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EXECUTIVE SUMMARY
 

This is Volume I of the MLS and DME/P Multipath simulation Model 
User's Manual. The complete user's manual consists of three 
volumes as follows: 

Volume I operating Instructions 
Volume II propagation Model Theory 
Volume III - System Model Theory 

Th's volume includes descript'ons of the model, both general and 
deta'l d; discussion of the input parameters and creation of he 
input 'lei instructions for operating each program of the model; 
discussion of the various options av 'lable for a given 'rnulation; 
and descriptions of the output tables, plots, and files produced by 
each program. A sample input file and a set of the re ul ting 
output plots and tables are included. 

ix 





1. INTRODUCTION. 

1.1 PURPOSE AND SCOPE. 

The Microwave Lan 'ng System (MLS) athematical model is a co puter 
s . mulation to dete, m' ne the mu tipath effects of an a . rport 
envi onment on th, MLS and ecl ion distanc_ measuring quip ent 
(DME/F) s' gals. Th te Iti at d scr.ibe the ref ection r 
d'ffraction, and shadowi 9 p enomena that esul rom the arion 
pa hs which xist: for s' gna propagation f om transmitter to 
r e~v2. Sou ces of multipath -nterference ound in a typ·cal 
airport env'ronment are illust at,ed in igur 1. The simulat' 0 

od,els 'e azimuth signal, the ' levat' on signal, and the range 
signa1 ( DME I P)., The 0 t -0 -cov rag s . gnaIs ar'e not odeled. 

DO UMENT SUMMARX. 

The User's Man ,al for the MLS mathematical model is divided into 
th e volumes. All olulIIes as um that the reader fam 'liar with 
the ope at'ng p i c'pIes of MLS and DMEjP (ee edlien and Ke y, 

9 " on L, a d Ke nd Cu ikon DMEfP). They al 0 assume 
fami ia it with the MLS athematical rna el i-stallation ma-ual 
(Jones, 1987). This va u (Va ume I) is des gn d to aid t e ser 
in developing the data re ired for modelin, in ,entering these 
data, a d in running the programs to .alculate and isplay the 
model result Specifically it provides: 

a. A discussion of the computer system conf iguration necessary 
to run the model. 

b. A brief historical review of the model's development. 

c. A model ove.rv'ew giving a general description of the 
programs included in the simulation, their functio s, and th ir 
input and output. 

d. A discussion of the principal features of the model. 

e. A description of the data used as input to the model and 
the format of the input file containing these data. The input file 
template and an example scenario are presented. 

f. An execution guide for running the model programs. 

g. A description of the output data and sample output from the 
example scenario. 

h. A discussion of information, warning, and termination 
messages. 

i. Bibliography of related technical reports. 
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1.3 COMPUTER REQUIREMENTS. 

The camp ete mode consists of fou computer programs. The flo 
diagram in f igur 2 h,o s the relatio sh', ps among thes ' our 
programs. so ce code, about 4 ,000 Ii s, is written i AN I 
standard FORTRAN~77 and as been succes iu ly im lemente on a 
ariety of rna' frame and p rso alompu ers The mo e1 is 

d' t ibuted to u ers as source code and must be installed and 
com i ed by the user on his/ er system. 

OUTPUT 
DATA 

F URE 2. MLS MATHEMATICAL MO 'L FLOW D A RAM 

Computer sy.stem requi ements . nclude a FORTRAN-77 compiler that 
acee ts ANSI tandard ource cod a d d'sk space to hold source 
code, executable code, an input and output 'les. n a personal 
computer (PC), at least 640R of RAM, a 20 megabyte (m'nimum) hard 
di k drive, and a math copr cessar ar strongly recolTllD.ended. At 
least one high densi y floppy d"sk dr've (5.25 or 3.5 ~nches) is 
necess ry or source code instal at'on on the PC. n a mainframe, 
at 1 ast 0 e tape dr' ve that accepts 600 b' ts per inch (bpi) 
density . s ne essa y for 'nstal atio of the so rae c de. The 
mod ystem also requires pIa ting d vice f r grap output an 
us r u plied ubroutines to i te face with the e dev' cT. e 
required sUbrouti es are discussed in the installation manu 
(Jones, 1987). Examples of these subroutines are distributed with 
the model source code. 
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1.4 MODEL ISTORY. 

The ML mathemat cal mode was develop d at the Lincoln Laboratory 
of t e Massachusetts Institute of Technology ( IT) under contract 
with the Federa Aviation Admin' stratio (AA. The original 
purose f the mode was 0 ,co pare the performance of different 
types of ML technologies (i. e., Doppler systems and time refere ce 
scann' ng beam (T~SB) systems) in the same a' rport e.nv ronment The 
model as delivered to the FAA Tee nical Center in 198 was' odified 
to simulate only TRSB, the standard chosen by the International 
Civi Aviation organization (reAD) in 1978. The FAA Technical 
Cente subsequently conve ted the model to FORTRAN-77, odified it 
to be portable to diff rent compute systems, and distributed tbe 
source code 0 users a ound the world. The model has proven to be 
a valuable 001 i- th ana ysis 0 mUltipath nterference from an 
airpo t environment n the MLS and DME/P sign Is. 

Resistance 0 mUlt'path 'nterference is a key technical ssue in 
assessing both he relat've and bsolute capab'lities f various 
anding systems. Results of analyses in the national MLS program, 

as well as the results of a omprehensi e study co ducted for the 
No th Atlantic Treaty Orqan'zation Industr'al Adv1sory Group 
(N AG), uggrest t at large a' rcra t and/or vert' cal structures near 
the approac zone m"gh be major sou ces of error. The continuing 
onstruction of bU'ldings ne r approach and landin zones, and the 

increasing use of ide body ircraft, both potentially signi ic nt 
mul .path sources, increase the possib' lity of mUltipath effects on 
the land" ng guid nc system. System -type and site geometry a e 
additional "ssues in the avoidance of multipath inte fe ence on he 
MLS. computer s mulation is the most p actical technique ava'labia 
to evaluate the performance of the MLS in a spec' fic airport 
envi onment. Models can be used to exam"oe the sensitiVity of the 
system to 'mportant airport features both existent nd proposed. 
This, in 
st engths 
environment. 
s imu a tion 
performance· 

turn, leads 
and de ic ienc

There a
a des" rab1e 

to a much 
ies of the 

re se eral 
method f 0 

bette understanding of the 
MLS in a compl icated a· rpo,rt 
facto s wh· ch ake computer 

eva1uati ng system multipath 

a. It allows for convenient eva at 'on of MLS and D IP 
performance unde.r a var'ety 0 irport and fl'ghtpath conditions. 

b. It reduces the substantia expense nd preo ion 
. nstr m ntation associated wit quantitative yme n ngful ie d 
tests. 

It permits the i ve tiga on of the sys,tem sen itivity to 
rnultipath parameter fo a varie y of site locat'ons. 

d. It enables one to evaluate performance. for anticip ted 
airport environments (' .e., wit· more a. cr/or larger b ilding . than 
now exist). 

4 



The MLS mathematical model, which specifi ally addresses issues of 
systm type and site geometry, is u ed as a tool in eval ating he 
TRS system ',n various sit locations at sp,e ific airports prior to 
installation, a d i anti ipating performanc , after installation, 
when constrction or 0 her' actors chang the airport environm nt . 

. 5 OVER lEW OF MODEL 

T e MLS rna he tical odel consists of our separat programs (se 
figure 2): BML T and the plotting rogram BPLOT, BMLSR and the 
plott'ng program PLOTR. A omplete site s'rnulation' performed 
in two stages: xecut'on of h pr pagation (or transm', te ) mode 
and exec tiD of the sys e (or receiver) model. 

1.5.1 Description 0 the Prop~qation Model. 

The f irsttag 0 a site s' mu atio , p ogra BHL , models he 
behav' or of he MLS transmitter and. the ME/P ans, onde . This is 
referred to as the propagatio model, a simulation of the signa' in 
space as it 'nte acts wi , objects in the airpo t environment. It 
assumes that a 11 transmitting and rece' v ing antennas have an 
omnidirection 1 rad'ation pattern. he numerica results from the 
propagation model define he direct signa , signals reflected from 
or diffracted by te ra'n, bu'ld ngs and aircraft, and the changes 
in the dir ct signal characte istics due 0 shadowing by unway 
hump bu'ld'ngs, and a' c aft he type of mUltipath consideredI 

'n a imu ation is determined by the 'nput parameters enter d by 
the use· .'n the input data 'Ie. 

1.5.2 Types of Multipath simulated in the propagation Model. 

a. Terra' D Reflection Model' ng. The model assumes the defau t 
ground to be a infin'te flat plane. In addition, terrain ca be 
represented by a col ect'on of rectangular and riangula pates, 
each with user defined size, location, or'entation, roughness, and 
dielect ie constant. By varying these parameters, the sens't'vity 
of ML performance to erra'n type (e.g., dry ground versus snow) 
can be asses sed, Mu 1t ' path levels are omputed e 'ther by a 
nuroer~cal Kirchoff- resnel integ or by a s'mplif"ed 
approx.imation. 

b. B' Iding Reflection Modeling. Bu 'ld' ngs are represented by 
one or more plates fuse def' ned size, ocatio, 
orientation and materiaL The plates hould represen 
features of a ui ding ch s the doo s of a hangar. By al owing 
ac pIa ,e to'fferent surface ma eria , a bu' lding 

consis ing of a nurnbe of d' fere,t homogeneo s surf ce (e.g., 
concrete walls w'th m tal doo ) ca be model·d. Consid ration is 
also mad for ecan ary groun r fIe tlon p . hs in this reflection 
model. Mult' path levels are cornpu ,ed as' rning Fresnel iffraction 
using closed form Fresnel integr 1 expressions. 

5
 



i c. Aircraf Reflection Modeling. with aircraft, 
ess ntial to consider the curva ure of ~he surfaces as t sends 
to re d ref eat ions ov r a. much gr ater regia tha._ wa Id be 
t e cas with f at plates. The uselages and ail fin are bot 
modeled as cylinders or a sect:' on thereof. The resu t' ng u tipath 
leve a e c mputed by combination of resnel diffract on 
,( integral and geomet' - optics. The airc aft ge -etric 
ch racteristics are sto ed by aircraft. t: pe in a lata library 
internal to the s mu at' on program. The u er spec' fie he 
aircraft type and oc t'on 

d, sha OTN'n 1. ShadoTNing by bUild'ngs or aircraft mayoause 
both an attenuat'on an d' tortian of the transmitted wave front. 
Both of these acto s are considered in the models for shadowin9_ 
The shadowing obstac es re represente by one or ore rectangular 
plates wh ch approximate t e b' ect: silhouette. The \Jser can 
pec'fy the locatio of he adowing object an , i the ,case of a 

moving a' cr ft, f ightpath and velocity, S"milar tech 'quas have 
been sed successfully in studying the e fects 0 wide-body 
a" rc aft on the I strument Landing System fILS). Shado,wing by 
runwa humps create roblems s'milar to shadow'" ng by othe 
obstacles 'n that. it causes both attenuation and d'stortion of the 
.MLS signal. The runway hump is modeled as a circu ar cylinder with 
a radius that app oximatesthe ad' us of the runway hump. The 
cy inde is de ined by three po"nts at the ront, peak and back of 
the hump with the peak, or cente -point, being the 'ghest point of 
the cy inder in the X-Y (gund) plane. 

(N Validat'onas sown th met od of runway hump mo e ing to 
be Ie than ade uate. Ai e n tive appr aches t r nway hump 
shadow'ng are current y under 'nvestigat'on, and he mode ay be 
rood'fied or suppl mented in t e future with a different 

ethodology. Validation stud e us' ng hado 1ng aircraft have 
ielded mixed results ue to t e ethod f representing: th 

aircraft use age andtai as s'mpliied rectangular pates. is 
leads t.o igni icant i fe enc s between meas ad and mode ed dat 
when t tai f'n 0 the. $Iadowing aircraft falls wlthin the line­
of-s . ght between t tran mitter and ece i ver . This p obI m is 
cu ren y under .nvest' gatio and will be corrected appropriate y,) 

o tput from BMLS 's wr· tten to two t' lies. One file rovides 
plottingnfor at on to BP OTT, a p gram that pI ts the mUltipat 
and shadowing effects on the s" gna.l from each of the ground 
statio. s: az 'muth, lavation, and DM IP uplink and fro ,.' the 
airb rne. DMEjP downl . nk ' terroga· r The second file is the npu 
f"le to B LSR, t e second stage of si ulation. 

