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EXECUTIVE SUMMARY 

This project was conducted to validate the MLS mathematical model program which 
was converted for implementation on the Federal Aviation Administration (FAA) 
Technical Center Honeywell 66/60 computer. The original math model was 
developed and validated by Lincoln Laboratory, Massachussetts Institute of 
Technology. Five scenarios were selected to demonstrate: (1) terrain 
reflections, (2) building reflections, (3) aircraft reflections, (4) runway 
shadowing, (5) building shadowing, and (6) aircraft shadowing. These were 
input to the model for comparison with the output from the Lincoln Laboratory 
Amdahl computer. Comparisons show that the results from both computers are 
equivalent. 
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INI'RODUcr ION 

PURPOSE. 

The Microwave Landing System (MLS) mathematical model computer program developed 
by the Lincoln Laboratory of the Massachusetts Institute of Technology has been 
converted by Federal Aviation Administration (FAA) Technical Center personnel to 
operate on their Honeywell 66/60 computer. The objective of this project is to 
verify that analogous results are obtained from the Technical Center computer and 
the Lincoln Laboratory Amdahl computer for the same model input parameters. 

BACKGROUND. 

To aid in MLS technique selection and siting optimization, a realistic multipath 
mathematical model was developed by Lincoln Laboratory to simulate real-world 
airport environments. The term "multipath" is used to describe the 
reflection/shadowing phenomena because several possible paths exist for signals 
to travel between the transmitter and receiver, as opposed to the single (direct) 
path assumed in initial system design. The continuing construction of buildings 
in the vicinity of the approach and landing zone and the increasing use of wide 
body aircraft (both potentially significant multipath sources) emphasize the 
importance of multipath effects to the design and selection of any.landing 
system. This model will be used to assess the degradation of a guidance path 
when subjected to various levels of multipath interference. The Lincoln 
Laboratory MLS model has been used to analyze MLS performance for various field 
siting configurations. Since this model has been converted for operation on the 
FAA Technical Center's Honeywell 66/60 computer, a validated model program was 
required to provide the Technical Center with the assurance that the capability 
to evaluate the performance of an MLS in a real-vorld environment has not been 
compromised by the conversion process. 

DISCUSSION 

MLS MATHEMATICAL MODEL DESCRIPTION. 

The MLS mathematical model simulation program is •n-i tten in the FORI RAN IV 
computer language and has successfully been used on computers in the United 
States, United Kingdom, and the Feaeral Republic :of Germany. An MLS simulation 
may be considered as consisting of thr._::~; element . .,. 

1. The first element is the airport ar.d flighti.btt:h model. This model consists 
of the input data which spe·:ifies the ~vc<~tions and composition of reflecting and 
shadowing obstacles, terrai~ features, antenna locations, and the path flown by 
the aircraft. 

2. The second element is k'1own as the propagation model. This element 
determines the signals at the receiver for each point along the flightpath, 
taking into account the various multipath reflections. 

, .. 



3. The third element is the Time Reference Scanning Beam (TRSB) sys;tem and 
receiver model. This part of the simulation computes the receiver E!rror caused 
by multipath for the specified ground equipment antenna patterns, ajlrcraft 
antenna pattern, scan format, and receiver processing algorithm. 

Figure 1 shows the interrelationship of these elements to the total MLS 
simulation. (See Bibliography for detailed theory and description.) 

AIRPORr/FLIGHTP~H MODEL. 

The airport and flightpath model (used as a block data subprogram) <:onsists of 
data specified for the particular airport environment being considered. At the 
FAA Technical Center, this information is currently entered in an interactive 
session which creates the block data file for input to the propagation model. 
The degree of approximation to an actual airport environment will ~!pend heavily 
upon the simulation and the scatterer geometry. For example, in a c:ase where the 
multipath is out of beam and of short duration, hangars might be represented by a 
single plate; however, to closely predict actual system performance in a critical 
multipath situat~on, it would be necessary to input the same hangar with many 
plates representing the various electrical properties of the dif fer.:mt parts of 
the hangar. 

PROPAGATION MODEL. 

Propagation modeling consists of executing the propagation program ~dth the 
airport/flightpath model input (block data). This model determines the multipath 
characteristics of the specified airport environment. The numerical results from 
the propagation model define the direct signal; signals reflected from or 
diffracted by terrain, buildings, and aircraft; and the changes in the direct 
signal characteristics due to shadowing by runway humps, buildings, and aircraft. 
The type of multipath considered in a simulation is dependent upon .and determined 
by the input parameters defined in the block data. Nm1~rical results are saved 
in three different files: one file for further processlng by the sy:;tem model 
(data set 8), and the other two for plotting of the multipath data (data sets 14 
and 16). The propagation model can accommodate the mulripath types specified 
below. 

TERRAIN REFIECTinN MODELING. The terrain is typically represented by a 
collection of rectangular and triangular plates, each with prescribed 
orientation, roughness, and dielectric constant. By v?rying these parameters, 
one can assess the sensitivity of performance to terrain type (e.g., dry ground 
versus snow). The multipath levels are computed eithe-c by a numerical 
Kirchoff-Fresnel integral or a simplified approximation. 

BUILDING REFLECTION MODELING. Buildings are represented by one or more 
rectangular plates of prescribed orientation and surface material. The various 
plates represent salient features of a building such as the doors of a hangar. 
By allowing each plate to have a different surface material characterization, 
inhomogeneous surfaces (e.g., concrete walls with metal doors) can be modeled. 
Consideration is also made for secondary ground reflection paths. The levels are 
computed assuming Fresnel diffraction and using closed form Fresnel integral 
expressions. 
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AIRCRAFT REFLECTION MODELING. For aircraft, it is essential to consider the 
curvature of the surfaces as this tends to spread the reflections over a much 
greater region than would be the case with flat plates. The fuselages and tail 
fins are both modeled as cylinders or a section thereof. The resulting multipath 
levels are computed by a combination of Fresnel diffraction (integrals) and 
geometric optics. 

SHADOWING. Shadowing by buildings or aircraft causes bo~h an attenuation and 
distortion of the transmitted wavefront. Both of these factors are considered in 
the models for shadowing. The shadowing obstacles are represented by one or more 
rectangular plates which approximate the object silhouette. Similar techniques 
have been successfully used in studying the effects of widebody aircraft on the 
Instrument Landing System (ILS). The shadowing of the azimuth signal by runway 
humps requires explicit consideration of the surface curvature, and is computed 
by mathematical algorithms similar to those of aircraft reflection modeling. 

