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centimeters 
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grams 

kilograms 
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cubic meters 
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temperature 

Multiply by 

0.04 
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ounces 
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The material 

contains the resul 

beam and er 

to 

the selection 

candidate for submiss 

and ( the 

,0 

is 

the Federal Aviation 

simulator evaluations of 

were conducted on 

to the International 

the TRSB 

MLS. 

zation 

The Calspan simulator was modified to TRSB 

to measure the 

istics of the TRSB environment. The fl test receivers 

were in the simulator. Performance data on test 

was used in the ICAO evaluations of the for MLS.. The 

simulations of the mul 

and low evel the 

effects 

in the 

simulator evaluations test receivers a measure how 

wel Lincoln of the 

TRSB receivers. 

Ll 

Twelve 12) have been 

under this technical data 

functional document. Technical 

Note 3 presented of simulator tests on the multi 

propos FM encoded beam systems, the 

time reference sys and the two 

These simulator tests showed the TRSB 

mul 

el 

is effective in reduc 

are 

from 

-1 

es inherent in the 

so that 

reflections. 

er 



Calspan TN-4, TN-5 and TN-6 contain the results simulator tests on 

the Phase 2 1/2 and Phase 3 receivers and the 

These tests included mul errors, low s 

propeller modulation. The tests provided a 

level tests 

base 

e edge 

the 

ICAO 

Technical Notes 7 and 10 provided information on simulator 

of the doppler system. TN-7 includes data on tests run with the ITT Gilfillan 

processor at multipath levels near 0 dB and showed a 

errors these high levels of mul The AGC design in 

appeared to be susceptible to mul levels above -2 dB. 

in 

processor 

Tests were also 

run to measure the out-of-beam azimuth multipath error as a tion of seal 

of 

ing frequency to verify the results of the Lincoln Laboratories doppler computer 

model that showed s errors at subharmonics of the grating 

lobe frequency for the U.K. correlation processor. The effectiveness of center 

line emphasis and higher levels was 

In TN-10 a breadboard of the U.K. er AGC system was tested 
various multipath s 

period were noted that could 

in the airborne processor. 

amplitude during a doppler scan 

a significant effect upon the digital correlator 

Calspan Technical Note 8 includes the results of simulation tests on 

TRSB processors when subject to weather radar and CW signal interference. In 

TN-11 tests results are included on the effects of high levels of mul 

that exceed the processor thresholds. The performance of the single edge 

processing (SEP) when ect to interference on the e 

edge used for thresho are shown in and 12. TN-12 also shows the per-

formance advantages of using the SEP as the elevation processor. 

In addition to the twelve technical notes a s study was 

conducted under subcontract by Fl Systems Division using the DC-10 

simulation to determine DME accuracy A approach was 

simulated us MLS elevation guidance up to the flare initiation that 

was determined from the DME and elevation data. The autoland was accomplished 

using radio altimeter and MLS data. The results of this are reported 

in Reference 13. 
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1.2 

This summarizes the results of the simulation evaluations 

in the technical notes on the TRSB The conclusions from the 

simulation tests are summarized in Section 2 of this These tests measured 

the characteristics, errors when subject to multipath signals and the 

effects of interference such as the weather radars or CW signals and propeller 

TRSB receivers. The TRSB simulation facil used in 

the MLS is in Section 3. 

Section 4 summarizes the test results on the performance 

of the Phase 2 2 and Phase 3 receivers that utilize thresholds for determining 

to measure the time interval between the TO-FRO scanning beams 

e information. This process technique is referred to 

as the dwell gate processing. The data in Section 4 is taken from Calspan 

Technical Notes 4, 5, 6 and 11. These data cover the performance of the receiver 

when subject to various situations and when operating at low signal 

levels. 

The e edge processing (SEP) technique is described in Section 5 

the results reported in , TN-9 and TN-12. The SEP 

has been proposed for the flare processor since it determines the 

beam threshold using the one edge of the beam that is least affected 

the 

will be 

mul reflections. Data are presented that show the SEP 

effective in reducing the mul errors when used to proeess 

the elevation data. 

Section 6 the results of a 1 number of 

that show the of reflections on an aircraft 

a automatic the MLS el data. An available 

simulation of the 707 aircraft was used in the simulations. 

The results of 

on the MLS receiver are 

in the first edition of Cal 

ler 

to determine the effects of ler 

in Appendix A. These results were 

TN-4. The effect of mul 

were 

1-3 



The results of tests to 

such as a or CW s 

TN-8. data are 

on 

in 

1-4 

the effects of 

TRSB were 

B. 



fol conclus 

results. are numbered the 

examination of the 

receivers and 

included 

results. 

new processors. 

e Simulator 

Receiver 

• The 

Phase 3 

and el 

and 106.5 dBm 

low 

1 

tests 

test 

e process 

test 



levels acquisition 

15 second track 

about 1 second. This receiver uses a 

counter. 

o The Phase 3 receiver a,S data filter errors 

in the baseline tests but noise errors at lower seal 

frequencies (0 . .3 Hz used in baseline tests where a 

2 dB overshoot) and s at the 

scalloping frequencies compared to the Phase 2 2 receiver 10 

radian;second ementation of this receiver 

was very stable in contrast to instabilities in dwel threshold-

ing of the Phase 2 l/2 receiver. 

e The baseline tests confirm the tests and 

derivations of multipath error. Motion reduces the 

multipath errors s In case the mul reaches 

-::he level of the dwell threshold the errors can become 

large. The single edge processors for elevation data show a 

dramatic reduction in the mul error. 