1.5.J Gra ut of the Pro a 

Both tabular and graphic ou put re produced by the ropagation 
model p otting program. Examples are given in the appendix. 
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The following tabular listings are produced by the propagation 
plotting program BPLOTT: 

a. Input parameters for a simulation run. 

b. Flightpath description (except measured flightpath). 

c. Relative multipath amplitudes for the azimuth, elevation, 
DME/P uplink, and DME/P downlink signals. 

The following plots are produced by the propagation simulation 
through BPLOTT: 

a. Map of the airport and the obstacles defined by the user. 

b. Several views of the flightpath of the aircraft. 

c. Ra ios of he amplitudes of the mult"path signals to the 
direct s' gnal as a function of the aircraft position, for the 
azimuth, ele at'on, D /P up ink, and DME/P d wn 'nk systems. 

d. Separation angles (time delays for DME/P) etween t e 
mult'path signals and the direct 'g al as a fu ct'on of aircraft 
po' t' , for the azi uth, e evation, DME/P ,plin , and DME/P 
downlink systems. 

e. Amplit de variation in the direct ig: al wh re shad ing is 
involv d for the azimuth, elevation, DM /P uplink, a d DMEj 
downlink systems. 

1.5.4 Oeser:' t' on of del. 

In the second stage f a simulat' on, program B LSR mod Is the 
behavi r of an MLS rece'ver and DME/P interrogator a' each point 

10 9 the f ightpath" Once th receiver imulation h s determ'n d 
an ML angle, or range in he case DME/P, it compare his val e 
w'th the rue pos'tion 0 the airc ft as define by he fl'ghtpath 
coordinate in the input ii e. The angular (or range) 'fference 
between hese pos1t'ons is the error t that flightpath point for 
that system az"muth, elevat:on, or DM/P). This erro. is witten 
to an output iIe which is used by program BPLOTR to plot the e~ror 

data. BPLOTR so firs the error data with both path fo lowing 
rror (P E) and control ot· on noise (CMN) algo ims and pots the 

f ' 1te . ,d data w" th approp iate error to erances. These plots a low 
the user to eva uate the re iver rrors and de rmi e if they fall 
within t e acceptab e tole ance limits. 

The trans 'tti g antenna type and the MLS receiver (0. ME/ P 
interrogator) are both simulated 'n the system model. .h model 
considers the received signal as supe position of the rec 'ved 
direct path signal and a number of replicas (m ltipath) of it, each 
having its own amplitude, delay, and phase angle. The amplitude 

7
 



for ea h rnu.l tip h signal is xtra ad rom t e corresponding 
transmib 'n nte.nna pa tern based n posit'on. T e syst m . ode 

ltiplies: each r .eived signal by t e approp iate antenna gain and 
hen onstructs the rece"ved enve ope by super'mpoing he 

t ansmitted signals. The ro'gram cont ins a ibrary of ntenna 
ptterns which ar list d in table 1. They ar ei t er ,he 
theoret .calor the meas· ,ed pattern f r each antenna. The a' rborn.e 
antennas are assumed to av an omn"direct"onal receiver pattern 
Therefore, only the patterns of the transm'ttinq ntennas (ground 
equipm,ent) need be considered. 

The erotical measurement made by the MLS rece'ver s the time of 
arr val f signal. The di fe ences between the times of arr'v 
o	 the TO and FRO signals for the az" mut and elevation signals 
determine t e azimuth ang e and the elevat'on ang a, respect vely. 
The system mode simulate ither of two p ocessing: tecM'gues to 
easure the t'me of arr'va of a pulse: t e dwel gate or the 

split gate metho . Dlwlell 9 te pocessing finds the peaks of the 0 
and FRO envelo es nd then finds the thresholds on the leading and 
t a.i ing edges of ach ,enve lope. Spl 't gate track ng finds the 
peak and a justs i if the e 's an imbalance in the area unde the 
enve ope befo e and after the pe T, e'the case, checks of TO 

, RO sy:rnmetry and specific tracking algorithms are applied to eacb 
measurement beto e being presented as angle dat . 

The t'me of arrival of the DMEI signal determines the range. The 
DM I P simulation uses two methods of determining the time of 
arr . val. Method 1, the cur ,ent standard, is used when the aircr f 
'51 far away, i.e., at ranges greater than 7 naut cal miles (nm'). 
Method 2, a more precise method f thresholding, is used for anges 
of less than 7 nmi. These wo ethods of etermining the threshold 
para e.l he en rout and f ina1 approac (p i sian) met:.hod of DME 
operat ' on In both cases the results are urthe p ocessed to 
simula e reply fficiency, data fall' ngutside an establ' shed 
t:rack gate, and dat lost u' ng t ·an ponder id.ent" , ication 
transm'ssio s . 

. 5.5 Graphic output of Sy tern Model 

Graphi output of sy te model da a a e plotte by TR Angle 
error (in deg es) and ra ge errors "in feet) are plot ed as a 
function of aircraft posit'on for each syste . 

The following outp lots are provided: 

a The er or as function of a' craft pQsi't:ion, st t" cally 
measure ( orno ion ave aging cor e tion) . 

b The rrQr as a functio of air raft posit'on, dyn mie lly 
measure (mot ion averag" ng carr ct" on and al ,a beta f'l er). 
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TABLE 1. TRANSMITTER ANTEN A TYPES AND PATTERNS
 

Azimuth Antennas 

Pattern Beamwidth 

AZBN Bendix basic narrow 40° 
AZGIX60 Generic wide 60° 
AZG2X40 Generic narrow 40° 
AZG3X40 Generic narrow 40° 
AZHIX40 Hazelti e nar ow 40° 
AZHIX60 Haze tOne w'de 60° 
AZH2X40 H zeIt'ne narrow 40° 
AZBLI060 Bendix test bed ( eft half) 60° 
AZBRI060 Bend~x test be (right half) 60° 
AZBL2040 Bendix test bed (left half) 40° 
AZBR2040 Bend'x test bed (right half) 40° 

Elevation Antennas 

Pattern Beamwidth 

ELBN Bendix basic narrow 1. 50 
ELGIOC Generic compact 1.0 

ELG15C Generic compact 1.5 0 

EG20C Generic compact 2° 
ELHIOC Hazelti compact 1° 
ELH15C Hazeltine compact 1.5° 
ELB15 Bendix test bed 1.5 0 

DME Antennas 

Pattern Beamwidth 

DMBN Generic DME Omnidirectional 

c. The 
function of 

error, f iltered by 
aircraft position. 

the PFE (low pass) f ilter, as a 

d. The error, filtered by 
function of aircraft position. 

the CMN (high pass) filter, as a 
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2. PRI CIPAL FEAURES OF THE MATHEMATICAL MODEL. 

The ma'n ouree of errors in e HLS is the mUltipat. propagation 
of s'gnals. Mu,tipath, whi h can be severe close toth ground, 
dis orts the ignals rece'ved by the airc,a:ft. As a res It, t:he 
az m th, elevation, and ange measurements may be in error. The 
ulti a h effects are odeled by the s'mulation progra; n 

addition, the al nois and reply ffici cy (other ources of 
e ror) are ode ad f,or the OMEjP. 

The ode has tw p incipal parts: the signal-in-spa e or 
propagation model, and t e signal processing or system (receiver) 
model. 

The propagation mod 1 simulates the position of the aircraft and 
calculates the amp itu e leve of the azimuth, elevation, and DME/P 
signals at that position. This part of the model assumes an 
omn'direct'ona antenna radiation pattern. 

The system model simulates the processing of -he received mu tipath 
signals by the a ~ bo ne equipm.ent. he processing produces 
estimate of the current azimut angle, elevation ang a, and range 
of the aircraft from the azimuth, elevat' on, and DME/P ground 
sta· .ons, respect' ve y. This estimated pas i tion of the aircraft . s 
comp :t'ed t the tru position which is know to the s,mulation. 
T differ,ences between th se tw positions ,gene te the ML erro s 
e timate by the model. 

e sig al at t e aircr ft is he super osition (amplitude a d 
pha e) of the following mult'path signal componets: 

a. Direct signal 

b. Specular scattering from the ground 

c. Diffuse scattering from the ground 

d. Scattering from buildings 

e. Scattering from aircraft 

f. Shadowing by buildings 

g. Shadowing by aircraft 

h. S ado ing by runway hump 

The omponents b through ar caused by 0 tac les '. n obstacle is 
a nat ral man-m - e eatu e of the local en . ronment l which 
interferes w'th the propagation of the e ectromagne.tic signal from 
the transmitter to the rece' ver. The model incorporates three 
kinds of obsta.cles: buildings, aircraft, and g Qund. An obstac e 
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such as a truck which has the interference characteristics of a 
bU'lding can be modeled as a building. 

The errors caused by a multipat signal depe~d on the following 
characteristics: 

a. The mUltipath signal evel relative to the direct signal 
level. 

b. The angular difference between the d' rec ion of p opagation 
of th m 1t' ath signal from the transmi ti g antenna and the 
dire tion of propagation of the direct signal fro t transm'tting 
antenna (the separa 'on a 9 e). 

c. The multipath at delay (Which causes a pha e difference 
between the direct and mUltipath s"gnals). 

d. The rate of change of path delay. 

2 

The model is basicall a ay tra ing model altough both pysical 
and geometr'c op ics alga it s are used. The s'gna -in-space is 
t s m ( mplitude and phase) 0 signal components from a of th 
si nif"cant propagat'on paths. 

Comp ex real world objects are represented by simple objects which 
mo e readi y lend themse. ves ractica om utation routines. 
F,at plates{ eithe rectangular or t iangu ar, are used to mod, 
the ground and bui dings; cylinders are used 0 model a'rcraf and 

runway hump. 

The computation of th effect of shadowing by any obstacle inclUdes 
specu ar 9 ound ref e.ctio • Consequently, the independent specular 
ground reflection ca cUlation 's ami ted when there is a hadowing 
alculation. Also, the model does not permit simultaneous 
ha owing b a buildi ,g a _ a runway ump 0 by an Q'rcraft and a 

runway h m. Simu taneous s adowing by buildings and ire aft is 
al owed by the model. 

2.1. 

The propagation model c n produce both specular and diffuse ground 
reflections or the LS and DME/P signal . 

SpeCUlar (mirror-l'ke) reflection is highly directional, and its 
phase is coherent, that is, the phase of the reflected wave's 
directly related to the ph se of t e inc'dent wave. I addition, 
specular reflection result from - adiation from an area within t e 
first few Fresnel ellipses or zones. 
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'ff se scat ering from the ,ground has s dire,ctivity and takes 
place d e to rad' atio, .from the ,q . stening surface which ~s uch 
la ger than the fist few Fresnel z_nes. 80th the a_plitud and 
he phase are described a random variables. he am lit de has a 

Rayleig d'strib tion, and t e phase has un'form distributi n. 

In ge eral, bothpecular and diffuse c mponen s are present 
simu taneously. If the root mean square (nas) oughness heigh is 
small c mpared to the wavelength, he specular component 
predom' nates. Othe wise, the specular component is negligible, and 
the d'rfuse component predominates. 

2.1 1.1 Specula 

Specular grou.nd is represented a set of one 0 more fla plates, 
either rectangu ar or t iangu a. Each p ate is character'zed by 
a geOID tric position and a re at've complex d'electric co stan. 
The d' electric constant's a func iOI1: of the perm I.ttiv' ty and 
conductivity of the ground and of the frequency of the propagating 
signal. ­

In order to take the sma11 sea e rouq n.e s .f the su:t'face into 
account, an amplitude a ttenuation actor is used to modify the size 
of the specll ar y ref ected co ponent. Th's factor is a function 

f the rms roughness height, th wavelen b, and the angle of 
inc'dene . 

Us lly on y one specular grou refl ction is ca culated. 
Howeve , there is ,speci opt'o that can be used hen ,omputinq 
ground at lections. Th' 's th focus' ng ground option. This 
opt' on will cause each plate to have a specula reflect' on 
as oeiated w'th 't. 

