Monopulse Beacon Test Set (MBTS)





The Federal Aviation Administration (FAA) has identified an operational requirement for a Monopulse Beacon Test Set (MBTS) to be procured to support existing and future Secondary Surveillance Radar Systems.  The MBTS will be used by FAA personnel at operational field sites to perform routine maintenance and certification tasks of the radar systems.  As a first step in the procurement process, the FAA is conducting an industry survey for the Monopulse Beacon Test Set (MBTS), to determine if any commercially available equipment exists which may partially or fully satisfy the operational requirements of the MBTS.  A functional requirements document,  provided as an attachment to this announcement, has been developed which identifies what is expected of the MBTS.  The FAA is interested in discussing with vendors the availability of products which are currently in production or in development which can satisfy the MBTS requirements.





The FAA’s known requirement for this product is 125 units.  The FAA may required up to 450 units or as few as 50 units.  





If you are an interested manufacturer, please respond by October 15, 1997 with the following information:





1.	Company name, address, and telephone number for contact point.


2.	A brief description of the NDI product with applicable part numbers, if any.


3.	Describe the functional capabilities of the product.


4.	Does the current production product line of your company have any units which simulate monopulse beacon radar reply signal characteristics?


5.	Have any developmental or prototype units been constructed by your company which may partially meet the MBTS requirements?


6.	If the answer is 5) is yes, what level of effort would be required to bring the unit to specification compliance?


7.	Does your company have experience with monopulse beacon systems?


8.	Has your company built special purpose RF test equipment for FAA or Department of Defense agencies for use with beacon radar systems?


9.	What would you estimate the rough order of magnitude cost for a production MBTS unit. 


10.	What level of production could your company handle, i.e. units per month?
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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 ATCBI test sets in use today do not generate the reply signals necessary to measure 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 testing MSSR systems for both ATCRBS and Mode S operations.  The MBTS shall be capable of generating continuous wave (CW), swept 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) 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-XXXX �
Air Traffic Control Beacon Interrogator Model 6 (ATCBI-6) June, 6 1997�
�
�
�
�
FAA-E-2716 �
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,


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�
�
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 all of the way through to the controller’s display.  The MBTS will be used primarily for:


a.	Measuring and calibrating receiver sensitivity


b.	Measuring and calibrating fixed thresholds


c.	Measuring and calibrating Sensitivity Time Constant (STC) curves


d.	Measuring and calibrating delta/sum (�symbol 68 \f "Symbol" \s 10��/�symbol 83 \f "Symbol" \s 10��) threshold


e.	Measuring and calibrating sum/omni (�symbol 83 \f "Symbol" \s 10��/�symbol 87 \f "Symbol" \s 10��) threshold


f.	Testing and alignment of receivers, using pulsed, CW, and swept 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 +40 dBm.  These interrogations are composed of the following pulses:


a.	Classic ATCRBS:  P1, P2, P3


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


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


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





The P1, P3 spacing shall determine the interrogation mode:


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


b.	Mode C = 21 usec, plus or minus 0.2 usec


c.	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.  The P2 pulse can be ignored.  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.


The MBTS is not required to differentiate between the various Mode S message formats when using the baseband video trigger mode.  Baseband decoding of the ATCRBS mode triggers is required.


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 systems when the transmitter is off.  Amplitudes of 5 volts to 60 volts positive shall be accepted. Mode S interrogations will not be processed in this mode; only ATCRBS modes shall be differentiated.


3.1.2.2	External Trigger. 


The MBTS shall be capable of receiving triggers from the ATCBI system, or any other test trigger, to be used to synchronize the MBTS replies.


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 provide 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.


3.1.3	RF Output


The MBTS shall output CW, swept 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, CW and swept CW modes.  Phase matching between sum and delta shall be maintained to within �symbol 177 \f "Symbol" \s 10�� 5�symbol 176 \f "Symbol" \s 10�� over the center frequency range of �symbol 177 \f "Symbol" \s 10�� 4 MHz.  The output attenuator section shall provide for adjustment of RF sum signal over the range of 10 dBm to -53 dBm in 0.1 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, swept 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, swept 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 �symbol 179 \f "Symbol" \s 10�� 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 is shall indicate 0�symbol 176 \f "Symbol" \s 10�� phase  for azimuth gated targets entering the beam (leading edge of the beam) and 180�symbol 176 \f "Symbol" \s 10�� 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.  


Provides for CW, swept CW and pulse-modulated RF output, adjustable over a range from +20 dB to -28 dB below the RF sum output.


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.