• The data rate jitter into the s eliminates 

the error peaks that are associated with the 

regular data rate. However, the 

becomes less effective so the overall motion 

is somewhat reduced. 

• Receiver threshold level s in the dwell 

lobes of a 

lobes 

processor has 

a pronounced effect on multipath errors. The error becomes 

when the multipath level reaches the threshold so low 

are undesirable. The -3 dB used in the fl test 
' 

receiver is ~ good compromise between rnul 1 

and noise disturbance 

o The Phase 2 1/2 and Phase 3 receivers did not any 

difference in the seal 

tended to be reduced at 

tests, The elevation errors 

difference between the DOWN-UP beams 

the errors are a minimum for seal 

of the time difference between the TO 

2-2 

es as the 

180°. For azimuth 

es at odd 

FRO beams. 

es 



~ Beamwidth Effects 

A wider beamwidth illuminates proportionately more reflectors thus 

increas the amount of multipath that may occur.. The errors that 

may be by are also increased proportionately to 

the beamwidth. for small mul tipath-to-direct separation 

es that would be typical of many hangar reflections in elevation, 

errors are only moderately greater than those 

the narrower beamwidth. Narrow beamwidth (0.4°) baselines tests 

with the Phase 3 receiver showed reduced peak errors approximately 

to the beamwidth reduction and the smaller range of 

s ion es for in-beam multipath errors. 

~ Sidelobe Effects 

Sidelobe mul can cause appreciable errors if it is not kept 

small. The errors are particularly for the wider beamwidth 

antennas. In order to keep these errors within limits, it will be 

necessary to ensure that the multipath sidelobes immediately 

acent to the main beam do not exceed -20 dB from the direct 

beam level. 

Out-of-Beam Mul 

Out-of-beam multipath is effectively eliminated by the tracking 

If it exceeds the tracked signal and persists long enough, 

on the receiver confidence circuitry, it may cause the 

receiver to track and return to the acquisition mode. The 

confidence limits (times) are readily varied parameters of the 

receiver des When two equal (within ±1 dB) signals were 

ied to the fl test in the acquisition mode, it 

would not either Otherwise, it always acquires 

the s s to it. The signal validation 

in the Phase 3 receiver maintains track for 15 seconds 

before a mul signal that is 1 dB greater than the 

tracked This occurs in 15 seconds if the multipath 

s exceeds the tracked signal by 1 dB. 
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can 

The 

AWOP 

e Effects 

e 

will cause 

es between 

is n'ear 180 

es . 0 

ideration since 

scenario. 

of the Phase 3 

even at -1 multi-

a for the 

in the Phase 2 2 

the AWOP scenario was the 

a S 

20 

2-4 

errors. This error 

ter and the narrow track-

28 was no 

0 

the maximum errors 

the errors is 

below, aircraft 

of the 

reach 

al eviated 



AJ1 

can 

in front 

it is 

very 

the 

scalloping 

as a bend beam that actual 

mul level low or the 

of antenna 

e Errors 

screen multipath were 

a screen 

angle to 0. 

to make errors as 

in the fl 

the 

It was necessary to 

2 

the in the 

tests. 

antenna 

to 

For other screen tests 

screens made it impossible to 

uneven 

fl test 

of 

the screen 

a e However, the error 

bounded by proper selection of and screen tilts. 

SEP Flare 

e In the case of elevation data, the occurs 

on 

elevation and 

SEP angles s 

front of the antenna. 

are measur<~ments 

on one A measurement is to 

correct this bias and an average dwell measurement appears 

to be Accurate measurements SEP can 

a 1 If 

2-5 



measurement is 10 to 20 seconds the effects of 

mul tipath will be ins for el The of 

ground refl flare can be made ins if the 

measurement is averaged a of about 25 

seconds before touchdown. The effects of beam broadening from 

a focused flare antenna must be evaluated. 

• Nonlinearities in the logarithmic IF ifier can cause beamwidth 

variations as a of s level. If 1 of 

the log characteristic can not be assured, it will be necessary 

to calibrate the receiver as a function of signal level. This can 

be done by comparing simultaneous the SEP and dwell processor 

outputs in the absence of multipath. 

• The simulator tests have shown that the 

can be used to reduce the SEP flare mul 

in dwell gate width 

error to less than 

2 feet with -25 dB sidelobes at the worst case touchdown tested 

(8 ft aircraft antenna height and touchdown at 4000 ft from the 

flare antenna). The correction results in a modest reduction in the 

rate error. If the sidelobe levels can be kept to -30 dB these 

corrections will not be necessary. 

o The SEP was found to be more 

surface reflections in the 

in 

scenarios than the 

the errors from 

control 

technique (MCT). MCT was evaluated with power programing on the 

ground transmissions and an airborne correction that is a function 

of the angle. 

