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1 Upgrade Scope

1.1 IDENTIFICATION

The purpose of this specification is to establish the performance requirements for the hardware and software that is to be modified, developed, and/or provided by the contractor for the Radar Interrogator Set (RIS) Upgrade to the AN/FPS-117 (V)1, (V)4, &(V)5 radars.  The RIS upgrade will replace the current beacon subsystem and modify the affected interfaces within the existing system to provide an integrated solution to the upgrade.  The primary goals are to increase maintainability and performance capabilities for the AN/FPS-117 beacon subsystem.  MMI updates will be fully integrated into the existing displays to minimize operator-training impacts.  Emphasis will be placed on the elimination of on site manual adjustments and ease of accessibility for any remaining adjustments or measurements, as well as the incorporation of remote monitoring of beacon performance. 

1.2 SYSTEM DESCRIPTION

The AN/FPS-117 is an L-band, solid-state air surveillance radar.  Incorporated into the system is a dual unit beacon subsystem used to identify targets as friendly or unknown and provide target positional information.  The existing beacon subsystem consists of an antenna and processor cabinet that interfaces with the Radar Data Processor (RDP).  

The resulting upgraded system will continue to provide AN/FPS-117 system data to the ROCC/CRC User’s as defined in the AN/FYQ-93 ICD (ESD ICD 2433-968-1B) and the ICEROCC, CRC/ACRC, ROACC ICD (ESD-IADS-ICD-9586A).  Displays for all updates will be included on the existing displays defined in 77A561269 and ESD IADS-SSS-9586B under contract F19628-95-D-0016.

1.3 DOCUMENT OVERVIEW

This document specifies the characteristics and requirements for the RIS upgrade to the AN/FPS-117 (V)1, (V)4, &(V)5 radars.  It supersedes the existing AN/FPS-117(V)1/(V)4 System Specification, 77A561269, and the AN/FPS-117(V)5 System Specification, ESD-IADS-SSS-9586B.  In the event of conflicts between this specification and referenced documents, this specification will take higher precedence. 

The RIS upgrade shall meet the requirements of DOD AIMS 97-1000 and where applicable DoD AIMS 97-900.

2 Applicable Documents

77A561269

ESD ICD 2433-968-1B

ESD-IADS-ICD-9586A

ESD-IADS-SSS-9586B

FAA 1010.51A

DoD AIMS 97-1000

DoD AIMS 97-900

MIL-HDBK-217

3 Requirements

The implementation of the following requirements does not eliminate the current set of system requirements.  All requirements in 77A561269 and ESD-IADS-SSS-9586B that are not explicitly changed by this specification still remain in affect.  This upgrade will not degrade any existing system level requirements.

3.1 Performance

Definition: The coverage area A is defined to be 1nmi thru 200nmi in range, from ¼ degree above radar horizon up to 60,000 feet ASL in height for 360 degrees in azimuth, with the exception of a cone of silence.  The cone of silence consists of the air space above the radar that is above 30 degrees in elevation above the radar horizon.

Definition: The coverage area B is defined to be 1nmi thru 250nmi in range, from radar horizon up to 100,000 feet ASL in height for 360 degrees in azimuth, with the exception of a cone of silence, and also excluding coverage area A.  The cone of silence consists of the air space above the radar that is above 40 degrees in elevation above the radar horizon.

Data from ground based devices (e.g. PARROT), used to monitor an MSSR’s range and azimuth accuracy shall be received, processed, and made available for display with the exception of processing implemented under CET SM-LHE-99-03 task 2.
3.1.1 Probability of detection

The MSSR shall achieve a Probability of Detection (Pd) per 360 degree azimuth scan of at least 97% for targets, carrying a certified transponder, throughout the defined coverage area A that are responding on at least half of the interrogated modes (1 of 1, 1 of 2, 2 of 2, 2 of 3, or 3 of 3) in the presence of a steady state environment of 10,000 ATCRBS and 600 Mode S fruit replies per second.

