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�1	Introduction

1.1	Scope

The Air Traffic Control Beacon Radar, Model 6 (ATCBI-6) is a monopulse secondary surveillance radar (MSSR) beacon system, capable of working with both ATCRBS and Mode S transponders.  Monopulse receiving techniques are used for both.  The existing ATCBI test sets in use today do not support the maintenance and certification requirements of the current generation of MSSR beacon systems monopulse performance, nor can they be operated remotely.  Conversely, a Monopulse Beacon Test Set (MBTS) can provide the signals necessary to measure ATCBI and Mode S receiver performance, and provide the technician with the capability of performing Overall System Sensitivity (OSS) remotely.

1.2	Background

The MBTS shall be used for maintenance, certification and testing of MSSR systems for both ATCRBS and Mode S operations.  The MBTS shall be capable of generating continuous wave (CW) and pulsed RF signals.  Pulsed signals and target reports can be triggered either internally, externally, or in response to internally decoded RF interrogations.  The MBTS can be synchronized internally or synchronized to ATCRBS or Mode S interrogation signals from the MSSR.  It can also generate azimuth antenna data internally or be synchronized to the antenna by the antenna’s Azimuth Change Pulses (ACPs)/ Azimuth Units (AUs) and Azimuth Reference Pulses (ARPs).  The MBTS shall have the capability of performing its specified functionality via a GPIB interface with the ATCBI-6.

2	Reference Documentation

2.1	Specifications

2.1.1	Federal Aviation Administration

FAA-E-2923 �Air Traffic Control Beacon Interrogator Model 6 (ATCBI-6),  September 10, 1997, and Errata Sheet dated November 20, 1997�����FAA-E-2716 (w/Amendment 2)�Mode Select Beacon System (Mode S) Sensor, March 24, 1983�����FAA-E-2660 �Air Traffic Control Radar Beacon System (ATCRBS) Open Array Antenna (5 foot) December 20, 1976�����FAA-E-2751�Product specification for Mode S Antenna Group, En Route Array including Amendment 1, May 26, 1987 �����FAA-G-2100�Electronic Equipment, General Requirements �����FAA-STD-020b�Transient Protection, Grounding, Bonding and Shielding, Requirements for Electronic Equipment, May 11, 1992�����FAA-E-2751�Product Specification for Mode S Antenna Group, En Route Array, May 26, 1987��

2.2	Other Publications

2.2.1	FAA Orders

FAA-Order 1010.51A�U. S. National Standard for the IFF Mark X (SIF) Air Traffic Control Radar Beacon System (ATCRBS) Characteristics, March 8, 1971�����FAA Order 6365.1A�US National Aviation Standard for the Mode Select (Mode S) Beacon System,

January 3, 1983��2.2.2	Miscellaneous Documents

ICAO, Annex 10�International Standards, Recommended Practices and Procedures for Air Navigation Services Aeronautical Telecommunications (including Amendment 71), November 1996�����IEEE-488�General Purpose Interface Bus (GPIB)�����RTCA/DO-181A�Minimum Operational Performance Standards for Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/Mode S) Airborne Equipment, January 1992��

3	MBTS System Requirements

The MBTS shall be used to certify the MSSR system sensitivity and target detection.  The MBTS shall provide end-to-end system testing by injecting into the MSSR front end, ATCRBS or Mode S RF test targets.  MSSR test targets will be observed at various points in the MSSR system, and when used for Overall System Sensitivity (OSS), will be processed through to the controller’s display.  The MBTS will be used primarily for:

Measuring and calibrating receiver sensitivity

Measuring and calibrating fixed thresholds

Measuring and calibrating Sensitivity Time Constant (STC) curves

Measuring and calibrating delta/sum ((/() threshold

Measuring and calibrating sum/omni ((/() threshold

Testing and alignment of receivers, using pulsed and CW monopulse receiver signals

3.1	Performance Requirements

3.1.1	RF Interrogation Decoding. 

The interrogation decoding function shall accept RF interrogations from the beacon interrogator directional coupler(s).  The signal levels provided by the MSSR shall be a minimum of –15 dBm and shall not exceed +20 dBm.  These interrogations are composed of the following pulses:

Classic ATCRBS:  P1, P2, P3

ATCRBS Only:  P1, P2, P3, narrow P4 (0.8 usec)

ATCRBS/Mode S:  P1, P2, P3, wide P4 (1.6 usec)

Mode S Only All Call:  P1, P2, P6 (DPSK encoded)



The P1, P3 spacing shall determine the interrogation mode:

Mode 3/A = 8.0 usec, plus or minus 0.2 usec

Mode C = 21 usec, plus or minus 0.2 usec

Mode 2 = 5 usec, plus or minus 0.2 usec



The wide P4 pulse shall signify that Mode S transponders will reply with a Mode S reply and ATCRBS transponders will reply with a ATCRBS reply.  ATCRBS zero range occurs 3 ± 0.5 usec after the lead edge of the P3 pulse.  Mode S zero range occurs 128 ± 0.5 usec after the lead edge of the P4 pulse or the first sync-phase-reversal of the P6 pulse.  The MBTS shall be capable of properly decoding the Mode S All-Call interrogation for data content, which is required for proper Mode S All-Call reply generation, as well as for differentiating between a Mode S All-Call and Roll-Call interrogations.  Mode S Roll-Call interrogations can be ignored.

The characteristics of these RF signals are defined in FAA Order 1010.51A (U.S. National Aviation Standard for the Mark X (SIF) Air Traffic Control Radar Beacon System Characteristics), FAA Order 6365.1A [U.S. National Aviation Standard for the Mode Select Beacon System (Mode S)], and FAA-E-2716 (Mode Select Beacon System Specification).  All tolerances shall be in accordance with those specified in FAA Orders 1010.51A, 6365.1A, and FAA-E-2716 unless otherwise noted.

