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Preface

The intent of this document is to provide commonality for testing methodology of all
DoD and NASA facilities. Compliance with the test requirements in this document will eliminate
confusion of testing requirements among the national test ranges angkacilit

This release of the Range Commanders Council (RCC) Document 118 Volume 2 reflects
the efforts undertaken by the RCC Telemetry Group Radio Frequency Systems Committee for
completion of Task T&0L

Please address any questions to:

Secretariat, Range Commanders Council

ATTN: TEWSEDR

1510 Headquarters Avenue

White Sands Missile Range, New Mexico 88120
Phone(575) 6781107 DSN 2581107

Fax: (575) 6789517 DSN 2589517

E-mail: rcc-feedback@trmc.osd.mil
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* Only in data sheets
A Only in data sheets and equations
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Changes in This Edition
Chapter 11 is the only section of this document that has been changed. This version

further defines and clarifies the processing steps required to assess receiver performance. It also
fine-tunes how to record and display the results for each of the 6 tests

XXi



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

This page intentionally left blank.

XXil



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Introduction

The Telemetry Group of the Range Commanders Council (RCC) has prepared this
document to provide common methods for testing radio frequency (RF) equipmyentl is
included to serve as a guide for recommended tests to verify equipment®iatuse of
common methods should minimize problems when organizations exchange test@#iseits
volumes of this document address test methods for recorder/reproducer systems and magnetic
tape, data multiplex equipment, and vehicular telemetry systmI elemetry Standardsind
the Telemetry Applications Handboosre companion documents

The test methods in this document provide standard outlines on how to measure various
parametersThe comments listed below apply where appropriate.

1. Equipment may need to be tested at a variety of environmental conditions such as
temperature, humidity, vibration, and sho€ke user needs to determine the
appropriate test conditions.

2. Electromagnetic interference characteristics should be measured in accordance with the
latest version of Military Standard (MVIBTD)-461, Requirements for the Control of
Electromagnetic Interference Characteristics of Subsystems and Equibment

3. Proper interconnection of equipment is critical for accurate test régatify that
connectors are not corroded or otherwise damalgghten connectors properlyhe
cables should not be kinked, cut, stretched, or otherwise danTdueline losses for
RF cables should be known prior to their use for correct interpretation of the data
results.

4. The test equipment may output spurious signals that produce erroneous test results
Verify that the test equipment is not causing problems with the measurements.

5. The test equipment should have an accuracy of 10 percent of the specified tolerance
(or 10 percent of the absolute value to be measured if no tolerance is ghien)
accuracy may not always be possiflee test equipment must have accuracy equal
to or better than the required accuracy of the measurement.

6. Signal levels may have to be increased to get valid readings on instruments that have
limited sensitivity Microwave counters are one example.

1 Range Commanders Coundiklemetry Standard®CC 10623. July 2023. May be superseded by update.
Retrieved 7 May 2024. Available attps://www.trmc.osd.mil/wiki/x/9AAGCg

2 Range Commanders Coundikelemetry Applications HandbooRCC 11906. May 2006. May be superseded by
update. Retrieved 29 June 2021. Availablbtgis://www.trmc.osd.mil/wiki/x/h4u8Bg

3 Department of Defens&equirements for the Control of Electromagnetic Interference Characteristics of
Subsystems and EquipmeniiL -STD-461G. 11 December 2015. May be superseded by update. ReFitVeg
2024 Available athttps://quicksearch.dla.mil/gsDocDetails.aspx?ident_number=35789
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CHAPTER 1
Test Procedures for Telemetry Antenna Systems

1. General

This chaptedescribes the test procedures used to evaluate the performance of the
receiving antenna, the pedestal drive, and the control sybtsrassumed that these tests will be
performed on an antenna system in the operational configuratiertest procedures are
designed to cover a variety of different makes and models of antenna systems.

This series of tests determisthe pedestal servo response characteristics used to evaluate
the performance of the pedestal drive systEine tests apply to tracking systems that are not
computercontrolled Test method | described in RCC Document-888 Test Methods for
Telemetry Systems and SubsysteRwume 2,has been replaced by the rate loop test,
calibration test, and position loop testbe replacement tests facilitate the pedestal velocity
measurement by measuring only one parameter (tachoougpert voltage) and by obtaining the
velocity from an equatiarhlso, the tests allow the operator to become more aware of the servo
subsystem stage®est method Il has been modified to allow the operator to measure
acceleration and other servo parameters in the event technical specifications have been lost or are

guestionable.

Special care must be taken to prevent damage to the electrical and mechani
& portions of the pedestal drive systerhe procedure for introducing the error

drive signal will vary from system to system for this t&te person conducting
the test must have sufficient knowledge of the system und€6td$) to know
these methods and positions and to prevent damage to the system.

Tablel-1 lists the types of tests and their test and paragraph number.

Table 1-1. Test Matrix for Telemetry Antenna Systems

Test Number Test Description
1.1 Rate loop test
1.2 Position loop calibration test
1.3 Position loop test
1.4 Velocity and acceleration measurement: strip chart recorder |
1.5 Tracking error voltage gradient test
1.6 Dynamic tracking accuracy test
1.7 Antennabore sightest
1.8 Antenna gain test
1.9 Antenna pattern test
1.10 Feed assembly unigst
1.11 Solar calibration using linear receiver method test
1.12 Solar calibration using attenuator method test
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1.1. TEST: Rate Loop

1.1.1 PurposeThis test measures the response of the tachometer feedback loop to small and
large error inputsThe compensation amplifier, power amplifier, drive motor, tachometer, and
gearbox are teste@he pedestal velocity is determined and compared to the theoretical value and
to the tracking system specifications for possible system deterioration caused by aging or bad
components.

1.1.2 Test EquipmentMulti-channel strip chart recorder ifilliseconds fng rise time
maximum), digitaioltmeter,or alternating currenta@/dc voltmeter, variable dc voltage source
ranging from at least +20 volts dcit@0 volts dc (Vdc) adjustable to 0.1 volts, and variable dc
voltage source ranging up to 10@dc.

1.1.3 Test MethodThe test method is written for systems with an analog antenna position
output.

1.1.4 Setup Connect the voltage source to the pedestal azimuth servo error input and the
voltmeter to the tachometer output as showhigurel-1. Open the position loop output to
prevent any unwanted error from being introduced into the rate loop.

Position
Loop Output
VYoltage Servo
Source Rate N
Error _@"" e | Motor g —>
Input Amps 1
+ Tachometer
Voltmeter

Figurel-1. Rate Loop Servo Test Block Diagram

1.1.5 Procedure

1. Position the antenna pedestal atrDazimuth and Din elevdion. Lock the elevation (Stard
By mode) to allow azimuth rotation only.

2. Disable theauto tracknput by opening the position loop.

NOTE In most systems, the following command saturates the
input to the servo amplifier loog\ny further increase in
the input command has no effect on the pedestal velocity.

3. Inject a small positive constant voltage at the input to the ratgfoopxample0.1Vdc) to
prevent saturating the servo amplifisiote the direction of pedestal rotati@@ockwiseor
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counterclockwise)Allow the antenna pedestal to rotate at least Hect an identical
voltage level of opposite polarity to cause the antenna to rotate in the opposite direction.

4. Measure the maximum tachometer output voltagewith the voltmeter for different input
voltages Repeattep 3for input voltages tailored to your specific systéirhe example for
Data Sheel-1 andData Sheel-3 shows specific values for a particular systertje test
error voltages should start with small values and increased until the tachometer output
voltage can no longer be increased

5. UseEquationl-1to calculate the pedestal velocity for different input voltagess equation
assumes the tachometer gradient (TG) is known from the tracking system servo
characteristics.

(TG)TV, 1 (6degisectpm)

Velocity =
y Gearratio

(Eq. +1)

Example:
Tachometer gradient 1000 rpni20.8Vdc
Gear ratio= 420:1
1 rpm=6 deg/sec
Input voltage (W) = 0.5 Vdc
Tachometer outpuwtoltage (M) = 2.495 Vdc (measured value).

1000rpm,, (2.495vdc) (6 deglsectpm)
. 208Vdc
Velocity =
420
Velocity=1.7deg/sec

6. Record the velocity and tachometer output voltagBaia Sheel-1 for different voltage
inputs The above tests can be performed for the elevation system if the gear ratio is different
or if the elevation system is suspected ofilh@ problemsSubstitute théupo direction for
clockwiseandfdowno for counterclockwise
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Data Sheet 11. Telemetry Antenna Systems

Test1.1 Pedestaldrive system characteristicsRate Loop Test

Manufacturer: Model: Serial No.:

Test Personnel: Date:

Rate Loop Input Voltage Tachometer Output Voltage Velocity
(volts) (volts) (deg/sec)

0.1

0.2

0.5

1.0

2.0

3.0

4.0

5.0

Tachometer Gradient
(Vdc/rpm)

Gear Ratio (N/1)

Rotation
(clockwisdcounterclockwisg
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1.2. ' TEST: Position Loop Calibration

1.2.1 PurposeThe position loop calibration determines the maximum error that the servo
acceleration bandwidth amplifiers in the position loop can handle before it satliases
calibration also tests the synchro demodulator since the induced error is from the synchro
circuitry that is used for the manual tracking moéleer performing the position loop
calibration, repeat the steps under the rate loop test for the position lodhiesest is
recommended if the technical specifications are not available foo#igop servo bandwidth
amplifiers to allow the selection of different acceleration rates.

1.2.2 Test EquipmentDigital voltmeter.

1.2.3 Setup Disable the pedestal by turning off the pedestal poMieasure the position loop
output with the digital voltmeter as shownFigure1-2.

Position Loop

Voltmeter

I\ + Rate
- -

Loop

7N

Servo Acceleration
Bandwidth Amplifier

CT Synchro [-—

Figurel-2.  Position LoopCalibrationTestSetup

1.2.4 Procedure

1. Select an angle reference start point on the ped&sfiaictalow servo acderation
bandwidth amplifierlf the tracking system has different seaaxeleration capabilities, the
differencesare normally due to different servo bandwidth amplifiers or different amplifier
feedback loopsTherefore,calibration procss should be repeated for each of théfith the
pedestal power off, the offset error is induced from the synchro circuitry by rotating the
pedestal in small increments of Q.Thisrotatingaction allows the position loop toaeh a
steadystate conditionif the pedestal power is left on, the pedestal wattidmpt to null out
the error

2. Manually rotate the pedestal with the pedestal hand crank (or by hand to allow for very slow
rotation) from your reference position in DiicrementsUse the digital antenna angle
readouts (azimuth/elevation) to measure pedestal angle offsets for €aicici@ent.

3. Use the digital voltmeter and measure the output of the servo bandwidth ampllidierthe
voltage to settle before recording any values

4. Repeat the process in Qibhcrements until the measured output voltage no longer increases
The point where the gain does not increase is the saturation point.
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5. The saturation point should correspond closely to the maximum error the tracking error
demodulator (TED) should output for linear operation of the tracking systeod
exceeding the saturation point of the TED.

6. The maximum error voltage at the input to the position loop should not exceed the saturation
level obtained from the position loop calibratidime maximum error voltage should be less
than the saturation level.

1.2.5 Data ReductionEnter the position loop calibration dataData Sheei-2.
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Data Sheet 12. Telemetry Antenna Systems
Test 1.2 Position loop calibration: position loop test servo bandwidth amplifiers
Antenna Position Angle Offset Bandwidth Amplifier Output

(degrees) (volts)
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1.3. TEST: Position Loop

1.3.1 PurposeThe position loop is the first stage in the servo Iadps test simulates the
output of the TED gradient and determines the same parameters as the rate loop test in
Sub<=ectionl.2 This test measures the position servo parameters for low, medium, and high
acceleration if these features are on the tracking system.

1.3.2 Setup Connect the voltage source to the pedestal azimuth. i@pein the TED output
to prevent any error from being introduced to the position.|Gopnect the voltmeter to the

tachometer output as shownFkigure1-3.

Servo
T Acceleration Servo N
E Bandwidth
_>® Rate | p >
D Amplifiers ) Loop Motor (
Low, Medium, A Amps 1
High
Y
Voltage
Source i Tachometer
Error
Input
Voltmeter
Synchro
Feedback |-

Figurel-3.  Position Loop Servo Test Block Diagram

1.3.3 Procedure

1. Position the antenna pedestal atrDazimuth and Din elevation Lock the elevation
(STAND-BY mode) to allow azimuth rotation only.

NOT? In most systems, a very large error voltage saturates the in

the servo amplifier loapAny further increase in the input
command has no effect on the pedestal velocity.

2. Inject a small positive constant volta@der example, 0.1 Vdc for &% systen) to prevent
saturating the servo amplifier, at the input to the position. [®bs voltage should not
exceed the maximum linear value of the TEte the direction of pedestal rotation
clockwiseor counterclockwiseAllow the antenna pedestal to rotate at leaSt Wfect an
identical voltage level of opposite polarity to cause the antenna to rotate in the opposite

direction.
3. Measure the maximum tachometer output voltagewith the voltmeter for different input

voltages Repeastep?2 for input voltages tailored to your specific systdine test error
voltages should start out small and be increased until the tachometer output voltage no longer

increass.
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4. UseEquationl-1, repeated here, to calculate the pedestal velocity for different input
voltages This equation assumes the TG is known from the tracking system servo

characteristics.
. (TG)1V, 1(6degkectpm)
Velocity = ! N
Y Gearratio (Eq. +1)
Example:

TG =1000 rpm20.8Vdc

Gear ratio=420:1

1 rpm= 6 deg/sec

Input voltageg(Vin) = 0.6 Vdc

Tachometer output voltage {\= 87.3 Vdc (measured value).

100Gpm

208vdc ! (87.3vdc) (6 deghsectpm)

Velocity=

420

Velocity= 60 deg/sec

5. Record the velocity and tachometer output voltagBaia Sheel-3.

6. Position loop input voltages greater than 1 V should not be used unless the TED gradient is
linear beyond 1 V.
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Data Sheet 13. Telemetry Antenna Systems

Test 1.3 Pedestal drive system characteristicposition loop test

Manufacturer: Model: Serial No.:

Test Personnel: Date:

Position Loop Input Voltage | Tachometer Output Voltage Velocity
(volts) (volts) (deg/sec)

0.1

0.2

0.5

1.0

2.0

3.0

4.0

5.0

Tachometer Gradient
(Vdc/rpm)

Gear Ratio (N/1)

Rotation
(clockwisdcounterclockwisg

Position loop servo
bandwidth

Amplifier
(low, medium, high)
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TEST: Velocity and Acceleration MeasurementStrip Chart Recorder

1.4.1 PurposeThis test measures the pedestal velocity and acceleration using a strip chart
recorder.

1.4.2 Setup Connect the strip chart recorder to the pedestal azimuth outputs as shown in
Figurel-4. Ascertain that the winds are 15 miles per hooph)or less to avoid heavy wind
torque on the antenna reflector.

Tachometer Pedestal 100/sec
output position timing
z h 4
CH1 CH2 CH3
STRIP CHART RECORDER

Figurel-4.  Strip Chart Recorder Velocity Servo Test Block Diagram

1.4.3 Procedure

1.

e A

Calibrate the strip chart recorder by setting the tachometer output channel at the center of the
chart for 0 VdcCalibrate the recorder every £ 5 V up to the maximum voltage determined
by the position loop calibration Test.

Rotate the pedestalockwiseat the desired inpwtoltage similar tasteps 2 and 3 from
Subsectiori.3.3

Connect a 100 pulse/second (p/s) timing signal to another chawifgdt the recorder gain
for a deflection of 6.2%illimeters (nm) and 12.5 mm.

Set the chart speed to 100 mm per second.

Start the strip chart recordépply the input voltage as outlined step 3, Subsectiohl1.5
Allow the pedestal to travel at least°Hiter the maximum voltage has been reached.
Repeat s 2 to 6 forcounterclockwiseotation.

Repeat the above steps for elevation, substituting up/dovatoftkwisécounterclockwise

prevent damage to the antenna and pedestal since

Special care must be taken with elevation tests to
& travel limits are less in elevation.

1-11
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1.4.4 Data ReductionThe strip chart recording of tachometer voltage, position, and timing is
used to determine velocity and acceleration of the pedestal drive system.

1. The segment on the strip chart where the tachometer voltage is constant is the maximum
constant velocity of the pedestal in that direction {Sgarel-5). Mark a segment of
constant velocity for 10 Count the corresponding time interval from the timing channel
The velocity (\4) is the angle (19, divided by the time interval (degrees per second)
[a/time].

A
-Vt Constant Velocity
/ ‘
] Constant Acceleration
A

Vi
Constant Velocity
Y
0 Volts
Tachometer Qutput Timing

Figurel-5.  Velocity and Acceleration

2. The segment on the strip chart where the tachometer voltage changes from maximum
velocity in one direction to maximum velocity in the other direction is the area of maximum

acceleration (A) (seeFigurel-5). This segment typically approaches a straight line.

3. Determine the TG first usingquationl-2. The TG is found by dividing the tachometer
output voltage by the angular velocity corresponding to that output voltage.

TG =W /Vg (Eq.1-2)

1-12
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illustration purpose only. They do not correspond to a

NOTV The tachometer output voltage and timing marks are |
actual measurements.

4. Mark a segment of the tachometer voltage change that is.|lirean the chart, measure the
voltage change marked and the time in which it occufreds, acceleration is the change in
tachometer voltage divided by the quaniitg multiplied by the time () as shown in
Equationl-3.

Ag=DVi/( TGa)A T (Eq.1-3)
5. Record the velocity and acceleration parametefSaia Sheet-4.
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Data Sheet 14. Velocity and Acceleration Parameters
Test 1.4 Velocity and acceleration measurementstrip chart recorder
. Counter-
Clockwise Clockwise Up Down

Operational mode

Tachometer voltage Vi) volts

Rotational angle(q)

Rotation time (Tv) sec

Velocity (Vq = g/Tv) deg/sec

Tachometer gradient ¥/t /Vq)

Change in tach voltage DV+)

Acceleration time (Ta) sec

Acceleration (Aq=DV:/ TG A
Ta) degsec
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1.5. TEST: Tracking Error Voltage Gradient

1.5.1 PurposeThis test determines the gradient (error voltage rate of change as a function of
degrees offset) of the TED for the azimuth and elevaf\a/H]) axes as a function of incoming
signal frequency and polarizatiobhe gradent should be linear for thedecibel (IB) antenna

beam width The linearity ensures the pedestal drive motor&\#E| will rotate at the correct

speed for a given error inpu linear error gradient will allow the antenna to correetlyo track

a moving radiating source without losing lock because of antenna lagging or leading the source
This test can also be used to determine the amount of axes crdesdatiase where the

crosstalk is ten percent or greater, the tracking accuracy endgdraded.

1.5.2 Test EquipmentVoltmeter (dc) or oscilloscope set at 0.4dWision and test range with
variablebore sightsource for frequency and polarization.

1.5.3 Test MethodThe test method is written for systems with an analog output.

1.5.4 Setup Ensure that the servo system has been balanced for minimum movement when
the systenauto trackmode is selectedonnect the equipment as showrigure1-6. Ensure
thebore sighsource antenna is facing the telemetry (ftkcking antenna directly

Voltmeter
or
Oscilloscope
RCP Rx % Tracking Az Error

Error To Servo

AM o Demod. |—ELEIIOr g Subsystem

LCP Rx

Figurel-6.  Tracking Error Gradient Test Block Diagram

NOTE The figure depicts moving the azimuth axis. Measure the
elevation (or stationary) axes to obtain the amount of crossit

1.5.5 Conditions When conducting tests on RF systems, allow sufficient wagsrtime to
minimize drift in the electronic circuits after the test has started.

1. Atestrange free of obstructions between the tracking system abdrthsightsource is
required to eliminate the effects of reflections on the data.

2. Thebore sightsource should be in the far field and should present an elevation angle of at
least twice the antennadB beam width for the following reasorarst, the effects of
ground reflections are reduced, and second, movement of the antenna is permitted downward
from thebore sighiposition.

3. In conducting tests and recording data, it is important for the operator to understand that
when the antenna is movebbckwise the error produced isaunterclockwiserror. That
is, the error will drive the pedestadunterclockwiséack to thébore sighiposition
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Likewise, acounterclockwisenovement producesaockwiseerror, an upward movement
produces a downward error, and a downward movement produces an upward error.

Set thebore sightsignal output for a received signal strength at least 20 dB above the
receiver threshold.

1.5.6 Procedure

1.

Turn the drive system on and rotate the antenna todieesightsource Engage thauto
trackmode and allow the pedestal to nulltbebore sightsignal SelectiOffoin the
elevation axis andManuab in the azimuth axis.

Ensure that the error signals for bé&/El are 0 \/ No further zeroing of the elevation error
signal is requiredJse the dc voltmeter (or oscilloscope) to measurd Ei2 output for
Az/EL

Record theAz/El, whichwill be the reference values for offsetting the anteMmve the
antennalockwisein small incrementsior example, a-81B beam width of 4is 0.1° up to
onehalf of the 3dB beam widthRecord the angle and the error voltage on the
counterclockwisgortion ofData Sheel-2 for each readingflso, measure and record the
stationary axes voltage at each poftis voltage can be used to determine crosstalk.

Repeat &p3 for counterclockwiseup, and down movements.
Repeat s 1 through 4 for each frequency and polarization of interest.

1.5.7 Data Reduction

1.

The most useful form of the error gradient data is a gtdpimg linear graph paper, plot the
antenna offset angle along the abscissa and the corresponding error voltages along the
ordinate (se€&igurel-7). The examplatFigurel-7 is for a system where thedB beam
width error gradient is 1 Vdc/deg.

volts nonlinear
2 ——
1 +
| | | | degrees
! ! ! ! offset
120 T11° 1° 20
11 T
'|'—2 T

Figurel-7.  Tracking Error Gradient Linearity Slope for 1 Vdc/Degree
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2. When this data is combined with the resulte$t1.1, an evaluation of antenna tracking

error versus pedestal velocity can be perforriéds procedure is describedSabsction
16

3. The axes crosstalk can be determined by dividing the stationary axis voltage by that of the

nonstationary axis voltage for a given offset angleiltiply the results by 100 to get the
amount of crosstalk in percentage.

4. Record the tracking error voltage gradient dat®ata Sheet-5.
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Data Sheet 15. Telemetry Antenna Systems
Test 1.5 Tracking error voltage gradient
Manufacturer: Model: Serial No.:
Test Personnel: Date:

Error voltage versus offbore sightangle

Frequency:

Polarization:

Error Voltage (V)

Off Bore sightAngle Clockwise Counter-

(deg) (0.F increments) Clockwise Up Down

Percent crosstalk

(Stationary voltag@brstationary
voltage) A100
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1.6. TEST: Dynamic Tracking Accuracy

1.6.1 PurposeThis test determines the antenna offset angle produced when tracking in the
automatic tracking modd his offset angle is the tracking error for the given pedestal angular
velocity when in the automatic tracking mo&g knowing the maximum tracking error, the
measured tracking error can be compared with the calculated value obtained from the system
servo error coefficients (or servo constants) sudkpaky, andKa Thesevalues define the
dynamic tracking rate limits as shownHluationl-4.

ge= positiont+ velocity + acceleration (Eq.1-4)
Kp KV Ka

Where:
Kp = Position error coefficient (units in seconds)
Kv = Velocity error coefficient (units in secorids
Ka = Acceleration error coefficient (units in secolfis
ge = Maximum error that the servo can follow in #@wato trackmode(units in
degrees).

1.6.2 Test EquipmentVariable dc voltage source ranging from +20 Vdc and adjustable to 0.1
V and dc voltmeter.

1.6.3 Setup Connect the test equipment as describeslbsectiori.3.2

1.6.4 Conditions Locate theTED input to the servo amplifier loop and make provisions for
introducing an external signal from the variable voltage source.

mechanical and electrical portions of the antenna

Special care must be taken to prevent damage to
& drive system.

1.6.5 Procedure

1. Place the antenna driggstem for elevation in th@ffo mode Turn the tracking receiver
off.

2. Place the drive for azimuth in the automatic mode with the antenfidaatArz/El. The
pedestal should not mowé;it does, balance the servo amplifier.

3. Starting at 0 Vdc, introduce a positive signal to tiput determined in stef) Subsection
1.1.5thatwill cause the antenna to mowovement stops when the signal is remaved
Increase the voltage until the maximum pedestal velocity is just redbeard this voltage.

NOT? The maximum pedestal velocity is reached whe

the input drive no longer causes an increase in
tachometer output voltage.

4. Divide the recorded voltage into 5 or 10 steps depending upon the accuracy. téisiréde
test setup as describedTiestl1.4, turn the recorder omntroduce the voltages determined
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above, one at a time, and allow the pedestal to reach a constant velocity forldl least
degrees

NOTE It will probably be necessary to move the anter
back to O each time a voltage is introduced.

Change the voltage polarity and repgaps 1 tirough4.

Repeat eps 1 through 5 for the elevation axi®r the down movement, start at’9ather
than O elevation.

1.6.6 Data Reduction

1.

Usingstep 1in Subsectiorl.4.4 determine the velocity for each corresponding voltage
introduced Record this data oData Sheet-6.

Plot this data on linear graph paper placing the voltage along the ordinate and the
corresponding velocities along the abscigsaeparate graph should be madeAafEl.

Combine this data with the results obtaine&irsectiorl.5.7to determine the actual
tracking error angle for various pedestal velocities.

From the graph obtained data reduction step Betermine the velocity in questidfind the
corresponding drive voltag®n the graph obtained Bubsectiorl.5.7, locate this voltage
on the error voltage ordinateocate the corresponding offset angle.

This offset angle is the tracking error for the given pedestal angular velocity when in the
automatic tracking mode.

The velocity for a given offset angle can be determined in a similar manner.
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Data Sheet 16. Telemetry Antenna Systems

Test 1.6 | Dynamic tracking accuracy
Manufacturer: Model: Serial No.:
Test Personnel: Date:

Driving Error Voltage Velocity

) . Counter
Maximum Clockwise : Up Down
Clockwise

1-21




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

1.7. TEST: Antenna Bore sight

1.7.1 PurposeThis test determines any variation in ttere sightaxis of the antenna and
feed assembly un{FAU) because of changes in frequency, polarization, or. time

1.7.2 Test EquipmentBore sightsource and test range free of obstructionskamd sight
source with changeable frequency and polarization.

1.7.3 Setup Ensure that the demodulator circuits and the servo circuits are properly balanced
(minimum drift).

1.7.4 Procedure

1. Position the antenna to face there sighsource Place the drive system in the automatic
tracking mode.

2. Record theAz/El angles orData Sheel-7. Select the standby mode.

3. Change théore sighfrequency to various frequencies throughout the band of interest
Select the automatic mode and allow the servo to lock on for each frequency sBlected
the corresponding angles.

4. Change between e c e irightecircala polarization and left circular polarizatiahile
observing at least three frequencies across the band of inkdoestfrequencies may be
necessary to better characterize the antedhserve any change lore sightangles and
record the results ddata Sheetl-7.

5. Allow the drive system to lock on to there sightsource in thauto trackmode Leave the
system in automatic tracking mode for at least 5 minutes while recording peak changes in
bore sightangles.

NOTV The procedure designedtims stepmay not be

required for all frequencies and polarizations

1.7.5 Data ReductionVariations in thébore sightaxis greater than (>Tould be indicative of
a skewed-AU with respect to the reflector.
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Data Sheet 17.

Telemetry Antenna Systems

Test 1.7 Antenna bore sighttest
Manufacturer: Model: Serial No.:
Test Personnel: Date:
o Az (Peak) El (Peak)
Frequency | Polarization Angle Az Angle E|
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1.8. TEST: Antenna Gain

1.8.1 PurposeThis test verifies the relationship between the antenna reflector aRrdlthe

The antenna gain is a function of the reflector diameter and frequency of opéraisotest is

not designed to measure the absolute parameters of the receiving ahtemeasure exact
parameters, the antenna must be removed from the tracking system and mounted on a controlled
test rangeA method for computing the theoretical gain is introduced for a comparison to the
measured gain.

1.8.2 Theoretical Antenna Gaiifhe theoretical antenna gain can be calculated for an antenna
having an aperture of 52 percent uskgationl-5.

Gain = 4pAe (Eq.1-5)
/2

Where:
A = Antenna effective area @n
| =Wavelength in meters
he = AdAp = aperture efficiency
A, = Antenna physical area @n

Example:
Aperture efficiency lie) = 52%
Physical arexs Ap=pA (2P
Reflector diameter (D 8 ft

Ap =pA (8 25434 8)
22

Ae =hAp=052A 4.7 2 2.444 m
At 2.3 gigahertz GHz): | =0.13m:

Gain =4pAe=4 pA 2 =1847429
| 2 (0.13Y

Gain=10A 10(@817.29)

Gain=32.59 dB

1.8.3 Test EquipmentBore sightsource with an unobstructed test range, signal generator to
calibrate the XY plotter and the strip chart recorder for the frequencies of interest, standard gain
antenna calibrated in the frequency band of interest, tracking receiver, XY plotter, actastrip
recorder.
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1.8.4 Test MethodTwo test methods are recommended for plotting the Nethod 1 uses
an XY plotter Method 2 uses a strip chart recordasr either method, measure the system noise
floor to establish the reference level (amplitude) in dB.

1.8.4.1 Test Method 1XY Plotter

1.8.4.1.1. Conditions Allow the receiver to warm up for a minimum of 30 minutes

Ascertain that no multipath conditions exist.

1.

1.8.4.1.2. Setup Connect the equipment as showririgure1-8.

RF AGC ™
«— Subsystem XY Tracker
— | —* Multi- > Receiver | —» o [ Azimuth
Coupler Handwheel

Bore Antenna under test

sight (Horn or Parabolic)
Antenna

Figurel-8.  Antenna Gain Measurement Using XY Plotter

This test assumes that there sightantenna is transmitting linear vertical polarization at first
and horizontal polarization when the procedure calls for rotating the anfdsoathe
reference horn antenna is assumed to be a linear antetieebore sightantenna transmits
circular (left or right), there is no need to rotate the horn antenna. Instead, aettBthe 3
difference because of the different polarizatidriee same information applies if the
reference antenna is circularly polarized andoibve sightantenna is linearly polarized.

Calibrate the XY plotter by tuning thmre sightsignal generator and test receiver tolbee
sightfrequency Most of the time, thidore sighfrequency of interest is a common mission
frequency or the center of the frequency b&whnect the receiver automatic gain control
(AGC) output to the Yinput of the XY plotterUse the measured noise floor as your
referenceCalibrate the XY plotter in 0B steps from the measured noise floor to +50 dB
using thebore sightignal generator and the test amipointing directly to thbore sight
antennaThe calibration should be in the center of the XY plotter papes remaining
calibration should be in-8iB steps from the known horn antenna gain value to slightly more
than the calculated gain Bubsectiori.8.2

If the bore sightantenna is linearly polarized, set up the standard gain horn antenna to the
same polarization (vertical with vertical and horizontal with horizontal).

1.8.4.1.3. Procedure

Point the test antenna (and horn antenna) directly dtatteesightantennalf the bore sight
source is a signal generator, increase the signal RF level output until the tracking receiver
indicates at least +20 dB above the receiver noise floor.

Ascertain peak signal level by checking for maximum signAlzitl.

Mark the horn antenna maximum gain value on the calibrated XY plotter paper on the right
side.
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Remove the horn antenna and repeat the measurement using the test kiatenitiee gain
of the test antenna (vertical gain) on the right side higher than the horn antenna marking.

Rotate the horn antenna®@0 obtain the other linear polarization (horizontal) to repeat the
above measurements.

Rotate thébore sightantenna 90similar to the horn antenna for compatible polarizations and
repeat teps 4 and 6 (mark on left side of paper).

1.8.4.2 TestMethod 2:Strip Chart Recorder

1.8.4.2.1. Conditions Same asubsectiorl.8.4.1.1
1.8.4.2.2. Setup Connect the receiver AGC output to the strip chart recorder for vertical

deflection (seé&igurel1-9). Calibrate the strip chart recorder using the signal generator and
receiver AGC output in 2dB steps from the noise floor up to + 50. d&librate the recorder in
1-dB steps for values up to +15 dB from the calculated gain value.

AGC 3
] RF Strip
= » » Subsystem 1 i Chart
! b Receiver Recorder
Multicoupler

Boresight  Antenna under test
Antenna  (Horn or Parabolic)

Figurel-9.  Antenna Gain Measurement using a Strip Chart Recorder

1.8.4.2.3. ProcedurePoint the test antenna (and horn antenna) directly diatteesight

antennaTune the receiver to tHmre sightfrequency.

1.

b B L Mo

Ascertain peak signal level.

Mark the horn antenna maximum gain value on the strip chart recorder.
Remove the horn antenna and repegissland?2 for the test antenna.
Repeat s 4 and 6 undesubsectiori.8.4.1.3

Repeathis proceduréor the horizontal polarization measurements.

1.8.5 Data ReductionAdd the two values (vertical and horizontal) as shown in the example
below. Record the data dbata Sheet-8.

Typical gain for a horn antenna @b&nd:+15 dB (reference)
Measured vertical polarization gain above referefhfeiB

Measured horizontal polarization gain above referehteB
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Vgain = Reference + measured vertica25 dB referenced to isotropic
radiator (dBi)

Hgain= Reference + measured horizont#26 dBi
10 A Nv=®R§dB, Nv=316.227
10 A Nh=®2¢dB, Nh=398.107
Where:
Nv = vertical gain expressed as a power ratio
Nh = horizontal gain expressed as a power ratio.
316.227 + 398.107 =714.334
10 A (714884) =28.539 dB

Antenna Gain= 28.5 dBi
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Data Sheet 18. Telemetry Antenna Systems
Test 1.8 Antenna gain test
Manufacturer: Model: Serial No.:
Test Personnel: Date:

Frequency MHz

Standard antenna gain (G) dBi

Bore sightantenna polarization

Gain
(dBi) Power ratio

Tracking antenna vertical polarization gain
(Gv)

Tracking antenna horizontal polarization ga
(Gh)

Antenna gain N = Ny + Nv (power ratio)

Antenna gain (dBi) 4 0 Ao (Nkh)o g

those from the standard gain antenna to the preamplifier should be
same type and lengtti this is not possible, it will be necessary to
calibrate the cables and compensate the readings to obtain the trug

NOTV The cables from the tracking system antenna to the preamplifier an
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1.9. TEST: Antenna Pattern Test

1.9.1 PurposeThe antenna pattern test checks the relationship between the antenna reflector
and theFAU. An antenna pattern measurement verifies thaF#id is at the focal point, side

lobe symmetry, and correct level below the main I¢tis not designed to measure the absolute
parameters of the receiving antenha measure exact parameters, the antenna must be removed
from the tracking system and mounted on a controlled test range.

1.9.2 Test EquipmentBore sightsource with an unobstructed view and an XY plotter with
good resolutionAn antenna recorder could be used in place of the XY plotter.

1.9.3 Setup Connect the test equipment as showhRigurel-10.

Boresight Antenna

Test Antenna

Angular

Position

boaee X

Receiver | Plotter
Y

Figurel-10. Antenna Pattern Measurement Setup

1. Set thebore sightignal level so that the received signal at the tracking receiver is at least 40
dB above the noise level.

2. Adjust the recorder gain so that there sighon-axis signal gives maximum recorder
displacement.
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1.9.4 Conditions This test should be performed with little or no wiMlltipath can lead to
false conclusionsAscertain that no multipath conditions exist by conducting the test away from
any potential reflective surface and at an elevation high enough to prevent ground reflections.

NOTE The calibrations used f@ubsection1.8 should be used including
doing a noise floor measurement and calibration for O to + 56 dB
dB steps to properly measure the side lobes.

1.9.5 Procedure

1. Rotate the antenna pedestal to point taothre sightsource Record theAz/El auto track
angles Set elevation to OFRotate the azimuth axisX degreesounterclockwisérom the
recordedauto trackangles The limitsi X to +X, for rotating the antenna is normally from
1180 to +180. This limit allows an examination of the back lobes as well as the main and
side lobeslif the intent of the measurement is to verify the first $abe levels and the main
lobe for symmetry, then the measurement limitsudhbe decreased to emphasize this
desired aredbStart the recorder at 5 misn(0.2 iris).

2. The pedestal must be rotated at a constantlat&wisethrough theauto trackpeak angles
fromT X to +X degreeslf the antenna drive system has a rate mode, set it for a movement of
5° per secondif it has only a synchro control mode, the operator must try to keep the
rotation rate as near té per seconés possibleAlthough other techniques may be devised,
they will not be discussed here.

3. After the pedestal has completed its expected rotatakwise stop the recorder and
pedestal.

4. Repeateps 1 through 3 for as many frequencies as dedimégtvals of 25megahertz
(MHz) are usually sufficient.

1.9.6 Data Reduction

1. The antenna response recorded on the strip chart recorder will indicate tlubsitevels
and any major back lobes presagsymmetrical sidéobe levels could be caused by a
skewed feedThe absence of the first side lobes or lower-tifbe levels could be caused by
a feed assembly not at the focal point.

2. To produce a response record for the elevation axes in both directions (down as well as up),
the feed assembly must be rotated, @dd the test conducted as an azimuth movement

1.10. TEST: Feed Assembly Unit

1.10.1 PurposeThis test determines the proper error signal deflectioAz/El generated by

the tracking=AU. The errors generated by this unit form the basis for the automatic tracking of a
TM tracking systemOne test is for ainglechannel monopulse (SCM) tracking technique and

the other one is for a conical scan tracking technique.

1.10.2 SCM. The SCM tracking technique uses the difference channel signals to amplitude
modulate the carriehe difference channel signals representai#| error offset frombore
sightcenter in the form of square puls&se amplitude modulatioAM) of the difference
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signals is caused by fast switching diodes synchronized by signals fr@an siggal generator

The AM output of the tracking receiver separates the error signals from the receiver intermediate
frequency (IF) and becomes the input to the TEBmodulation by the TED separates A#®EI

error signals synchronized by the same scan signals froscdhnesignal generatdrhe error

pulses are four square wave pulses as showmimel-11 andFigurel-12. Figure1-11

indicates minimum error iAz/El while Figure1-12 indicates an azimuth error and an elevation
error.

|
|
|
|
|
|

Az El Az El

| —
|
|
|
|
|
|

0° 180°

Figurel-11. SCM Error Pulses Indicating Minimum Error

\

Az :
El | No error
/_ indicator

&\
Az
\
0° ‘ 180°

Figurel-12. SCM Error Signals Indicating Azimuth and Elevation Errors for One Type o
SCM Feed

1.10.2.1 Test EquipmentAnalog or digital oscilloscopdore sighttransmitting source and
radiating antenna.

1.10.2.2 Setup Ensure direct line of sighft OS) between thdM tracking antenna and there
sightantennaAlign the demodulator circuits and servo circuits for minimum movement.

1.10.2.3 ProcedureTurn theTM tracking system on and allow a minimum ofrbfute
warmup time.

1. Balance the servo system for minimum drift.
2. Tune the receiver to tHeore sighsource frequency.

3. Point the test feed (antenna) directly toltleee sightsource ensuring that no influence from
multipath exists.
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4. Ensure théore sightsource signal radiates a strong signal of at least +20 dB above the noise
floor.

5. Monitor the receiveleft circular polarizatiorandright circular polarizatiodAM output or
the error input to the TED with the oscilloscope.

6. Use the antenna control handwheel to rotate the antenna to null the errarhégesEl
indicators should display the angles from the test antenna bmtbesighsource When the
four pulses form a horizontal straight line (or clésg the error is minimum and the signal
level is maximum (seEigurel-11). Note that the timing sequences may not be
representative of all types of SCM feeds.

Note: The timing sequences may not be representative of all types of SCM feeds.

7. Rotate the azimuth handwhedbckwiseand the elevation handwheel up no more than 1
the 3dB beam widthThe Az/El error pulses will increase in one direction (for tligpbase
andfmirror image for the 180 phase)By rotating the antenna incunterclockwiséand
down) direction theA\z/El errors will change directions (sé@urel-12).

1.10.2.4 Data ReductionThe error pulses should indicate a definite separation betwe&h Az
errors at the Ophase and again at the 2§hase There should also be a definite separation
between the AEI error pairs at Dand AZEI error pairs at 180 (SeeFigurel1-12for an
illustration of correct pulse movement).

1.10.3 Conical Scan Techniguiost conical scan techniquase a 3¢hertz {Hz) (or variable

from 5 to 35 Hz) scan motor to rotate an eccentric circular waveguide .(Aorajtical and
horizontal dipole antenna is normally housed behind the wavedihdeotation of the horn
generates a sine wave that is amplitude modulated by the amount of offset the antennas are from
thebore sightenter The amplitude and phase represent the error froradhesightcenter that

the servo response must correct to mairdaito track The scan motor is directly connected to

an optical commutato©Onehalf of the rotating cam is clear while the other half is anodized

Two photoelectric lights constantly illuminate the cam generating two square waves that are in
phase quadrature at the scan motor frequéltoy proper ifphase relationship between the
square pulse and the error sine wave indicates correatradinf of the=AU. The correct phasing

of the reference signal pair is optimized to reduce crosstalk between orthogonal tracking
channels (seEigurel-13).

Error Signal
~A
Y

\ Reference Signal

Figurel-13. Conical Scan TechniguerrorandReference Signals Alignment
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1.10.3.1 Test EquipmentDuattrace digital oscilloscope and radiatingre sightantenna.

1.10.3.2 Setup Ensure direct linef-sight between th&M tracking system and theore sight
antenna with no multipath interference.

1.10.3.3 ProcedureThe radiating source should output a strong signal so the receiving system
reads at least +20 dB above the measured noise floor.

1. Point the test antenna at there sightantenna and monitor the AM input to the TED and the
square wave reference at the TBDnimum error will be indicated by a very small sine
wave.

2. Rotate the pedestal in azimuth only and observe the AM inché4mre the sine wave
crosses the zero reference line, observe the square pulseg{sed-13). The positive going
portion of the square pulse should align with the sine wave Ii@res not aligned,
determine the amount of channel crosstalk present and the possible reason for the erratic
automatic trackThe amount of acceptable crosstalk should be known to determine if the
FAU needs adjustment.

1.11. TEST: Solar Calibration using Linear Receiver Method

1.11.1 PurposeThis test determines the figure of mégain'temperatur¢G/T]) of the

receiving antenna systefhhe G/T is the ratio of the antenna gain to the system noise
temperatureG is the receiving antenna gain minus the losses between the receiving antenna and
a reference point is the receiving system temperature comprised of the sum of the antenna
noise temperaturd§) and the receiver noise temperaturg. (Therefore, th&/T is a good

measure of the sensitivity of the receiving systéhe G/T is frequently used in link analysis
calculations

1.11.2 Test EquipmenitTM receiver with linear IF output and manual gain conGC) or
AGC hold feature and power meter witluarelaw detector or true rosheansquare (rms)
voltmeter.

1.11.3 Setup Connect the test equipment as showhRigurel-14.
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Multi- _— Preamp

coupler I
Telemetry Power
Receiver > Meter

Figurel-14. Antenna Solar Calibration Using Linear Receiver

1.11.4 Conditions System must be at operational stability (adequate wariperiod and
minimum noise in the servo system) before test is condutteshake power measurements, the
tracker should point at the sun at an elevation angle of at I€agtri@levation angle of T0will
contribute approximately 1R to the antenna temperature at frequencies from 1.4 to 2.3A&Hz
higher elevation angles up to®9@he antena temperature decreases toK.8The above figures
are based on clear skypd7.5 gm? watervapor concentratiarEquation 16 can be used to
calculate the effects on the system temperature at different elevation Saegléppendix Cto
determine receiving system lineariet the receiver center frequency to the desired test
frequency Be aware that interfering signals may invalidate test results.

Care should be taken to prevent solar heat damage to
‘& equipment at the focus of parabolic reflectors.

1.11.5 Procedure

1. Point the antenna at the stix manual gain (engage AGC hold) in the linear portion of the
receiver Recordthe power meter reading & (V-).

2. Point the antenna at the cold sky (at least several beam widths away from tAésun)
antenna should be rotated in azimuth or elevation to prevent interference from.the sun
Recordthepower meter reading d5 (V).

3. Repeat procedure for other desired frequencies.

4 Kraus, J. DRadio AstronomyNew York:McGrawHill, 1966.
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1.11.6 Data Reduction
1. Record power meter readings (iB referenced to one milliwattiBm]) on Data Sheet-9.

2. Calculate the figure of merit usirigquationl-7 if a power meter was used, Bguation1-8
if a true rms voltmeter was useskeeAppendix Cfor additional details about figure of merit
calculations.

3. To convert the power flux density measurements into flux densities at the test frequencies,
seeAppendix C

4. The units of the measured power flux densities ar& Y&/m?/Hz; that is, a reported value
of 111 woul d®?Wie’tn. 111 A 10

ko= Ag/sina (Eq.1-6)
G e8pkk,LepP, o2
— =10Tlog,,é —é&Z -1 (EQ.1-7)
T e S° &R w
Where:
/ = test frequencyvavelengthif meter$
G/T = figure of merit in dBK
L = correction factor (seappendix Q
k =Boltzmann's con'$WhHpmK) (1.380622 A 10
k. = atmospheric attenuation (s@ppendix Q
S = solar power flux density (random polarizationMit#im?/Hz atthe test
time and at the test frequency

P1 = cold sky power meter reading as a power ratio
P> = power meter reading looking at the sun as a power ratio

G e8pkk,L &v,* o2

2 =101l0g,,6 2= &2 15 (Eq. 18)

T é S & w

Where:

V1 = true voltmeter reading antenna pointing at the cold sky
V> = true voltmeter reading antenna pointing at the sun

Solar power flux density (S) at the test frequency will need to be interpolated from data
measured by the National Oceanic and Atmospheric Administration (NOAA) at
specific frequencies. These procedures are in includédpendix C
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N OTV

Solar flux measurements are made daily by radio observatories at 245, 41
610, 1415, 2695, 4995, 8800, and 15400 MHz. Measurements from Saga
Hill Radio Observatorgire the optimal values for the continental United Stal
For sites outside of the continental United States use values from the nea
radio observatory.

Contact Information:

DSN 2728087 or commercial (402) 238087

Internet:

ftp://ftp.swpc.noaa.qov/pub/lists/radio/rad.txt

or
http://services.swpc.noaa.gov/text/currepaceweatherindices.txt
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Data Sheet 19.

Telemetry Antenna Systems

Test 1.9 Solar calibration using linear receiver method
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Time: Location:
Meter type: powel True RMS
meter: voltmeter:
Antenna beam Aperture correctio
width: factor (L):
. ) ReceivenF
Receiver No.: bandwidth
Measured Solar Flux Data
Frequency 610 1415 2695 4995 8800
Solar Flux
Corrected — P2 (V2) P1 (V1) : :
Frequency solar flux Polarization (sun) (cold sky) Figure of merit
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1.12. TEST: Solar Calibration using Attenuator Method

1.12.1 PurposeThis test determines the figure of mef@/T) of the receiving antenna system
TheG/Tis the ratio of the antenna gain to the system noise tempei@tisréhe receiving
antenna gain minus the losses between the receiving antenna and a referentespgbmt
receiving system temperature comprised of the sum of the antenna noise tempejadncethe
receiver noise temperatur&), Therefore, th&/T is a good measure of the sensitivity of the
receiving systemrhe G/T is frequently used in link analysis calculations

1.12.2 Test EquipmentTM receiver with linear IF output aldGC or AGC-hold feature,
power meter with squailaw detector or true rms voltmeter, and precision attenuator.

1.12.3 Setup Connect the test equipment as showRigurel-15.

O
!
/
/ 7
/ <
! s
/ e
7 -
Pl
- Cold
-~
- Sky B
Multi-
coupler Preamp |
[
Precision Telemetry i - Power
L e » e linear IF -
Attenuator Receivel Meter

Figurel-15. Antenna Solar Calibration using Attenuator

1.12.4 Conditions The gstem must be at operational stability befibretest is conducted o

make power measurements, the tracker should point at the sun at an elevation angle of at least
10°. An elevation angle of TOwill contribute approximately 18 to the antenna temperature at

frequencies from 1.4 to 2.3 GH&t higher elevation angles up to9®he antena temperature
decreases to 118 (Kraus, 1966)The above figures are based on clearaky7.5 gm?® water

vapor concentratiarfo determine receiving system linearity, gggendix C Set the receiver
center frequency to the desired test frequeBeyaware that interfering signals may invalidate
test results.
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1.12.5 Procedure

1. Point the antenna at the cold sky (at least several antenna beam widths away from the Sun)

Settheattenuator to zet@et manual gain in the linear portion of the receiver raRgeord
power meter (true rms voltmeter) readinglata Sheet-10 asPx (Vy).