The MSSR shall achieve a Probability of Detection (Pd) per 360 degree azimuth scan of at least 90% for targets, carrying a certified beacon transponder, throughout the defined coverage area B that are responding on at least half of the interrogated modes (1 of 1, 1 of 2, 2 of 2, 2 of 3, or 3 of 3) in the presence of a steady state environment of 10,000 ATCRBS and 600 Mode S fruit replies per second.

3.1.2 Accuracy/Resolution

3.1.2.1 Range resolution

The MSSR shall be able to resolve two targets on the same radial bearing and separated in slant range by 1/16 NM or greater.

Two beacon replies interleaved shall be decoded correctly when corresponding code pulses are non-interfering pulses.  In addition, two closely spaced ATCRBS aircraft, with uniform random distribution within a window described by a slant range less than 1.7 nmi and a simultaneous azimuth separation of less than 2.4 degrees, shall each be detected and reported a minimum of 90% of the time.  The Code and altitude shall be correct a minimum of 85% of the time. 

Pulse position from overlap replies will be sensed and replies affected shall be declared as garbled.  When the replies are garbled over the entire target runlength, the associated target code shall be suppressed with a garble bit included in the victim code field.   
3.1.2.2 Azimuth resolution

The MSSR shall be able to resolve two targets (with different reply codes) at the same slant range when separated in azimuth by 2.4 degrees.

3.1.2.3 Range Accuracy

For sites with certified parrots, the Root Mean Square range error, including biases, shall not exceed ±30 feet bias including long-term drift and the standard deviation of the range errors shall not exceed 25 feet.  For all remaining sites, the Root Mean Square range error, including bias, shall not exceed 0.125 nautical miles.

3.1.2.4 Azimuth Accuracy

Azimuth accuracy applies to the coverage from 5 nautical miles to 250 nautical miles extending from ½ degree above radar horizon to 30 degrees above radar horizon with a limit of 100,000 feet in height.

For sites with certified parrots, the long term combined sensor plus antenna azimuth accuracy shall not exceed the following values for the indicated antenna elevation angles:

Bias for coverage area A – for elevation angles <2 degrees, the bias shall be within ±0.033 degrees for elevation angles equal or greater than 2 degrees, the bias will be permitted to change as a function of the elevation angle due to the antenna beam widening.  The sensor and antenna reported azimuth bias component change shall not exceed the change attributable the antenna only.

Bias for coverage area B:  ± 0.18 degrees 
Jitter – for coverage area A and all elevation angles less than 20 degrees, the standard deviation of the azimuth errors shall not exceed 0.07 degrees.

For sites without parrots, the MSSR shall be able to determine the true azimuth of a target with accuracy of 0.18 degrees RMS, or less (meaning better than 0.18 degrees).  

3.1.3 False Reports

When operating in the specified ATCRBS FRUIT environment, (SIF FRUIT 10,000 per second/Mode 4 2500 per second), false target reports generated from true target replies shall not exceed 0.25% of total targets per scan.  

False emergency reports shall not exceed one per 48-hour period.

For Mode S upgrade, the System shall not report any false Mode S target reports.  The ability to detect targets and limit false targets shall be achieved in the presence of a steady state environment of 10,000 ATCRBS and up to 600 Mode S fruit per second

3.1.4 Tracker

The MSSR tracking algorithm, if used, will support all modes of interrogation.  The actual target position detected shall be the target reported.

3.1.5 Anti-Jamming

The MSSR system shall meet the anti-jamming requirements of AIMS-DOD-97-1000.

3.1.6 Code Reliability and Validation

The ATCRBS Mode 3/A code detected and disseminated from the MSSR shall (1) be correct (the same as what the aircraft transmitted) greater than 99 percent of the time.  The MSSR shall (2) validate Mode 3/A codes a minimum of 99 percent of the time when the code is correct.  Validation shall (3) be declared less that 1 percent of the time when an incorrect code is disseminated.  The MSSR system shall (4) validate the Mode C codes for each aircraft reported in the coverage volume a minimum of 95 percent of the time, when the code is correct.  The MSSR shall (5) correctly report the Mode S identification greater than 99.9 percent of the time for Mode S equipped aircraft.