• Closed loop simulation tests of the SEP with aircraft dynamics and 

autopilot control to touchdown are to determine the accuracy 

requirements on the flare angle and angle rate In many flare 

couplers the rate-of-descent command is derived from the altitude 

and altitude rate measurements so that errors in these measurements 

can interact in the closed loop 
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SEP for Elevation 

• The SEP can be used el as well as 

s reduce errors from 

t Single edge processing is especially 

iport scenarios. 

• The SEP technique will result in 

occuring at a 

the direct 

elevation angle 

• Elevation hangar scenarios that generate 

multipath result in rather large 

refl 

errors for 

ition mul 

angles. Thus, the "tilted" hangars can not 

multi path angles that could 

to 

slow 

than 

levels of 

• Multipath can occur at positive s es from 

edge diffraction but its amplitude is too low to s 

affect the SEP. 

• Dual mode single edge and beam centroid 

additional algorithms in the 

future TRSB processors. 

sor and is feasible for 

• The aircraft flight path deviations and control motions resul 

from the AWOP B2 hangar mul are 

making an automatic 

• Autopilots deriving rate data from MLS elevation s 

would be effective in fl caused 

vertical wind shears. 

• It may be desirable to use e processor when a rate 

is used to minimize control ed by 
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• The SEP es 

as a result 

er Modulation 

ler 

levels in the absence 

At low 

causes a sl 

the miss 

Even so 

missed scans 

level causes less than 2 

Worst case 

azimuth case but 

data rate and e 

is 1 

The 

to occur 

level 

e ler modulation 

to the errors. 

the mul 

with the 

mul errors when 

-8 dB moderate increases 

mean occurred. 

than double in some 

if the 

not 4 6 

2 

and control 

and azimuth, 

it increases 

e beam or DPSK 

ess 

eel 

level. 

the 

the 

ler 

receiver 

occur 

scenarios were run 

Worst case 

e in the 

Below 

and 

more 

itude 



Weather Radar and CW se Interference Tests 

Pulse Interference Effects 

11 A 20 dB 

seconds is 

e ratio las 

to decrement the 

and cause is 

• The intermittent interference from a 

cause 

11 At 

for the 6 microsecond 200 

radar, At second, 400 

20 dB the 

continuous 

missed decodes is 

se interference. 

• The sensitivi of DPSK se 

levels below -90 dBm. 

11 Missed data or decodes 

of the data and are 

a system 

not s 

s 

at least 

counter 

not 

of 

7 to 8% 

:increas at 

reach 

11 The NAFEC test data show of the evels 

of weather radar interference 

4 second radar scan 

the accuracy 

level of -70 dBm would 

• The e 

characteristics s 

• The 

radar ses 

2 

s 

0.4 seconds 

affect 

ed DPSK decodes, 

checks 

counter. 



cw 

Tests showed the TRSB 

-6 dB to -8 dB relative to the 

e 

e data. 

a 

threshold can 

lower because of the effect of CW interference on the DPSK 

several 

s. At low 

in a severe CW signal levels the interference thresholds may be 

interference environment. 
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3-2. 

Section 3.0 

TRSB HARDWARE SIMULATION FACILITY 

Block diagrams of 

simulator 

TRSB 

an 

Simulator are shown in 

equivalent to 

in the from a TO-FRO or DOWN-UP 

In , the from a single refl surface is The 

e are controlled by a scan, 

An computer of can 

to the TRSB signal simulator clos 

that address PROM's (programmable read is control 

by selecting the clock the PROM address counters. PROM out-

puts drive double balanced mixers to the shape by means 

to analog converters. The beams include 

sidelobes on each side. The RF phase of the first sidelobe 

from the main beam and second sidelobe by the drive to the 

balanced mixer beam At present, PROM's been 

-25, and -30 dB sidelobes ). This beam 

a digital word from the computer which thus sets the angles beam 

time) for both the and mul beams. 

The mul beams are further controlled by to 

the carrier frequency loping to set the mul 

path amplitude. These changes are made between scans as The direct 

beam and multipath beam are summed and the composite is trans 

to C-band for the for zation, 

and DPSK are made in 

The receiver under test an 

made available to the control computer by the interface 

consists of 5 seconds with direct s only, up to 20 

and terminates with 2 s 

in the computer and also to the chart 

3-1 

for a 

is 

A normal test 

of 

angle is 

FAA WJH Technical Center 

111111111111111111111111111111111111111111111111111 

00093040 



of test progress. 

e 

The 

with control 

used 

When an 

for a series 

0 

which are introduced from 

direct e 

duration 

from 

e 

test 

Phase 3 

er I 

is 

of several to 

a 

video s 

been loaded 

to 

3 

test 

are 

stored may be 

with 

control 

Microwave 

ti-

are 

in the tel 

The paper reader is 

itude es, 

it can be used 

, include: e, 

e each data 

The test 

filters is 

is 

a 

memory access 

ti-

is started 

start for 

board and 
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Section 4.0 

DWELL GATE 

extensive series tests has been out us the TRSB 

Phase 2 2 test receivers a 

receiver. The breadboard receiver has two modes for 

elevation to a of s e 

with the dwell The results of the e 

tests are 5. 

4.1 of Tests 

The simulator TO- FRO for el ses that are 

same as those an an MLS station. In 

a s e is simulated a wide range of variable 

were made for adding other s 

acent channel and ler 

test results are 

A B. 

