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ATTACHMENT J-6


TEST VERIFICATION REQUIREMENTS TRACEABILITY MATRIX (TVRTM)

For the 

Monopulse Beacon Test Set (MBTS)

[image: image1.png]



Federal Aviation Administration

Secondary Surveillance Radar Product Team

Requirement Number
Specification Reference
Requirements Description
Test Allocation
Verification Method
Remarks

0005
3.1.1
Accept RF Interrogations from beacon interrogator directional coupler.

Test


0010
3.1.1
Decode interrogations received at the dedicated 1030 MHz port, with peak power  ranging between -15 dBm and +20 dBm.

Test
Interrogations composed of:

a. Classic ATCRBS: P1,P3

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

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

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

0011
3.1.1
Decode interrogations received at the sum port, with peak power  ranging between +12 dBm and +47 dBm.

Test
Interrogations composed of:

a. Classic ATCRBS: P1,P3

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

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

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

0015
3.1.1
Process interrogation modes based on  P1 and P3 spacing.

Test
Mode 3/A = 8.0( 0.2 usec.
Mode B = 17 (0.2 usec.
Mode C = 21 ( 0.2 usec.

Mode 2 = 5 ( 0.2 usec.

0020
3.1.1
Mode S Targets reply with Mode S reply when ATCRBS/Mode S All-Call interrogation received.

Test


0025
3.1.1
ATCRBS Targets reply with ATCRBS reply when ATCRBS/Mode S All-Call interrogation received.

Test




0030
3.1.1
ATCRABS zero range, 3 ( 0.5 usec after leading edge of  P3 pulse.

Test


0035
3.1.1
Mode S  zero range, 128 ( 0.5 usec after leading edge of  wide P4 pulse.

Test


0036
3.1.1
Mode S  zero range, 128 ( 0.5 usec after 1st sync phase reversal of P6 pulse.

Test


0040
3.1.1
Decode Mode S All Call interrogations for data content

Test
Differentiate between Mode S All-Call and Roll-Call interrogations

0041
3.1.1
Interrogation signal tolerances in accordance with those specified in FAA Orders 1010.51A and 6365.1A

Test


0045
3.1.2
Trigger source selectable from decoded RF interrogations, decoded mode triggers, internal pre triggers, or external triggers.

Test


0050
3.1.2.1
Mode trigger decoding uses same criteria as used to decode RF interrogation.

Test


0060
3.1.2.1
Decode amplitudes of 5 to 60 volts positive. 

Test


0065
3.1.2.2
Use external trigger from a MSSR system or other test signal sources as defined

Test
Pulse width: 0,1 to 5 usec

Pulse rate: 1 to 3000 PRF

Pulse Amplitude-5 volts into 75 ohm load.

0070
3.1.2.2.1
Provide external trigger delay (0 to 3000 usec in 62.5.usec) increments

Test


0075
3.1.2.3
Provide replies when there are no external interrogations or triggers available, i.e. triggered by internal PRF generator.

Test
 

0077
3.1.2.3
Provide PRF generated internal trigger to external BNC interface.

Test
 

0075
3.1.2.3
Internal trigger characteristics are adjustable as defined

Test
Pulse Width: 0.1 to 5 usec, adjustable in 100 usec increments

Pulse rate: 10 to 1000 Hz in 5 Hz increments

Pulse amplitude: 5 volts in 75 ohm load 

0080
3.1.3
Output CW and pulsed RF modulation signals (constant range ring and azimuth gated test targets).

Test


0085
3.1.3
RF outputs consist of Reply Sum, Reply Delta, and Reply Omni.

Test


0090
3.1.3
Output reply signal characteristics and tolerances 

Test
As specified, and applicable, in FAA Orders 1010.51A, and 6365.1A 

0095
3.1.3.1
Pulsed and CW RF output center frequency = 1090 MHz,  adjustable

from 1080 to 1100 MHz in 200 kHz increments

Test


0100
3.1.3.1
Maintain Sum and Delta phase match  within (- 5 deg. over center freq. range of (4 MHz.