3.1.5	User Inputs.  


The MBTS shall accept the following user inputs via a local keyboard (or other entry device) or remotely via the GPIB interface:


a.	Trigger select - Decoded interrogations, decoded mode triggers, internal pre-triggers, or external triggers


b.	Antenna Type - 5 foot terminal open array and 6 foot en route array


c.	Mode – CW, swept-CW, constant range/monopulse replies, azimuth-gated targets


d.	Target Azimuth - Single target, or target azimuth of one of the multiple targets


e.	Target Range - Target ranges selectable from 0 to 255 nmi, in either1/64 nmi or 1 RU increments


f.	Targets Per Scan - 1, 4, 8, 16, or 32 targets per scan at equal azimuth spacing


g.	ATCRBS or Mode S Target 


h.	Mode 3/A Code


i.	Mode C Code


j.	Mode 2 Code


k.	Mode S ID Code - 24 bits


l.	Sum/Omni Ratio 


m.	Sum RF Output Level 


n.	Off-Boresight Target Control  - Delta/Sum ratio selection for fixed monopulse ring replies





3.1.6	Control Panel


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





·	AC and DC power indicators


·	On or Standby


·	Azimuth Data (Green or Red status)


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


·	Reply output (for Mode 3/A, C, S & 2 interrogation detects)


·	BIT status





3.2	Functional Requirements


3.2.1	Constant Range (Ring) Replies.  


The MBTS shall generate constant range (ring) replies, which shall be selectable from 0 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 targets shall be provided, with the delta RF signal at least 42 dB below the sum RF signal.


3.2.1.2	Off-Boresight Replies. 


 Off-boresight targets shall consist of continuous variable delta/sum (�symbol 68 \f "Symbol" \s 10��/�symbol 83 \f "Symbol" \s 10��) ratios as follows:





-3 �symbol 163 \f "Symbol" \s 10�� �symbol 166 \f "Symbol" \s 10���symbol 68 \f "Symbol" \s 10��/�symbol 83 \f "Symbol" \s 10�� �symbol 163 \f "Symbol" \s 10�� +3, 48 dB range of �symbol 68 \f "Symbol" \s 10��/�symbol 83 \f "Symbol" \s 10�� 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 reply characteristics of typical ATCRBS and Mode S transponders.  The range shall be selectable from 0 to 255 nmi, in increments of 1/64 nmi, or in 1 RU increments.  Azimuth extent of adjacent, azimuth-gated targets shall be user selectable from 2.0�symbol 176 \f "Symbol" \s 10�� to 5.0�symbol 176 \f "Symbol" \s 10��.  Azimuth-gated targets shall not be generated simultaneously with ring replies.  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 can be 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 (FAA # 9764 & 10016) and the 6 foot en route array (FAA # 10250).  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 Value:  Zero attenuation at boresight and increasing in either direction from boresight in 0.1 dB resolution.  Beam shaping shall be optionally enabled/disabled by the user.





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





		3)	Delta/Sum Phase:  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 sum RF signal level maximum shall occur at target azimuth, and decrease 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.


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 0 to 255 nmi, in either 1/64 nmi or 1 RU (1 RU = 62.5 nsec) 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 or ACPs, 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 or 16384 ACPs inputs per scan depending on APG source and an ARP input once a scan.  The reply azimuth shall be variable from 0 to 359.9 degrees, or 0 to 4095 ACPs, or 0 to 16383 AUs.  The user shall be able to input an ARP north mark offset from 0-16383 ACPs 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 altitude (in either 25 ft or 100 ft encoding format, and in 25 ft or 100 ft increments), 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 generate with the ATCRBS replies.  Each framing pulse shall be independently controllable.





a.	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.


b.	Mode C Code.  The Mode C code shall be entered either as a gray  code (0000 to 7777 octal) or altitude in feet (-10,000 to 200,000).  Mode S altitude format shall be selectable between 25 ft or 100 ft encoding.  The F1 and F2 framing pulse shall also be selectable.


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


d.	Mode S ID.  The user shall be capable of entering Mode S ID's from 0000 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:





a.	Pulse width (�symbol 177 \f "Symbol" \s 10�� 250 nsec variation minimum, in 50 nsec increments)


b.	Pulse spacing (�symbol 177 \f "Symbol" \s 10�� 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.  For Mode S replies, only the pre-amble pulse shall be modifiable, the 56 and 112 data streams must 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 used 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�symbol 226 \f "Symbol" \s 10�� or Hewlett-Packard HP VEE�symbol 226 \f "Symbol" \s 10��).


3.3	External Interfaces


3.3.1	RF Ports


The MBTS shall be connected to the RF test ports of both ATCBI-6 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�symbol 176 \f "Symbol" \s 10�� phase adapter (1/4 wavelength at 1090 MHz) cables shall be provided to accommodate systems that expect a 90�symbol 176 \f "Symbol" \s 10��/-90�symbol 176 \f "Symbol" \s 10�� phase shift at boresight.


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�symbol 87 \f "Symbol" \s 10�� loads for all RF output channels.


3.3.2	Trigger Ports


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





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 14-bit APG data inputs corresponding to the dual APG units.  APG data will be made available from each ATCBI-6 channel in a differential signal format, EIA-422 electrical characteristics. The MBTS shall also be capable of receiving 12-bit APG data.  The MBTS shall be capable of accommodating antenna rotation rates of between 4 RPM and 15 RPM.





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


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 provide via buffered BNC connectors.   


3.4	System Software 


All MBTS user control functions shall be software controllable, unless otherwise noted.  The control panel interface shall be menu-driven and user-friendly.  The Windows based application shall be a graphical control environment and provide operator assistance by means of appropriate HELP menus.


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 the resultant power measurements made by the power meter shall be read and compared.  An offset table shall be created, download and stored into the MBTS. 


3.5.3	Self-Test Capabilities.  


The MBTS shall have self-testing capabilities that provide for equipment checkout, maintenance diagnostic assistance, and confirmation of correct operation prior to and following generation of reply signals.


3.6	Physical Requirements


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.
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