The graphical routines used to display the propagation model results at the FAA 
Technical Center are from the TEK!RONIX Plot 10 Terminal Control System. These 
routines provide easy access to the graphic capabilities of the Tektronix 4010 
type Direct View Storage Tube (DVST) terminals. Information displayed on the 
storage tube may be copied as desired (via a hard copy unit) to provide a 
permanent record of the results. Graphical output from the m~ltipath model 
consists of a listing of the input parameters used in the simulation, the flight­
path of the receiver, an airport map showing the location of the transmitters and 
obstacles, and multipath diagnostics. These diagnostics display relative azimuth 
(AZ), distance measuring equipment (DME), and elevation (EL) multipath/direct 
(M/D) amplitude ratios (for the maximum component of the several multipath 
components from a given obstacle) and separation angles (time delay for DME) 
along the flightpath for the obstacles generating significant multipath 
components, and the variation in the direct signal AZ, DME, or EL level where 
shadowing is involved. Input parameters and airport maps are included in this 
report for all scenarios discussed. Multipath and diagnostic plots are included 
as applicabl~. 

SYSTEM MODEL. 

The TRSB system and the MLS receiver algorithms are simulated in the system 
model. This JTtodel considers the received signal as a superposition of the 
received direct path signal and a number of replicas (multipath) of it, each 
having its OH.1 amplitude, delay, angle, and Doppler shift. The system model then 
detP.r"'lines th,· receiver error by taking into account the nature of the 
transmitted s,gnals and the antenna patterns. The fun~tional form of the beam 
wavetorm is c'>-te-.:mined from measured or theoretical patterns and is included in 
the model as .t f•mction subprogram. By superimposing the beam patterns 
cor~esponding to the various signal paths, the net received envelope is 
determined. 

The remainder of the system model parallels the processing by the receiver 
microprocessor. A tracking gate is centered on the largest consistent envelope 
peak with the beam arrival angle derived by finding the times at which the 
leading and trailing edges of the received envelope cross a threshold. Various 
checks and tracking algorithms are applied to each measurement before it is 
presented as angle data. DME is not a part of the system model at this time. 
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The output of the system model is displayed on a Tektronix DVST using the 
TEKTRONIX Plot 10 graphics subroutines. A specific transmitter (AZ or EL) is 
selected for plotting and the errors generated by the model are plotted versus 
the distance along the flightpath. The applicable error plot (AZ or EL) is 
included for most of the scenarios discussed in this report. 

PROGRAM VALID~ION SCENARIOS. 

The scenarios listed below were recommended by the MLS model's author, 
Dr. James Evans, to validate the FAA version of the program. Input and output 
data required for program validation were provided by Dr. Evans. 

1. Scenario 1 is derived from the J. F. Kennedy Airport geometry as an example 
of elevation reflection multipath from buildings. 

2. Scenario 2 is designed to show shadowing by buildings. 

3. Scenario 3 is derived from the Los Angeles Airport to show aziliLuth reflection 
multipath from buildings and aircraft, along with shadowing by a humped runway. 

4. Scenario 4, based on actual flight tests, is designed to demonstrate azimuth 
shadowing by a t~xiing aircraft. 

5. Scenario 5 involves the demonstration of ground reflections frc'm tilted 
terrain, and is based upon field tests made by Lincoln Laboratory a.t Ft. Devens, 
Massachusetts. 

D~A PRESENI~ION AND ANALYSIS 

Two sets of graphical output were generated by Lincoln Laboratory. One set was 
generated using the original Lincoln Laboratory model and the ot.her set was 
generated using the FAA version of the model as it existed on tn ... Lincoln 
Laboratory computer. Due to better readability (larr.er size), tr·.e latter set of 
plots is the one to which the FAA Technical Center output was compared. Wit:h one 
exception, both sets of plots from Lincoln Laboratory were ident.:.ca.l and indicate 
that there were no coding problems with the FAA model program. 1 he exception 
occurred when the AZ separation angle and DME time delay plots :··r scenario 3 did 
not agree on the duration of the affect from building 1 when thl .. M/D ratio went 
below the lower plot limit. Since the M/D ratio was be~ow -40 r~cibeJs (dB). the 
differences are considered insignificant. 

The propagation model was run at the FAA Technical C•mter using the: same bl•)C.K 
data inputs as were used at Lincoln Laboratory. Som! additiona:. parameters were 
added to the block data to define a few variables, w.lich normally t,;rere inpu·: from 
the keyboard while the model was running at Lincoln Laboratory . 

• 
The system model at the FAA Technical Center was run with two sets of input data. 
One input to the system model was the output (data set 8) from the Lincoln 
Laboratory propagation model, which was used to verify that both system models 
provided the same output when using identical input data. T-.. ~ oulput from the 
FAA propngation model was also used as an input to the FAA system a~del to show 
the cumulative effect of computational differences between the tw0 computers and 
programs 
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The axes on all plots are determined by automatic scaling routines which are 
different between the two computers. However, this scaling does not affect the 
actual data values. 

The airport maps included are from the FAA propagation model graphical output. 
These plots depict the building, aircraft, and runway hump locations with respect 
to the MLS transmitter locations indicated by a star. Each transmitter location 
is labeled by use of symbols specified at the upper right corner of the plot. 
The origin of the coordinat2 system used is typically located at the stop end of 
the runway. Buildings, aircraft, and terrain plates are normally identified on 
these plots by a number corresponding to a number on the input parameter listing. 
However, for clarity, additional labeling has been added manually. Two plots are 
required to depict the flightpath. The first plot shows the flightpath on the 
standard x-z coordinate system. The runway is labeled if the flightpath crosses 
threshold. The flightpath is indicated by the dashed line with the numbered 
waypoints. 

The other flightpath plot shows the elevation (z-axis) versus the "distance along 
the flightpath.'' These two plots may be correlated by referring to the table on 
the latter plot. The distance along the flightpath is the ~axis used on all 
multipath and shadowing plots. 

M/D signal ratio, separation angle (time delay for DME), and shadowing (if 
applicable) plots are generated by the propagation model for each transmitter. 
After ranking the multipath components from all scatterers according to relative 
amplitude, only the largest component from each scatterer is used for plotting 
(limited to six scatterers for each plot). AZ and EL error plots are the only 
plots currently available from the system model. Only those plots appropriate to 
the scenario are included in this report, although all available plots were 
compared. 