Care should be taken to prevent solar heat damage t(
& equipment at the focus of parabolic reflectors.

2. Pointtheantenna at the sumcrease attenuation so the power meter (true rms voltmeter)
again read®y(Vx). Record the attenuator reading Data Sheet-10.

3. Repeatheprocedure for other frequencies as desired.

1.12.6 Data Reduction

1. Convert the amount of attenuation necessary to obtain a meter reading €juakjdo a
power ratio and use iBquationl-8 for calculatingG/T in place ofP2/P4, that is,

G e8okk, L (10° - 1)@
= 100g,,6” zgﬁ )@ (Eq.1-9)
e u
Where:

Y = attenuator reading (in dB)

z =Y/10

o =test frequency wavelength (meters)

L =aperture correction factor (sé@pendix Q

k =Boltzmann's constarft 1 . 3 8 00&3aN2HZ/K)

k> = atmospheriattenuation (seAppendix Q

S = solarpower flux density (random polarization)\W/m?/Hz

2. Solar power flux densityg) at the test frequency will need to be interpolated from data
measured by NOAA at specific frequencies. These procedures are incluggeeimdix C

N OT‘E,

Solar flux measurements are made daily by radio observatories at 245, 41
610, 1415, 2695, 4995, 8800, and 15400 MHz. Measurements from Saga
Hill Radio Observatory are the optimal values for the continental United St
For sites outside of the cam¢ntal United States use values from the neares
radio observatory.

Contact Information:

DSN 2728087 or commercial (402) 233087

Internet:

ftp://ftp.swpc.noaa.qov/pub/lists/radio/rad.txt

or
http://services.swpc.noaa.gov/text/currepaceweatherindices.txt
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Data Sheet 110.

Telemetry Antenna Systems

Test 1.10 Solar calibration using attenuator method
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Time: Location:
Solar flux at Solar flux at 2695
1415 MHz: MHz:
Meter type: True RMS
power meter: voltmeter:
Antenna Aperturecorrection
Beam Width factor (L):
Receiver ReceivellF
No.: bandwidth
Measured Solar Flux Data
Frequency 610 1415 2695 4995 8800
Solar Flux
Froduonc Corrected Polarization Attenuator dB P1 (V1) Figure of
9 y solar flux (sun) (cold sky) merit
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1.13. TEST: Pedestal Motion Testing

1.13.1 PurposeThis task is to provide a common method for determining and assessing the
dynamic motion and tracking accuracy of a telemetry pedestal. The test will use hardware in the
loop (HWIL) equipment to simulate a target and generate the necessary antennaiodntrol

(ACU) and amplitude modulated error input signals to drive the antenna as it would normally be
driven when tracking a real target. Ségurel-16.

System Under Test

i i
| I
| |
|
| (SUT) Antenna :
| I
| I
| I
| I
| RF |
| RX < Pedestal |
| I
| I
Hardware in the Loop I |
(HWIL) | - |
R e e e e o e e e e | I |
Error | I |
Generator ! | L oAl Al |
Target + Error I ! Simulated Al ACU Servo Control |
pasiion Conditioner —'_l—/ |
Simulator | |
3 | l
' I

Antenna
Position
Sensor

(On Pedestal)

Figurel-16. Hardware in the Loop Configuration

The general test methodology discussed in this procedure can characterize the tracking
performance of a conical scan or SCM tracking antenna, but the concepts described in this
procedure can be adopted for any tracking antenna technology. The HWIL eduigkesrthe
error between a simulated target position and the true antenna pointing angle and generates the
appropriate error signal for input to the ACU. The ACU interprets this input as if it were tracking
a normal target and moves the antenna towarltatiget. It is critical that the simulation outputs
and interfaces to the antenna be of sufficient quality as to not impact the SUT response.

The following HWIL component functions are described, along with one potential
implementation method. An infinite number of implementation methods can be developed, each
with its own set of strengths and weaknesses.

1.13.1.1 Target Position Simulator. The target position simulator supplies the simulated target
position with respect to time. This component houses the flight path generation equipment and is
not impacted by antenna position.
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1.13.1.2 Error Generator. This component takes in the antenna position and the target position
and creates a value for the pointing error of the antenna. If the antenna error is greater than the
tracking beamwidth of the antenna, usually tkaB3point, then it calve assumed that the

antenna can no longer accurately track the target. Since stressful antenna tracking scenarios
usually occur when targets are relatively close to the antenna, and the incoming signal strength is
high, the Null to Null tracking point ctédibe used as the reference. Sepire1-17.

100

100
7T \"

80 / \ 80
60 / \ 60
40 40
20 /V/ MNull to My - 20

0 0

18126p
186 260

Figurel-17. Antenna Pattern

1.13.1.3 Error Conditioner. This component converts the output of the error generator into a
format that can be natively understood by the SUT. It is important that the fidelity of the error
signal coming from the error conditioner be as close as possible taitreeareor signal coming
from the antenna when it tracks a real target so that the difference is unperceivable to the SUT
(in fidelity, accuracy, and timeliness). If this is not the case, then the HWIL may significantly
influence the SUT performance.

1.13.1.4 Antenna Position Sensor. This component, mounted on the pedestal, senses the
position of the antenna and forwards that to the error generator. It is important to note that the
antenna position sensor be of sufficient accuracy that it can segment thea dgtamwidth into

small enough segments as to not impact the SUT. Usuall{} #f3dB beamwidth is

sufficient for this purpose. It is also important that the antenna position sensor be referenced to
the correct coordinate system. In other words, ifaitenna position sensor is referenced to the
antenngedestalthen pointing error sources that are external to the antenna system (such as
mounting flex, antenna misalignment, or tower sway) will not be captured as contributors to the
tracking system error. However, if the antenna position sensor is referencgidhalaeference
frame,then all contributors to the tracking system error will be captured. It is also possible to test
the antenna mount/tower separately to determine the magnitude oftiibution and integrate

an antenna mount model (if desired) into the HWIL components to account for it.

1.13.1.5 Uncaptured Error Sources. It is also important to note thateR¥ed errors (such as

the effect of antenna beam misalignment due to antenna dynamics) is not captured as part of the
described system. Effects such as dish flex, spar flex, and feed disetaatue to antenna

movement can have a significant impact on antenna tracking performance. This section only
describes the basic system. Additions to this system can be developed to further expand the
systembs capability, b thi$ doduinemts e ar e beyond t
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1.13.2 Standard Trajectories and TesEbere are four test trajectories that can describe the
primary tracking functions of a telemetry antenna. These tests produce four standard metrics.
Other tests may be developed using the target generator to further specify an antenna, but these
are presnted as a starting point. The four standard tests are described below.

1.13.2.1 Maximum Azimuth Tracking Velocity (MATV) Test. The velocity at which the

antenna error (difference between pointing angle and simulated target position) exceeds the
tracking beamwidth of the antenna is the MATV of the antenna. Obtaining the MATV is done by
simulating a target that is centered at O0OA el
velocity slowly increases at a rate of 0.1 to 0.5%sEke test can be repeated in clockwise and
counterclockwise rotations. Since this is solely a vejdeist, the acceleration values were

chosen to be sufficiently low as to decouple the antenna acceleration limitation from the MATV

test. The other tests are designed to test acceleration limitations and acceleration with velocity
interactions. This teshay have to be adjusted to account for azimuth rotational limitations

related to cable wrap systems.

1.13.2.2 Maximum Standard Flyby (MSF) Test. Obtaining the MSF is done by simulating a
target that will originate significantly far away (25 nm) and fly by the antenna with a flight

path offset 1 nm from the antenna (1 nm minimum tangential range). The sinulatedg e t 6 s
velocity is increased in successive runs until the antenna can no longer maintain the target within
the tracking beamwidth of the antenna. The maximum target velocity that can be presented to the
antenna, while still maintaining it within the tkaieg beamwidth, is the MSF. This test can also

be accomplished at different target altitudes to provide additional insight into antenna
performance.

1.1323 Maxi mum I nstantaneous Velocity (MIV) Test
determined by simulating a target that originates 1 nautical mile away from the antenna and

moves tangentially with respect to the antenna. The target goes from stationagt/ velacsty
instantaneously. This is usually performed as an elevation test simulating a bottldikecket

profile. The velocities are increased in successive simulation runs. The MIV that the antenna can
maintain, within the tracking beamwidth of theemta, is the MIV of the system.

1.13.2.4 Mid-Course Maneuver (MCM). This test is designed to be used with an ACU that is

using a predictive analysis tool in its tracking algorithm. The MCM test is a derivative of the

MIV test with the addition of a major (>30°) target maneuver in Az/El at theamd of the

flight profile. This tool is often used to reduce standard tracking lag by predicting the future

target position and driving the servo in the direction of the predicted target position. This will

cause the system to track closer to the tatges, reducing the tracking lag. The MCM test is

used to validate the ACUG6s ability to continu
profile.

1.13.3 System DescriptianThe detailed system configuration as showhigqure1-18is
described below.
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Figurel-18. Detailed System Donfiguration

1.13.3.1 Inertial measurement unit (IMUJ.he IMU mounted on the antenna yoke arm outputs
heading, pitch, and roll attitude angles for rates of up to ¥266. The advantage of an external
IMU is its ability to reference the antenna pointing position to a global reference point. This
accounts for changes in antenna position based on tower movements and other external inputs to
the SUT. An azimuth angle of @orresponds to a heading ¢f\While an elevation angle of0
corresponds to a pitch angle 6f @zimuth am heading are positive in the same direction,
clockwise. Elevation and pitch are positive in the same direction, up from the horizon.

1.13.3.2 The reaidtime controlleRTC)includes the following.
1.13.3.2.1Target Position Simulator: The simulatiedt flight trajectory needs to be

decomposed into the local level antenna reference frame in Az/El components. This is the same
angular data format used by the IMU and will allow a direct comparison of the two angular data
sets.

1.13.3.2.2Rectangular Convertetfhe error signal, in Az/El components, is converted to a
corresponding AM error signal (with phase) by first using a simple rectartgepatar

conver si

on. The el

evat.i

on

v al

ue

S

t he

i X0

component. This is due tbe zero reference angle defined in the standard conversion as being
aligned to the Xdirection. In conical scan, the zero reference angle is defined in the positive
pitch direction the Y-direction graphically speaking. Once themitude and phase are found,
they are used in the simple cosine signal function (Equatid). IThe process is shown

graphically inFigure1-19.
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Figure1l-19. Converting AM to TDC Reference

1.13.3.2.3Cosine Generato©nce the amplitude and phase of the AM error signal are
calculated in the feed reference, fna T Al D1 Epar@ndefers are input to a cosine wave
generator. The cosine wave frequency is the emulated conical scan frequency or SCM frequency
and can vary from 10 Hz to 2000 Hz as a fixed user input parameter or synchronized to the input
top dead center (TDC) pulse.

1.13.3.2.4Computer: The computer is used to monitor the HWIL equipment and collect
data.The computer also has four profile generators, one for each type of flight profile.

1.13.4 Setup Connect the equipment as showirigure1-18.

Special care must be taken to firmly attach the IMU to the pede
& Any movement between the IMU and the pedestal will skew the
results.

1.13.5 System Calibration
1.13.5.1 Error Amplitude and Phase Calibration

1. Alignment and calibratiomerify that the RTC output amplitude (petikpeak) and phase
(relative to the TDC pulse) are correctly recognized by the ACU. Independent Az/El gain
adjustment, along with a scan angle zero adjustment, is incorporated into the closed loop
system as shown irigure1-18. The adjustments are used to calibrate and align the HWIL
equipment with the SUT.

2. With the servos disabled, use the following steps to adjust the RTC error signal so that a 1°
angle offset in Az/El corresponds with a 1° error in the same direction(s) as displayed on the
ACU.

Manually set antenna pedestal angles to 0° in both Az/El. Turn off the servo.
4. Command the IMU to generate 0° in both Az/EL.
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. Set the Target Position Simulator for 0° azimuth and 1° elevation.

. Observe the ACU crosshair position, which sh
amplitude should be at thé érosshair markeilhe ACU azimuth error should be zero.
Adjust &6Angle Zero Adj6 to zero the ACU azin

.Adjust O6EL Gainé for an ACU +1A elevation er

from zero, use ézScraon tAneg |6eA ZA dgrér otrod .r e
Repeat steps 5 through 7 for each settinfable1-2.
Table 1-2. Calibration Test Points
AZ EL ACU Error ACU Error
Magnitude Angle
0° 0° 0° --
0° 1° 1° 0°
1° 0° 1° o
0° T 1 1° 18
T 1 0° 1° 270
1° 1° - 45°
i1 T 1A - 225

.13.5.2 Antenna Movement Verification

Manually set antenna pedestal angles to 0° in both Az/El. Turn off the servo.
Command the IMU to generate 0° in Az/El.

Set the target position simulator for each of the Az/El settings shoWhabie 1-2.

Ll

For each of the Az/El settingsTrablel-2t ur n t he servo on. Turn OTl
the antenna moved to the correct setting.

.13.6 Trajectory Simulation

Load the target position simulator with the desired flight trajectory.

Set the IMU to output pitch and heading data.

Turn on the servo and move the antenna to the trajectory start point.

Start the target position simulator.

Select 6Track on ACU6 to allow the antenna t
At the completion of the profile turn off the servo.

A

Plot the commanded vs actual position, velocity, and acceleration data. R&tgrrail-20,
Figurel-21, andFigurel-22.
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Figurel-21. Example MIV Antenna Angular Rates
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Figurel-22. Example Maximum MIV Antenna Acceleration

8. Verify the antenna position deltas between commanded and actual position were within the
3-dB points for the antenna beamwidth.
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CHAPTER 2
Test Procedures for Telemetry RF Preamplifiers

2. General

This chapter describes the test procedures used in measuring the performance parameters
of TM RF preamplifiersincluded are methods for determining the range of linear operation by
measuring intermodulation (IM) products, gain compression level, p@wedlsigna) gain,
bandwidth, intercept point (IP), voltage standing wave ratio (VSWR), noise fapoeyain
variation because of temperature and supply volteaiele2-1 lists the types of tests and their
test and paragraph number.

Table 2-1. Test Matrix for TM RF Preamplifiers
Test Number Test Description

2.1 Amplifier gain compression

2.2 Bandwidth and smabignalpower gain

2.3 IM products and IP

2.4 VSWR by return loss

2.5 Noise figure using automatic noise figure meter

2.6 Impedance mismatch

2.1. TEST: Amplifier Gain Compression

2.1.1 PurposeThis test measures thedB compression poirthatis defined as the point
where the gain of an amplifier has been decreasedffodBthe smaksignalgain Gain
compression results from nonlinear operations of amplifiers and is a major ciMseas$e that
can increase the bit error rdBER) in digital systems and cause distortion in analog systems.

NOTV Perform this test at various frequenciesatessaryas 1dB

compression is not constant across the entire band, especi
with wide-bandamplifiers

2.1.2 Method Power Meter as thmeasuring device
2.1.3 Test EquipmentSignal generator and power meter (2iBBdirectional coupler.
2.1.4 Setup Connect the testgelipment as shown iRigure2-1.
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Signal 3-dB Amplifier Power
Generator (—m| Directional |—p Under —— | Meter #2
Al Coupler Test PM2
Power
Meter #1
PM1
Figure2-1.  Test Setup for Measurement of Amplifier Gain Compression

2.1.5 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuausve signals (unmodulated) into
the device under test.

A

2.1.6 Procedure

1. Connect the amplifier between the signal generator and the powaraseliustrated in
Figure2-1.

2. Apply a lowlevel signal to the amplifier input and record the power output level from both
power meters a; for power meter number one aRgfor power meter number two data
Sheet-1.

Allow the power meters to settle before annotating the power meter readings

Do not exceed the amplifier manufactd@semaximum
recommended input power because permanent dan
to the amplifier may result

Increase the lovlevel signal by decreasing the attenuator settingothe signal generator
Record the power meter readingsieta Sheep-1.

SN h B W

Continue this incremental increase until the gain is 1 dB less than the gain in the first step
This condition is known as thedB compression poinAny further increase in the input

signal level would drive the amplifier into the nonlinear region of the amplifier and possibly

generatéM products.

2.1.7 Data Reduction

1. Calculate and record the gain of the amplifier after eadB increasen input power using
equation 21.

G=Pa P, (Eq.2-1)
Where:

G = amplifier gain (dB)

P1 = power input (dBm)
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P> = power output (dBm)

2. Plot amplifier output power versus input power and note where the output level decreases 1
dB from the linear extrapolation of amplifier response as illustratedyure2-2. This is the
amplifier gain compression levéecord the input/output gain compression leveData
Sheet-1.

Linear Extrapolation of

Gain Compression Linear Region

I:)OUT (dBm)

I:)IN (dBm)

Figure2-2.  Amplifier Gain Compression
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Data Sheet 21.

Test Procedures for Telemetry RF Preamplifiers

Amplifier gain compressionmethod: power meter

Test2.1

measurement
Manufacturer: Model: Serial No.:
Test Personnel: Date:

RF Input Power P1 RF Output Power P2 Gain: G=P21 P1
(dBm) (dBm) (dB)
Test Frequency:
1 dB compression point: oP (dBm) [ dBm

Take additional readings where data slope changes abruptly.
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2.2. TEST: Bandwidth and Small-signal Power Gain

2.2.1 PurposeThis test measures bandwidth, which is defined as the range of frequencies
over which the amplitude response does not decrease more than 3 dB relative to the response at
the reference point (such as the center frequency) over the specified frequencitbartttvice

under testThe amplifier smatsignalpower gain is the ratio of output power to input power in

the linear operating range and is generally expressed in dB (assuming the impedance of the
input/output circuits are properly matcheltijs notuncommon to eliminate the specification for

3-dB bandwidth, especially when a band paserfis utilized prior to the low noise amplifier

The band pass filter will establish th&lB bandwidth Operational frequencies are commonly

used to identify band edges and optimized for best flatness across th8daetimes it is

requiredto specify out of band gai®ut-of-band gain shall not exceed in band gain.

2.2.2 Test EquipmentSignal generator, spectrum analyzer, sweep oscillator, and attenuator
(Attenuators are needed if the signal generator is not a newer model that includes precision
attenuators).

2.2.3 Setup Connect the test equipment as showRigure2-3. (Either method illustrated is
acceptable.)

Signal Attenuator

‘ Amplifier Spectrum
Generator Al

Under Analyzer

Test

|
|
|
|
|
| Printer
|
|
|
|
|

Variable
Voltage
1 ’ Supply

ac or de

Sweep Attenuator
Oscillator Al

Figure2-3.  Test Setup for Measurement of Bandwidth and SsighalPower Gain

2.2.4  Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuous wave signals (unmodulated) into
the device under testariations in supply voltage will be evaluated.

2.2.5 Procedure
1. Set the signal generator frequency to the center of the passband for the device under test.

2. Set the attenuator;Ao provide a preamplifier output at the spectrum analyzer at least 10 dB
below the 1dB compression level of the amplifier as determinetast2.1.

3. Adjust the spectrum analyzer to display the frequency signal in the linear operating range at a
convenient reference level on the log scale such as Ul#Bspectrum analyzer vertical
display must be operating in the log mode.
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Disconnect the amplifier and connect the analyzer to the attenRatmrd orData Shee-
2, as the gain of the preamplifier, the difference between the signal now displayed and the
reference level intep 3.

Reconnect the amplifieF{gure2-3) and tune across the bambte and record any abnormal
changes in gain versus frequencylata SheeR-2. The gain shouwl be constant (xdB)

within the passband of a walesigned amplifierContinue tuning until response drops
approximately 10 dB to ensure that the actual amplifier band edges have been reached
Readjust the signal generator and record 8idB points orData Shee®-2.

Record the data ddata Shee®-2 at convenient frequency increments across the band by
manually tuning the generator across the band, being careful to record all abnormal gain
changes that may occur.

The same results are obtained usingde-bandnoise source or sweep generator in place of
the signal generator.

NOT? If the sweep generator or noise source does notdraaetomatic leve

control the level variation versus frequency must be compensated
the data corrected for these variations.

Set the variable voltage supply to the highest normal operating voltage for which the
amplifier is designedRepeat ®ps 1 through 6.

Set the variable voltage supply to the lowest voltage specified for the ampldgeat eps
1 through 6.

Set up the equipment in an environmental chamber and operate the amplifier at the highest
temperature for which it is designdglepeat &ps 1 through 6.

Set up the equipment in an environmental chamber and operate the amplifier at the lowest
temperature for which it is designed. Repeat steps 1 through 6.
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Data Sheet 22. Telemetry RF Preamplifiers

Bandwidth and smallsignal power gain including

Test 2.2 -
temperature and supply voltage variations

Manufacturer: Model: Serial No.:

Test Personnel: Date:

Amplifier gain determined iSubsectior?.2.5step 3

Standard Conditions Supply Voltage Variation Temperature Variation
Frequenc Gain Gain Gain Gain Gain
(I\/?Hz) y (dB) Low Supply | High Supply | High Temp. | Low Temp.
Voltage (dB) | Voltage (dB) (dB) (dB)
Lower 3dB
point (MHz)
Upper 3dB
point (MHz)

NOTE This value should agree with the value determir
in Test2.1, therebyverifying that the equipment i
set up properly.
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2.2.6 Data ReductionPlot (or photograph) the data as showfinure2-4 to determine
power gain and bandwidth.

Detail Gain Variations

ater Than 1 dB
ﬁ.’a dB

GAIN (dB)

* BANDWIDTH

[
|
|
4
4
4
4
4
4
4
|
|
[
4
|
4
4
'
4
i
4
4
|
|
!
4

FREQUENCY (MHz)

Figure2-4.  Plot of Power Gain and Bandwidth versus Frequency
2.3. TEST: Amplifier IM Products and Intercept Point

2.3.1 PurposeThis test measures the IM products and IP of an ampesAppendix Afor
IM product determination and the IP of an amplifier.

2.3.2 Test EquipmenfTwo signal generators, isolator, spectrum analyzer, and termination
(characteristic impedance).

2.3.3 Setup Connect the test equipment as showRigure2-5.

. fi Amplifi
Signal fi '%[;;éir Spectrum
Generator —®  Analyzer
Al > Test
a4
5 Y
—
= Print
3 rinter
&
Signal ﬁ 50 ohm
Generator » 1 »
e load

Figure2-5.  Test Setup for Determination of Intercept Point
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2.3.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutes

for describing the overload characteristics of an amplifi¢

NOTV The IP technique is generally accepted as the best app
SeeAppendix Afor details on the IP technique

2.3.5 Procedure

1.

Set the fundamental signdlsandfz near the mieband frequency of the amplifier under test
The spacing of the fundamental signals is not critical as long as th@tdedproducts are
within the amplifier passbandhich must be greater thanf3{ f1).

Set each of the calibrated signal generator attenuatoen@P4) to a convenient reference
level, for examplel 50 dBm Connect the spectrum analyzer to the isolator and observe the
spectrum; only; andf. should appeatncrease the output power of both signal generators 10
dB by adjusting Aand A equally and verify that the displayed signals increase by 10 dB
This technique ensures that the IM products are not being produced in the isolator or
spectrum analyzer.

NOTE Spectrum analyzers may produce IM products when albigh signal
is applied to the first mixeRefer to the spectrum analyzer instructiqg
manual An attenuator may not be needed at the analyzer.input

Reconnect the preamplifier between the isolator and the spectrum anghgamplifier
output will be equal to the signal generator output levels (keepirgd\ A equal) minus the
isolator and cable losses plus the amplifier gain.

NOT? The more attenuation inserted between generators, the greate

isolation This increased isolation reduces the possibilitiVof
between signal generators

Set the power output to the preamplifier to a convenient power level such that the amplifier is
not saturatedAdjust the display device so that the amplitudes ahfl £ equal a convenient
reference levelAdjust the display width to include the two fundamentals and the twe third
order IM products as shown kgure2-6.
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-10 7

Output (dBm)

-100

Frequency

Figure2-6.  Typical Display of Fundamental and Thi@rder IM Products

5. Record in dBm the magnitude of the fundamental and the highesothied IM product
Record in dBm the fundamental input powerata Shee-3.

6. Reduce the input to the amplifier in convenient steps (keepirzgnd A equal) and repeat
step5. Continue to reduce the input until the thodder IM products decrease to the noise

floor (seeFigure2-6).

2.3.6 Data Reduction

1. Plot the magnitude of the fundamental and toirder IM products versus the input power
Plot both quantities in dBm on linear pafdextend the lines of each plot, as illustrated in
Figure2-7, until they intersecfThis is the intersection of the thiader IP.
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Figure2-7.  Graphical lllustration of Intercept Point

2. When the amplifier thirébrder output IP (18) has been experimentally determined, the
smallsignalperformance of a gen amplifier, having two equamplitude signals present in
the passband simultaneously, can be resolved from a graphical régieseas illustrated in
Figure2-7.

a. As an example, the graphical solutiorFigure2-7 shows that the thirdrder output IP is
+10 dBm Find the thirdorder IM product for an output signal levelidf6 dBm Draw a
vertical line through the 16-dBm point on the fundamental signal line and extend this
line until it intersects the thirdrder IM line Read approximately70 dBm on the third
order output scale.

b. When the IP is known, the thiarder IM products for any fundamental signal output can
be determined from the following equation:

Power output of the thirdrder products #1 3 (IPo1 fundamenal output power) dB
Then usinghe numbers frordata reduction step 2aadFigure2-7,

Third-Order Output= @i 3 [(10)T (1 16)] dBm=i 68 dBm
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Data Sheet 23.

Telemetry RF Preamplifiers

Test2.3 Intermodulation products and intercept point

Manufacturer : Model: Serial No:

Test

personnel: Date:

Frequencyy MHz Frequencyf, MHz
Fundamental Fundamental Third -Order Difference Third- SecondOrder
Input Power Output Power Output Power Order and Output Output Power
(dBm) (dBm) (dBm) (dBm) (dBm)

N OT‘E’

Amplifiers with passbands greater than one octave may h
secondorder IM terms present that should be recorded an

plotted (seé\ppendix A.

2-12




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

3. A spurious response nomograph (Begire2-8) can be usethstead othe graphical
representation to determine the sasadjnalperformance of a given amplifier when the
output IP is known or determined experimentally frdata reduction step 1

Output
Output Output Spurious Response Level
Intercept Point Signal Level 2" Order 3" Order
(dBm) (dBm) (—~dBm) (—dBm)
+40 —__— —___ 20
+30  m—t T 30
+20 T (. T 20 T 40
+10 T ~ - 107 T 30 T 50
o I 20 T~ T 40 T 60
-0 - 307 I 50 L 70
20 [ -40 T 60 T 80
S0 T 0T 70 T 9
40 T -60 T T 80 T 100
T 90 T 110
= 100 = 120

Figure2-8.  Spurious Response Nomograph
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a. Place a straight edge on the +10 dBm output IP an@ilGattBm on the fundamental
output point.

b. Read 68 dBm on the thirgbrder spurious response line.

2.4. TEST: Amplifier VSWR by Return Loss Method

2.4.1 PurposeThis test determines the quality of the impedance match of the device under
test by measuring the VSWR using the return loss mefftatest method illustrated here is for
a spectrum analyzer; however, a network analyzer could be used.

2.4.2 Test EquipmentSignal generator, 20B directionalcoupler, spectrum analyzer,
termination (characteristic impedance), and RF short.

2.4.3 Setup Connect the test equipment as showRigure2-9.

| SIGNAL | _,IATTENUATOR| ! SHORT
| GENERATOR Al | CIRCUIT
DIRECTIONAL |
L . COUPLER I
2048 7 |
— |
50-OHM LOAD AMPLIFIER
SPECTRUM UNDER TEST]
ANALYZER
50-OHM LOAD

Figure2-9.  Test Setup for Measurement of Return Loss (VSWR)

2.4.4  Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuous wave signals (unmodulated) into
the device under testariations in operating temperature will be evaluated.

NOTE Because the VSWR is a measure of the mismatch between the load and th¢

/ is possible to measure the voltage reflected from a load to a transmission lif

with a directional couplelf the load is replaced by a short circuit whose

reflection coefficient is unity (a short circuit reflects all the incident power), tl

reflected voltage measured through the directional coupler will be incrddseg

return loss is defined as the ratio of the voltage reflected from the short circ
the voltage refleetd from the load while keeping the input signal constant.
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2.45 Procedure

1.

Set the generator frequency to the +bhahd frequency of the amplifier to be tested and adjust
the calibrated ttenuator for a level of abou#0 dBm into the directional coupler.

NOTE The input level should be at least 10 dB less than-ig 1
compression point obtained Trest2.1.

Connect the short circuit termination to the coupler and establish a convenient reference level
on the spectrum analyzex 0-dB reference is very convenient to use with the spectrum
analyzer set for a log display.

Remove the short circuit termination and connect the amplifier input to the directional
coupler Terminate the amplifier output port with its specified impedance l0bderve the
signal level on the spectrum analyZene difference between the reference level established
in step2 and the new level observed in dB is the return loss.

Tune the signal generator across the band pass of the amplifier undRetest the return
loss in dB at convenient increments across the band on Data Shéédt2 and record any
abnormal changes in return loss versus frequency as the generator is tuned.

Reverse the amplifier connection in the test setup and rdpga@sthrough 4 to obtain the
amplifier output return loss.

Repeat geps 2 through 5 at high and low operating temperatures.
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Data Sheet2-4. Telemetry RF Preamplifiers
Test 2.4 VSWR by return to loss met_hod including
temperature variations
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Erequenc Input Return Loss Input VSWR Output Return Output VSWR
(|\(le2) y (dB) (Table 22 or Loss (Table 22 or
Calculation) (dB) Calculation)
Test Test Test Test Test Test Test Test
2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Temp. Temp. Temp. Temp.
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2.4.6 Data Reduction

1. Convert the return loss data to equivalent VSWR by using the-SWR values shown in
Table2-2.

Table 2-2. Return Loss to Equivalent VSWR
dB VSWR dB VSWR dB VSWR dB VSWR
0 8 2.32 17 1.33 26 1.11
5 34.75 9 2.10 18 1.29 27 1.09
1 17.39 10 1.92 19 1.25 28 1.08
2 8.72 11 1.78 20 1.22 29 1.07
3 5.85 12 1.67 21 1.20 31 1.06
4 4.42 13 1.58 22 1.17 32 1.05
5 3.57 14 1.50 23 1.15 34 1.04
6 3.01 15 1.43 24 1.13 37 1.03
7 2.61 16 1.38 25 1.12 40 1.02

2. CalculateVSWR from the return loss, @asured in dB, from equation222-3, and2-4:

Lr =20A | ary (1 (Eq.2-2)
r =1 /antilog (Lr/20) (Eg.2-3)
VSWR= 1+ r (Eq.2-4)
11 r
Where:
r reflection coefficient of load being measured

Lr return loss measured
Example:
LR = 1
r = 0.89125
1.8912¢
vswR= - L8912 o o9

1ir  0.1087¢

2.5. TEST: Noise Figureusing Automatic Noise Figure Meter

2.5.1 PurposeThis test measures the noise figure of an amplilerse figure is defined as

the ratio (expressed in dB) of the total output noise power per unit bandwidth at a given output
frequency when the noise temperature of the input termination iK #9€hat portion of the

output power (same frequency and bandwidth) because of the input termiSatéppendix B

for a discussion of noise figure.
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2.5.2 Test EquipmentNoise figure meter and noise source.

2.5.3 Test MethodThis test measures noise figure using a calibrated noise source and an
automatic noise figure meter.

2.5.4 Setup Connect the test equipment as showRigure2-10.

NOISE
NOISE — AMPLIFIER | g FIGURE
SOURCE UNDER TEST METER

Figure2-10. Noise Figure using Automatic Noise Figure Meter

2.5.5 Conditions Perform this test under laboratory conditions after the specifiedaprm

time. Carefully follow operating procedures and cautions in noise figure operation miétheal

noise figure meter does not operate at the amplifier frequency, external frequency translation will
be requiredThe noise figure operation manual will contain recommendations on how to do this
translation Alternate test configurations are shown in test metRag$.5, and4.2

: Field effect transistor amplifiers can be damaged by noise sp

2.5.6 Procedure
1. Calibrate noise figure meter using method recommended in the manual.

2. Reconnect test equipment as showhigure2-10. Measure the noise figure in-MHz
steps Record these values @ata Sheel-5.

3. Find the maximum noise figure by varying the measurement frequency across the band
Record the frequency and noise figureData Sheel-5.

2.5.7 Data ReductionCompare the measured values to the specification.
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Data Sheet 25. Telemetry Preamplifiers
Test 2.5 Noise figure using automatic noise figure meter
Manufacturer: Model:
Serial No.: Frequency range:
Test Personnel: Date: Location:
Measurement frequency Noise Figure
(MHz) (dB)
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TEST: Impedance Mismatch

2.6.1 PurposeThis test measures the effect of impedance mismatch on the stabilifyvof a
amplifier.

2.6.2 Test EquipmentCalibrated mismatch terminations, line stretcher, and spectrum
analyzer.

2.6.3 Test MethodThis test inserts a known calibrated mismatch at the preamplifier input
The amplifier output is monitored with a spectrum analyzer to detect any spurious.signals

2.6.4  Setup Connect the tesigeipment as shown iRigure2-11.

Calibrated Line Agp(llifier Spectrum
Mismatch "l  Stretcher ' 'll“les‘:r Analyzer

Figure2-11. Impedance Mismatch Test Setup

2.6.5 Conditions Perform this test under laboratory conditions after the specifiedawarm
time.

2.6.6 Procedure

1.

Connect the calibrated mismatch that represents the maximum input VSWR specified by the
manufacturer to the amplifier input and vary the line stretcher over the full length

2. Observe the spectrum analyzer for spurious signals and record the level and frequency on

Data Shee?-6.
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Data Sheet 26. Telemetry RF Preamplifiers
Test2.6 Impedance mismatch
Amplifier Manufacturer: Model:
Serial No.: Frequency range:
Test Personnel: Date: Location

Spurious Signals

Frequency (MHz) Power (dBm)
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CHAPTER 3

Test Procedures for Telemetry Multicouplers

3. General

This chapter describé¢lse test procedures used to measure the paramefds of
multicouplers For these test proceduregnalticoupler is defined as single input, multiple
outputRF device There are methods for determining the range of linear operation by measuring
gain compression, bandwidth, and sas#dinalpower gain including gain variations because of
temperature and supply voltage, IM products and IP, VSWR, noise figure, and output isolation
Unless otherwise noted, it is assumed that multicoupler control and power supply inputs are
applied as neededable3-1 lists the types of tests and their test and paragraph number.

Table 3-1. Test Matrix for TM Multicouplers
Test Number Test Description
3.1 Multicoupler gain compression
3.2 Bandwidth and smakignalpower gain
3.3 IM products IP
3.4 VSWR by return loss method
3.5 Noise figure
3.6 Output isolation

3.1. TEST: Multicoupler Gain Compression

3.1.1 PurposeThis test measures thedB compression poirihatis defined as the point
where the gain of a multicoupler has been decreased 1 dB from thesgnalbain The 1dB
compression point can be used to define the upper limit of the multicoupler linear range.

3.1.2 Test EquipmentSignal generator, spectrum analyzer, attenuator, and terminations

(characteristic impedance).

3.1.3 Setup Connect the test equipment as showRigure3-1.

Signal Multicoupler
Generator |—» Under , Spectrum
Al Test Analyzer
50 Ohm
Loads

Figure3-1.  Test Setup for Measurement of Multicoupler Gain Compression Level

3.1.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuous wave signals (unmodulated) into
the device under testariations in supply voltage will be evaluated.

31



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

3.1.5 Procedure

1. Remove the multicoupler under test from the setup showigime3-1. Set the signal
generator frequency to the center of the passband and set the generator attetoi@or A
value at least 30 dB below the specified gain compression level of the multicéujplest
attenuator Ato a convenient reference level on the analyRecord attenuator Anitial

settings orData SheeB-1.

Do not exceed the ampli
& recommended input power because permanent dan
to the amplifier may result

2. Connect the multicoupler between the signal generator and the spectrum analyzer as
illustrated inFigure3-1. Vary attenuator Ato return the signal level on the analyzer to the
reference leveRecord the change iniAnData SheeB-1. To ensure that the multicoupler
is operating in its linear range, increase the signal generator level an additional 3 dB and
verify that the spectrum analyzer level increases 3fdBe leveldoes notncreasereduce
the signal generatoriAabout 10 dB and repeat the steps abBeeord A and the final

settings orData Shees-1.
3. Increase input power at convenient signal generator attenugste#s.
4. Record spectrum analyzer readings and signal generator power leldsacBheeB-1.

3.1.6 Data ReductionPlot multicoupler output power versus input power and note where the
output level decreases 1 dB from the linear extrapolation of multicoupler response as illustrated
in Figure3-2. This is the multicoupler gain compression leRgcord the input/output gain
compression level oData SheeB-1.

Linear Extrapolation of
Gain
Compression

Linear Region

Pour (dBm)

Linear Region

| | f f
P~ (dBw)

Figure3-2.  Multicoupler Gain Compression
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Data Sheet 31. Telemetry Multicouplers
Test 3.1 Multicoupler gain compression
Amplifier Manufacturer: Model:
Serial No.: Frequency range:
Test Personnel: Date: Location:

Multicoupler gain determined iBubsectior8.1.5step 2

RF Input Power (A1) (dBm) Power Output (dBm)

Test frequency:

1-dB compression point:oP dBm P dBm

Take additional readings where data slope changes abruptly.
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3.2. TEST: Bandwidth and Small-signal Power Gain

3.2.1 PurposeThis test measures the bandwithhtis defined as the range of frequencies

over which the amplitude response does not decrease more than 3 dB from the highest point over
the specified frequency band of the device underTést multicoupler smakignalpower gain

is the ratio of output power to input power in the linear operating range and is generally
expressed in dB (assuming the impedance of the input/output circuits are properly matched)

This gain is expressed leguation 2.

Gai n=10(PdPn)dBg (Eq.3-1)
or

10 (PodyT 1 @ gho (Ph) dBy (Eg.3-2)

Gai n

3.2.2 Test EquipmentSignal generator, spectrum analyzer, sweep oscillator, attenuator,
terminations (characteristic impedance), andr dc variable voltage supply.

3.2.3 Setup Connect the test equipment as showRigure3-3. (Either method illustrated is
acceptable.)

-
\
| |
\ MULTICOUPLER
SIGNAL Lo
\ ] ATTENUATOR UNDER | | SPECTRUM
. | GENERATOR |9 N —H—b‘ | o P NALYZER
: o 1
(. *
; As Required to I Unused
| reach 3 dB points I Outputs
__________________ I PRINTER
\
\
: VARIABLE
SWEEP ATTENUATOR| | v (;EIE?LG"{Z | S00HM
OSCILLATOR [~ Ay | . T LOADS
‘ acor dc

Figure3-3.  Test Setup for Measurement of Bandwidth and SsighalPower Gain

3.2.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutedAll procedures are conducted with continuous wave signals (unmodulated) into
the device under testariations in supply voltage will be evaluated.

3.2.5 Procedure
1. Set the signal generator frequency to the center of the passband for the device under test.

2. Set the attenuatoriAo provide a multicoupler output at the spectrum analyzer at least 10 dB
below the 1dB compression level of the multicoupler as determinélest3.1
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Adjust the spectrum analyzer to display the frequency line in the linear operating range at a
convenient reference level on the log scale such as ThaBspectrum analyzer vertical

display must be operating in the log moRecord the attenuator setting and analyzer level
onData SheeB-2.

Disconnect the multicoupler and connect the analyzer to the atteriRatord in dB the
difference between the signal now displayed and the reference letegh B1as the gain of
the multicoupler

NOTE This value should agree with the value determinetest3.1
verifying that the equipment is set up properly

Reconnect the multicoupleFigure3-3) and tune across the bambte and record any
abnormal changes in gain versus frequencipata SheeB-2. The gain should be constant
(1 dB) within the passband ofagell-designednulticoupler Continue tuning until response
drops approximately 10 dB to ensure that the actual multicoupler band edges have been
reachedRecord th@ 10 dB point orData Shee8-2. Readjust the signal generator frequency
and record the 3-dB points orData SheeB8-2. Repeat this measurement for the other band
edge.

Record the data on tliata fieetat convenient frequency increments across the band by
manually tuning the generator across the band, being careful to record all abnormal gain
changes that may occur.

The same results are obtained usingde-bandnoise source or sweep generator in place of
the signal generator.

NOTE If the sweep generator or noise source does not have an aut(
level control, the level variation versus frequency must be
compensated and the data corrected for these variations.

Set the variable voltage supply to the highest normal operating voltage for which the
multicoupler is designed. Repeat steps 1 through 6.

Set the variable voltage supply to the lowest voltage specified for the multicoupler. Repeat
steps 1 through 6.

Set up the equipment in an environmental chamber and operate the multicoupler at the
highest temperature for which it is designed. Repeat steps 1 through 6.

Set up the equipment in an environmental chamber and operate the multicoupler at the lowest

temperature for which it is designed. Repeat steps 1 through 6.
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Data Sheet 32. Telemetry Multicouplers

Bandwidth and smallsignal power gain including

Test 3.2 _
temperature and supply voltage variations

Amplifier Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Initial conditions:

Attenuator setting Analyzer level

Multicoupler gain determined iBubsectior8.2.5step 4

Standard Conditions Supply Voltage Variation | Temperature Variation
. . Gain Gain Gain Gain
Frequency Gain High Supply | Low Supply High Temp. | Low Temp
(MH2z) (dB) Voltage Voltage (dB) ' (dB) '
(dB) (dB)
Lower 16dB
Point (MHz)
Lower 3dB
Point (MHz)
Upper 3dB
Point (MHz)
Upper 16dB
Point (MHz)
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3.2.6 Data ReductionPlot (or photograph) the data as showFinure3-4 to determine
power gain and bandwidth.

DETAIL GAIN VARIATIONS
GREATER THAN1dB

i thB ﬁ

GAIN (dB)

~-#}—— BANDWIDTH ——P=

FREQUENCY  (MHz)

Figure3-4.  Plot of Power Gain and Bandwidth versus Frequency

3.3. TEST: Multicoupler IM Products and Intercept Point

3.3.1 PurposeThis test measures the IM products and IP of a multicouphexIM products
are generated whenever two or more signals are input to an active 8ewthects of highevel
input signals can obscure desired output sighdsally, thirdorder products are the only
interfering signals of concern; however, higher products affegtreception of very lowevel
signals inwide-bandsysems The intercept point is agure of merit for evaluating the dynamic
range of active devices and determining produghutypower Seedata reduction step 2fbr an
example of calculation of thirdrder product poweSeeAppendix Afor a discussion of IM
products and IP

3.3.2 Test EquipmentTwo signal generators, isolator, spectrum analyzer, and termination
(characteristic impedance).

3.3.3 Setup Connect the test equipment as showRigure3-5.
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SIGNAL MULTICOUPLER
1 SPECTRUM
GENERATOR Sy > UNDER —™| ANALYZER
\ TEST
. |
~
2 Y
:: Unused
_‘| Outputs
2 PRINTER
SIGNAL e 50 OHM 50 OHM
GENERATOR [ ™ ™| "LOAD — LOAD
Az

Figure3-5.  Test Setup for Determination of Intercept Point

3.3.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuous wave signals (unmodulated) into
the device under test.

for describing the overload characteristics of a multico

NOT‘V The IP technique is generally accepted as the best ap
SeeAppendix Afor details on the IP technique

3.3.5 Procedure

1.

Set the fundamental signdlsandfz near the mieband frequency of the multicoupler under
test The spacing of the fundamental signals is not critical as long as the@ttdedproducts
are within the multicoupler passbamhich must be greater thanf3{ f1).

Set each of the calibrated signal generator attenuatpen@®/) to a convenient reference
level, for example] 50 dBm Connect the spectrum analyzer to the hybrid output and
observe the spectrur®nly f1 andf. should appeaincrease the output power of both signal
generators 10 dB by adjusting &nd A equally, and verify that the displayed signals

increase by 10 dBr'his technique ensures that the IM products are not being produced in the
hybrid or spectrum analyzer.

NOTE Spectrum analyzers may produce IM products when albig
signal is applied to first mixeRefer to the spectrum analyzer
instruction manualAn attenuator may be needed at the analyzer ir

Reconnect the multicoupler between the isolator and the spectrum analithehe

isolator, the multicoupler output will be equal to the signal generator output power levels
(keeping A and A equal) plus the multicoupler gaimcrease the output power of both
signal generators (keeping And A equal) and verify that the output of the multicoupler is
within the linear operating region (segure3-2).

NOTV The more attenuation inserted between generators

greater the isolatiohis increased isolation reduces
the possibility of IM between signal generators.
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4. Set the power input to the input of the multicoupler20 dBm Adjust the display device so
that the amplitudes of &ind ¢ are equal to a convenient reference ledjust the display
width to include the two fundamentals and the two tbidier IM products as shown in

Figure3-6.

-10

-20+
30
40
-50+
-60-

Cutput (dBm)

70
-80
-90 1

’100 T T T T T T

Frequency

Figure3-6.  Typical Display of Fundamental and Thi@rderIM Products

5. Record in dB the difference in magnitude between the fundamental and thert&rdM
products Record in dBm the fundamental input powerata Shees-3.

6. Reduce the input to the multicoupler in convenient steps, keepiagd®* equal, and
repeat teps 4 and 5Continue to reduce the input until the thocer IM products decrease
to the noise floor (seeigure3-6).

3.3.6 Data Reduction

1. Plot the magnitude of the fundamental and toirder IM products versus the input power
Plot both quantities in dBm on linear pagextend the lines of each plot as illustrated in
Figure3-7 until they intersect; this is the IP.
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Intercept
_/ Point
10T

0 F

-101
—-16 dBm
5 20T !
=2
=
E 30
= 30
- "
o Fundamental
2 o 40f
=

Third Order

,50 -

—-60 [~

-70 I | | | | I

-60 -50 —40 =30 =20 -10 0
POWER INPUT (dBm)

Figure3-7.  Graphical lllustration of Intercept Point

NOTE Multicouplers with passbands greater than one octave may hg
secondorder IM terms present that should be recorded and plc

(seeAppendix A.

2. When the multicoupler thirdrder output IP (IB) has been experimentally determined, the
smaltsignalperformance of a given multicoupler, having two equal amplitude signals
present in the passband simultaneously, is resolved from a graphical representation as
illustrated inFigure3-7.

a. As an example, the graphical solutiorfigure3-7 shows that the thirdrder output IP is
+10 dBm Find the thirdorder IM product for an output signal levelidf6 dBm Draw a
vertical line through the16 dBm point on the fundamental IM line and extend this line
until it intersects the thirdrder IM line Readi 70 dBm on the thirébrder output scale.

b. When only the IP is known, determine the thardler IM products for any fundamental
signal output from the following equation:

Power output of the thirdrder products=3(lH f undament al output
below IP. Using the numbers from data reduction step 2.&ignde 3-7,
calculate
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Third-OrderOutput = 3 [ (10) 1 (116) ] dEH&q.33
= 78 dB belowPq
Third-Order Output = T 68 d Bm.

3. A spurious response nomograph (Begire3-8) can be used rather than the graphical
representation to determine the sasadjnal performance of a given multicoupler when the
output IP is known or determined experimentally from data reduction step 1.

Output Output Souri %utput Level
Intercept Point Signal Level purious Response Leve
(dBm) (dBm) 2d Order 3d Order
(-dBm) (-dBm)
+40 e —_ 20
+30 — 30
+20 =-T— 0 =T =T 20 =T 40
+10 =T= _ -10 =1 =T 30 =T 50
0o =T 20 =~ =~ _=T40 —T— 60
-10 =T -30 =1 =T 50 =T 70
-20 =T -40 =1 =T 60 =T 80
-30 =T -50 =T =T 70 =T 90
-40 =—— -60 —— =T 80 =T 100
=T 90 =T 110
== 100 - 120

Figure3-8.  Spurious Response Nomograph
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a. Pl ace a straight edge on the +10 dBm outopu
point.

b. Read 1 68 d B rordey spuribus eesponkeilimed
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Data Sheet 33. Telemetry Multicouplers
Test 3.3 Intermodulation products and intercept point
Amplifier Manufacturer: Model:
Serial No.: Date:
Test Personnel:
Frequency f MHz FrequencyfMHz
Fundamental Fundamental Third-Order Difference Third SeconeOrder
Input Power Output Power Output Power Order and Output| Output Power
(dBm) (dBm) (dBm) (dBm) (dBm)
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3.4. TEST: Multicoupler VSWR by Return Loss Method
3.4.1 PurposeThis test determines the quality of the impedance match of the device under

test by measuring the VSWR using the return loss meiffioal VSWR allows estimation of the
amount of power transferred through oleefed from a device connection as:

POWER TRANSFERRED (%) = 1Q01 r2)
Where:r is the voltage reflection coefficient

Seedata reduction step for calculation of from return loss.