3.1.2	Triggers.

The user shall be able to select in addition to decoded RF interrogations, decoded mode triggers, internal pre-triggers, or external triggers as a trigger source.

3.1.2.1	Mode Triggers Decoding.

The mode triggers decoding function shall decode Mode Triggers using the same criteria as used to decode RF interrogations.  The MBTS shall allow users to test beacon interrogator receiver systems when the transmitter is off.  Amplitudes of 5 volts to 60 volts positive shall be accepted. Mode S Only All-Call and Mode S Roll-Call interrogations will not be processed in this mode; only ATCRBS and ATCRBS/Mode S modes shall be differentiated.



3.1.2.2	External Trigger. 

The MBTS shall be capable of accepting triggers from the ATCBI system, or any other test trigger source, to be used to synchronize the MBTS replies to the external trigger source.  The external triggers shall have the following characteristics:

a. Pulse width: 0.1 to 5 usec

b. Pulse rate: 0 to 3000 PRF

c. Pulse amplitude: 5 volts into a 75 ohm load

3.1.2.2.1	External Trigger Delay.  

The MBTS shall provide an external trigger delay feature to allow the trigger to be aligned with ATCRBS Range Zero of the beacon system being used (0 to 3000 usec in 62.5 nsec increments).

3.1.2.3	Internally Generated Pre-trigger. 

The PRF generator shall be capable of providing internal triggers.  These triggers shall be provided to an external BNC interface for triggering external test equipment.  The pulses shall have the following characteristics:



a. Pulse width: 0.1 to 5 usec, adjustable in 100 nsec increments

b. Pulse rate: 0 to 3000 PRF in 1 PRF increment.

c. Pulse amplitude: 5 volts into a 75 ohm load.

3.1.3	RF Output

The MBTS shall output CW and pulsed RF signals, along with constant range ring and azimuth gated test targets.  The RF signals shall consist of Reply Sum, Reply Delta, and Reply Omni.  MBTS output signal characteristics shall be as defined in FAA Order 1010.51A (U.S. National Aviation Standard for the Mark X (SIF) Air Traffic Control Radar Beacon System Characteristics), FAA Order 6365.1A [U.S. National Aviation Standard for the Mode Select Beacon System (Mode S)], and FAA-E-2716 (Mode Select Beacon System Specification).  All tolerances shall be in accordance with those specified in  1010.51A, 6365.1A, and FAA-E-2716 unless otherwise noted.

3.1.3.1	RF Output Characteristics.  

The center frequency shall be 1090 MHz nominal, adjustable from 1080 MHz to 1100 MHz, in 200 kHz increments for pulsed and CW modes.  Phase matching between sum and delta shall be maintained to within ( 5( over the center frequency range of ( 4 MHz.  The output attenuator section shall provide for adjustment of RF sum signal over the range of 10 dBm to -53 dBm in 0.5 dB increments.  An additional 16 dB of attenuation, in 1 dB increments and which can be manually adjusted, shall be provided for each RF output to compensate for differences in losses between the MBTS output to the input of the MSSR’s receiver inputs.  The delta/sum and omni/sum relationships will be properly maintained.

3.1.3.2	Maximum RF Sum Output.  

The RF sum output shall provide for CW and pulse-modulated RF output matching the characteristics of section 3.1.3.1 into 50 ohms at the RF sum output.

3.1.3.3	RF Delta Output.  

The RF delta output shall provide for CW and pulse-modulated RF output that tracks the RF sum signal with the following characteristics:



a.	On-Boresight Ring Target: the delta output is inhibited by ( 36 dB

b.	Off-Boresight Ring Targets: as referenced in paragraph 3.2.1.2.

c.	Azimuth-Gated Target: amplitude and phase, relative to the sum RF signal, controlled by the lookup table.  The phase lookup table shall indicate 0( phase for azimuth gated targets entering the beam (leading edge of the beam) and 180( phase shift corresponding to azimuth-gated test targets traversing boresight and in the trailing edge of the beam.

3.1.3.4	RF Omni Output.  

The RF Omni Output shall provide for CW and pulse-modulated RF output, adjustable over a range from –10 dBm to –73 dBm.

3.1.3.5	Pulse-Modulated RF.  

The RF outputs shall be pulse modulated by any combination of pulses and pulse trains produced by the MBTS.  The normal video modulation shall be either a Mode S reply or an ATCRBS reply.

3.1.3.4	CW 1060 MHz Test Output

The MBTS shall provide a 1060 MHz CW output, adjustable over a range from 10 dBm to –20 dBm in increments of 1 dB.

3.1.4	Not Used

3.2.5	Monitor Panel

The MBTS shall have indicator lights on the front panel to indicate the following conditions:



AC and DC power indicators

Green – Power on and within tolerance

Red – Out of Tolerance

On or Standby

Green – MBTS active

Yellow – Standby (RF output switched into 50( loads)

Azimuth Data 

Green – Receiving ACP and ARP signals

Red – Missing azimuth data, invalid number of ACPs between ARPs

Mode decode indicators (for Mode 3/A, C, S & 2 interrogation detects)

Separate indicator for each interrogation type

Reply output indicators(for Mode 3/A, C, S & 2 reply transmissions)

Separate indicator for each interrogation type

BIT status 

Green – No errors

Red – Error condition exists



3.1.6	Not Used



3.1.7	System Capacity

The MBTS shall be designed with reserves of memory, programmable logic, and processor capability for future expansion



3.1.7.1	Memory Usage

Memory usage shall not exceed 33% of the memory that is physically resident and addressable by the processor(s) in the MBTS.  This shall include the initial software image plus any buffer, data storage area or shared memory utilized during normal operation of the MBTS.