SCENARIO 1. 

Figures 2, 3 and 4 show the airport layout and ilightpath simulated in this 
scenario. Table 1 summarizes the input parameters (see appendix A for an 
explanation of the symbols). Since this example was designed to show elevation 
multipath, only the elevation M/D ratio, elevation separation angles, and 
elevation error plots are shown. Figures 5 through 7 are the respective output 
plots from the FAA Technical Center model. These figures may be compared to 
figures 8 through 10 which are the Lincoln Laboratory model output. To aid in 
comparison, the FAA output was plotted ov~r t~,e Lincoln Laboratories plots as 
shown in figures 11 through 13. The + symbol ased for plotting the FAA output on 
the Lincoln Laboratory plots is centered on the FAA data location. 

Figure 14 shows the comparison between the oriPiral Lincoln Laboratory 
elevation error and the elevation dtcor from tne FAA system model using the 
propagation model output data as t·1e input. With the exception of a few points 
that are slightly offset from the >riginal, tl&e FAA output is-identical to the 
Lincoln Laboratory output. 

All of the other plots from the propagation anj system models were compared and 
showed no discernible differences. 

SCENARIO 2. 

Shadowing of the MLS system is demonstrated by the airport geometry shown in 
figure 15 depicting th~ input parameters of table 2. Flightpath plots are shown 
in figures 16 and 17. Shadowing of the azimu·h antenna is shown by the 
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FAA output plot of figure 18. The FAA output shown in figure 19 indicates 
correctly that there is no shadowing of the elevation signal. The FAA model has 
been corrected to eliminate the erroneous indication (in the Lincoln Laboratory 
plot which is not shown) of elevation shadowing where none existed. The azimuth 
system error generated by the FAA model is displayed in figure 20. Figures 21 
and 22 are the Lincoln Laboratory plots corresponding to figures 18 and 20. 
Figures 23 and 24 are plots of the FAA model output plotted over the original 
Lincoln Laboratory data. Figure 25 is the result of plotting the FAA system 
error with the Lincoln Laboratory data set 8 input over the original Lincoln 
Laboratory output. All other output data were compared and are essentially 
identical between the FAA and Lincoln Laboratory computers. 

SCENARIO 3. 

This scenario provides a demonstration of azimuth multipath and runway hump 
shadowing. The airport layout is specified by table 3 and shown in figure 26. 
Figures 27 and 28 show the flightpath. The output from the FAA model for the 
azimuth M/D ratio, separation angle, and azimuth shadowing are provided in 
figures 29 through 31, respectively. Figure 32 is the system error generated by 
the FAA model. Due to a rerun of the propagation model for this scenariu to 
correct an erroneous Lincoln Laboratory input procedure, no corresponding Lincoln 
Laboratory output from the system model is available. Figures 33 through 35 are 
the Lincoln Laboratory propagation model outputs corresponding to figures 29 
through 31. Plotting ·the FAA output~ over these plots creates figures 36 through 
38. These comparisons, along with those not shown, indicate essentially 
identical output data. 

SCENARIO 4. 

The geometry for .this scenario, specified in table 4 and shown in figure 39, was 
based on actual flight tests to shuw the shadowing effects of taxiing aircraft. 
The t:lightpath of the approaching ;:!.rcraft is shown in figures 40 and 41. The 
aircl.aft taxiing on the runway is ~ndicated by the two ''T 's" marking both ends of 
its >:rajectory on the runway. The .:1zimuth shadowing plot generated by the FAA 
model is presented in figure 42 witt the system error plot presented in figure 
43. ·~·he corresponding original Lincoln Laboratory plots are shown in figures 44 
and 4.5. Figures 46 and 47 are genet'atd by plotting the FAA output over the 
Lincoln Laboratory plots. All plot3 from the FAA model were found to be 
essentially identical to the origLul Lincoln Laboratory plots. The out.,~ut of 
the FAA system model using the Li::rlln Labot·atory data set 8 inputs (figure 48) 
sh0\~ 0 some differences of about 0. 'H 0 • We cannot explain this anomaly sin:!e all 
other FAA system model ouc.puts usi 1g the LincJln Laboratory data set 8 as input 
resulted in identical plots. Howe1er, this difference is considered minimal and 
can be ignored for pract_cal appl~;ations. 

SCENARIO 5. 

This scenario simulate~ ground reflections from rectangular plates tilted to 
simulate terrain slopes. These plctes were configured as shown in figure 49 and 
specified in table 5. A vertical flightpath is simulated as shown by figures 50 
and 51. Propagation model output plots are not included because mu.ltipath levels 
were very low (below -40 dB). The FAA system model output is shown in figure 52; 
the comparable Lincoln Laboratc.J ou_put is shown in figure 53. A comparison of 
t~cse two outputs, figure 54, show~ many small differences between the two plots. 
These differences, however, only apoear to affect the peak amplitude anu can be 
attributed to the greater precisiL~ capability (36-bit versus 32-bit) of the FAA 
comr.uter, since no changes were made to the focusing ground subroutines ~rhich are 
used for this simulation. When the system r~del is run with the Lincoln 
Laboratory data set 8 as input, the plots ate essentially identical as ina!cated 
by figure 55. 



NUMERICAL COMPARISONS. 

The propagation model output (data set 8) from both computers was compared 
numerically. The parameters compared and acceptable differences were: 

1. Amplitude: +/-0 .os dB. 

2. Phase: +/-0.09 radians (about 5°). An excess number of errors were 
encountered with this comparison due to angles being equivalent, but some 
multiple of 2 pi radians. 

3. Azimuth angle: +/- 0.004 radians (about 0.25°). 

4. Elevation angle: +/-0.004 radians. 

5. Scalloping Frequency: +/- 0.3 hertz (Hz). 

6. Azimuth incidence angle (with respect to the velocity vector of the 
aircraft): +/- 0.02 radians (about 1.0°). 

7. Elevation incidence angle (with respect to the velocity vector of the 
aircraft): +/- 0.02 radians. 

The results of the numerical comparisons are shown in table 6. This table shows 
the number of samples, the number of times the samples exceeded the limits, and 
the arithmetic average difference for each scenario. 