3.4.2 Test EquipmentUse a network analyzer with calibration. liditernately, use a signal
generator, 2@IB directional coupler, spectrum analyzer, termination (characteristic impedance),
and RF short

3.4.3 Setup Connect the test equipment as showRigure3-9 or Figure3-10.

! CALIBRATION

L KIT

OPEN, SHORT
& LOAD

ANALYZER

|
|
NETWORK |
|
|

SIGNAL MULTICOUPLER
GENERATOR | S-PARAMETER | —#»  UNDER
|
|
|

—®  TEST SET—I> TEST

Unused
Outputs

50 OHM
LOAD

Figure3-9.  Test Setup for Measurement of Return Loss (VSWR)
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GENERATOR A1 SHORT

CIRCUIT

|
|
|
SIGNAL ATTENUATOR | |
|
|
|
|
|
|

DIRECTIONAL
> COUPLER —

§> 20dB<7

MULTICOUPLER

50 OHM SPECTRUM UNDER TEST

LOAD ANALYZER
All
Outputs

50-OHM
LOAD

Figure3-10. Alternate Test Setup for Measurement of Return Loss (VSWR)

3.4.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minutesAll procedures are conducted with continuous wave signals (unmodulated) into
the device under testariations in operating temperature will be evaluated.

NOTV The input level should be 10 dB less than tuBl

compression point obtained Trest3.1.

3.4.5 ProcedureUsesters 1 to6 for the setup irFigure3-9. Usestes 7 tol2 for the setup in
Figure3-10.

1. Setup the network analyzer impedance, frequency range, number of points, and power level
to the requirements of the multicoupler to be tested.

2. Calibrate the network analyzer for a &eport test Use the appropriate calibration kit to
minimize use of coaxial adapters.

3. Setup the network analyzer display for either return loss (LOG MAJ08 VSWR Set the
display for the desired scale ranyerify calibration accuracy by observing calibration load
data on the displayremove the calibration load and connect the multicoupler input to the
directional couplerTerminate the multicoupler output ports with its specified impedance
load Observe the measurement level on the analyzer.
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NOTV Since the VSWR is a measure of the mismatch between the load and the lix

possible to measure the voltage reflected from a load to a transmission line
directional couplerlf the load is replaced by a short circuit whose reflection
coefficient is unity, the reflected voltage measured through the directional
coupler will be increasedA short circuit reflects all the incident powerhe
return loss is defined as the ratio of the voltage reflected from the short circ
the voltage reflectefrom the load while keeping the input signal constant.

4,

6.

Move the network analyzer markers across the band pass of the multicoupler under test
Record the return loss in dB or VSWR at convenient increments across the (iaid on
Shee3-4. Note and record any abnormal changes in data versus frequency as the marker is
moved.

Reverse the multicoupler connection in the test setup and ré@esaBsand 4 to obtain the
multicoupler output return loss or VSWR for each output.

Repeat &eps 3 through 5 at high and low operating temperatures.

Alternate Procedure

7.

10.

1.

12.

Set the generator frequency to the +bahd frequency of the multicoupler to be tested and
adjust the calibrated attenuator for a level of albd@ dBm into the directional coupler.

NOT? The input level should be 10 dB less than thiBl

compression point obtained Trest3.1.

Connect the short circuit termination to the coupler and establish a convenient reference level
on the spectrum analyzex 0-dB reference is very convenient to use with the spectrum
analyzer set for a log display.

Remove the short circuit termination and connect the multicoupler input to the directional
coupler Terminate the multicoupler output ports with its specified impedance Qizskrve
the signal level on the spectrum analyZdre difference between the reference level
established intep8 and the new level observed in dB is the return loss.

Tune the signal generator across the band pass of the multicoupler undedesd the
return loss in dB at convenient increments across the babdtarShee8-4. Note and
record any abnormal changes in return loss versus frequency as the generator is tuned.

Reverse the multicoupler connection in the test setup and régesa8shrough 10 to obtain
the multicoupler output return loss for each output.

Repeat eps 8 through 11 at high and low operating temperatures.
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Data Sheet 24. Telemetry Multicouplers
Test 3.4 VSWR by return loss method including temperature variations
Amplifier Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Input Input VSWR Output Output VSWR
Return Loss Table 3-2 or Return Loss Table 3-2 or
E (dB) Calculation (dB Calculation
ra‘jlll‘fzr)‘cy Test Test Test Test
Test 34 Test 3.4 Test 3.4 Test 3.4
3.4 Temp 3.4 Temp 3.4 Temp 3.4 Temp
H|L H|L H|L H|L

3-17




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

3.4.6 Data Reduction

1. Convert the return loss data to equivalent VSWR by using the-SWR values shown in
Table3-2.

Table 3-2. Return Loss to Equivalent VSWR
dB VSWR dB VSWR dB VSWR dB VSWR
0 b 8 2.32 17 1.33 26 1.11
5 34.78 9 2.10 18 1.29 27 1.09
1 17.39 10 1.92 19 1.25 28 1.08
2 8.72 11 1.78 20 1.22 29 1.07
3 5.85 12 1.67 21 1.20 31 1.06
4 4.42 13 1.58 22 1.17 32 1.05
5 3.57 14 1.50 23 1.15 34 1.04
6 3.01 15 1.43 24 1.13 37 1.03
7 2.61 16 1.38 25 1.12 40 1.02
2. The VSWR can be calculated from the return loss, measured in dB, using the equations:
1
L, = 20log —.
r (Eq.3-4)
Therefore: = 1 Eqg.3-5
"= antilog (L. / 20) (Eq.3-5)
Then: vswre 217 (Eq.3-6)

1-r
Where:
Lr = returnloss measured
r = reflectioncoefficient of load being measured

3.5. TEST: Noise Figure

3.5.1 PurposeThis test measures the noise figure, which is the ratio of the input,-signal
noise ratiqSNR)divided by the outpuBNR expressed in dBAlternately, the average noise

figure is the ratio of the total noise power delivered to the load when the input iskaia? 2
frequencies to that portion of noise power generated by the input termination, expressed in dB
(reference IEEE Dictionary Standard 10838) The noise figure of the multicoupler is

important because it is one factor in determining the sensitivity of the receiving s@yt&am
sensitivity establishes the lower limit of system dynamic range or range of linear op&agon
Appendix Bfor a discussion of noise figure

3.5.2 Test EquipmentNoise figure meter or noise figure system, noise source, dc block, 10
dB attenuator, receiver, and terminations (characteristic impedance).

3.5.3 Setup Connect the test equipment as showRigure3-11 or Figure3-12.
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NOISE NOISE
FIGURE SOURCE
METER -~ GAS TUBE —®  dc BLOCK [—® 10 dB PAD

!

[F Output RECEIVER |4€— MULTICOUPLER
Linear UNDER TEST
Unused
Outputs 50 OHM
LOAD

Figure3-11. Test Setup for Measurement of Noise Figure

pad between the noise source and the multicoupler un

Figure3-11: Do not remove the dc block or the-dB
& test because the multicoupler may be damaged.

Noise Source
Drive Output
NOISE FIGURE > NOISE
METER SOURCE
IF Input
TF Output Input
MULTICOUPLER
SIGNAL NOISE FIGURE | Output UNDER
GENERATOR ! TEST SET RF TEST
Input

Unused
Outputs

50 OHM
LOAD

Figure3-12. AlternateTest Setup for Measurement of Noise Figure

3.5.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minuted/ariations in supply voltage and operating temperature will be evaluated.

3.5.5 Procedure

1. InFigure3-11, set the receiver for a long time constant or set it in the AGC disable mode
with the manual gain adjusted for linear operatlarFigure3-12, ensure theorrectnoise
source excess noise ratio (ENR) data are stored moike figuremeter.
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2. Measure thaoise figure Refer to the operating instructions of the noise figure mietake
this measurement by continuously tuning the receiver across the band of interest.

3. Record thenoise figurereading in dB orbata SheeB-b5.

NOTE If the device under test is to be used in varying atmospheric conditic
will be necessary to initially evaluate the device under those conditi

Place the device in a chamber where climatic conditions can be
controlled and varied, and repeat some or all of the previous tests.
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Data Sheet 35. Telemetry Multicouplers
Test 3.5 Noise figure
Amplifier Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Frequency Noise Figure
(MH2) (dB)
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3.6. TEST: Output Isolation

3.6.1 PurposeThis test measures the output isolation of a multicoupler, which is the isolation
in dB between any two output ports with all other ports terminated in their characteristic
impedanceAdequate isolation between sources can be critical to proper system operation

3.6.2 Test EquipmentSignal generator, spectrum analyzer, and terminations (characteristic
impedance).

3.6.3 Setup Connect the test equipment as showRigure3-13.

Output Tnput
Ports - - Terminated
SIGNAL
GENERATOR MULTICOUPLER]
A,
Unused
Outputs
SPECTRUM 50 OHM
ANALYZER LOAD

Figure3-13. Output Isolation

3.6.4 Conditions Perform this test under laboratory conditions after a waprtime of at
least 30 minuted/ariations in supply voltage and operating temperature may be evaluated
depending on intended application.

3.6.5 Procedure

1. Remove the multioupler under test from tleetup shown ifrigure3-13. Set the signal
generator frequency to the center of the passband and set the generator attetoi@or A
value at least 70 dB below the maximum signal generator o&pué convenient reference
level on the spectrum analyzer.

2. Record in dB the attenuator readingogh Data SheeB-6.

3. Connect the multicoupler between the signal generator and the spectrum analyzer illustrated
in Figure3-13 with the characteristic impedance of all unused ports terminaizegase the
signal generator attenuatot'Ao return the signal level on the analyzer to reference level and
record the attenuator setting' AnData Shee3-6.

4. Repeat ®p3 for various frequencies in the multicoupler passband and for other pairs of
output ports as requireBe aware of the amount of isolation uskavill not be possible to
return the signal to the reference level if the unit has too much isolation.

3.6.6 Data ReductionCalculate the output isolation {A A1) and record obata SheeB-6.
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Data Sheet 36.

Telemetry Multicouplers

Test 3.6 Output isolation
Amplifier Manufacturer: Model:
Serial No.:
Test Personnel: Date:
RF Input Atten. .
Frequency . . Port Calculate Isolation
(MHz) Poz’é’eBgAl Set(t('j”g)AlNJ Pairs AINj Ar (dB
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CHAPTER 4

Test Procedures for Telemetry Receivers

4. General

This chapter provides set of test procedures to determine the performance
characteristics of &M receiver It may not be necessary to conduct all of the tests described in
this chapter for any one receiver if the receiver will be used for a specific appliGdioe tests
are appropriate for frequency division multiplexing while others are appropriate for time division
multiplexing For example, if a system is intended to handle a large number of modulated sub
carriers, the noise power ratio (NPR) testt¢hanoise test) is a very practical indicator of the
suitability of the receiveiOn the other hand, if the system will be handling pulse code
modulation (PCM) formats, the BER test is a good Wten performing the tests identified in
this chapter, use the standard test caonstdentified inTable4-1 unless otherwise specified.

N OT‘E’

The tests in this section have been identified as Core oiQédoa testsThe
Core tests are the ones that should always be conductadd®s on their
TM receivers whenever possibMon-Core tests are still important but mg
be deemed optional based on the specific needs of indivalugts

Table 4-1. Standard Test Conditions

30 minutes
Mid-band

Minimum warmup time:
Input signal frequency:

RF input level: As stated in procedure

First local oscillatofLO): | Desired operational mode

IF bandwidth Desired operational bandwidth
Demodulator type: FM

AFC: Off

AGC: On, shortest time constant

Video bandwidth:

Maximum available

Video output:

1Vrms

Video amplifier:

Terminate in design load impedance

Table4-2 lists the types of tests and their test and paragraph number.

Table 4-2. Test Matrix for TM Receivers

Test Number Test Description

4.1 Spurious signal response t6SORE)

4.2 Noise figure(CORE

4.3 IF SNRLinearity Test CORE

4.4 AGC static tes{CORE)

4.5 AGC dynamic test Response to square waidON-CORE)

4.6 AGC dynamic test Response to sine wave té§ON-CORE)

4.7 FM capture ratigNON-CORE)
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Table 4-2. Test Matrix for TM Receivers
Test Number Test Description
4.8 NPR (NON-CORE)
4.9 Local oscillatoradiation(CORE)
4.10 Local oscillator stabilitft NON-CORE)
4.11 PCMBER (NON-CORE)See $sibsction7.1for updated BER testing.
4.12 Frequency modulation step respofiN©N-CORE)
4.13 Receiver band pass frequency response using unmodulated(SIQHE)
4.14 Receiver band pass frequency response using jphagelated signglCORE)
4.15 Receiver band pass frequency response wslmiig-noiseinput (CORE)
4.16 Data frequency respon§idONE-CORE)
4.17 AGC stability (NON-CORE)
4.18 Receiver video spurious outpytSON-CORE)
4.19 Predetectioncarrier outpu{(NON-CORE)
4.20 FM receiver dc linearity and deviation sensitiilfyON-CORE)
4.21 Receiver phase noi¢€ORE)
4.22 Receiveradjacentchanneinterferenc§ CORE)

4,1. TEST: Spurious Signal Response

4.1.1 PurposeThis test determines howldM receiver reacts to the presence of a strong RF
signalthatis outside of the passband to which the receiver is tdrtes situation can occur
frequently on a major test range or other location where multip[ENRBignals are being
transmitted at the same time from multiple test vehicles at varying distances froM teeeive
site.

4.1.2 Test EquipmentAn RF frequency synthesizer or RF generator, microwave counter,
step attenuator (0 to &B minimum), 3way power splitter, spectrum analyzers, and dc
voltmeter.

4.1.3 Test MethodThis test measures spurious response by applying a largé-passband
signal to the receiver inputhe resulting AGC voltage is compared with the AGC voltage
produced when a smaller (typicall$0 dB) signal is applied with a frequency equal to the
receiver center frequencyhe spectra at the receiver input and IF output are also monitored.

4.1.4 Setup Connect the test equipment as showRigqure4-1.
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MICROWAVE

COUNTER

RF SIGNAL POWER RECEIVER AGCL de
GENERATOR/ 1 SPLITTER/ - UNDER >
SYNTHESIZER ATTENUATOR TEST VOLTMETER

IF
3 h
SPECTRUM SPECTRUM
ANALYZER ANALYZER

Figure4-1.  Receiver Spurious Signal Response Test

4.1.5 Conditions Set the RF generator to continuemavemode Any spurious signals at the
RF generator output should be at least 10 dB below the specified value of receiver spurious
rejection The receiver local oscillators should be set to crystal mode, if pasSdiléhe receiver
IF bandwidthto 1 MHz (or the closest value to 1 MH®get the frequency spans of the spectrum
analyzers to approximately four times the recelrdsandwidthand the resolution bandwidths
(RBWSs)to 10 kHz.

416 Procedure

1. Set the receiver tuner to the center of its tuning raBgethe RF generator to the receiver
center frequency with a signal levelild0 dBm Set the step attenuator to the specified value
of spurious rejection (60 dB is a typical value;d® attenuation would result in a signal
level ofT 90 dBm) Measure the receiver AGC voltage and recordata Sheed-1.

2. Set the RF generator frequency to a value at least 10 MHz below the lowest tuner frequency
Decrease the step attenuation to 0 8Bwly increase the RF generator frequency while
monitoring the dc voltmeter and spectrum analydéthe AGC voltage indicates a signal
thatis stronger than that measurediap 1 record the maximum AGC voltage and the RF
generator frequency dbata Sheed-1 after verifying that the RF generator does not have a
spurious component at the receiver center frequédaytinueincreasing the RF generator
frequency until it is at least 10 MHz higher than the highest tuner frequdiocytor the IF
SNR on the spectrum analyzer throughout this Mste any degradation in IF SNR.

NOTE The AGC voltage should indicate a strong signal when the RF generatof
the receiver center frequendo not record values on tlizata Sheeivhen
the RF generator frequency is within i@0 dB band pass of the receiver.

Repeat ®eps 1 and 2 for other receiver center frequencies as desired.

4. Turn the RF generator offlonitor the spectrum of the receiver IF output while tuning the
receiver from its lowest frequency to its highest frequeti@ny discrete signals appear on
the spectrum display, record the tuner frequency and AGC voltaDatarSheed-1. For
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this test, discrete signals are defined as signals that are more than 6 dB above the background
noise level.

This test can be automated if the RF generator, spectrum analyzer, receiver, frequency
counter, step attenuator, and dc voltmeter are under computer coh&®F generator step
size should be equal to or less than the recéivbandwidth
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Data Sheet 41.

Telemetry Receivers

Test4.1 Spurious signal response
Receiver Manufacturer: Model:
Serial No:
Test personnel: Date:
Center frequency (MH2z) IF BW (kHz)
Final LO mode: XTAL Variable Frequency Oscillato¥FO)
Location:
Receiver AGC voltage (60B attenuation): volts
RF generator frequency AGC voltage

Receiver tuner frequenc

*BW - bandwidth

Amplitude of discrete signal
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4.2. TEST: Noise Figure

4.2.1 PurposeThis test measures the noise figthratis the ratio of the input signal to noise
divided by the output signal to noise expressed inS#&Appendix Bfor a discussion of noise

figure The noise figure of a device is a measure of how much noise is added to the signal by that
device The lower the noise figure, the better the device.

4.2.2 Test EquipmentNoise source and noise figure meter.
4.2.3 Setup Connect the test equipment as shown in the manual for the noise figure meter.

4.2.4 Conditions Use the test conditions described in the manual for the noise figure meter
Use the standard test conditions describelhinie4-1 if not covered in the noise figure meter
manual.

NOTE If the AGC time constants will not permit measurement of nisggee in the
/ automatic mode, switch the receiveM&C and adjust the gain as
recommended by the manufactudléMGC is not availablethis testshould
be eliminatedAlso, make certain the gain of the receiver under test is lin

425 Procedure

1. Tune the receiver slowly across the entire range with the noise figure meter operating in the
automatic mode and properly adjustdodte the maximum and minimum readings as well as
any abrupt changes in noise figuidter verifying the calibration of the instrument at these
settings, record the noise figures and the corresponding readings of the tuningditd on
Sheetd-2 for the minimum and maximum values.

2. Conduct noise figure measurement inMBlz increments across the entire tuning range of
the receiver.

4.2.6 Data ReductionPlot measured data as showrkigure4-2.

1z

o
[ ——
10 - b
) 8
2200 2220 2240 2260 2280 2300

FREQUENCY
Figure4-2.  Noise Figure Plot

mw-02

Smuce-m
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Data Sheet 42. Telemetry Receivers
Test4.2 Noisefigure
Manufacturer: Model:
Serial No:
Test personnel: Date:
Receiver Tuning Noise Figure
(MHz) (dB)
Freq = Max NF =
Freq = Min NF =

Note: Take additional readings where data slope changes abruptly.
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4.3. TEST: IF SNR Linearity Test

4.3.1 PurposeThis test determines the linearity of the receiver linear IF oufjus test will
determine how well the linear IF SNR tracks the RF input signal pdtwerimportant for proper
operation with diversity combiners or other devices that depend on the linearity of the receiver IF
for correct operation.

NOTE Many receivers have a limited IF output as wiB# surenot to
use this output for this test.

4.3.2 Test EquipmentSignal generator and true rms voltmeter.

4.3.3 Setup Connect the test equipment as showhigqure4-1.
4.3.4 Conditions Use the standard test conditions describethime4-1.
4.3.5 Procedure

1. Use the true rms voltmeter to measure the linear output of the final IF WktBm RF
input power applied to the receiver input (unmodulated) and the AGThenF output
should be loaded with the impedance recommended by the manufathiseneasurement
of signal plus noise is identified &s.

2. Set the receiver controls fMGC. Adjust theMGC to produce a linear final IF output
having the same amplitude.j as that measured witi10 dBm applied to the input with the
AGC on.

3. Remove the RF signal from the receiver input and terminate the input at S0Awaims
measure the linear output of the second IF with the true rms voltrbiemeasurement of
noise voltage is identified a5.

4. Record the measured dataD@ata Sheed-3.
Repeat &eps 1 through 4 in @B increments fronn 10 to1 120 dBm.

4.3.6 Data Reduction
1. Calculate the voltag8NRout of the final IF from the followingquation

SNR= /(Vi/V;)? -1 (Eq.4-1)
This is a numerical ratio and may be changed to dB as follows:

SNR(dB) = 20 log SNR (Eq.4-2)

2. Calculate SNR for each of the RF input power levels showbData Sheed-3.

48



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Data Shee#4-3. Telemetry Receivers

Test 4.3 IF SNR

Manufacturer: Model:

Serial No:

Test personnel: Date:

RF Input Power Second IF Output SNR
(dBm) (Measured Values) (Calculated Values)

Signal + Noise Noise SNR SNR
Vi (mV rms) V2 (mV rms) (dB)

170

180

190

1100

1110

1120

NO SIGNAL

Note: Take additional readings where data slope changes abruptly.




4.4.

Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

TEST: AGC Static

4.4.1 PurposeThis test determines the AGC output characteristic as a function of the RF
input level to the receiver and determines its effectiveness in controllitigehaelF signal
amplitude

4.4.2 Test EquipmentSignal generator, power meter, digital voltmeter, and true rms
voltmeter.

4.4.3 Setup Connect the test equipment as showRigqure4-3.

FM SIGNAL

GENERATOR

N POWER
. METER

RFINPUT ¢ 4

RECEIVER
UNDER
2ND IF TEST
LINEAR OUTPUT —» AGC OUTPUT

|

TRUE rms

VOLTMETER SPECTRUM
ANALYZER

LOADS v

Figure4-3. AGC Static Test

4.4.4 Conditions Use the standard test conditions describebhinie4-1 except as follows:

Input amplitude: as stated in the test procedure
AGC: ON, maximum time constant

445 Procedure

1.

NS W

Use the power meter to measure the insertion loss of the cable that connects the FM signal
generator to the receiver under téste this measured insertion loss to compensate the RF
power setting of the FM signal generator in the following steps.

Adjust the FM signal generator output for a receiver-badd frequency andial0-dBm
input to the receiver.

Tune the receiver for proper reception of the input signal (O on tuning meter).
Measure and record the AGC output level with the digital voltmeter.

Measure and record the IF output amplitude with the true rms voltmeter.
Record measured data Data Sheed-4.

Measure and record the AGC voltages and the IF output amplitudedi it@rements from
110 to1 120 dBm.
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4.4.6 Data ReductionPlot the AGC and the IF characteristics as illustratdelgnre4-4.

-10

_8 (/
A
G
C

-6
D
C
v /]
O 4
# - AGC CHARACTERISTIC
S

-2 /

0320 100 -80 60 -40 20

RF INPUT POWER (dBm)

s 60 dB
o) + 3
U IF LEVEL CONTROL
N LINEAR
D OUTPUT

50 — . =
|
F 4 1
MV

40 0

120 -100 -80 60 -40 -20
RF INPUT POWER (dBm)

Figure4-4. AGC Characteristics and IF Level Control
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Data Sheet 44 Telemetry Receivers

Test4.4 AGC static

Manufacturer: Model:

Serial No:

Test Personnel: Date:

Cable loss (FM signal generator to receiy dB

Receiver AGC IF
RF Input Power Output Level Output Amplitude
(dBm) (Vdc) (mV rms)

110

120

130

140

150

160

170

180

190

1100

1110

1120

NO SIGNAL

Note: Take additional readings where data slope changes abruptly.
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4.5. TEST: AGC Dynamic Test- Response to Square Wave

45.1 PurposeThis test determines the AGC attack and recovery time with squareAN&ve
In addition, it shows the effects of abrupt changes in the RF power level on AGC voltages, IF
signals and video output.

4.5.2 Test Equipment-unction generator, signal generator with AM modulation capability or
a separate PIN modulator, power meter, oscilloscope and camera, digital voltmeter, and true rms
voltmeter.

45.3 Setup Connect the test equipment as showRigqure4-5 and set the oscilloscope
channel 1 and 2 input selector switches to dc.

SIGNAL SIGNAL
GENERATOR
(SINE GENERATOR | SYNC
WAVE) (SQUARE
WAVE)
BIAS

A 4 y

FM SIGNAL PIN

GENERATOR |”~ R MODULATOR
h { syncIN
> y
N
)
! OSCILLOSCOPE N [ﬂ]]:|
POWER [
—————— +
METER | LGN — -
' CHAN T CHAN CAMERA
_______ . " "
SN | RF —
Nay INPUT 15UF
AGC OUT o
RECEIVER v
UNDER
TEST VIDEO OUT

LINEAR LIMITED ¢
IF PRE-D IF PRE-D
OUTPUT OUTPUT LOADS VOLTMETER
(TO OSCILLOSCOPE)
—— —— CHAN1 CHAN 2

|

* SET SWEEP TO CHOPPED
SET CHANNELS 1 AND 2 FOR dc COUPLING

*THIS CAPACITOR IS REQUIRED ONLY TO REMOVE A LARGE dc
OFFSET ON THE AGC VOLTAGE

Figure4-5. AGC Response to Square Wak!

4.5.4 Conditions Use the standard test conditions describelhinie4-1 except as follows:

RF input power: as stated in the test procedure
AGC: as stated in the test procedure
Modulation frequency: variable
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NOTV One set of measurements is conducted with only AM applied to the cArrier

oscilloscope presentation is examined to determine both attack and recovery
of the AGC circuit Another set of measurements is conducted with both AM &
FM applied to the carriehe oscilloscope displays are photographed to show
AGC response, limited and linear IF signal response, and the video output s

455 Procedure

1.

10.

11.

Use the RF power meter, with no bias applied in the PIN modulator as illustréiediia
4-5, to measure the insertion loss of cables and the PIN modulator connected between the
receiver input and the FM signal generator.

Tune the receiver for proper reception of the input signal and adjust the receiver AGC time
constant to the minimum setting.

NOT? Compensate for this insertion loss when applying RF po

to the receiver input in subsequent measurements

Reconnect the bias signal (square wave) to the PIN modulator tofyply the receiver
input signal.

Use the calibration of the AGC output voltage versus the RF input voltage previously
measured and tabulated Data Sheed-5 in the Static AGC test when adjusting the desired
amplitude of modulation.

Set the mean level of the receiver input signal by adjusting the RF output of the signal
generator.

Select those settings of the PIN modulator bias and the signal generatotivatipatse the
receiver input to vary between the power levels®f andi 97 dBm Temporarily adjust the
frequency of the square wave bias signal to approximately 0.Ih#zfrequency allows
sufficient time to read the resulting AGC output voltage with the digital voltmeter and make
appropriate adjustments.

Adjust the frequency of the bias signal to show the maximum excursion of the AGC
characteristic with a level portion equal to approximately-qurerter of the cycle period.

Adjust the sweep speed of the oscilloscope for a calibrated sithitvgll give the
maximum sweep speed but show one full cycle of the AGC characteristic.

Display the resulting AGC characteristic on the oscilloscope so that the trace is centered and
the vertical deflection on the oscilloscope is 5 cm (1.96 in).

Select the polarity of the vertical amplifier so that the part of the AGC trace corresponding to
the lower RF level is at the bottom of the display.

Inspect the oscilloscope trace to determine the attack time and recoveryHaradtack time
is the time required for the AGC voltage to change from 10 to 90 percent of the full range
indicated on the oscilloscope as theunRF power level changes framd7 to1 57 dBm The
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recovery time is the time required for the 10 to 90 percent change of the AGC voltage when
the input changes from57 toT1 97 dBm Record these values @ata Sheed-5.

12. Adjust the modulation input to the FM signal generator to produce-&R20@eak deviation
of the RF signal input to the receiver with the AM still applied to the carrier.

13. Ensure that the modulation frequency is approximately eight times the frequency of the bias
signal applied to the PIN modulator.

14. Set the receiver AGC time constant to minimum.

15. Adjust the video gain of the receiver to produce 1 V rms output and connect the video signal
channel 2 input of the oscilloscope.

16. Superimpose the video signal on the AGC trace and position the video signal in the top half
of the display as illustrated @ata Sheed-5.

17. Ensure that the vertical deflection of the video signal is 2 cm (0.79 in).
18. Adjust the FM frequency to produce a stationary oscilloscope presentation.
19. Photograph the oscilloscope display of the AGC and video output characteristics.

NOTE The preceding measurement procedures may be repeated for
settings of the receiver AGC time constant as required

20. Disconnect the AGC and the video output from the oscilloscope and connect the linear and
limited outputs of the second IF to the oscilloscope ksgere4-5).

21. Position the limited IF trace at the bottom of the display and adjust the lvartipéfier gain
to produce a-tm (0.39 in) deflection.

22. Position the linear IF trace in the center of the display and adjust the hantigkfier gain to
produce a <m (0.39 in) deflection for the quiescent state.

23. Photograph the IF output signals.

24. Take additional photographs of the AGC, the video output, and the IF output signals
corresponding to Rinput power level changes o7 toi 97 dBm,i 37 to1 97 dBm,i 37 to
157 dBm, and 37 toi 77 dBm.

4.5.6 Data Reduction
1. Attach photographs tData Sheed-5 as illustrated.

2. Inspection of the photographs will yield several items of qualitative information relative to
AGC characteristicsThe AGC attack and recovery times are determined and compared,
degradation intervals of the receiver video output resulting from the imperfect response of
the AGC circuit and demodulator are observed, and the dynamic response of both the limited
and lineanF signals to AGC action are shown.
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Data Sheet 45. Telemetry Receivers
Test4.5 AGC dynamic test- response to square wave
Manufacturer: Model:
Serial No:
Test Personnel: Date:

Receiver AGC
Setting

Measured AGC
Attack Time (ms)

Measured AGC
Recovery Time (ms

AGC Attack and Recovery, Video and IF Characteristics

RF Input:1 57 dBm toi 97 dBm

Sweep Speed  mgdiv

LIKE &R
IF

LIMITED
IF

Y¥IDED

AGC

RF Input:1 37 dBm to1 97 dBm

Sweep Speed  mgdiv
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Data Sheet 4-5 (continued) Telemetry Receivers

TEST: 4.5 AGC dynamic test- Response to sqguare wave

Manufacturer: Model: Serial No:

Test personne Date:

LIHE AR
IF

LIMITED
IF

¥IDED

4GC

RF Input:1 77 dBm to1 97 dBm RF Input:1 37dBm to1 57 dBm

Sweep Speed  mgdiv Sweep Speed  mgdiv
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4.6. TEST: AGC Dynamic Test- Response to Sine Wave

4.6.1 PurposeThis test determines the AGC attack and recovery time with a sine Mvave
also shows the effects of changes in RF power level on AGC voltages, IF signals and video
output.

4.6.2 Test EquipmentPower supply, audio signal generator, RF signal generator, PIN
modulator, counter, oscilloscope, true rms voltmeter, and digital voltmeter.

4.6.3 Setup Connect the test equipment as showRigqure4-6 and set the oscilloscope
channel 1 and 2 input selector switches to dc.

100 OHM 100 OHM LOW OUTPUT
—\/\V\— vV V 5 AUDIO

POWER SIGNAL
SUPPLY | 4+ COMMON GENERATOR | SYNC
COUNTER [*
RE BIAS
PIN
SIGNAL -
GENERATOR MODULATOR
ISYNCIN

*OSCILLOSCOPE

RF

INPUT 4
RECEIVER AGC OUT TRUE RMS
UNDER
INDES VOLTMETER

DIGITAL
VOLTMETER

* SET MODE SWITCH TO CHANNEL 2
SET CHANNEL FOR dc COUPLING

Figure4-6. AGC Response to Sine Wave AM

4.6.4 Conditions Use the test conditions describedSinbsectiont.5.5step 2
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4.6.5 Procedure
1. Set the output level of the RF signal generatarlfs dBm.

2. Adjust the dc bias on the PIN modulator to produtd@adBm input to the receiver with no
output from the audio signal generator as indicated by the AGC output voltage calibration
plot obtained in the static AGC test.

3. Set the receiver AGC to the shortest time constant.

4. Set the frequency of the audio signal generator to a frequency determined by the formula f =
10/TC, where fis in hertz and TC (time constant) is in millisecoRlds result is the attack
time corresponding to an input RF power level change frémtoi 37 dBm.

5. Determine from the plot of the static AGC test data the AGC voltage difference
corresponding to an RF input change betwieg® andi 20 dBm.

6. Adjust the output voltage of the audio signal generator to produce an AGC signal the
magnitude of this difference.

NOTE At modulating frequencies below 10 Hz, the AGC signal should be measur
/ with a directcoupled oscilloscopét modulating frequencies above 10 Hz, th
AGC signal may be measured with a true rms voltm&convert the static
AGC voltage change obtained from the plot to rms, multiply by 0.35.

7. Increase the frequency of the audio signal generator and measure the frequencies at which the
AGC output voltage excursion decreases by 3, 6, 9, and 12,dB {§, and f- represent the
frequencies at the3,1 6 9, andi 12 dB points).

8. Record these frequency readingsiata Sheed-6.
9. Repeat procedure for other time constant settings of receivers as required.

10. Repeat the previous measurements of an AGC voltage difference corresgoratiri@F
input change betwedrv0 ard 1 64 dBm.
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Data Sheet 46 Telemetry Receivers
Test4.6 AGC dynamic test- response to sine wave
Manufacturer: Model:
Serial No:
Test Personnel: Date:
120 dBm to1 26 dBm
Receiver AGC Setting fo fs fo fo f12
Milliseconds Hertz Hertz Hertz Hertz Hertz
0.1*
1.0*
10 ~*
164 dBm to1 70 dBm
Receiver AGC Setting fo f3 fe fo f12
Milliseconds Hertz Hertz Hertz Hertz Hertz
0.1~*
1.0*
10 *

*These settings may vary with receiver models.
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4.7. TEST: FM Capture Ratio

4.7.1 PurposeThis test determines the FM capture ratio of the recelNer capture ratio
relates to the ability of the receiver to capture the stronger of twebanel frequency

modulated signals applied to the receiver input termifidis applies to limiter discriminator for
Tier 0 systems only.

4.7.2 Test EquipmentCounter, two FM signal generators, power meter, wave analyzer, two
10-dB attenuator pads, 2B attenuator pad, and power adder.

4.7.3 Setup Connect the test equipment as showRigqure4-7.

COUNTER
o] } o,
NO. 1 NO.2
UNCAL UNCAL
FM SIGNAL POWER FM SIGNAL
10 dB o] APDED | | 10dB GENERATOR
GENERATOR ATTENUATOR| ATTENUATOR
<
/
/
/
______ —
20 dB
ATTENUATOR
POWER
RF
METER v INPUT
RECEIVER | wave
UNDER ANALYZER
TEST LOAD

Figure4-7.  Capture Ratio Test

4.7.4 Conditions Use the standard test conditions describethinie4-1, except as follows.

Input amplitude: variable
AGC: 10ms
Video bandwidth: 100 kHz
Carrier deviation no. 1 200 kHz peak
Modulation frequency IRIG Channel 13 (14.5 kHz)
Carrier deviation no. 2 200 kHz peak
Modulation frequency IRIG Channel 16 (40 kHz)

4-21



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

475 Procedure

1.

SN h B W

10.
1.

12.

Adjust the frequency of the number 2 signal generator for receivebanid and the output
level for minimum output.

Adjust the frequency of the number 1 signal generator to within 5 kHz of generatbeng
and the output level 125 dBm as indicated by the power meter.

Record the attenuation reading that is on the signal generatorldgls reference level;P
Frequency modulate the number 1 signal generator with kit Sine wave.
Adjust the deviation for a 20kHz peak as indicated on the deviation meter.

Adjust the output level of the number 1 signal generator for minimum output and increase
output level dsignal generator number 2it@5 dBm as indicated by the power meter.

Frequency modulate the number 2 signal generator withkid2&ine wave and adjust the
deviation br a 200kHz peak as indicateah the deviation meter.

Disconnect the power adder from the power meter and connect it to the receiver input
through a 2@B attenuator.

Tune the receiver for proper reception of the input signal (O on tuning meter).
NOTV For all subsequent measurements, maintain the frequencies |

signal generators within 5 kHz of each other

Tune the wave analyzer to the-KEz signal and adjust the receiver video output of 1 V rms.

Tune the wave analyzer to the 1483z modulation signal and increase the output of signal
generator number 1 unthe analyzer reads 0.1 V rm<20 dB relative to one voltdBV]).

Record data obata Sheed-7.

4.7.6 Data ReductionCalculate the capture ratio as indicatedData Sheed-7.
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Data Sheet4-7. Telemetry Receivers
Test4.7 FM capture ratio
Manufacturer: Model:
Serial No:
Test Personnel: Date:

Signal generator No. 1

PL  dBm
P dBm
Capture ratio #1171 P2 = dB
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4.8. TEST: NPR

4.8.1 PurposeThis test measures the NPR andirR floor (NPRF) and determines the
NPRintermodulation(NPRI) noise This test only applies to FM/FM and systems usinlg
carrier oscillatos.

NOTV The NPR is defined as the ratio of noise in a test channel when all channel

loaded with white noise to noise in the test channel when all channels exce
test channel are fully noise loaded.

The NPRF is defined as the ratio of noise in a test channel when all channg
loaded with white noise to noise in the test channel when noise loading is
completely removed from the base band.

The NPRI is defined as the ratio of noise in a test channel when all channe
loaded with white noise to noise in the test channel causid ppwer The
NPRI can be calculated one of two ways:

a. NPRI =NPR 4D, whereDis obtained from a graph that relai2® the
quantity (NPRA NPR).
b. NPRI=NPRA N RNPRFi NPR) where all quantities are power ratios

4.8.2 Test EquipmentNoise source, true rms voltmeter, audio signal generator, spectrum
analyzer, noise receiver, and FM signal generator.

4.8.3 Test MethodA white-noise signal (with or without notch filter) of known amplitude is
applied to the receiver under teéBhe output level is measured with a noise receiver and the
noise ratio is calculated.

4.8.4 Setup Connect the test equipment as showRigure4-8.

4-24



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

NOISE
SOURCE
:
|
SR R
] SEE |
I NOTE |
PP |
TRUE RMS | ggaﬁ
VOLTMETER | ]
‘WMOD IN GENERATOR
FM SIGNAL
GENERATOR
y RF INPUT
RECEIVER
UNDER TEST
{ VIDEO OUTPUT
—_r
SPECTRUM L , \olse
1 —
ARAYEER y NoTE 3 RECEIVER
b —— =

Figure4-8. NPR Standard Test Setup

NOTE Matching networks may be required at the output of the noise gene
/ and at the input of the noise receiver if the connecting impedance ¢
greatly from 75 ohmsShort lengths (6 feet or less) of-5 93-ohm
cable will not significantly affect measurement accuracy.

4.8.5 Conditions Use the standard test conditions describethinie4-1 except as identified
in Table4-3.

Table 4-3. Exceptions to Standard Test Conditions
IF Bandwidth Modulation Freq. Video Bandwidth Deviation
(kHz) NPR Base BandkHz) (dc to kHz) (kHz rms)
300 1271108 1501 200 25
500 121108 1501 200 55
12i 156 175 300 50
121 204 225400 40
750 121108 1501 200 95
12i 156 175 300 85
12i 204 225400 80
1000 121 204 225400 125
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Table 4-3. Exceptions to Standard Test Conditions

IF Bandwidth Modulation Freq. Video Bandwidth Deviation
(kHz) NPR Base BandkHz) (dc to kHz) (kHz rms)
1500 121204 225400 210
3300 121 204 225 400 530

RF input- variable (see Data SheeB}
Demodulator bandwidthwide (1.5 MHz)

4.8.6 Procedure

Record the measured dataData Sheed-8.
Disconnect the noise generator and matching network from the FM signal generator.

. Adjust the receiver RF input to obtain adB IF SNR by using IF SNR data obtained from
the IF SNR test (se®ection4.3). If 40 dB is not obtairable, use maximum.

. Tune the receiver for proper reception of the input signal.

Use the audio signal generator to calibrate the deviation sensitivity of the FM signal
generataorSet the frequency of the audio signal generator to 10 kHz and the output amplitude
to 0.5 V as indicated by the true rms voltmeter.

. Adjust the modulation level control on the FM signal generator tekH¥0deviation as
indicated by the deviation meter if the desired rms deviation is 100 kHz oif liissdesired
rms deviation is more than 100 kHz, adjust the modulation level control fekHA0
deviation as indicated by the deviation meldrese two settings represent 208z rms
deviation per V rms and 10dHz rms deviation per V rms respectively.

Replace the audio signal generator with the noise source at the modulation input of the FM
signal generator.

. Select the higipass and lowpass filters for the noise source in accordance with the
conditions listed irBubsectior.8.5to provide the appropriate base band noise fotfhe
bandwidthunder testTo obtain the desired rms deviation, adjust the output noise voltage
(V1) as indicated by the voltmeter for the levels listedata Sheed-8 underVi. (These
values apply only when using the equipment shown in the typical block didgi@me4-8.)

video output with an oscilloscope to determine that noise spikes are not limite
amplitude, and 2) observing the video output of the receiver with the spectrun
analyzerto be sure that the receiver does not exhibit spurious responses outs
the noise band pass or in the notches used in the test procedure.

NOT? Guard against video amplifier overloading by: 1) observing the noise at the re

9. Determine the NPR for the channels shown on Data SHeetdjust the video output level

to linear region.

10. Remove the base band noise modulation source and terminate the modulation input.

11. Use the same noise receiver reference level to again obtain NPR values for the channels

shown on Data Sheet8land record these values under NPRF.
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12. Adjust the value of Vrequired to set the remaining rms deviation levels shown oufatiae
sheetand measure the corresponding NPR and NPRF for the channels shown on Data Sheet
4-8.

133.Using the relationship B = DWéhFlura49ONPR, det er
Calculate the value for NPRI using the equation NPRI = NER +

B = NPRF - NPR
NPRI = NPR + DE

0.2 0.3 0.4 0.5 06 0708091 2 3 4 5 6 7 8 9 10
B (dB)

Figure4-9.  Curve for Converting NPR and NPRF Data to NPRI

14. Repeat the previous measurements for other levels of IF SNR as diesimest be pointed
out, however, that the receiver may become noise floor limited at the lower IF SNR levels
(that is, NPR = NPRF)n such cases the calculation of NPRI is not possilile measured
data may be plotted as illustratedHigure4-10.
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N 55
0 s
| NPRI
S |
E
P
0
w
E A\
R : :
IF BW 1500 kHz 1
R 45—  MODBW 12-204 kHz 1 U
A CARRIER DEV 210 kHz rms |
T IF SIN 40 dB
| ‘ ‘
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| : | |
40 | | 1
(@B) 14 34 105 185

Notch Frequency (kHz)

Figure4-10. Noise Power Ratio
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Data Sheet4-8.

Telemetry Receivers

Test4.8 Noise power ratio
Manufacturer: Model:

Serial No:

Test Personnel: Date:

IF SNR =40 dB (or max__dB)

IF Mod
Band- Freq.
width Band | Deviation Vi
(kHz) | (kHz) | (kHzrms) | (V rms) NPR/NPRF (dB) NPRI (dB)
Notch Freq. (kHz) Notch Freq. (kHz)
14 34 70 | 105 | 14 34 70 | 105
300 12-108 25 0.125
500 12-108 55 0.275
750 12-108 95 0.475
14 34 70 | 152 | 14 34 70 | 152
500 12-156 50 0.250
750 12-156 85 0.425
14 34 | 105 | 185 | 14 34 | 105 | 185
500 12-204 40 0.200
750 12-204 80 0.400
1000 12-204 125 0.125
1500 12-204 210 0.210
3300 12-204 530 0.530
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4.9. TEST: Local Oscillator Radiation at RF Input

4.9.1 PurposeThis test determines if any emissions are appearing at the RF input terminals
because of radiation fromlocal oscillator

4.9.2 Test Equipment=M signal generator, spectrum analyzer, and power meter.

4.9.3 Test MethodA spectrum analyzer is used to scan across the receiver band to detect any
emission radiation.

4.9.4 Setup Connect the test equipment as showRigure4-11.

RECEIVER
UNDER TEST

F
RF INPUT

FM SIGNAL
GENERATOR

SPECTRUM
ANALYZER

POWER
METER

Figure4-11. Local Oscillator Radiation Test
4.9.5 Conditions Use the standard test conditions describelhinie4-1. Use double
shielded cable (RF 214/or equivalent) between the spectrum analyzer and the receiver RF input.

NOTE This test should be performed for all available modes of operatio
such as variable frequency oscillator (VFO), crystal, and synthes

4.9.6 Procedure
1. Tune the receiver to the desired frequency.

2. Connect the power meter to the FM signal generator output and adjust the generator
frequency to correspond to the receiver tunigjust the output level t625 dBm This
signal will be used to calibrate the spectrum analyzer.

3. Disconnect the power meter and connect the FM signal generator to the spectrum.analyzer
Adjust the analyzer so that the5-dBm input signal to the connecting cable appears as 0 dB
on the display unitCalibration of the spectrum analyzer should be checked at each observed
frequency.

4. Remove the cable from the FM generator and connect the receiver RF input to the spectrum
analyzerTune the spectrum analyzer slowly across the frequency range from 10 MHz to 10
GHz and record the frequency and amplitude of all signals observed.

5. Record measured data bata Sheef-9.
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Data Sheet4-9. Telemetry Receivers
Test4.9 Local oscillator radiation
Manufacturer: Model:
Serial No:
Test Personnel: Date:

Mode (both first and second local
oscillator)

Frequency Indicated Calibration Amplitude
(MH2) Amplitude Correction Corrected
(dBm) (dBm)
125 dBm
Mode (both first and second local
oscillator)
Indicated I Amplitude
Fr?hjllf'ezr)lcy Amplitude %{aod;?éi;[;gz Corrected
(dBm) (dBm)
N
125 dBm
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4.10. TEST: Local Oscillator Stability

4.10.1 PurposeThis test determines the frequency stabilitalbt. Os as a function of time.

4.10.2 Test EquipmentElectronic counter.

4.10.3 Setup Connect the test equipment as showRiqure4-12.

» 18T LO OUTPUT

O
RECEIVER

UNDER TEST | a2ND LO OUTPUT T o\" o

LOADS
ELECTRONIC
—— ——| COUNTER

Figure4-12. Local Oscillator Stability Test

4.10.4 Conditions Use the standard test conditions describelhinie4-1 except as follows:

Warmup time: none for receiver
standard conditions for test equipmer
RF input power: none required
Receiver frequency near midband
First LO mode: as stated in procedure
Second LO mode as stated in procedure

Disregard all other conditions.
4.10.5 Procedure

1.

Ll

Sl A

Switch the first and second LOs to the crystal or synthesizer mode.
Turn on the receiver and tune to the desired frequency (preferablyamd].
Turn on the receiver (cold start).

Measure and record the first and seclmual oscillatorfrequencies with switch S1 set to the
appropriate position at the time intervals showrbaita Sheed-10 (crystal mode).

Switch the first and second LOs to the VFO mode.
Tune the receiver to midand.
Turn off the receiver and allow 30 minutes to cool dowrn on the receiver (cold start).

Measure and record the first and seclmoal oscillatorfrequencies with switch S1 set to the
appropriate position at the time intervals showrData Shee4-10 (VFO mode).

4-32



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

4.10.6 Data Reduction

1. Use the frequency obtained at the reference time to calculate the frequency change in percent
for crystal and VFO modes.

2. Use the frequency measured at the reference timeQ minutes) to calculate the normal
frequency fp) as follows including the sign

fo=f1 f; (Eq. 43)

The frequency change in percent for each measurement, including the direction of change as
indicated by sign, is calculated as follows:

i 1100
r (Eq. 44)

% change f

Where:
f = frequency measured at a particular time
fr = frequency measured at the reference time

3. Repeat calculations for VFO mode.
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Data Sheet4-10(1) (crystal mode). Telemetry Receivers

Test4.10

Local oscillator stability (crystal mode)

Manufacturer:

Model:

Serial No:

Test Personnel:

Date:

Receiver tuned frequency

MHz

Time () First Local Oscillator Second Local Oscillator

(min)

Frequency

Frequency

Measured
(MH2z)

Normalized
(fn, HZ)

Change Measured | Normalized Change
% (MHz) (fn, HZ) %

10

15

20

25

30t

45

60

90

120

180

240

300

360

420

480

540

600

660

720
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Data Sheet 410(2) (VFO mode).