3.1.7.2	Processor utilization

The average processor utilization shall not exceed 50% of processor capacity.  Peak processor utilization shall not exceed 90% utilization.  Average processor utilization shall be measured over a 1 second interval.  Peak processor utilization shall be measured over a 1 millisecond interval.



3.1.7.3	Programmable Logic

Programmable logic shall not utilize more than 50% of the deliverable devices to implement the MBTS functions.

3.2	Functional Requirements

3.2.1	Constant Range (Ring) Replies.  

The MBTS shall generate constant range (ring) replies, which shall be selectable from 1 to 255 nautical miles (nmi), in increments of 1/64 nmi.    A ring reply shall be generated for every ATCRBS or Mode S All-Call interrogation.  The reply shall contain the selected altitude or code.  The purpose of the ring replies on a monopulse system is to test and align receivers at the analog level.

3.2.1.1	On-Boresight Replies.  

On-boresight replies shall be provided, with the delta RF signal at least 36 dB below the sum RF signal.

3.2.1.2	Off-Boresight Replies. 

 Off-boresight replies shall consist of fixed delta/sum ((/() ratio replies controllable over the following range:



-3 ( ((/( ( +3, 48 dB range of (/( in 0.25 dB increments in 0° phase and 180° phase.

3.2.1.3	Selectable Sum/Omni Ratio.  

The selectable sum/omni ratio range shall be from 20 dB to  -28 dB in 1 dB increments.

3.2.2	Constant Range (Azimuth-Gated) Target.  

The MBTS shall generate constant range (azimuth-gated) targets, which will simulate monopulse reply characteristics of typical ATCRBS and Mode S transponders.  The range shall be selectable from 1 to 255 nmi, in increments of 1/64 nmi.  Azimuth extent of adjacent, azimuth-gated targets shall be user selectable from 2.0( to 5.0( in 0.2( increments.  Azimuth-gated targets shall not be generated simultaneously with ring targets.  The sum/delta ratio is updated once per sweep for azimuth gated targets to simulate real world monopulse responses.

3.2.2.1	Targets Per Scan.  

The MBTS shall be able to generate 1, 2, 4, 8, 16, or 32 targets per scan at equal azimuth spacing and constant range.  The targets shall be selectable among ATCRBS, Mode S or a 50/50 interlaced mix of both.  The reply data for each interrogation mode type shall be user selectable and fixed for all targets, with the exception of the Mode S Id which will be incremented for each adjacent target in the ring.

3.2.2.2	Sum and Delta RF Signal Levels.  

The sum and delta RF signal levels shall be controlled by the type of antenna being simulated.  The Government shall provide array patterns for the 5 foot terminal array (FA9764 & FA10016) and the 6 foot en route array (FA10250).  The contractor shall provide lookup table data for each antenna.  The user shall be allowed to input other lookup table data.

3.2.2.2.1	Antenna Type.  

3.2.2.2.1.1	Pre-defined Off-Boresight Tables



a.	Five Foot Terminal Array:  lookup table (sum and delta/sum vs. azimuth)

b.	Six Foot En route Array:  lookup table (sum and delta/sum vs. azimuth)

3.2.2.2.1.2	Calibrated/User Defined Lookup Tables.   



a.	Input:  Input shall include 256 values from -127 IACPs to +128 IACPs from boresight.



b.	Table Values:



		1)	Sum and Delta Value shall provide zero attenuation at boresight and increasing in either direction from boresight in 0.5 dB resolution as a beam shaping simulation function.  Beam shaping shall be optionally enabled/disabled by the user.



		2)	Delta/Sum Value shall be -36 dB to +12 dB, varying according to the antenna pattern simulated in 0.25 dB increments.



		3)	Delta/Sum Phase shall exhibit a 180 degree phase shift of the delta to sum phase relation as the antenna boresight region is transitioned.  The left and right of boresight relationship with respect to delta to sum phase relation shall be user selectable.

3.2.2.3	Beam Shaping.  

The main antenna beam (sum and delta) RF signal level maximum shall occur at target azimuth, and decrease on either side of target azimuth (per lookup table).  The user shall have the capability to override the default power settings with any value within the MBTS specified limits.  The delta/sum monopulse characteristics of the antenna pattern shall not be affected by the beam shaping function.

3.2.2.4	Delta RF Signal Level Minimum.  

The delta RF signal level minimum shall occur at target azimuth and increase either side of target azimuth (per lookup table) to a maximum of 12 dB greater than the sum at the antenna beam outer edges.  

3.2.2.5	Selectable Sum/Omni Ratio.  

The sum/omni ratio shall be selectable from +20 dB to -28 dB in 1 dB increments.

3.2.2.6	Reply Range.  

The user shall be able to select reply range, taking into account the transponder reply delays involved.  The ATCRBS reply delay is 3 ± 0.5 usec after the P3 lead edge.  The Mode S reply delay is 128 ± 0.5 usec after the P4 lead edge or the first sync-phase-reversal of the P6 pulse.  The Reply Range shall be user selectable from 1 to 255 nmi, in 1/64 nmi increments.