In scenario 4 none of the elevation incidence angle samples compared were within 
limits. The model author studied the problem and indicated that a minor coding 
change will correct this. However, this parameter is only involved when a 
directional aircraft antenna is simulated which is not currently performed. 
Therefore, this problem should have no affect on our current modeling efforts, 
and the coding change will be implemented in the near future. 

The amplitude and phase values compared in scenario 5 exceeded the tol~rance 
about SO percent of the time. Again, we attribute these differences to computer 
precision differences. However, it should be noted that large phase differences 
associated with small amplitudes may be neglected since a small shift 1n the zero 
crossing location will yield a phase error in that region. As shown by the 
comparison plot (figure 55), the differences have a minimal effect o~t. :he fi:1al 
output. 

CONCLUSIONS 

The Federal Aviation Administration (FAA) Microwave Landing System O·LS) 
propagation model and system model provide results comparable to the original 
Lincoln Laboratory program when provided with the same input data. The greater 
precision available in the FAA Honeywell 66/60 computer results in minor 
differences in actual numerical and graphical data. Howe•rer, these differences 
should·not affect interpretation or analysis of the final results. It is 
concluded that the FAA MLS mathematical model program is validateci. 
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TABLE l • SCENARIO l , f1LS TRANSHITTER DATA AND INPUT PARAHETERS 

PROGrAM TO DO MULTIPAT~ MODELING AND SIMULATION OF MLS 
12GB fAA/LL MLS12 SIMULATJON-LLBD 89/llt/84 IJ.971 

PARAtETERS FOR AZ SYSTEM ARE I 

PARAt"ElER VALUE UNITS 
)(MTRIZ1C ;. Ft 
)CMTRIZY e. FT 
1CMTRI ll l.e88E •• Fl 
VLAZ lt.ID7E N FT 
PLZAI T 
IJI11AZ 8.121E 82 F1 
'lYPIZ I 

PARAt"£l[PS FOR Dr1£ SYSTEM AP.~: 
PARAt ETEA VALUE !MilS 
XMTIII MX I. FT 
)(MlRIMY 1.128E 12 f1 
)CMlRIMZ I.~IIE II FT 
VLD I.IQ7E II FT 
PlZD 1 
DJMDtE 1.4IBIE II FT 
ITYPD 2 

PARAt"ElERS FOR Ell SYSTEM ARE, 
PARAtElER VALUE UNITS 
)IMTR£ IX 8.Q21E 84 F1 
)IMlREIY I. 4111E 113 FT 

0"1 )CMTRE IZ I. lilliE 82 F1 
.!:> VLEI II. I Q7E Ill Fl 

PLZEI T 
DIMEL I I .II BE 12 FT 
JTYPE I 3 

PARArETERS FOR El2 S'YSTEM ARE I 

PARAtETER VALUE UNITS 
)CMTRE 2X I BilE 14 F1 
XMTRE2Y -1.250E 11 Fl 
)IMTRE2Z I !SeE 12 FT 
VLE2 IID7E II FT 
PLZE2 T 
DJMEl2 II. 787[ II Fl 
JlYPE2 4 

11ULTJPAT~ EDITING PARAMETERS 
THRESHOLDS FOR EAC~ PASS a I liE-e.. I.IBE-1" I.JIIE-81 
OUT OF BEAMNESS. Ala 3 .Ill DEC £L-a J II DEC DME: I.~IE-85 SEC 

TRANSHITTER DATA 
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TABLE l. SCENARIO l, HLS TRl\NS!HTTER Dl\Tl\ AND INPUT PARA!1ETERS (CONTINUED) 

P~PAMETERS USED IH COMPUTATION OF SPECULAR CAOUHD REFLECTION 
JSPCRD,. I 
£PB• 1.2181•J I. SH28• I. NFZ• 2.88 NA:25 ~·II 

PARAMETERS USED IH COMPUTATION OF MULTIPATH REFLECTIONS 

BUILOJNC PAAA11ETER6 AA£, 
NO XL YL XR YR 

I 117~1. -751. 11411. -7~1. 
2 0111. -851. IIJII. -851. 
J 8111. -711. 8711. -711. 
4 I 1151. 8DI. 11411. 725. 
I 117IDI. 1211. IIQII. 1175. 
8 0675. 1158. 11125. 051. 

EAC• 1.2..a I. SH2C• I. 

te 

'""· Ill. 
51. 
!12. 
~2. 
!II. 

H80T 
I . 
I 
•• • • I . 
I. 

PAAA~TERS USED IH COtiPUTAt ION OF SHAOOVIHC 

IM4"AY DIMENSIONS 

SH2B 

•• I 
•• •• •• I. 

RUN... ENs 0858 .10FT RUH\i J Da I!II.IIFT ORATEs 1.21SEC 

APPROACH FLJCHT PATH DATA & VAYPOINT COORDINATES 
PT X Y Z VEL 

1 188!11 •• •. 511.11 210.!18 
2 08!11.11 I. !11.11 210.58 
3 0351 II I. 20 II 210.58 
4 Ql51.10 I. 21.88 21D.!IS 
!I 8551.10 I. 8 II 210.56 
Z~~T IS 42.71 

ERBR 
•. 115[ 12 
1.1&£ 12 
I. 115E 12 
I. liSE 12 
•. ·~[ 12 
I.IM 12 

DJNC 
41.01 
41.01 
41.01 
4).;1 
43.;1 

INPUT PARANETERS 

ERBJ 
I. 
•• •• •• •• I. 

TILT 
•• •• I. 
I. 
I. 
I. 

CANDBD 
a. • • •• •• I. 
•• 



TABLE 2. SCENARIO 2, l-ILS TRANSMITTER DATA AND INPUT PARAHETERS 

P~O~AM ·TO DO Mll.TJPATtf tiODELINC -'MD Slt1ULAT JON Of "'-S 
138m FAA/LL t1lST2 SIMULATJDN-LLBD 88111184 13.878 

PARAtiETERS FOA AZ SYS T Et1 ARE I 

PAAAt1ETER VALUE UNITS 
)IMTRAZ)I -I.IIIE 14 FT 
)IMTRAlY I. FT 
)IMTRAll 1.611£ II fl 
VLAZ 8.197£ H fl 
PlZAZ T 
Jllt1Al 1.121£ 12 FT 
JTYPAZ I 

