section 4.2.7. Further, it may be possible to mitigate the separation requirement by using dummy loads with monitor outputs.  However, live interrogation of the transponder equipment is not possible in this test configuration. Alternately, using omni-directional transponder antennas for the stability testing can reduce the separation requirements. The options available depend on the number of transponders to be tested as well as the particular configuration options that exist for each transponder. 

4.2.1.5 Sequential Testing

If necessary, due to the closeness of the LPDME antennas, sequential testing of systems may be required. 

Sequential testing will involve testing each manufacturer’s systems intermittently in equal blocks of time. Essentially, there will be an on-air/off-air block of time during the test for each antenna. The objective is to keep as many components of a system continuously operating, but it may be necessary to turn off the transmitter module and other components.  The order in which the manufacturers’ systems are tested will be chosen randomly and repeated throughout the remainder of the stability test.  During the 168-hour test period when systems are not under antenna test, the systems will be connected to a  “dummy load”. 
4.2.1.6 Measured Data

During stability testing, the parameters identified in the PCTM shall be measured at the specified interval and recorded. This recording shall be accomplished using the transponder equipment to the extent possible. Parameters that require manual measurement may have to be sampled at longer intervals. The measured data shall be used to assess the stability of the systems during the 168-hour test period.

4.2.2 Performance Characterization Testing 

It is anticipated that two and a half days will be required for performance characterization testing. The FAA evaluation team will collect performance data in accordance with the approved test procedures.

At a minimum the manufacturer’s performance parameters shall be equal to or greater than the requirements indicated in the PCTM.

4.2.3 Performance Characterization Data Collection

This test’s data collection will essentially consist of recording each system’s performance results as measured against the Test Specifications PCTM Addendum. The evaluation team will collect performance data on a daily basis. At the conclusion of each day’s testing, the evaluation team will discuss the results, summarize and document the data collected. 

At the conclusion of the performance testing, the evaluation team will compile the test period’s data and formally document the testing performed and the results obtained. This material will be the basis for generating the Final Testing Report to the Source Selection Official (SSO) subsequent to the completion of all tests.

4.2.4 Verification Of The Fault Diagnosis And Isolation Procedures 

In accordance with each manufacturer’s test procedures and TI manual, the evaluation team will evaluate each systems’ maintainability by conducting an independent verification of the fault diagnostics and isolation procedures. Performance of this verification will involve the Team substituting faulty Line Replacement Units (LRU) for operational LRU’s. The systems response to the substitution will be observed and documented. 

To begin the testing, one member of the evaluation team will independently choose from one of the systems under test an operational LRU(s) for replacement with a faulty LRU(s). The other members of the team will not be informed of the choice of LRU(s). The operational LRU(s) will be replaced with the faulty LRU(s). One of the team members who is unaware of the LRU(s) choice will perform the fault diagnostics and isolation procedure, locate the faulty LRU(s), replace it with a functional LRU(s) and restore the system to service.  This process will be repeated until of all of the LRUs in all the systems under test have been replaced with faulty LRU(s) diagnosed and isolated.

Verification should demonstrate that one faulty LRU must be identified using the manufacturers’ fault diagnosis and isolation procedures in 95% of the time. Two faulty LRU’s must be identified using the manufacturers’ fault diagnosis and isolation procedures in 80% of the time.  

In the event an operational LRU fails at any time during testing, it will be located using the manufacturer’s fault isolation procedures outlined in the TI manual and replaced. All failures of LRU’s however will be viewed as an indication of marginal system stability and documented accordingly. 

4.2.5 System Alignment Procedures 

During the fault isolation testing, an operating module will be replaced with a faulty module. The spare module used to replace the identified faulty module will not be the original operating module installed into the system. This module may need adjustment, alignment or tuning.  The evaluation team will perform the alignment of the spare module utilizing the procedures indicated in the TI manual. 

4.2.6 Verification of Interface Control Document

The evaluation team shall use a protocol analyzer or equivalent to verify the data content and format descriptions provided in the ICD. This verification activity shall focus on parameters associated with either the RMM unit or the remote control and status unit. At the discretion of the Test Director, the investigation of inter equipment interface inputs, outputs, or protocols may be undertaken to investigate the cause of any discrepancy observed during ICD verification. 