2. L 1. 2 D' ffuse Ground Reflect' ons 

Diffuse gTound' m deled as a ' ough surf ce with a Gauss'an height 
distribution and a Gauss' n cerre at' n coef 'cient. It ,5 assumed 
that he rms height is much 9 e ter tha.n the wavelength, that 
ul 'pIe scattering effects ca.n be neglected, and tha the radius 

of curvature everywhere on the scatte ing surface's much greater 
than the wave ength of th incident radiation, 

The ground is divided ' nto a g . d of ells, and the. di ffuse 
reflect'on is calculated and summed for those cells which produce 
significant d'ffuse reflection. The s'gnif'cant ce Is are 
,denti tied by us ing a c·' annel spread funct' on which g' ves the 
relativ s'gna eve as a funct'on of the azimuth and elevation 
coord"n e angles. 
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2.1.2 Building R tflections. 

Each buildi 9 surface is represented by a rectangular flat plate. 
The plate is haracter' Zied by its geometric location, inc uch.ng 
til from t vertical and h ight above. ad,e I its dielectric 
constant, and 'ts roughness. Compl x bUlldings may be m deled b 
s vera! r ctangular flat plates wi h different characte 'sties as 
appropriate. 

The scattering of the LS signals f am a b ild'ng is ca e 1 ted by 
app ying Babinet's priniple scattering f,o r eta gular plate 
is equivale t to diffraction throug lar open"ng n an 
opaq e creen. 

2.1.2. Paths. 

Four ray paths may generate signi icant mUltipath from buildings. 
They are: 

a. The path from the transmitter to the obstacle (building, 
aircraft) to the rec-ive , denoted by x-a R. 

b. The path from t e transmi ter to the ground, to the 
obstacle, to the receiver, denoted by X-G-a­ . 

C The path from the transmitter to the obstacle, to the 
g ound, to the ree iver, dena ed by X O-G-R 

d. The pat f om the trans itter to the ground, to the 
bstacle, o the. ground, t the receiver, de ated by X-G-O- -R. 

The s' gnal levels for pa hs b, c, an d a:t"e alculated us' ng 
ab'net's princ'ple (a is sed for the X-O-R path) od tbe met ad 

of images. The chang amplitude and phase the signa 'when 
it bounces off the 9 ouod are ete mined by the gro od roug ness 
and by the d"electric constant of the ground. 

The computation epends on he location of the s ec la point n 
h ref ect" 9 rface of he bU"lding. f the posit'o, of the 

specular po'nt (X-O-) nes no l"e withi the regi n efined by 
the building rectangle , i repos'tianed to the nearest edge. 

2.. 2.2 Ground correction. 

The height the ground between a ransm' te and a bu'lding w'll, 
in 9 neral, be if eren fr m t eight of th ground at he base 
of the obstacle. Since ground i inc uded in computations or 
th ee of e above ray paths, the he;ght of the gro nd is entered 
in t e. model input f' e as a ground orr etion heig t. Topographic 
data are us d to det,ermine this r,epre entative height of t 9 ound 
between the transrnitte and t ,8 reflecting build'ng. If 
topog phi data are not available, the ground heigh for a 
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ref ecti 9 obstacle may be C oae to be ha fway between the height 
o the trans it er and the h,eight of the obstacle. The selected 
h,eig;ht shold based on the t ansmitt r wh" ch will be most. 
at ected b multipat from that o'b t cIa. 

2. ctions. 

Fr ca cuI ting lnU tipath reflections from aircraft, it is assumed 
that signif"cant scatte jng ames only from the fuselage and from 
the ve t'calta'l' hielding by the w~ngs is neglected. The 
fuselage and th tail n re treate 'ndependent y a cylinders 
an porti ns of y inders, r spetiv-l . 

2.1.3.1 Fuselage M del. 

he f elage of an a' cat is a a 'zontal, pe fect y 
conducting, smoothcyIi, der . y inder extends from the nos' f 
the a' craft to the Ie di 9 e 9 of the ta'! fin. In order fo 
scattering t occu, the transmit er and the receive must be on 
t e sa de f he fuselag • 

2.1.3.2 Tail 

The ail fin is mode as two se tions of a vert'cal ylinder. 
Th cylinde i smoot an erfectly conduct'ng. The t a smit r 
and the receiver must be on the same ide of the tail fi for 
scattering to occur. 

Scatt 

Scat e ing from cylinder is ca ,culated by lving the equivalent 
p oble of d' ffract . on by a recta gu ar apart e n an 0 aqu _ plane 
(i e. t e same metho used t calcu ate scattering from a 
bu' :d g). T eefle tion coeffici nt is mUltipl'ed by a factor 
which account fa the i vergence of the rays ue to the curved 
surface 0 the ylinder. 

The computati depends on the locatio of the specu,ar point on 
the cylinder. I the specular point does n t lie on the cylinder, 
it is repos tio ad limits). 

The geometry f the relative positions of the scattering a'rc rt, 
he ground, the transm'tt r, and th rece"ver may s pport bounce 

propagation paths. MUlt"path signals from the X G-O-R, X 0 G-R, 
and X-G- -G-R ray pat· s an~ calculated when this is t e case, as 5 

one n the ,ca eu ation of building re lections. 

2.1 3.4 orrection. 

As with the case of reflect.' ng bui ld "ngs, the height of the 9 ound 
bet een a trans 'tter and a ref ecting a' craft wi in general be 
diffe. ent from the height 0 the 9 ound at the base 0 the 

14
 



ob acle. since ground is included in camp ta ion for three of 
th above ra pat 5, the he'ght of t e gro 's e tered in the 
model inp t fi e as a ground cor ectio height. Topograp'c ata 
are used to determine this representative h ight of the qround 
b twe n the trans, it ,er a d the ef lect 'ng aircraft. 
t pog ap c dat are not avai ab e, t e ground he: ght for a 
refle t'ng obstacle may be chosen t be h lfway b twe-n the - 'ght 
of he tra,smi ter and the height the obst.acle. The sel cted 
height s auld b b ed 0 the t an mitt r w, ich wil be rno t 
affected by rnultipath rom that obsta le. 

2 . 

Sh dowing is the att nu : 00 of the directly trans itte - signal due 
to bUildings and aircraft which obstr ct or lie c ose to t line 
of-sight between tra ro" ter and receiver. Shadowing 0 curs when 
the geo eric pane containin th ob tacle S ocated between the 
transmitt r and the recei er and the bstacle is in or near the 
transm'tter-rec 'er lin-o -sight so t t a s adowing, a t 
scattering, po n meno is observed. h dowing building might 

e resent han ar· 0 large tr cks oc ed at the ide of the 
r away. adow' nge to a'rcra t an occur any of the. 
following s'tuatio s: 

a. Blockage of ransmitted signal by another la, ding aircra t 
on the arne glide ath as the ai craft rec iver. 

b. Blockage of t nsrnitted ignal by an aircraft r ling out 
or pos ibl tak'ng off over he azi th 'teo 

c. Blockage f transmitted s gna. by a tax" ing aircr ft 
passing throug , or very ne tel' ne-of-sight betwee the 
transmitter a,d ircra t ree iver~ 

These cases are depi ted ~ figure J. 

o many runways one end s higher th the other or the cent al 
art fhe run ay is higher han the ends. Thes d'fferen es i 

runway evati n may be suf i "ent 0 bloc' the zimuth and DMEjP 
ignals when he aircra t 's on fOna approach, at a lo~ altitude, 

and c ose 0 h esh d. This situation is cal ed runway hu p 
shadowing. 

2.1.4.1 Sha owing by ui,dinqs. 

For the p rpose of camp ti 9 the shad wing effect, a bui ding is 
mod le as vrtical f1 t pIta perpendic ar to the ground plane. 
No tilt 1S modeled. Bab"net' principle is app ida befo e for 
bu·ldi·9 reflec ions., The attenuated signal is t e u of a 
combi ation of a direct wave and edge rays. The edge ra s are 
assumed to have zero relative time delay. The specific combin tion 
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of rays depends 0 where the line-of-sight path passes thr ugh the 
plane containing the re tangular obstacle. 

Two propagat'on aths are mode ed fo each shadowing rectang e--an 
X-O-R and an G-O R P tho xperiments at L' ncoln Laboratory 
C Deluded that the X O-G and X-G-O -R paths generate 
'nsignif'cantly sma, signa,s for h dowing and can be neg ected 
The s' gnal level is mUlt' plied by the resnel ref ection fo" te 
god surf ce and by a attenuatio factor for small scale 
ro .ghness of t e ground. 

2.1.4.2 Shadowing by A'rc·aft. 

Shadowing y an aircra t is calcu ated s'milarly t s adow'ng by a 
bui ding, The silhouette of a shadowing ai craft approx'mate 
by three rectangles. he or'e tation 0 the shadowing aircraft to 
the line-of-5ig between the tr nsmitter and receiver determines 
th viewing ang e of the shadowing a I r raft. epending on the 
viewing angle, one of th ee s'lhouettes 's chosen to represent tbe 
sha 0 ing aircraft. 

2. .4.3
 

The attenuat'on of _he d"rectly transm't ad sig al due to a onvex 
runway su face or unway ump is mode ed by sup,erill'lposing a 
cylindrica surface on the flat runway an then calcula ·n9 the 
effect of he cy inder 0 the s'gna propagation using t e 
Wait-Conda method. The axis of the cyl'nde is horizontal nd 
perpendicu ar to the centerl'ne of the runwa . 

The Wait-Conda met ad inc udes the specular ground reflection i 
its calcu ation 0, t e shadowed irect w ve Therefore, when a 

unway hump hadows the d'rect s'gnal and the Wait-Conda method is 
used, the computatio of the specular ground ref ect'on mu tipath 
c mponent, discussed in section 2. . .1, is omitted. This may 
cause a discont'nuity 'n the net computed mUltipath s'gnal. 

The runway hump shadow' ng ca cUlati n w' 11 not b - pe formed if 
certa 'n IIlathelllatica condit' ons, derived from th,e geo,me y, are not 
sat~sfied. Note that a runway ump wi 1 not shadow the elevation 
signa because the elevat' on transmitter is su lly positioned 
clo to the approach end of t e unway. 

2.2 PERTURBAT ON SMOOTH NG. 

h 0.2 oat wavelength the MLS s'gnal is very sh rt. The e is, 
therefo e, the pas 'bility hat the s' gnal leva, s may change 
signifi antly with s all changes in the assumed a'rc aft locatio s. 
To see 'f this' the case, the propagation model as - e option of 
calculating the rnultipath ignals, at on y at the aminal p sian 
of the aircra t, bu at 12 n arby locations. A compar'so th n can 
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be made to see if there are large variations in signal levels with 
small changes in 2ircY'aft positions. 

2 . 3 ANTENNAS. 

azimuth, elevation, nd DMEjP t ansmit ers radiate the', r iqnal 
ro the' antenn s whic have. t- ee dimension 1 rad'ation 

patterns. s pI," y th odel, each th ee-dimens· a1 radiat.ion 
patt,ern is rep esented s the product of two two-di en "onal 
patterns. One mension is the azimut direction (horizontal), 
wh' e th other . s the elevation d'. ection (vertical). It is 
assUllled hat the ircraft is always in the far f iel of th 
ante na. The receiv:ng antennas on t e a'rc aft are assumed to be 
o nid' ect' o· a, • 

The az'muth and eleatio system use scanning antennasj 
nsequent y, he antenna idelobe amplitudes ae functions of 

time. However, n the mode1 i is assumed that the idelobe 
amplitudes are const nt. 

The antenna gai factors are i corporated into the system model 
rather than the propagation mod 1 All data f the propagat', on 
model are bas d on a omnid'rectional radiation at ern. 

The simulatio progra contai s a ib ary of an enna pat erns f r 
diffe ent MLS and DME/P eq ip ent. The 'ser can selet the des r d 
a tenna patterns from thi lib ary, 

2.4 SYSTEM MODEL. 

2.4.1 Superposition_ 

The a' rborne equ' pment processes the env lope of the received 
signal which is the res It of the 'per 0 it (d'tio ,) of the 
d'rect signal w't, a 1 of the multipath s'gnals, taking it 
a co nt heir r ative magn'tudes, p ases, and time delays. The 
program BMLS simulates this pr,oce ure. 

2.4.2 Sampling R tes. 

The sp ification of te a" raft ve· ocity and the increment 
(sampling interval) b the user etermines the samp ing (data) 
rate. The pro agation model is ypica y n so that t generates 
sampled ata at a 5 hertz (Hz) ate. This sampl 'ng rate is 
req ire.d for he prope functioning f the PFE and the CMN filters 
in the system model. At every samp ing po nt a new set of data 
va ues "s p oduce , contain'ng he amplitude, phase, time delay, 
dir ct'Qn of arrival 0 each sign' icant m 1 path component, and 
th true values of the ai, ra posit"on. 