The simulated s to the 

The time for 

a screen test at 200 microseconds , so that the 3 

were 50, 100 and 150 beamwidths 
* Antenna were not tests with 

the Phase 2 2 receiver for of 

-20 dB 

Hz 

0 

The 

25 dB and -30 dB are in the tests. The j 

and azimuth 

statistics are 

rates 

or an a,B 

to those 

that can cause 

elevation tests were run between the 10 

run 1 as 

rate had 

rates of 40. 

The raw e 

fil te:r 

test results. 

Some 

filter and 



5 Hz zero order hold an 8 average. 

e 

sl less effective than the 5 Hz zero 

Baseline mul 

the test 

These tests do not 

to 

Seal 

any real 

of the fo 

e 

Jittered data rate 

Transmitter 

results of these tests are 

The error are 

the Phase 2 was 

hold 

out on the in 

so their be 

The te:sts were 

es: 

effect on e errors 

in the receiver. The mean e and of error 

are the statistics but number scans also 

Peak-to errors are about three times the 

since the error is not Gaus 

of the are 

Several 

mul 

levels of 

hangars. The error 

for 

situations were 

the 

a zero dB 

the M/D reduction from antenna 

Errors other 

above or below 

AWOP scenarios and mul 

reflection levels can be 

0 

Other variables from the list above were 

Plots of error 

with several 

of 

tests used 

into some 

these tests to ascertain their effect the multi-variable 

mean shift and error standard were also 

of must be that many 

tests are of or seal or both so that 

-2 



a certain amount of 

results would differ from 

at 

the mean values, are due 

MLS Phase 2 and 

were run 

receivers are 

Table 1 

The Phase 3 receiver 

the The 

s 

An Advanced Micro Devices 9080A 

uses a fixed 

in the dB 

2 2 e 3 receivers 

2 

4 



• Frame 

valid 

at the c 

an 

• Slew 

in the Phase 

4.2.1 

10 

• Confidence 

exceeds 

the 

counter 

or reset, a 

Data Filter 

The receiver 

noted, 

second cutoff 

istics of the azimuth 

4-2 for the Phase 2 2, 

Tests were run 

el 

the TRSB receivers. These 

Group in evaluat 

The tests were Phase 

test data. 

was changed from an a 

the process 

lows 

direct on the as 

the 

e 

2 

receiver fails to make a 

counter is 

may be caused 

an 

out-

after the a-13 filter 

detector 

the FRO scan. 

is 

this 

er with 

in 

receivers. 

e character-

4-1 

step ramp es of 

the AWOP Performance Sub

2 

data. 

fl 

since the filter 

3 receiver 

The rate 

ludes 



- + 



~ 
<!> 
> 

•1"4 
<!> 
u 
<I) 
p:: 
I') 

<!> 
Ill 
I'll ..c: 

0... 

• + 



TRSB 

a low 

4.2.1.1 

versus 

These tests were run on the simulator. The 

were a in the PDP 10 er 

and test For the 

was fed into an 

2 2 Receiver Test Results 

4-3 the el channel 

The 3 dB point for this filter occurs at 11 

should be noted that for these tests the sec rate limiter restricts 

sec. e above 14 Hz or 90 

It 

The azimuth channel response curves are shown in 4-4. 

Phase shift was not 10 second because the 13.5 Hz data 

rate 

occurs at 10 

is 

mentation 

an accurate measurement. The 3 dB for this filter 

second. 

responses are ed in 4-5 and 4-6. A one data 

in these The is a result the filter e-

in the test bed that had limited 

4-7 shows the elevation channel ramp response for this 

filter was used with a = 0.25. the use of z transforms it can be 

of T seconds wil result a ramp , where T is 

A of 0.075 seconds results from the rate. 

An additional of 0.025 seconds results from the 40 Hz of the 

for a total 0.1 seconds. 

The azimuth channel ramp in 4-·8 has a time 

of 0.15 seconds as would be an "a" = 0.5 a 13.5 Hz rate 

the of the ramp jittered an 

of as is indicated the dashed line through an average 

data 

4-7 
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4.2.1.2 Phase 3 Test Results 

response is shown in 4-9 for the 

channel. The overshoot is 

3 dB cut at 

were used this filter. 

4-10 shows 

filter has a 2 dB 

s An a of 

with 

S of 

in a-8 

second. An a of 

4-11 and 4-12 show the 

The one 

uses 

is 

the initiation of 

The ramp 

the 

overshoots when 

4.2.1.3 

data after 

and 

from the 

test. 

responses 

is 

are 

catches 

ramp is 

Data Filters 

Several 

e. 

have 

result of the filter 

in 

to 

tests are 

been 

The itude versus 

elevation and 

in 

5 Hz zero 

very For 

receiver were 

channels. 

5. In addition the 

that the 

the 

4-14 

curve 

a 

evation 

that has 

128 

at 5.8 

are zero for 

curves 

PDP-11 

-4 

re

average 

be 
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4-16 the results AWOP B2 

were 

10 

and average, 5 Hz on 

the rms error is less when for t:h 5Hz 

are 

rate. 

so no The a,S were not were 

test results are 

errors would be less 

From the 

the a,S 

4.2.2 Slew Rate 

A rate 

is 

scenarios it was 

of l sec on the 

in the Phase 2 2 

that the slew rate limiter 

curves 

mean error. See the screen test results 

receivers the rate 1 on the data 

4. 4. 2. In 

the 10 

where it no s on the mean error. 