3.2.2.7	Reply Azimuth.   

The user shall be able to select reply boresight azimuth when gated azimuth targets are selected.  The azimuth shall be entered in degrees, ACPs, or AUs and is referenced to either magnetic or true azimuth, depending on the system being tested.  Primary or redundant APG units shall be selectable.  When multiple targets are selected, the azimuth separation between targets shall be equal to 360 degrees divided by the number of targets.  The MBTS shall receive 4096 ACP or 16384 AU inputs per scan depending on APG source and an ARP input once a scan.  The reply azimuth shall be variable from 0( to 359( in 1( increments, 0 to 4095 ACPs in 1 ACP increments and 0 to 16383 AUs in 1 AU increments.  The user shall be able to input an ARP north mark offset from 0 to 4095 ACPs in 1 ACP increments for 12 bit encoders, and from 0-16383 AUs in 1 AU increments for 14 bit encoders, for each APG unit.

3.2.2.8	Reply Codes.  

The user shall be able to select the Mode S 24-bit ID, Mode 3/A reply code, Mode C reply, and Mode 2 reply code.  When decoded interrogations or decoded mode triggers are selected, the interrogation mode shall determine the reply code.  When external or internal triggers are selected, the Mode 3/A, C, 2 or Mode S replies can be selected by the user.   The user shall have the ability to control whether the framing pulses (F1 and F2) are generated with the ATCRBS replies.  Each framing pulse shall be independently controllable.



Mode 3/A Code.  The user shall be capable of entering Mode 3/A codes from 0000 to 7777 (octal),F1, F2, X, and SPI.  The MBTS shall translate the user entered 3/A code to the properly encoded reply data stream prior to transmitting it(refer to FAA Order 1010.51A.)

Mode C Code.  The Mode C code shall be entered either as an octal value ranging from 0000 to 7777, or as altitude in feet.  ATCRBS altitude shall report values from –1000 to 127,700 feet with 100-foot encoding.  Mode S altitude shall report values from –10,000 to 200,000 feet and the format shall be selectable between 25-foot or 100-foot encoding.  The F1 and F2 framing pulse shall also be selectable.

Mode 2 Code.  The user shall be capable of entering Mode 2 codes from 0000 to 7777 (octal), F1, F2, X, and SPI.

Mode S ID.  The user shall be capable of entering Mode S ID's from 000000 to ffffff (hex). When multiple Mode S targets are selected, the Mode S ID selected shall be incremented for each additional target.

3.2.3	Pulse Characteristics

The user shall have the ability to modify the following pulse characteristics for all reply types:



Pulse width (( 250 nsec variation minimum, in 50 nsec increments)

Pulse spacing (( 250 nsec Variation minimum, in 50 nsec increments)



The pulse variations shall be referenced to the nominal values specified in the ATCRBS and Mode S national standards.  Pulse rise and fall times shall meet the requirements cited in both of these standards.  For Mode S replies, only the pre-amble pulse shall be modifiable, the 56 and 112 bit data streams shall remain within specification.

3.2.4	MBTS Control.  

The MBTS shall be externally controlled via the GPIB interface.  The contractor shall provide Microsoft Windows based personal computer (PC) software to control the MBTS.  This application software shall be written to operate within an industry standard, graphical test equipment automation software package (e.g. National Instruments LabVIEW( or Hewlett-Packard HP VEE().  This application software shall provide all the functionality required to locally control and operate the MBTS.  This shall include, as a minimum, system setup, operational status, calibration, diagnostics and GPIB master control functions.

3.2.5	Monitor Panel

The MBTS shall have indicator lights on the front panel to indicate the following conditions:



AC and DC power indicators

Green – Power on and within tolerance

Red – Out of Tolerance

On or Standby

Green – MBTS active

Yellow – Standby (RF output switched into 50( loads)

Azimuth Data 

Green – Receiving ACP and ARP signals

Red – Missing azimuth data, invalid number of ACPs between ARPs

Mode decode indicators (for Mode 3/A, C, S & 2 interrogation detects)

Separate indicator for each interrogation type

Reply output indicators(for Mode 3/A, C, S & 2 reply transmissions)

Separate indicator for each interrogation type

BIT status 

Green – No errors

Red – Error condition exists



3.3	External Interfaces

3.3.1	RF Ports

The MBTS shall be connected to the RF test ports of both beacon interrogator channels.  The MBTS shall be capable of switching internally between each set of input/outputs, and all eight RF input/outputs shall have couplers with test monitoring ports on the front panel of the MBTS.  The RF Delta output for each channel of the MBTS shall be phase adjustable over a 45 degree range, in one-degree increments, and shall be controlled by either software or a manual vernier dial on the rear panel of the MBTS.  The three output RF cables for each channel shall be 25 feet in length and be phase matched to within 5 degrees.  The output RF cables shall be low loss and phase stable with an attenuation not greater than 2.5 dB/100 ft @ 1 GHz.  The input RF interrogation cable and all other input signal cables from each channel shall be 25 feet in length.  Two 90( phase adapter (1/4 wavelength at 1090 MHz) cables shall be provided to accommodate systems that expect a 90(/-90( phase shift at boresight.  All RF inputs and outputs to the MSSR shall be via type N connectors, located on the rear panel of the MBTS.  The 1060 MHz CW test port shall also be a type N connector, but shall be located on the front panel.  The test monitor ports on the front panel shall be BNC type connectors.

3.3.1.1	Fail-Safe/Standby Mode

The MBTS shall be able to be commanded, as well as have a power on default, into a set of internal 50( loads for all RF output channels.