3.2 Capacity

The MSSR shall be capable of processing and reporting 1000 target reports per 360-degree azimuth scan.

The radar data transfer shall degrade gracefully when the number of reports input is in excess of either its output or processing capacities or when the number of output target reports for one scan exceeds 1000 reports. 

Status reports shall not be delayed or deleted under excessive load conditions.

It shall be possible to detect replies from targets employing a maximum capability of 4096 3/A and Mode 2 codes when the target is challenged by any combination of mode commands identified in paragraph 3.3.

The delay for a detected MSSR target shall be no more than 6 seconds from antenna passing the target until the data is ready for transmission to the communications interface from the Radar Data Processor (with no impact due to delays of the transmission media) and no more than 1.5 seconds when processing data from the Beacon-Only data port.

Mode S processing:  The interval from the time when the antenna boresight passes a target-measured azimuth to the time that a target report is output to the automation system shall be no later than 1.5 seconds. Each surveillance report shall be time tagged with resolution of 1/128th of a second.

3.3 Interrogation

The MSSR shall be capable of interrogating on Modes 1, 2, 3/A, C, 4, and optionally Mode S as defined in DoD AIMS 97-1000.

It shall be possible to interrogate targets in one mode, two modes, three modes, and super mode interlace patterns from the existing Maintenance display at the site and MCS.

The MSSR transmit function shall have user selected option to reduce maximum transmit power in one dB increments (from 0 to 9 dB) in order to minimize over interrogation within the overall detection envelope from the existing Maintenance display at the site and MCS.

It shall be possible to detect, process, and make available for display special replies including emergency (7700), radio failure (7600) and hi-jack (7500), Mode 4, Military four train Emergency, Special Position Indicator (SPI) codes, and X-pulse (M2X, M3/AX).

The beacon processor shall incorporate a proven and previously qualified Mode 4 friend level evaluator to provide accurate identification of Mode 4 equipped aircraft.  The beacon processor will accurately report true, near, possible, and NULL friend levels.  The beacon shall correctly process the mode 4 “loop test” message and report mode 4 test message IAW the existing AN/FPS-117 (V) 1/(V) 4 System Specification, 77A561269, and the AN/FPS-117(V)5 System Specification, ESD-IADS-SSS-9586B, and AN/FYQ-93 ICD (ESD ICD 2433-968-1B) and the ICEROCC, CRC/ACRC, ROACC ICD (ESD-IADS-ICD-9586A).

3.4 Operator Displays

Indicators of the serviceability status of the MSSR and associated subsystems, which impact on the continuing use of the MSSR data for operational control purposes, shall be provided on the existing Maintenance display at the site and MCS.  

The current availability of the redundant unit shall be displayed at all times on the existing Maintenance display at the site and MCS.

Changeover from one unit to another operational unit shall be provided via an operator controllable switch on the existing Maintenance display at the site and MCS.

The operator shall have the ability to disable MSSR radiation completely or for individual sectors from the existing Maintenance display at the site and MCS.

3.5 Maintenance

The MSSR system shall meet the following:  (based on MIL-HDBK-217 calculations)

· Predicted inherent availability >0.99995

· MTBCCF
8760 hours  (critical failure in one unit)

· MTTR
0.5 hours   (on site system down time during repair)

· MTBCF 
40000 hours  (critical failure in components common to both units that make both units unavailable)

3.5.1  MSSR MFI Specifications

The MSSR consists of two interrogator units, one of which is actively interrogating while the other is in a “hot standby” state. Faults in either unit shall be reported to the operator via the existing Maintenance display at the site and MCS.

The Monitoring and Fault Isolation (MFI) function shall detect faults at least 98%of the time and provide fault isolation capable of supporting an on-site MTTR specified in 3.5.

All MFI faults for each interrogator subsystem shall be obtainable from both the existing local radar terminal and remote MCS.