4.2.7 Flight Testing 

A coverage and interoperability flight test will be conducted utilizing a flight test aircraft and crew furnished by the FAA. Flight testing will occur in equal blocks of time for each manufacturer. FAA estimates one day for each vendor will be required for flight testing.  Weather, acts of God, obtaining air traffic control authorization to flight test, aircraft mechanical and other anomalies could extend the time for flight testing. 

The evaluation team will perform flight testing of the manufacturers’ systems to determine the quality of the LPDME signal in space, verify operational capabilities, collect and assess range information accuracy, presence of the identification signal, and signal strength variation.

At the beginning of the test flight, profiles will be identified involving radials and altitudes. This will allow line of sight to be maintained between the transponder and the interrogator. The flight test aircraft will fly an outbound radial to approximately 43 NM.  The airborne interrogation system and the ground-based transponder data interchanges will be recorded for analysis. 

4.2.7.1 Flight Test Results

At the conclusion of flight testing, the evaluation team will review the collected flight test data and analyze such items as quick look data plots, flag identifications, identification signal presence and signal strength variation.  

5.0 CONCLUSION OF TEST PROGRAM

The manufacturers shall be responsible for disassembling their systems and packing and shipping them from the test site.  Unless coordinated in advance, the equipment removal shall be accomplished within 7 calendar days after the conclusion of the test program.  The government will ensure the test site is returned to the physical condition in which it was received prior to test commencement. 
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7.0 TENTATIVE TEST PROGRAM SCHEDULE (ADDENDUM A)

	

Start Day
	End Day
	Test

Event
	Action By
	Action

	No.
	Time
	No.
	Time
	
	
	

	1
	800
	7
	1500
	Stability Testing
	G
	Continuous 168-hour test without a system shutdown or alarm event. Only one re-start, starting over from zero hour which could extend Stability Testing to as much as 14 days.  Testing will occur sequentially for each manufacturer in equal blocks of time if demanded by closeness of LPDME antennas.

	8
	800 

note (1)       
	11
	1200     
	Performance Characterization

Testing
	G
	Evaluation team will collect performance

data in accordance with the approved test procedures. 

	11
	1300
	11
	1700
	Verification of the Fault Diagnostics and Isolation Procedures
	G
	By substituting faulty LRU’s for operational LRU’s, the evaluation team will evaluate each system’s maintainability. Conduct an independent verification of the fault diagnosis and isolation procedures contained in the manufacturer’s TI Manual.

	11
	1300
	11
	1700
	Verify Systems Alignment Procedures


	G
	After fault diagnosis and isolation, the faulty module will be replaced with a spare module that is not the original operating module. The evaluation team will adjust, align and tune the spare module as required using the TI Manual. (Perform in conjunction with Fault Diagnostics and Isolation above)

	12
	800
	12
	1200
	Format and Content of ICD/RMM
	G
	Evaluation team will use a protocol analyzer or equivalent to verify data content and format descriptions provided in the manufacturer’s ICD.

	12
	1300
	12
	1700
	Physical Configuration Audit
	G
	Evaluation team will perform an audit to verify the manufacturer’s actual LRU configuration is accurately reflected in their documentation.

	13
	800
	14
	1700
	Flight Testing
	G
	Evaluation team will perform flight testing of the manufacturer’s systems to determine the quality of the LPDME signal in space, verify operational capabilities, collect and assess range information accuracy, presence of identification signal, and signal strength variation.

	1
	800
	14
	1700
	Discriminators
	G
	Identify, as they become evident, at any time during testing, those features which add/subtract value to the FAA.

	15
	800
	21
	1700
	Contingency Time
	G/M
	Re-start of a system due to a failure during Stability Test could extend Stability Testing at the FAA designated test site to as much as 14 days.

	1
	800
	14/21
	1700
	Factory Representative
	M
	Witness government testing, available for problem resolution; and/or consultation, interpretation of test procedures, TI Manual, and other documentation .

	15/22
	
	22/29
	
	Disassembly of Systems
	M
	Includes shipment from site and the site restoration required by the airport sponsor.


G = Government 
M= Manufacturer ;     note (1) A typical daily testing schedule envisions i.e:. 0800 to 1200 Testing; 1300 to 1500 Testing; and 1500 to 1700 Data Analysis, Reduction and Recordation.

8.0 TEST PROGRAM GRAPHICS (ADDENDUM B)

The following illustrations summarize:

· The Overall LPDME Test Plan Sequence

· The Stability Testing Scheme

· Flight Testing

· Performance Characterization Testing 

· Test Site Layout at Kendall Tamiami Executive Airport
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