PAAAt1ElERS FDA Dr€ SYSTEM ARE I 

PAPAtiETER VALUE UNITS 
)(MTRilrtX -1.11K 14 FT 
lCMTRilMY •• F1 
)lt11RDnl I.&IK II F1 
VLD 1.197£ II Fl 
PlZD T 
Dl t1.DME 1.48111£ 81 Fl 
ITYPD 2 

PAI'At1El£RS FOP Ell SYSTEM AR£, 
PARAf'IElER VALUE UNITS 
)(Ml~Eill 1.921E 14 FT 
)IMlREIY -·. 4811£ 13 F1 

Cl' XMTRE 1Z I. 111E 12 F1 
Cl' VLEI •. 197£ 1111 Fl 

PLZEI t 
DIMEL I 8,1 IQE 12 Fl 
ITYPEI 3 

PARAtiElERS FDA EL2 SYSTEM AR£, 
PAAAf'IElER VALUE UNITS 
)('1TR£2X I. 721£ 14 FT 
XI11R£2Y -1.418£ n Fl 
XI1TRE2Z 1.138£ 12 FT 
VLE2 I. 197£ II .. , 
P'.Z£2 1 
DJt1El2 I, 787£ II Fl 
ITYP£2 4 

MULliPATtf EDITING PARAMETERS 
ltfREStfDLDS FOR EACH PASS a I. 1IIE-14- 1.11£-11 I. 31E-IU 
OUT OF 9EAN~£SS, AZ~ ! 1111 DEC El: J 1111 DEC Dt1E: 1.58£-15 SEC 

TRANSHITTER DATA 

., 
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Tl\l3LE 2. SCENI\RIO 2, NLS TRANSlHTTER Dl\Tl\ l\ND INPUT Pl\Rl\HETERS (CONTINUED) 

PAAAI1ETERS USED IN COMPUTATION OF SPECl.t.AR CR~D REFLECTION 
ISPCPDc I 
ERas I .2801+J I. S~2lc I. NFZ• 2.98 NAa25 NBsll 

PARAMETERS USED IN COMPUTATION Of Ml.t.TIPATH REFLECTI~ 

BUILDING PARAMETERS ARE, 
NO ~L YL XR YR HI 

181. 
Ill. 

HBOT SH28 
I. I. 

ERBR ERBJ 
I 251. 7~1. -411. 7&1. 
2 IQH. a~e. 111. ea. 
I Jill. 711. 2511. 788. 

ERC• 1.2101 I. S~2C• I. 
•• •• ee. I. I. 

PARN1ETERS USED IH COMPUTAT JON Of SHADOVJNC 
PARAI'!ETERS FOR SHADOVINC JJUE 10 BUJLDJNCS ARE 
NO S~ll.D, XL YL XA YR 

I 251.1 7~1.1 -481.1 7&1.1 
2 IQII.I 8~1-1 711.1 851.1 
J 5801.1 711.1 2!81.1 711.1 

RUNVAY DJ"ENSIOHS 

I. leE 12 •. 
I. 15£ 12 •. 
I. I~E 12 I. 

HBS 
111.1 
111.1 
51.1 

H81 

RUNL[N, 18851.10FT ~VID• 15B.Befl ORATE• 1.21SEC 

APPROACH FLICHT PATH DATA I VAYPOINT COORDINATES 
PT X Y l VEL 

I 25111.18 I 2181.81 278.81 
2 25101.81 22181.81 2001.11 I. 

ZCUT IS 0. 

DINC 
54.1111 
I. 

INPUT Pl\RANETERS 

•• •• I. 

TILT CRNDBD •• • • •• •• •. I. 
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Ti\BLE 3. SCENARIO 3, NLS TRJ\NSNIT'l'ER DATA AND IfJPUT PARArtE'l'ERS 

PPOGRAN 10 DO MULTJPATH MODElJ~C A~D SIMULATION OF MLS 
1281 fAA/ll tt..Sl~ SII1UI.ATIO~;-LLBD 1118/18/84 14.777 

PARAMETERS FOR AZ SYSTEM ARE, 
PAR AilE TEA VALUE UNJlS 
XMT p,\ZX -1. IUE 14 fl 
XMlRAZl' •• FT 
lCf1TR.4ZZ l.~taE II fl 
WLAZ I. liM II fT 
PLZAZ T 
DIMAZ I. 121E 82 fT 
ITYPAZ I 

PAAAMETEPS FOR Dr1E SYSTEM ARE, 
P,f.PAI"£1EP VALUE UNITS 
XMTR~ -I.IIIE 14 FT 
)CMlRDfn' II. FT 
XMTRDMZ I.~IIE II FT 
lllD I. lilliE II FT 
PllD 1 
DIMDI£ 8.48e£ II FT 
I TYPO 2 

PARAr-€1ERS FOR Ell SYSTEM ARE, 
PARAI1El£R VALUE UNITS 
)Cf11 REI)( I 701£ 14 FT 
lCMTREIY -1. 4Bra£ rn Fl 
)CMTPEIZ I. I 31£ 12 F1 
WLEI 1.111111£ II F1 
Pll£1 T 
DIMEL I 1.118£ 82 FT 
ITYPEI J 

PARAI£TERS FOR EL2 SYSTEM ARE, 
PARAI1ETEA VALlJE liN ITS 
)CMTRE2X I 788£ 14 F1 
)CMTRE2Y -1.4118£ 13 F1 
)CJ11RE2Z •. 138£ 112 F1 
WLE2 I. 111M II Fl 
Pll£2 T 
DINEL2 I. 787£ II FT 
11YPE2 4 

MULTIPATH EDITING PARAMETERS , 
T~ESHOLDS FOR EACH PASS a I.IIE-14 I.IIE-11 I.JIE-11 
OUT OF BEAMNESS, AZ: 3.08 DEC El• J II DEC DME• I 51£-85 SEC 

TRANS!HTTER DATA 

-' 
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TAI3LE 3. SCENARIO 3, HLS TRI\NSMITTER DATA AND INPUT PARAHETERS (CONTINUED) 

P~R~ETERS USED IN COMPUTATION Of SPECULAR &PO~D PEFLECTION 

RECTA~CULAP SURFACE ELEMENTS ARE. 
NO XI Yl Zl X2 Y2 

I I -75. I. I. 75, 
Z2 XJ YJ Z1 
I. 8718. 75. I. 