The MFI function of each interrogator subsystem shall produce, on request, a performance report (BPERF) at the local and remote MT that will provide GO/NO-GO indications and the operational thresholds of the following performance parameters.   All BPERF indications are based upon operating within standard conditions - ambient inlet air temperature between 50(F and 70 (F.
1. VSWR for each interrogator.  (<1.7:1 indicates GO)

2. VSWR for the MSSR subsystem  (<1.7:1 indicates GO)

3. Interrogator level peak power will correspond to ±1.0 dB of the variable transmitter output power. 

4. MSSR level peak power will correspond to ±1.0 dB of the variable transmitter output power.

5. RF pulse width and spacing for P1 and P3 for each SIF mode interrogation.  (0.7 to 0.9us: indicates GO for pulse width, 2.9 to 3.1 us indicates a GO for Mode 1 pulse spacing, 4.9 to 5.1us: indicates GO for Mode 2 pulse spacing, 7.9 to 8.1us: indicates GO for Mode 3/A pulse spacing, 20.9 to 21.1us: indicates GO for Mode C pulse spacing)

6. RF pulse width and spacing for P2.  (0.7 to 0.9us: indicates GO for pulse width, 1.9 to 2.1us: indicates GO for ISLS pulse spacing)

7. Inactive interrogator computed/effective system sensitivity.

8. Inactive interrogator dynamic range: The inactive interrogator will provide a measurement of receiver dynamic range.  The dynamic range shall be reported with a precision of 0.25 dB with an accuracy of  ±1.5 dB.

9. GTC performance measurement: The inactive interrogator shall provide a measurement of GTC functional performance. Performance shall be evaluated over selected checkpoints of the GTC function. The GTC parametric performance shall be reported with a precision of 0.25 dB and an accuracy of ±1.5 dB. 

10. RSLS performance verification: The inactive interrogator shall provide a verification of the Receiver Sidelobe Suppression (RSLS) function for a selected K factor. The effective K factor shall be verified to be within  ± 1.5 dB of its programmed value.

The failure of any of the above indications shall result in a fault report, and for any failures in a specific interrogator; an automatic failover to the standby unit will be initiated.

Changeover from a failed unit to a redundant unit shall be automatic, require no user intervention, and occur in less than 3 seconds from the fault detection.

In addition to any design driven requirements to meet the specification in paragraph 1, the MFI shall evaluate the processor capability to resolve two fully interleaved targets and fault isolate the problem.  (2 test targets)

3.5.2 Maintainability

Definition: The MSSR is considered to have failed when the controller/operational user can no longer provide full service through data obtained from the MSSR. This means the loss of MSSR data or degradation of MSSR performance parameters outside the limits stated in this specification.

If field adjustments are required for any system parameter, the control shall be located in an area accessible without disassembling system components, such as on the front panel or behind a front panel access door.

For any required field measurements, as defined in the technical orders, there shall be accessible testpoints included as part of the delivered system.

All new performance data (BPERF) shall be provided to the existing Oracle database at the MCS using the existing requirements for solicited and unsolicited data.

The MSSR shall provide real-time run length reporting for detections (live or test) for display on the existing PPI display both local and remote.

The operator at the existing maintenance display at the site and MCS shall have the ability to control:

· Power for SUM and SLS

· GTC

· RSLS

The operator at the existing maintenance display at the site and MCS shall have the ability to override MFI and force the MSSR unit selection.

3.5.3 Availability

In the event that one unit has failed and then the redundant unit fails, the last unit on line shall remain on line.  

The redundant (standby) unit shall be automatically tested at least once every 24 hours to determine availability.  Automatic testing interval shall be adjustable 8 to 24 hours in one-hour increments.  The testing interval adjustment shall be controlled from the either the local or the remote MCS console.

In the event of an external power interruption, the time to return to a non-failed condition shall be less than one (1) minute.