3.3.2	Trigger Ports

The MBTS shall provide two trigger ports on the front panel via BNC connectors:



a.	External Pre-trigger/Decoded Mode Pair MBTS Trigger Input 

b.	MBTS Internal Trigger Output

3.3.3	Azimuth Data.  

The MBTS shall have two sets of  APG data inputs corresponding to the dual APG units.  APG data will be made available from each beacon interrogator channel.  The MBTS shall be capable of receiving 12-bit and 14-bit APG data.  The MBTS shall accept differential APG data with EIA-422 electrical characteristics and unbalanced APG data via 75-ohm coaxial cables.  The MBTS shall be capable of accommodating antenna rotation rates from 4 RPM through 15 RPM 



a.	ACPs/AUs: 4096 pulses per antenna revolution/16384 pulses per antenna revolution 

b.	ARP:  1 pulse per antenna revolution

3.3.4	GPIB

The MBTS shall have a GPIB interface for being fully controlled externally by an external computer host.  The GPIB connector shall be located on the rear panel.  The MBTS shall at a minimum provide the register content and definitions referenced in Appendix A.

3.3.5	Video Monitor Ports

Front panel buffered BNC connector monitoring points shall be provided to monitor reply video from the Sum, Delta and Omni outputs.  In addition, demodulated interrogation PAM and DPSK data monitoring points shall be provided via buffered BNC connectors.

3.4	General Requirements and Clarifications

3.4.1	RF On/Off Ratio

The on/off ratio for each RF channel shall be a minimum of 85 dB.

3.4.2	RF Leakage

The RF leakage between RF ports and other RF ports and digital signals shall be a minimum of 60 dB, both ways.

3.4.3	VSWR

The VSWR for all RF coaxial connections shall be at most 1.5:1.

3.4.4	Filter Requirements

The filter requirements of the MBTS are loosely based on a Butterworth maximally flat with a 25 MHz 3 dB bandwidth.  50% bandwidth around the center frequency for the Butterworth response usually has very linear phase and flat amplitude response.  Amplitude and phase requirements shall be tested in this 50% range.

3.4.5	Internal Local Oscillator Signal

The MBTS shall have an internal self-contained local oscillator frequency source, which shall conform to the following parameters:



Temperature stability shall not to exceed (1 ppm, for 0 to 50 degrees Celsius.

Aging rate shall not exceed 1 ppm/yr., 5*10-9/day.

The short term Allan variance shall not exceed 1*10-9/sec.

The DC power supply pulling shall not exceed 2*10-8%



3.4.6	Test Ports

All test ports shall have a 50 ( termination with an attached chain.

3.5	Automated Calibration 

3.5.1	Off-Boresight Table Calibration.  

The MBTS shall have the capability of calibrating itself to the sensor’s off-boresight table by generating an internal lookup table corresponding to the antenna’s delta/sum pattern.  The relative delta versus sum signal levels to be used by the MBTS to generate each off-boresight angle shall be determined by means of a calibration procedure involving both the MBTS and the MSSR sensor.  This will require an automated process of collection and comparison of sensor reply data versus MBTS reply output data.

3.5.2	Absolute Power Output Calibration.  

The MBTS shall have the capability of automatically calibrating itself to a Commercial-Off-The-Self (COTS) power meter.  Through an automated process, the MBTS shall step through its dynamic range and shall read and compare the resultant power measurements.  The MBTS shall create and store an offset table in the MBTS. 

3.5.3	Self-Test Capabilities.  

The MBTS shall have BIT/FIT (Built In Testing/Fault Isolation Testing) self-testing capabilities that provide for equipment checkout, maintenance diagnostic assistance, and confirmation of correct operation prior to and following generation of reply signals.  The MBTS BIT/FIT detection rate must be 90% or greater of all hardware and software failures.  BIT/FIT shall be capable of monitoring at a minimum the following internal test set parameters: DC power, Local Oscillator Phase Lock, processor error, azimuth error, and GPIB faults.  A visual indicator of a detected error shall be provided on the test set and an error message shall be delivered through the GPIB interface. 

3.6	System Reliability, Maintainability, and Availability (RMA).

The RMA requirements for the MBTS are based upon the MBTS prime mission equipment.  This equipment includes all of the contractor furnished equipment necessary to satisfy the requirements contained in this specification.

3.6.1 Definitions Applicable to RMA

3.6.1.1	Failure

A failure is defined as any event or inoperable state in which the MBTS hardware, software, or firmware does not perform its intended function or capability.

3.6.1.2	Critical Failure

A critical failure is defined as one that results in the MBTS no longer being capable of satisfying the requirements specified in section 3 of this specification.

3.6.1.3	Mean Time between Critical Failure

The MTBCF is a reliability parameter related to corrective maintenance actions.  The MTBCF is the total MBTS operating time divided by the total number of critical failures during that period of time.

3.6.2 RMA Requirements

3.6.2.1 Reliability 

The MBTS shall provide a system Mean Time Between Critical Failure (MTBCF) that is greater than or equal to 8,766 hours. Reliability shall be in accordance with FAA-G-2100F paragraph 3.2.3.

3.6.2.2 Maintainability

It is anticipated that the MBTS will not be repaired on-site.  Failed units will be returned to the FAA depot for repair.  Removal and replacement of failed MBTS units shall not interfere with normal operation of the ATCBI-6.



3.6.2.2.1 Mean Time to Replace (MTTR)

The MTTR is the sum of maintenance time required to remove and replace each failed test set, divided by the total number of failures.  The MTTR for the MBTS shall be less than 1 hour.

3.6.2.3 Availability

The MBTS shall have a minimum inherent availability (Aj) threshold equal to 0.9999.  Inherent availability is defined as MTBCF/(MTBCF+MTTR).

3.6.2.4 Useful Life

The MBTS shall have a useful life of at least 20 years under mission operating conditions for 24 hours per day, 365 days per year with downtime for corrective and preventive maintenance not to exceed that necessary to satisfy the reliability, availability and maintainability requirements of this section.