NO EPSR [RSI S~S 
I 5.8081 I. 1.1066 

HRSPEC• I 
ISPCADa I 
E~• I . 28B8+J I. St«2h I. N=" Z. 2. 8tl NA·~ Neall 

PAAAr.ETERS USED JN C~PUlATION OF MULTIPATH REFLECTIONS 

BUILDING PARAMETERS ~E. 
NO XL Yl ~R YR 

1 3Q75 -5411. 4411 -34il. 
2 4551. -2111. ~81. -2111. 
3 4811. -3118. &211. -1111. 
4 8825. -1888. 7125. -1811. 
5 7781. -1801. 8081. -1811. 
6 7125. -1811. 7254. -1716. 
7 8881. -1880. 821Q. -1786. 

ERCs I .2101 1. SH2C• I. 

AIRCRAFT PARAMETERS ~E: 

ta HBOT 
Ill. I. 
Ill. I. 
IN. II. 
M. I. 
M. II. 
51. •. 
51. I. 

Nil Xl Yl XC YC NACTYP 
1 5711.1 -1151.1 5011.1 -1151.1 
2 6718.1 -1150 I 6011.1 -1151.1 
3 8758.6 -1150.1 8011.1 -1889 6 
4 8oea.e -oee.e 8011.1 -111.1 

PARAMETERS USED IN C~PUTATION Of SHADOVINC 

R~VAY ~p SHADOVINC PARAMETERS ARE 

.WST 

.WTOP 
~ND 

X 
33111.11 
38111.1 
43111 II 

RUNWAY DIMENSIONS 

y 
I 
I. 
•• 

l 
I . 
5.1 
I. 

6tW ERBA 
I.IIU 1.11E II 
I. 1111 I. liE II 
I.IIU 1.111£ II 
I.IIU I. liE II 
1.8131 I. liE II 
1.8 I 51 I. liE I I 
I. 1131 I. IGIE II 

Al 1 
I. 
e. 
I. 
e. 

CRNDAC 
•• I. 
I. 
I. 

~EN• 8711.10FT RUNVIDs 151.8tF1 ORATEs 1.21SEC 

APPROACH FLICHT PATH DATA & VAYPOINT COORDINATES 
PT X Y l ~El DINC 

I 17711.11 I. 5111 81 210 56 43.01 
2 7781.11 a e. e e 

lCUT IS 511.01 

INPUT PARI\METERS 

EIIBJ 
-1. liE 10 
-1. liE eg 
-1. liE 10 
-1. liE 10 
-1. liE 10 
-1. IBE 10 
-1. litE 10 

TILT 
•• •• I. 
I. 
II. 
I. 
•• 

CRHDBD 
•• I. 
I. 
I. 
•• •• I. 
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Tl\BLE .J. SCENl\RIO 4, HLS TRANSHITTER Dl\TA AND INPUT PARAHETERS 

~~OCP~~ TO 00 ~TJPAT~ MODELING ~HD Slf1UL~liON Of t1LS 
1178 FAA/Ll MLST2 SI~L~TJON-LLBD 

PARArETERS FOR A7 
PAA~t:ETER 

CO"rSTrt1 ~REI 
VALUE 

XMTRHX 
XMTRioZY 
Xt1TRioZZ 
VLAZ 
PLZ~l 
Dlt1A1 
i lYP~Z 

PARAtETERS FOR 
."'AAAtElER 
)IMTR[MX 
)IMlRCMY 
)lf11Rtt11 
11LD 
PLZD 
DJM.Dr.E 
llYPD 

PAR~I'IElERS FOP 
PAPAr·ElER 
)IMTRE I X 
)lf1lRE IY 
)IMTRE IZ 
VL£1 
PLZEI 
DJMEL I 
JT\'PEI 

PARAt:ElERS FOR 
P~R~tElER 
)I MIRE C'X 
XMTRE2Y 
XI1TRE2l 
WLE2 
PLZE2 
DIMEL2 
JT'I'P£2 

•• •• I. 7IIE II 
I. IG7E IN 

T 
1.121£ 12 

I 

DME l~SlE~ ~~. 

• •• 
VI.LI.£ 

I. Ill£ 12 
I. lilliE II 

T 
1.4IIE II 

2 

Ell SYSTEM ~RE, 
VALUE 

~.634£ 114 
II. "10E 113 
I.UII0E II 
I. IU7E Ill 

T 
IJ. liSE 12 

J 

EL2 SYSTEM ARE, 
VALUE 

IJ 634[ 14 
1.411M 8J 
I.DeiE II 
I.ID7E II 

1 
I. 787£ II .. 

MULTIP~TH EDITI~ PARAMETERS 

UNJlS 
Fl 
Fl 
FT 
Fl 

FT 

UNITS 
n 
Fl 
Fl 
FT 

f1 

~ITS 
F1 
Fl 
Fl 
F1 

F'1 

~JTS 
F1 
F1 
F1 
FT 

F1 

THRES~DS FOR EACH PASS • I.IIJE-14 I.IIE-11 1.311£-11 

18/ll/84 IJ 881 

OUT OF BEAMHESS: ~z, J.ll DEC EL& 3.88 DEC DMEe 1.51£-85 SEC 

TRAl-JSMITTER DATA 

v 
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TJ,BLE 4. SCENARIO 4, MLS TRANSlHTTER DATA AND INPUT PARAMETERS (CONTINUED) 

PARAMETERS USED IN COMPUTATION CF SPECU...AR GROUND REFLECTION 
ISPGRD= I 
ER0= i .zeOO._J 0 SH2A= 0.966 NFZ= 2.80 NA=2S NB=II 

PARAMETERS USED IN COMPUTATION 1)F MU...TIPATii REFLECTIONS 

PARAMETERS USED IN CQI1='UTATION CF SHADOWING 
PARAMETERS FOR SHADOWING Dl.E: TO AIRCRAFT ARE 

SWOSI 
NO X Y Z X 

1 4976.0 -2s.0 e. 2t67.e 
NO SliACTP SHVEL SHANG 

I 6 275.9 1~.0 

RLtNAY D It£NS IONS 

SHPOS2 
y z 

-zg.e 121.0 

RLN...EN= B6B0.00FT RtmiD= 150.00FT ORATE= 0.20SEC 

APPROACH FLIGI-IT PATH DATA & WAYPOINT COORDINATES 
PT X Y Z VEL DINC 

1 13692.90 -25.90 320.00 181.70 36.30 
2 12849.00 -20.00 2g2.00 181.70 36.30 
3 11878.00 -14.00 248.00 232.90 46.~0 
4 8635.00 -5.00 64.00 0. 0. 