Telemetry Receivers

Test4.10

Local oscillator stability test (VFO mode)

Manufacturer:

Model:

Serial No:

Test Personnel:

Date:

Receiver tuned frequency

MHz

Time ()
(min)

First Local Oscillator

Frequency

Second Local Oscillator

Frequency

Measured
(MH2z)

Normalized
(fn, HZ)

Change
%

Measured
(MH2z)

Normalized
(fn, HZ)

Change
%

10

15

20

25

30t

45

60

90

120

180

240

300

360

420

480

540

600

660

720
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4.11. TEST: Pulse Code Modulation Bit Error Rate

4.11.1 PurposeThis test measures the P@ER as a function of the receiver IF SNR.

4.11.2 Test EquipmentRF signal generator with FM or phase modulation (PM) or both
capabilities as needed, microwave counter, microwave spectrum analyzer, power splitter, PCM
bit synchronizer and detector, PGM errorrate test (BERT,)oscilloscope, true rms meter, and
step attenuator (1 dB steps, 100 dB attenuation minimum).

4.11.3 Test MethodThis test assumes that a sgfhchronizingBERT is available The test
can be performed with other test equipment with minor modifications to the proc€hisre
method is suitable for manual computefcontrolledtesting.

4.11.4 Setup Connect the test equipment as showRiqure4-13.

MICROWAVE
COUNTER
FM\PM POWER STEP RECEIVER | ¢ TRUE rms
RF SIGNAL SPLITTER ATTENUATOR UNDER VOLTMETER
GENERATOR TEST
VIBEO OSCILLOSCOPE
SPECTRUM
TEST SET ANALYZER SYNFC)CHI\IQOBII\TQER

Figure4-13. Receiver PCM Bit Error Rate

4.11.5 Conditions Use the standard test conditions describethinie4-1. A low pass filter
can be inserted between tBERT and the RF signal generator if desired.

4.11.6 Procedure

1. Set the peak deviation of the RF signal generator to the value shd@ahled-4 for the
PCM code and receiver demodulator type to be used in this gestiErate) The deviation
may be set using the Bessel null method or any other method preferred by the personnel
conducting the test.

Table 4-4. PCM Peak Deviation for Various PCM Codes and
Demodulator Types

PCM Code Demodulator Type Peak Deviation
NRZ EM 0.35k
Bi EM 0.65 Rk
Bi « PM 60 to 70°
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NRZ-M,S PSK 90° or +1
Bi «-M,S PSK 90° or 1

2. Vary the attenuator setting until tBER is approximately 10. Decrease the attenuator
(increase signal at receiver input) by 1 &&cord this attenuator setting on Data Shekt. 4
This setting will be the starting attenuator setting for this test.

3. Increase the RF signal applied to i receiver by 10 dBPut the RF signal generator in
the continuousvavemode Measure the amplitude of the linear IF signal using the rms
voltmeter and record dbata Sheed-11 as the linear IF amplitude in the AGC mokce
the receiver in MGG@nodeand adjust the gain to give the same IF amplitude recorded above
(within £10 percent of the valuelhe receiver may have an AGC freeze or hold nibde
does the adjustment for yoRecord this value oBata Sheed-11 as the IF amplitude in
MGC mode Increase the RF signal level by 6.dBeasure the IF amplitude using the rms
voltmeeer and record oData Sheed-11 as the +6 dB MGC amplitud€his value should be
between 1.8 and 2.2 times as large as the previous MGC ifatus not, decrease the
manual gain and repeat the linearity check.

4. Return the attenuator to the starting value (sg82. Set the manual gain to give the
nominal linear IF output +10 percent as determinedap 3 for the AGC modeMeasure
and record this value ddata Shee#-11 as the starting value S + 8kt the attenuator to
maximum attenuatiarMeasure the IF amplitude using the true rms voltmeter and record on
Data Sheet-11 as the starting value. Return the receiver to the AGC mode.

5. Set the RF signal generator to the modulation mode with the proper peak de@etithe
attenuator and RF signal generator power to the values establishepldr{starting value)
Measure the bit errors per million bits and recordatae Sheed-11. An interval other than
1 million bits may be selected at the discretion of the test personnel.

6. Increase the attenuation by 1.dBeasure thdER and record oData Sheed-11. Repeat
for 1 dB attenuator steps up to 10 dB.

4.11.7 Data ReductionThe receiver IF SNR (in dB) at the starting value can be calculated
from (S + N and N assumed to be rms voltages).

(S/N)F = 10 logio (((S + NPT N?)/N?) (Eq.4-5)
The IF SNR referenced to a bandwidth equal to the bit rate can be calculated using
(S/N}b = (S/N)iF + 10 logio (ENPBW/Ig) (Eq.4-6)

Where:
ENPBW
Fs

= equivaleninoise power bandwidth of the receiver IF filter

= PCMbit rate

The receivetF bandwidthcan be used as an approximation toefyeivalent noise power
bandwidthwhenit is not known Increasing the attenuation bydB results in an XIB decrease

in IF SNR The measured values BER versus IF SNR in a bandwidth equal to the bit rate can
be compared to the results presenteSection 3 of RCC 1196.
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Data Sheet4-11.

Telemetry Receivers

Test4.11 Pulse code modulation bit error rate
Manufacturer: Model:

Serial No:

Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC

Test personnel: Date: Location:

PCM code: Bit rate: kbps Peak deviatior
Modulation FM PM | |Psk Other ( )
Attenuator setting for 16 BER: dB

Linear IF amplitude in AGC mode: mV rms

IF amplitude in MGC mode: mV rms

IF amplitude in MGC mode (+6 dB) mV rms

Starting value S + N: mV rms

Starting value N: mV rams

Starting value IF SNR: dB

Attenuator setting IF SNR (dB)

Bit error rate
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4.12. TEST: Frequency Modulation Step Response

4.12.1 PurposeThis test measures the step response of the receiver to an inputhagisal
frequency modulated by pulses, for example, pulse amplitude modwafREiM.

4.12.2 Test EquipmentAn RF signal generatdahatcan be frequency modulated, squasve
generator, nurowave counter, oscilloscopad power splitter.

4.12.3 Test MethodThis test measures the frequency modulation step response of the receiver
by applying an RF input signttlathas been frequency modulated by a square wave.

4.12.4 Setup Connect the test equipment as showRigqure4-14.

MICROWAVE
COUNTER
RF SIGNAL POWER REEEI\E/ER
> SPLITTER >
GENERATOR TEST
VIDEO
Y
SQUARE SYNC
WAVE .| OSCILLOSCOPE
GENERATOR AND CAMERA

Figure4-14. Receiver Frequency Modulation Step Response

4.12.5 Conditions The RF signal generator output frequency should be set to the receiver's
center frequencySet the output power level td0 dBm The step response characteristics of the
squarewavegenerator and the RF signal generator frequency modulator mbiso i€ times
better than the expected measured vadu¢he test results will not accurately reflect the
receiver's FM step response.

4.12.6 ProcedureFrequency modulate the signal generator with a square Whgesquare
wavefrequency should be equal to 0.1 times the receiver video bandWwigW). (The VBW
should be less than or equal to dvaf of thelF bandwidth) The peak deviation of the RF
signal generator should be 0.35 times the recéivbandwidth Capturea plot ofthe
oscilloscope displayMeasure the rise time, overshoot, and settling.tReeord this information
onData Sheet-12.

4.12.7 Data ReductionCompare the results with the specification.
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Data Sheet4-12. Telemetry Receivers

Test4.12 Frequency modulation step response
Receiver Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
First LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:
Rise Time: microsecond
Overshoot: percent
Settling Time: microseconds
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4.13. TEST: Receiver Band Pass Frequency Response using Unmodulated Signal

4.13.1 PurposeThis test measures the effective receiver band pass bandwidth.

4.13.2 Test EquipmentAn RF signal generator, microwave counter, true rms voltmeter, RF
counter (optional), wave analyzer (optional), and power splitter.

4.13.3 Test MethodThis test measures receiver bandwidth by fixing the receiver gain, varying
the input frequency, and measuring the linear IF output amplifile test works well for

receivers that have stable MGC and linear IF oufphis test is suitable for manual or computer
controlled testing.

4.13.4 Setup Connect the test equipment as showRigqure4-15. The rms voltmeter can be
used to test for less than 30 dB of filter attenuafldre wave analyzer and RF counter must be
used for tests where greater attenuation is to be measured.

MICROWAVE
COUNTER TRUE s
> VOLTMETER
A
LINEAR
woowe | | power || otsme [ ]
GENERATOR > SPLITTER > —» COUNTER
TEST IF

WAVE

> ANALYZER

Figure4-15. Receiver Band Pass Response using Unmodulated Signal

4.13.5 Conditions The RF signal generator frequency should be set to the receiver center
frequency The output power should be set to give a receiver IF SNR of greater than 30 dB,
however, do not saturate the receividre receiver local oscillator should be in crystal or
synthesizer mode whenever possi®atomatic frequency control (AFC) modeannotbe used
for this test The wave analyzer band pass filter should be set to approximately. Jltkéiz
receiver gain must remain fixed for the duration of the Tést gain of many receivers drifts
with time. This test will not work with a wave analyzer if the RF signal generator or receiver
under test has excessiv&l or frequency drift.

4.13.6 Procedure

1. Measure the amplitude of the signal at the output of the linear IF with the receiver in the
AGC mode Put the receiver in the MGC mode and set the linear IF output amplitude to a
value approximately equal to the value measured in the AGC.immtlease the RF
generator output power by 6 dBhe linear IF output amplitude should increase by 6 £0.5
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dB. If it does not, decrease the linear IF output amplitude by 6 dB using the MGC and repeat
until this condition is satisfied.

Set the RF generator to its original power level and measure the linear IF amplitude (MGC
mode) Disconnect the RF generator and measure the linear IF output amgltodestep

can be skipped the wave analyzer is usedRecord this value oData Sheed-13 as the
baseline noise level.

Reconnect the RF generator to the receiver undelftdst wave analyzer is to be used in
this test, count the frequency of the receiver IF ouRetord orData Sheed-13 as the
center frequency IF output frequendyis value will be used to calculate the measurement
frequencies for the wave analyzer

Increase the RF generator frequency by 10. Rzasure the linear IF output frequentfyit
increased by 10 kHz, the receiver IF output tracks the .iffautiecreased by 10 kHz, the
receiver IF output frequency change is opposite to the input chiatige frequency changes
by some other amount, a problem exists and an investigation is necessary.

Set the RF generator to a frequency equal to the receiver center frequency minus two times
thelF bandwidth(minus one times thi- bandwidthif a true rms voltmeter is usedet the

wave analyzer to a frequency equal to the IF frequency measuiteg 8ainus two times

thelF bandwidthif the IF frequency tracks the input frequency (plus two timesRhe
bandwidthif the IF frequency change is opposite to the input frequency chavigajure the
amplitude of the linear IF output (using true rms voltmetevave analyzer) and record on

Data Sheet-13 along with the RF input frequency.

Increase the RF generator frequency by 0.25 times the retleivandwidthsetting Set the

wave analyzer frequency to the calculated IF frequedMepasure the amplitude of the linear

IF output and record obata Sheed-13 along with the RF input frequendyepeat this step

until the RF generator frequency is equal to the receiver center frequency plus two times the
IF bandwidth(plus one times th#= bandwidthif a true rms voltmeter is used).

NOTE This test can be performed with any frequency step size that is désired
/ quick test can be performed with a step size of 0.5 times the retieiver
bandwidthsetting A testthatmeasures the IF response in more detail may
a step size of 0.05 or 0.1 times the receldrandwidthsetting.

4.13.7 Data Reduction

1.

The rms voltmeter readings can be corrected for background noise by subtracting the
background noise power (voltage squared) from the measured.‘athesmeasured value
was 7.4 mV rms and the background noise was 4.8 mV rms, the signal amplitude was

742 - 482 =+/54.76- 23.04=5.63mV (Eq. 47)

The wave analyzer values do not need to be corrected because the 3 kHz band pass filter does
not pass much noise and the noise power decreases beyond the receiver IF filter band edges.

The 3dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
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frequencyPerform a linear interpolation between this frequency and the adjacent frequency
where the signal was attenuated by slightly less than 3 dB to find the approximate upper and
lower 3 dB frequencieg hat is, if the signal was attenuated bydB at frequencyifand A

dB at frequency-f the approximate 3 dB frequency would be

f1+ A 3 (fz' fl)
Ac- A (Eg. 48)
Let f1 = 10.45MHz,
f, = 10.5MHz,
A1=2.2dB,
Az =3.2dB,
then fiaae=10.45+{(2.2 3)/(2.213. 2) } 1 A0.4p 2 10.ADIHz.

. The receiver IF filter equivaht noise power bandwidthith respect to the center frequency

can be calculated by dividing the measured power at each frequency by the measured power
at the center frequency and then multiplying each of these values by the frequency step size
and adding all of these values.
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Data Sheet 413. Telemetry Receivers

Test4.13 Receiver band pass frequency response using unmodulated sigr
Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO:
Test personnel: Date: Location:
Baseline noise leve Center frequency IF output frequenc

Linear IF output Corrected linear IF

RF input frequency amplitude output amplitude

Upperi 3 dB frequency

Loweri 3 dB frequency
1 3 dB bandwidth

Equivalent noise power bandwidth
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4.14. TEST: Receiver Band Pass Frequency Response using Phadéedulated Signal

4.14.1 PurposeThis test measures the effective receiver band pass bandwidth.

4.14.2 Test EquipmentAn RF signal generator with PM capability, siwvavegenerator,
microwave counter, microwave spectrum analyzer, RF counter, wave analyzer (or spectrum
analyzer), and power splitter.

4.14.3 Test MethodThis method measures receiver bandwidth usiplgasemodulated

carrier It takes advantage of the principle that the amplitudes of the Bessel sidebands of a PM
carrier do not change with the modulating frequency (phase deviation held cof$tant)

method is especially well suited to automated testing not recommended for manual testing
This method also works for receivematdo not have MGC.

4.14.4 Setup Connect the equipment as showrrigure4-16.

MICROWAVE
COUNTER
A
RF
COUNTER
LINEAR >
RECEIVER
RF SIGNAL POWER UEDER
GENERATOR > SPLITTER > ol -
A
VIDEO > WAVE
ANALYZER
A
SINE WAVE MICROWAVE
GENERATOR SPECTRUM
ANALYZER

Figure4-16. Receiver Band Pass Response using Phiaskilated Signal

4.14.5 Conditions The RF signal generator should be set to

Output frequency: receiver center frequency
Output power: sufficient to give >3fB IF SNR or as desired.

The wave analyzer (or spectrum analyZB\ should be set to 3 kHEor narromF
bandwidtls, use a RBW no wider than 0.03 times the receiViehandwidth

4.14.6 Procedure

1. The first step in this procedure will be to set the peak phase deviation to approximately 82
Increase the amplitude of the siwave generator (frequency = 10 kHz), while monitoring
RF signal using spectrum analyzer, until the carrier component and the first order sidebands
are equal in amplituddhe second order sidebands should be approximately 8 dB lower in
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amplitude Increase the sin@avegenerator frequency to a value equal to two times the
receiverlF bandwidth Verify that the amplitudes of the carrier component and the first order
sidebands are within +1 dB of each oth&they are not within £1 dB, the RF generator does
not have sufficient bandwidth to perform this test.

NOTE This method will not work if the RF signal generator
receiver under test has excessive incidental phase,
frequency modulation, or frequency drift.

Set the sinavavegenerator to a frequency equal to 0.05 times the redéivandwidth(50

kHz for a 1 MHzIF bandwidth. Measure and record the frequency of the carrier component
and the amplitudes of the carrier component and both first order sidebands at the receiver
linear IF outputFc represents carrier frequency translated to the receiver IFvand F

represents modulating frequency; therefore, the frequency of the lower first order sideband is
Fc1 Fm. Increase the sinwavegenerator frequency in steps of 0.05 times the recHiver
bandwidth The maximum frequency will be two times the recei¥ebandwidth Measure
andrecord orData Shee#-14 the amplitudes of the carrier component and both first order
sidebandsSampleData Sheed-14 is included to show calculations.

4.14.7 Data Reduction

1.

Average the values of the first order sideband amplitudes at a modulation frequér@y of
times theF bandwidth Subtract this value from the amplitude of the carrier component with
this modulating frequencyse this value as a correction value for all other data points
Subtract the amplitude of the carrier component from each sideband amplitude and add the
correction valueRepeat for all modulating frequencies.

The 3 dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
frequencyPerform a linear interpolation between this frequency and the adjacent frequency,
where the signal was attenuated by slightly less than 3 dB, to find the approximate upper and
lower 3 dB frequencie§ hat is, if the signal was attenuated4ydB at frequency: andA>

dB at frequency., the approximate3 dB frequacy would be

A- 3
f1+ (fz' fl)

Ac- Ao (Eq.4-9)
Let: f1 = 10.45MHz,
fo = 10.5MHz,
A1 = 2.2dB,
Az = 3.2dB,
then fage =10.45+ {(2.271 3)/(2.21 3.2)} (10.51 10.45 = 10.49MHz.

The receiver IF filter equivalent noise power bandwidth with respect to the center frequency
can be calculated by dividing the measured power at each frequency by the measured power
at the center frequency and then multiplying each of these values bgdhericy step size

and adding all of these values.
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Data Sheet4-14. Telemetry Receivers

Test4.14 Receiver band pass frequency response using a phasedulated signal
Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
Final LO mode: XTAL: VFO:
Test personnel: Date: Location:
Measured frequency at receiver IF outpw) (F kHz
Modulating Fc Amplitude FcT Fm FC + FM Amplitude
Frequency (dB) Amplitude (dB) (dB)

Upperi 3 dB frequency

LowerT 3 dB frequency

1 3 dB bandwidth

Equivalent noise power bandwidth
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Data Sheet4-14 (SAMPLE). Telemetry Receivers
Test4.14 Receiver band pass frequency response using a phasedulated signal
Manufacturer: Model:

Serial No: 366

Test Personnel: Center frequency: 2250.5 MHz
IF BW: 1000 kHz | Video BW: 500 kHz
Final LO mode: XTAL: X VFO:

Test personnel: Date: 4/16/89 Location:

Measured frequency at receiver IF outpw) (F 20000 kHz
Modulating FC Amplitude FC1 FM Amplitude | FC + FM Amplitude
Frequency (dB) (dB) (dB)

50 kHz 112.98 113.16 113.24

450 kHz 110.98 113.52 114.07

500 kHz 110.58 113.85 114.52

1000 kHz 18.04 126.51 128.22

1500 kHz 17.92 149.19 151.27

2000 kHz 17.94 169.50 170.72
Upperi 3 dB frequency 20 458 kHz
LowerT 3 dB frequency 19 504 kHz
1 3 dB bandwidth 954 kHz
Equivalent noise power bandwidth 972 kHz
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4.15. TEST: Receiver Band Pass Frequency Response usMéite-noiselnput

4.15.1 PurposeThis test measures the effective receiver band pass bandwidth.

4.15.2 Test EquipmentSpectrum analyzer (or wave analyzer) iRBW <10% of specified
receiver band pass filter bandwidth and effect8W of <1% of RBW, white-noisegenerator,
and oscilloscope camera or plotter for recording spectrum analyzer display.

4.15.3 Test MethodThis method measures receiver bandwidth using a wabite input

signal A TM preamplifier with a terminated input can be used as a noise gené&ratorest can

also be performed with the receiver RF input terminakd results may change depending on

the amount of noise generated in various sections of the recEngtest can be performed with
receivers in the AGC mode and can also be performed on receivers with only a limited IF output
This test is suited for both manual asawmpute-controlledtesting.

4.15.4 Setup Connect the test equipment as showRigqure4-17.

‘LVSEE - REES'&’:R IF | SPECTRUM
GENERATOR TEST ANALYZER
[ ¥
Y
CAMERA
OR PLOTTER

Figure4-17. Receiver Band Pass Response using White Noise

4.15.5 Conditions Set the spectrum analyzer center frequency to the receiver IF output center
frequency Set the spectrum analyzer sweep width to sweep from IF center frequency minus two
times specifiedF bandwidthto IF center frequency plus two times specifiedandwidth For a
receiver with a 10 MHz IF output and a 1 MHzbandwidth the spectrum analyzer would be

set to sweep from 8 MHz to 12 MHz with a-BAz RBW (100 kHz optional) and a 368z

VBW. If the spectrum analyzer only has certain span settings, use dlilestraettinghatis

greater than or equal to the calculated setting.

4.15.6 ProcedureMeasure and record the noise spectrum at the receiver IF dogpintate
the gain (loss) at the frequencies listedata Sheed-15. Attach the photograph or plot to the
data sheet

4.15.7 Data ReductionEstimate (calculate) tHe3-dB bandwidth of the receiver band pass
output Record this value obData Sheed-15.
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Data Sheet 415.

Telemetry Receivers

Test4.15

Receiver band pass frequency response usiadnite-noiseinput

Manufacturer:

Model:

Serial No:

Test Personnel:

Center frequency:

IF BW:

kHz

Video BW:

Final LO mode:

Test personnel:

XTAL:

Date:

VFO:

Location:

MHz
kHz

Frequency

Amplitude (dB)

Fo

FoT BW/2

Fo + BW/2

Fol BW

Fo+ BW

FoTl 2 BW

Fo+ 2 BW

Fo = IF center frequency

Estimated 3-dB bandwidth

BW = IF bandwidth(i 3 dB)
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4.16. TEST: Data Frequency Response

4.16.1 PurposeThis test measures the data frequency responséMfraceiver.

4.16.2 Test EquipmentSinewavegenerator, RF signal generatbatcan be frequency
modulated ophasemodulated or both, microwave counter, oscilloscope, rms voltmeter, and
microwave spectrum analyzer.

4.16.3 Test MethodThis test measures data frequency response by measuring the receiver
video output level while varying the modulation frequeridye carrier deviation is kept at a
constant value.

4.16.4 Setup Connect the test equipment as showRigure4-18.

MICROWAVE
COUNTER
3
RFSIGNAL | |  POWER .| FECENER
GENERATOR SPLITTER T
3
‘ VIDEO TRUE rms
4 1 VOLTMETER
SINE WAVE MICROWAVE
GENERATOR SPECTRUM OSCILLOSCOPE
ANALYZER

Figure4-18. Receiver Data Frequency Response

4.16.5 Conditions The signal generator should be set to

Output frequency: receiver center frequency
Output amplitude: sufficient to give >3adB IF SNR.

The receiver video output should be set to approximately 0 Vdc with an unmodulated center
frequency input.

4.16.6 Procedure

1. The first step in this procedure will be to set the RF signal generator peak deviaion
receiver with an FM demodulator is being used, set the peak deviation equal to the selected
VBW. (ThelF bandwidthshould be at least twice tMBW.) The peak deviation can be set
using Bessel nulls or whatever method is familiar to the test opdfaaeceiver with a PM
demodulator is being used, set the peak deviationtdS5&2 the sinavaveoscillator
frequency to two times tHéBW. Measure the difference (in dB) between the modulated
carrier amplitude and the amplitudes of the first sidelpand This difference should be 11.8
dB for frequency modulation (sidebands lower than modulated carrier) and 0 EB!.for
both sidebands are not between 10.8 and 12.8 dB (x1 dBMplower than themodulated
carrier, the frequency response of the signal generator is not adequate for this test, and a
different signal generator must be used.
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with tracking generator in place of the siwvavegenerator

NOT? This test can also be performed using a spectrum analyz
and true rms voltmeter.

2. Set the sinavaveoscillator frequency to ortenth of the receive?BW. Maintain the sine
waveoscillator amplitude equal to the value determinedep . Measure the output on the
rms voltmeter and record @ata Sheed-16.

3. Increase the sin@aveoscillator frequency (amplitude held constant) in steps oftemkh of
the receiveBW. The highest singvaveoscillator frequency will be equal to twice the
receiverVBW. Measure and record the video outputtata Sheed-16 for each frequency.

4.16.7 Data ReductionSubtract the video output amplitude (in dB) at-teweth theVBW
from the amplitude at each of the other frequen&egord orData Shee#-16.
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Data Sheet4-16. Telemetry Receivers

Test4.16 Data frequency response

Manufacturer: Model:

Serial No: Center frequency: MHz

IF BW: kHz | Video BW: kHz

Final LO mode: XTAL: VFO: AFC/APC
FM PM Other  ( )

Test personnel: Date: Location:

Video Erequenc Amplitude Relative
Bandwidth (VBM) quency (dB) Amplitude (dB)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

15

1.6

1.7

1.8

1.9

2.0
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4.17. TEST: Automatic Gain Control Stability

4.17.1 PurposeThis test measures the stability of the receiver AGC system versus time.

4.17.2 Test EquipmentChart recorder, dc voltmeter, RF generator (optional), microwave
counter (optional), and power splitter (optional).

4.17.3 Test MethodThis test measures and records the variations in AGC over a specified
time interval with no input signal applied to the receiVéns test can also be performed with a
stable, norsaturating RF signal applied to the receiver input.

4.17.4 Setup Connect the test equipment as showRigqure4-19.

MICROWAVE

COUNTER

RF SIGNAL POWER RECEIVER AGC de
GENERATOR/ SPLITTER/ UNDER »

SYNTHESIZER ATTENUATOR TEST VOLTMETER

IF

A

SPECTRUM SPECTRUM

ANALYZER ANALYZER

Figure4-19. Receiver AGC Stability

4.17.5 Conditions The receiver should be turned on before the start of the test for the specified
warm-up time The RF generator (if used) must also be stabilized before the test is. Stheted
RF generator should be set to the receiver center frequency.

4.17.6 ProcedureStart the pen recorder and record the receiver AGC voltage for the length of
time desired(Eight hours $ a reasonable time intervdf a computercontrolledtest system is
available, read the dc voltmeter on a peridatisis,and store the datat least 100 readings

should be taken during the teRecord the total test time and the starting and ending AGC
values orData Shee#-17.

4.17.7 Data ReductionFind the maximum and minimum values of AGC voltdgecord these
values orData Sheed-17. Subtract the minimum value from the maximum value and record this
value as the total change during the test interval.
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Data Sheet4-17. Telemetry Receivers

Test4.17 Automatic gain control stability

Manufacturer: Model:

Serial No: Center frequency: MHz

IF BW: kHz | AGC time constant: ms

Final LO mode: XTAL: VFO: AFC/APC
FM PM Other ( )

Test personnel: Date: Location:

Total test time

AGC voltage at start of test

AGC voltage at end of test

Maximum AGC voltage

Minimum AGC voltage

Total change (maximum minimum)
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4.18. TEST: Receiver Video Spurious Outputs

4.18.1 PurposeThis test measures the amplitude of any spurious signals at the demodulator
output.

4.18.2 Test EquipmentAn RF signal generator withM or PM or bothcapabilities sinewave
generator, microwave spectrum analyzer, low frequency spectrum analyzer or wave analyzer,
oscilloscope, microwave counter, and power splitter.

4.18.3 Test MethodThe video output spectrum is monitored for discrete output signals with a
strong, unmodulated input signal.

4.18.4 Setup Connect the test equipment as showRigure4-20.

MICROWAVE
COUNTER
A
RECEIVER
FM/PM RF POWER . UNDER
GENERATOR F——» SPLITTER »>
TEST
A
VIDEO SPECTRUM
P ANALYZER
Y A 4
MICROWAVE
SINE WAVE SPECTRUM OSCILLOSCOPE
GENERATOR ANALYZER

Figure4-20. Receiver Video Spurious Outputs

4.18.5 Conditions Set the RF signal generator frequency to the receiver center freqSency
the RF generator output powerits0 dBm The receivetF bandwidthand video output filter
should be set to their widest settings.

4.18.6 Procedure

1. Adjust the amplitude of the singavegenerator to produce a peak frequency deviation of
100 kHz if an FM demodulator is being tested or a peak phase deviation of 1 radian if a PM
demodulator is being testethis deviation can be checked by modulating wiflo&kHz
sine waveThe modulation index will be 1 for both FM and PM a modulation index of 1,
the firstorder sideband pair should both be attenuated by approximately 4.8 dB with respect
to the carrier, and the second order pair should be appr@yni®.5 dB lower than the
carrier.

2. Tune the receiver to center the input signal if necesb&gsure the amplitude at the
receiver video output at a frequency of 100 kHz withRB&V of the spectrum analyzer (or
wave analyzer) set to 1 or 3 kHz (whichever is availaBletord this value oBata Sheed-
18 as the measurement reference.
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3. Set the RF generator to the continustesszemode Verify that no spectral sideband
components are within £1 receivérbandwidthof the RF generator center frequeniéyany
components produced by angle modulation are present, they will appear at the receiver video
output.

4. Measure the amplitude and frequency of any disaignals in the receiver video output
Record these values @rata Sheed-18.

5. Monitor the receiver video output on the oscilloscdpeeck for low frequency signals that
the spectrum analyzer could not respbigch as 60 Hz and multiples therd®écord the
approximate ampude and frequency of any leWwequency signals oData Shee4-18.

4.18.7 Data ReductionConvert the amplitudes of the signals measuretepdsto effective
peak deviation by using one of the following equations:

Measurements in dBm and dBV:
Effective peak deviation10’Ar ef er ence peak dEg#®)t i on

Measurements in volts:

A
Effective peak devi@n = A—’ Areference peak deviation (Eq. 411)

Where:
A =amplitudemeasured intep4
At =amplitudemeasured intep2
z =(AT Ae)/20

Reference peak deviation = 100kHz or 1 radian
The effective peak deviation of signals measuredep can be calculated using these

equations provided the amplitudes are converted to the same units used to make the reference
measurement.
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Data Sheet4-18. Telemetry Receivers

Test4.18 Receiver video spurious outputs
Manufacturer: Model:

Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:

Demodulator type: |:| FM |:| PM

Measurement reference amplitude

Spurious Signals

Frequency Amplitude Effective Peak Deviation
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4.19. TEST: Pre-detectionCarrier Output

4.19.1 PurposeThis test measures the amplitude, frequency stability, and accuracy of the
receiverpre-detectioncarrier outputOutput instability and frequency errors could be caused by

problems in any of the receiver local oscillators.

4.19.2 Test EquipmentAn RF signal generator, microwave counter, counter, true rms
voltmeter, power splitter, and wave analyzer (optional).

4.19.3 Test MethodThis test measures the frequency and amplitude of theégbeetion
output with a strong, unmodulated RF input sigmais test is suitable for manual cmputer
controlledtesting The pre-detectiondown converter may be in the receiver, in a diversity
combiner, or in an external accessory housing.

4.19.4 Setup Connect the test equipment as showRigqure4-21.

MICROWAVE
COUNTER
- TRUE RMS
1 VOLTMETER
—
RECEIVER P
RF SIGNAL POWER UNDER : — RF
GENERATOR "™ SPLITTER TEST CARRIER COUNTER
- WAVE
ANALYZER
(OPTIONAL)

Figure4-21. ReceivelPredetectionCarrier Output

4.19.5 Conditions The RF signal generator must be stabilized before the test is stdréed
receiver should be on for the specified warmtime before the start of the teSet the RF
signal generator frequency to the center frequency of the receiver undgetebe RF signal
generator output power icc0 dBm.

4.19.6 Procedure
1. Select gore-detectioncarrier frequencyMeasure the amplitude and frequency ofphe

detectionoutput Record these values @ata Sheed-19. The frequency at the receiver input

shall also be counted and recordedata Sheed-19.
2. Repeattpl at Sminute intervals over a-Bour time intervalThe interval between

measurements and the total test time can be varied at the discretion of the test personnel.

3. This procedure can be repeated for offrerdetectioncarriers as desired.

4.19.7 Data ReductionRecord the maximum and minimum frequencies and amplitudes
measuredCalculate and record the maximum frequency error (measured frequse®cted
frequency).
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Data Sheet 419. Telemetry Receivers

Test4.19 Pre-detectioncarrier output
Manufacturer: Model:
Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode XTAL: VFO: AFC/APC
Test personnel: Date: Location:
Predetectioncarrier frequency: kHz
Receiver Input Pre-detection Output

Time Frequency Frequency Amplitude
Maximum frequency: kHz
Minimum frequency: kHz
Maximum frequency error: kHz
Maximum amplitude: volts rms
Minimum amplitude volts rms
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4.20. TEST: FM Receiver DCLinearity and Deviation Sensitivity

4.20.1 PurposeThis test measures the dc linearity and deviation sensitivity of the demodulator
and video amplifier of a dc coupled FMM receiver This test method is well suited to
computercontrolledtesting.

4.20.2 Test EquipmentAn RF frequency synthesizer or RF generator, microwave counter, dc
voltmeter, oscilloscope, and power splitter.

4.20.3 Test MethodThe RF input frequency is varied in discrete steps and the video output
voltage is measured for each input frequeciestfit line is calculatedThe slope of this line
is the deviation sensitivity.

4.20.4 Setup Connect the test equipment as showRiqure4-22. The oscilloscope should be
used to make sure the video output does not have excessive noise or glitches.

MICROWAVE
COUNTER
RF SIGNAL POWER RECEIVER
.
GENERATOR/ P SPLITTER UNDER
SYNTHESIZER TEST

VIDEO dc
VOLTMETER

OSCILLOSCOPE

Figure4-22. FM Receiver dc Linearity and Deviation Sensitivity

4.20.5 Conditions

1. Set theTM receiver center frequency and video output filter as deshetthe receiver local
oscillators to crystal mode if possibkutomatic frequency control (AFC) modernist
acceptable.

2. Set the receiver final IF filter bandwidth to at least two times the peak deviation to be used in
the test.

3. Set the generator RF output power to approximatd(/dBm This power level will produce
a high SNR in the receiver under test.

4. Terminate the receiver video output with the proper impedance (typically 75 ohms).
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5. Verify that the receiver video output is dc coupl€ldis test will not work with an ac

coupled video output.

4.20.6 Procedure

1.

Set the RF frequency to the center frequency of the receiver undéwjest the video
output voltage to approximately O V.

Increase the RF frequency by an amount equal to the peak deviation to be used in this test
Verify that the receiver video output is not limited by increasing the RF frequency slightly
The video output should change accordingly.

This test may be performed with any number of equally spaced frequencies that is desired
Commonly used numbers of points are 5, 11, 21, an8el&ct the number of points and call
it N. The frequency step size will be:

peak deviation
N 1 1 (Eq. 412)
2

Frequency step sizes for several values of N are listedfrexteak deviation).

N Frequency Step Size
5 Df/2
11 Df/5
21 Df/10
41 Df/20

The smaller values of N should be used for a quick check of linearity while the larger values
of N provide a better characterization of the linearity.

Set the RF frequency to a frequency equal to the receiver center frequency minus the desired
peak deviationMeasure the receiver video output using the dc voltmegrord this value
onData Sheed-20 along with the measured RF input frequency.

Increase the RF frequency by one step:

peak deviatio
NT1
2

Measure and record the video output dc voltage and RF input frequeDataBheet4d-20.

Repeathe previous stepntil the RF frequency is equal to the receiver center frequency plus
the desired peak deviation.

4.20.7 Data ReductionThe data reductiononisists of calculating the befdt straight line using
the least squares methdthis line is of the form

V =a+bf (Eq.4-13)
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Where:
V = measureadutput dc voltage (volts)
a = calculatedsideo output offset
b = calculateddeviation sensitivity (volts/kHz)
f = (measured input RF frequencyeceiver center frequency) (kHz)

The coefficients a and b can be obtained from the following equations:

., 0B Q@ B 0 B Q
w

Eqg. 414
5B & B 0B O (Eq. 414)

And

A (Eq. 415)
The worstcase deviation (k) from the besfit straight line can be calculated using the

following equation:
max= Maximum(|v; - a- b f,]) (Eq. 416)
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Data Sheet 420. Telemetry Receivers
Test4.20 FM r eceiver dc linearity and deviation sensitivity
Manufacturer: Model:
Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode VFO: AFC/APC
Test personnel: Date: Location:

RF Input Frequency (kH:

Video Output (volts dc

Volts/kHz Emax= volts
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4.21. TEST: Receiver Phase Noise

4.21.1 PurposeThis test veriiesthat the singlesideband phase noise of the receiver meets the
specification Excess phase noise can increBER at a given ENo and degrade demodulator
synchronization performancéhis test assumes that a spectrum analyzer is the only appropriate
measurement device available and therefore is limited to frequency offsets greater than 100 Hz
Measurements at lower frequency offsets tend to be very time consii@agurements closer

to the carrier frequency can be made with \regh-quality spectrum analyzers exhibiting low
internal phase noise and reliablz or 3Hz RBW settings Specialized phase noise test sets

are always théest choice especially if measurements must be made at frequency offsets below
100 Hz The frequency rangtathas been observed to cause the most problems in current
receiver designs is 1 to 20 kHz.

4.21.2 Test EquipmentRF generator with phase noise sidebands at least 10 dB lower than
specified phase noise of system to be measured, spectrum analyzer-W#iRBQOV (option:
phase noise test set)

4.21.3 Setup Connect test equipment as showrFagure4-23. If a phase noise test set is

avail able, connect the equipment and conduct
instructions.
SPECTRUM
RF TELEMETRY I¥ ANALYZER or
GENERATOR [ ”| RECEIVER *| PHASE NOISE
TEST SET

Figure4-23. Test Setup for Receiver Phase Noise Test

4.21.4 Conditions Use test conditions describedTinble4-1.
4.21.5 Procedure

I. Connect the RF generator output to the recei
recei ver 0s .BettheeR&k gendrakor anduréc@vertfrequencies to the same value
Set the RF generator output level to provide a strong signal to the rec&9etEm would
usually be a reasonable value).

2. If the spectrum analyzer has a phase noise measurementfmede!l ow t he manuf ac:
instructions for this tesOtherwise, set the spectrum analyzer center frequency to the
receiver final IF output center frequen8et the span to 200 kHz with continuous sw&s
the reference level such that the peak of the signal is near the top of the. @isplag
center frequency such that the signal is 10 to 20 percent of full scale from the left edge of the
display Set theRBW to 1 kHz andvBW to 1 kHz Average the spectrum over 100 sweeps
Record the maximum signal level Bata Sheed-21 (0-dBc level) If the analyzer has a
power per iHz measurement mode (sometimes referred fim@ise mode), set the analyzer
to that modeOtherwise, correct fdRBW and detector error by subtracting 27.5 dB in the
signal processing step30 dB for conversion from-kHz to 1-Hz bandwidth +2.5 dB for
typical spectrum analyzer detector error with ndilse signal, 2.5 dB is the approximate
correction value for several womon spectrum analyzers including the HP8566B but check
your manual for the correct value for the spectrum analyzer used in th&Jsefdata Sheet
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4-21 to record power levels at frequency offsets of +10 kHz, +20 kHz, +50 kHz, and +100
kHz from the maximum signal (one can use peak search and delta marker functions to
simplify the process)Record the frequency and level of any discrete components larger than
1 45dB relative to the carriedBc) and any abnormally large continuous componéitis

results are only valid if the measured levels are at least 6 dB above the spectrum analyzer
noise floor.

3. Set the spectrum analyzer center frequency to the receiver IF output center fre§eettoy
span to 10 kHz with continuous swe&gt the reference level such that the peak of the signal
is near the top of the display and set the center frequency such that the maximum signal is 10
to 20 percent of full scale from the left edge of the disgb&y theRBW to 100 Hz and
VBW to 100 Hz Average the spectrum over 100 swedpscord the maximum signal level
onData Sheet-21 (0-dBc level) If the analyzer haa power per Hz measurement mode,
set the analyzer to that modatherwise, correct the readings by subtracting 17.5 dB in the
signal processing stepseData Sheed4-21 to record the power levels at frequency offsets of
+1 kHz, +2kHz, and +5 kHz from the maximum signRlecord the frequency and level of
any discrete components larger tha&®b dBc and any abnormally large continuous
components.

4. (optional test because of long time duraji@et the spectrum analyzer center frequency to
the receiver IF output center frequen8gt the span to 2 kHz and continuous sw8&epthe
reference level such that the maximum value of the signal is at the top of the display and set
the center frequency such that the maximum signal is 10 to 20 percent of full scale from the
left edge of the displayset theRBW to 10 Hz and/BW to 10 Hz Average the spectrum
over 100 sweeps (this process will take nearly 1) a&ecord the maximum signal level on
Data Sheet-21 (0-dBc level) If the analyzer has a power peHz measurement mode, set
the analyzer to that mod®therwise, correct the readings by subtracting 7.5 dB in the signal
processing stepJseData Sheed-21 to record the power levels at frequency offsets of +100
Hz, +200Hz, and +500 Hz from the maximum sigrecord the frequency and level of any
discrete components larger thHa4b dBc and any abnormally large continuous components.

4.21.6 Data ReductionCalculate phase noise by subtracting the main signal level from the
measured noise level (not needed if delta markers were used to measurdfldivelspectrum
analyzer does not have a power per Hz mode, correRBW and detector errors by subtracting
27.5,17.5, or 7.5 dB as appropriate (see above)
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Data Sheet 421. Telemetry Receivers
Test4.21 Receiver phase noise test
Manufacturer: Model:
Serial No: Center frequency: MHz
Test personne Date: Location:
Frequency Maximum Signal Measured Power Phase Noise
(offset from carrier) (Carrier) Power Level (dBc/Hz)
(kHz) (dBm) (dBm)
0.1
0.2
0.5
1
2
5
10
20
50
100
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4.22. TEST: Receiver Adjacent Channel Interference

4.22.1 PurposeThis testmeasursthe effect on bit error probability (BEP) of signals in
adjacent frequency slofEhe results will be a function of modulation methods, receiver filter
characteristics, bit rates, relative power levels, frequency spacing, and demodulator
characteristics.

4.22.2 Test EquipmentSpectrum analyzer, BER&ttenuators, signal sources, noise source,
power splitters, power meter, and a bit synchronizer if the receiver/demodulator does not include
one (a specializeddjacertchanneinterference test set can be used if one is available).

4.22.3 Setup Connect test equipment as showrrigure4-24.

Data » RF » Amp/
Source Source Atten  |—»| Spectru
Analyzer
A
—>» Atten
Interferers + >
Data » RF » Amp/ [*>
Source Source Atten + -
Splitter
Victim
Data » RF »| Amp/ A
Source Source Atten
A A Amp < + « Atten
A
A
< Demod Am
BERT | . < p
< Bit Sync Revr (noise source

Figure4-24. Test Setup for Adjacent Channel Interference Test

4.22.4 Conditions This test can be performed using various modulation types as the
interferers All filtering and deviations should be the same as would typically be used in
operationsThe test can also be performed with only one interferer or with two interferers (one
above and one below the victim signdlhis test can be performed with acttidd transmitters

or with appropriate laboratory signal generatdise laboratory generators should be passed
through an amplifier of the same type as what will be used in the actual transmitters (an amplifier
operating in its notinear range can be used instead of a Class C amplifier if a Class C amplifier
is not availdle). If the purpose of the test is to evaluate performance during a test mission with a
specific set of frequencies, bit rates, and modulation types, use these parameters for the test.

4.22.5 Procedure

1. Set the receiver and demodulator to the nominal values that would be used to receive the
victim signal Set theBERT to generate the desired bit rate with a pseudo noise sequence
length of at least1 1 bits Use thiSBERT as the input to an RF source of the desired type
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(this signal will be the center signal and called the victirhg modulator output will

typically need to be nehinearly amplified Similarly, modulate the other two RF sources

with independent pseudo noise sequences at the same bit rate dimeéaudyr amplify (the

purpose of the nehnear amplification is to emulate a typiCEM transmitter) the outputs

Set the frequencies of these signals to frequencies spaced the desired amounts (for example,
for NRZ-L PCM/FM the desired spacing would be in thegeaof 2 to 2.5 times the bit rate if

all signals were at the same bit rate) above and below the frequency of the victim signal.

2. Apply maximum attenuation to the two interferers to effectively remove them from the
output (at least 30 dB below desired signal powse} the attenuation of the victim such that
the level at the receiver input is typical of what would be expected in actual use and vary the
noise source level to produc®&P of 10 °. Increase the level of the victim signal by 1 dB.

3. Use the spectrum analyzer (or alternatively a power meter) to set the relative powers of the
signals A typical starting point is to have the two interfering signals 20 dB larger than the
victim signal Vary the attenuator that is common to the two interferers until the BEP is again
10 °. Measure the power levels of the victim and interferers at the receiver input and record
onData Shee#.22.

4. Repeastepsl through 3 for various modulation types, bit rates, center frequencies, and
frequency separations, as desired.

4.22.6 Data ReductionSubtract the victim power level from the interferer power level and
record orData Shee#.22.
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Data Sheet 422. Telemetry Receivers

Test 4.22 Adjacent channel interference

Manufacturer: Model:

Serial No.:

Test Personnel: Date:

ReceiverF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz Power dBm

Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequency MHz Bit rate Mbps  Modulation typt
Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers dB

ReceivenF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequency MHz Bit rate Mbps  Modulation typt
Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers dB

ReceivernF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer:1 Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequen MHz Bit rate Mbps Modulation type

Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers dB
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CHAPTER 5
Test Procedures for Diversity Combiners

5. General

These tests measure the performanga®tietectionandpostdetectiondiversity
combiners under static and dynamic operating conditibime static tests include operation with
equal and unequal SNRs at the combiner signal inpbhesdynamic tests include operation with
equal and unequal average SNRs at the combiner inpytsase and otaf-phase fading, and
periodic and random fadin@hese tests are designed to make the results independent of other
components of the system to the maximum extent posSiléecriterion for evaluation of
combiner performance is measurenef BEP improvement (or degradation) when signals are
combined as compared wisinglechannel operatiarThe BEP is defined as the ratio of bit
errors to the total number of bits transmitted in a given time intéf@l typical results of
various tests, see AshlapdHill. )

The fading tests with sinusoidal modulation of the phase shifters simulate the signal level
variations of specular reflection such as off water and land and the signal level variations of
transmitting antenna null$he fading tests witbaussiamoise modulation of the phase shifters
simulate the signal level variations that occur when the RF signal passes through the flame
plasma of a missile.

Table5-1 lists the types of tests and their test and paragraph number.

Table 5-1. Test Matrix for Diversity Combiners
Test Number Test Description

5.1 Diversity combiner static evaluation with equal RF signal strengths
5.2 Diversity combiner static evaluation with unequal RF signal strengths
53 Diversity combiner dynamic evaluation withpihase fading and equal RF
= signal strengths
54 Diversity combiner dynamic evaluation with periodieghase fading and
= unequal RF signal strengths
55 Diversity combiner dynamic evaluation with periodic-oftphase fading and
= equal RF signal strengths
56 Diversity combiner dynamic evaluation with periodic-of{phase fading and
= unequal RF signal strengths
5.7 Diversity combiner break frequency test
5.8 Diversity combiner evaluation with random fading
59 F’_red?tectioncombiner band pass frequency response using yphadalated
= sigha

10 Predetectioncombiner band pass frequency response using unmodulate(
= signal
5.11 Combiner data frequency response test
5.12 Combinerpre-detectioncarrier output

5 Ashley, C. G. and E. R. HilDiversity Combiner Characterization Preliminary Test Repkft72-13. Pacific
Missile Test Center, Point Mugu, California, 12 April 1972.
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5.1. TEST: Diversity Combiner Static Evaluation with Equal RF Signal Strengths

5.1.1 PurposeThis test evaluates the static performance characteristics of a diversity
combiner as a component with the two combiner channels weighted eqbadlyest is the least
demanding of diversity combiner tedfisthe diversity combiner has difficulty passing this test, it
will not likely pass any other tests and may do more harm than good if us@dlimexeive
system.

5.1.2 Test EquipmentAn RF signal generator, PCBERT, PCM bit synchronizer, RF
attenuators, duathannelTM receiver, RF power meter, dc power supply, dc voltmeterpass
filter, and power splitter.