4.2.3 Low Level ition Tests 

level tests were run on Phase 3 

the level at which 

between -104 dBm and -106.5 dBm, results are shown in 

and 4-19 

The DPSK 

tests. A 

e errors, e 

with a simulator 

e is 

error time histories from these tests are shown in 

The 

tests in 4-22. 

various 

level. 

4-24 

and 

s to -100 

No 

shows the 

data. 

dBm. 

is 

es are shown in 

4-22 

time as a 

occurs 1.5 

is 

to 

at 

-65 

10 

3 

the 

levels 

4-18 
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Error 
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The of dwell also has an on the low 

are shown in Test results for the Phase 2 

levels 

waveform. The 

2 

4 dB below the 

results in 

of 4-25 for 

beam 

(system at a 2 dB higher level than the normal 3 dB 

the as 

Section 4.3.3. 

4.3 Characteristics 

4.3.1 Baseline Tests 

The ine tests ten seconds in-beam mul 

These tests are not to simulate any 

situation. 

errors on multipath 

illustrate the dependence of 

of actual 

in 

These 

situations (or 

variations 

fl tests) because of the icity of simultaneous 

The results of tests, the multipath errors, are 

as of the parameters. error is as two 

the mean 0 angle 

and (or rms value) of 

errors are ly about times the The 

raw data, on a basis, is passed a 10 per second 

cutoff e pole or an a-S filter before the error 

are 

The eline test results are il in 4-26 

Both receivers exhibit similar error 

at low scalloping to the over-

shoot in data smoothing filter at 0.3 Hz seal selected 

the baseline tests). The mean errors for this receiver are smaller, 

4-32 
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4-29 AZIMUTH BASELINE TESTS 
o~uM~A Receiver PlOl, Phase 3 
0.32 Hz 
-20 dB 



due to narrow At the seal 

the Phase 3 receiver exhibits the error. 

two on baseline test is in In 

the elevation 

used and at the 

effects of 

are shown baseline tests run at 0.32 Hz normal 

.8 where the data filter has a 0 dB The 

er overshoot are on the noise error measurements 

the 

azimuth tests 

the direct beam with ete 

baseline tests 

showed smaller errors than those 

the 1 threshold could aecount 

error is 

in the bias and 

TN-4 

It was 

ine 

errors. 

reeeiver 

that in 

so a test was run 

that bears out this 4 When this receiver 

tests the threshold was over 2 dB lower than the nominal -3 but this was 

usted and monitored for these tests. 

4.3.1.1 

is about 

are based 

Resolution of Tests 

4-34 the resolution 

2 dB for the baseline tests. The curves for 

the average value of several The 10 

test with the rate limiter does show a s to the This 

effect the error in the mul levels causes a in 

both the and the deviation of about 0.02 over a series 

runs. The er controlled 

tests were run with the 

in. Section 4.3.8. This modification 

well controlled errors. 

4.3.2 Effect of Data Rate Jitter 

actual data rate not 

elevation data. time between el 

milliseconds. el scans are 

at 0 

j 

of 592 milliseconds for an average data rate of 40.5 Hz. 

4-38 

with 

11.2 to 31.2 



ELEVATION 

I i 

I 
L 

4-39 





4-41 





+ 0 

- -·--- 0 .. 1 dit' 

--- D ·2 
.., ____ 

• -2 dB 



Examples of the errors the j rate in F 

4-35. The error curve for the low scalloping is like that for the 

fixed rate. At the high scalloping frequency the error is much more noise-

like a fixed data rate. However~ the the for 

the jittered format are not different the 

The standard deviation of error as a function of 

is illustrated in Figure 4-36 both regular and jittered 

rate j tends to suppress the grating lobe at some cost in 

error where motion averaging is normally The average error has not 

been It is approximately the same formats. However, this 

average is only when the of the test is to make 

the averaging That is, if the test duration is short to a 

of the difference between seal and the closest 

of the data repetition frequency, then the mean error may be or 

small depending on the phase difference between the direct and s. 

In ittered 40 Hz data rate case .• the zero at 

40 Hz and its harmonics. At scalloping frequencies of 40 Hz, 80 Hz ---, the error 

a constant lying between the maximum 

path parameters. 

minimum values allowed the multi-

The frame of the j format is 0.592 seconds 

to a of 1.689 Hz. An variation 

mean values appears in Figure 4-37. Here, the seal 

harmonic of the 

such a small amount that 1 e averaging is e test of 5 

As a result, the mean values vary from -0.018° to -0.101" on 

runs. There is a much smaller variation in .028" to 

0.043 which were computed from the 10 low pass filtered 

than the raw data shown. 