Test


0105
3.1.3.1
Adjustment of RF sum signal from 10 dBm  to –85 dBm in 0.5 increments, ( 2% of the attenuation.

Test


0110
3.1.3.1
RF output has 16 dBm of manually adjustable attenuation in 1 dBm increments.

Test


0112
3.1.3.1
Delta/sum and sum/omni relationships maintained across the defined dynamic range of the sum output.

Test
+10 dBm to –85 dBm

0115
3.1.3.2
Provide maximum RF sum output for CW and pulse modulated output

Test
RF output matching 3.1.3.1 characteristics

0120
3.1.3.3
Provide RF Delta output for CW and pulse-modulated RF output that the tracks RF sum signal

Test
On boresight Ring Target: output inhibited by (36 dB

Off-Boresight Ring Target, referenced in 3.2.1.2

Azimuth-Gated Target: amplitude and phase controlled by lookup table

0122
3.1.3.3
Maximum RF Delta output is a minimum of +16 dBm

Test


0125
3.1.3.4
RF Omni Output for CW and pulsed-modulated RF output adjustable: -10 dBm to -103 dBm

Test


0130
3.1.3.5
Pulse-Modulated RF Outputs available in combination of pulses and pulse trains

Test


0135
3.1.3.5
Normal video modulation be either Mode S or ATCRBS reply

Test


0140
3.1.3.6
1060 MHz output adjustable from +10 dBm to - 20 dBm in increments of 1 dB, ( 2% of the attenuation.

Test


0142
3.1.3.6
Selectable enable/disable control of 1060 MHz CW output

Test


0145
3.1.5
All user control functions available through GPIB interface

Test


0150
3.1.5
Selectable trigger select

Test


0152
3.1.5
Select trigger delay

Test


0154
3.1.5
Selectable trigger PRF

Test


0156
3.1.5
Selectable antenna type/user defined lookup table

Test


0158
3.1.5
Selectable RF mode

Test


0160
3.1.5
Selectable target azimuth

Test


0162
3.1.5
Selectable target range

Test


0164
3.1.5
Selectable targets per scan

Test


0166
3.1.5
Selectable Mode S/ATCRBS/Mixed targets

Test


0168
3.1.5
Selectable Mode 3/A code

Test


0170
3.1.5
Selectable Mode C code

Test


0172
3.1.5
Selectable Mode 2 code

Test


0174
3.1.5
Selectable Mode S ID code

Test


0176
3.1.5
Selectable Sum/Omni ratio

Test


0178
3.1.5
Selectable Sum RF output level

Test


0180
3.1.5
Selectable Off-Boresight target control

Test


0182
3.1.5
Selectable standby/online mode

Test


0184
3.1.5
Selectable online/termination mode

Test


0186
3.1.5
Selectable calibration mode

Test


0188
3.1.5
Selectable northmark offsets

Test


0190
3.1.5
Selectable 1060 MHz CW output

Test


0195
3.1.7.1
Memory usage not exceed 33%

Test


0196
3.1.7.2
Average Processor utilization measured over 1 sec interval( 50% 

Test


0197
3.1.7.2
Peak Processor utilization measured over 1 millisec interval ( 90%

Test


0198
3.1.7.3
Programmable logic utilization ( 50%

Test


0200
3.2.1
Constant Range (Ring)  Replies selectable from 0.5 to 225 na. miles selectable in 1/64 nmi. increments

Test
Generated for every ATCRABS of Mode S All Call interrogation and contain selectable altitude or code

0205
3.2.1.1
On-Boresight Replies, delta ( 36 dB below sum RF signal

Test


0210
3.2.1.2
Off-Boresight Replies consist of fixed (/( ratio replies that are controllable as defined by specification

Test
0.25 dB increments, ((0.15 + 2%) of attenuator setting.