5.1.3 Setup
1. Connect the test equipment as showRigure5-1.
' ERROR | SGMAL POWER |
‘ COUNTER J GENERATOR " SPUITTER |
S _.._.T. — 2t -_-._-_j_-. . | SE— - i |
: || /
PSEUDO-NOISE | PREMOD g ' Ly CALB.ATIN, |
TESTSET | FILTER | CLOCK | ’} 110-dB RANGE
._l.i.‘.......:i_... . ‘.‘.J_ - ) ._FR_A.N._é CLOCK - L . | ]; / S | - 2 i dBI i
! 1 S ) ; _ STEPS |
i - 0 ; S . . .........._Y . / |
< 3§ ©1 VARIABLE | | VARIBLE | | | CALIB.ATTN. —- - '
g g. ’i DELAY ' : DELAY ‘ 110-dB RANGE
Q| §|  EXTERNAL SYNC INPUT (IF AVAILABLE) | | 7
rxi o v
R o
BITSYNG) | | COURCES | VOLTMETER [
‘ J i S — I ] U ; i
. LVIDEO | ) |
\ LVIDEO _ _ _ | ¢ —L— v, g |
W_ VIDEO. _ _ e |
L « ¢ L 4 |DUAL-CHANNEL« L — _|_ RFPOWER
iDEMODULATOR‘ i COMBINER |, . ~ JFSORVIDEO | =~ RECEVER . . METER
. COMBINED IF _
~u o RECEIVERIF_ _
_ RECEIVER IF B

Figure5-1.  Static Evaluation Test Setup for Diversity Signal Combiner

2. To make the test results independent of characteristics of components in the test setup (other
than the combiner under test) to the maximum extent possible, it is desirable to have a
common clock signal (hardware synchronizer) to drive both the ps®igntest set and the

5-2



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

bit synchronizerThe preferred method is to use an external clock soAreariable delay is
needed between the clock and the external synchronizer input to the bit synchronizer to
ensure that the data bit stream is sampled at the correct time intérwakason for

adjusting the variable delay is to produce the lowest.BERe bit synchronizer is not
equipped to accept an external synchronizing signal, hardware synchronization may be
simulated as shown frigure5-1 by using a properly delayed clock signal from the bit
synchronizer to drive the test s€he variable delay is needed in this interconnection to
cause the clock signals to occur at the correct Téie clock rate is a function of the delay
setting because the test setup comprises a closed loop and the phase lock loop in the bit
synchronizer locks up at the specific frequency for each deleydelay setting is correct
when the clock rate matches the rate selected by the front panel controls on the bit
synchronizer.

NOTE Two singlechannel receivers can be used to conduct the test rather tithrathe

/ channel receiver indicated in the test settipinglechannel receivers are used

for pre-detectioncombining, it is strongly recommended that the receivers be
interconnected so that common (both fastl second) local oscillatoase used
For postdetectioncombining, commotocal oscillatorsare not a requirement

5.1.4 Conditions Tests are conducted by using simulated PCM data for®elisct test
conditions that correspond to the conditions under which the combiner will be used.

5.1.4.1 Receiver TuningTune the receiver so that the modulated carrier is in the center of the
IF passbandmproper tuning can have significant degrading effects on test rdultsisual or
inconsistent data is noted during testing, check the tuning.

5.1.4.2 Test Equipment Settings

Signal generator frequency: Receiver band center frequency
Receiver LOs (first and second) Common pre-detectioncombining)
Receiver AGC: ON (fastest time constant)

PN pattern length: 2047 bits

5.1.4.3 SingleChannel BEP Reference Measuremeftmethod is needed to makmgle

channel BEP measurements that can be compared with BEP measurements for the combined
signals The bypass method of measurement is recommended provided an external demodulator
is availableIf an external demodulator is not available, use the alternate method for AGC
weighted combiners describedSabsection5.1.4.3.2

5.1.4.3.1. Bypass Methodin thepre-detectiormode, bypass the combiner and connect the
receiver IF signals, one at a time, to an external demodulatibre postdetectionrmode, bypass
the combiner and connect the receiver video outputs, one at a time, directly to the signal
conditioner (bit synchronizerConnect the external demodulator output to the signal conditioner
(bit synchronizer)An external demodulator is needed because the same demodulator is used for
bothsinglechannel measurements and combined signal measurements and because the
demalulator in the receiver is not accessible when combined signal measurements are being
made.

5.1.4.3.2. Alternate MethodDisconnect both of the receiver AGC input voltages at the
combiner Substitute an external dc voltage source for one of the AGC voltages and leave the
other AGC input to the combiner disconnecfBde external dc voltage should be adjusted to a
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levelthatcorresponds to a strong RF signal for the channel undehtestdition, it may be
necessary to disconnect the IF input signal that corresponds to the AGC input that was
disconnected.

5.1.5 Procedure
1. Record measured data bata Sheeb-1.

2. Adjust the RF input levels to receiver channels 1 and 2 for approxima&@@lgBm at the
receiver (calibrated attenuators set to 40. @gljust the combiner according to the
manufacturer's instructions.

3. Consult thesinglechannel BEP reference measurements describ®dlisectiorb.1.4.3and
select the method best suited for the combiner undetJsisig the selectesinglechannel
BEP measurement method, adjust the calibrated attenuator to reduce the receiver RF input
l evel to channel 1 wunt i I%Sinhady, aBjEsPtheireseiver R r o x i n
input level to channel 2 until the BEP measured by the error counter is approximately 1.5

A1

there is a difference, it must be maintained throughout the test to obtain valid
If the difference is greater than 3 dB, recheck the setup and the receiver tunin
adjustmentslf the difference is still greater than 3 dB, some attention should b
given to repairing or realigning the receivEne combiner must be aligned so thg
the channels are weighted equally when the data quality of the channel is the

NOTV The RF input levels to channels 1 and 2 should not differ by more thanlf3 dB

4. Determine the appropriate artificial AGC voltagespreparing to measure the BEP that
results from signal combining, appropriate artificial AGC voltages must be supplied to the
combiner Next is an example of how artificial AGC voltages are seleétssume that the
receiver in the test setup develops an AGC2V when the RF input to the receivei 80
dBm. Also assume that the receiver AGC slope is 50 mVidis, the artificial AGC
voltage to the combiner should b2 V when the RF input to the recer isT 90 dBm,1 1.90
V when the RF input to the receiveini82 dBm,1 1.80 V when the RF input to the receiver
iST94 dBm.

5. Adjust the RF input to the receiver and the AGC voltage to the combiner to prosingéea
channel BEP readi ng'>wo t BH% (Aissigna levelaeprgsentsaf 1 A
proper signal level with a conveniently measured number of bit errors and serves as a starting
point for the measurements followihdleasure and record the BEP for eatiglechannel
signal and for the combined channel signaDaia Sheeb-1. Also record the RF input
levels for channels 1 and 2.

6. Decrease the RF input levels to the receiverdBZteps and at the same time decrease the
AGC voltage to values corresponding to 2 dB step changes in RF input levedte(sbe
Measure and record d»ata Sheeb-1 thesinglechannel BEP, combined channel BEP, and
the RF input levels untilsinglec hannel BEP range "afo &Zphds alx0i ma
been covered

5.1.6 Data ReductionThe BEP at the demodulated output gredetectioncombiner at a
given RF power level should be less than the BEPs of the single channels at a 2 dB stronger RF
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power level If this condition is not true, the combiner and receiver alignment and
interconnections should be checkHBaverything is correct, the combinernst working

properly. Postdetectioncombiner performance is a function of modulation but should not be
worse than the best single channel.
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Data Sheet 51. Diversity Combiners
Test5.1 Static, equal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique useg

AGC RF Input Level Bit Error Probability

Channell Channel

Volts (dBm) (dBm)

Channel 1 Channel 2 Combined
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5.2. TEST: Diversity Combiner Static Evaluation with Unequal RF Signal Strengths

5.2.1 PurposeThis test evaluates the static performance characteristics of a diversity
combiner with unequal RF signal strengths
5.2.2 Test EquipmentRefer toSubsectiorb.1.2

5.2.3 Setup Connect the test equipment as describefubsectiorb.1.3

5.2.4 Conditions Use the test conditions describedSnbsectiorb.1.4
5.2.5 Procedure
1. Record measured data Data Sheet52(1) and 52(2).

2. Measure thsinglechannel BEP for both channels and the combined signal BEP while the
RF input level is held constant at a selected level in one channel and varied over a selected
range in the other chann®epeat these measurements for a total of three selected constant
RF input levelsWhen choosing the constant input levels, examine the data recor@adeon
Sheet5-2(1) and select the three RF input levels and AGC voltages that resuiadle
channel BEP readingy% dfojaphprib xthesddaviddwiyl bel A
identified as X, Y, and ZData sheets-2(1) and 52(2) can be used for measurements at
levels X, Y, and Z interchangeably by simply deleting two of the letters and entering the
selected RF level and AGC voltage on daga sheefThe ranges of RF levels and AGC
voltages for the variable channel are selected by again exarbatagSheeb-2(1). The
detailed procedures are described next.

3. While holding the channelRF input and AGC voltage constant at values corresponding to
level X, change the channelRF input level in 20B steps over the range shownata
Sheets-2(1) forthis testand change the AGC voltage for each RF step in increments
required by the AGC slope of the receiver in the test setuB(desectiorb.1.5step 4for an
example) Following step2 through @n Subsectiorb.1.5 measure channel 1 BEP, channel
2 BEP, the combined BEP, and record the measuremeitatarSheeb-2(1). Repeat these
measurements while holding the chann&®R.input and AGC voltage at constant values
corresponding to levels Y and Bor each of the selected chantdRF input bvels (X, Y, or
Z), the channel BEP should remain constant and needoeatneasured each time a
channel2 measurement is madghe channel 1 BEP should be checked occasionally to make
sure that the bit error change is not excessive (10 percent of the total bit errors or 20 bit
errors, whichever is greateh) the bit error change is excessive, additional waprtime
may be required to allow the signal generator and the receiver to stabilize.

4. Repeat the measurement sequence describéehi@ with the channel-RF input and AGC
voltage held constant at levels X, Y, and Z rather than chanRelcbrd the data dbata
Sheetc-2(2).

5.2.6 Data ReductionThe BEP at the combiner output should be less than or equal to the
BEP of thefibesb channel A 0.5-dB degradation, interpolated from datalest5.1], is

allowable If this condition is not true, the combiner and receiver alignment and interconnections
should be checkedf everything is correct, the combinerristworking properly.
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Data Sheet 52(1). Diversity Combiners
Test 5.2 Static, unequal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level and AGC

Bit Error Probability

Channel 1 Channel 2
RE AGC RE AGC Channel 1 Channel 2 | Channel 3
(dBm) (volts) (dBm) (volts)
A A
X, Y, Z

5-8




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Data Sheet 52(2). Diversity Combiners
Test 5.2 Static, unequal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level and AGC

Bit Error Probability

Channel 1 Channel 2

RF AGC RF
(dBm) (volts) (dBm)

AGC
(volts)

Channel 1 Channel 2 | Combined
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5.3. TEST: Diversity Combiner Dynamic Evaluation with In-Phase Fading and Equal
RF Signal Strengths

5.3.1 PurposeThis test evaluates the dynamic performance characteristics of a diversity
signal combiner as a component.

5.3.2 Test EquipmentAn RF signal generatodualchannelTM receiver, diversity signal
simulator, PCMBERT, PCM bit synchronizer, RF power meter, and low pass filter.

5.3.3 Setup Connect the test equipment as showRigure5-2 andFigure5-3. See
Subsectiorb.1.3for additional setup information.

PREMOD RF FM POWER — — % DIVERSITY
FILTER SIGNAL >  ooltreR SIGNAL
GENERATOR B " SIMULATOR

A T | |

PSEUDO-NOISE | ERROR ‘
TESTSET | | COUNTER CLOCK l

44 A+ TRANSCLOCK ‘ ‘
N L — }
| =7 v
v | 1
< ol VARIABLE VARIABLE
< 9 DELAY DELAY
$3r -
ol gl
| |
r| |
— EXTERNAL SYNC INPUT
| SIGNAL | (IF AVAILABLE)
| CONDITIONER :
| (BITSYNC)
¥
L wvoeo
\ cVMDEC ‘
_ ., _VIDEO ;o
7 VIDEO T ‘ R
|
| i : | DUAL-CHANNEL4 | _ RF POWER
DEMODULATOR| | COMBINER ‘4_.___ " JFORVIDEO | "ReCEVER L | |  METER
—6—’7 1
| | | X | L
- ey I I
_ COMBINED IF ! : , .
----- | | CONTROL INPUTS ! * DEPENDENT UPON COMBINER

_______ T ———— USED (AGC WEIGHTING, NOISE
S WEIGHTING, ETC.)

Figure5-2.  Dynamic Evaluation Test Setup for Diversity Signal Combiner
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/ :
7 MICROMETER +
I i G 4 ” b
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: | SPUTTER 90 ADDER ATTENUATOR |
DELAY /
| ll : 4 7 1oas !
\ ' b 4 | A in2aBstEPs | |
x| | : 7 J 1 | |
o] | | LINE
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o >
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Z & | V4 Z |
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I
‘ i | A, /, | |
|
o SPUTTER. PoWeR | <2 |caerated |l |
. ADDER ATTENUATOR .
p —
7
‘ 11008
‘ « in 2 B STEPS
7
, LINE "2
T "|ATTENUATOR SRETCHER [
Vi
rd
Figure5-3.  Diversity Signal Simulator

5.3.4 Conditions Use the test conditions describedSnbsectiorb.1.4

5.3.5

Procedure

1. Record data oData Sheeb-3.
2. Connect the power splitter outputs directly to the ain@nnel receiver (sdeégure5-2 and

Figure5-3). Adjust the receiver RF input levels to channel 1 and channel 2 for approximately

160 dBm at the receiver (calibrated attenuators set to 40TdBg the receiver and adjust
the combiner according to the manufacturer's instructions.

3. Reconnect the diversity simulator into the test setup and make the following adjustments to

produce signal fades of 20 dB at a rate of 50 fades per second.

N OT?

Signal fades are produced by adjusting the simulatorHigeee5-3) so that the
signals at Aand B have the proper relative amplitudes and a median phase
angle between them of 180’he same requirements apply to the signals;at A

and B.

4. Select the fastest receiver AGC time constant and adjust the frequency of the phase shifter

modulation source in the diversity simulatbrure5-3) to 25 Hz (This setting will produce
50 fades per secondhe modulation waveform should be a sine w&@@nnect one input of
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aduatchannel oscilloscope to monitor channel 1 receiver AGC vol@agenect the other
input of the oscilloscope to monitor the phase shifter modulation waveform.

signal fadeslf 25 Hz is too high, select a frequency where the product of the
time constant (in seconds) and the modulation frequency (in Hz) is equal to ¢
than 0.01It should be noted also that phase shifters are normally deviated by
positive voltage onlyTherefore, to deviate about a point such as thé pBfise
difference between Pand B, the modulation voltage must include a dc offset
The offset and the modulation voltage amplitude depend on the performance
characteristicsf the phase shifter and may vary from model to model.

NOTV The modulation frequency should be low enough to allow the AGC to track tl

5. Remove the 90delay that is shown iRigure5-3 between the modulation source and one of
the phase shifter&djust the line stretcher in path, Antil the oscilloscope display appears
as shown irkigure5-4. Assuming that the receiver produces a negative going AGC voltage
in response to increasing RF signal strength, the important aspect of the adjustment is to
ensure that the two negative excursions of the AGC voltage are Bqunalymmetry in the
horizontal axis reflects the nonlinearity of the phase shifteis nonlinearity is not highly
important unless nonlinearity exceeds a ratio of approximately 2:1, in which case the
symmetry can be improved by decreasing the amplitude of the modulation voltage applied to
the phase shifterdlext, adjust the micrometer attenuator in lineuBtil the AGC excursion
indicates 20-dB fade depth of the RF sign#timay also be necessary to adjust the
attenuator in line A The AGC slope ofhe receiver must be known to calibrate the
oscilloscopeThe linear region of the AGC curve should be used in making the calibration.

Eﬂlll[ﬂllll
N AT N

EhNE ‘III.
LA TR LT

Modulation Waveform

AGC Voltage

A l-‘-L-JII
e

Figure5-4.  PhaseShifter Modulation and Receivé&&GC Voltage

B1 interact Therefore, several adjustments of the line stretcher
the micrometer attenuator may be required to equalize the AG(
voltage excursions and ensure that alB0fade depth is produced

NOTV The line stretcher in pathiAand the micrometer attenuator in pat

6. Repeatteps4 and 5 to make the proper adjustments in lineaml B while observing the
channel 2 receiver AGC voltage.

7. Connect alualchannel oscilloscope to the two receiver AGC voltages to observe that the
signal fading occurs in phasgénhe 90 delay in the fade simulator is still remové&tbnsult
thesinglechannel BEP measurement methods describ&dlsectiorb.1.4.3and select the
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method best suited for the combiner under. tésing the selectesinglechannel BEP
measurement method, make the proper connections to measure the BEP of clismtid
calibrated attenuator to adjust the receiver RF input signal level to channel 1 until the BEP is
appr oxi mat2glAy BIE.P5 o&waHeléctedbechuse it represents enough
errors forsinglechannel performance to be readily compgrbtkasure and record the BEP

and the RF input oData Sheeb-3. Repeat for channel 2.

BEP should not differ more than 3 dBthere is a difference, it must be
maintained throughout the test to obtain valid dédthen the difference is greate
than 3 dB, recheck the setup and tuning adjustmiénte difference remains

greater than 3 dB, attention should be given to repairing or realigning the rec

NOTV The RF levels required in channtl s

8. After thesinglechannel performance has been suitably equalized (within 3 dB), adjust the
RF inputs to producsinglec hannel BEP readings in 'ttthe rang:
1 A% (Ih@ signal level represents a proper signal level with a conveniently measured
number of bit errory Measure and record the BEP for each single channel and for the
combined signal oData Sheeb-3. Also measure the RF input levels for channels 1 and 2.

NOTV Maintain the RF input level difference observed

above.

9. Use the calibrated attenuators to decrease the RF input levels to the receidBrstegs
Measure and record d»ata Sheeb-3 thesinglechannel BEPs, the combined signal BEP,
and the RF input levels untilsinglec hannel BEP range "fo &p pAr abxi n
has been covered.

5.3.6 Data ReductionThe BEP at the demodulated output @lostdetectioncombiner at a

given RF power should be less than the BEPs of the single channelsiBtsaranger RF power
level. If this condition is not true, the combiner and receiver alignment and interconnections
should be checkedf everything is correct, the combinemstworking properly Postdetection
combiner performance is a function of modulation but should not be worse than the best single
channel.
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Data Sheet 53. Diversity Combiners
Test 5.3 Dynamic, equal RF signal strength (iaphase fading)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level Bit Error Probability

Channel 1 Channel 2

(dBm) (dBm) Channel 1 Channel 2 | Combined
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5.4. TEST: Diversity Combiner Dynamic Evaluation with Periodic In-Phase Fading and
Unequal RF Signal Strengths

5.4.1 PurposeThis test evaluates the dynamic performance of a diversity combiner with
periodic inphase fading and unequal RF signal strengths.
5.4.2 Test EquipmentRefer toSubsectiorb.3.2

5.4.3 Setup Connect the test equipment as showRigure5-2 andFigure5-3. See
Subsectiorb.1.3for additional setup information.

5.4.4 Conditions Use the test conditions describedsimbsectiorb.1.4
5.4.5 Procedure

1. Record measured data Data Sheet54(1) and 54(2).

2. Check or repeateps 2 through 4 in Subsectibr8.5

3. Measure thainglechannel BEP for both channels and the combined signal BEP while the
average RF input level is held constant at a selected level in one channel and varied over a
selected range in the other chanfRepeat these measurements for a total of three selected
constant RF input levelin choosing the constant RF input levels, examine the data recorded
on Data Sheeb-3 and select the three average RF input levels that resukedylachannel
BEP readings of Sappr'd xamad Hesdlevel®Wil be 0
identified as X, Y, and ZData sheets-8(1) and 54(2) can be used for measurements at
levels X, Y, and Z interchangeably by simply deleting two of the letters and entering the
selected average RF level on ttega sheefThe ranges of RF levels for the variable channel
are selected by again examinindgta Sheeb-3. The detailed procedures follow.

4. While holding the channel 1 average RF input constant at level X, vary the channel 2 average
RF input level in 20B steps over the range shownata Sheeb-3 for Test5.3. Using
these procedures, measure channel 1 BEP, channel 2 BEP, and the combirfeei@gP
the measurement while holding the channel 1 average RF inputs constant at levels Y and Z
For each of the selected channel 1 RF input levels (X, Y, and Z), the channel 1 BEP should
remain constant and need not be measured each time a channel 2 BEP measurement is made.

NOTE The channel 1 BEP should be checked occasionally to make sure that the
/ not excessive (10 percent of the total bit errors or 20 bit errors, whichever
greater) If the bit error change is excessive, additional waprtime may be
required to allow the signal generator and the receiver to stabilize.

5. Repeat the measurement sequence describégipmn3and 4 with the channel 2 average RF
input held constant at levels X, Y, and Z rather than chaniedord data obata Sheeb-
4(2).

5.4.6 Data ReductionThe BEP at the combiner output should be less than or equal to the
BEP of thefibesb channel A 0.5-dB degradation, interpolated from datalest5.3, is

allowable If this condition is not true, the combiner and receiver alignment and interconnections
should be checkedf everything is correct, the combinemstworking properly.
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Data Sheet 54(1). Diversity Combiners

Test5.4 Dynamic, unequal RF signal strength (inphase fading)
Manufacturer: Model: Serial No.:

Test Personnel: Date:

Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level Bit Error Probability
Channel IRF Channel RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
X, Y, Z
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Data Sheet 54(2). Diversity Combiners

Test5.4 Dynamic, unequal RF signal strength (inphase fading)
Manufacturer: Model: Serial No.:

Test Personnel: Date:

Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level Bit Error Probability
Channel IRF Channel RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
X, Y, Z
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5.5. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-phase Fading
and Equal RF Signal Strengths

5.5.1 PurposeThis test evaluates the dynamic performance of a diversity combiner with
periodic outof-phase fading and equal RF signal strengths.
5.5.2 Test EquipmentRefer toSubsectiorb.3.2

5.5.3 Setup Connect the test equipment as showRigure5-2 andFigure5-3. See
Subsectiorb.1.3for additional setup information.

5.5.4 Conditions Use the test conditions describedSnbsectiorb.1.4
5.5.5 Procedure
1. Record data obata Sheeb-5.

2. Repeat all oSubsectiorb.3.5 except in &p5 do not remove the 9@elay in one path of
the modulation sourc&he AGC fade envelopes will then be 18t of phase.

5.5.6 Data ReductionThe BEP at the combiner output should be less thasiigéechannel
BEP at an 8B stronger RF power levdf this condition is not true, the combiner and receiver
alignment and interconnections should be chedkederything is correct, the combinerrist
working properly.
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Data Sheet 55. Diversity Combiners
Test 55 Dynamic, equal RF signal strength (oubf-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level Bit Error Probability
Channel 1 Channel 2 )
(dBm) (dBm) Channel 1 Channel 2 Combined
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5.6. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-Phase Fading
and Unequal RF Signal Strengths

5.6.1 PurposeThis test evaluates the dynamic performance of a diversity combiner with
periodic outof-phase fading and unequal RF signal strengths.
5.6.2 Test EquipmentRefer toSubsectiorb.3.2

5.6.3 Setup Connect the equipment as showrrigure5-2 andFigure5-3. SeeSubsection
5.1.3for additional setup information.

5.6.4 Conditions Use the test conditions describedSnbsectiorb.1.4
5.6.5 Procedure
1. Record data obata Sheet56(1) and 56(2).

2. Check or repedbubsectiorb.3.5 except instep5 do not remove the 9@elay in one path of
the modulation sourc&he AGC fade envelopes will then be 18t of phase.

3. Repeasteps 3 through 5 in Subsectiod.5

5.6.6 Data ReductionThe BEP at the demodulated output gfredetectioncombiner should
be less than the BEP of tReesb single channel with a-@B weaker RF power levdr this
condition is not true, the receiver and combiner alignment and interconnections should be
checkedlf everything is correct, the combinermstworking properly.
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Data Sheet 56(1). Diversity Combiners
Test 5.6 Dynamic, unequal RF signal strength (oubf-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level

Bit Error Probability

Channel IRF | Channel 2RF _
(dBm) (dBm) Channel 1 Channel 2 Combined
A
X, Y, Z
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Data Sheet 56(2). Diversity Combiners
Test 5.6 Dynamic, unequal RF signal strength (oubf-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

RF Input Level

Bit Error Probability

Channel IRF | Channel 2RF _
(dBm) (dBm) Channel 1 Channel 2 Combined
A
X, Y, Z
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5.7. TEST: Diversity Combiner Break Frequency

5.7.1 PurposeThis test determines the fading frequency at which the combiner performance
starts to degrade significant@ombiners used in applications where flame or plume attenuation
are likely such as missile or launch vehicle tests are subject to very high frequency fade rates.

5.7.2 Test EquipmentRefer toSubsectiorb.3.2

5.7.3 Setup Connect the test equipment as showRigure5-2 andFigure5-3. See
Subsectiorb.1.3for additional setup information.

5.7.4 Conditions Use the test conditions describedSnbsectiorb.1.4
5.7.5 Procedure
1. Record data obata Sheeb-7.

2. Adjust the test setup for the equal RF signal strengtioiepbase fading condition as
described inrest5.5. Make sure that the delay in one path from the modulation source to the
phase shifter is equivalent to a°3hase shift at each of the fade rafsst the fade rates as
shown orData Sheeb-7.

3. Use the lowest fading rate shown on tla¢a ieetto adjust the average level of the RF
fading signals to give a combined BEP of approximately. Next, measure the dynamic
BEP of the single channelBhey should be approximately equalight adjustment of the
average RF fading signals or adjustment of the fade depths may be required to make the BEP
reading approximately equal.

4. Measure the combined BEP for each of the fade rates sholdatarheeb-7. Maintain the
180 out-of-phase condition for each fade rafdeck thesinglechannel BEP occasionally to
ensure that it remains approximately constant.

5. The combined BEP will increase and a fade rate will be reached when the combined BEP has
degr ade d*ltmay be nedessard to interpolate between two fade fdiesfade rate
is defined as the break frequency.

5.7.6 Data ReductionThe break frequency should be high enough to handle the highest fade
that will be encountered in an operational environmental.
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Data Sheet 57. Diversity Combiners
Test 5.7 Dynamic, break frequency
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: PostD:

Single channel measurement technique used:

Average RF
Input level

Static BEP

Approximate
Dynamic
BEP

Channel
2 (dBm)

Channel
1 (dBm)

Channel
1

Channel
2

Channel
1

Channel
2

Fade
Rate
(fades/
second)

Combined
BEP

1x104

1x104

10

20

50

100

200

500

1,000

2,000

5,000

10,000
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TEST: Diversity Combiner Evaluation with Random Fading

5.8.1 PurposeThis test evaluates the dynamic performance of a diversity combiner with
random fading.

5.8.2 Test EquipmentUse the equipment listed Bubsectiorb.3.2 plus twoGaussiamoise
sources.

5.8.3 Setup Connect the test equipment as showRigure5-2 andFigure5-3. See
Subsectiorb.1.3for additional setup information.

5.8.4 Conditions Use the test conditions describedSnbsectiorb.1.4
5.8.5 Procedure

1.

Setup for 26dB fading with sinusoidal signals as describe®ubsectiors.3.5 Measure the
voltagesthatcause the peaks and nulls of the AGC to acthis measurement is done by
observing the AGC voltage on an oscilloscope and noting the levels of the peaks and nulls

Replace the sinusoid with a dc voltagejust the voltage until the AGC null is observed and
measure this voltagécrease the voltage until the previously noted AGC peak is observed
and measure this voltage

Set the dc offset into the phase shifter equal to the voltage that gave the AGC peak and also
insert aGaussiamoise signal with rms equal to 0.4 times the voltage (peak minus null)
measured previouslrhis setup will produce random fadinhe bandwidth of the noise can

be changed to produce different fade rafé® amplitude of the noise must be readjusted to
keep the rms equal to 0.4 times the voltage (peak minus null) measured previously

This procedure is repeated for both channels with independent noise sbastBs, Test
5.6, andTest5.7 can be repeated with random fadiipe data sheetsom those tests can be
used to record this data

NOT‘}, A reasonable range of noise bandwidths is 500 Hz to

kHz.

5.8.6 Data ReductionWith equalsinglechannel signal strengths, the BEP at the
demodulated output of @re-detectioncombiner should be better than the BEPs of the single
channels at a-dB stronger RF power levebubparagraphS.6.6and5.7.6apply for unequal
signal strengths and break frequency testing.
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Data Sheet>-X. (See Note Below).Diversity Combiners

Test 5.8 Diversity combiner evaluation with random fading
Manufacturer: Model: Serial No.:

Test Personnel: Date:

Mode: Pre-D: PostD:

Single channel measurement technique used:

NOT? Step 4, Subsectioh8.5guidance is repeated here for Tes

This procedure is repeated for both channels with independent noise
sourcesTest5.5, Test5.6, and Tesb.7 can be repeated with random
fading The data sheets from those tests can be used to record this da
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5.9. TEST: Pre-detectionCombiner Band Pass Frequency Response using Phase
Modulated Signal

5.9.1 PurposeThis test measures the effectiwe-detectionband pass bandwidth of the
combination of twdl'M receivers and the diversity combiner.

5.9.2 Test EquipmentAn RF signal generator with PM capability, siwavegenerator, two
TM receivers (or ondualchannel receiver), microwave counter, microwave spectrum analyzer,
RF counter, wave analyzer (or spectrum analyzer), and power splitter.

5.9.3 Test MethodThis method measures diversity combiner bandwidth uspitaae

modulated carrier and takes advantage of the principle that the amplitudes of the Bessel
sidebands of a PM carrier do not change with the modulating frequency (phase deviation held
constant) Additionally, this method is well suited to automated testing; however, it is not
recommended for manual testing, but it works for diversity combiners, which do not have MGC.

5.9.4 Setup Connect the test equipment as showRigure5-5.

MICROWAVE
COUNTER
RF
’ COUNTER
RECEIVERS | LINEAR
RF SIGNAL > POWER "l AND T/‘
GENERATOR SPLITTER COMBINER
VIDEO WAVE
‘ ANALYZER
SINE MICROWAVE
WAVE SPECTRUM
GENERATOR ANALYZER

Figure5-5. Combiner Band Pass Response using RNeskulated Signal

5.9.5 Conditions The RF signal generator frequency should be set to the receiver center
frequency, and the output power should be sufficient to givedB3lF SNR or as desire@he

IF bandwidthof the TM receiver should be set to the widest available valbhe wave analyzer
(or spectrum analyzeBRBW should be set to 3 kHEor narrowlF bandwidtls, use &BW no
wider than 0.03 times the diversity combihielbandwidth

5.9.6 Procedure

1. The first step in this procedure will be to set the gelskdeviation of the RF signal
generator to approximately 8'his setting can be achieved by adjusting the amplitude of
the sinewavegenerator (frequency = 10 kHz), while monitoring the RF signal using the
microwave spectrum analyzer until the carrier component and the first order sidebands are
equal in amplitudg(The second order sidebands should be approximately 8 dB lower in
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amplitude) Increase the sin@avegenerator frequency to a value equal to two times the
diversity combinetF bandwidth Use two times the receiver bandwidth if the combiner
bandwidth is unknowrVerify that the carrier component and the first order sidebands are
within 1 dB of each othetf they are not within £1 dB, the RF generator will not have
sufficient bandwidth to perform this test.

NOT? This method will not work if the RF signal generafbi]

receivers, or diversity combiner under test has excessiv
incidental phase, frequency modulation, or frequency dr

Set the sinavavegenerator to a frequency equal to 0.05 times the diversity comibiner
bandwidth Measure and record the amplitudes of the carrier component and both first order
sidebands at the diversity combiner linear IF outjparease the sineavegenerator

frequency in steps of 0.05 times the diversity comblifdrandwidth The maximum

frequency will be two times the diversity combinErbandwidth Measure and record the
amplitudes of the carrier component and both first order sidebaridiatarsheeb-9.

5.9.7 Data Reduction

1.

Average the values of the first order sideband amplitudes at a modulation frequency of 0.05
times theF bandwidth Subtract this value from the amplitude of the carrier component with
this modulating frequencyJse the value as a correction value for all other data points
Subtract the amplitude of the carrier component from each sideband amplitude and add the
correction valueRepeat for all modulating frequencies.

The 3dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
frequencyPerform a linear interpolation between this frequency and the adjacent frequency
where the signal was attenuated by slightly less than 3 dB to firaghgieximate upper and
lower 3-dB frequenciedslf the signal were attenuated by @B at frequencyifand A dB at
frequency 1, the approximate-8B frequency would &

-3
o+ 223 (1,0 1) (Eq.51)
Let: f1 =10.45MHz,
f =10.5MHz,
A1 =2.2dB,
A2 =3.2dB,
then: fiags = 10.45+ {(2.27 3)/(2.21 3.2)} (10.51 10.45 = 10.49MHz.

The composite IF filter equivalent noise power bandwidth with respect to the center
frequency can be calculated by dividing the measured power at each frequency by the
measured power at the center frequency and then multiplying each of these values by the
frequency step size and adding all of these values.
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Data Sheet £9. Diversity Combiners

Pre-detectioncombiner band pass frequency response usimnase

Test 5.9 i
modulated signal
Combiner Manufacturer: Model:
Serial No.:
Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date:
Modulating Frequency FC Amplitude FC1 FM Amplitude FC + FM Amplitude
(dB) (dB) (dB) (dB)

Upperi 3-dB frequency:

LowerT1 3-dB frequency:

1 3 dB frequency:

Equivalent noise power bandwidth:
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5.10. TEST: Pre-detectionCombiner Band Pass Frequency Response using Unmodulated
Signal

5.10.1 PurposeThis test measures the effectwe-detectionband pass bandwidth of the
combination of twdl'M receivers and the diversity combiner.

5.10.2 Test EquipmentAn RF signal generator, power splitter, tivivl receivers (or onduat
channel receiver), spectrum analyzer (or wave analyzer)RBWV ¢3 percent of specified
diversity combiner band pass filter bandwidth and effedfiB&v of ¢1 percent oRBW, and
oscilloscope camera or plotter for recording spectrum analyzer display.

5.10.3 Test MethodThis method measures diversity combiner bandwidth using an
unmodulated carrier input signal with an3RNR of approximately 10 to 20 dB his test can be
performed with diversity combiners in the AGC moliean also be performed on diversity
combiners with only a limited IF outpukhis test is suited for both manual asaimputer
controlledtesting.

5.10.4 Setup Connect the test equipment as showRigqure5-6.

MICROWAVE
COUNTER
o POWER » RECEIVERS o > SPECTRUM
RF SIGNAL v SPLITTER AND " ANALYZER
GENERATOR COMBINER

'

CAMERA
OR
PLOTTER

Figure5-6. Combiner Band Pass Response using Unmodulated Signal

5.10.5 Conditions Set the RF generator frequency to the receiver center frequiatjogt the

RF generator output power to produce a combiner IF SNR of between 10 andT2@&¢tB
bandwidthof the TM receiver should be set to the widest available v&eethe spectrum
analyzer center frequency to the diversity combiner IF output center freqéelpast the

spectrum analyzer sweep width to sweep from IF center frequency minus 2.5 times sipecified
bandwidthto IF center frequency plus 2.5 times specifietbandwidth For a diversity combiner
with a 186MHz IF output and a-MHz IF bandwidth the spectrum analyzer would be set to
sweep from 7.5 to 12.5 MHz with a-B®#z RBW and a 30eHz VBW. If the spectrum analyzer
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only has certain span settings, use the smallest s#ititig greater than or equal to the
calculated setting.

5.10.6 ProcedureMeasure and record the noise spectrum at the diversity combiner IF. output
Attach the photograph or plot to tbata Sheeb-10.

5.10.7 Data ReductionEstimate the gain (loss) at the frequencies listeData Sheeb-10.
(Estimate noise power at center frequency not signal ppis&tiimate (calculate) the3-dB
bandwidth of the diversity combiner band pass oufRatord this value oBata Sheeb.10.
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Data Sheet 510.

Diversity Combiners

Pre-detectioncombiner band pass frequency response using

Test5.10 unmodulated signal

Combiner Manufacturer: Model:

Serial No.:

Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date:

Frequency

Amplitude (dB)

Fo

Fol BW/2

Fo + BW/2

Fol BW

Fo+ BW

Fol 2 BW

Fo+ 2 BW

Fo = IF center frequency

BW = IF bandwidth(i 3 dB)

Estimated 3-dB bandwidth:
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5.11. TEST: Combiner Data Frequency Response

5.11.1 PurposeThis test measures the data frequency response of the combinationTdfl two
receivers and a diversity combin&his test can be performed on eithgradetectioncombiner
or apostdetectioncombiner with demodulator.

5.11.2 Test EquipmentSinewavegenerator, RF signal generatbatcan be frequency
modulated ophasemodulated or both, power splitter, tWd/ receivers (or ondualchannel
receiver), microwave counter, oscilloscope, wave analyzer, and microwave spectrum analyzer.

5.11.3 Test MethodThis test measures data frequency response by measuring the receiver
video output level while varying the modulation frequeridye carrier deviation is kept at a
constant value.

5.11.4 Setup Connect the test equipment as showRigure5-7.

MICROWAVE
COUNTER
A
FMPM POWER RECEIVERS
RF SIGNAL SPLITTER AND
GENERATOR COMBIINER
A
VIDEO WAVE
» ANALYZER

SINE WAVE MICROWAVE
SINE WAVE ACROVAY! DSCILLOSCOPE

ANALYZER

Figure5-7.  Combiner Data Frequency Response

5.11.5 Conditions The signal generator should be set to an output frequency equal to the
receiver center frequency and an output amplitude sufficient to giveB3B SNR The
diversity combiner video output should be set to approximately 0 Vdc with an unmodulated
center frequency input.

5.11.6 Procedure

1. The first step in this procedure will be to set the RF signal generator peak deviaion
diversity combiner with an FM demodulator is being used, set the peak deviation equal to the
selected/BW. (ThelF bandwidthshould be at least twice tMBW.) The peak deviation
can be set using Bessel nulls or whatever method the test operator is familifravith
diversity combiner with a PM demodulator is being used, set the peak deviatidh $282
the sinewavegenerator frequency to two times ¥BW. Measure the difference (in dB)
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between the modulated carrier amplitude and the amplitudes of the first sidebamtipair
difference should be 11.8 dB for frequency modulation (sidebands lower than modulated
carrier) and 0 dB foPM. If both sidebands are not between 10.8 and 12.8 dB (x1 dBMbdr
lower than the modulated carrier, the frequency response of the signal generator is not
adequate for this test, and a different signal generator must be used.

NOT? This test can also be performed using a spectrum analyzer with

tracking generator in place of the swavegenerator and wave
analyzer

2. Set the sin@vavegenerator frequency to onenth of the diversity combin®&BW. Maintain
the sinewavegenerator amplitude equal to the value determinetemls Measure the
output on the wave analyzer and recordata Sheeb-11.

3. Increase the sin@avegenerator frequency in steps of eeath for the diversity combiner
VBW while maintaining the output amplitude constdrte highest singvavegenerator
frequency will be equal to twice the diversity combiw@&W. Measure and record the video
output onData Sheeb-11 for each frequency.

5.11.7 Data ReductionSubtract the video output amplitude (in dB) at-teweth thevBW
from the amplitude at each of the other frequen&esord orData Sheeb-11.
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Data Sheet 511.

Diversity Combiners

Test 5.11

Combiner data frequency response

Combiner Manufacturer:

Model:

Serial No.:

Combiner IF BW:

kHz | Receiver IF BW:

kHz

Combiner video BW:

kHz | Receiver video BW:

kHz

Combiner type: Postdetection

Pre-detection

FM:

Demodulator type:

PM:

Other:(

Test Personnel:

Date: Location:

Video Bandwidth
(VBW)

Frequency

Amplitude
(dB)

Relative Amplitude
(dB)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

15

1.6

1.7

1.8

1.9

2.0
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5.12. TEST: Combiner Pre-detectionCarrier Output

5.12.1 PurposeThis test measures the amplitude, frequency stability, and accuracy of the
diversity combinepre-detectioncarrier outputOutput instability and frequency errors could be
caused by problems in any of th®l receiver or diversity combiner local oscillators.

5.12.2 Test EquipmentTwo TM receivers (or onduaklchannel receiver), RF signal generator,
microwave counter, counter, true rms voltmeter, power splitter, and wave analyzer (optional).

5.12.3 Test MethodThis test measures the amplitude and frequency girthéetection
output and is suitable for manualamputercontrolledtesting The pre-detectiondown
converter may be in the diversity combiner or in an external accessory housing.

5.12.4 Setup Connect the test equipment as showRigure5-8.

MICROWAVE
COUNTER
) TRUE ms
VOLTMETER
—
RECEIVERS
RF SIGNAL POWER o] AND  |EREDS RF
GENERATOR » SPLITTER COMBINER |CARRIER COUNTER

™ WAVE
ANALYZER
(OPTIONAL)

Figure5-8.  CombinerPredetectionCarrier Output

5.12.5 Conditions The RF signal generator must be stabilized before the test is stdréed
TM receivers and diversity combiner should be on for the specified-wpriime before the
start of the testSet the RF signal generator frequency to the center frequencyfithe
receiver Set the RF signal generator output powdar36 dBm.

5.12.6 Procedure

1. Select gore-detectioncarrier frequencyMeasure the amplitude and frequency ofghe
detectionoutput Record these values @ata Sheeb-12. The frequency at the diversity
combiner input shall also be counted and recordddata Sheeb-12.

2. Repeattepl at 5minute intervals over a-iour time intervalThe interval between
measurements and the total test time can be varied at the discretion of the test personnel.

3. This procedure can be repeated for offrerdetectioncarriers as desired.

5.12.7 Data ReductionRecord the maximum and minimum frequencies and amplitudes
measuredCalculate and record the maximum frequency error (measured frequse®cted
frequency).
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Data Sheet 512. Diversity Combiners

Test5.12 Combiner pre-detectioncarrier output
Combiner Manufacturer: Model:
Serial No.:
Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date: Location:
Carrier frequency: kHz
Combiner Input Pre-detection Output

Time Frequency Frequency Amplitude
Maximum frequency: kHz
Minimum frequency: kHz
Maximum frequency error: kHz
Maximum amplitude: V rms
Minimum amplitude: V rms
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CHAPTER 6
Test Procedures for Telemetry Downconverters

6. General

This chapter describes the test procedures used to measure the paraméters of
downconverterdncluded are methods for determiningl® gain compression, saturation level,
bandwidth, smalkignalpower gain, IM products, IP, VSWR, noise figure, channel isolation,
spurious signal generation, image rejection, and local oscillator frequency acdlresy tests
are generally performed under laboratory condititih&owever, the downconverter is to be
used under adverse conditions, testing should be adisbiegh whenever possible under
conditions close to those expected during normal operation.

Table6-1 lists the types of tests anfkir test and paragraph number.
Table 6-1. Test Matrix For TM Downconverters

Test Number Test Description
6.1 Gain compression and saturation level
6.2 Bandwidth and passband gain characteristics
6.3 IM products and intercept point

Voltage standing wave ratio

Noise figure

Channel isolation

Spurious signal

Image rejection

Local oscillator frequency accuracy and stability
0 Local oscillator radiation

A
[le] [ee} EN] [ep} [63] N

o
|

6.1. TEST: Gain Compression and Saturation Level

6.1.1 PurposeThis test measures thedB gain compression point and the saturation level
These tests are important in determining the maximum input signal levels the downconverter can
handle without causing distortion of the sigridie 2dB gain compression point is defined as

the point where the gain of a downconverter has decreased 1 dB from theignatain The
saturation level is the maximum output level.

6.1.2 Test EquipmentSignal generator, spectrum analyzer, two power meters, power splitter,
and terminations (characteristic impedance).

6.1.3 Test MethodThis test measures the input and output power levels while increasing the
input power level.

6.1.4 Setup Connect the test equipment as showRigure6-1. Unused downconverter
inputs and outputs should be terminated in their characteristic impetfaheedownconverter
is aduaklchannel unit, this test should be performed on both channels.
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SPECTRUM
POWER — ANALYZER
SIGNAL > —] DOWNCONVERTER [
GENERATOR SPLITTER |
|
| POWER
l METER
POWER
METER

Figure6-1.  Downconverter Gain Compression and Saturation Level Test Setup

6.1.5 Conditions Perform this test under laboratory conditions after the specifiedawprm

time. All procedures are conducted with continuauesvesignals (unmodulated) into the device
under testSet the frequency of the signal generator to the center frequency of the downconverter
under test.

6.1.6 Procedure

1.

Set the generator output level to a value 30 dB below the specifiBdyhain compression

input level of the downconvertdylonitor the output using the spectrum analyzer to verify

that no significant spurious signals are present at the downconverter. fugrge spurious
signals are present, the downconverter may not be usable until the problem is corrected
However, gain compression can be measured by using the spectrum analyzer instead of the
power meter to detect output power at desired frequditneyrest of this procedure will

assume that no significant spurious signals are present.

Connect the power meter to the downconverter oulpedsure and record the input and
output power levels (in dBm) ddata Sheeb-1. The difference between the output and input
levels is the smakignalgain at center frequency.

Increase the input power until the difference between the input and output powers is 1 dB
less than the smatlignalgain measured irtep 2. Record the input and output powers on
Data Shee6-1.

Increase the input power until the output level peBksl the smallest input signal leveht
gives this output leveRecord the input and output levels Data Sheef-1.

6.1.7 Data ReductionCompare the measured values with the specified values.




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Data Sheet 61. Telemetry Downconverters
Test 6.1 Gain compression and saturation level
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input frequency: MHz
Output frequency: MHz
Small signal
Input power: dBm
Output power: dBm
Gain dB

1 dB gain compression

Input power: dBm
Output power: dBm
Gain dB

Saturation level

Input power: dBm

Output power: dBm
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6.2. TEST: Bandwidth and Passband Gain Characteristics

6.2.1 PurposeThis test measures the passband gain characterigticdwidth is defined as

the maximum range of frequencies over which the amplitude response does not decrease more
than 3 dB from the reference paifitiese tests ensure that the downconverter will operate

properly over the intended frequency band and that the downconverters gain performance will be
fairly uniform across the band.

6.2.2 Test EquipmentSignal generator, spectrum analyzer, two power meters, power splitter,
and terminations (characteristic impedance).

6.2.3 Test MethodThis test measures the input and output power levels while the input
frequency is varied.

6.2.4 Setup Connect the test equipment as showRigure6-2. Unused downconverter
inputs and outputs should be terminated in their characteristic impedfatheedownconverter
is aduaklchannel unit, this test should be performed on both channels.

—»| SPECTRUM
. ANALYZER
SIGNAL M OMER » DOWNCONVERTER [
GENERATOR ‘
|
|  POWER
METER
POWER
METER

Figure6-2.  Downconverter Bandwidth and Passband Gain Characteristics

6.2.5 Conditions Perform this test under laboratory conditions after the specifiedawarm
time. All procedures are conducted with continueuesvesignals (unmodulated) into the device
under test.

6.2.6 Procedure

1. Set the signal generator frequency to the center of the passband of the device uis#tr test
the signal generator level to a value 20 dB below td8 fyain compression input level
measured iTest6.1. Measure the input and output power levélse output power levels
can be measured using either the power meter or spectrum anBlzerd orData Shees-

2.

2. Set the signal generator frequency to the lowest frequency in the specified band pass
Measure the input and output power levels and recoiaba Sheeb-2.

3. Set the signal generator frequency to the highest frequency in the specified band pass
Measure the input and output powers and recordaia Sheef-2.

4. Tune the signal generator across the band of inté&test and record any abnormal changes
in gain versus frequency @ata Shee6-2. Continue tuning until response drops
approximately 10 dB to ensure that the actual downconverter band edges have been reached
Retune the signal generator and record BB points (relative to center frequency gain)
onData Sheeg-2.
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5. This test can also be performed using a sweep generator and network analyxieieor a
bandnoise source and a spectrum analyzer in place of the signal generator and output power
meter.

6.2.7 Data ReductionCalculate the gain by subtracting the input power from the output
power Record orData Shee-2 in the gain column.