In an 

varying. As a result, 

mean error. 

close to a 

seal 

averaging should be 

of 1. 689 Hz 

4-44 

a time 

are 

in controll 

result in a seal 

to the 
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are 10 

4 REPETITIVE RUNS, ELEVATION 

-6 
76 Hz 
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of the 

could 

evaluate the 

4.3.3 Level 

1 gate 

mean error will be a 

signals. The error may 

from run to run 

level an 

errors in to its effect on 

The results of a test 

meters appear in 

2 

4-38. Higher thresholds ess 

very small or 

to 

on 

4.2.3. 

the choice of threshold to use a 

the The normal 3 

-3 dB relative to beam peak. Breadboard tests used a -4 

4.3.4 

width 

tests 

tests 

and 

a 

Most of the mult tests were run with a one 

This would be 

category stations. 

antennas be used 

were run representative 

Figure 4-39 illustrates 

a 2° and 

with 10 for 

range of 

of two when 

of the elevation 

At lower 

results of the 

Also 

It is 

2 

beams at 

wider 

economy. Basel 

2° for el 

2 tests 

results of elevation 

that error.S 

which errors occur are 

ed. 

It should be noted that the mul error is very similar for the 

1° and 2° for separation angles up to 0.5°. Thus, in 

many scenarios the 

to beamwidth. 

elevation errors are 

Multipath tests were run on the simulator to determine 

the error reduction resulting from a 0.4 degree with a 

for the nominal 1 degree beamwidth. Phase 3 was used 

4-48 
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4-50 

BASELINE 
Effect 

Receiv,er 



in has an width that is set tests since 

received A filter of 26 kHz is used 

Baseline tests were run to measure the error versus mul s 

results of tests with 0.4 are shown 

4-40. The -3 dB error curve for the 1.0 is 

It can be seen from 

reduced by about the ratio of the 

that the noise errors are 

of 1.0 versus 0.4 

11sec dwell 

4.3.5 Seal Effects 

4-41 4-44 illustrate the effect of 

seal for a fixed elevation evel (-6 

for the Phase 2 1/2 Phase 3 receivers. The errors are 

as seal frequency a 18 

the DOWN-UP scans. At 3° el e to about 

700 Hz. seal tests have minimum errors at seal 

that are at odd mul es of the time between the 

TO-FRO beams. For 

of about 75 Hz (time 

on centerline the error nul s occur at 

between the TO-FRO beams is 6.6 mill 

les 

4-45 shows tests for the receiver. 

The Phase 3 receiver showed variabil on these tests but 

average are similar. The may be 

a result of the alias effects the seal in 

with the overshoot characteristic of the a, 6 filter at the low 

4.3.6 DPSK Mul 

The tests were out beam mul 

The DPSK signal will also be 

it is transmitted from an omnidirectional antenna that illuminates 

ectors MLS coverage A test of DPSK mul 

4-51 



4-40 AZIMUTH BASELINE TESTS 
PlOl 3 

Narrow .. ,.,.~ ..... "'' u• 

0.32 Hz 
-20 dB Sidelobes 





- ~ 
,--j 

I 

-t 

4-54 





Q 

-Lrit rf f+:l m 1-a 

II [t f··l ~-~ 

rt f] tl tt[-t .. L -fi -t+ ~r r r--l .L tJ+ r-r [F 
) 
,\ H" ·--~~-· •. ·. L: 

I 
!-· ;_: __ +- = 

I 

r:H T T 

rt H~ 1I 
f-L ··rLl' ~ +·- ri f++1- !:t 

~ iT T +-· r+ ~- I 
t--· .. J )_ . Ht .. m' ·FF -ti-±!T w 

I -
fi F-+ 

~ l l ~~~r .·· 

I~ -i· I t, ~ .. !") I-

~- ~ 
, 

1 11 H-i~t 
~ -1--

H·· f-· t~t•rt-T i I- ·- 1-L 'T I- ~ .a ·-r···· 
~ I f.._ 

t··· .. c ... +L I- p.. ~- H· f··+-· 
I-

"' 
f- ,.. 

+ ~ :[ 
f-,. -\.- L. 

.-I 
1-- 0 + ~ 
i- rl ·- -

I 
i- p.. 

=+ 
. -

1-1 
·-

~· 
- (!) -· -· 

i- > - •n 
.... 1-- (!) 

t:l .!.) -f- z (!) 1=.1 -· 1-- H P.:: 0 J_ -, f- P-< , ·n -
~ '-i 

-
1--. 0 >< +-» ~~- - -,__ . ....J •n ttl~ -
f- ....J '1j > "~ - -+-- I -· 

f- ~ 1=.1 (!) -· 

l±t~~:t' 
-· u (!) rl '-£) • 

f- U) ~ &.x:l ,, 0 l •.. f-
f- ,. ~ 

"<t 

!-- -t Lr ·t +-· -
I- '<:!" ... ... 

I 

,- -+Lh ·. 1-+- i++ -1- '<:!" 