0215
3.2.1.3
Selectable Sum/Omni Ratio from 20 dB to -28 dB in 1dB increments,  (2% of attenuator setting,

Test


0220
3.2.2
Generate constant range (azimuth-gated) targets selectable from 0.5 to 225 nmi in 1/64 increments

Test


0225
3.2.2
Azimuth extent of adjacent, azimuth-gated targets selectable from 2(  to 5(in 0.2( increments

Test


0230
3.2.2 
Azimuth-gated targets not generated simultaneously with ring targets

Test


0235
3.2.2.1
Generate 1,2,4,8,16, of 32 targets per scan

Test


0240
3.2.2.1
Selectable between ATCRBS, Mode S or a 50/50 interlaced mix of both

Test


0245
3.2.2.1
Reply data has user selectable targets per scan  for each interrogation mode type

Test
All targets, except of the Mode S ID will be incremented for each adjacent target in the ring

0250
3.2.2.2
Type of antenna controls Sum and Delta RF signal levels

Test


0255
3.2.2.2
Lookup tables provided for each five foot terminal array , six foot En route array, and ASR-11 LVA antenna used

Test


0260
3.2.2.2
User allowed to input other lookup table data

Test


0265
3.2.2.2.1.2
Calibrated/ User defined lookup tables include values from -127 IACPs to +128 IACPs from boresight

Test


0270
3.2.2.2.1.2
Calibrated/ User Defined lookup table, Sum and Delta value provide zero attenuation at boresight

Test
Attenuation increasing in either direction in 0.5.dB resolution as a beam shaping function

0275
3.2.2.2.1.2
Beam simulation function optionally enabled/disabled by user

Test


0280
3.2.2.2.1.2
Delta/Sum value is -36 dB to +12 dB

Test
Vary in accordance to the antenna pattern simulated in 0.25 dB increments, ((0.15 + 2%) of attenuator setting,

0285
3.2.2.2.1.2
Delta/ Sum phase exhibits 180 deg. phase shift of delta to sum phase relation as antenna boresight region is transitioned

Test


0290
3.2.2.2.1.2
Left and right of boresight relationship with respect to delta to sum phase relation, user selectable 

Test


0295
3.2.2.3
Main antenna beam RF signal level occurs at target azimuth

Test


0300
3.2.2.3
RF signal level decrease either side of target azimuth, per lookup table

Test


0305
3.2.2.3
User capability to override the default power settings

Test


0310
3.2.2.3
Delta/Sum monopulse characteristics not affected by beam shaping function

Test


0315
3.2.2.4
Delta RF signal level minimum occurs at target azimuth 

Test


0320
3.2.2.4
Delta RF signal level increase each side of target azimuth to maximum of 12 dB greater than the sum ,when the sum signal is less than +4 dBm.

Test


0325
3.2.2.5
Sum/omni ratio selectable from +20 dB of -28 dB in 1 dB increments, (2% of attenuator setting,

Test


0330
3.2.2.6
Able to select reply range

Test


0340
3.2.2.6
Reply range selectable from 0.5 to 255 nmi, in 1/64 increments 

Test


0345
3.2.2.7
Selectable reply boresight azimuth when gated azimuth targets are selected

Test


0350
3.2.2.7
Boresight azimuth entered in degrees, ACP’s or IACP’s

Test
Referenced to magnetic or true azimuth

0355
3.2.2.7
Selectable  primary or redundant APG units

Test


0360
3.2.2.7
Azimuth separation between targets = 360( divided by number of targets

Test


0365
3.2.2.7
Receive 4096 ACP or 16384 IACP units per scan

Test
Depends on APG source and ARP inputs

0370
3.2.2.7
Reply  azimuth variable from 0( to 359( in 1( increments

Test


0375
3.2.2.7
Reply azimuth variable from 0 to 4095 ACPs in 1 ACP increments

Test


0380
3.2.2.7
Reply azimuth variable from 0 to 16383 IACPs in 1 IACP increments

Test


0395
3.2.2.8
Reply code selection capability: Mode S 24 bit ID; Mode 3/A;   Mode C and Mode 2