6-5



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Data Sheet €2. Telemetry Downconverters
Test 6.2 Bandwidth and passband gain characteristic
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:

Input Output Gain

Center frequency MHz MHz
(per specification) dBm dBm dB
Lowest frequency MHz MHz
(per specification) dBm dBm dB
Highest frequency MHz MHz
(per specification) dBm dBm dB
Low T 3-dB MHz MHz 4B
frequency dBm dBm
High1 3-dB MHz MHz dB
frequency dBm dBm

6-6




6.3.
6.3.1

Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry

Radio Frequency (RF) SubsysteREC 11825 Septembe025

TEST: Downconverter IM Products and Intercept Point

deter mi ne
Multiple high-level input signals, as can be found in m&Ry~richo environments, can create
situations in which interfering signals are generated internal to the downconVkeévl
products and intercept point are discussed in more detagpendix A

6.3.2

a

PurposeThis test measures the IMaalucts and 1Bf a downconverteiThese tests
downconverteros

ability to

Test EquipmentTwo signal generators, two isolators ordB attenuators (20 dB if

oper at

resistive combiner used), power combiner, spectrum analyzer, and terminations (characteristic
impedance).

6.3.3

amplitudes of the fundamental and thodier outputs.

Test MethodTwo RF signals are summed and applied to the downconverter Triaut
output spectrum is measurdéthe thirdorder intercept point is calculated from the relative

6.3.4 Setup Connect the test equipment as showRigqure6-3.
SIGNAL ISOLATOR
GENERATOR > OR
1 ATTENUATOR >
POWER
COMBINER TP DOWNCONVERTER
SIGNAL ISOLATOR R |
GENERATOR > OR > |
2 ATTENUATOR :
w
'_,|  SPECTRuM
ANALYZER
Figure6-3.  Intermodulation Products and Intercept Point Test Setup
6.3.5 Conditions Perform this test under laboratory conditions after the specifiedsawprm

time. All procedures are conducted with continuauesvesignals (unmodulated) into the device
under testThe isolators (or attenuators) between the signal generators and power combiner
provide isolation between the generators to minimize interference between the generators

Spurious outputs or incident®M may degrade the accuracy of the results of thisAdst

unused downconverter signal inputs and outputs shoulerimeniated in their characteristic

impedance.
6.3.6 Procedure

1.

Set the frequencies of the fundamental signalsutfl ) near the mieband frequency of the
downconverter under tegthe spacing of the fundamental signals is not critical as long as the
third-order products are within the downconverter passband; that isf2dnd 261 f1 must

be within the downconverter bandwidth.

Set the output level ofagh signal generator to a convent reference level, for exampleg0

dBm. Connect the spectrum analyzer to the power combiner output and observe the
spectrumAdjust the display width to include the two fundamentals and the twodhiiel
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IM products as shown iRigure6-4. Only signals at frequencieg &nd f, should appear
Increase the output power of both signal generators-oiBléteps until the amplitude of
each signal i§20 dBm (or at least 10 dB below thelB compression level measured in
Test6.1) as measured on the spectrum analyllee signals should increase in-dB steps,
and no extraneous signals should be pre3éig technique ensures that IM products are not
being produced in the power combiner or spectrum analyzer.

;p REF @, ABm ATTEN 19 db

1@ dB# l

I

|
\aepowre? \Wl ﬂ

CENTER 285.0 MH=x SPAN 29, 2 MH=
RES BW 12 kH=z VBW 1 HH=z SWP &3 maao

Figure6-4.  Downconverter Intermodulation Products

NOTE Spectrum analyzers may produbé products when a higlevel signal is
applied to the inputf IM products occur, attenuate the signal at the inp
the spectrum analyzdvlost analyzers have a buift attenuatar

3. Reconnect the downconverter between the power combiner and the spectrum .anatlyzer
the power at the input of the downconverter 2@ dBm (or other input level at least 10 dB
below XdB compression level), measure and recor@ata Shee-3 the power levels at
frequencies ofif f, 2f1 T f2, and 251 f1.

4. Reduce both input power levels to the downconverter idB.8tepsMeasure and record on
Data Shee6-3 the power levels at frequencies offf, 2f1 T f2, and 281 f1. Continue to
reduce the input power levels until the thaxtler IM products decrease to the noise floor.
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6.3.7 Data ReductionThe thirdorder intercept point can be calculated using (all values in
dBm):

3 0
Pos= = P, - 103

2 2 (Eq. 61)

Where:

IPoz = the calculated output power at iwh the power of the thirdrderIM product
is equal to the power of the fundamental signal

Po = measured fundamental outgagwer (higher of two measuredlues)

IMoz = measured thirdrderIM power (higher value)

The calculated thirdrder intercept point (3) should be similar for each input power levies
discussed iM\ppendix A the thirdorder intercept point can be used to estimatéNhpower

for any pair of input signals of equal amplitude and can also be used to calculate the spurious
free dynamic rangd& he thirdorder intercept point will usually be approximately 10 dB higher
than the 1dB gain compression point output power ($est6.1).
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Data Sheet €3. Telemetry Downconverters
Test 6.3 Intermodulation products and intercept point
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
FREQUENCY
Input Output
fiz MHz f1 MHz
fi2 MHz fo MHz
2f11 f2 MHz
2f21 f1 MHz
Power (dBm)
Inputs Outputs
fi1 fio f1 o 2f11 o 2f21 f1 IPo3
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6.4. TEST: VSWR

6.4.1 PurposeThis test determines the quality of the impedance match of the device under
test by measuring the VSWReflections of the signal, caused by an impedance mismatch, can
result in distortion of the signal and a reduction in signal power.

6.4.2 Test EquipmentSweep generator, standing waatiao (SWR) test set, network
analyzer, terminations (characteristic impedance), and RF short.

6.4.3 Test MethodThis test measures VSWR using a network analyaeTests2.4and3.4
for alternate methalising a spectrum analyzer.

6.4.4 Setup Connect the test equipment as showRigure6-5.

SWEEP > TE§¥V§ET L »| DOWNCONVERTER
GENERATOR
NETWORK
ANALYZER

Figure6-5. Downconverter VSWR Test Setup

6.4.5 Conditions Perform this test under laboratory conditions after the specifiedsaprm
time. All procedures are conducted wit. OCKWISE signals (unmodulated) into the device
under testFollow procedures recommended in network analyzer operating manual.

6.4.6 Procedure

1. Set the sweep generator frequency to the sweep across the passband of the downconverter
under test and adjust the calibrated attenuator for a level of edd@dutBm into the SWR test
set.

2. Connect the short circuit termination to the SWR test set and establish a convenient reference

level on the network analyzek 0-dB reference is very convenient to use with the network
analyzer set for a log display.

3. Remove the short circuit termination and connect the downconverter input to the SWR test
set Terminate the downconverter output port with its characteristic impedabserve the
signal level on the network analyz&he difference between the reference level established
in step2 and the new level in dB is the return loss.

4. Record the return loss in dB at convenient increments across the bBataddheeb-4.
Note and record any abnormal changes in return loss versus frequency as the generator is
tuned.

5. Reverse the downconverter connection in the test setup and rgpsatthrough 4 (using
output frequency passband) to obtain the downconverter output return loss.
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6.4.7
equation:

L, = 20log

«O M Qo
\&ﬂsH
-|-GDO

ro= 1
antilog (L / 20)

1+ r
1-r

VSWR=

Where:
Lr =return loss measured
} = reflectioncoefficient of load being measured

Note: SeeTable3-2.

6-12

Data ReductionThe VSWR can be calculated from the return loss using the following

(Eq.6-2)

(Eq. 63)

(Eq. 64)



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

Data Sheet &4. Telemetry Downconverters
Test 6.4 Voltage standing wave ratio
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:

Frequency(MHz)

Return Loss (dB)

VSWR
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6.5. TEST: Noise Figure

6.5.1 PurposeThis test measures the noise figtivatis the ratio of the input signal to noise
divided by the output signal to noise expressed inS#&Appendix Bfor a discussion of noise

figure. The noise figure of a device is a measure of how much noise is added to the signal by that
device The lower the noise figure, the better the device.

6.5.2 Test EquipmentNoise figure meter, noise source, and terminations (characteristic
impedance).

6.5.3 Test MethodThis test measures noise figure using a calibrated noise source and an
automatic noise figure meter.

6.5.4 Setup Connect the test equipment as showRigure6-6.

NOISE
NOISE » DOWNCONVERTER > FIGURE
SOURCE METER

Figure6-6. Downconverter Noise Figure Test Setup

6.5.5 Conditions Perform this test under laboratory conditions after the specifiedawprm
time. Carefully follow operating procedures and cautions in noise figure mahpassible, this
test should be conducted with an automatic noise figure meter in the fixed external local
oscillator with variable frequency IF madgeeTests2.5, 2.6, 3.5, or4.2for alternate test
configurations if this type of meter is not available.

Field effect transistor amplifiers can be damaged by nois
‘ & spikes

6.5.6 Procedure

1. Configure noise figure meter to operate in fixed external local oscillator with variable
frequency IF modeCalibrate noise figure meter using method recommended in the manual.

2. Reconnect test equipment as showRigure6-6. Measure the noise figure in-MHz steps
by varying the measurement frequency of the noise figure niteord these values on
Data Shees-5.

3. Find the maximum noise figure by sweeping the measurement frequency across the band in
1-MHz stepsRecord the frequency and noise figureDmata Sheeg-5.

6.5.7 Data ReductionCompare the measured values to the specification.
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Data Sheet €5. Telemetry Downconverters
Test 6.5 Noise figure
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Measurement Frequency (MHz) Noise Figure (dB)
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6.6. TEST: Channel Isolation

6.6.1 PurposeThis test measures the isolationdB between channels of a dichlannel
downconverterOmit this procedure when testisgmglechannel downconvertera duat

channel downconverter is one in which two RF channels, usually housed in a single chassis, are
downconverted using a common local oscilla@ood isolation is hecessary to ensure negligible
crosstalk between channels of the downconverter.

6.6.2 Test EquipmentSignal generator, spectrum analyzer, and terminations (characteristic
impedance).

6.6.3 Test MethodThis test measures the isolation between two downconverter channels by
applying a large signal to one channel and monitoring the other channel.

6.6.4 Setup Connect the test equipment as showRigqure6-7.

Y

. SPECTRUM
SIGNAL DOWNCONVERTER >
GENERATOR ANALYZER

Figure6-7.  Downconverter Channel Isolation Test Setup

6.6.5 Conditions Perform this test under laboratory conditions after the wasrtime of at
least 30 minutes.

6.6.6 Procedure

1. Set the signal generator frequency to the center of the passband and set the generator output
level to the maximum specified input level of the downconveserthe spectrum analyzer
center frequency equal to the signal generator frequdegsure the generator output signal
power using the spectrum analyzer and recorData Shee6-6.

2. Connect the signal generator to the channel 1 input@orinect the spectrum analyzer to
the input of channel 2 and terminate the channel 1 and 2 outputs in their characteristic
impedanceMeasure the signal power (if discernible) at the channel 2 input and record on
Data Shee6-6.

3. Connect the spectrum analyzer to the channel 1 output port and adjust the analyzer center
frequency to be equal to the downconverter output frequdmeyninate the channel 2 input
and output in their characteristic impedarideasure the signal power at the channel 1
output and record oData Shee6-6.

4. Connect the spectrum analyzer to the output of channel 2 and terminate the channel 1 output
in its characteristic impedanddeasure the signal power (if discernible) at the channel 2
output and record oData Sheeg-6.

5. Repeatteps 1 through 4 with channels 1 and 2 swapped.
6. Repeatt®eps 1 through 5 for other frequencies as desired.
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6.6.7 Data ReductionCalculate the isolation between the two inputs by subtracting the signal
output (in dB) of the unused input from the input pav@aiculate the isolation between the
channels by subtracting the signal output (in dB) of the unused output from the output power of
the driven channeRecord these values @ata Shee-6.
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Data Sheet 66.

Telemetry Downconverters

Test 6.6 Channel isolation
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input frequency: MHz
Input power: dBm
INPUT POWER (dBm) OUTPUT POWER (dBm)
Channel Other Inpu Isolation Channel I Channel z Isolation
1 dB dB
2 dB dB
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6.7. TEST: Spurious Signal

6.7.1 PurposeThis test measures the spurious signals generated by the downconverter
Spurious signals are defined as any undesired signals in the downconverterSmrtyit

spurious signals are generated by the downconverter (that is, local oscillator related spurs) and
some are the result of IM products formed by the mixing of strong input si&dés to

Appendix Afor a discussion of IM products.

6.7.2 Test EquipmentSignal generator, spectrum analyzer, and terminations (characteristic
impedance).

6.7.3 Setup Connect the test equipment as showRigure6-8. Unused downconverter
inputs and outputs should be terminated in their characteristic impedfatheedownconverter
is aduaklchannel unit, this test should be performed on both channels.

> SPECTRUM
SIGNAL DOWNCONVERTER »
GENERATOR ANALYZER

Y

Figure6-8.  Downconverter Spurious Signal Generation

6.7.4 Conditions Perform this test under laboratory conditions after the specifiedawarm
time. All procedures are conducted with continuauesvesignals (unmodulated) into the device
under test.

6.7.5 Procedure

1. Set the signal generator frequency to the center of the passband for the device uigtgr test
the signal generator level to a value 20 dB below tHB fyain compression input level
measured iTest6.1. Connect the spectrum analyzer to the signal generator ougrifly
that no spurious signals are present at the signal generator output.

2. Connect the signal generator to the downconverter input and the spectrum analyzer to the
downconverter outpuMonitor the spectrum from 10 MHz to 10 GHrecord the frequency
and power of any extraneous signals that are less than 60 dB below the desired output signal
in Data Shee6-7.

6.7.6 Data ReductionAnnotate thedata sheef the detected signal is a harmonic of the
desired signal (harmonic distortion) or equal to the local oscillator frequency (local oscillator
feed through).
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Data Sheet 67. Telemetry Downconverters

Test 6.7 Spurious signal generation
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:

Input frequency: MHz

Signal output frequency: MHz

Local oscillator frequency: MHz

Input power: dBm

Signal output power: dBm

Spurious Signals

Frequency (MHz)

Power (dBm)

6-20




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

6.8. TEST: Image Rejection

6.8.1 PurposeThis test measures the image rejection of the downconvienige rejection

is defined as the ratio of the power of the desired sideband input signal to the undesired sideband
input signal (image signal) as measured at the downconverter.depuwy device using a mixer

and a local oscillator such as a downconverter or receiver is essentially tuned to two frequencies
at the same timd histest measures the downconvegability to differentiate between the band

of frequencies the tester wants to pass verses the band of frequencies the tester wants to reject.

6.8.2 Test EquipmentSweep generator, spectrum analyzer, and terminations (characteristic
impedance).

6.8.3 Test MethodThis test determines image rejection by finding the difference in output
amplitude between an input signal in the specified input band and an input at a frequency equally
spaced on the other side of the local oscillator.

6.8.4 Setup Connect the test equipment as showRigure6-9. Unused downconverter
inputs and outputs should be terminated in their characteristic impedfatheedownconverter
is aduaklchannel unit, this test should be performed on both channels.

SIGNAL » DOWNCONVERTER > SPECTRUM
GENERATOR ANALYZER

Figure6-9. Image Rejection Test Setup

6.8.5 Conditions Perform this test under laboratory conditions after the specified-awgarm
time. All procedures are conducted with continuauesvesignals (unmodulated) into the device
under test.

6.8.6 Procedure

1. Set the sweep generator to slowly sweep across the band of frequencies equal to two times
the local oscillator frequency minus the specified input frequency rengexample, if the
specified input frequency range was 2200 to 2300 MHz and the local oscillator frequency
was 1985 MHz, the sweep generator wdaddset to sweep from 2 (1985200 to 2300) or
1770 to 1670 MHzSet the sweep generator level to a value 20 dB below-tigedain
compression input level measuredliest6.1. Connect the spectrum analyzer to the sweep
generator outpuW/erify that no spurious signals are present at the sweep generator output.

2. Connect the sweep generator to the downconverter input and the spectrum analyzer to the
downconverter outpuMonitor the spectrum in the frequency band of interest (215 to 315
MHz for the previous example)ote the frequencies where the signal is the lar§estthe
sweep generator in fixed frequency mode and find the input and output frequency and output
power of the largest signal and recordata Sheef-8.

3. Set the sweep generator frequency equal to two times the local oscillator frequency minus the
input frequencyhatproduced the largest amplitude mentioned previolgly example, if an
input frequency of 1700 MHz produced the largest output and the local oscillator frequency
was 1985 MHz, set the sweep generator frequency to 2270 Rédprd the input and output
frequencies and output power Data Shee6-8.
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6.8.7 Data ReductionCalculate the image rejection by subtracting the power measured in
step2 from the power measured itep 3.
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Data Sheet €8. Telemetry Downconverters
Test 6.8 Image Rejection
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input power: dBm
Signal
Image Leve Level
(MH2z) (MH2z) Image
Frequency (dBm) Frequency (dBm) Rejection
Input Output Output Input Output Output (dB)
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6.9. TEST: Local Oscillator Frequency Accuracy and Stability

6.9.1 PurposeThis test measures the frequency accuracy and stability of the local oscillator
These are important parameters in determining how close the downconverter output frequency
will be to its intended frequenclocal oscillator inaccuracies or drifting will cause the output
frequency to be off, and potentially, the correspondikreceiver to be mistuned.

6.9.2 Test EquipmenfTwo frequencycounters, RF signal generatrd power splitter.

6.9.3 Test MethodThis test measures the output frequency with a known input frequency
The local oscillator frequency is calculated by subtracting the output frequency from the input
frequency If the local oscillator signal is available as a test point, the local oscillator frequency
can be directly measured and recordedata Shees-9.

6.9.4 Setup Connect the test equipment as showRigure6-10.

FREQUENCY
COUNTER
Y
RF SIGNAL »  POWER » DOWNCONVERTER —#| [ REQUENCY
GENERATOR SPLITTER COUNTER

Figure6-10. Local Oscillator Frequency Accuracy and Stability

6.9.5 Conditions Perform this test under laboratory conditions after the specifiedawprm
time.

6.9.6 Procedure

1. Set the input frequency to the center of the passt&@etdhe input amplitude 1?20 dBm
Count the downconverter input and output frequen&esord the time of day and
frequencies oata Shee-9.

2. Set the input frequency to the highest frequency in the passbaunt the downconverter
input and output frequencieRecord the time of day and frequenciedData Shees-9. If
the output frequency is higher than measuredepX the local oscillator frequency is lower
than the input frequencif the output frequency is lower than measuredép %, the local
oscillator frequency is higher than the input frequency

3. Repeattepl at desired intervals to determine stability (frequency change).

6.9.7 Data ReductionCalculate local oscillator frequency (input frequency minus output
frequency), maximum frequency error (calculated local oscillator frequency minus specified
local oscillator frequency), and total local oscillator frequency change (maximum local oscillator
frequency minus minimum local oscillator frequency) and recordaia Shee-9.
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NOTE This procedure assumes low side local oscillator injection (local oscil
/ frequency lower than input frequencif)high side injection (local
oscillator frequency higher than input frequency) is used, the local
oscillator frequency is theumof the input and output frequencies.
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Data Sheet €9. Telemetry Downconverters
Test 6.9 Local oscillator frequency accuracy and stability
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Specified local oscillator frequency: MHz

Frequency (MHz)
Local
Time Input Output oscillator
Maximum local oscillator frequency err Hz
Local oscillator frequency change: Hz

6-26




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

6.10. TEST: Local Oscillator Radiation at Downconverter Input

6.10.1 PurposeThis test determines if any emissions are appearing at the downconverter input
because of radiation from the local oscillaiadiation from the local oscillator can interfere

with other downconverters @iM receivers in the systenfihis emission interference happens

when the signal from one downconverter's local oscillator is fed back into another
downconverter's inpufhis situation is possible when two or more downconverters are driven
from a common multicoupler or power splitter having poor outputipolation.

6.10.2 Test EquipmentAn RF signal generator, spectrum analyzer, and power meter.

6.10.3 Test MethodA spectrum analyzer is used to scan across the downconverter input
frequency band to detect any emissions.

6.10.4 Setup Connect the test equipment as showRigure6-11.

[DOWNCONVERTER
UNDER TEST
[y
RF INPUT
RF SIGNAL  |q------oooooo SPECTRUM
GENERATOR ANALYZER
POWER
METER

Figure6-11. Local Oscillator Radiation Test

6.10.5 Conditions Use doubleshielded cable (RG 214 or equivalent) between the spectrum
analyzer and the downconverter RF input.

6.10.6 Procedure

1. Connect the power meter to the RF signal generator output and adjust the generator
frequency to correspond to the downconverter center operating freqéelest the output
level toT 25 dBm This signal will be used to calibrate the spectrum analyzer.

2. Disconnect the power meter and connect the RF signal generator to the spectrum.analyzer
Adjust the analyzer so that the@5-dBm input signal to the connecting cable appears as 0 dB
on the display unifThe spectrum analyzer can now detect signals as 10W5dBm (It is
assumed that the spectrum analyzer has@Bo@ynamic range.) Indicated amplitudes must
be corrected by 25 dBm to obtain correct component amplitudes Baa Shees-10).
Calibration of the spectrum analyzer should be checked abéaelved frequency.

3. Remove the cable from the RF generator and connect the downconverter RF input to the
spectrum analyzemune the spectrum analyzer slowly across the frequency range from 10
MHz to 10 GHz and record the frequency and amplitude of all signals observed.
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4. Record measured data bata Shee6-10.

6.10.7 Data ReductionNone
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Data Sheet 610. Telemetry Downconverters

Test 6.10 Local oscillator radiation test
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Frequency Indicated I Corrected
(MH2) Amplitude Calbration Amplitude
(dBm) (dBm)
125 dBm
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CHAPTER 7
Test Procedures forTelemetry Demodulators

7. General

This chapter provides test procedures for demodulators for the following digital
modulation schemes.

1 PCM/FM

1 Shaped Offset Quadrature Phase Shift Keying, Telemetry Group (SODBBK
1 Feherpatented Quadrature Phase Shift Keyh(FQPSKB)

1 FQPSK JefferiRich (FQPSKJR)

1 Advanced Range Telemetry Continuous Phase Modulation (ARTM CPM)

These digital modulation schemes have become standard iTMaststemsThe
following test procedures are recommended for testing demodulators used for these modulation
schemesTable7-1 lists the types of tests and their test and paragraph number.

Table 7-1. Test Matrix for TM Demodulators

TestNumber Test Description
7.1 DemodulatoBEP versus B/No
7.2 Re-acquisition and synchronization loss thresholds
7.3 Bit rate and input frequency tracking
7.4 Demodulator acquisition time and flat fade recovery time
7.5 Demodulatoradjacenichannelnterference test
7.6 PCM/FM demodulator modulation index sensitivity test

7.1. TEST: Demodulator Bit Error Probability versus E v/No

7.1.1 PurposeThis testmeasurethe BEPversus B/No performance of the demodulator.

7.1.2 Test EquipmentSpectrum analyzer, BER{vith outputs matched to signal source
inputs), attenuatowyaveformsignal source, noise test set.

7.1.3 Setup Connect test equipment as showrFoure7-1 or Figure7-2. This paragraph
presents a method for finding the attenuation that results ig/bla & 15 dB when the
attenuator plus receiver combination showfinure7-2 is used
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 E—
BIT ERROR RATE
MODULATOR
TEST SET —p
COUNTER
DEMODULATOR CALIBRATED
UNDER TEST A NOISE TEST SET

Figure7-1.  Test Setup for Demodulat&EP Tests

A4

BIT ERROR RATE
MODULATOR

TEST SET >
COUNTER ATTENUATOR
DEMODULATOR TELEMETRY
UNDER TEST < RECEIVER

v
| POWER METER |

Figure7-2.  AlternateSetup for Demodulator BEP Test

First, apply &10101@® repeating pattern to the modulatdhis pattern should produce an
unmodulated carrier signaf not, verify that the modulator is properly differentially

encoding the data soutceurn off the source and set the attenuation to the maximum.value
Use AGC freeze or manual gain to set the noise power at the receiver IF output in the linear
region Measure the power level

Turn on the source and decrease the attenuation until the power level at the IF output
increases by 3 dBrhis value is the @B IF carrierto-noise ratio and thepHNo is 10log(F
bandwidttbit rate) Put the receiver in AGC mode and decrease the attenuation by
approximately 15 10 log(F bandwidtHbit rate) Use AGC freeze or manual gain to set the
noise power at the receiver IF output in the linear rediteasure the power level (S+N) in
watts

Turn off the source and set the attenuation to the maximum. Wa&asure the power level

(N) in watts Calculate the ENo from 10log(((S+Nj N)/N)+10log(F bandwidtlibit rate)

The most accurate value to use lf6tbandwidthis the equivalent noise power bandwidth

but, if thei 3-dB bandwidth (either measured or specified) is the only value readily available,
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it will give nearly the same value fopMBlo. If the measured value is not within 0.5 dB of 15
dB, change the attenuation by the appropriate amount to get within 0.5 dB of 15 dB and
repeat the (S+N) and (N) measurements and calculafibesg/No is now calibrated and
will change by 1 dB for each 1 dB of attenuation change.

7.1.4 Conditions Thistest can be performed using a wavef@ignal source at the
demodulator input frequency plus a noise testredgenerates the selected b, awaveform
signal source plus noise test set at a higher frequeatgenerates the selectegd/ i followed
by downconversion to the demodulator input frequencg; wavefornmsignal source followed
by an attenuator andTaV receiverthatare then calibrated in terms of/Ho. The signal should
be nonlinearly amplified to better reflect a typicBM transmitter

7.1.5 Procedure

1.

Set theBERT to generate the desired bit rate with a pseudo noise sequence length of at least
2117 1 (2047) bits and preferably at leastiA bits long (the longer sequence is a better
simulation of the characteristics of an encrypted sigB8at) the signal source to generate a
nonlinearly amplified signalUse the spectrum analyzer to verify the signal spectrum looks
like the expected (PCM/FM, SOQPSKG/ /[FQPSKJR, ARTM CPM)spectrum.

Set the initial B/No to approximately 15 dB and verify that tBERT synchronizes in the
norrinverted statelf the BERT does not synchronize, invert the output polarity of the
demodulatorlf the BERT now synchronizes, there is a polarity inversion somewfidre

source polarity can be checked by applying all zeroes (which can frequently be done by
terminating the data input to the modulator) and verifying that the output is an unmodulated
signal with a frequency equal to center frequency minus (bit4atEjhe output is an
unmodulated signal with a frequency equal to center frequency plus bit rate/4 then the
modulator is invertedf the modulator polarity is not inverted but the demodulator polarity is
inverted, then the inversion is in tdemodulator.

Set the initial B/No to approximately 15 dB and measure the bit errors in an interval of 10
10 bits. If the BERs larger than 1 per £its, increase thesBNo until the error rate is less
than 1 error per Fits and record thesB\o as the starting value on thlata sheeMeasure
theBEPIn 1-dB intervals (reduce thesfo by 1 dB for each step) and record thé\g and
BEPon Data Sheet-1. If more than 1000 errors occur in an interval, the measurement time
can be reduced by a factor of 10 without significantly degrading accuracy.

Repeat for other bit rates as desired.

7.1.6 Data ReductionCompare the measured BEP versy®Ewith the specificationPlot
the data and interpolate between points to estimate the BEP at a giNeonrHo find the EB/Ng
that is required for a given BEP.
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Data Sheet 71. Demodulators
Test7.1 Bit error probability versus E b/No
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz

Data and clock interface:|:| TTL |:| ECL |:| Other

(Check a box or write in type)

Bit rate tested: Mbps

En/No Bit Error Probability
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7.2. TEST: Reacquisition and Synchronization Loss Thresholds

7.2.1 PurposeThis test measusghe minimum /No thatresults in consistent acquisition
(defined as typically back in synchronization in a few seconds) and/fkedE which
synchronization starts to be lost.

7.2.2 Test EquipmentSpectrum analyzer, BER({vith outputs matched tine signal source
inputs, i.e., TTL, ECL)attenuator, signal source, noise source.

7.2.3 Setup Connect test equipment as showrFgure7-1 or Figure7-2, depending on the
test equipment available.

7.2.4 Conditions Thistest can be performed usingignal source at the demodulator input
frequency plus aalibratednoise test seéhatgenerates the selected®b; asignal source plus
noise test set at a higher frequetitgtgenerates the selected ¥ followed by downconversion
to the demodulator input frequency; or a signal source followed by an attenuatorind a
receiverthatare then calibrated in terms of/No.

7.2.5 Procedure

1. Set theBERT to generate the desired bit rate with a pseudo noise sequence length of at least
2047 bits and preferably at leasti2L bits long Set the signal source to generate anon
linearly amplified signaWwith the correct modulation scheméerify the signal spectrum
using the spectrum analyzer.

2. Set the initial B/No to 10 dB and decrease thgf in 1-dB steps (0.4dB steps are optional
in the region of synchronization loss) until BERT starts to lose synchronizatidRecord
the lowest value of #No with solid synchronization oData Sheef-2.

3. Set the B/Noto the lowest value at which solid synchronization was maintained off the
signal source (or insert maximum attenuatidnirn the signal back on at the/Ho set
above If the signal is reacquired rapidly, then record thfNgon Data Sheet-2. If the
signal is not rapidly reacquired, repeat the process withdh Bcreased in B steps
(0.1-dB steps are optional in the region of synchronization recovery) until rapid
resynchronization occurs

4. Repeat for other bit rates as desired.

7.2.6 Data ReductionCompare the measured/Ho values with the specification.
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Data Sheet 72. Demodulators
Test 7.2 Acquisition and synchronization loss thresholds versusdiNo
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz
Data and clock interface:
Bit rate tested: Mbps

Ebn/No

Synchronization loss threshold

Re-acquisition threshold:
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7.3. TEST: Bit Rate and Input Frequency Tracking

7.3.1 PurposeThis test measusghe maximum carrier and bit rate errdnatallow
consistent acquisition (defined as typically back in synchronization in a few seconds) and
tracking.

7.3.2 Test EquipmentSpectrum analyzer, BER{vith outputs matched to signal source
inputs,i.e., TTL, ECL, etc), attenuator, signal source, noise source, counter.

7.3.3 Setup Connect test equipment as shownFqure 7-1 or Figure7-2 depending on the
test equipment available.

7.3.4 Conditions This test can be performed usingignal source at the demodulator input
frequency plus a noise test sedtgenerates the selectedfo; asignal source plus noise test set
at a higher frequenayatgenerates the selected¥ followed by downconversion to the
demodulator input frequency; orsignal source followed by an attenuator aridvareceiver

thatare then calibrated in terms of/Ho. The test equipment must be able to set the demodulator
input frequency and bit rate to the reguairprecision.

7.3.5 Procedure

1. Set theBERT to generate the desired bit rate with a pseudo noise sequence length of at least
2047 bits and preferably at leasti2L bits long Setthe signal source to generate the proper
nonlinearly amplified signalVerify the signal spectrum using the spectrum analyzer.

2. Setthe B/Noto 10 dB and monitorthe BEPecr ease t he source bit
rate set on demodulator) until the BEP increases by a factor of 2, BERIEStarts to lose
synchronization, whichever occurs fir€tount the source clock frequency and record the
value onData SheeT-3 as the lower frequency bit raget the bit rate of the source to the
nominal valuelncrease the bit rate until the BEP increases by a factor of 2, BER&
starts to lose synchronization, whichever occurs. f@etunt the source clodkequency and
record the value oData SheeT-3 as the upper frequency bit raRepeat for other bit rates
as desired.

3. Set the E/Noto 10 dB and monitor the BEPecrease the demodulator input frequency
(preferably by changing the frequency of the RF source) until the BEP increases by a factor
of 2, or theBERT starts to lose synchronization, whichever occurs. féstnt the
demodulator input frequency and record the valuBata Sheet-3 as the lower frequency
input Increase the demodulator input frequency until the BEP increases by a factor of 2, or
the BERT starts to lose synchronization, whichever occurs fé@stnt the demodulator input
frequency andecord the value oBata Sheet-3 as the upper frequency inpRepeat for
other bit rates as desired.

7.3.6 Data ReductionCompare the measured values with the specification.
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Data Sheet 73. Demodulators
Test 7.3 Bit rate and input frequency tracking
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Data and clock interface:
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbp9s (MHz)
Lower frequency
Higher frequency
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbps (MH2)
Lower frequency
Higher frequency
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbps (MH2)

Lower frequency

Higher frequency
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7.4. TEST: Demodulator Acquisition Time and Flat Fade Recovery Time.

7.4.1 PurposeThis test measusghe time it takes for the demodulator to synchronize with
the inputsweepingcarrierfrequencyand symbol rates after a fairly long interval of no
acceptable inpuiThe purpose of the flat fade recovery time test is to measure the time it takes
for the demodulator to synchronize with gweepingnput carrier and symbol rates after a fairly
short interval of naliscernablenput.

7.4.2 Test EquipmentSpectrum analyzer, BER{vith outputs matched to signal source
inputs, i.e., TTL, ECLif required, attenuator, signal source, noise source, digital oscilloscope,
and switch

7.4.3 Setup Connect test equipment as shownFoure7-3.

BIT ERROR RATE | >
TEST SET |, MODULATOR
A A
DERANDOMIZED
DATA v
DEMODULATOR CALIBRATED
v UNDER TEST NOISE TEST SET
OR
y ATTENUATORS +
DIGITAL POWER METER +
OSCILLOSCOPE DOWNCONVERTER
b <
SWITCH
1 NOISE SOURCE
SWITCH
CONTROL

Figure7-3.  Test Setup for Demodulator Acquisition Time and Flat Fade Recovery Tests

7.4.4 Conditions Thistest can be performed usingignal source at the demodulator input
frequency plus a noise test fehtgenerates the selectegd/y; a signal source plus noise test set
at a higher frequenayatgenerates the selected¥ followed by downconversion to the
demodulator input frequency; or a signal source followed by an attenuatoiTéhdegeiver
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that are then calibrated in terms ofNb. The power level of the noise source should be set to
approximate the level of thEM signal in the bandwidth of interest (a receiveMiGC mode

with no input would be a good choice for this noise souit#)e BERT has the capability of
measuring acquisition time, it may be used in place of the digital oscilladoaggdeconditions,
the signal source should have the capability to sweep the carrier frequency £l 08&siz

with a rampup/rampdown profile.

7.45 Procedure

1.

Set theBERT to generate the desired bit rate with a pseudo noise sequence lengti of 2
bits with the sequence generated using feedback from register taps 14 argt’13 bit
maximal length sequence is used for this test because it is compatible with the IRIG 15 stage
derrandomizerOne could also randomize an all ones or all zeros signal to get a good test
signal A randomized sequence of ones should produce ones at-thadtemizer output and
randomized zeroes should produce zeroes-{megrting node assumedypet the signal

source to generatle requirechorlinearly amplifiedTM signal Verify the signal spectrum
using the spectrum analyz&et the demodulator to @andomize the input signalhe de
randomized output should be all zeroes, if there are no bit emyit errors will show up

as ones in the deandomized outpuSome demodulators output the zero state when the
demodulator is out of synchronizatidn this case, it may be preferable to invert the data
output tomore easily detrmine the errefree state from the owdf-synchronization statéf

the output is inverted, errors show up as the zero state at-thadtamized output.

Set the input frequency and bit rate to the nominal values selected on the demd8etator

the initial B/No to 15 dB Set the switch to pass the signal for about 2 seconds and the noise
signal for about 8 seconds in a pattératrepeats every 10 secondsigger the digital
oscilloscope on the transition to the signal and record intervals of about 500 ms (this value
may need to be varied to capture the actual acquisitimstivith sufficient accuracyyet

the signal source to sweep the carrier frequesi00kHz, or to a range compatible with the
capture range of the demodulatbhe acquisition time is the time at which the output data is
stable in the all zeroes staRepeat the test 10 times and record the acquisition timBatan
Sheet7-4.

Repeastep2 for various combinations of input frequerswyeep rangebit rate offset, and
Ew/No.

Change the switch control to 1500 ms and 500 ms in noise mode (flat fade recovery or
reacquisition nominal test conditionRepeatteps 2 and Br the desired combinations of
input frequencysweep rangebit rate offsetand E/No.

Repeasteps2 through4 for various bit rates and switch on/off times, as desired.

7.4.6 Data ReductionCompare the measured acquisition and reacquisition times with the
values in the specification.
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Data Sheet 74. Demodulators
Test 7.4 Demodulator acquisition time and flat fade recovery time
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz
Data and clock interface:
Bit rate tested: Mbps
Carrier sweep range kHz
Switch ontime (modulatorposition) seconds
Switch offtime (noise position): seconds

Frequency
(MHz)

Bit Rate
(Mbps

En/No
(dB)

Acquisition Time
(ms)
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7.5. TEST: Demodulator Adjacent Channel Interference Test

7.5.1 PurposeThis test measusthe effect orBEP of signals in adjacent frequency
channelsThe results will be a function of modulation methods, receiver filter characteristics, bit
rates, relative power levels, frequency spacing, and demodulator characteristics.

7.5.2 Test EquipmentSpectrum analyzer, BER({vith outputs matched tine signal source
inputs, i.e., TTL, ECL.if required, attenuatorsTM signal sources, noise source, power splitters,
power meter, (a specialized test set can replace most of this test equipment if one is available),
and other RF sources as needed (for example, if FM interfering signals will be tested, then FM
signal sourcewith appropriate premodulation filtering will be needed).

7.5.3 Setup Connect test equipment as showirigure7-4.

Data » RF » Ampf
Source Source Atten | Spectrum
Analyzer|
A
+ —» Atten
Data » RF » Ampf "
Source Source Atten +
*| Splitter
Data o RF »| Amp/ L
Source Source Atten
W Amp « + - Atten
ry
A
BERT | Demod |, Amp
“' Revr (noise source)

Figure7-4.  Test Setup for Adjacent Channel Interference Test

7.5.4 Conditions This test can be performed using various modulation types as the
interferers The test can also be performed with only one interferer or with two interferers (one
above and one below the victim signdlhis test can be performed with acttidd transmitters

or with appropriate laboratory signal generatdise laboratory generators should be passed
through an amplifier of the same type as will be used in the actual transmitters (an amplifier
operating in its notinear range can be used if an amplifier of pheper type is not availabldf)

the purpose of the test is to evaluate performance during a test mission with a specific set of
frequencies, bit rates, and modulation types, use these parameters for the test.

7.5.5 Procedure

1. Set theBERT to generate the desired bit rate with a pseudo noise sequence length of at least
2117 1 bits Use thisBERT as the iput to theTM signalmodulator (this signal will be the
center signal and called the victinthe modulator output will typically need to be ron
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linearly amplified to simulate a typic@M transmitter Similarly, modulate the other two RF
sources with independent pseudo noise sequences at the same bit ratelzyecripn

amplify the outputsSet the frequencies of these signals to frequencies equal to the bit rate
above and below the frequency of the victim signal.

2. Apply maximum attenuation to the two interferers to effectively remove them from the
output (at least 30 dB below desired signal powge} the attenuators and noise source level
to produce a BEP of 18 Increase the level of the victim signal by 1 dB.

3. Use the spectrum analyzer (or alternatively a power meter) to set the relative powers of the
signals A typical starting point is to have the two interfering signals 20 dB larger than the
victim signal Vary the attenuator that is common to the two interferers until the BEP is again
10'°. Measure the relative power levels of the victim and interferers and rec@atarsheet
7-5.

4. Repeasteps3 and 4 for various bit rates, modulation types of interferers, center frequencies,
and frequency separations, as desired.

7.5.6 Data ReductionSubtract the victim power level from the interferer power level and
record orData Sheet-5.
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Data Sheet 75. Demodulators

Test 7.5 Adjacent channel interference

Manufacturer: Model:

Serial No.:

Test Personnel: Date:

ReceivenF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequency MHz Bit rate Mbps  Modulation typt
Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers dB

ReceivenF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequency MHz Bit rate Mbps  Modulation typr
Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers dB

ReceivenF Bandwidth MHz

Victim: Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer:1 Frequency MHz Bit rate Mbps Modulation type
Peak deviatio Filter BW MHz  Power dBm

Interferer 2: Frequen: MHz Bit rate Mbps Modulation type

Peak deviatio Filter BW MHz  Power dBm

Power level difference between Victim and Interferers

dB
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7.6. TEST: PCM/FM Demodulator Modulation Index Sensitivity Test

7.6.1 PurposeThis test measusghe demodulator sensitivity to changes in the modulation
index of the source PCM/FM signal.

7.6.2 Test EquipmentSpectrum analyzer, BERPCM/FM signal source, directional
coupler

7.6.3 Setup Connect the tegtquipment as shown Figure7-5. Verify the input level into
the demodulator is within the linear operating range of the demodulator.

Bit Error Rate
Test Set

B

3

(&

Data

h 4

Adjustable Modulation Index Coiiclar | Calibrated Noise
PCM/FM Modulator » P ” Test Set

A

Spectrum Analyzer [«
Demodulator

Under Test

Data
Clock

h A 4

Bit Error Rate
Test Set

Figure7-5.  Test Setup for Modulation Index Sensitivity Test

7.6.4 Conditions This test must use a PCM/FM modulator that can control the modulation

index This index must be verified utilizing the spectrum analyzer and the equation called out in

the Telemetry Applications Handbaok
7.6.5 Procedure

1. Set theBERT to generate the desired bit rate with a pseudo noise sequence of atidast 2
(2047) bits and preferably at leasti2l bits long (the longer sequence is a better simulation
of the characteristics of an encrypted sigriaét the signal source to generate PCM/FM with
a modulation index of 0. Use the spectrum analyzer to verify the signal spectrum looks like
a PCM/FM spectrum and verify the modulation index is @hich is equal to peak deviation
of 0.35*(bit rate).

2. Perform aBEPversus B/No test as described Bubsectiory.1.5with the modulation index
set at 0.7This curve will be the baseline curve in which to compare the results.

3. Repeat th8EPversus B/No test with modulation indices between 0.6 and 0.8
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4. Repeat testar other bit rates desired.
7.6.6 Data ReductionCompare the BEP versugs/No curve with a modulation index of 0.7

with curves at other modulation indicé4ot the data and interpolate between points to estimate
the BEP at a givend\o or to find the E/No that is required for a given BEP.
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Data Sheet 76. PCM/FM Demodulator Modulation Index Sensitivity Test
Test 7.6 PCM/FM demodulator modulation index sensitivity test
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: (IF or RF)
Data and clock interface: (if any): TTL RS-422 ECL Other:
Modulation Index: Bit Rate:
En/No Bit Error Probability
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CHAPTER 8

Test Procedures 6r Hardware Implementing Low-Density Parity-Check
Codes

8. General

The RCC, beginning with the release of 06Appendix 2[5, has adoptediv-density
parity-check (LDPC) forward error correction code TVl hardwareThe Telemetry Group
recommends thiollowing procedures for testingM systemghatimplementthe encoding and
decoding of thisdrward error correction schenikeable8-1 lists the types of tests and their test

and paragraph number.
Table 8-1. Test Matrix for LDPC -Enabled TM Hardware

Test Number Test Description
8.1 Receiver/DecodeBEP versus /No
8.2 Receiver/Decoder Threshold
8.3 Receiver/Decoder Initial Acquisition and Flat Fade Recovery Times
8.4 Receiver/Decoder Latency Time
8.5 Receiver/Decoder Adjacent Channel Interference
8.6 Transmitter/Encoder 99% Occupied Bandwidth aB8-dBm Bandwidth
8.7 Transmitter/Encoder Spectral Mask Compliance
8.8 Transmitter/Encoder to Receiver/Decoder Interoperability

8.1. TEST: Receiver/DecodeBEP versus B/No

8.1.1 PurposeThis test measusg¢he BEP versusdgiNo performance of the receiver/decoder.

8.1.2 Test EquipmentVarious methods are available for performing this, t@ktch include
using a simple step attenuator/power meter to determine angSgtd&noise test set that allows
direct control of B/No, and a receiver analyzer manufactured specifically to perform this test
(along with other test methods in addition to BEP vers{iSoE

1 Step attenuator/power itee method: Mdulator with LDPC encoding (e.§M
transmitter BERT, in-phase and quadratunéQ] signal source, etc.), power meter, step
attenuator (in 0-1B steps), spectrum analyzer (optional)

1 Noise test set methoModulator with LDPC encoding (e.§M transmitter, 1/Q signal
source, etc.)BERT, noise test set, spectrum analyzer (optional)

1 Receiver analyzer method: Receiver analyB&RT (if required), spectrum analyzer
(optional)

fRange CommanderBensyPariyCh ¢ ck iCoadves for Tel emetry Systems
Telemetry Standard®RCC 10617. July 2017. Superseded by RCC -B26 Retrievedl3 May 2022 Available at
https://www.trmc.osd.mil/wiki/x/Elu8Bg
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NOTE It is important to use BERT that can measure error rates up to 50% so that
/ failure will be accurately reflected in the BEP curves. Any perturbation or
unexpected degradation in the curve at hidgtelPs where the curve is typically
smooth and predictable, should be noted as probable synchronization failu
These failures define the lower limit of operation in systems that are intoler
burst errors in the downstream processing.

8.1.3 Setup (step attenuator/power meter methohkis method is for finding the attenuation
that results in andAN\o of 10dB when the step attenuator/power meter method shoigume

8-1is used. Care should be taken when making these measurements due to the slope of the
LDPC detection curve and required granularity gf\Ng. Each measurement should be stable and
repeatable to no more than 0dB.

ERRSRSRSnTRnRRnanSns
I
|
: BERT +——{————————————————|
I
|
i DIC ! I
I ! |
| ' Telemetry
= |
: Trarl;sDn:(t.t;e?/rl‘valgcljicI’ator : & g Att::i‘;tor i | BaciverDecader — BERT
| | (Under Test) D/C
|
i :
““““““““““ IF
I/Q Signal Generator
Power
Meter

Figure8-1.  Setup for Step Attenuator/Power MeBEP Test

1. Place the signal source in carrmrly mode. There are several ways of doing this depending
upon the specific modulator and modulation scheme being used. (For example, when in
SOQPSKTG/FQPSKB/FQPSKJR mode, apply 810101@® repeding pattern to the
modulator.This pattern should produce an unmodulated carrier signal.) Turn off the source
and set the aghuation to the maximum valudse AGC freeze or manual gain to set the
noise power at the reeer IF output in the linear regioMeasure and netthe F power
level inwatts.

2. Turn on the source and decrease the attenuation until the power level at the IF output
increases by @B over the value recorded step 1 Note this attenuation setting as it will be
the baseline to work from. This value is thdB IF carrierto-noise ratio (C/N=@IB) thus
the B/No is given by:

— Q0 pmuéQ— (Eqg. 81)
3. Put the receiver in AGC mode and decrease the attenuation by approximately:
pRO pmé Q— (Eq. 82)

4. Use AGC freeze or manual gain to set the noise power at the re¢éeaiplt in the linear
region.Measure and note the IF power level in watts. This will be the carrier plus noise
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(C+N) value. Note: The bit rate used in the equations is the uncoded bit rate. URits of
bandwidthandbit rate should be the same

5. Turn off the source and set the attenuation to the maximum. W&ssure the noise power
level (N) in watts. Calculate the/Blo:

— Q0 pméQ—— pméEQO— (Eq. 83)

The mostaccurate value to use fi# bandwidthis the equivalent noise power bandwidth. If

theT 3-dB bandwidth (either measured or specified) is the only value readily available, it will

give narly the same value for,Bo. If the measured value is not within @B of 10dB,
change the attenuation by the appropriate amount to get withitBG110dB and repeat
the (C+N) and (N) measurements and calculations. Hié 5 now calibrated and will
change by 1B for each B of attenuation change.

8.1.4 Setup (for noise test set metho@his method is for utilizing a noise test set for directly
setting /No as shown irFigure8-2. Once the bit rate and noise bandwidtbset in the noise
test set, the signal is applied and the noise test set will measure carrierghowang direct
control over B/No by varying the noise N.

| |

|
! BERT +_ﬂ__________________j
|

|
E D/C : |
| : | |
' ' . Telemetry

|
i Trarlw-gn:gé?/ﬁgtlii?ator :RF i N:)Cl)sae:it.)r;?:j)et A "BRcsivatDecodar | BERT
: | (Under Test) D/C
|
| |

1/Q Signal Generator

Figure8-2.  Setup for Noise Test SBEP Test

NOTE The bit rate set in the noise test set is the uncoded bit rate. The noise test
the following equation to set,fo directly:

0o Q06 ™ € % méE Q——r poow
0 P 0 P 0 "MOO Q

8.1.5 Setup (for receiver analyzer metho@his method utilizes a receiver analyzer for
generating the LDP€ncoded waveform and directly settingNb as shown irkigure8-3. Most
receiver analyzers will require configuration of the test (in this cel®® Es. BEP) and of the
signal source. After these steps, settipNEdirectly will be possible and the signal from the
receiver analyzer will have the exact amount of additive white GaussianA@&&N) requred
for that setting of ENo.
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Receiver Analyzer il

Telemetry
Receiver/Decoder
(Under Test)

BERT

Figure8-3.  Setup for Receiver Analyz&EP Test

8.1.6 Conditions This test can be performed using any of the three s#étapserform the

following:

1 A waveform signal source followed by an attenuator ahtMaeceiver/decodehatare

thencalibrated in terms of #\o;

1 A waveform signal source plus a noise testlsatgenerates the signal at the selected

Ew/No directly;

1 Anintegrated waveform signal source/calibrated additive noise source (receiver analyzer)

thatgenerates the signal at the desirglNEdirectly.