-~ + - -· -~ ~ N 
1--

Tt~:tEL n=t 
:X: 

1-

ft I 1-- .. "' !-· --;-

H· ~-

H-+ H-
--

I 

I _j_ --+ 
I-

m 
- --

I- 11 
-

I -I I 
~ ~ I I , I 1--

ilK 
I : I 

~ 
I I 

·~ J_ ' ! +-
I ..; -

':: 
I 

' 
I +- - j! ---

I I 
-, 

I ' 

~mt 
i I i i 

-

+· I I 

! i--L I it[lW I'\ I 

irr 

I 
J._ ~ 

~ ;_I-

l: .l 

H 
+ i I 

I I 

t+ ' : .. -·"-t-

·H H Lt + rr iT f1~ ttu1 
T 

t··r-1-(J 

tJ~ ~t , SHffi:l~HQ N:Vffii 
fF l-t-Tt ~ Lf·r i 

=~-~' ~~y··T IiI I i .. J I I I I I I ++t l ~-! ; }-

ir 0 ----- ~ 
"' 4 56 



EFFECTS 

after Filter 



s run the results il 

case of itude mul 

s error rate occur. This combination 

the 

oriented from a wide 

to aircraft. The 1 of such mul 

a of second is smal 

rather than e errors. 

4.3.7 Out-of-Beam Val 

receiver 

the 

with the inside the 

the counter is 

on result. buil 

seconds the 2 2 receiver and 15 seconds in 

out-of 

that mul 

fol 

such that 

val 

tests. A 

it is 

as the direct 

ence of 

at 

4-58 

4-46. in 

a 

than 

el 

seven 

the 

It 

unl€~ss the 

that an out-of-beam 

out 

seems to be 

suppress 

and -65 was 



i i 

SCALLOPING 
- 1 Hz 

x - 10 Hz 
0 - 100 Hz 

,a. 500 Hz 
o - 1 kHz 





by the receiver. An alternate signal (a constant amplitude mul 

at -8° and +1 dB relative level was applied. The direct was dropped in 

15 seconds and a on the alternate signal was started one second later. 

was 

4.3.8 

The alternate was then reduced by 2 dB so that it was 1 dB 

direct signal. In 15 seconds the alternate signal was 

the 

with the 

Effects of 

was reacquired in one second more. This test 

signal at -85 dBm with exactly the same results, 

Level Multipath 

Simulation tests were run to determine the Phase 3 receiver error 

at levels above -3 dB and as a function signal 

level. Previous and elevation multipath tests of error versus 

to what 

ine tests) had been limited to -3 dB multipath levels. Antenna 

length attenuation make it very unlikely that 

ratios will ever exceed -3 dB in the scanning beam system 

the flare. However, questions were raised in the ICAO meetings as 

TRSB error are at high M/D ratios. 

The results of a 0 dB baseline test are shown in 4-48. These 

error statistics are computed over a 10 second test period so the effect of the 

mul A 0.8 Hz scalloping frequency was used so the c~-B 

filter in the Phase 3 receiver would operate at a gain of 0 dB. The 

errors occur at separation angles between 1.0° and 1.75°. 

Tests were run at a very low scalloping frequency (1/16 Hz) to show 

the e Figures 4-49 through 4-52 show these curves for 

various angles and M/D ratios of -3 dB, -2 dB, -1 dB and 0 dB. 

ratios above -2 dB and near the 180° phase e is 

angles of 1° and 1.5°. 

4-53 shows the elevation peak error for a multipath phase of 

and 180° for the Phase 3 receiver at M/D ratios of -3 dB and -1 dB. Because 

of the erratic performance at 180° multipath phase the curve for -1 dB could 

not be eted between angles of 1 and 1.5 beamwidths. A -1 dB 

curve for the modified breadboard receiver which is similar to the 

4-61 
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Phase 2 2 TRSB receiver. curves show that 

breadboard are well controlled for 

both 0° and 180° multipath phases. 

The Phase 2 2 receiver normally 

direct s at M/D levels of -2 

reaches one beamwidth. A simple 

errors for the 

es of 1 to 1. 5 

the 

the 

for 

was 

made in the breadboard receiver resul normal errors even in 

critical angle region and at M/D 0 

modified to pos the gates on trail 

rather than the leading edge. In addition a narrower 

Logic modifications could also be made in the Phase 3 

provide similar performance at 0 

path above -3 at a separation 

consideration in TRSB since it is 

that can generate these multipath conditions. 

A baseline test for 0 dB 

receiver and the results are shown in 

curves are well controlled throughout the 

4.4 Scenario Tests 

Several postulated airport 

It 

a real 

was run on the modified 

4-54 and 4-55. The 

es of 

were used to 

parameters for real simulations. Five of these scenarios are 

reflections in elevation with the results 

hangars are considered to the most 1 

Typical results for one of the are 

the situations are mul from aircraft on the 

in TN-4 

source of 

in 

was 

FRO beam 

was used. 

multi-

2 

Two of 

e 

2 

old for elevation and azimuth. This mul 

amplitude. Multipath from laterally s 

is of very 

terrain in front 

low 

the azimuth 

antenna is also considered. This could be actual ground s snow, 

azimuth antenna for example. An inhomogeneous reflecting 

could result in an analogous, but less controlled, 

screen reflector tests specified in the ICAO test 

4-68 

in front of 

error. The 

were simulated. 
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shown 

at 0 

e 

4 .. 4. 

knots. 

of the AWOP scenario 1 

with the mul 

the er simulations of 

3300 feet to 1350 feet 

zone over the reflector 

scenarios tested used 

which resulted in different mul 

mul durations are 

lower. Some of the s 

B2 is 

an aircraft 

scenario the mul 

the passage of 

orientations and 

At lower 

and 

had to be truncated 

limits in the er program. 