The azimuth transmitter scans at a 13 z rate and the elevation 
t ansmit er scans at 39 Hz rate. These rates are simulated n 
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the model by 9 n rating az irnuth signals at a 15 z rate and 
elevation s'qnals at a 40 Hz rate. T 0 /P signals a e modeled 
at a 40 z rate, wh\ch is typical of the Fina Approach (FA) mode 
of the DME/P equipment. 

2.4.2.1 the also 

Extrap at'on is used 0 g nerate multip th sig a1 sampl at the 
S, 40, and 40 Hz rate n eded for the azimuth, elevatio , and 

DME/P subsystems, r specti ely, from th 5 Hz ate provided by t e 
propag tion m del. 0 simp ify the c mputations, it i- assu ed 
that the follow'ng qua tit'es do no change ov the period of one 
0.2 seeo d s ~ le interval: 

a. The location of the specular points 

b. The angles of arrival of the multipath components 

c. The amplitude.s of the mu t'pat components 

d. The aircraft velocity 

The e1 t' 'Ie phase and time de y ch nge as a function of aircraf't 
position. 

2, .2.2 Do 

The motion of the a'rcra t causes a Dop ler shift' the freque cy 
of the reee'ved 'gnal, The ch nge 'n t e carrier frequency is 
insign'ficant and's ig ored; however, the change in the p-as 0 

he received s'gnal due to the Dop ler shift is included in the 
model. 

2.4.2.3 Re ampling the Tru 

The M S elCro S are the d' fiere.nees between the ang es calcu ated by 
the receive s an th true angular pos'tions of the a' craft. The 
angular p sit'ons of the aircraft are sampled at a 5 Hz rate, t e 
same ate as th mul ipath ignals. A comparison of the ca culated 
angles \If' th th true angles requ' res that th true angles be 
esampled at the 5 Hz and 40 Hz ates a so I us', ng the. velocity and 

accelera 0 correct'on option. 

The user has this option 0 select' ng or of not selecting the 
veloc'ty and acce eration orrect' on f a ure. selecting this 
opt'on causes the simulation, whe calc at'ng he t ue position of 
the airc' a.ft, to use a po ynomial fitt' ng e hod to resamp e the 
data instead of a sum' ng that the data va ues emain une anged 
between the cal u at d amples. The resamp' 'ng is done by fitting 
a second order polynom' a to he c rrent sampl an the wo 

r vious samples n addition, electing this ption causes the 
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2.5 PROCESSING 0 

sim lation to apply the Dop er correct"on to the phases of the 
received signals. 

T e TRSB rad' oavigation aid wo,rks in the fol owing: way. A fan 
s aped uradar" beam scans back and forth over the volume of 
airspace contain,'ng t e ai·cr ft. The aircraft receives a signal 
pUl e each time the bea. sweeps by and easures the times of 
arriva of the TO -nd FRO pUlses. The time delay between the two 
arr'vals 's proport'onal to the di ection of the 'rcraft from the 
ransmitter. The az' muth transmitter Bcans back (TO) and forth 

( RO) horizonta ly, the separate elevation transmitter scans up and 
down vert cally. 

The critica easure ent in the r ceiver is the time of arriva o,f 
t e eceived pulse. The race ve processing agor th 5 locate th 
pul e and easure it er he positions of the eading and trailing 
edges (dwel gate process' ng) or the position 0'£ the pulse peak 
(~pli gat process'ng). Multipath signals super·mposed on the 
d'rect signal istort the shape of the pu se causing e rors, in 
these measurelents. 

2.5.1 Acgu'sition Mode. 

Acquis'tion is e estab ishmentof track. It has tw steps· ( ) 
determ' ation of a likely cand· date to be tracked, and (2 
accumulation 0 enough data to give reasonable assurance that the 
cand'date t be tracked is a val"d signal and's, 0 the ver ge, 
the largest component and theref rei the direct component. Should 
invalid data be recei ed during tr k mode I a coast mode is 
prov"ded to mainta'n track for 1 second. If the receiver drops 0 t 
of track at some po· nt, reacqu' s i tion is init iated. Reacqu ' ,sition 
's 'dentica to the initial acquisitio p cess . 

. 5.1 1
 

_ring the first rece'ved signal frame, th receiver searches for 
the argest signa in the TO part of the scan and t e largest 
signal i the FRO pa t 0 the scan. he peaks 0 maximum s'gnal 
values a considered to be the arrival times of the pulses If 
the two peaks .are within 50 m'croseconcis (pulse ymmetry), it is 
assumed hat t ey correspond to the same signa, nd racking gates 
are set up centered on the peaks. A tracking gate 5· is tim.e 
interva1 ~ n Which the n,ext rece i ved pUlse is expected. At this 
oint in th acqu sit·on, a candidate or _ant tive trac has been 

estab,ished. The second phase of the acqu's'tion, track 
confirmation, is now ente ed. 
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2.5.1.2 Track Confirmation. 

Th candidate signa's tacked until confidence is established 
that it is t e true track. For th' s purpose, the receiver contains 
tw caunt rs: a conf' dence conter and a f ame counter. Each 
counter can be incremented, de rernent d, 0 cleared (reset to 
z,ero) . Th confidence counter is incr,emented en the eceived 
signa I peaks fall within the tracking ga es and decremented 
otherw' se. This means hat fo· he co idence ounter to b 
i cremented, the tracked comp nent must xceed any out af-bea 
signals at least 50 percent 0 the ti Te frame ounter is 
incremented whe the r ceiv,ed signa peaks pass three vali at' 0 

checks; otherwise it is e reme,te . 

2.5.1.2.1 Valida ion Tests 

The va idation checks ar pi se width, pu se number, and pUlse 
et y. ac is dis ussed below. 

Pulse Wid h est. 

The dwell gate is the time inte va when the igna is illuminating 
the airc aft. There is a dwell gate for the TO 'gnal and for the 

RO signal. It is define to be the time 'nterva, between h 
start of h pulse and the end of the p Ise.. The sta t 0 eading 
edge of the pu se :s the point on the pulse Which is J decibels 
(dB) lower than the peak and precedes he peak. Th - end or 
tra'ling edge of he pu se 's the poit on the pulse which is 3 dB 
lower tha the peak and follows the peak. 

The ulse w' dth is the im d' fference between the leading and 
tra' l' ng edges a,f the pul e. The width must satisfy maximum a u 
and min'mum val e ch cks to pass the pUl e width test. 

2.5.1.2 .. 2 Pulse Number T st. 

On y one pulse is all wed within the dwell gate time interval. 
Otherwise this test is fa'led. 

2...2.1.3 P lse symme ry. 

The time iffera ce betw en th TO and FRO arrival imes must be 
es than a p cified maximum value ( ,0 microseconds). Th' s is the 

s me est sed in electing a ca didate tr ck. 

2 5.1.2 2 Confirmation. 

Any time either the frame counter or the confidence counter is 
decremented to z ro, the candidate track is dropped and 
reacquisition begins. 
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If the frame co ter reach satu atio , 20 co t f r ele ~·at:ion 

and 8 co ts for azimuth, he cand.idat,e track is accepted as valid, 
and th recei er en e s tracking mode. 

2.5,2 Tracking Mode. 

In tr ck' ng mode, alidation tests are 
validated, the raw angle error 5 omput

rfortned,. 
ed by num

When th 
erical si 

scan s 
lation 

alidation Tests. 

During tracking, the val'dation ests used dur'ng t.he acquisitio· 
phase are cont' nued. 'The: r outputs re processed ~ n exactly the 
same way re la t ve t the counters, The rack s lost whenever 
either the frameoun e" or the confide' C cou tar is reset to 
zero. 

2.5.2.2
 

T aw pu se ar iv 1 ti es are Ip a-beta filtered (and hen sl,ew 
lim.' ted) to p duce smoothed arriv times. 

2.5. s. 

'he model as two rn.th eterm'ning the t'me of arrival of the 
signal enve ope 0 se: dwell gate processing and plot gate 
process' ng. Thoe forme ethod finds the lead ng a ra' 1 'ng: edges 
of the r celved. pulse as escribed pr via sly in section 
2.5.1.2.1. . The arr'val irn of the pul e 'sbe the verage of 
the times for t leading and trailing edges The lat er method 
de ermin the a· r ivaI time based n the locat' on 0 t'e peak of a, 
p 15 . 

The raw arr iva times fed 'nto an alp a-beta (second order) 
tr king 'Iter whic pro uces smoo hed estimate of the arr'val 

imes. 

2.5.2.3 Slew L'miting. 

The true azim h and elevation angles of the ircraft cannot change 
faster tha the a'rcraft can move. A sudden jump in an rrival 
time of the direct s~gnal 's physica ly impossible and, the efore, 
'ndicates tha the measurement is 'n error. The smoothed arrival 
time output by the f'lte are chec ed for too rap'd a change in 
value, '.e., a too high slew rate, The maximum al owed slew rate 
'5 1 per second. f he s ew rate is higher than this va a, a 
slew rate violat' on has occurred. When a v' alation occurs. the new 
smoothed va ue 6 se at the limit and the frame counter is 
dec emented (depending on he polarity of the s ew via ation). 
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2.5.2.4 Angle Calculation. 

Following passage of all the validation tests on a g"ve scan pair, 
there rema'ns an ar' ivaI time for the TO pulse and an arri a, time 
for e FRO pulse. The ang e (eithe azimuth or eleva ion) is 
c lculated by mu tiplying te a erage of the arrival times by the 
can rate of the appropriate transmitter. 

2.5. Mode. 

When a val'd angl measurement for a give scan is not found, the 
track'ng mode. 'tches into coast mode for h t scan. The coast 
cons'sts of xtrapolati 9 the angu~ar coordinate linearly at the 
mo t recent velocity es imate . 

2.6 PF MENTS. 

The system mode reorts he pas' tion ro s of the a irc aft in 
term of the a'rcraft 5 azimuth, elevation, and range. he rorr 

is te di ference, for each une 'on, betwee the s'mu ed output 
value of th receiv jtransponder nd the t ue value To evaluate 
the perf rmance of the ML and OM IP aga' nst spec' fied e ror 
tal an as, th rawer or values are £urther iltere by two 
filters. 

one 'iter is the P E filter. t 's a low pass lter and passes 
t se f equency omponents of the error that migh cause the 
aircraft, while under autop' lot control, t deviate f 0 i s 
flightpa h. The c toff frequencies are no mally .5 radian- per 
second fa az "muth and .5 ad ,. an pe second for eleva ion and 
DME/P. 

The other f "Iter is the CMN filte wh ch 's a high pass fi ter.. It 
passes those frequencie that cause th aircraft cont 015 to m e 
or vib ate (when the ML and DME/P drives the autop'lot) wlthout 
causing a'rcraft displacement from the f ghtpath. 

Unnec,essary deviat' ons from the f igh path can cause wasted otion, 
passenger discorn art, and poss'ble difficulty i reattaining be 
fl' ghtpath. Unnecessa y control surface movement r vibra ion 
shortens the life of the control system a d may ause a lack of 
pilo confide e n the g idance of t e MLs ys ern. If either of 
these e ror meas res ,exceed t e' r respective im" ts, the guidance 
is nacceptable and carr t"ve actio- is ne-essa y. 

For th se reasons, the p rfor nee accuracy of t M Sad, ME/P 's 
speci 'ed by limits on the P and C The computer model oMS 
a so calculates the PFE and CMN errors for the scenarios nd 
flightpaths simulated. 
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2.7 PROCESSING OF THE DME/P SIGNALS. 

The D E/P mod simulates the range error c used by mul ipath 
effects on the DME/P part of the MLS system. The propagation odel 
gene ates the mult path a pl i tudes ,hases, ti e de ays, ana qles 
in a anner sim'la to that sed for the S system. The aJarI 

difference is that the DME/P system consists of a tra sponder 0 

th ground and an nterrogator in the aircraft. Therefore, sl.gnals 
are transmitted in both directions w'th different mUlt"path 
characteristics. To accommodate this difference, the propagat'on 
model s mulates these transmittals s an up . nk and a downl" nk 
multipath signal for each obstacle. 

The DME/P system model i eludes a dl.t1onal error so rces sch s 
thermal noise and reply effie' ency. The mode permits the 
select'on of different pUlse shapes, intermediate requency (I ) 
f i 1tel's, and trigge circuits . The raw range error, Which is 
output from the DMEjP model, can be further processed throug P 
and CMN filters and plotted wit the app opriate tolerance values 
to assess the system's per, ormanca acceptability. 