If a TM transmitter is not used as the signal source, the signal should {iaeanty
amplified to better reflect detection performanis a typicallM link.

8.1.7 Procedure

1. Set theBERT or source pattern to generate the desired bit rate with a pseis#sequence
length of at least'd1 1 (2047) bits and preferably at leadtiZ bits long (the longer
sequence is a better simulation of the characteristics of an encrypted signal). Set the signal
source to generate the required modulation scheme and combination of information block
size/code rate for the LDPC code. (If availablapéfy the signalwith a nonlinear
amplifier). As a quick check, use a spectrum analyzer to verify the signal spectrum looks like
the expected modulated waveform with calculated bandwidth expansion petORIG

Appendix 20 given the code rateand information block sizk

2. Set the receiver/decoder to match the combination of center frequency and modulation
scheme/information block size/code rate chosen for the modulator. Set the piNtaicE
approximately 1@B (as explained iSubsectior8.1.3step 3 and verify that th&ERT
synchronizes in the neinvertal statelf the BERT does not synchronize, invert the output
data polarity of the receiver/decoder. If BERT now synchronizes, there is a polarity

inversion somewhere.

3. Detection efficiency depends upon the selected code rate and inforiiatok size. IRIG

106 Appendix 2D has reference detection curves that illustrate the steepness of the curves. In

general, regardless of the code rate/block size, starting with an init\ald approximately

5dB or greater will yield errefree data. Decreasa/Bo in 1-dB steps until errors are

encountered. At this poinhcrease ENo by 0.1-dB steps until eor-free data is once again

observed and record thig/Bo as the stding value on thelatasheet.Measure th&ER in

"Range Command e r-BensyParityCh ¢ c k i Codve s
Telemetry Standard®RCC 10623. July 2023. May be superseded by update. Retrieved 7 May 2024. Available at

https://www.trmc.osd.mil/wiki/x/9AAGCg
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0.1-dB intervals(reduce the E#No by 0.1dB for each step) and record thgNp andBEP on
Data Sheet-d. Allow BERto stabilize prior to annotating on tHatasheet.

Code blocks typically decode as erfage or with a large number of bit errors. This, coupled
with detection failures of the attached synchronization marker (A®M)cause the
resultingBER to become very burstyesulting in stakstep detection curves. In order to

attain smoother detection curves, the analysis period has to be greatly extended compared to
uncoded systems. Because LDPC decoding is an iterative process, performance improves
when the decoder hasne to perform more decoding iteratioki¢ith typical decoding

schemes the number of iterations scales inversely with bjinextessitating testing at several
uncoded bit rates.

4. Repeat for other modulation schemes, information block lengths, code rates, and baseband
data rates as desired.

8.1.8 Data ReductionCompare the measured BEP verBy#o with the specificationPlot
the data with a linedogarithmic XY scale. If required, interpolate between points to estimate
the BEP at a givenpNo or to find the E/No that is required for a given BEP.
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Data Sheet 81. ReceiverDecoder Detection Performance
Test 8.1 Bit Error Probability versus E b/No
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Modulation:
Uncoded Bit Rate: Mbps Coded Bit Rate: Mbps

Coding Rate: 1/2 2/3 4/5 Codmeck: 1024 4096

Eo/No Bit Error Probability
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8.2. TEST: Receiver/Decoder Threshold

8.2.1 PurposeThis test determirsthe B/No for receiver/decoder threshold. Threshold is
defined as the value obMlo required for a resulting BEP of 1Xf0Reaching the threshold

value can occur two ways, when the signal gradually degrades eventually reaching threshold or
when acquiring the signal after a signal loss event.

NOTE Given the extremely high values of BEP thal®PC receiver/decoder must
maintain synchronization coupled with the threshold BEP of "1%5BERT that
can maintain bit synchronization to at least a BEP of 1x$0equired.

8.2.2 Test EquipmentModulator with LDPC encoding (e.§M transmitter, 1/Q signal
source, receiver analyzeBERT, noise source (attenuator/power meter, noise test set, receiver
analyzer), spectrum analyzer.

8.2.3 Setup Connect test equipment as showrrigure8-1, Figure8-2, or Figure8-3
depending on the test equipment available.

8.2.4 Conditions This test can be performed using any of the three s#étapserform the
following:

1 A waveform signal source followed by an attenuator altMaeceiver/decoder

calibrated in terms of giNo;

A waveform signal source plus a noise testisattgenerates the selectedo directly;

An integrated waveform signal source/calibrated additive noise source (receiver analyzer)
thatgenerates the selected directly.

8.2.5 Procedure

1. Set theBERT or source pattern to generate the desired bit rate with a peeisosequence
length of at least'd1 1 (2047) bits and preferably at leadtiZ bits long (the longer
sequence is a better simulation of the charatitesiof an encrypted signa§et the signal
source to generate the required modulation scheme and combination of information block
size/code rate for the LDPC code. (If available, amplify the sigithla nonlinear
amplifier). As a quick check, use a spectrum analyzer toyw#érd signal spectrum looks like
the expected modulated waveform of choice with calculated bandwidth expansion per IRIG
106 Appendix 2D given the code ratand information block sizk

1
1

2. Set the receiver/decoder to match the combination of center frequency and modulation
scheme/information block size/code rate chosen for the modulator. Set the yMigidES
dB and verify that th8 ERT synchronizes to the bit pattern and is efree. Decrease the
En/No in 1-dB steps until a BEP of 1x13is observed, then decrease in-0B steps until a
BEP of 1x10? is reachedthis is the B/No at threshold. Record this value of By in Data
Sheet &, Threshold.

3. Set the E/No to the threshold value determinedstep2. Mute the RF output on the signal
source and verify the BERSsteris out of synchronization. Unmute the signal source
maintaining the threshold dNo. If the signal is reacquired rapidly [<1X8L8(bit period)],
then record this #No on Data She&8-2, Reacquisition thresholdf the signal is not rapidly
reacquired, repeat the process with th\Eincreased in 0-tiB steps until rapid
resynchronization occurs and record that value in Datat 8f&eReacquisition threshold.
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4. Repeat for other modulation schemes, information block lengths, code rates, and baseband
data rates as desired.

8.2.6 Data ReductionCompare the measured/Ho threshold values with the specification.
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Data Sheet 82. Receiver/Decoder Threshold
Test 8.2 Threshold Es/No
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center Frequency: MHz Modulation:
Uncoded Bit Rate: Mbps Coded Bit Rate:

Coding Rate: 1/2 2/3 4/5 CoHmpck: 1024 4096

Ew/No

Threshold

Re-acquisition threshold

8-9




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

8.3. TEST: Receiver/Decoder Initial Acquisition Time and Flat Fade Recovery Time

8.3.1 PurposeThis estmeasurethe time it takes for the receiver/decoder to synchronize

after a long interval of no discernable input. In this case, due to the long outage the carrier is
swept to simulate a Doppler shift in dgency. The purpose of the fii@de recovery time test is

to measure the time it takes for the receiver/decoder to synchronize after a fairly short interval of
no discernable input. In this case the carrier is not swept due to the short time of the outage. In
each case,f\o is set to a level wherthe signals virtually noisefree or set to a level causing a
BEP of no higher than 1x190

Both tests reveal the total amount of time it takes for the demodulator to synchronize,
locate and lock on to the ASM and iteratively decode the LDPC code block (plus other
associated delaysand output the resulting data.

8.3.2 Test EquipmentModulator with LDPC encoding with the ability to sweep the carrier
frequency (e.g. I/Q signal source, receiver analyBERT, noise source (attenuator/power
meter, noise test set, receiaralyzer), noise source for+sanal case, digital oscilloscope, RF
switch, switch controller, spectrum analyzer.

8.3.3 Setup Connect test equipment as shawrrigure8-4.

l |
—————————— E |
[m———————— ’ T | Wideband Noise |
: | { Source
| BERT ! | :
I I
I ! I
! D/IC| (1111..1) i : RF |
: | [Noise Test setor| ! : Telemet g
y | oise Test Set or elemetry
: EDRC siebied R .| Step Attenuator/ |H— | RF Switch |—F—| Receiver/Decoder DIS L NEERT
| Transmitter/Modulator | |
| | Power Meter | (Under Test)
I : I A
e LTt ! | IF
I/Q Signal Generator : v
. g;’r:t;gl Power Meter
Receiver Analyzer (if req'd)
Digital Oscilloscope f«—
Trigger Data

Figure8-4.  Test Setup for Receiver/Decoder Acquisition Time and Flat Fade Recovery Tests

8.3.4 Conditions This test can be performed usimge of the followinga signal source

followed by an attenuator andlv receiver that are then calibrated in terms @NE a signal
source plus a noise test setitgenerates the selecteg/ ¥y, or a receiver analyzer. The power
level of the noise source connected to the RF switch should be set to approximately the same
level as the'M signal in the bandwidth of interest to minimize the effect of the receiver AGC.
The most commonly available choice for nasairce is a receiver in manual gain mode with no
input; however, other options are availaliie¢he BERT has the capability of measuring
acquisition time, it may be used in place of the digital oscilloscope. In all conditions, the signal
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source should have the capability to sweep the carrier frequency atd6&stz with a ramp
up/rampdown (triangle waveform) profile with the aiyl to set the waveform period.

8.3.5 Procedure

1.

There arewo methods available to generate the baseband test signal. Method one uses an
IRIG randomizer with all ones input pattern to achieve the baseband test Aignal
randomized sequence of ones should produce ones at the output efahdataizer/

receiver if the deandomizer/receiver is implementing the IRIGrdedomizer correctly.

Method two sets thBERT to generate the desired bit rate with a pseumise sequence

length of 25 1 bits.Ensurethe output from this method is all ones afterdedomization

invert the data if required. (Note: The exact method for generating this sequence must be
verified, as using feedback from register taps 14 andrsbres compatibility with the IRIG

15 stage deandomizer). Set the signal source to generate the required center frequency,
modulation scheme, and combination of information block sizéé rate for the LDPC

code. (If available, amplify the signaith a nonlinear amplifier).Verify the proper signal
spectrum is generated using the spectrum analyzer. Ehsurs-tswitch is passing the

signal to the receiver/decoder. Set the receiver/decoderramdemize the input signal. As
ones were input to the randomizer therdiedomized output should be allesnif there are no

bit errors.Any bit errors will show up as zeroes in therdadomized output. Some
receiver/decoders may output the zero or ones state when the demodulator is out of
synchronization regardless of input data pattern. This should be checked and noted prior to
performirg the test and the propewnarsion selected if required to ensure the zero state is the
out-of-synchronization state.

NOTV The IRIG-106 recommendation for randomizationfd@domization for an LDPC

system is th€onsultative Committee for Space Data Systeansomizer/de
randomizer. While either randomizer/cendomizer can be used for this test, it
recommended to use the IRIG randomizeraiedomizer due to legacy equipme
support and its unique compatibility with a properly generated pseoide
sequece length of &1 1 .

2. Set the receiver/decoder to match the combination of center frequency, modulation scheme,

and information block size/code rate chosen for the modulator. Set the ipiNalt&

something greater than 28, which will ensure additive noise will not bias the test result.
Using the RF switch control signal as the trigger, configure the digital oscilloscope to trigger
on the transition from noise to the signal amelasurentervals of about 50fs (this value

may need to be varied with bit rate to capture the actual acquisition times with sufficient
accuracy). Set the signal source to sweep the carrier freqti2@&Hz, or to a range

compatible with the carrier capture range of the receiver. A good startimgf@oihe sweep
period would be &Hz/s.

Initial Acquisition Test Set the RF switch to pass the signal for about 2 seconds and the
noise signal for about 8 seconds in a pattikeatrepeats every 10 seconds. The initial

acquisition time is the time at which the output data is stable in the all ones state. Repeat the
test enough times to get repeatable results and record the minimum, maximum, and average
acquisition times on Data She®3 (see note belowRepeathis stepfor an B/No that

results in a BEP no higher than 1X4.0f required, reeat for various combinations of input
frequency, sweep range/peri@hdinformation block size/code rate.
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4. Flat-Fade Recovery TestDisable carrier frequency sweeping and decrease the time in
which the receiver/decoder sees the noise signal torhSGnhd then to 50@s. The flatfade
recovery time is the time at which the output data is stable in the all ones state. Repeat the
test enough times to get repeatable results and record the minimum, maximum, and average
acquisition times on Data SheeB&see note belowRepeathis stepfor an B/No that
results in a BEP no higher than 1X4.0f required, repedbr various embinations of input
frequency andnhformation block size/code rate.

8.3.6 Data Reductionif specified, compare the measured acquisition and reacquisition times
with the values in the specification.

primarily due to the frequency in which the ASM is present, the selected
information block size/code rate, and where in the ASM/code block structu
RF signal is reappliedto the receiver/decoder.

NOTV There should be a range of acquisition values measured for both tests. Thi
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Data Sheet 83. Receiver/Decoder Synchronization

Test 8.3 Acquisition Time and Flat Fade Recovery Time
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz
Uncoded Bit rate: Mbps Coded Bit Rate: Mb
Coding Rate: 1/2 2/3 4/5 Codeck: 1024 4096
Carrier sweep range kHz Sweep Rate Hz
Switch ontime (signal) seconds
Switch offtime (noise): seconds

FrequencyMHZz) Bit Rate(Mbp9g En/No (dB) Acquisition Time(us)

Min Max | Avg
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8.4. TEST: Receiver/Decoder Latency Time

8.4.1 PurposeThis test measusghe latency added by the receiver/decoder to iteratively
decode the LDPC code block (plus other associated delays) when acquiring/reacqiiing a
signal. This amount of time is precisely the time it takes the receiver/decoder to output invalid or
highly errored data at the start of a fade or resync event. This test measures this amount of time.

8.4.2 Test EquipmentModulator with LDPC encoding (e.g. I/Q signal source, receiver
analyzer) BERT, noise source for neignal case, digital oscilloscope, RF switch, switch
controller, spectrum analyzer.

8.4.3 Setup Connect test equipment as showrrigure8-5.

| e R R T B B T e T T |

e e s : Wideband Noise

| : : I Source

K BERT : :

) | |

I

| pc| 11111y L RF

: ! - : : \ = (1111..1)

I s | I elemetry

L LDFC-enapled ! . » RF Switch S il Receiver/Decoder DG BERT

: | Transmitter/Modulator : : (Under Test)

L : : )

B R pm pms nes me mes mes me e e 1 |

: I/Q Signal Generator :

e e e e e et : Switch

Receiver Analyzer Control

Contror™ Digital Oscilloscope «— Data
Signal Trigger on “0”

Figure8-5.  Test Setup for Receiver/Decoder Latency Time Test

8.4.4 Conditions This test can be performed using a signal source/modulator with LDPC
encoding (e.g. I/Q vector generatdh transmitter, receiver analyzer). The power level of the
noise source connected to the RF switch should be set to approximately the same levéVas the
signal in the bandwidth of interest to minimize the effect of the receiver AGC. A receiver in
MGC mode with no input would be one choice for the noise source. The digital oscilloscope
should be configured to capture both the switchingadignd the data optit from the
receiver/decoder.

8.4.5 Procedure
1. Perform step 1, SubsectigrB.5

system is th&€onsultative Committee for Space Data Systeangomizer/de
randomizer. While either randomizerftendomizer can be used for this test, it
recommended to use the IRIG randomizer@welomizer due to legacy equipme
support and its unique compatibility with a properly generated psaoide
sequace length of &1 1 .

NOTV The IRIG-106 recommendation for randomizationf@d@domization for an LDPC

2. Set the receiver/decoder to match the combination of center frequency, modulation scheme,
and information block size/codate chosen for the modulat&et the signal levels into and
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out of the RF switch to be within the linear range of the receiver/decoder (a typical level
would bei 40 dBm). Configure the digital oscilloscope to display both the RF switch control
signal and the level of the datatput from the receiver/decoder.

3. Trigger the oscilloscope on the data transition from a one to a zero. As a start, configure the
RF control switch signal to output a square wave at a frequenckinfaiid adjust the period
as needed.

4. Measure the time between when the RF signal to the receiver/decoder is removed to the time
when a zero appears at the data outp

5. Repeat this test enough times to get repeatable results and record the minimum, maximum,
and average latency times on Data Sheét 8

8.4.6 Data Reductionif specified, compare the stated latetioye with the measured
amount.

This test coupled with Te8t3gives a complete picture of the latencies and delays
associated with LDPC capture and decoding after a signal loss event. Both test8i8 Test
reveal the total amount of time it takes for the demodulator to synchronize, booéieck on to
the ASM iteratively decode the LDPC code block (plus other associated delagsputput the
resulting data. This test measured a portion of the total wmeh isthe latency added by the
receiver/decoder to iteratively decode the LDPC code block (plus other associated delays) when
acquiring/reacquiring &M signal. By subtracting the value(s) measured in §&swith the
value(s) measured in this test, you can determine the range of latency values associated with just
demodulator synchronization and ASM detection and lock. This is depickegure8-6.

I
RE In | LDPC Codeblock | | Bits Out

—+— Demodulator — AaSrI]\:Ij [Ece):;id — Decode (lterative ———

I Process) |

I [ ______________________________ ] |
Ll ey 1

| [
|  SyncTime Test 8.4 |
|
Test 8.3

Initial Acquisition/FFRT (8.3) = Receiver Latency (8.4) + Sync Time

Figure8-6. Receiver/Decoder Latency Tests
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Data Sheet &4. Signal Acquisition Latency Time
Test 8.4 Receiver/Decoder Latency Time
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz
Uncoded Bit rate: Mbps Coded Bit Rate: Mb
Coding Rate: 1/2 2/3 4/5 Codeck: 1024 4096
Signal Level dBm
Switch ontime (signal) seconds
Switch offtime (noise): seconds
FrequencyMHZz) Bit Rate(Mbp9g LatencyTime (s)

Min | Max | Avg

8-16



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

8.5. TEST: Receiver/Decoder Adjacent Channel Interference Test

8.5.1 PurposeThis testmeasurethe effect orBEP of the victim signal when the interfering
signal(s) ism adjacent frequency channelfie results will be a function of modulation method,
information block size/code rate for the LDPC code, receiver filter characteristics, bit rates,
relative power levels, frequency spacing, and receiver/decoder characteristics in the presence of
an intererer.

8.5.2 Test EquipmentModulator with LDPC encoding (e.§M transmitter, 1/Q signal

source, receiver analyzeBERT, TM signal sources (e.@M transmitter, 1/Q signal source,

receiver analyzer), attenuators, noise source, power dividers, spectrum analyzer (specialized test
equipment such as a noise and interference teahdeg¢ceiver analyzer can replace most af th

test equipment if available).

8.5.3 Test MethodThe method of this test is to set asiNp for BEP of 1x10° for the victim

signal, increase thesfNo by 1dB, and then add the interferer(s) at a certain frequensgt(sj

and at a certain carri¢o-interferer (C/l)ratio and observe any degradation of the victim signal.

If there is no degradation of BEP, then the interferer(s) is either increased in amplitude or moved
closer in frequency until a BEP of 1X20s observedn the victim. This gnifies1 dB of

degradation in #No, whichis the limit for acceptabladjacenichanneinterference.

8.5.4 Setup Connect test equipment as showifrigure8-7.

1 ! |
| $
I : |
I ! |
[ D/C i i
| L
' i 1 R Spect
: Transmitter/Modulator 1 : t.tenu§tor sl
| [ (if req'd) Analyzer
! : | RF
1B Lo et i e e e I P
! I/Q Signal Generator | ower | | Attenuator
: e I Divider (if req'd)
[} P ¥
: i | | A RF P P
: I ttenuator ower ower
bl |
: : Transmitter/Modulator i : (if req'd) biider 1 Divider
3 | T l
|
E D/IC ! |
[ (! Attenuator
[ |
il BERT L (if req'd)
B kg
| |
| |
| |

|

——————————————————————— Telemetry - ;
Receiver Analyzer Receiver/Decoder ngver Wideband Noise
Divider Source
prEsssmsmeneneneneny (Under Test)
|
|
LDPC-enabled I | Attenuator D/C
Transmitter/Modulator (if req'd)

|
|
|
|
|

|
|
! |
: D/IC | BERT
| |
|

|
|

|
|

1/Q Signal Generator

Figure8-7.  Test Setup for Adjacent Channel Interference Test
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8.5.5 Conditions This test can be performed using various mdouiaypes as the

interferers.The test can also be performed with only one interferer or with two interferers (one
above and one below the victim sigfrélquency).This test can be performed with actlidd
transmitters or with appropriate laboratory signal genesaod/or a receiver analyzé&he

laboratory generators should be passed through an amplifier of the same type as will be used in
the actual transmitters (an amplifier operating in its-lvo@ar range can be used if an amplifier

of the proper type is not availabléf. the purpose of the test is to evaluate performance during a
test mission with a specific set of frequencies, bit rates, LDPC block size/coding rate, and
modulation types, use these parameters for the test.

8.5.6 Procedure

1. Set theBERT or data pattern of the signal source (this signal will be the center signal and
called the victim or carrier, C) to generate the desired bit rate with a pssugtam bit
sequence lengthofatleasticl bi ts. The modul ator output of
to be norlinearly amplified to simulate a typical TM transmitter. Similarly, configure the
other TM signal source(s) with independent psendise sequences at the desired bit rate
and moduldon mode. NoHdinearly amplify the outpts if possible. Set the center
frequencies of these signals to the desired locations above and below the frequency of the
victim signal. A good starting point for these signals can be calculated usiadjacent
channeinterference recommendations in IRI®6 Appendix 2A

2. Apply maximum attenuation to the two interferers or mute the RF outputs to remove them
from the input to the receiver/decoder. Set the attenuators and noise source level (or adjust
the noise and interference test set if available) to produce a BEP 6 fiorlihie victim
signal. This attenuator will need to be in-dB steps in order to attain the required BEP.
Increase the level of the victim signal bgiR. Given the steepness of the detection curves
for LDPC, increasing the victim signal level bylB will result in errorfree data regardless
of block size/code rate combination.

3. Use the spectrum analyzer to set the relative powers of the interfering signal(s). A typical
starting point is to have the interfering signal(s)dBOlarger (C/I5 20dB) than the victim
signal. Vary the attenuator that is common to the two interferers until the BEP is again
1x10°. This attenuator will need to be in @B steps in orer to attain the required BEP.
Measure the relative power levels of the victim and interferers and record on Data-Sheet 8

4. Repeat steps 2 and 3 for various bit rates, modulation types, block size/codedaenter
frequencies of the interferer(s) as desired.

8.5.7 Data ReductionSubtract the victim (C) power level from the interferer (I) power level
and record on Data Sheet8

SRange Commanders Council. AFrequency TelemetyiS@reardst i ons f o
RCC 10623. July 2023. May be superseded by update. Retrieved 7 May 2024. Available at
https://www.trmc.osd.mil/wiki/x/9AAGCg
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Data Sheet &. Receiver/Decoder Interference Susceptibility
Test 8.5 Adjacent Channel Interference
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
ReceiverlF Bandwidth MHz
Victim:
Frequency MHz Bit rate Mbps Modulation type
Power dBm Coding Rate: 1/2 2/3 4/5 Elodk: 1024 4094
Interferer 1: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
ReceiverlF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps Modulation type
Power dBm Coding Rate: 1/2 2/3 4/5 Blode 1024 4096
Interferer 1: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
ReceiverlF Bandwidth MHz
Victim:
Frequency MHz Bit rate Mbps Modulation type
Power dBm Coding Rate: 1/2 2/3 4/5 Elode 1024 4096
Interferer 1: Frequency MHz Bit Rate Mbps  Modulation Type |
Power dBm  Spacing from Victim MHz
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim and Interferer(s), C/I dB
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8.6. TEST: Transmitter/Encoder 99% Occupied Bandwidth andi 25-dBm Bandwidth

8.6.1 PurposeThis test measures the 99% occupied bandwidth (OBW) andthdBm
bandwidth of a LDPGcodedTM waveform. These bandwidths can be used to determine if the
system complies with its spectral occupancy requirements. An example of these bandwidth
measureens is shown pictorially inFigure8-8 for an SOQPSK.DPC (4096_4/5) waveform

with anuncoded data rate ofNbps.

Occupied Bandwidth

Amplitude (dBc)

Amplitude {dBm)

Olffset Frequency (MHz)

Figure8-8.  OBW Example SMbps SOQPSK.DPC (4096_4/5)

8.6.2 Test EquipmentSpectrum analyzer with builh OBW measurement suite, directional
coupler, attenuators, power meter

8.6.3 Setup Connect the test equipment as showRigure8-9 for a laboratory test dfigure
8-10for an operair test. The attenuator Figure8-9 must be set properly in order to keep the
input level to the spectrum agaer below its maximum value.

Data Source/BERT

D/C
LDPC-enabled s Step |
Transmmitior Directional Coupler A aniator Spectrum Analyzer
FWD REV
Power
Meter
Y
Termination

Figure89. Test Setup for 99% OaBnuBandeidth st ndwi dt h
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Data Source/BERT

DIC T g
LDPC-enabled L Amplifier » Spectrum Analyzer

Transmitter

Figure8-10. OvertheArTest Setup for 99% OaBnmBandwidh Bandwi

8.6.4 Conditions This test can be performed with an LDieé@abledTM transmitting syste
hardwired in a laboratory environment or on the flight line, or with the system radiating from an
antenna in an opeair environment. The most accurate bandwidth measurements will be
obtained in a laboratory environmghbtwever, reasonably accurate values can be obtained
under operational conditions provided that severe multipath (or other propagation anomalies) is
not present and that the received power levels are cofstané duration of the measurement.

The bandwidth measurements are performed using a spectrum analyzer with the following
settingsRBW=30kHz, VBW=300Hz, peak hold off and averaging off. These settings are
consistent with the settingsrfspectral mask measurements.

8.6.5 Procedure

1. Set the center frequency of the spectrum analyzer to match the transmitter carrier frequency.
Adjust the span so all modulated components plus the noise floor of the spectrum analyzer
are captured. A good rule of thumb is to have a minimumMHz of noise floor captured
both above and below the modulated waveform. As a starting poirfgurdenes the
multiple of bit rate and bandwidth expansion factor for thdeamte chosen to set the span.

2. If possible, set th&M transmitting system to transmit an unmodulated carrier. Take several
sweeps with the spectrum analyzer to find the padlke andset that value as thedBc
reference point (the top of the spectrum analyzer display). The peak value is the unmodulated
carrier power at the spectrum analyzer input and will be used as the referendenthieie
bandwidth measurements.

3. If unmodulated carrier transmission is not possible, the total carrier power at the input to the
spectrum analyzer can be found by setting the analyzer to its maximum RBW and VBW,
selecting max (peak) hold, and allogy the analyzer to make several sweeps. The maximum
value of the resulting trace will be a good approximation of the unmodulated carrier power
for frequency angphasemodulated signals. Set the maximum value as #tiB®reference
point (the top of the spectrum analyzer display). An examplei®fhrethod is shown in

Figure8-11.
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Modulated Carrier Example

-10

-20

) / A
) /.ﬁ ,{ ‘\\
/ \‘\M \\

-10 -8 -6 -4 -2 0 2 4 6 8 10
Offset Frequency (MHz)

Amplitude (dBc)

Figure8-11. Spectrum Exampléor 0-dBc Determination

4. If possible make a power measurement with a power meter and record that value in Data
Sheet & after correcting for losses between the transmitting system and the power meter. If
a direct power measurement is not possible, record the specified output power of the
transmitting system for reference.

5. Using the spectrum analyzer settings, verify the carrier is moduatesttlyand
information block size/code rate for the LDPC code. Allow the analyzer to take several
sweeps. For a cabled test, span should b set recommended widthlso verifying that
all spectral components decrease to at lea8tBc (this value may not be achievable for an
openair test). Perform the 99% OBW calculation with the spectrum analyzbe #pectrum
analyzer cannot directly measure this paramétex possibldo capture and download the
trace information and determine the frequencies at which 0.5% of the total power is above
and below these frequencies. Record the upper and lower frequencies spanning the 99%
OBW or the 99% OBWmeasured directlgepending upon the method use®eta Sheet-8
6.

6. A power level ofi 25dBm is exactly equivalent to an attenuation of the transmitter power
by:

0 vuv pmuén (Eq. 84)

where P is thé&ransmitter power expressed imts. For example, tHe25-dBm level for a
10-W transmitter ig 65 dBc. Find the two frequencies where all spectral components are
below the calculated level below the unmodulated carrier level. Record these upper and
lower frequencies and th&5-dBm bandwidth using Data Shee68

8.6.6 Data ReductionEnter resulting data from the procedure in Data Shéet 8
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Data Sheet . Occupied Bandwidth
Test 8.6 99% Occupied Bandwidth andi 25-dBm Bandwidth
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Output Power: W
Uncoded Bit rate: Mbps Coded Bit Rate: Mbp

Coding Rate: 1/2 2/3 4/5 Codeck: 1024 4096
99% Occupied Bandwidth

Lower Frequency: MHz Upper Frequency: M
99% OBW: MHz
1 25dBm Bandwidth

Lower Frequency: MHz Upper Frequency: M
1 25-dBm Bandwidth: MHz
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8.7. TEST: Transmitter/Encoder Spectral Mask Compliance

8.7.1 PurposeThis test verifieghat the output of a transmitting syst@m R Fneqisdhe t
spectral mask as defined in IRI®6 Appendix 2Afor each combination of information block
size/code rate and modulation scheme.

8.7.2 Test EquipmentSpectrum analyzer, BEREpectrum analyzer, attenuator(s)

8.7.3  Setup Connect the test equipment as showRigqure8-12. Note: If an external data
source is usecensure the baseband interfaaee matched between tBERT and transmitting
system.

Data Source/BERT

D/IC
LDPC-enabled | Power | Step i
Transmitter Attenuator Attenuator P y

A

A

Computer

Figure8-12. Test Setup for Spectral Mask Compliance

8.7.4 Conditions This test should be done under laboratory conditions. The bandwidth
measurements are performed using a spectrum analyzer.

8.7.5 ProcedureThe spectrum analyzer giid have the following settings.

1 Center Frequency: Carrier frequency of the transmitting system

1 Span: Appropriate for the combination of modulation mode and information block
size/coding rate (suggesiur times the multiple of bit rate and bandwidth expansion
factor for the code rate chosen)

1 RBW=30kHz, VBW=300Hz

1 Peak Hold: Off

1 Averaging: Off

1. PerFigure8-12, connect the spectrum analyzer to the transmitting sgys&moutput
through an attenuator(s) rated for the transmitting sy&tem pwitlvenough attenuation to
protect the input to the spectrum analyzer. A value afBlof attenuation is typical for a 10
W transmitter but one should determine the correct value based upon the output power of the
transmitter and maximum input level to the spectrum analyzer. If ug&dRd, connect it to
the transmitting system at the desired clock rate/frequency and data pattern. Another method,
if available, is to use the internal clock and data pattern generator of the transmitter to
provide baseband data.

2. There are several ways to placéM transmitting system into carri@nly mode for
determining the carrier power and subsequently {tiB®value.
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1 If using aBERT or the internal data and clock capability, use a data pattern to generate a
carrieronly output. Ths will be modulatioamode dependent.

1 Alternatively, set the transmitter to carr@nly mode via an external serial interfabat
controls the transmitter directly. Once in caroely mode, measure the output power
(carrier power) and record it on Data She&t 8e sure to account for the attenuation
between the transmitting system and spectrum analyzer. This will bede alue.

1 Alternatively, andperhaps easier, once in carr@ily mode, adjust the attenuation so that the
peak of the carrier is at thedBm level of the spectrum analyzer. Once this is done,
amplitude on the spectrum analyzer and in the spectrum capturenfibe caad directly as
dBc.

3. Set the data source to generate a pseanidom bit sequence length of at ledst 2 bits,
preferably 2% 1 or longer to better represent encrypted data. Set the desired modulation
mode and information block size/coding rate for the LDPC code. Measure and capture the
transmitted waveform with the spectrum analyzer and record the results on Data-BHhéet 8
0 dBc was set, the amplitude can be read in dBc directly. If not, convert the captured data to
dBc by subtracting the measured carrier power from omredsamplitude values.

4. Compare the measured values with the spectral mask for the selected modulation scheme.
The spectral masks are published in IRIG Appendix 2A The bit rate R required for the
mask calculation must be adjusted based upon the block size/code rate for the LDPC code
used during the test. The bandwidth expansion factor to be applied to R and subsequently the
mask equation can be found in IRKB6 Apendix 2D. Once the coded R value is
determined, the placement of the waveform within the spectral madiecagified by
utilizing theJ-Factor Equation spéied in IRIG-106 Appendix 2A.

8.7.6 Data ReductionEnter the results from the procedure in Data Sh&et 8
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Data Sheet 87. Spectral Mask
Test 8.7 Transmitter Spectral Mask Compliance
Manufacturer: Model:
Serial No.:
Test Personnel: Date:

Center frequency:

Uncoded Bit rate:

MHz

Output Power:
Mbps Coded Bit Rate:

Coding Rate: 1/2 2/3 4/5 Codmlck: 1024 4096

Frequency

Level (dBm)

Level (dBc)

Carrier

Carrieri Bit Rate

Carrieri 0.9*Bit Rate

Carrieri 0.8*Bit Rate

Carrieri 0.7*Bit Rate

Carrieri 0.6*Bit Rate

Carrieri 0.5*Bit Rate

Carrier

Carrier + 0.5*Bit Rate

Carrier + 0.6*Bit Rate

Carrier + 0.7*Bit Rate

Carrier + 0.8*Bit Rate

Carrier + 0.9*Bit Rate

Carrier + Bit Rate
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8.8. TEST: LDPC-Enabled Transmitter/Encoder to Receiver/Decoder Interoperability

8.8.1 PurposeThis test veriesendto-end operation of an LDR€nabledIM system. Either
the encoder or decoder can be verified if one has already been verified as correctly encoding (for
the transmitting system) or decoding (for teeeiver/decoder) per IRKE06.

8.8.2 Test EquipmentSpectrum analyzer, BERattenuator(s), power divider

8.8.3 Setup Connect the encoder, decoder, and test equipment as shbwiies-13.

Y
Input D/C
BERT
Output
DIC » Receiver/Decoder
LDPC-enabled Power Step Power
Transmitter Attenuator Attenuator Divider

Spectrum Analyzer

Y

Figure8-13. Test Setup for Interoperability

8.8.4 Conditions This test is intended to be condutia a laboratory environment.
8.8.5 Procedure

1. Set the data source to generate a pseaddom bit sequence lengthaifleast 2% 1 bits,
preferably 2% 1 or longer to better represent encrypted data at the bit rate required for the
test. With the RF muted, configure the transmitting system for the carrier frequency, proper
modulation scheme, and block size/coding rate of the LDPC code. Enable the proper
randomizer for LDPC per IRIGO06.

2. Set the attenuator levels so the receiver/decoder is operating well within its linearange
typical value for a'M receiver would be an input level o#0 dBm. Configure the
receiver/decoder for the matching center frequency, proper modulation scheme, data rate,
block size/code rate, and-dendomizer. Verify th@8ERT is set to detect the same pattern as
is being generated. Unmute the RF output on the transmitting system and verify the
receiver/decoder is receiving, demodulating, and decoding the sSigmiy. synchronization
of theBERT.

3. Once theBERT synchronizes, monitdhe number of errors over a-b&inute interval.
Record the number of errors tBERT counts over this interval on Data Shee.8

8.8.6 Data ReductionEnter resulting data from the procedure in Data Sheet 8.8.
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Data Sheet 8. Interoperability
Test 8.8 Transmitter to receiverinteroperability
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Output Power: W
Modulation Mode: PCMFM SOQPSK ARTM CPM Data Pattern:
Uncoded Bit rate: Mbps Coded Bit Rate: Mbp

Coding Rate: 1/2 2/3 4/5 Codmlck: 1024 4096

Bit Errors/15 Minute Interval:
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CHAPTER 9
Test Procedures for Spacdime Coding Capable Hardware

9. General

Spacetime coding(STC) has been implemented in telemetry hardware to overcome the
two-antenna problem exhibited in many airborne telemetry systems. The following test
procedures are recommended for testing telemetry systems used for STC encoding and decoding.

Nearly all the test procedures for SOQRB& digital transmitting and receiving systems
can also be performed with STC hardware. In general, these tests should be camitiutied
two STGencoded RF bit streams from the transmitter/encoder combined, as they would be seen
through a transmission channel with zero frequency and delay offsets between the two STC
signals

The STC encoding adds pilot bits to the user data, resulting in a 26/25 bit rate expansion.
The following procedures wilbentify two different bit rates. ThBlnputo bit rate is the pre
modulationbit rate without the 26/25 biate expansion. Th@TA bit rate is the 26/25 expanded
bit rate as a result of the added STC pilot bits.

Table9-1 lists the types of tests and their test and paragraph number.

Table 9-1. Test Matrix for STC -Capable Telemetry Hardware
TestNumber Test Description

9.1 Receiver/Decoder Bit Error Probability versugNp

9.2 Receiver/Decoder Reacquisition and Synchronization Loss Threshqg

9.3 Receiver/Decoder Initial Acquisition and Flat Fade Recovery Times

9.4 Receiver/Decoder Latency Time

9.5 Receiver/Decoder Adjacent Channel Interference

9.6 Transmitter/Encoder 99% OccupiBd n d wi dt h aBaddwidtl?

9.7 Transmitter/Encoder Spectral Mask

9.8 Transmitter/Encoder to Receiver /Decoder Interoperability

9.9 STC Signals with RF Combining

9.1. TEST: Receiver/Decoder Bit Error Probability Versus Ex/No

9.1.1 PurposeThis test verifieghe ability of a singleehannel TM receiver/decoder to
properly decode a pair of SOQPS C modulated waveform$he two waveforms may arrive
at the receiver/decoder with differing amplitude, delay, and pihaséo the physical
environment, antenna locations, and differences in thetbeair (OTA) propagation path.

This procedure tests specific amplitude and delay variances. Phase variances must also be
consideredThe STC demodulator performance may be affected by the relative phase of SO and
S1 signals. If these signals are combined at the RF level (as opposed to digitally), relative phase
is dependent on carrier frequency, cable lengths, delay$t istcecommended that SO have a
small (roughly 1 Hz) frequency offset relative tot8Inake results as consistent as possible
while facilitating use of varying equapent resources. Doing this ensures all possible relative
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phases are tested, and that results are averaged across those phases. This recommendation applies
to all STC performance tests, not jB&P.

Test equipment resources vary at each locafibrs tesillustrates three different test
configurationsFigure9-1 uses a waveform signal source followed by an attenuator and a
telemetry receiver/decoder that are then calibrated in termgN. Eigure9-2 uses a waveform
signal source plus a noise test set that generates the signal at the selNeteideEtly. Figure
9-3 uses an integrated waveform signal source/calibrated additive noise source (receiver
analyzer) that generates the signal at the desy@ Hirectly. Each of the three configurations
has the ability to generate a calibratefNg at thereceiverdlecoder input.

BERT |«
............................... D/C
RF Step RF
S0 >
STC Enabled Attenuator Telemet

: : RF ry

Transmitter or Vector i Combiner Receiver/Decoder
Modulator s1 » Step RF; (Under Test) DiC
Attenuator
IF
STC RF Signal Source Howbr
Meter

Figure9-1.  Setup for Step Attenuator/Power Meter Bit Error Probability Test

BERT |«
D/C
4
o RF | Step RF
Attenuator 1l DI/IC
STC Enabled ; RF | Noise Test Set | RF Telemetry
Transmitter or Vector - Combiner > (Calibrated) Receiver/Decoder +—
Modulator 31 »  Step RF_ (Under Test)
Attenuator
STC RF Signal Source

Figure9-2.  Setup for Noise Test Set Bit Error Probability Test
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|

D/IC
STC Enabled Combined RF Recg;'zysgcyo -
[ S0/51 ’_
Receiver Analyzer (Under Test)

Figure9-3.  Setup for Receiver Analyzer/VSG Bit Error Probability Test

9.1.2 Test EquipmentAn STC sgnal sourcecontrol of the differential amplitude, delay, and
phase of the two STC signals, RF combiB&RT.

9.1.3 Setup (tep attenuator/power meter methothis method is for finding the attenuation
that results in angANo of 15 dB when the step attenuator/power meter method showgure
9-1is used. Each measurement should be stable and repeatable to no more than 0.5 dB.

1. Connect the encoder/modulator as showhigure9-1.

2. Place the signal source in carr@rly mode. There are several ways of doing this depending
upon the specific modulator being used. Turn off the source and set the attenuation to the
maximum value. Use AGC freeze or manual gain to set the noise polwerrateiver/
decoder IF output in the linear region. Measure and note the IF power level in watts.

3. Turn on the source and decrease the attenuation until the power level at the IF output
increases by @B over the value recorded step 2 Note this attenuation setting as it will be
the baseline to work from. This value is thdB IF carrierto-noise ratio C/N = 0 dB) thus
the B/No is given by:

(0] 08 ., . 00w
,,— 0] & Q—— .
0 P 0 " Mwo Q
4. Put the receiver/decoder in AGC mode and decrease the attenuation by approximately:
05 o é " 00
0 oe Qe .
P P 0 MwWo Q

5. Use AGC freeze or manual gain to set the noise power at the receiver/decoder IF output in
the linear region. Measure and note the IF power level in watts. This will be the carrier plus
noise orC+N value. Note: The bit rate used in the equations isiltiuto bit rate. Units of
IF BWandBit Rateshould be the same.

6. Turn off the source and set the attenuation to the maximum value. Measure the noise power
level (N) in watts. Calculate thepBo:

0 04 ., .0 0 0 ., LOOw
— Q0 mE o—— & Q. .
0 P 0 P 0 Mwo Q

The most accurate value to use #6bandwidthis the equivalent noise power bandwidth. If
t h e dBib&ndwidth (either measured or specified) is the only value readily available, it will
give nearly the same value fog/Bo. If the measured value is not within 0.1 dB of 15 dB,
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change the attenuation by the appropriate amount to get within 0.1 dB of 15 dB and repeat
the C+N) and N) measurements and calculations. Th#Eis now calibrated and will
change by 1 dB for each 1 dB of attenuation change.

9.1.4 Setup (wise test set methpdConnect the encoder/modulator as showfigure9-2.
This method is for utilizing a noise test set for diredifining Ex/No as shown irFigure9-2.
Once the bit rate and noise bandwidteenteredn the noise test set, the signal is applied and
the noise test set will measure carrier power allowing direct control giNs Iy varying the
noiseN. Note: The bit ratenteredn the noise test set is tfilputo bit rate. The noise test set
uses the following equation tefine Ew/No directly:

O 08 pmed patod®
5 P 5 P 5o o Q

9.1.5 Setup (eceiver analyzer/VSG methp@onnect the encoder/modulator as shown in
Figure9-3.This method utilizes a receiver analyzer or vector signal generator with internal
AWGN capability for generating the ST& andS1 signals and directly setting/Blo as shown

in Figure9-3. Most receiver analyzers will require configuration of the test (in this aiNe 6.
BEP) and of the signal source. After these steps, setiiig &irectly will be possible and the
signal from the receiver analyzer will have the exact amount of AWGN required for that setting
of Ex/No.

9.1.6 Conditions This test can be performed using any of the three setups as descthmed in
last paragraph of Subsecti@ri.1 Differential delay, amplitude, and phase between SO and S1
are controlled manually.

9.1.7 Procedure

S0/S1 Equal Amplitude

1. Set the BERT to generate a pseudo noise pattern of at }{§as{PRN11), preferably longer
to better simulate encrypted data, at the bit rate required for the test. With the RF muted,
configure the transmitter/simulator system for the carrier frequency and SOPSK

2. Set the signal level to the receiver/decodeartsuret is operating well within its linear
rangeAt ypi cal value for a telemetry receiver/d

3. Configure the receiver/decoder for the matching center frequency, SOQPSKand data
rate. Verify the BERT is set to detect the same pattern as it is generating. Unmute the RF
output on the transmitting system and verify the receiver/decoder is receigmgdulating,
and decoding the signal. Verify the BERT detector synchronizes on the proper data pattern. If
available on the receiver/decoder, monitor the front panel displays and verifatdeoe
differential delay or amplitude differences in theaiged signal.

4. Set the initial B/No to approximately 15 dB and measure the bit errors in an interval of 10
10° bits. If theBER s larger than 1 per 1bits, increase thesfNo until theBER s less than
that limitand record the #A\o as the starting value on thata sheet

5. Measure thEPin 1-dB intervals (reduce thenNo by 1 dB for each step until the BE
Q10 ?) and record the BEP on Data Shed{(8).

S0/S1 Individually
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6. Turn on SO and turn off S1. Repeat stefis(&ntering the data on Data Sheet 9.1[B]) using
the appropriate setup describedift.3 9.1.4 9.1.5 or9.1.6 Turning off S1 will require
recalibrating the ENo. Enter data int@ata Shee®.1(B).

7. Turn off SO and turn on S1. Repeat stefis(gntering the data on Data Sheet 9.1[B]) using
the appropriate configuration described®i®.3 9.1.4 9.1.5 or9.1.6 Turning off SO will
require recalibrating thepENo. Enter data intata Shee®.1(B).

S0/S1 Unequal Amplitude

8. Repeat steps-3 (entering the results on Data Shed{@]) with unequal input levels using
the appropriate setup described®ift.3 9.1.4 9.1.5 or9.1.6 Reduce the S1 signal level by
3, 10 and 20 dB from the SO signal. Each new differential amplitude setting will require
recalibrating the ENo by repeatin@.1.3through9.1.6 Re®rd results on Data SheetlC).

S0/S1 Unequal Delay

NOTE: If a capable signal simulator is not available, a means to vary the delay of one RF signal
path to the other is needed.

9. Set SO and S1 to equal amplitude. Repeat st&pgsing the appropriate setup configuration
described i9.1.3 9.1.4 9.1.5 or9.1.6 Repeat as describeddrl.6with S1 signal delayed
by ¥Ya3s, | , eandl-Qitintet¥als from SO. Record results on Data SheHD).

10. Repeat S0/S1 Equal Amplitude, SO/S1 Individually, SO/S1 Unequal Amplitude, and SO0/S1
Unequal Delay test®r other bit rates as desired.
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Data Sheet 91(A). Bit Error Probability versus En/No

Test 9.1A) With Equal SO/S1 Signal Levels
Manufacturer: Model:
Serial No:
Test personnel: Date:
Center Frequency (MHz) Bit Rate (Mbps)
IF Filter BW (MH2z)
En/No Bit Error Probability

15

14

13

12

11

10

9

8

7

6

5

4
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Data Sheet 91(B). Bit Error Probability versus E b/No
Test 9.1B) | With SO or S1 Only
Manufacturer: Model:
Serial No:

Test personnel:

Center Frequency

(MH2z)

IF Filter BW

(MHz)

Bit Rate

(Mbps)

En/No

Bit Error Probability 1 Carrier Only

S0 ONSL1 Off

S0 OffS1 On
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Data Sheet9-1(C).

Bit Error Probability versus E b/No

Test 9.1(C)

STC Unequal Amplitude

S0/S1 Attenuation Levels (dB)

Eu/No

SO dB 6
S1 0dB

SO0 dB 3
S1 0dB

SO0 1
S10dB

1

S0 0dB
S1 1

3

S0 0dB
S1 1

6

S0 0dB
S1 11

15

14

13

12

11

10

09

08

07

06

05

04
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Data Sheet 91(D). Bit Error Probability versus E b/No
Test 91(D) STC Unequal Delay
Delay in Bits
S01/8| SO1/4| SO3/8| SO1/2| SO5/8| S03/4| SO7/8| SO1 | SO0 | SO0 | SO0 | SO0 | SO0 | SO0 | SO0 | SOO
S10 | S10| S10 | S10 | S10 | S10 | S10 | S10 |S11/8| S11/4|S13/8| S11/2| S15/8| S13/4|S17/8| S11
Et/No BER

15
14
13
12
11
10
09
08
07
06
05
04
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9.2. TEST: Receiver/Decoder Reacquisition and Synchronization Lo3$resholds

9.2.1 PurposeThis testmeasurethe minimum /No thatresults in consistent acquisition

(defined as typically back in synchronization in a few seconds) and/iRedt which

synchronization loss occurs. Depending onrdoeiverdecoder this could beBER as high as 5
X101

Note: Large values of BEP can be expected at the point of loss of synchronization. It is important
that the BERT chosen can maintain bit synchronization to larger values of BEP, suth as 10

9.2.2 Test EquipmentBER test set, modulator with STC encoding (e.g. telemetry transmitter,
I/Q signal source, receiver analyzer), noise source (attenuator/power meter, noise test set,
receiver analyzer), and spectrum analyzer.