3.7	Environmental Conditions



The MBTS equipment shall satisfy the environmental requirements specified in Paragraph 3.2.1.2.2 of FAA�G�2100F.  The system operating conditions shall satisfy the requirements for a level I environment (refer to Table III of FAA�G�2100F) without permanent deformation or change that would impact upon the critical performance parameters specified in Section 3 of this specification.  The system non�operating conditions shall satisfy the requirements of Paragraph 3.2.1.2.4 of FAA�G�2100F.



3.8	Physical and  Electrical Requirements

3.8.1	Construction and packaging

The MBTS equipment shall be constructed in accordance with Paragraph 3.1.3.3 of FAA�G�2100F.  The design shall utilize a modular fashion to the greatest extent possible, such that the maintenance requirements specified herein can be easily satisfied.

3.8.2	Physical Size

The MBTS shall be transportable by a single person when mounted on a standard equipment cart.  The MBTS shall also have the capability to be rack-mounted in a standard 19” equipment rack.

3.8.3	Not Used

3.8.4	Thermal Design

Cooling methods such as liquid, evaporative coolants, and vapor cycle refrigerants shall not be used.



3.8.5	Electrical Requirements

The requirements herein shall apply to all items in the contract unless otherwise noted.

3.8.5.1	Operational Electrical Conditions

The MBTS and its support equipment shall utilize the following design center values and shall meet all functional and performance requirements specified herein, when operating from a primary power source with the following service condition values:



Source Parameter�Service Condition Range�Tolerance��Voltage�115 V to 230 V�±15 V��Frequency�50 Hz to 60 Hz�±3 Hz��Harmonic Content�3%���



3.8.5.1.1	Electrical Transient Protection

The MBTS shall operate with no degradation of performance in the presence of electrical transients and surges described in section 3.5 of FAA-STD-020b. The MBTS shall operate with no degradation of performance in the presence of electrical power line over-voltage described in the Service Condition Range table above, as well as in section 3.3.4 (Performance), in Tables IV and V, and in Figure 2, of FAA-G-2100, or with partial or complete loss of line voltage(s) for up to 15 milliseconds.



3.8.5.2	Electrical Wiring

All MBTS equipment electrical wiring shall satisfy the requirements specified in Paragraph 3.1.2.1 of FAA�G�2100F.



3.8.5.3  Alternating Current (AC) Supply Line � Circuit and Parts Requirements

All AC supply line circuits and associated parts shall satisfy the requirements of Paragraph 3.1.2.2 of FAA�G�2100F.

3.8.5.4  Circuit Protection

All MBTS equipment shall utilize circuit protection as specified in Paragraph 3.1.2.3 of FAA�G�2100F.

3.8.5.5  Power Source

The MBTS equipment shall operate as specified herein when subjected to a power source as defined in Paragraph 3.1.2.4 of FAA�G�2100F.

3.8.6	Test Points

MBTS equipment test points, test facilities, and test equipment shall satisfy the requirements of Paragraph 3.1.2.5 of FAA�G�2100F

3.8.7	Grounding, Bonding, Shielding, and Transient Requirements

MBTS equipment grounding, bonding, shielding, and transient protection shall satisfy the requirements of Paragraph 3.1.2.7.1 of FAA�G�2100F.

3.8.8	Solid-State Design

The MBTS equipment shall utilize solid-state technology.

3.8.9	Electronic Equipment Assembly Requirements

The MBTS electronic equipment assembly requirements shall be as specified in Paragraph 3.2.2.1 of FAA�G�2100F.  All personnel involved in the assembly of electronic equipment shall satisfy the requirements of Paragraph 3.2.2.3 of FAA�G�2100F.

3.8.10	Materials, Processes and Parts

3.8.10.1  Materials

The materials utilized  by the Contractor, shall be procured and tested in accordance with the Contractor’s approved Quality System Plan.  The materials utilized in the MBTS equipment as a result of any development effort shall satisfy the requirements specified in Paragraph 3.3.1.1 of FAA�G�2100F, as it applies to the specific materials utilized by the equipment manufacturer.

3.8.10.2  Processes

The processes utilized in the assembly of the MBTS equipment shall be in accordance with the Contractor’s approved Quality System Plan.  The processes utilized in the assembly of this MBTS equipment as a result of any development effort shall satisfy the requirements specified in Paragraph 3.3.1.2 of FAA�G�2100F, as it applies to the specific process employed by the equipment manufacturer.

3.8.10.3  Parts

The use of commercial parts is acceptable provided that the reliability, maintainability, and availability requirements specified in Paragraph 3.6 of this specification are satisfied.



 3.8.10.4  Materials and Finishes

In no instance, shall a finish interfere with the grounding, electromagnetic interference, performance, or mechanical operation of any portion of the system.



3.9		System Software

The term "software" as used in this specification shall apply to all deliverable items having one or more of the following characteristics:

Computational and control logic represented in a higher order language or assembly language form and defined as source code to be interpreted, assembled, or compiled into machine executable form.

Executable program instructions at the microcode or direct machine executable levels.

All data representations required by executable program logic.

All logic descriptions, state machines, high�level Boolean equations, truth tables and logic schematics that reflects the design concept of programmable logic devices (e.g., Programmable Array Logic, Programmable Logic Array, Programmable Logic Sequencer, Programmable Gate Array).



These deliverable items are further identified as being processed/executed on computational/control hardware.  This hardware consists of CPUs or programmable controllers/devices or both, whether used as general purpose (as in the computer subsystem) or dedicated hardware.

All items meeting the above criteria shall be subject to the software requirements of this specification.  Exceptions shall be made only upon written authorization by the Contracting Officer.



The term “firmware” as used in this specification shall apply to all computer programs or microprograms that are loaded in a class of memory (Read�Only Memory (ROM), Programmable Read�Only Memory (PROM), or writeable control store) that cannot be dynamically modified by the computer during processing. 