3.6 MISC.

The Beacon system shall allow selection of Pulse Repetition Frequencies (PRFs) over a range of 250 to 320Hz, inclusive, with at least 15 discrete steps, to allow government allocation of PRFs at all sites according to the requirements of this specification (Beacon System PRF will run asynchronous to the AN/FPS-117).

The system shall integrate with existing hardware (KS-10, CI-13) used to remotely load Mode 4 Codes.

The system shall be configured to accept form-fit-function Mode 5 upgrade with remote re-key capability.  This configuration shall fully support the requirements of STANAG 4193 parts V and VI.

The System shall be capable of being upgraded to interrogate aircraft equipped with Mode S transponders operating over the full range of acceptable limits specified in Order 6365.1A.  Mode S interrogations shall be interlaced with all other Military and ATCRBS interrogations (Mode 1, 2, 3/A, C, 4) to include roll call, all call, and selective interrogation in the coverage volume.  Acceptable means of upgrade are insertion of already developed hardware and/or software.  Mode S interrogation refers to requirements commonly referred to as “level-2” Mode S capability per ICAO Circular 174-AN/110 Annex 10 section 2.1.5.1.2.

The system shall be upgradeable to Mode S level 4.  The System shall be capable of being upgraded to add a Mode S like data link functionality as defined in the International Civil Aviation Organization (ICAO) Circular 174-AN/110 to achieve the data link capacity requirements specified in Appendix A.  This added functionality shall be achieved by adding and/or modifying hardware and/or software.  

Data Formats:  The System shall provide surveillance data using the Common Digitizer-2 (CD-2) format or the ASTERIX advanced radar message format at the maintainer’s option. 

Reference NAS-IC-34120002-03

Note:  Refers to requirements commonly referred to as “level-4” Mode S capability per ICAO Circular 174-AN/110 Annex 10 section 2.1.5.1.4.

The antenna shall fit within existing radome.

The system shall be a monopulse system

3.7 PHYSICAL REQUIREMENTS

The resulting upgrade equipment shall meet the overall environmental, power, and interface requirements of the existing AN/FPS-117 (V) 1/(V)4 System Specification, 77A561269, and the AN/FPS-117(V)5 System Specification, ESD-IADS-SSS-9586B, and AN/FYQ-93 ICD (ESD ICD 2433-968-1B) and the ICEROCC, CRC/ACRC, ROACC ICD (ESD-IADS-ICD-9586A).

4 QUALIFICATION REQUIREMENTS

Testing will be conducted at multiple levels.

Vendor testing (FQT) will consist of low-level tests that are run on either a single unit or the overall MSSR.  These tests are to be executed at the vendor’s facility or subcontractor facility with results recorded for review at the FCA.  FAT testing is to be performed on the first fully modified AN/FPS-117 radar system.  SAT testing is a subset of the FAT tests to be performed at all subsequent sites.  Flight Testing is a Government executed test to verify system level performance.  All SIT Tasks will be the responsibility of the  Contractor
Testing methodology consists of:

I – Inspection of physical criteria or inspection of previous testing results

A – Analysis of performance as documented in a report

D – Demonstration of an event with human interaction, such as fault insertion

T – Test of a requirement with a measurable result

The following table defines the level of testing required.  During the upgrade program, a set of test procedures will be created based on the following requirements.