9.2.3 Conditions: This test can be performed with a properly calibragth Esing any one
of the three configurations shownhkigure9-1, Figure9-2, or Figure9-3.

9.2.4 Procedure

1. Set theBERtest set or source pattern to generate the desired bit rate with a pseudo noise
sequence length of at leasti2l (2047) bits and preferably at leadtia bits long (the
longer sequence is a better simulation of the characteristics of an encrypted signal). Set the
signal source to generate SOQRSKC modulation.

2. Set the receiver/decoder to match the combination of center frequency and bit rate of the
transmitting source. Set the initiad/No to approximately 16B and verify that th8ER test
set synchronizes. Decrease thé\g in 1-dB steps until th8ER test set starts to lose
synchronization. Some receiver/decoders have an internal assessment of synchronization. If
this is available compare these results with those obtained wiBEfR¢est set. Use the
value that best represents the performance of the syRierord the lowest value of/Elo
with solid synchronization on Data Shee2.9

3. Set the B/No to the lowest value at which solid synchronization was maintained. Turn off the
signal source. Turn the signal back on at thidlgset above. If the signal is reacquired
rapidly, then record thisfiNo on Data Sheet-2. If the signal is not rapidly reacquired,
repeat the process with the/p increased in 0B steps until rapid resynchronization
occurs.

4. Repeasteps 2 and Br other baseband data rateslasired.
9.2.5 Data ReductionCompare the measured/Eo values with the specification.
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Data Sheet 92. Receiver/DecoderAcquisition and Synchronization
Receiver/DecodeAcquisition and Synchronization Loss Thresholds

Test 9.2

versusEn/No
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Center Frequency (MHz) Bit Rate (Mbps)
Over the Air Bit
Rate: (Mbps)

Eb/No

Synchronization loss threshold

Re-acquisition threshold:
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9.3. TEST: Receiver/Decoder Acquisition and Flat Fade Recovefjimes

9.3.1 PurposeThis testmeasurethe time it takes for the receiver/decoder to synchronize

after a long interval of no discernable input. In this case, due to the long outage the carrier is
swept to simulate a Doppler shift in frequency. The purpose of the flat fade recovery time test is
to measure the time it takes for the receiver/decoder to synchronize after a fairly short interval of
no discernable input. In this case the carrier is not swept due to the short time of the outage. In
each case,\o is set toa level whee the signal is virtually noiskee or set to a level causing a
BEP of no worse than 1x10

Both tests reveal the total amount of time it takes for the demodulator to synchiarare and
lock on to the pilot bitsmake estimations on frequency offset, differential timing, and
transmission channedecode the Alamoutncoded blockand output the resulting data.

9.3.2 Test EquipmentBER test set, modulator with STC encoding (etglemetry
transmitter, 1/Q signal source, receiver analy,zeoise source, digital oscilloscope, ftch,
switch controller, spectruanalyzer.

9.3.3 Setup Connect test equipment as shownFagure 9-4.

Func

Gen
L\
BERT Wideband
Noise
DIC|(1111...1) Source 2 (1111..1)
FMIn D/C
o |RE| Step RF | Step A 2
STC Enabled Attenuator - Attenuator/ Wideband RF Telemetry
Combiner Power |+—» Noise |—wi_ . . on—» Receiver/Decoder —
Vector Modulator RF Switch
S1+— Step RF Mete’r (If Source 1 (Under Test)
Attenuator Req'd) T
IF
Switch .
STC RF Signal Source Control Power Meter
(if req’d)
Receiver Analyzer

»| Digital Oscilloscope f«—

Trigger Data

Figure9-4.  Test Setup for Receiver/Decoder Acquisition and Flat Fade Recovery

9.3.4 Conditions This test can be performed using a signal source plus a noise test set that
generates the selectedf; a signal source followed by an attenuator and a telemetry
receiver/decoder that are then calibrated in terms/bfoFor a receiver analyzer. The power

level of the noise source should be set to approximate the level of the telemetry signal in the
bandwidth of interest (a receiver/decodeMi@&C mode with no input would be one choice for
this noisesource). If theBERT has the capability aheasuring acquisition time, it may be used

in place of the digital oscilloscope. In all conditions, when measuring the initial acquisition
recovery times, the signal source should have the capability to sweep the carrier frequency at
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least+20 kHz with a rampup/rampdown (triangle waveform) profile with the ability to set the
waveform period to approximately 16 seconds K&H3/s).

9.3.5 Procedure

1. There are several methods available to generate the baseband test signal. Method one uses an
IRIG randomizer with all ones input pattern to achieve the baseband test signal, a
randomized sequence of ones should produce ones at the output of the derahdomize
receiver/decoder if the derandomized receiver/decoder is implementing the IRIG de
randomizer correctly. Method two sets BIER test set to generate the desired bit rate with a
pseudenoise sequence length df21 bits.Ensurethe output from this method is all ones
after derandomizationinvert the data if required. (Note: The exact method for generating
this sequence must be verified using feedback from register taps 14 andrikuire
compatibility with the IRIG 15stage deandomizer). Set the signal source to generate the
required center frequency and SOQPSKC modulation. Verify the proper signal spectrum
is generated using the spectrum analyzer. Ensure the RF switch is passing the signal to the
receiver/decodefetthe receiver/decoder to dandomize the input signal. As ones were
input to the randomizer the dlandomized output should be all ones if there are no bit errors.
Any bit errors will show up as zeroes in therdadomized output. Some receiver/decoders
may output the zero or ones state when the demodulator is out of synchronization regardless
of input data pattern. This should be checked and noted prior to performing the test and the
proper inversion selected if required to ensure the zate istthe oubf-synchronization
state.

2. Set the receiver/decoder to match the combination of center frequency and SGQESK
modulation. Set the initial JANo to something greater than @8, which will ensure additive
noise will not bias the test result. Adjust the output levelideband noise souréto the
same level as the signal andleband noiseairce 1. Using the RF switch control signal as
the trigger, configure the digital oscilloscope to trigger on the transition from noise
(wideband noise sour@ to signal plus noisevfdeband nise sourcd) and record intervals
of about 500ms (this value may need to be varied with bit rate to capture the actual
acquisition times with sufficient accuracy). Set the signal source to sweep the carrier
frequency+20kHz, or to a range compatible with the carrier capture range of the
receiver/decoder. A good starting point for the sweep period would be 2.5 kHz/s.

3. Initial Acquisition Tesfi Set the RF switch to pass the RF signal plus naigiepand noise
sourcel) for about 2 seconds and the noisalé€band noise sour@ for 8 seconds.
Continuously repeat this cycle. The initial acquisition time is the time from the switch trigger
to the time at which the receiver/decoder output data is stable in the all ones state. Repeat the
test enough times to get repeatable resuitsrecord the minimum, maximum, and average
acquisition times on Data SheeBYsee note beiv).

NOTV There should be a range of acquisition values measured for both

This is primarily due to the frequency in which the pilot bits are
present in the block and where in the block structure the RF sign
re-applied to the receiver/decoder.

4. Repeasteps 2 and Br an B/No that results in a BEP of 1x190 If required, repeat for
various combinations of input frequency, sweep range/period, or bit rate.
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5. Flat Fade Recovery TektDisable carrier frequency sweeping. Set the RF switch to pass the
RF signal plus noisevfdeband noise sourdg for 8.5 seconds and the noisedeband
noise source) for 1.5 seconds. The flat fade recovery time is the time at which the output
data is stable in the all ones state. Repeat the test setting the RF switch to pass the RF signal
plus noise\ideband noise sourdg for 9.5 seconds and the noisgdeband noise sour@
for 0.5 seconds. Repeat both tests enough timgsttrepeatable results and record the
minimum, maximum, and average acquisition times on Data Sk é&tek note below).

6. Repeastep5 for an B/No that results in a BEP of 1x19 If required, repeat for various
combinations of input frequency and bit rate.

9.3.6 Data ReductionCompare the measured acquisition and reacquisition times with the
values in thespecification.
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Data Sheet 93.

Receiver/Decoder Acquisition

Test 9.3 Receiver/Decoder Acquisition and Flat Fade Recovery Times
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Input Bit

Center Frequency (MH2z) Rate (Mbps)
Over the Air Bit
Rate:
Carrier sweep range kHz Sweep Rate Hz
Switch on time (signal) seconds
Switch offtime (noise) seconds

Frequency (MHz) Bit Rate (Mb/s) Eu/No (dB) Acquisition Time (us)

Min Max

g
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9.4. TEST: Transmitter/Encoder and Receiver/Decoder Data Latency

9.4.1 PurposeThis testdetermingthe delay in the transmitter, in the receiver, and the
combination of transmitter and receiver for an SOQFEIIKC system.

9.4.2 Test EquipmentDigital pattern generator/BERTixed-domainoscilloscope (MDO).

9.4.3 Test MethodThe use of STC requires the insertion of pilot bits used for estimation over
the block of data being transmitted. The user data is combined with the STC pilot bits to form an
STC frame. Sekigure9-5. The STC frame data rate is increased by a factor of 26/25. This adds
latency when compared to traditional serial streaming telemetr\ziGee 9-6.

3200 User Bit Times

4
Y

User Bits

3200 bits

26/25 Bit Rate Expansion

3200 bits
|
|
STC Pilot Bits \
|
128 bits E
|
| |
| |
! STC Frame '
128 bits 3200 bits

Figure9-5. STC Frame

—> Transmitter ' Receiver [—>

1 1 1
T T, T,

Figure9-6. Measuring STC Latency

Total System Latencyi ="Y Y
Transmitter/Encoder Latency: YOy
Receiver/Decoder Latency calculatian: 0 0

9.4.4 Description ofFigure9-7 MDO Display. There are six traces on the display. The first
three traces consist:afH1 Oscilloscopegreer), CH2 Oscilloscopebjue), and Freq'Q vs

Time (yellow). There is a zoom window noted by white brackets on the first three traces. The
nextthree traces are the zoomiedmage of the three top traces inside the zoom brackets. When
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measuring théransmitteréncoder latency the MDO is triggered by the BERT input on CH1.
Although it is too small to see on the CH1 sweep, the trigger point is marked by the T at the top
of the zoom window. Th&bo marker is coincident with the trigger (T). Thad marker is

coincident withtransmitter RF output, via therectional coupler, and is seen on the yell@v

trace. The STC pilot bits are seen on the yell@nace. Thdao & fbo marker measurements are
referenced to the trigger position. The measurement below was done wMbsdata rate. As

seen orFigure9-7 0 , the time from the BERT trigger (T) to the Transmitter output (a), is 41.4
us. 0 , the total delay to the RX output (CH2) is 198s4

IEEN M 200us
Y

Zoom Window m_» s
Start

5 )Y TSI TS,
2

£

Z’oom Factor: 2 X Zoom Position: ‘~105ps

P ‘ ( 41.40ps 62.97kHz
® 0.000s -
/

BERT DATA BIT/ _____Ad41.40pus  A7.266k
Trig OUT:

» BRIy s O e S R B IR T e e B Tl e R R ¢ e e B g S
CH1

RX DATA BIT
OuT:
(193.4 us)

bl semalommentele,h e s s ek e smmeniing Forsimpd i dedat lohim pldetmrnic ol i b Srambetbalomodlidos doolackiontosesd itbobfinest inde nforessbomdsfmriodel don b abooses, oba srermnallfodh ) sorsblben Stision o il o Lz bl

2)
STC Pilot Bits *

|8 TXRFOut
Transition Bit
(41.4 us)

'5.00MS/s ) (RF v T BW: 3.20MH2)

(@ 1.00Vve @&
= 10k points ) ’ [1 1.08 V|

0.00000 s ’ ‘

(3 Nov 2018
102:35:10 ),

Figure9-7.  Mixed Domain Oscilloscope RF Latency (Transmitter) Measurement

MDO Settings

FREQ: ON,
RF VS Time Setting | AMP: Off,

PHASE: Off
SPAN 3 MHz
START 2248.5 MHz
STOP 2251.5 MHz
RBW 20kHz
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9.4.5 Setup Set up the equipment askigure9-8. Set the RF output of the transmitter/
encoder using transmitter controls and/or attenuators for a reasonable RF level for the
receiver/ decoder and MbDda&ligitalrpattern geretatoryBERT2Z® d B m) .
provide all zeros with an ecommand ondime one bit change (insert error). Set the
transmitter/encoder and receiver/decoder to the desired bit rate.

ORI BERT
D/C
s RF | Step RF
STC Enabled Attenuator e
Transmitter of Recei?/grr/nge::yoder
Vector Modulator 1| RF | g | RF | Directional | RF (Under Test)
Attenuator Coupler
STC RF Signal Source |RF Data
7777777777777777 e e DB TG MDO Sle
(TX Latency) 2 =

Figure9-8.  Data Latency

9.4.6 Conditions TheSTC eroder formatblocks of data and appends pilot bits (refer to
IRIG-106 Appendix 2B). Any data input bit can be assigned any position in the data. Albek
data latency measured should be an average.

9.4.7 Procedure

1.

Determine the total system latency by connecting the MDO CH2 to the receiver data
output. Connect the MDO CHL1 to the BERT data output. Trigger the MDO from CH1. Insert
a bit error on the BERT. Measure the time from the BERT output to the réden@uer

data output on CH2. Record the  result in Data Sheet4.

Determine the transmitter latencyr{). Set the MDO RF input to trdérectional coupler

port. Insert a bit error on the BERT. Measure the time from the BERT output (T) to the
transmitter/encoder RF transition on ti@race. The RF transition signal will appear after
the trigger on the MDO. Thierx will vary depending on where the transition bit is placed in
the encoded block. Repeat this step several times and recard #verage result in Data
Sheet HA4.

3. The receiver latency can be computed by subtraéting 0 0

Repeat step8through 4 for other bit rates as desired.

Range Commander sTi eu rCoidli .ngh $mac del e me tTelgmet§ $tantdaedms . 0
RCC 10623. July 2023. May be superseded by update. Retrieved 7 May 2024. Available at
https://www.trmc.osd.mil/wiki/x/9AAGCg
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Data Sheet %4. Transmitter/Encoder/Receiver/Decoder
Test 9.4 Transmitter/Encoder/Receiver/Decoder Data Latency
Manufacturer: Model:
TX Manufacturer: Model:

RX Manufacturer:

Tx Serial No:

Rx Serial No:

Test Personnel: Date

Center Frequency MHz

BIT RATE =I4| o 4%) =I4| .(US) =I=| .(US)
(Mbps)

OO |IN[O|O|R[WIN]|F-

AVERAGE AVERAGE AVERAGE
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9.5. TEST: Demodulator Adjacent Channel InterferenceTest

9.5.1 PurposeThis testmeasurethe effect orBEP of the victim signal when the interfering
signal(s) is in adjacent frequency channels. The results will be a function of the STC coding,
receiver/decoder filter characteristics, bit rates, relative power levels, frequency spacing, and
receiver/decoder chacteristics in the presence ofiaterferer.

9.5.2 Test EquipmentBER test sets, modulator with STC encoding (dejemetry
transmitter, 1/Q signal source, receiver lgmar), telemetry signal sourcattenuators, noise
source, power dividers, spectrum analyg8pecialized test equipment such as a noise and
interference test sandreceiver analyzer can replace most of this test equipmavidiiable.)

9.5.3 Test MethodThe method of this test is to set asiNp for BEP of 10° for the victim

signal, increase thesfo by 1dB, and then add the interferer(s) at a certain frequency offset(s)
and a certaiiC/ ratioand observe any degradation of the victim signal. If there is no degradation
of BEP, then the interferer(s) is either increased in amplitude or moved closer in frequency until
a BEP of 1x10 is observed, signifyindg dB of degradation ingNo, which is the limit for

accepable adjacenthannel intdference.

9.5.4 Setup Connect test equipment as showrrigure9-9.

BERT
D/C
TranSsTn?tt??J?l\e/gctor At;enuator Spectrum
(ifreq'd) Analyzer
Modulator RE
STC RF Signal Sources gs‘iA(,jee:’ i) ’%ﬁif‘e‘;aé;x
STC Enabled RF
Transmitter or Vector ,‘\(ttfir;u?;())r [F))is‘iﬂggr > gi?/‘i,:jirr
Modulator e
DIC l
Attenuator
BE (ifreqd)
Receiver Analyzer l
N— el Power Wideband Noise
ignal Source o —
RF (Under Test) Divider Source
0 RF Step RF
STC Enabled Attenuator D/IC
Transmitter or Vector Combiner
Modulator RF RF
S1 Step ;
Attenuator BERT
D/C
BERT

Figure9-9.  Setup for Adjacent Channel Interference Test

9.5.5 Conditions This test can be performed using various modulation types as the
interferers. The test can also be performed with only one interferer or with two interferers (one
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above and one below the victim signal frequency). This test can be performed with actual
telemetry transmitters or with appropriate laboratory signal generators and/or a receiver analyzer.
The laboratory generators should be passed through an amplifier dme type as will be used

in the actual transmitters (an amplifier operating in its-lmogar range can be used if an

amplifier of the proper type is not available.) If the purpose of the test is to evaluate performance
duringa test mission with a spific set of frequencies, modulation scheme (for interferers), and

bit rates, use these parameters fortdise

9.5.6 Procedure

1. Set theBERT or data pattern of the signal source (this signal will be the center signal and
called the victim or carrier, C) to generate the desired bit rate with a pssuttam bit
sequence length of at leasti2l bits. The modulator output of the victim will typically need
to be norlinearly amplified to simulate a typical telemetry SOQPSKC transmitter.
Similarly, configure the interferer telemetry signal source(s) with independent pseudo noise
sequences atéidesired bit rate and modulation. Set the cergguincies of these signals to
the desired locations above and below the frequency of the victim signal. A good starting
point for these signals can be calculated using the adjacent channel interfateice
recommendations in IRK&06 AppendiXA. Make sure to use tH@TA bit rate for the
victim when calculating\Cl spacing per Appendix 2E.

2. Apply maximum attenuation to the two interferers or mute the RF outputs to remove them
from the input to the receiver/decoder. Set the attenuators and noise source level (or adjust
the noise and interference test set if available) to produce a BEP 6f forlibie victim
signal. Increase the power output of the(BTBK-STC victim signal by 1 dB.

3. Use the spectrum analyzer to set the relative powers of the interfering signglfsgaf
starting point is to have the interfering si
signal. Vary the attenuator that is common to the two interferers until the BEP is again
1x10°. Measure the relative power levels of the victim and interferers and record on Data
Sheeb-5.

4. Repeasteps 1 through ®r various bit rates, modulation types, and center frequencies of the
interferer(s) as desired.

9.5.7 Data ReductionSubtract the victim (C) power level from the interferer (I) power level
and record on Data She®b.
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Data Sheet 9. Receiver/Decoder
Test 9.5 Receiver/Decoder Adjacent Channel Interference
Manufacturer: Model:
Serial No:
Test Personnel: Date:
ReceiverlF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps
Power dBm
Interferer 1Frequency MHz  Bit rate Mbps  Modulation type
Power dBm Spacingrom Victim MHz
Interferer 2Frequency MHz  Bit rate Mbps Modulation typt
Power dBm  Spacingrom Victim MHz
Power level difference between Victim &8nterferer(s), C/I dB
ReceiverlF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps
Power dBm
Interferer 1Frequency MHz  Bit rate Mbps  Modulation type
Power dBm Spacingrom Victim MHz
Interferer 2Frequency MHz  Bit rate Mbps Modulation typt
Power dBm  Spacingrom Victim MHz
Power level difference between Victim &nterferer(s), C/I dB
ReceiverlF Bandwidth MHz
Victim:  Frequency MHz Bit rate Mbps
Power dBm
Interferer 1Frequency MHz  Bit rate Mbps  Modulation type

Power

Interferer 2Frequency
Power

Power level difference between Victim andnterferer(s), C/I

dBm Spacingrrom Victim

MHz  Bit rate Mbps

dBm  Spacingrom Victim

MHz

Modulation typr_
MHz

dB
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96. TEST: Transmitter 99% Occupied Bandwi dth a

9.6.1 PurposeThis test measures the 9®BWand t he 125 dBm bandwi dt
SOQPSKSTC telemetry waveform. These bandwidths can be used to detérthaeystem

complies with its spectral occupancy requirements. An example of these bandwidth

measureens is shown pictorially inFigure9-10 for an SOQPSKSTC waveform with a

baseband data rate ®Mbps (he OTA bit rate is 5.2 Mbps).

Occupied Bandwidth

o

30— ‘ .V 99%Bw\\l | S— —
=40
dBC |-so | /

-25dBm
.70
AU, Vo
10 =8 6 4 2 0 8 7/ 10
MHz

Figure9-10. OBW Example 5Mbps SOQPSKTC

9.6.2 Test EquipmentSpectrum analyzer with builh OBW measurement suite, directional
coupler, attenuators, poweeter.

9.6.3 Setup Connect the test equipment as showRigure9-11 for a laboratory teésThe
attenuatomust be set properly in order to keep the input level to the spectrum analyzer below its
stated maximum level.
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BERT
D/C
RF Step RF

S0 |—>

STC-Enabled Alentaior __|RF| Directional |RF | o o |RF Jo oo
Transmitter/Modulator | o Combiner Coupler L PRGNy ZEr
s1t—5 Step | RF
Attenuator
Y

Power
Meter

Figure9-11. Setup for Bandwidth Measurement Test

9.6.4 Conditions This test is performed with an STéhabled telemetry transmitter/encoder
anda receiver/decoder system haned in a laboratory environment. The bandwidth
measurements are performed using a spectrum analyzer with the following settings: RBW = 30
kHz, VBW = 300Hz, peak hold off and averaging off. These settings are consistent with the
settings for spectral mask measurements.

9.6.5 Procedure

1.

Set the center frequency of the spectrum analyzer to match the transmitter carrier frequency.
Adjust the span so all modulated components plus the noise floorgfabieum analyzer

are captured. A good rule of thumb is to have a minimuomeMHz of noise floor captured

both above and below the modulatealveform. As a starting point, usaur times the bit

rate to set the span.

If possible, set the telemetry transmitting system to transmit an unmodulated carrier. Take
several sweeps with the spectrum analyzer to find theyadak andset that value as the 0

dBm (0dBc) reference point (the top of the spectrum analyzer display). The peak value is the
unmodulated carrier power at the spectrum analyzer input and will be used as the reference
value for the bandwidtmeasurements.

If unmodulated carrier transmission is not possilotel the total carrier power at the input to
the spectrum analyzer by settitig analyzer to its maximum RBW and VBW, selecting max
(peak) hold, and alloiwg the analyzer to make several sweeps. The maximum value of the
resulting trace will be a good approximation of the unmodulated carrier power for frequency
and phasenodulated signals. Set the maximum value as the 0 dBm (0 dBc) reference point
(the top of the spectrum analyzer display). An exampthisimethod is shown iRigure

9-12.

9-24



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for Telemetry
Radio Frequency (RF) SubsysteREC 11825 Septembe025

REBW 10 MH= Maskar 2 (T2
VBW 10 MH= -28.96 aBm

Rer 0 4Bm A 320 as SWT 2.5 ma 2.2%50000000 gCH=

y n
"

i x

VIEW | 20 s oy

vizw | _ap ' \

ol / \

/ i
| -s0 -+

| -50 / )] \

e o W,@cd!ww/ \MWM® ivardap et E I

il

=100

Center 2.23% CH= 2 MHz/ Span 20 MHsx

MHz
Figure9-12. Modulated, Unmodulated, and Total Power Estimate Waveforms

4. If possible make a power measurement with a power meter and record that value in Data
Sheet % after correcting for losses between the transmitting system and the power meter. If
a direct power measurement is not possible, record the specified output power of the
transmitting system for reference.

5. Configure the spectrum analyzer to the following settings: RBW=30 kHz, VBW=300 Hz,
peak hold off, averaging off. Verify the carrier is modulated with SOQB$& modulation.
Allow the analyzer to take several sweeps. The span should be set to the recanmende
width, also verifying that the spectral components decrease to ai adBc. Perform the
99% OBW calculation with the spectrum analyzer. If this measurement cannot be directly
measured by the spectrum analyzer, it is possible to capture and dotiel date
information and determine the frequencies at which 0.5% of the total power is above and
below these frequencies. Record the upper and lower frequencies spanning the 99% OBW
using Data Sheet6.

6. A power | evel of 17T25 dBm is exactly equival e
55+10*1 og(P) where P is the transmitter powe
dBmlevelforald¥ t ransmitter i s 165 dBc. Find the t
components are below the calculated level below the unmodulated carrier level. Record these
upper and | ower frequencies and®6the 17T25 dBm
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Data Sheet %. 99% Occupied Bandwidth andi 25 dBm Bandwidth

Test 9.6 | Transmitter 99% Occupied Band
Manufacturer : Model Serial No.
Test Personnel Date

Center Frequency

Bit Rate

Combined Output Powe
99% bandwidth

Lower Frequency Upper Frequency
99% OBW: MHz

125 dBm bandwidth

Lower Frequency Upper Frequency

125 dBm bandwidth
Attach photo or plot spectrum:
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9.7. TEST: Transmitter Spectral Mask Compliance

9.7.1 PurposeThis testverifiesthat theoutput of each RF port of a transmitting system meets
the spectral mask as defined in IR1G6 for SOQPSKIG with STC encoding.

9.7.2 Test EquipmentBERT, spectrum analyzeaftenuator(s), combiner.

9.7.3 Setup Connect the test equipment as showRigure9-13. If an external data source is
used, ensure the interface settings are matched between the BERT and transmitting system.

BERT
D/IC »
\ 4
= RF| Step RF
STC-Enabled Attenuator | - - -
Transmitter/Modulator Combiner Step Attn pectrum
St RF, Step RF | Analyzer
Attenuator
>

Figure9-13. Spectral Mask Compliance Setup

9.7.4 Conditions This test is for verifying that a transmitting system, typically a telemetry
transmitter, conforms to the spectral mask as defined in-IRI& This test should be performed

on the individual channels SO and S1 and on the combined output. Perform tnislézst

laboratory conditions. The bandwidth measurements are performed using a spectrum analyzer.

9.7.5 Procedure
1. The spectrum analyzer should have the follovgeigings.

Center Frequency: Carrier frequency of the transmistystem
Span: Appropriate for SOQPSKG modulation and STC coding.
RBW = 30 kHz VBW = 300Hz

Peak HoldOff

Averaging:Off

2. PerFigure9-13 connect the spectrum analyzer to the RF output to each of the RF ports of the
transmitting system through attenuators and combiner rated for the power of the transmitting
system with enough attenuation to protect the input to the spectrum analyzere Afvélu
dB of attenuation is typical for a M transmitter buthe correct value should be determined
based upon the output power of the transmitter and maximum input level to the spectrum
analyzer. If using a BERT, connect it to the transmitting system at the desired rate (clock
frequency) and data pattern. Another method is to use the internal clod&tarhttern
generator of the transmitter to provide baseluid.
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3. Place each RF port on the transmitter to canidy mode either by an input data pattern of
alternating 1s and Os or via an external serial interface that controls each transmitter directly.
Once in carrieonly mode, measure the output power (carriavgrd for each and record it
on Data Sheet-9. Be sure to accoufdr the attenuation between the transmitting system and
spectrum analyzer. This will be the 0 dBc value. Alternatively, adjust the attenuatitat so
the peak of the carrier is at the O dBwel of the spectrum analyzer. Once this is done for
each RF port, the amplitude on the spectrum analyzer and in the spectrum capture file can be
read directly as dBc. (Note: 0 dBc values between RF ports should be nearly identical.)

4. For each RF port (SO and S1 of the transmitting system), set the data source to the required
pseudo noise data pattern. Longer patterns are more representative of encrypted data. Set the
modulation mode to SOQPSKTC at the bit rate of choice. Measure aagture the
transmitted waveform with the spectrum analyzer and record the results on Data-Bhéet 9
0 dBc was set, the amplitude will read in dBc diredfiyiot, convert the captured data to
dBc by subtracting the measured carrier power from medsumplitudevalues. Repeat the
procedure for the combined output and record on Data Steet 9

5. Compare the measured values with the spectral mask for SOQ83$kKodulation. The
spectral masks are published in IRIG6 Appendix 2A The bit rate required for the mask
calculation must be adjusted for STC (an expansion factor of 26/25). This bandwidth
expansion factor can be foundli6-22 Appendix 2E addressing STC coding.
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Data Sheet 97. Transmitter/Encoder Spectral Mask

Test 97 | Transmitter/Encoder Spectral Mask Compliance

Manufacturer: Model:

Serial No:

Test Personnel: Date:

Center MHz OutputPower: W

Freauency:

Bit rate: Mbps fOver the Aip Bit Rate: Mbps
Frequency (Hz) Level (dBm) Level (dBc)

SO S1 Combiner SO S1 Combiner

Carrier

CarrierT Bit Rate

Carrier T 0.

Carrier 1 0.

Carrier 1 0.

Carrier T 0.

Carrier 1 0.

Carrier

Carrier + 0.5*Bit Rate

Carrier + 0.6*Bit Rate

Carrier + 0.7*Bit Rate

Carrier + 0.8*Bit Rate

Carrier + 0.9*Bit Rate

Carrier + Bit Rate
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TEST: STC-Enabled Transmitter/Encoder to Receiver/Decodeinteroperability

PurposeThis test verifieendto-end operation of an STenablel telemetry system.

Either the tansmitte/encoder or the receivegdoder can be verified if one has already been
verified as correctly encoding (for the transmitsecbder) or decoding (for the

receiver/@coder).
9.8.2 Test EquipmentBER test setspectrum analyzer, attenuator(s), power dividers (2)
9.8.3 Setup Connect théransmitter/encoder, receiver/decqderd test equipment as shown
in Figure9-14.
DiC
BEED STC-Enabled
Receiver /
Dig v Decoder
< | R Stp |RF TRE
Attenuator
STC-Enabled - RF RF Power
Transmitter/Modulator | Combiner Step Atin ik
S1 Step RF
Attenuator RE
h 4
Spectrum
Analyzer

9.8.4
9.8.5

1.

Figure9-14. Transmitter/Encoder to Receiver/Decoder Interoperability Test Setup

Procedure

Conditions This test is intended to be conducted in a laboratory environment.

Set the BERT to generate a pseudo noise pattern of at {§ab(RRN11Y), preferably longer

to better simulate encrypted data, at the bit rate required for the test. With the RF muted,
configure the transmitting system for the proper carrier frequency, SO@HFEK
modulation, and required bit rate from the BERT. Enable thegon@andomizer for STC per

IRIG-106.

Set the attenuator levels so the receiver/decoder is operating well within its linearange

typical val

ue

for

a

t el

emetry

recei

ver/ decod

the receiver/decoder for the matching center frequency, SO@HEKmodulation, data rate

and derandomizer. Unmute the RF output on the transmitting system and verify the
receiver/decoder is receiving, demodulating, and decoding the signal. Verify the BERT
detector synchronizes on the proper getiiern. If available orhe receiver/decoder, verify

that both SO and S1 are present, and there are no differential delay or amplitude differences

in the received signal.

Once the BERT synchronizes, monitor the number of errors ovenanife interval.

Record the number of errors the BERT counts over thisibbte interval on Data She®8.
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Data Sheet 98. Transmitter/Encoder to Receiver/Decoder
Test 98 |  Transmitter/Encoder to Receiver/Decoder Interoperability
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency MHz OutputPower: \W
DataPattern:
Bit rate: Mbps Over the Air BitRate: Mbps

Bit Errors/15 Minutdnterval:
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9.9. TEST: STC Signals with RF Combining

9.9.1 PurposeThis test @termingdt he combi ner ds performance wi't
amplitude levels of SO and S1 at each of the receiver/combiner channels. With a valid input to
the receiver, the combiner should always have a valid output.

9.9.2 Test EquipmentSTC transmitter/encoder or simulator, receiver/combiner, BERT,
voltagecontrolled attenuators, voltage source with amplitude modulation, receiver/decoder

9.9.3 Setup Connect the STC transmitter/encoder with the attenuators, comlandrs
splitters as shown iRigure9-15.

BERT < D/C
DIC
»S0
: Voltage :
RF Slep RF Spllﬁer Controlled Combiner RF
5 Attenuator Attenuator 51 —»{CH1
STC-Enabled & Rt
Transmitter/Modulator — e
$1 i Step RF Controlled S0 RF, CH2
Attenuator Splitter Atte ;;amr Combinot

»S1

Figure9-15. Combiner Test Configuration

9.9.4 Procedure

1. Connect the equipment askigure9-15. Set the step attenuators to provide equal power
l evel s of SO0 and S1dBmttobath GHa amd CHR efdhe fteceived | of 1
decoder. Set the voltag®ntrolled attenuators to minimum attenuation. Verify the receiver/
decoder is performing RF/IF combining. Verify the receiver/decoder is properly
demodulating the two STC signals and the combiner is providing data to the BERT without
errors. If available on the receiver/decoder, verify that BotAndS1 are present, and there
areno differential delay or amplitude differences in the received signal. Verify the combiner
is functioning proprly with the display.

2. While monitoring theeceiverdlecoder front panel or client software, decrease the S1 power
level on CH1 by increasing the attenuation of voltagetolled step attenuator #2 in-tB
steps until the SO amplitude is 30 dB larger than the S1 amplitude on channel 1. Verify no
errors on the combiner output. Record results in Data SHeet 9

3. While monitoring theeceiverflecoder front paneir client software, decrease the SO content
on CH2 by increasing the attenuation of agktcontolled step attenuator #1 in-HB steps
until the S1 amplitude is 30 dB larger than the SO amplitude on channel 2. Verify no errors
on the combiner output. Record results in Data Sh€et 9

4. Repeasteps 1 through ®r other bit rates as desired.
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Data Sheet 9. STC Signals
Test 9.9 \ STC Signals with RF Combining
Manufacturer: Model:
Serial No:
Test personnel: Date:
Center Frequency (MHz)
Voltage Voltage
Controlled Controlled
Attenuator #1 Attenuator #2
(Reduces SO on| (Reduces S1on| COMBINER
CH2)(dB) CH1)(dB) BEP
0 0
0 110
0 120
0 130
110 130
120 130
130 130
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CHAPTER 10

Test Proceduredor Implementing Multipath Channel Conditions

10. General

The following test methods can be used to implement the 1RBxelemetry channel
model®to test telemetry system components in the presence of multipath and assess multipath
sensitivity. Some testing examples include comparing modulation scheme performance,
assessing coding gain, characterizing equalizer gain, etc., all through the IRtGMPIEANT
multipath channel.

Derived from the initial channel modeling workthe telemetrichannel is defined in
106-22 Appendix 2Hwith definitions for the parameters in Equations 1 and 2. The impulse
response of the channel can be expressed both as a static cBgnagbfl) and dynamic
channel Equation2). The difference in the two is the timaryingnature of the dynamic
channel.

MO 1 60 30Q 70 T 30 70 t 8 (Eq. 101)
MO 1 0 3 00Q 106 t o 3 00 10 1t 0o (Eqg. 162)

These two channel definitions are used within this test method. Both will be used to test
the multipath susceptibility of thHleUT under fixed and dynamic channel conditions. The
channels can be compl etely dgf)ilinerde lwa ttsjhv & hdee Ir e
(), carrier frequency {f, andv e hi cl e speed. (Noteianfehexre i s al
associated with each i¥|aéilPaencds iielil)’Fachefadnelci ent w
parameter i s r el at ityywhichthas utithgain dn@®zero delay. 8pedularp at h
and di f f uasnedareélbsliatlyyespredsed in time relative to the LOS path.

If a channel emulator is used during this testing, the telemetry channel can be created
using three propagation paths within the emulator. Path 1 is the LOS path, Path 2 is the specular
reflection path, and Path 3 is the diffuse reflection path. The esntiten sums these paths to
create one compadsipath through the emulator.

Static Channel Conditions

Static channel conditions are broken into two test conditions based upon the number of
propagation path@.e., transmission rays The static day channel defines three channels with
differing severity based upon the characteristics of the specular and diffuse reflections. The static
2ray channel defines a t ests ind@amhidxledireethe mul t i pl
specular reflection. The multiplghannel test matrix simplifies ther8y static channel by using
only the specular reflectictomponent but defines many more static channel conditions. The
multiple test conditions of ther2y case lends itself to automated testing.

P"Range Commanders Council. #fADynamic Multipath Channel r
Appendix 2H inTelemetry Standard®CC 10623. July 2023. May be superseded by update. Retrieved 7 May

2024. Available ahttps://www.trmc.osd.mil/wiki/x/9AAGCg

“"Rice, M., A. Davis, and C. Bettweiser. AWEEReband Chanr
Transactions on Aerospace and Electronic Systenis40, no. 1, pp. 589, January 2004.
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For the static c ha pforthé specdanrdfledtian termss, t h e
referenced to a null placed at the carrier frequency and then offset from that value. The phase
valdies ost at ed i n)andenultiplesr)offthe biteate&,y for (h&waveform
under test as shown Equation 163. This places the multipath null created by the second ray at
a fixed value from the carrier frequency in terms of the bit rate. This ensures the channel
condition will dfect the modulated signal.

 pymJo ety s (Eg. 163)

For example, given a specular reflection delay oh&@osecond§), it is desired to
haver = 0.2 forR, = 5 Mbps resulting in the specular reflection null placBed= 1 MHz away
from the carrier frequency. For this specular delay, the null cycles througlead&y 20MHz
(1/50ns) or at a rate of 28VIHz. The phase setting can then be calculated to be+1 88 =
162 or 198.

Static 3ray Channels

1. Channel I Mild Impairment _
Specul ar Re fiFe30dB,4=n50nE,ex0mm5
Di f fuse Ref p=e citdBddn 159ns,d, mI0°

=]

2. Channel 2 Moderate Impairmegt
Specul ar RefikFetdBWns0neexonl:
Di f fuse Ref b=e citdB0dn159ne,d, mI0° (i

3. Channel 3 Severe Impairment
Specul ar RefikEectdB Wms50MEex0m:
Di f fuse Ref b=e citdB0dn159ne,d, MmI0° i

Static 2ray Channel TestMatrix

Settings for Specular Reflection Term:

b= dB, dBR, 5dB,. &B1 dBO. 5
U =50ns, 100ns, 150ns

r=1to0in 0.1 steps

Dynamic Channel Conditions

In order to set the proper values for thecspp@r and diffuse reflectiorfer the dynamic
channel, some introduction is required. The dynamic specular reflection term can be
approximated by

3 0Q 70 tTo 8L 10 1o (Eq. 104)

The term to note ikEquation 184 is the Doppler frequencyy which is the rate of change
of the phase of the specular reflection.
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NOTE The Doppler frequency should not be confused with the Doppler shift. The
/ Doppler shift is a change in frequency caused by motion of the transmitter ai
proportional to the radial velocity component of the transmitter as observed f
the groundstation. The Doppler frequency is a parameterithgéneral measures
how rapidly the multipath channel is changing

Herethe Doppler frequency states how fast the phase of the specular reflection is
changing. This term produces a time variation of the spectratausled by this reflection
term'? This term must be accounted for in the specular reflection component within the channel
emulator. The Doppler frequency scales as vehicle velocity and/or carrier frequency changes. For
example, for a vehicle speed of 660 knbts; 3x10 1**f. wherefc is the carrier frequend§l06-
22 Appendix 2H, Rice and Eberfyhe factor relating the Doppler frequerfgyo carrier
frequencyf. is termed the Doppler Frequency Factor. This factor scales with vehicle velocity.
For example, as velocity doubles, the factor doubles. If velocity is halved, the factor is halved
and so onTable10-1 provides these values fongzal typical vehicle speeds.

Table 10-1. Doppler Frequency Factor
Velocity Factor
330 knots 1.5x101s/s
660 knots 3x10 Ys/s
1320 knots 6x10 t's/s

The dynamic diffuse reflectionttastyd Has st
(10622 Appendix2H) Thi s test me(libfixall atitsasevageevaluetTheat U
ampl i tude ditscanme appraximaied bya Rayl@igh random process with a power
spectral density given by

% Q
C\_A @Db¢ — (Eg. 105)
Ve 6

YO -

o

The term to note ikquation 165 is the fading Doppler spreaB;ms, which is a function
of the carrier frequency and vehicle speed as showabie10-2. If the channel emulatas not
equipped to generate a random process witprbgerpower spectral densiffquation 165), it
is important that the channehelator implement a good approximation leistrandom process.
One example of approximating the fading spectrum shapel36i@2 Appendix 2H Table10-2
shows several values Bfms for typical vehicle speeds and generalizes carrier frequency to the
L/S/IC telemetry bands.

Table 10-2. Doppler Spread Bims)
Velocity L-Band S-Band C-Band
330 knots 0.66 Hz 1.00 Hz 2.26 Hz
660 knots 1.32 Hz 2.00 Hz 4.52 Hz
1320 knots 2.64 Hz 4.00 Hz 9.04 Hz

2Rice, M. and J. Ebert . 0 Eer6i vDaytniaom ca nvtu | A n golayt shi sC haafn nteh e
Proceedings of the International Telemetering Confere@tendale, AZ, 269 October 2020.
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Dynamic Channel 10ve['Land)
LOS (Path 1)fio=0dB,4=0,20=0

Specular Reflectiolerm(Path2) 1 1 @B, U= 10ns,0: = 0°, fy (calculate the rate of
frequency shift)

Diffuse ReflectionTerm(Path 3) > 1 dB.d3 = 155ns,92 = 0°, Bims (calculate fading
Doppler spread value), fading spectrum amplitude distribution (approximate Rayleigh fading),
fading spectrum shape (approximate Gaussian power spectral density)

Dynamic Channel 2 (ngr Water, Calm Sea State)
LOS (Path 1)lio=0dB,4=0,20=0°

Specular Reflectiomerm(Path 2: G, = 1 dB, G=35ns,01 = 0°, fq (calculate the rate of
frequency shift)

Diffuse ReflectionTerm(Path 3) >=i 1 1dB, 32 69ns,2; = 0°, Bims (calculate fading
Doppler spread value), fading spectrum amplitude distribution (approximate Rayleigh fading),
fading spectrum shape (approximate Gaussian power spectral density)

Dynamic Channel 2 (Ov,(,—:-r Water, Rough Sea State)
LOS (Path 1)lic=0dB,4=0,2=0°

Specular Reflectiomerm(Path 2: 1= 1 @B, B=25ns,01 = 0°, f4 (calculate the rate of
frequency shift)

Diffuse ReflectionTerm(Path 3) > 1 1dB, (35 54ns,9 = 0°, Bims (calculate fading
Doppler spread value), fading spectrum amplitude distribution (approximate Rayleigh fading),
fading spectrum shape (approximate Gaussian power spectral density)

This test method is intended to test theltipath sensitivity of th&UT under various
multipathconditions. It is not meant to characterize this performance in channels with high
levels of additive noise. To reflect this and typicatfeght scenarios, the energy per bit to noise
spectral density ratiBw/No of the signaprior to being exposed to the channel condition shall be
20dB. Ex/No is defined in terms of the carrier-noise ratioC/N by the relationshics/No =
(C/N)(B/R) whereB is the bandwdth in whichC/N is measured ani, is the bit rate. It is
understood that during the testing the instantanEgid will vary from the initial value of 20
dB as sen by the receiver/equaliz&iable10-3 lists tests in this chapter and their corresponding
section numbers.

Table 10-3. Test Matrix for System Testing

Test Number Test Description
10.1 System Bit Error Rate for Statiecrdy Channels
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10.2 System Bit Error Rate for Statierdy Channels
10.3 System Link Availability for Dynamic Channel 1
10.4 System Link Availability for Dynamic Channel 2

10.1. TEST: SystemBit Error Rate for Static 3-ray Channels

10.1.1 PurposeThis test assessthe multipath sensitivity of th8UT measured in terms of
overall BER in hree static multipath channels.

10.1.2 Test EquipmentThere are thremethodsavailablefor generating static multipath
channels. The first is with a selection of RF componéehéssecod is with a channel emulator;
and the third is witla receiver analyzer manufactured specifically to performtést. To
simplify the testing, it is recommended that either a channel emulator or recwiyaea is used
for this test.

1 Channel emulatamethod: Bit error test set, modulator (d¢ejemetrytransmitter, 1/Q
signal source, etc.hoise test set, channel emulator, receiver under test, spectrum
analyzer

1 Receiver Analyzer metho&®Receiver analyzer, bit error test set (if reqdjreeceiver
under test, spectrum analyzer

1 Fixed RF Componemhethod: Biterror test set, modulator (e.telemetrytransmitter,
I/Q signal source, etc.iethod for setting sign&w/No, delay lines, stepttenuator (in
0.1-dB steps)phase shifters, power dividers/combiners, receiver under test, spectrum
analyzer

10.1.3 Setup (using a channel emulatdrhis method places the channel emulator between the
signal source and the receiver under test. The channel emulator allows direct control over the
channel p a n, adniie © @in g wrtedich of the Bays used to create the fixed
multipath conditions. A noise test set is also used to fix a valkg/Ndj for the test signal prior

to being subjected to multipath by the channel emutgahown irFigure10-1.

Transmitter/Source (Under Test)
BERT
D/C
RF i !
Transmitter/Modulator RE Noise Test Set Channel Emulator RE_, [ECErERyE =l . BERT
(Under Test)
D/C
A
1/Q Signal Generator Spectrum
Analyzer

Figurel0-1. Setup using Channel Emulator foR&ay Static Multipath Test

10.1.4 Setup (using receiver analyzerhis method uses a receiver analyzer to create both the
desired waveform and the static channel conditions in ongasnsthown ifrigurel10-2. The

output of the receiver analyzer is the waveform with the static channel condition already applied.
As with the channel emul ator, diuy@t0 agnodntor ol
o) for each of the 3ays is availablevithin the receiver analyzer.
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RF Telemetry Receiver

(Under Test) BERT

Receiver Analyzer

D/C

Transmitter/Source (Under Test)

Spectrum
Analyzer

Figurel0-2. Setup using Receiver Analyzer foilRay Static Multipath Test

10.1.5 Setup (using discrete RF componentd)is method uses discrete components to derive
the multipath channel condition for this tes$¢ shown ifrigure10-3. Attenuators are used for
settiang, fidel ayialnidneland op h &s e nsdhPowet devidess/ f or 9
combiners are required to divide the generated signal into 3gadhs sum the three rays after

the mutipath conditions are applied.

Figurel0-3. Setup using Discrete RF Components fdr&y Static Multipath Test

10.1.6 Conditions This test can be performed usioge of the folbwing: A waveform signal
sourcea method to set sign&h/No plus discrete RF components to create the multipath channel
condtions; a waveform signal souramise test set to set sigriafNo plus a channel emulator to
create he multipath channel conditions:; a receiver analyzer that allows control over the
waveform, additive noise, andr@y multipath channel condition.

10.1.7 Procedure

1. Set the bit error test set or source pattern to generate the desired bit rate with anpseudo

bit sequence length of atleadti21 bi t s an lpheftesr dlminyg 2t he
is a better simulation of the characteristics of an encrypted baseband signal). Set the signal
source to generate the required modulation scheme and coding scheme (if required) at the
chosen carrier frequency. (If availabbmplify the signal with a neimear amplifier). As a

quick check, use a spectrum analyzeraafy the signal spectrum matches the expected
modulated wavefornif a receiver analyzer is used, then BIeRT pattern, bit rate, carrier
frequency, and modulation and coding schemes are set in this one unit.

2. Using the noise test set (or by other means), gBbE 20dB for the OTA bit rate.If using
the channel emulator, set the output level of the noise test set to match the input level
required for the channel emulator. SefNg = 20dB directly within the receiver analyzer.

3. Set the receiver to match the combination of bit rate, carrier frequemtynodulation/
coding scheme chosen for the test. Connect the BERT to the outpatreteiver.
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