ZCLIT IS 0. 

INPUT PARAMETERS 



TABLE 5. SCENARIO 5, MLS TRANSMITTER DATA AND INPUT PARAMETERS 

PROGRAM TO DO HULTIPATH MODELING AND SIHULATION OF MLS 
6032 FAA/LL MLST2 SlHULATION-LLBD 00/le/84 13.g04 

PARAMETERS FOR AZ SYSTEM ARE: 
PARAMETER VALUE UNITS 
XHffiAZX 0. FT 
XHTRAZY e. FT 
XHTRAZZ e.400E 91 FT 
~AZ 0.902E 00 FT 
PLZAZ T 
DIHAZ 9.125E 92 FT 
ITYPAZ I 

PARAI'ETERS FOR Dt£ SYSTEH ARE: 
PARAI"ETER VALl£ l.HlTS 
XMTRDHX e. FT 
XMTRDHY e. FT 
XHTRDHZ 0.150E 92 FT 
WLD 0.902E 00 FT 
PLZD T 
DIHDME 0.234E 92 FT 
ITYPD 2 

PARAHE TERS FOR Ell SYSTEM ARE: 
PARAMETER VALUE UNITS 
XHTREIX 0. FT 

.XHTREIY 0. FT 
XHTREIZ 0.76BE 21 FT 

-..J WLEI 0. 191E 00 FT 
N PLZEI T 

DIMELI e. 12eE 02 FT 
ITYPEI 3 

PAP~ETERS FOR EL2 SYSTEM ARE: 
PAR"11ETER VALUE UNITS 
XMTRE2X 0. q 
XHrRE2Y e. fT 
XHTQE2Z 9. 760E 01 FT 
WLE2 e. 191E ea FT 
PLZE2 T 
DIMEL2 e. 120E 02 FT 
lTYPE2 4 

MULTIPATH fDI liNG PARAMETERS 
THRESHOLDS FOR EACH PASS = 9.1BE-B4 B:-IBE-01 0.30E-01 
ClJT OF BEAHt;ESS: AZ= 3.00 DEG EL=- 3.erl DEG DME= 0.50£-05 SEC 

TRANSMITTER DATA 
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Tt'\13LE 5. SCENARIO 5, f-ILS TRANSHITTER DATA AND INPUT PARAMETERS (CONTINUED) 

?~RAM£1ERS USED IN COMPulAliON OF SPECULAP GROUND REFLECTION 

RfCl,.lll!.iJL.lR SURF.lCE ElEf1ENlS 
UO ,.: I vI Zl ll2 

1 ~ -50. e. a 
? 126 -50. -II 126 
, 48;• -50 -13. 492 
~ 7g;•. -50. -4 . 702. 

NO EPSR ERSJ 
I 6.0001 -0.1033 
2 6 1000 -0.0033 
~ 6 0000 -8.8033 
4 6.0001 -0.1133 

NRSPEC·- I I I I 
JSPG~D~ 0 

APE. 
Y2 

58. 
51 
58 
58 

SH2S 
e. 
e. 
•• 8. 

Z2 
e 

-Ill 
-13. 

I. 

)CJ 

126. 
482. 
724. 
0411. 

Y3 
-~Ill. 
-51. 
-51. 
-M!I. 

n 
-II. 
-13 
-3. 

D. 

£R3~ 15.0000•J 0 SH21~llllll NFZ• 2.8111 NAt25 NBsll 

PAR.lMEllRS USED IN COMPUTATION Of MULTJPAlH REFLECTIONS 

P.lRAM[T[RS USED IN COMPUTATION Of SHADOWING 

RuNWAY DIME~SIONS 
RIJNL[N,. 948 80FT RUNWID-:. 100.eefl OPAl[: 8.20SEC 

APPRO.lCH FLIGHT PATH 
P1 ll 

I 3038 08 
2 3030 ~" 

ZCUT IS 10.00 

D.lTA & WAYPOJNl COORDINATES 
Y l ~EL 

0. 10.00 6.81 
e. 425 80 e. 

DINC 

2 "" 0. 

INPUT PARAHETERS 
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TABLE 6. SUMMARY OF DIFFERENCES BETWEEN FAA AND LINCOLN LABORATORY DATA SET 8 

I Q~ C:J~ ~"'"\ ~~~~0~ ~. 4..,0~ -- ~Q) ~A...V:-& 
'\'S ~~ ~ ~~~ ~~~ ~~Cb't- ~ 8-o.-~ o/~~:'\ ~f.J~~v:'\ ~" ~"'"\ Q S)~ ~~~ ~:'\ ~~(\) ,f~ 4-'tf ~~~ ~~4-~ 'b~ ~ ~~ 'if..4-~ \.: R \.: R '-= -

SCENARIO 1 
NUMBER OF SAMPLES 641 641 641 I c:;~ t t 641 646 I SAMPLES EXCEEDING LIMIT 0 6 \) c 1 
AVERAGE DIFFERENCE 

, 
0.0001 0.0045 0.0000 o.oooa 0.0189 0.0000 

SCENARIO 2 
NUMBER OF SAMPLES 2280 2280 2280 2280 2280 2280 
SAMPLES EXCEEDING LIMIT 0 . 0 0 0 0 0 
AVERAGE DIFFERENCE 0.0000 0.0002 0.0000 0.0000 0.0089 0.0000 

SCENARIO 3 I 

NUMBER OF SAMPLES 2676 2676 2676 2676 2676 2676 
SAMPLES EXCEEDING LIMIT 0 17 0 2 0 0 
AVERAGE DIFFERENCE 0.0001 0.0310 0.0000 0.0000 0.0178 0.0000 

SCENARIO 4 
NUMBER OF SAMPLES 62 62 62 62 62 62 
SAMPLES EXCEEDING LIMIT - 0 12 0 0 0 0 
AVERAGE DIFFERENCE 0.0007 0. 1365 0.0000 ·o.ooo2 0.0178 0.0020 

SCENARIO 5 
NUMBER OF SAMPLES 824 824 824 824 824 824 
SAMPLES EXCEEDING LIMIT 414 486 8 10 0 8 
AVERAGf DIFFERENCE 0.0445 0.4059 0.0002 0.0016 0.0056 0.0561 