As w' th the MLS, the propagation model for DME/P computes mu t,ipath 
p ,se amplitudes, phases, t' e dela s, and angles of transmittal 
and recept'on. Amp1 'tudes, phases, and time delays are computed 
relative to the d rect signal whic- ha unit amplitude with zero 
phase and . me delay. The total phase shift of the mult' path 
signal is the s m of the phase sift due to the reflecting obstacle 
and the phase shift caused by the longer travel time of the 
mult'path signal. 

The system model combines the rnultipath signals from all obstacles 
at given sampling po' nt along the fligh path into a composite 
pulse shape. A no'se value i also app ,ied to t is computed, pulse 
shape. The distorted puls is compared 't an undistorted 
reference pUlse 'n the trigge circu'ts to co pute the raw error 
for that sampling po' nt. This procedure is repeated for each 
flightpath point 

2.7.1 Ca of Thermal Noise 

Beg'nn'ng with the spec fied s"gna -to-noise ratio in dB, noise 
value relat've to the IF ilter input is 00 puted ar ar distance 
correction. Th's noise value represents the relative noise level 
at the start of the simulation. S'nce the s'g al amplitude 
increases during a. approach, he signal-t -noise ra io will a,so 
increase. In the ode, th value af the direct sign 1 ·s always 
one. here-fore, the increas in s.ignal-to-no' se rat 0 is s' mulated 
by decreasing the ef ect va noise eve a a function 0 the slant 
range between the airborne an ground antennas. 
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The thermal noise an reply efficiency are simulated by using a 
standard pseudo random n be generator wit a eriod of 2m cal s. 
This gene' ator provides u iform y distribute random n'mbers 
betw en 0 and:1. A spe tal al 0 i thm converts the uniform 
distrib ,tion into a Gaussian dis r' b tion for the thermal noi e 
simulation. 

2.7.2 Cal 1 tion of R 

eply eff"clency is imu ated by u 'ng the uniformly dist -ibute.d 
ra dom numb -rs as, obtained fro th random number generator. f a 
part'cular vale's greater t an the des"red rep y effi-ie cy, an 
unrealistic ra ge alue wil be g'e erated whic will be e1.'minated 
by fal ing utsid the t acki g gate. 

2.7.3
 

2.7.4 ant. 

The measured distance va ues a e passed through a rnu at,ed a pha­
be a filter. T is filter raw range er ors, thus 
reducing the veral erro noise ~tion, thi filt r als 
r ae s m"ssing data (i.e., data 0 the tacking gate) with 
weighted sti a e . 

Tra kOng beg"ns when the thi d val dated range. va e is computed. 
A var' able w' dth t. ac J.ng gate (dependent upon the expectoed 
measurement Dois ) is applied to a 1 subsequent data. A conf' dence 
counter is si ul ted whic prov .des an out of-track f ag if no 
signal is within the tracki 9 gate or more than 1 second. 

The sim lated output ange s compared to the relere ce f ightpath 
data and the devia ion's computed by taking the. di erence:I 

mea re d"stance minus re erenc distance. This difference is 
called the raw error. The raw e or s further proces ed by two 
error filte s, the PFE f" Iter a.nd the CMN filter. The low 
frequency omponents the error signal cause an a' rcraft 0 

deviat,e from th des' red f . ghtpath. The P E fi ter f'l ers these 
frequency components out of he ,or spectrum. The h "gher 
fr quency components of the error 5' gnal caus,e ndes . red motion of 
the ircraft cant 01 dev'ces, hence na lowab mechanical stress. 
The CMN filte identif ,esthese frequency components. 

The output of the P E and CMN f' ters is subjected 0 aiding 
time w'ndow of 10 econds (' .e., about 400 points) which's moved 
along th error plot fro start to end of the flightpath. This 
window is advanced ne, int at time. The r or to' erance limits 
must not be vio ated in mar than 5 pe cen of the window. Tn 
or er to take ca e 0 an as um-d equ'pm nt error of 0 eters, the 
error limi s are shited by that mount . n the positive and 
negative direction when chck'ng the PF. The equipment error has 
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no effe t on t.e CMN because t e CMN filter is a andpass. For 
e eh window p ., i on, the umbe of 10 ations is counted 
separ ely for the t 0 sh' ft d" r tions. The 'aximum umber 
occurring in each windaw osit'o 5 stored a.nd displayed on t e 
plot (100 percent = 10 econds or 4 0 points outside limits). 

3. OP RATION 0 TICAL MODEL. 

3.1 51 , T.ION OPTIONS. 

The mathematica model ha a number of p ocess q options 
se ectable by the user. The opt ions are dete mined by he oontent 
of the "nput d ta file and by inter ctive ser i put during run 
time. The main opti,ons ava' lable to the user are the select' on of 
the types of se ttering and s, adowing obstacles to be considered in 
th airport environment that 5 being imulated. 

3 ..1 Shadowing Options. 

T ere are two types of s adow'nq opt'ons: (1) s adow'ng produced by 
buildings or by aircraft and (2) shadowing produced by a runway 
hump. nly one shado ng option can be simulated in a single ru·. 
I shadowing by buildings and/or aircraft is selected, the program 
will not parfo m runwa hump shadowing, even if it i requested and 
the proper parame ers are entered, no wil it simulate specula 
ground reflections from surface elements (rectangles and/or 
tr'anglesj and the default ground. The reason s that additional 
ground reflect.' on components (based on f ieJ.d test resu ts) are 
compu ed in the shadowing SUbroutine, and these grand ref ect'on 
computations are not the same as thos sed in the specular ground 
ref ection subrout'ne nd may tend to 9 ve different resu ts. The 
two ground computations are ade mutually exclusive to void this 
conflict 

Runway hump shadowing w' 1 be per ormed only if shadow' ng by 
building and/o aire aft has not been requested. The specular 
ground sflec ion calculations are also disab ed for those portions 
of the receive lightpath or wh'ch the runway hump ·s in line-of­
s ght between the az muth or DME/P transmitter and the receiver 
Th r nway hump ca cUlations, like those for shadow'ng buildings 
and a rcraft, calculate ground elections independently f om the 
specu a ground re lection subroutines The latter are disabled to 
avoid confl'cting reSUlts. Runway hump shadowing is not performed 
for the elevation antenna. 

3.1.2 scattering options 

The types of scattering obstac es hat can be defined through the 
input file are buiLdings and aircraft. Buildings are represen ad 
by rectangles . he location, s i z e, and surface characteristics are 
defined by the user. These rec angles can be used to simulate ny 
type 0': rectangular object sue as b dings, portions of 
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buildings, antenna structures, lights, etc. The characteristics of 
each aircraft type are supplied to the programs by a built-in data 
base" The available aircraft typ s a e discussed in section 
3 " 2 • 3 • 4 • 

Sev ra options are also available for determ' ning the s.cattering 
effects of the gro nd. These are discus ed e following 
sections. 

3.1.3 Ground Reflection 0 tions. 

Te sev ra specula and focus'ng ground reflectio options 
w c determined by the data in the inp t file. Th default 
opti is to process specula reflections with t e ground as an 
, nf 'ni e . at plane. (a.t Z~O) w' th perfect con uctivi t (d 'e ectric 
constant and roughness fae 0' oth set to ze )" 0 change this 
def au t, the e must 'nel de ec ion 2 the' nput. f' le (see 
section' .2.3.3). In th's section, the first question's a switch 
that can disable all specular gound eflect' ns If this section 
's prese t and. specular ground reflections a ,e enabled, the user 

lnay specify alternative va lues fo the de ault die ectr'c constant 
and roughness fo ground. The ecorld uest 'on is a switc to 
determine he algo . thm used in ground ref ection ca cUlations. 
The efault is full Fresnel-Kirchoff integrat'on for ground 
ref lecti n p oce ng. e. a I terna t ' VEl 'on is to ca culate 
ground ef eat ions us", ng an approx' mat Fresne1 coeff i'eient . 

Another ground reflect 'on pt'on rmits the ef'nition of a number 
of tilted surface elements. These elements may be rectangu -r or 
triangular .n shape. Eac element may have its own complex 
dielectric constant and roughness factor. T'lted surface elemen s 
are alculated us~ng full F esnel K rchotf num.er'cal integration, 
Which s he defa t option. I he approximate Fresnel 

oe icient S chosen in action 2, t - ti ted sur ace elements 
will not be proc ss.ed even if they are requested and the proper 
p ra eters are ent ad. There is the opt' on to determine the 
focusing effect of hese surfaces at the receive by computing the 
specu ar reflect'o from eaa urfac by setting the su face flag 
(s ) to 1. 

The ground may also be considered diffuse scatte e • this 
case, the sur ace t at re lects signals is def' ned by a ground 
roughness he'ght and or elation d'stance for eac transmitter. 
The umu ative mu tipath amplitude is calcu a ed, us eng random 
ph e shif· , to dete mine the ffct of s atteri 9 on t _ 
quidan e accuracy. 

3.1.4 Perturbation 

The perturbation smoothing option ere tes 12 additional fightpath 
points (3 above, 3 below, 3 to the right, and 3 to the eft) for 
each of the basic flightpath points. Computations for multipath 
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a d shadowing are done at all 13 points to avoid the possibility 
t a. t e single point i not be repres ntat' e 0 a rob em area 
due to the short ·8velength of the MLS (0.2 f et) compared to he 
distance between £li htpath points (40 feet). 

3.1.5 Other options. 

othe . options ( ee II xecution Guide I, se tion 3. 3) i ude the 
ability to selec speci c ransmitter to be used during t e 
s mulation. T 's opt'on ca save run time when specific 
tr nsmitte c 5 are of interest r the parameters of only one 
tans ' t tar have beencnanged since a previous run. Th select' on 
can be made uring the run t'me of ea,ch of the four progams of t e 
model. 

There is a cho'ce of az'muth, elevation, and DMEjP antenna types 
whic can be simulated based on he sele tio enter d i the in . t 
file. These choices are listed in table 1. 

he user an a so select the type 0 receiver algo 'thm to be used. 
The angle eceiver c n operate either a dwe 1 gate processor or 
a spl't gate. p ocessor This selection's made during run ti e of 
the model p ogram 8M, SR. 

Error computat' ons ,can also 'nclude velocity and acceleration 
correction du ing the receiver process' ng I if desired The 
veloc'ty and acceleration correction factor modifies the estimated 
and di ect signal angles to ompensate fo· the m ltipl scans 
during one frame of model data. The model e or data a, e generated 
as three azimu.th or e'ght elevation scans for each model frame (at 
the 5 Hz rate). Since the frame has one set of X, 1., Z 
coordinates, the correction factor is used to anticipate changes in 
pas'tion:fo each scan within the mode frame. This co ectio 
avo'ds tep-wise error data a inpu~ to the receiver a p a-be~ 

filte. Step-w~se er~o s will on ,y be noticeable when the rece' ver 
's mo ing orthogonally to the transmitter, as wit I an orb t 
f . ghtpath The selection of ve oci y and acee eration or ections 
is made du ing run t'me of the system odel proq 8111 BMLSR. 

3.2 MATHEMATICAL MOD L INPUT. 

The input dat for the model programs are entered usinq a formatted 
(ASCI ) input ile. The file s divided 'nto 16 sections. Each 
section contains data for a specif' c aspect of the rno e1. The data 
categories for each section are isted in table 2 The formatted 
input i1e c eated by the user's read irectly by the progr m 
BMLST Cop'e of the 'nput f· e are 'oN 'tten by each program to al 
eu put i les to pass requ ired dat to he next program n the 
simUlation. 