Table  4-1,
Test Verification Matrix

RIS Spec Para.
Parameter 
FQT
SIT
FAT
SAT
Flight 

Testing

Required

3.1
Parrot processing per CET SM-LHE-99-03 task 2

T
D
D


3.1.1
MSSR Pd in zone A
A
A
A

T

3.1.1
MSSR Pd in zone B
A
A
A

T

3.1.2.1
Range resolution

T, A


T

3.1.2.1
Non-interfering pulses
T
I




3.1.2.1
Code and altitude correct
T
D

D


3.1.2.1
Interleaved beacon replies

T




3.1.2.1
Declare garble

T




3.1.2.1
Garbled bit

T




3.1.2.2
Azimuth resolution

T, A


T

3.1.2.3
Parrot site RMS range error

T, A
D, A

T

3.1.2.3
Parrot site standard deviation of range errors

T, A
D, A

T

3.1.2.3
All other site RMS range error

T. A
D, A

T

3.1.2.4
Azimuth accuracy

T, A
D, A

T

3.1.2.4
Coverage A bias w/parrot

T, A
D, A



3.1.2.4
Bias component change w/parrot

T, A
D, A



3.1.2.4
Standard deviation of errors w/parrot

T, A
D, A



3.1.2.4
True azimuth accuracy without parrot

T, A
D, A



3.1.3
False reports (including Mode S)

T
D



3.1.3
False reports (including Mode S)

T
D



3.1.3
False reports (including Mode S)

T
D



3.1.3
False emergency reports

D/A
D



3.1.4
Tracker

I




3.1.5
Anti-jamming
T
I




3.1.6
Correct

T
D
D


RIS Spec Para.
Title
FQT
SIT
FAT
SAT
Flight 

Testing

Required

3.1.6
Validate

T
D
D


3.1.6
Declare when incorrect code is disseminated

T
D
D


3.1.6
Mode C reporting

T
D
D


3.1.6
Mode S reporting

T
D
D


3.2
Targets per 360 degrees

T




3.2
Degrade gracefully 

T




3.2
No status report delay

T




3.2
Detect Mode 3/A codes

A




3.2
Target delays (ATCRBS)

D




3.2
Mode S target report

D




3.2
Time Tag

D




3.3
Interrogate on 1,2,3/A, C, 4
T
D




3.3
Interrogate on 1-3 modes plus supermode

T
T
T


3.3
Adjust transmit power
T
T
D
D


3.3
Mode 4 Loop Test
I
T
D
D


3.3
Detect special replies
T
T




3.3
Mode 4 evaluator
T
I


T

3.4
MSSR status on maintenance display

D
D
D


3.4
Redundant unit status on maintenance display

D
D
D


3.4
Changeover from maintenance display

D
D
D


3.4
MSSR radiation control from maint display

D
D
D


3.5
Availability, reliability

A




3.5.1
Fault reporting to maintenance display

D
D



3.5.1
Fault detection, MTTR 0.5

D/A
D



3.5.1
Faults available from local and remote

I
D
D


3.5.1
BPERF
T
T
D
D


3.5.1
Fault to cause auto failover
D
D
D
D


3.5.1
Auto changeover 
T
D
D



3.5.1
Resolve fully interleaved targets and isolate
T
T




3.5.2
Field adjustments accessible

I




3.5.2
Field measurements accessible

I




3.5.2
BPERF in database

D
D



3.5.2
Run length report on detections
T
T
D
D


3.5.2
Operator controls
T
D

D


3.5.2
Override MFI unit selection
T
D




3.5.3
Last unit to remain on-line if both fail
T
D




3.5.3
Redundant unit tested every 8-24 hours
T
D




3.5.3
Adjustable in one hour increments






3.5.3
Adjustment controlled from local/remote MCS






3.5.3
Power failure restore
T
D




3.6
Operator PRF selections
T
T
D



3.6
Integrate with KS-10 or CI-13


D*
D*


3.6
Upgradeable to Mode 5
A
I




3.6
Upgradeable to Mode 5
A
I




3.6
Upgradeable to Mode S level 2

T




3.6
Mode 4/mode S compatibility
I
A




3.6
Upgradeable to Mode S level 4

I, A




RIS Spec Para.
Title
FQT
SIT
FAT
SAT
Flight 

Testing

Required

3.6
Upgradeable to Mode S level 4

I, A




3.6
Data Formats

T




3.6
Antenna to fit within radome

I
I



3.6
Mono pulse system
I
I




3.7
Physical requirements
T
I




Notes:


The KS-10 will be demonstrated at the first site installation with a KS-10 already in place

The CI-13 will be demonstrated at the first site installation with CI-13 already in place

Flight information – Government will provide flight test aircraft, FAA flight check aircraft will for used during SIT and FAT.