All MBTS user control functions shall be software controllable via GPIB, unless otherwise noted.  The MBTS user interface on an external PC shall be a Windows based graphical control environment and provide operator assistance by means of appropriate HELP menus.



4.0  TEST REQUIREMENTS.

4.1  General Requirements.

The MBTS shall be tested to verify that the requirements of the FAA Functional Specification are being met.  Each requirement of this FAA Functional Specification shall be correlated to the test verification requirements traceability matrix (TVRTM).  This information shall be included in the project TVRTM prepared as part of the contractor’s Master Test Plan.  All testable requirements shall be allocated for test in at least one of the test types indicated in Section 4.2 through 4.5 of this document.



4.1.2  Test Conduct.

A CPT shall precede each formal test.  Each formal test shall have success criteria defined in the test plan for each testable requirement being verified.  Each test shall be conducted on a pass/fail basis.  The pass/fail criteria shall provide a clear and unambiguous objective for the determination of test success or failure.  A test shall be considered complete when the test has been executed without aborts or errors (unless they are part of the test procedure) and when all analyses have verified correct operation in accordance with (IAW) approved plan methods and the specified success criteria.  Each test shall be capable of being repeated and achieve the same results.  Discrepancies between actual and expected test results shall be explained by analysis of test data.

4.1.3  Program Trouble Report (PTR).

A PTR shall be prepared for each hardware or software anomaly identified during a formal or informal test.

4.1.4  Contractor Preliminary Tests (CPT).

Contractor preliminary tests shall be conducted in accordance with 4.3.1 of FAA�G�2100F.  Each formal test shall be proceeded by the conduct of a CPT.  The CPT shall also be considered a formal test as defined in paragraph 4.1.5 of this specification.  The contractor shall dry-run each CPT prior to sending notification to the government that the formal CPT is to begin.



4.1.5  Formal Tests.

The contractor shall conduct a formal test program which will show compliance of the contractor developed MBTS to the section 3.0 requirements of this specification.  All testable requirements (IAW the TVRTM) shall be verified during a formal test event.  A formal test requires 10 day advanced notification to the FAA that a formal test event is scheduled.  The formal test must be conducted in accordance with an FAA approved test plan and procedure.  The FAA may witness all formal tests.  Prior to a formal test, the article under test is described and the complete configuration of the article is provided to the FAA for inspection and concurrence, such that the configuration is adequately documented.  Test data, test logs and notes must be collected and authenticated as part of the Formal test program.

4.2  First Article Tests.

The requirements of this specification shall be verified through a series of tests conducted on the first article units as defined in the contract..

4.2.1  First Article Inspections.

The first build unit, module, and assembly to be provided under the contract shall be given a mechanical and an electrical inspection IAW the manufacturer’s own industry standards for the following areas.  The mechanical inspection shall include a visual examination to determine compliance with the applicable specification requirements for strength and rigidity, accessibility, types of components and materials, choice of insulation, layout of chassis, panels and wiring, finishes, workmanship, and similar attributes.  The electrical inspection shall include tests, which determine the compliance of the equipment with all manufacturers’ specifications, which cover electrical requirements and performance.  Electrical continuity, leakage resistance, power, supply voltages and regulation, local oscillator accuracy and stability, and similar characteristics shall be included.

4.2.2.  First Article Design Verification Tests.

The Design Verification Test’s primary objective is to verify each “shall” statement in Section 3 of this specification.

4.2.2.1  Hardware Verification Tests.

Testable requirements from this specification which are allocated to hardware elements, and that are to be fully TVRTM verified at less than the system level, shall be tested in the Hardware Verification tests.  

4.2.2.2.  Software Verification Tests.

These tests shall verify the requirements of this specification which are allocated to software.  All TVRTM requirements directed to software testing shall be tested as part of the Software Verification Tests.

4.2.3.  First Article System Tests.

System Tests shall include a complete set of  hardware and software components, which constitute the MBTS as the item under test.

4.2.3.1  Performance Test.

This test shall verify all the TVRTM performance requirements of Section 3.1 of this specification directed to this test.  

4.2.3.2  Status and Control Test.

This test verifies the ability of the operational user to control and monitor the status and operating modes of the MBTS.  Status, Control functions, and performance required in this specification as identified in the TVRTM shall be tested by exercising the control mechanisms described in the MBTS users manual and observing the proper results and status indications as noted in the users manual.

4.2.3.3  Interface Tests.

The MBTS shall be connected at the GPIB interface to a PC to prove the interoperability between the respective elements.  These tests require the conduct of both the functional tests for interface electrical connections and for interface protocols, as well as a performance test to verify that the interface performs according to this specification.  

4.2.3.4  Environmental Test.

The MBTS shall be environmentally tested in accordance with FAA specification FAA�G� 2100F Paragraph 4.3.4.4.

4.2.3.5  First Article Stability Test.

The MBTS shall be tested to verify the integrity and long term stability of the system IAW TVRTM identified requirements.  After initialization, the MBTS shall run continuously for 168 hours with no operational interruptions or interventions that are not specifically defined in the test procedure.  During this period, the MBTS shall perform periodic test routines that exercise all of the MBTS control functions, including all attenuator, RF switching and phase control permutations. 

4.2.3.6  Electromagnetic Interference (EMI) Test.

The MBTS, as determined and defined by the First Article baseline configuration, shall be tested to verify the electromagnetic interference�radiated susceptibility integrity.  Testing of MBTS equipment shall be performed in accordance with FAA specification FAA�G�2100F, 3.3.2.3.  In addition, an EMI�radiated susceptibility performance baseline shall be established.  Validation of the radiated susceptibility shall be performed in accordance with MIL�STD�461 for class A1c equipment.  In the event MIL�STD�461 class A1c requirements are unattainable, the best case nominal performance baseline shall be established.