A formatted inp t file is created from the input f'le template 
distributed with the mode source cod (called INPUT.FIF),. The 
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TABLE 2. CATEGORIES OF NPUT DATA (INPUT FILE SECTIONS)
 

Description 

(0) Scenario description 
( 1) Transmitters 
(2 ) Ground characteristics 
( 3 ) Aircraft (scatte e s) 
( 4 ) Building (scatterers) 
( 5) Rectangular gro'nd plates 
( 6) Triangular gro n plates 
(7) D'ffuse scattering rom ground 
( 8 ) hadowing by a'rcr ft 
( 9 ) hadowing by buildings 
(10) Shadowing by runway hump 
(11) Runway p ofile 
( 12) lightpath of simu'ated aircraft 
(13) Plot scal@ limits for fligh p hand airpo-t 

layout plots 
(14) Plot scale lim'ts for mUltipa d'agnotic and 

error pots for azimuth and e1 vatio 
s bsystems 

(15) Plot scale lim'ts f r m t~pat diagnostic and I 
err plots for DME/P subsystem 

temp ate contains head'n 'ndi ating he expected data for each 
5 ct'on and template rings "ndicating the pos'tion and f'eld size 
o the data. so eases I t e _emplate str _' ngs are repl ced by 
data. In others, the data ar entered u -derneath the template 
str ing. Section 3.2.1 illustrates th '. nput i e template While 
section 3.2.2 rov"des addit"onaI detaJls for the creat'on of an 
input file for a specific s'mulat'on. The input fi e can be 
created fr m he input file temp ate us ing any . tor that w· 11 
p oduce pure ASCII output (no ed't'ng, formatting, 0 other special 
characte.rs) . The format of theinp t file must be strictly 
ain a' ed since this is the for at that the pr grams expect 0 

rea. An example of an input til reated ,rom the in ut f'le 
temp ate for a specific scenario is p 0 ided i b appendix, table 
A- . 

3.2.1
 

This sectio contains the formatted input 1Ie template. 
Descriptions of the parameters used for each input fi e sectio a e 
given in section 3.2.3. 
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---------

---------

*******************MlS MATHEMATICAL MODEL INPUT DATA FILE*********************** 
SECTION 0 

= SCENARIO DATA 
RUN 10# :#:### 
TITLE :tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 
AIRP~T :Ba aaaaaaaaaaaaaaaaaaaaeaaaeeeaaaaa 
RUN lAY : rrrr,r 
LENGTH ;, lllll 
WID,H :IoiIWWWW 

ARDH : ttUt 
feCiPA 
UNITS :fEl:, (feet, meter) FOR ENTRIES I'N FILE 

SECTION 1A 
= ANGLE TRANSMITTER DATA 
PHASE CENTER: X 'if Z ~REQ(oo:r.) LSL USL TYPE 

-------- ..... _----- ------_ ... - ... ----- ­
All ur ; X)O(XXXXX yyyyyyyy Uz;;r:~~zz fafafaf .f lllll lJUUUU ttUtttt 
ELEVATION: XXXXXXlilX yyyyyyyy Z%.UlZZZ filfahfaf lllll uuuuu tt tUtt 

SECTION 10 
DHE/P fRANISiMI TTER DATA" PHASE MTER: X 't TYPE 

-------- -------- - ....... --- ------ .. ­
O/olE/P : xxxxxxxx yyyyyyyy zzzzzzzz tttttttt
 

OTHER DME DATA 
FREQ(ooz) SHAPE TRG F SW AS TRS SIGM RMI 
- - - _........... 

U INK f fafBfaf SSSSSSSS8 ttt fft ws sa - B trt,rt s isi s, rrrr'r 
0 U K fa,f8fafaf sss sssss ttt fff sws-· saeaB trf'rt sisis rrrrr 

SECTION 2 
rrr - DO ANY GROUND RE LECTION PRot SSING (CALL GREFC) (yes,no) 
r~r - 00 FULL INTEGRAT[O~ fOR SPECUL~l GROUND SCATTERING (yeS,no) 
- DEFAULT DIELECTRIC CON,STANT AND ROUGHNESS HEIGHT 
DIELECTRIC CONSTANT: rrrrrrrrrr iii iiiiiii 
ROUGHNESS HEIGHT : rrrrrrrrrr 

*	 FO MULTIPL,E SCATTERING PATHS FROM AIRCRAFT AND BUILDINGS 
DIELE TRIC CONSTANT " rrrrrrrrrr iiii'iiiiii 
ROUGHNESS HEIGHT : rrrrrrrrrr 

SECT ION 3 
=seATlE ING FROM AIRC~AFT (MAXI OF 10) 
rrr - RUN AIRCRAFT SCATTERING (yes, no} 

## X-TAIL Y-TAIl X-CKPT Y-CKPT ALl AT GRCORR 

nn	 xxxxxxxx YY'fYYYYY xxxxxxxx yyyyyyyy aiiiiaallaa tt cccccccc 
SECTION 4 

= SCATT [NG FROM BUILDING (MAXIMUM OF to) 
rrr - RUN SCATTERING BUlL INGS (yes, no) 

## X-LEFT V-LEfT X-RGHT 't-RGHT ELV HaT TLT GRCORR CMP 

nn	 )( XXlU<XX YYYYYYYY JUlllJiI(XXX YYYYYYYV e~ htlhhh ttttt cccc~ccc IIJlImm 
SECTION 5 

;;;; SPECUL S TTERING FRc.I' RECTANGULAR G D SURFACES ("'AX OF Hl) 
rrr - RUN ECTANGUlAR GROUND ( e~.no) 

THIS SECT1~ ~y E SKIPPED DEP~D[MG 0 A~S ~S IN SEC ON a 
## X~VALU ¥-VALU Z-VALU DC REAL OCIMAG R G~N SF 

nn	 xb1l<l)( y1y1y1ylz1zh:1z1 rrrrl"rrr iiiii-ii rrrrrrrr is 
x2x2x2x2 y2y2y2y2 2zZz2z2 
xJx3x3x3 yJy3y3y3 L5z3z3z 

SECT ION 6 
= SPECULAR. SC.ATTERIWG FiRQ1 !ill ANGULAR GJlOON:O' SURFACES (MA)(IIIIUM OF 10) 
rrr - RUN TRIANGULAR ~OUNO eye ,no) 
nus SE.CTlON AY BE s~IP:PED EPENDI G Qtj ANi ER I SEClIO 2 

t# x-v lU Y~V LU -VAL' OCREAl DCIMAG ROUGMW SF 

nn	 x1x1x1x1 y1ylylyl 11~1z1 1 rrrr rrr -iiiiiii rr rrrrr is 
)(2)(2xlxl y2y2y2y2 z2z2z2t2 
lI3)( ~xJ y3y3y3yJ 3zJz3z3 
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SECTION 7 
'" DIFFUSE SCATTERING FROM GROUND 
rrr - RUN DIFFUSE SCATTERING (yes,no) 

SIGH SIGL 
-_ .. ----­ ~-------

AZlIoIUTH hhhhhhhh llllllll
 
ELEVATION hhhhhhhh llllllll
 
DIoIE/P hhhhhhhh llllllll
 

SECTION B 
= SHAD~ING BY AIRCRAFT (IoIAXlIoIUM OF 10) 

rrr - RUH SHAD~ING AIRCRAFT (yes,no)
 
## X-VALU Y-VALU Z-VALU VEL ANG AT
 

nn	 sax1sax1 say1say1 sazlsaz1 vvvvv aaaaa tt
 
sax2sax2 say2say2 sazZsaz2
 

SECTION 9 
=SHAD~ING BY BUILDINGS (MAXIMUIoI OF 10) 
rrr - RUN SHADO~ING BUILDINGS (yes,no) 

## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT 

nn	 xxxxxxxx yyyyyyyy xxxxxxxx yyyyyyyy eeeee hhhhh 
SECTION 10 

= SHAD~ING BY RUN~AY HUMP 
rrr - RUN SHADOUING HUMP (yes,no) 

X-FRONT Z-FRONT X-HUMP Z-HUMP X-BACK Z-BACK 

xfxfxfxf zfzfzfzf xhxhxhxh zhzhzhzh xbxbxbxb zbzbzbzb 
SECTION 11 

= RUNWAY PROFILE (MAXIMUM OF 20 POINTS) 
## XP YP Zp 

rp	 xxxxxxxx yyyyyyyy zzzzzzzz 
SECTlON 12 

= FlIGHTPATH 
FAF fffff NAUTICAL MILES 
DATUM xxxxxxxx yyyyyyyy zzzzzzzz 
TYPE fpfpfpfpf (measured,distance,orbit,radial, 

... segmented,straight)
 
VELOCITY vvvvvvvv
 
INCREMENT: iiiiii i i
 
DATA RATE: dddddddd
 

... IF "straight" SUFFIC/'EIU DATA ARE AVAILABLE TO COMPUTE FlIGHTPATH ... IF "radial" ENTER ANGLE,ELEVATION &STARTING AND ENDING DISTANCES 
(nm from /p).
 

ANGLE: aaaeaaee
 
SO I ST: dddddddd
 
ED I ST: dddddddd
 
ELEV : eeeeeeee
 

... If "orbit" ENTER RADIUS (nm from dne/p) & ELEVATION 
RADIUS: rrrrrrrr 
ELEV : eeeeeeee 

... IF "measured" X, Y,Z COORDINATES AND TIME WILL BE READ FROM UNIT 15 ... WITH VELOCITY AND DA1A INCREMENT COMPUTEO fROM INPUT 

... IF "segmented" or "distance" ENTER SEGMENT #,X,Y,Z,VELOCITY AND ... INCREMENT 
## XS YS ZS VEL INC 

nn	 xxxxxxxx yyyyyyyy zzzzzzzz vvvvvvvv iiiiiiii 
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SECTION 13
 
= FLIGHTPATH AND AIRPORT LAYOUT AXIS LHH"iS
 

*	 FLIGHTPATH PLOTS: 
X/Y PLOT X/Z PLOT D/Z PLOT 

~INI~UM X VALUE xyxyxyxyxy KZXZXZXZXZ dzdzdzdzdz 
UNITS ER INCH xyxyxyxyxy xzxz)o(zxzxz dzdzdzdzdz 
MINIMUM Y VALUE xyxyxyxyxy KZXZ)o(Z)o(Z)o(Z dzdzdzdzdz 
UHI S PER INCH : xyxyxyxyxy XZXZXZXZXZ dzdzdzdzdz 

... AIRPORT LAYOUT PLOT:
 
XIV PLOT
 

HI rNlll )( VALUE xyxyxyxyxy 
VillUS PER INCH xyxyxyxyxy 
MINIMUM Y VALUE xyxyxyxyxy 
UNITS PER INCH XyXyXyKyXy 

SECTION 14 
~ ANGLE EQUIP~ENT AXIS LIMITS 

... ~ULTIPATH DIAGNOSTIC PLOTS: 
MID SEP ANG SHADOWING 

MINIMUM X VALUE saS8sasas shshshshs 
UNITS PER INCH sasasasas shshshshs 
[~lMU~ Y VALUE asasasas shslis.hshs 

ITS PER INCH s sasasas shshshshs 
... REC IV.ER ERROR & FILTERED ERROR PLOTS: 

RAW PFE CMN 

~UW"UM X VALUE rrrrrrrrr ppppppppp ccccccccc 
UNITS PER INCH rrrrrrrrr ccccccccc 
MINI~U'" Y VALUE rrrrrrrrr ppPpppppp ccccccccc 
UNITS PER INCH rrrrrrrrr ccccccccc 

SECTION 15 
= DISTANCE MEASURING EQUIPMENT AXIS LI~ITS 

... MULTlPATH DIAGNOSTIC PLOTS: 
M/D TI DELAY SHADOWING 

"UN IMUM X VALUE nQlundndm tdtdtdtdt shshshshs 
UloIIfH PER INCH mdmdmdmdm tdtdtdtdt shshshshs"1 IMtJM Y VALUE tdtdtdtdt shshshsh,s 
UNITS PER INCH mtiJdllall:U tdtdtdtdt shshshshs 

... INTERROGATOR ERROR &FILTERED ERROR PLOTS: 
RAW PFE 

~INI~U~ X VALUE rrrrrrrrr ccccccccc 
UNITS PER INCH rrrrrrrl"t ccccccccc 
~INI~U~ Y VALUE rrrrrrrrr ccccccccc 
UN [TS PER I'NCM rrrrrrrrr ccccccccc 

END DATA 

3.2.2 Notes o~ the Input File Form t. 

Not a I sections must exi t, howe er ect'on 0 and 1 sho Id 
always exist. 

b. The ectio s are 0 regui ed to be in any part c lar order 
i the:t 'le it he except on of secti ns 5 and 6. If 5 and 6 
both exist , ctian 5 must appear i the file before secti,on 6 

c. e last record 'n the fi e must be D DATA. 

d. If a section does exist, s m st the header information and 
labels for that section. 
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e. sections 3-6, 8-11, and the segmented flightpath po tion 0 
section 12 must "nclude a copy of the template strings a~ter b e 
header infor ation. 

f. Data must follow the template strings in sections 3-6, 8-11. 
and the segmented flightpath portion of etion 12, that section 
is used. Data are ig, ored if the section flag is set to NO. 

g. In sections 0-2, 7, 12, 13, and 14 data are expected in 
place of the template strings. 

h. In sections lA and 10, antenna types must be en ered in 
uppe case and left just'fied in the data f~eld T e £i1 er tpe 

o DME/ P IT! st al 0 be spe if led, in section ID., pp·er case. 