Test


0400
3.2.2.8
Interrogation mode determines reply code

Test
When interrogations or decoded mode triggers are selected

0405
3.2.2.8
Mode 3/A,C,2, or Mode S replies user  selectable when external or internal triggers used

Test


0410
3.2.2.8
Ability to control if  framing  pulses (F1 and F2)  are generated  with ATCRBS replies  

Test


0415
3.2.2.8
Independent control  of each framing pulse

Test


0420
3.2.2.8
Capable of entering Mode 3/A codes from 0000 to 7777(octal), F1, F2, X, and SPI

Test


0421
3.2.2.8
Translate user entered Mode 3/A code, Mode C code, Mode 2 code, or Mode S ID into properly encoded reply.

Test


0425
3.2.2.8
Capable of entering Mode C code from 0000 to 7777, or as altitude in feet

Test


0430
3.2.2.8
ATCRBS altitude report from -1000 to 127700 feet, 100 ft encoding 

Test


0440
3.2.2.8
F1 and F2 framing pulse selectable

Test


0445
3.2.2.8
Capable of entering Mode 2 codes from 0000 to 7777 (octal), F1, F2, X, and SPI

Test


0450
3.2.2.8
Capable of entering Mode S ID’s from 000000 to ffffff (hex)

Test


0455
3.2.2.8
Mode S ID is incremented for each additional multi Mode S target 

Test


0460
3.2.3
Modify pulse width (250 nsec variation in 50 nsec increments

Test


0465
3.2.3
Modify pulse spacing ( 250 nsec variation in 50 nsec increments

Test


0470
3.2.3
Pulse rise and fall times meet ATCRABS and Mode S Standards

Test


0475
3.2.3
Only Mode S pre-amble pulses modifiable

Test
56 and 112 bit data remains within specification.

0480
3.2.4
External control of MBTS via GPIB interface using PC software

Test
(LabVIEW or HP VEE)

0485
3.2.4
External control includes: system setup, operational status, calibration, diagnostics, and GPIB master control

Test


0490
3.2.5
Front panel indicator lights indicate following conditions: AC or DC Power; on or Standby; Azimuth Data; Mode decode indicators; Reply output indicators; and BIT status

Test


0500
3.3.1
RF test ports connectable to two beacon  interrogator channels

Inspect


0505
3.3.1
Capable of switching internally between each set of input/outputs

Test


0510
3.3.1
Eight RF input/out ports on front panel have couplers with test monitoring ports

Test


0515
3.3.1
RF Delta output phase adjustable over 45( range, in 1( increments

Test
Software or manually controlled on rear panel

0520
3.3.1
25 ft RF cables phase stable and matched within 5 degrees, attenuation ( 4.5 dB/100 ft @ 1 GHz

Test


0522
3.3.1
Provide 8 input/output RF cables, 25 ft in length, and 2 - 90( adapters.

Inspect


0525
3.3.1
RF input and outputs are type N connectors on rear panel

Inspect


0527
3.3.1
1060 MHz CW test port located on front panel (Type N connector)

Inspect


0529
3.3.1
Front panel BNC  type connectors for test monitoring ports 

Inspect


0530
3.3.1.1
Fail-Safe/ Standby Mode defaults into 50 ( load

Test


0535
3.3.1.2
Reverse Power Isolation, up to 50 W peak power @ 1030 MHz

Test


0540
3.3.2
Provide 2 trigger ports (BNC connectors) on front panel

Inspect


0542
3.3.3
Two set of APG data inputs (!2-bit and 14-bit APG)

Inspect


0545
3.3.3
Selectable ARP north mark offset from 0 to 16383 IACPs in 1 IACP increments (14 bit encoders) for each encoder

Test


0547
3.3.3
Accept differential APG data with EIA-422 electrical characteristics and unbalanced APG data via 75( cables