Tests 

ive situations were tested at several 

and at different aircraft The actual mul evels 

a of but the values chosen for test are 

be worst case values. Errors are versus the 

mul ratio 

The results of the tests are determined seal 

s 

be considered in 

es as wel as 

results. 

itude so these para-

results of the 

antenna 

evation antenna. For thos 

runway the 

-5 dB for "worst cas 

side of the runway 

versus 

at 20° and -7 at 

cons 

attenuation for the 

4-71 

scenarios it is necessary to 

the horizontal 

mul 

locations. For elevation 

reduction in the 

e off bores 

The effect of this 

D ratio 

is flat out 

of 

one 

reduction due 
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RANGE 
SCALL FREQ.* 

HEIGHT 
REFL HT. 
SEPARATION ANGLE 
GLIDE SLOPE 
PATH ATTEN 

;*AT 130 KNOTS 

4-56 AWOP 

75 
159 

55 
0.19 
2.86 
0.2 

52 

1550 
228 

17 
27 

0.58 
2.86 
2.4 

FEET 
Hz 
FEET 
FEET 
DEG. 
DEG. 
DB 



to On 4-57 a -1 dB hangar index (p=0.9) is also shown. 

and above the 0 

null in the 

ions would be -1 dB or less. 

index could 

of the 

occur if the 

signal. 

mul 

antenna 

at 

a 

4-57 shows the of the processor in the 

AWOP B-2 scenario when operating as a dwell gate and s e edge 

dwell mode is of the Phase 2 2 

SEP described in Section 5. 

Table 1 shows the mul used in aircraft and ground 

reflection scenarios. Scenarios C-1 and D-1 were run at lower levels of multi-

since reflections from aircraft. The difference 

e elevation scenario (C-1) was chosen large to provide a worst case 

error a surface on an As shown in 4-58 

the error is s at the -6 dB level but this a level is 

unrealistic. The 

as as 

at any mul 

both of these scenarios 

s angle in azimuth 

1 but not result in 

4-59). The multipath duration 

.85 sec and 0.7 

the in front of the azimuth antenna is at 

ected beam will be with the direct beam and 

D-1) was 

e er:ror 

very short for 

errors will 

be e. However if the azimuth antenna is al to illuminate the 

will be of the pattern with loss 

in the nulls as well as 

reflectors. When the surface is tilted lateral , the beam will be 

from the direct beam and the resultant distortion will cause errors. 

caused, for example, by vegetation, snow cover or 

snow, or an obstruction can cause similar errors. Scenario E-1 consists 

of a lateral the refl reg~on. This results 

in a very small mul difference angle and scalloping 

The results of the E-1 tests are shown in Figure 4-60, errors 

tend to become at levels. Normal the azimuth antenna 

would be with sufficient to much ground illumination. 

Snow drifts may still a em. 
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Appendix B 

WEATHER RADAR AND CW INTERFERENCE TESTS 

Both pulse and CW 

receivers. The pulse tests 

tests have been run on the TRSB 

the 

MLS of the C-band weather radars. A limited number of tests were 

CW interference that are 

any zed spurious emissions in MLS 

B.l Weather Radar Tests 

Pulse interference tests were run on TRSB to measure 

the sens of the .process to 

An MLS antenna located in a radome acent to a 1 

subject to some level interference from the radar 

Two unsychronized pulse trains were used in tests to s 

the level in the MLS band the weather 

2 microseconds, 400 PPS 

6 microseconds, 200 PPS 

the AVQ-10 and RDR-lC 

of 

The pulses, at the MLS to the receiver 

and varied in level relative to the DPSK or s. 

proportion missed scans (for the 

a ten second period were recorded as a measure the 

Since the receivers hold the a missed scan or 

occurs, there was very 1 e 

angle drop out (50% missed 

as well as 

Four 
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receiver 
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in e no even 

Several DPSK and angle levels were 
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, constant 

levels. 

* tests at NAFEC 
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The simulated 
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12 

be noted 
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the time 
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used 
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as 

two 

lobes were less 
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tests were run 

at 

must be in test results. 

B.l. Phase 3 Receiver Tests 

tests are to 

B-1 level of 
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200 PPS 
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B-3 illustrates 
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level is 15 
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that a 
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levels 
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level of -70 caused less than 1% scans. 
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several DPSK levels. 

6 microsecond, 200 PPS ses can cause 

, 400 PPS about 

1 DPSK 

about 15 dB. It should be noted that the 

missed decodes may vary with 

Phase 2 Tests 

results of tests on the Phase 2 2 receiver 

B-6, These tests were run the 

the DPSK at -92 Pulse levels 
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results are 
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to -95 dBm. 

which is similar 

se slicer, con'" 

B-7. 

15 

e 



PULSE 

B.;,lo 

-92 dBm 
Beam at -80 



1 s 

In 

are very close to those 

200 PPS 

ratios 

in El03 receiver tests must 

with the DPSK. A of 20 dB 

L3 SEP Pulse Tests 

The tests on 

B-3. 

2 

El03 shown 

misses at 

E103. It 

not 

were 

test 

narrow 

PJPS 

6 

on 

e tests. In 
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