1. In sections 3- 0, q e tions requiring a response may have 
upp r r lower ase Y S, NO, YoN for a vali response. 

1. If the re ponse is not YES or NO, a warning message is 
printe , and the response is a s ed to be NO. 

2. If the response is NO 0 ass med NO, data (if any) 
following the template string are skipped. 

3. If the response i YES and -ata follows th emp ate 
string, they are read, p to the maxim, allowable eleme ts (usu.ally 

0) . I d ta exist b yo d th axim ro, a war ing message s 
printed notify'n t e ser th extra data existd but were not 
accepted. 

4. If the response is YES b t no dat follow the t mplate 
string, a warning message s prin d, and te rs onse 1 assumed 
to be NO. 

j. The f 'ghtpath ty entered in se tion 12 must be left 
justitled in the data field but may be upper or 10 er case. 

k. For any ection that do not exist amongection 3 1 , 
defaul val swill b sed. Howev r, 'f in section 2, 9 ound 
ref lee ion processing and/or ful integration are answered N , 
sections a d 6 will be skipped. 

3.2.3 Detailed Oeser' s. 

Thi section d'sc' sses the formatted input f'l i d ta'l, ct'o 
by etio. The model coordinate system is a rig t-hand d 
coordinate syst m with its Q igin on the ee terline at t, e stop end 
of the runway. The po itive X axis points a ong runway centerli e 
in the direction of the threshold a ·d the posi ive Z axis po:nts 
up. 
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S ct'on 0 contains informatio helpfu to, the user in later 
evaluat "on of the s i ,u ation results. The first four items 
u iquely ident'fy the sim' atio These data are written to 11 
out ut files and are isp ayed on all pots The runway length 

LENGTH), appoach efe ence datum height. CARDB), and inimum glide 
path ang e (MGPA) are used in calculatio,ns for the error tolerance 
lines. The run ay width (W~DTH) s sed in the Wa -Cond method 
of calculat' g runway hump shadowing 

RUN I The user identifica' 'on number fo t 's run 

T TLE An ex anatory title for he r n 

AIRPORT - Airpo t .ldentificat on (for e ample. ACY, LAX, DCA) 

RUNWAY The u way number 

LENGTH The usable runway (listed) length 

WIDTH The usable runway (listed) width 

ARDH Approach reference datum height 

MGPA Minimum glidepath angle 

UNITS The units of linear measure used. Ion data entry 
(currently feet only - will be expanded to include 
meters) . 

3.2.3.2 Section 1 (Transmitterl Description. 

Sect'on contains information on the ML transmitters. There are 
four tr nsmitters modeled: 

a. Azimuth 
b. Elevation 
c. DME/P upl: k 
d. DME/P downlink 

The data fo he az' uth and e evation tra m'tter are specified 
sUbsectio· A. The data for the DME/P tran m' tt·er are 

spa 'fied i sUbsection D. (The 'Au in lA ind' cates "angle' 
equipment; the nOli in lD indicates Ilprec' sion d' stance measur , ng 
equipment. II) 

L CATION The locat'on of the transmitter phase center, 
(X Y Z) specifie the model coord'nate system. 
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FREQUENCY The frequency ( EQ) of the transmitter in megahertz 
( z). The az im t and elevation transmitte s 
should be of e ame frequency in t e band 
5030-5090 Mllz. The DMEjP operates in the 
frequency band 960- 215 z. 

SC The 10 e (L L) a d upper SL) sean limits in 
LIMITS d-grees peel ied for each sea nl gr beam antenna. 

TYPE - The antenna type. which dete mines the antenna patter 
and eam width. It can be found y efe -ri '9 
the Ii t of antenna t pes avai able i able 
The f' st etter of t ante na type must be i 
th first column (i. e., must repl e th irsti 

cha acter of th emplate string). The ante na 
type mu t e spa 'ied" upp rcase. 

The parame ers specif"c to DMEjP are as follows: 

HAPE The sha e of the nve,op of the DME/P pulse 
(available choices 'isted 'n table 3). 

TRG The metho used to threshold th rec i v d pu se 
c oic is either DAC for Delay At enua e Compare 

o PAF for Peak~Ampl·tude-Find). 

F The type of filter (available choices listed in 
table 4) . 

SW The relative threshold used with PAF for det rmining 
the time of arrival of the pulse. 

AS The attenuation value used for DAC thresholeing. 

T S The trigger point on the rising edge of DAC. 

SrGM Additive noise variance 
flightpath (at maximum 

at the b
di tance) 

eginning of t e 

RMI The mean value of noi, e. 

• . J • 3 Se tiO-!1. 

section 2 contain the iformation n cessary to compute refle tions 
from the groun in the a'rport environment. 

GROUND REFLECTION - The answ r to the i st question sets a flag to 
FLAG determine if ground refl,ec ion computati ns 

are to be done. If YES, ground reflections 
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T LE 3. AVAILABLE PUL-E DME/P MODR 

Shape Cod =R.=.i-'=::,s.=e__=m=e LeJliding dge Tr 

. COC20800 osine- quared 

PCOC21000 1000 ns Co ne Cosine-squared 

PCOC21200 1200 ns Cos ne Cosi e-squared 

Ieoc 2200 2200 ns eosi _8 cos'ne-squared 

NC2C21600 1600 ns Cosi e-squar d eosin -squared 

GC2C22000 2000 ns Cosine-squared Cosine-squared 

TABLE 4. DME/P FILTER TYPES
 

Filter Type Filter Code 

None 
Lowpass 
Butterworth, 
Butt.erworth I 
Notch 

8 
4 

NOF 
LOW 

pole 
pole 

NOT 

B8P 
B4P 
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are computed. This is the default, even if 
section 2 is not present in the input file. 

NTEGRATION LAG - The an wer to the second q_e5tion sets a flag 
to date mine if full Fresnel-K' r hoff 
integration wil be c le 1 t d for ground 
reflections from til ed surface e ements and 
from the default gro T e efaul t is 
YES, perform fu esnel-Kir hoff 
int gration. If the flag is answered NO, an 
approximate Fresnel coeff'ient "s used fo 
af It ground reflection, and t' ted gro nd 

ele ents are not proces ed. even if hey are 
p es nt in he input file. 

DEFAULT CONSTANTS - The defa It d'ele tric constant (re 1 and 
'maginacy) and the rms r ughn 55 height for 
the ground, spec'fied for use for the 
default ground in the bu' Idi g, aircraft, 
and ground re lection routine . 

3 2.3.4 Section 3 

section 3 conta'n 'nfQrmation on catt ring airc aft. Th an wer 
to the f1 st question sets a flag to determine i aircra t 
reflections are t be simulated. 

TO NO. (##) - Two char cter . de, . fi ation for each scattering 
aircraft. 

ENDPOIN'l'S - The X and Y coordi a s (ta' I, cock 't) of the 
a'rcraft endpois, tail end spe ified first. 

A'T TUD - The alt' tude of the fuselage cet.erl' n above 
(ALT)	 the z ro Z r ference. f this va u i ze 0, a 

def u t al t ~ t de va e for the sp cified 
aircraft type will be used based on the 
assumption that the ground under the aircraft is 
at the z ro Z eterence. 

A C - The type number of t aircraft. (T' e type TYPE 
(AT) umber of an aircraft s ec' fi the ty e of 

aircraft being m deled sue as a Boeing 727 or a 
McDonnell-Douglas DC-9. See table 5.) 

GROUND - The h i ,ht of the ground bet e the ai craft 
CORRECTION n the transmitter (relative to zero Z 
(GRCORR) re erence). Th's alue dete, mines the location 

of the pula groun· reflection point between 
the transmitter and the scattering aircraft. 
See section 2.1.2.2 for t e method of 
determining this value. 
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The mode conta' ns a dat b se of aircraft types that ar,e v 'lale 
for s. 'ulati n. They are listed in t ble 5. Each a rcraft is 
repesented by a set of geometr' cparameters. which spec' fy the s' ze 
and sh pe 0 the critical a'rcraft struct es. 

TYPE D,SCRIPTIONT LE 5. AVAI 

T', e Number Deser iption 

747 
2 707-320B 
3 727 
4 DCIO 
5 C124 
6 Convair 880 
7 Hastings 
8 Water tower 
9 Small diameter pipe 

10 nja 
11 C5A 
12 C141 

3.2.3.5 Section 4 " escription. 

Section 4 contains information on scatte ing building surfaces. 
The answer to the first question sets a flag to determine if 
building reflections are to be Stlnu ted. 

ID NO. (##) - Two-character identification for each 
scattering building. 

ENDPOINTS - The X and Y coor inate of the left corne, a d 
right orner . f the bu "lding, the left corner 
speci ied irst. To maitain cons' tency with 
b ild'ng t'l a gle., the "left" corner 
def' d as the cor er with th smal er X 
coordinate. If the X coordin tes of the left 
a d right co ne s are equ 1, the "left" co ner 
is the one wi h the 1 rge Y coo di ate. 

ELEVATION - The height of the bo, tom of the b ilding above 
( L. V) th ~ ro Z refe e e 

HEIHT (HG ) he height of the building plate, bottom to 
top. 

TIT (T Th tilt angle of the bu'lding plat eas ad down 
from the zenith, specifie i degrees. t is 
measured as pas tive if the t' is in the 
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co nterclockwise direction (as viewed from the 
origin) and is negative otherwise. Where the 
plate s pa" llel to the Y ax"s, the same 
prin iple appli s as viewed into t e negative Y 
axis. 

ROUND - The height of the ground betw en the building 
C()RREC ION and the transmit er relat' ve to the zeo Z 
(GReO ) ref e e). T is value determ'nes t 10 ation 

of the pecular ground reflectio point betae' 
the ran mitter and the at.ering building ( ee 
sectio 2.1.2.2). 

COMPO 1 ON - A charac er tring indi at"ng t e compos'tion 
(C P) of the b . di 9 surface to allow the assig ent 

of a r rese tative :electr'c constant. The 
program contains ibrary 0 die I ctric 
constants for a var'ety f mat ia s whic may 
appea as ref e ti 9 u faces in he a" rport 

nvironntent. Table 6 list t contents of this 
lib ary. 

3 .. 3.6
 

ection 5 conta' ns data on up t ten tilted re angular gro nd 
plate . The answer to the f" st question se s a flag to determine 
if re tangula gro nd pates are to be s"mu ated. Note: Section 2 
rl gs also a fect the execution of t is option. 

IO NO. (##) - Two-character i e t'fication for each 
rectangu r element. 

LOC)\T ON - The X, Y, and Z coordinates ( ALU) of three 
corners o. the c angle, isted with the X 
coo dinates 'n increas"ng order of mag it de. 

D1 LE RIC - The real (DCREAL) and imag' nary (DC MAG) par s 
ONSTANT of the ielectric constant to be used with this 

surf ce element. Table 6 may be sed as a 
ref renee. 

ROUGHNE S - Th rms roughn ss heigh to be used with t - i 
FACTO (ROUGH su face element. 

S I ACE FLAG e 9 au d ref ection pro es i g norma y 
SF c mput s a primary specular 9 ou d reflection 

from on y on 0 al the avai' ab e srf es. 
This surface flag, when set to 1, s lee the 
focusi 9 ground optio Which will cause a 
specular ground lection to be comp ted for 
the flagged surface in addition to the primary 
specular reflection. 
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CTRIC CONSTANT VALUES F R 

onere e 
Smooth Meta 
Gl 
Marble 
Asphalts 
Plastics 
akelite 

Lamina ed Fiberg as 
polyvinyl Chloride 
FQrm'c 
Sandy Dry 0'1 
Sa oil, 20% Moisture 
LO'amy Dry oil 
Loamy soil, 15 Mais u 
C'ay Dry oil 
C ay Soil, 20% Moisture 
Rocky Soi 10% Moi ture 
Dry Turf~ Short ras 
wet Turf, Short rass 
city ndustrial Area 
Fresh Water 
Sea water 
Fresh Snow 
Ice 

Name (eMf) 

co CR 
ME L 
·'A88 

MARBL 
SPJiA 

PLAST 
BAKEL 

IBER 
POLYV 

ORMI 
SSDRY 
8520% 

SORY 
L 15% 
CSDRY 
CS 0% 
RS20% 
DTWSG 
WTWSG 
CIT I 
FRESH 
S . 
SNOW 
ICE 

~electr'c Constant 
Real Imagipary 

10.0 -9.0 
1.0 - .0 
6.0 042 
8.7 -0. 
2.6 -0.016 
3 0 -0 9 
4. -0.1 
4.4 -0.13 
3.0 -0. 5 
4 . -0.1 
2. -0 0 6 

2 • 2.6 
.4 0.0027 

20 0 -2.4 
2.27 -0.034 

11.3 -2.8 
30.0 - .06 
3.0 -0.9 
6.0 -1.,8 
5.0 -0.02 

80.0 -0.18 
80.0 -54.0 
1.2 -1. 3 
3.2 -0.0029 

,ular3.2.3.7. Section 6 

ct' on 6 contains data on u to ten tilted tria gular ground 
pIa es. The answer to he fir·t uestion set a flag to d ermine 
'f tr'an 1a groun plates are to be simulated. Note: Seetio 2 
flags a so affect the execution of this ption. 