4.2.3.7  Year 2000 System Compliance (Y2K) Test.

The MBTS shall be tested to verify that there are no software or firmware components that utilize two-character year encoding schemes.  All file dates and any internal computations involving date codes shall utilize four-digit year encoding.

4.2.4  First Article Site Acceptance Tests (SAT).

Site acceptance tests shall be performed to verify that that the MBTS operates in an operational mode, connected to an MSSR system.  The following tests shall be performed as part of the SAT.



Calibration and Accuracy Test � The MBTS shall be calibrated for absolute power output and MSSR monopulse alignment

Interface Test � The MBTS shall be connected at all RF and GPIB interfaces.  Tests shall be conducted and data collected to verify that the interfaces are working in accordance with this specification.

Stability test - The SAT shall verify that the MBTS is stable and running error free continuously.  The MBTS shall be run continuously for 72 hours IAW Section 4.3 of this specification.  Any interruption of service or errors detected shall be noted.  The ATCBI�6 shall run error and interruption free for 72 hours before this test is considered complete.

4.3  Production Tests.

The MBTS shall be tested to verify that production techniques, methods, and quality are being maintained.  These tests shall verify that MBTS systems produced after the first article retain the functional and performance standards achieved during the first article testing.  The production tests shall be a subset of the first article design verification and first article system level tests (sections 4.2.2 and 4.2.3 of this specification) as follows.  Each production test shall consist of a stability test of 72 hours similar to that identified in Paragraph 4.2.3.7 of this specification, but wherein the above mentioned subsets of first article design verification and system level tests are conducted during the 72 hour stability test period as a production test profile.

�

APPENDIX A  -- GPIB Interface Requirements 





REGISTER CONTENTS AND DEFINITIONS



REGISTER NAME�RANGE or OPTIONS�INCREMENTS�DISPLAY

FORMAT�COMMENTS��Trigger Source�Decoded RF Interrogations

��Decoded RF Interrogations

�There will be an external trigger BNC connector and an internal trigger output BNC connector.���Decoded Mode Triggers��Decoded Mode Triggers����Internal Triggers��Internal Triggers����External Triggers��External Triggers���External Trigger Delay�0 to 3000 usec�62.5 nsec�XXXX.YYY (s���Internal Trigger�PRF: 0 to 3000�1 PRF�XXXX Hz���Pulsewidth�1 to 5 (sec�100 nsec�X.Y (s���Antenna Type�5 foot open array

6 foot open array��Terminal Antenna

En-route Antenna���RF Mode�CW

Pulsed RF��CW

Pulsed RF���RF Fixed Frequency�1060 MHz�N/A�1060 MHz�Fixed CW only��RF Output Fixed Frequency�+10 to -20 dBm�1 dB�XX. dBm���RF Variable Frequency�1080 to 1100 MHz�200 kHz�XXXX.Y MHz���Sum RF Output)�+10 to –53 dBm�0.5 dB�XX Y dBm���Delta RF Output On-boresight�36 dB below the Sum RF output�0.5 dB�XX Y dBm���Delta RF Output Off-boresight�Fixed delta/sum ((/() ratio replies, controllable over the following range:

-3 ( f (/( ( +3,

48dB range of (/(

in 0.25 dB increments

in 0( phase and 180( phase.�0.25 dB�(XX.YY dBm���Omni RF Output�-10 dBm to -73 dBm �0.5 dB�( XX.Y dBm���Selectable Sum/Omni Ratio�20 dB to –28 dB�1 dB�( XX dBm�Relative to RF Sum��RF Output Calibration (Attenuation)�0 to 16 dB�1dB�XX dB�Applies to Sum, Delta, and Omni RF outputs���

Pulsed RF Output����Replies to each interrogation (rings)��- Mode 3/A�Code: 0000-7777�1�XXXX�F1, F2, X, SPI��- Mode 2�Code: 0000-7777�1�XXXX�F1, F2, X, SPI��- Mode C�Code: 0000-7777 �1�XXXX�F1, F2���ATCRBS Altitude:

-1000  to 126,700 ft.�100 ft.�XXXXXX ft.����Mode-S Altitude:

-10K to 200K�25 ft. or 100 ft.�XXXXXX ft.���- Mode S�Code: 000000-FFFFFF�1�XXXXXX���Interlace�X,Y,Z,XY,XYZ,XXY��X, Y, Z, XY, XYZ, or XXY��� - Mode X�3/A, 2, C��3/A, 2, or C���- Mode Y�3/A, 2, C��3/A, 2, or C���- Mode Z�3/A, 2, C��3/A, 2, or C���Azimuth Gated Targets������- Azimuth�0 to 4096 ACP’s SINGLE target; or MULTIPLE�SINGLE or

MULTIPLE�XXXX ACP

(single only)���- Range�0 to 255 nm�1/64 nm�XXX.YY

(Y is in 64ths)���- Targets/Scan�1, 2, 4, 8, 16, 32�2n,   n ( 5�XX Targets���- Azimuth extent�2.0( to 5.0(�0.2(�X.Y degrees�Target size in azimuth��������User Defined Calibration Table�-127 IACP’s to +128 IACP�����Sum�0 to 64 dB�.1 dB��Beamshaping Optional��Delta/Sum�-36 to +12 dB�.25 dB����Delta/Sum Phase�0 (, 180 (.�����BIT reports�TBD�TBD�TBD�Bit reports will be determined by the specific vendor’s design.���

APPENDIX B  -- Test Verification Requirements Traceability Matrix 
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