.___", ----· --·---

~·& 
~~~ ~~~~ 
~tJ~~ ~ \.: 

641 
0 

0.0000 

2280 
0 

0.0000 

2s1g 1 

0.0000 

62 
62 

0.0456 

824 
0 

0.0002 
-



APPENDIX 

SPECIFICK!ION OF INPUT PARAMETERS DISPLAYED 

PARAMETERS REQUIRED FOR MUIXIPK!H COMPUIK!IONS. 

The following parameters are required to specify the airport model which is 
employed in the multipath computation section of the program. A standard 
rectangular coordinate system is used, where the XY-plane is in the plane of the 
runway, the X-axis is coincident with the runway centerline and the Z-axis passes 
through the stop end of the runway. All lengths, frequencies, and times are 
given in feet, hertz (Hz), and seconds, respectively. 

TRANSMITTER PARAMETERS (AZIMUTH, DISTANCE MEASURING EQUIPMENI, AND ELEVK!ION). 

1. XMrRAZ- (X,Y,Z), XMrRDM- (X,Y,Z), XMrREl- (X,Y,Z), XMrRE2- (X,Y,Z): 
X,Y,Z-coordinates of location of transmitter. 

2. WLAZ, WLD, WLEl, WLE2: Wavelength (nominally 0.2 feet for C-band). 

3. PLZAZ, PLZD, PIEl, PIE2: Polarization (vertical or horizontal). 

4. DIMAZ, DIMDME, DIMEL1, DIMEL2: Dimension of transmitter antenna. 

SPECULAR GROUND REFLECTION. 

1. NR: Number of rectangular surface elements. 

2. (X1, Yl, Z1), (X2, Y2, Z2), (X3, Y3, Z3): X,Y,Z-coordinate of two corners, 
plus X,Z coordinates of third corner, in increasing order of magnitude for the 
X-coordinate, for each rectangular surface element. 

3. ERSR, ERSI, SH2S: The real and imaginary relative dielectric constants, and 
the root-mean-square roughness height, respectively, for.each rectangular surface 
element. 

4. NT: Number of triangular surface elements. 

s. (Xl, Yl, Zl), (X2, Y2, Z2), (X3, Y3, Z3): X,Y,Z-coordinates of the three 
corners of each triangular surface element, in increasing order of magnitude of 
the X- coordinate. 

6. ERSR, ERSI, SH2S: (see 3 above) for each triangular surface elemt~n.::. 

7. ERO, SH20: Default values of dielectric constant and roughness h·dght w-hich 
are used in those regions not specified by previously defined rectangular and 
triangular areas. 

SCK!TERING FROM BUILDINGS. 

1. NBLD: Number of buildings. 

h-1 



2. HBOI: Height of bottom edge of front face of buildings above ground for each 
building. 

3. HB: Height of building, relative to bot~om ~_ge, for each building. 

4. (XL, YL), (XR, YR): X, Y-coordinates of left-hand and right-hand, edge of 
front face of building, for each building. 

5. ERBR, ERBI, SH2B: Real and imaginary relative dielectric constants and the 
RMS roughness height. 

6. ERG, SH2G: Dielectric constant and RMS roughness hei.~ht for ground 
reflection. These parameters are specified orly once, ri~ce they are assumed to 
be the same for the ground surrounding each b~~lding. 

SCATTF RING FROM AIRCRAFI' • 

1. NAC· Number of aircraft. 

2. NACTYP: Aircraft type, for each aircraft, e.g., 1(• 747), 2(= 707-320B), 3(= 
727), 4(= DClO), 5(~ C-124). A subroutine ACrYPE is called, using the 
appropriate aircraft type, to load the follo"'i.ng aircraft parameters, which are 
already stored in computer memory, into a sui.t.1ble storage area: 

1 Area of wings 
2 Radius of fuselage 
3 Length of fuselage 
4 Radius of curvature of tail fin 
5 Width of tail fin 
6 Height of tail fin 
7 Height of center of fuselage above the ground 

3. (XT, YT), (XC, YC): X, Y-coordinates of cockpit and tail fin edge of 
fuselage centerline, for each aircraft. 

4. Atr: Altitude of each aircraft defined as the height of fuselage centerline 
above the ground. If aircraft is parked on the ground, then ALI should be set to 
zero so the program can recognize that a default value should be used in 
compulations. 

The parameters ERG and SH2G specified in item 6 under "Scattering From Buildings" 
are also used to obtain ground reflections for scattering from the fuselage and 
tail fin. 

SHADOWING DUE TO BUILDINGS. 

1. (XL, YL), (XR, YR): X, Y-coordinates of left-hand and right-hand, edge of 
each shadowing surface. 

2. HBS: Height of shadowing surface relative to bottom edge. 

3. HBT: Height of bottom edge of surface relative to Z-axis reference. 

k-2 



SHADOWING DUE TO RUNWAY HUMP. 

1. HMPSl, HMPTOP, HMPEND: X, Y, Z-coordinates for the location of the hump 
along the runway. 

The runway hump is assumed to extend from the lower, to the upper, edge of the 
runway. 

SHADOWING DUE T 0 AIRCRAFI' • 

Only one shadowing ai~craft is considered by the program, for which the following 
should be specified: 

1. SHAGrYP: Aircraft type (see item 2 under "Scattering From Aircraft"). 

2. SHPOs:·: X, Y, Z-coordinates of center of fuselage of shadowing aircraft at 
the startLng frame number 

3. SHPOS2: x, Y, Z-coordinates of center of fuselage of shadowing aircraft at 
the ending frame number (assumes line~r path). 

4. SHANG: Pitch angle, angle between fuselag~ centerline and the X-axis 
measured in the X-Z p~ane. 

s. SHVEL; Velocity of shadowing aircraft between SHPOSl and SHPOS2. 

APPROACH FLIGHTPATH AND WAYPOINT COORDINATES. 

1. VEL: Aircraft receiver velocity, in ft/sec, for each segment. This velocity 
is considered as being along the flightpath. 

2. X,Y,Z: X, Y, Z-coordinates for each segment of each flightpath. 

3. DINC: Distance along flightpath between evaluation points, nominally 
40 feet. 

4. ZCUT: Altitude at which transition from EL-l to EL-2 system occurs, 
nominally 100 feet. 

In addition to the preceding data concerning the airport model, the following 
information should also be specified: 

RUNIEN: Length of runway 

RUNWID: Width of runway 

GPIP: X, Y, Z-coordinates of glide path intercept point (GPIP) 
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