Test


0550
3.3.3
Accommodate antenna rotation from 4 through 15 RPM

Test
ACPs/IACPs: 4096 pulses/antenna rotation/16384 per antenna rotation

ARP: 1 pulse / antenna rotation

0555
3.3.4
GPIB interface controlled by PC 

Test
Register content and definitions defined by Appendix A of Specification

0560
3.3.5
Video monitoring ports (sum, delta, and omni outputs provided via buffered front panel BNC connectors

Inspect


0565
3.3.5
Demodulated interrogation PAM and DSPK data provided by BNC connectors

Inspect


0570
3.4.1
On/off ratio for each channel ( 85 dB

Test


0575
3.4.2
RF isolation a minimum of 60 dB, both ways

Test


0580
3.4.3
VSWR for coaxial connections not to exceed 1.5:1

Test


0585
3.4.4
Maintains amplitude and phase requirements within 50% range of the bandwidth. 

Test


0590
3.4.5
Internal local oscillator meets specification standards

Test


0595
3.4.6
All test ports have 50 ( termination, with chain

Test


0600
3.5.1
Off-Boresight calibration capability by generating lookup table.

Test


0605
3.5.2
Automated calibration to a COTS power meter

Test


0615
3.5.2
Create and store an offset power table

Test


0620
3.5.3
Self-test BIT/FIT capabilities

Test


0625
3.5.3
BIT/FIT detection ( 90% of HW and SW failures

Test


0630
3.5.3
BIT/FIT monitors internal parameters: DC Power; LO Phase lock; Processor error; Azimuth error; and GPIB faults 

Test


0635
3.5.3
Detected error indicates visually and is delivered through the GPIB interface

Test


0640
3.6.2.1
MTBCF  ( 8766 hours

Analysis
FAA-G-2100F, per paragraph 3.2.3.

0645
3.6.2.2.1
MTTR less than one hour

Test


0650
3.5.2.3
Inherent availability (A) threshold =0.999886

Analysis


0655
3.6.2.4
20 years useful life

Analysis


0660
3,7
Meets environmental specifications-Para. 3.2.1.2.2. of FAA-G 2100F

Test


0665
3.7
Operating conditions meets level 1 environment  

Test


0670
3.7
Non-operating condition meets Para. 3.2.1.2.4 of FAA-G-2100F

Test


0675
3.8.1
Constructed in accordance with Para. 3.1.3.3 of FAA-G-200F

Inspect


0680
3.8.2
Transportable by a single person when mounted on a standard equipment cart

Inspect


0685
3.8.2
Capable to be rack mounted in 19” rack

Inspect


0690
3.8.5.1
Operational power service conditions values are: voltage = 115 to 230 V, (15V; Frequency =50 to 60 Hz, (3 Hz; and Harmonic Content = 3%

Test


0695
3.8.5.1.1
Electrical Transient Protection provided in accordance with: Para 3.5 of FAA-STD-020b and in section 3.3.4, Tables IV and V, and Figure 2 of FAA-G-2100.

Inspect


0700
3.8.5.1.1
Operate with no degradation of performance with partial or complete loss of live voltage(s) for 15 milliseconds

Test


0705
3.8.5.2
Electrical wiring meets Para 3.1.2.1 of FAA-G-2100F

Inspect


0710
3.8.5.3
AC supply line meets para 3.1.2.2 of FAA-G-2100F

Inspect


0715
3.8.5.4
Circuit protection meets Para 3.1.2.3 of FAA-G-2100F 

Inspect


0720
3.8.5.5
Power source meets Para 3.1.2.4 of FAA-G-2100F

Inspect


0725
3.8.6
Test points, test facilities, and test equipment meets Para 3.1.2.5 of FAA-G-2100F

Inspect


0730
3.8.7
Grounding, bonding, shielding and transient requirements meets Para  3.1.2.7.1 of  FAA-G-2100F

Inspect


0735
3.8.9
All MBTS user control functions software controllable via GPIB

Test



