ID NO. (# )< - Two character ide ,tif ic tion for each 
t iangular elem nt. 

LOC TION - T e X, , and Z oordinate (VAL) of the thL e 
cors· f th triangle, listed wit the X 

oordin 'es in i creasi 9 order of magnitude 

IELECTRIC - The real (CREAL) a.nd imaginary ( CIMAG) a ts 
CONSTANT o the e ectr'c constant 0 used ,'th his 

surface e em nt. Tab e 6 ay be sed as 
reference. 
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ROUGHNESS - The rms ro ghness he' ght to be used with thi 
ACTOR (ROUGHN) s rface element. 

SURFACE FLAG - The gro nd ref action processing norma ly (SF) 
omputes a pri ary spe ular ground reflection 

i rom on y one of all the vailable surfaces. 
This surface flag, whe set to 1, sa ect the 
foc sing ground option whi h w'll c use a 
pecular ground ref action t be compute 0 

th fagged su face in addition to the prima y 
specu ar refl tion. 

3,2.3.8 section 7 ·use Ground n 

Section 7 contains ' nformat . on for s' mu·· ati 9 dif use. grcun 
eflections. The answer to the first question set a flag to 
eterm'ne if diffus reflections are to b imulatad. 

RO GHNESS - The Gauss 'an height distr'b ion. 
H I H (SIGH) 

C RRELATION - The Gauss~a orrelation coeff' ient; the rms 
LE TN (S1 L) distance b tween peaks. 

Oif erent diffuse reflect'on parameter are used or ach 0 the 
three subsys ems - az' muth ,I e evation, and DME/P 

3.2.3.9 Shadowin 

ection 8 cont in data on aircraft shadowing bstacles. The 
answer to the first question sets a flag to determ'ne' ai craft 
sh dowing is to he simulated. Independent ground ref actions w'll 
not be calculated if thi flag is se . 

10 NO. (##) - Two-c aracte identifica t 'on for each shadoW' . ng 
aircraft. 

LO ATION - The ~tarting and end'ng X, Y, and Z oordinate 
!ALU) of the ai craft. If the dist nee be, ween 

the start and stop points is less than th 
lengt of the aircraft, the a'rc aft is 
considered stat' onary at the starting po' nt. 
For a stationary a' rcra t, the start point is 
the enter 0 the fuselage. The sto po'nt is 
placed 'n the direct'on of he ircratt noe. 
The d.istance, w ~ch shQuld be le s than the 
length of he ai craft, cannot b zero. If the 
distance etween t '8 start and st p points s 
g , ater than he Ie gth of the a' rcra:ft, t .ese 
coo dinates def:ne a moving sha ow! 9 airc a t. 
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E OeITY - The aircraft velocit, in n ts p,er second 
(VEL zero if the ai craft's at tionary). 

ANGLE (ANG) - The pita angle of th aircraft in de rees. 

TYPE (AT) - The aircraft ¥pe (see tab e 5 and section 
3.2.3.4) 

3.2~3.10 section 9 (Shadowing Buildings) Dese iption. 

Section 9 contains d ta on buildings s shadowing obstacles. The 
answe to the f rat question sets a fl g to determine 'f bui d ng 
shadowing is t be simulated. ndependent ground reflections will 
not be ca culated if this flag is et. 

1D NO. (##) - Two-character identification for each shadowi 9 
build'ng. 

LOCAT ON -The X and Y coo dinates of the left and right 
corne s f the shadowing bui ld 'ng plate, the 
eft corner spec' ied f irs,t . 

ELEVATIO - The eleva i n (he'ght) of the bottom f e 
(ELV) bUilding above the ze 0 Z reference. 

HEIGHT (HGT be height of the building (bottom to top 

3.2.3.11 section 10 (Runway Hump Shadowing) Description. 

Section 0 conta' ns data for a runway hump. The answer to the 
first question sets a flag t request that the runway hump 
shadowing b simulated. Even when this question is answered YES, 
the f ag is ' gnored (assumed NO) shade 'ng by bu', ldings or 
aircraft is being s·rnulated. If unway hump shadowing is 
s'mulated, independent round re lections {both default ground and 
ground plates) w'll not b computed when the hump is with'n the 
transmitter-to-aircra t line-of-sight. 

LOCATION - The X and Z coo dinates of the front, center 
nd back of the hump, in t at order. The hump 

is on runway enterline, and the front and back 
coord' nates shoul be symmetr' cally p aced on 
either side of, and below, the peak. 

J?2.3.12 Section 11 (Runway Description. 

section 11 contains runway prof ile information. The points in this 
section define the runway profile. 

POINT NO, (##) - Two character ide tif'e for each point, 
beginning from stop end. 
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LOCATION - Coordinates (XP, YP, ZP) of each unway prof'Ie 
point. Typica ly, the profile is defined 
along centerl'ne and, tberefore, the Y 
coordinate of each point will be zero. 

3.2.3.1 Deseri t'on. 

Section 12 spec'fies the flightpath. s'x flightpath are 
available­

1 - Measured
 
2 - istance
 
3 - orbit
 
4 - Radi 1
 
5 - Segmented
 
6 - Straight
 

Fl ' ghtpaths 2 to 6 are specif' ed by parameter va ue appeari 9 here 
'n the input fi e. Flig path 1 i specified by a set of 
coord' ate points read rom a eparate input f'le. Typica 1 I t e 
rneasu ed flig path's cr ated from actual flight data. 

measured flightpath one taken from the ii e of an actual (0 
computed) run· hich ontain all he informa io necessary f'or the 
simulation fl'ghtpath. The flightpa,th is read by the propagation 
mode prog am (BMLST) rOID a ii e conta'n'n a t'tle record 
fol owed by eco ds 0 t:me (in seconds) and X, Y, Z coordinates 
(in n'ts), using the FORTRAN format 4 lX J F12.3). only these four 
va ues will be read for ach e.co d fol owing the title. Samp ing 
increment and velocity ar computed from the time/pos'tion data. 
To be consistent with P and CMN filtering, measured l'ghtpaths 
must be def'ned at a data rate 0 5 Hz ('.e., five samples per 
second). Data from measured lightpaths are norma y plotted ith 
the same ax's s their equ'valent fl'ghtpath. The default is 
distance from azimuth antenna in nm" 

Th name of th measured flightpath file is entered interactive y 
during BMLST. The f llowing data are required in the formatted 
'nput f"le to imu at a measured flightpath: 

AF Location n nmirom thres 0 d of the f'nal approach 
f'x. 

DATUM The X, Y f and Z coordinat s of the point on runway 
center ine directly opposite the elevation a tenna 
site. 

TYPE The type of flightpath: measured. 
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3.2.3.13 2 Distance Fliglltpath. 

A distance f ightpath is one in which the simulated aircraftI 

fo lows straight 5e ents etween definedwaypoints, at the segment 
e1 city, in the orde in wh'ch the waypo nt are entered. 

D stance 1 ghtpath data are normally plotted w't the X axis as 
distance ala 9 fl'ghtpath in . eet. 

The fa lowing Clata are required in the formatted .nput fie to 
simulate a d stance l"ghtpath 

FAF Location in nmi from threshold of he final approach 
fix, 

AT The X, Y, and coordinates of the point on runway 
cente 1 ine dir ctly oppos i te the levation antenna 
si e. 

TYPE The t e of f ig tpath: distance. 

A distanc lightpath is defined by 2 to 36 way o'nts (up to 35 
segment ) each of whi h requ res the fo lowing: 

IO NO 1#) Two"'c ara.c e ident cation for each flight­
ath waypoint. 

COO IN TES The th es ceordinat s needed to specify each 
waypoint the model coer inae system, The 
irst waypoint is usualy the farthest from the 

or'gin. 

VELOCI Y The aircraft velocity in uitsjsecond or the 
segment be inning with this waypoint. 

INCREMENT The sampl' 9 in rement distance, in feet, to 
the seg ent b ginning w'th this waypoin . 

• 2 3.13.3 rb t Flight~ath, 

An orbit flightpath is a flightpath at a onstant alt'tude and a 
constant rang,e from the DME/P between two az' muth angles. That "5 I 

orbits a e arcs of a circle centered on the DME/P antenna between 
the az'muth coverage limits. Orbt flightpath data re plotted 
using az'muth angle' egrees as the X axis. 

The following data are required in the formatted input Ie for 
simu ating an orbi flightpath: 

FA Location n nm rom threshold of the fin approach 
fix 
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DATUM - The X, Y, and Z coord nates of the po' t on runway 
cent rline direct y opposite the e1evat·on antenna 
site. 

TYPE e type of fl'ghtpath: orbit. 

VELOCITY - The a'rcraft velocity in unit /second. 

NCR ME T - The sampl' g increment d' stance' units. h' s m t 
be spe if' ed to maintain the data rate of 5 z 
a su ed by BMLSR. U ua ly, it is /5 of the 
v DC ty I Y di g a data rat (interval) of 0.2 
second. 

DATA - The data rate should always be 0.2 (5 HZ). 

RAD~U - The radius, in nmi, from the DME/P. 

EL AT ON - Th,e ev ion (al it de 0 t e orbita flig pa h, in 
un'ts above the z r Z re er nce. 

3.2.3.13.4 ightpath. 

A radial flightpath i"" a straight-in approach at a constant 
altitude (heig t). Rad~al fl'ghtpat data are platte with the X 
aX1S a di tance in nmi from he azi uth antenn . 

Th :fo 1 ing data are required in the fo matted 'nput file to 
simulate a radial fl'ghtpath: 

FAF - Loca ion in nmi from threshold of the fina appr ach 
fix. 

DATUM he X, Y, and Z coordin.ates of t. e point on runway 
centerline directly oppo ite th elevation 
antenna site. 

TYPE - The type of flightpath: radia 

VELOCITY - The a'rcraft velocity in unit jsecond. 

INCREME T - The sampling inc amant d' ance 'n un'ts This must 
b specified to mainta' n the d ta rate of z 
assumed by EMLSR. U ua ly, it is 1/5 of the 
velocity, yi lding a da, a rat ( . n erval) 0 o 2 
second. 

DATA RATE - The data rate should always be 0.2 (5 Hz). 

ANGLE - The radial azimuth angle along which the flight is to 
take place. 
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START 
D STANC 

- The 
f 

d '; stance, in nmi, f 
ig tpath start po nt. 

om th.e DMEI to tbe 

END 
DISTANCE 

- The distance, in nmi, from 
fl'ghtpath end point. 

the DME/P 0 the 

ELEVATION The elevation (altitude) of t 
above the zero Z reference. 

e fl,ghtpath, in units 

3.2 3.13.5 Segmented Fliqhtpath. 

A segmen ed f· . ghtpath is a fligntpath between waypoints. The 
s 'mulated a' rcraft follows a straight path between the def ned 
waypo ints , at the segment ve lcc i ty , in the orde in which the 
waypoints are entered Segmented flightpath data are normally 
platte with the axis as distance rom threshold in nmi. 

The fa owing data are regu'red . n the formatted input fil to 
imul te a segmented tl"ghtpat : 

FAF Locatio in nm f om th eshold of the final ap r ch 
fix. 

o	 TUM - The X, Y, and Z coordi ate of the point 0 runway 
centerline d' rectly opposite t e eleva1:.· on antenna si e. 

TYPE - The t e of fl'qhtpath: segmnt d. 

A segmen e flightpat is de ine by 2 to 36 waypoints ( p to 35 
se en s) each of which r,equ res he f low'ng: 

ID '0. (##) - wo"'character identif'cation for each flightpat 
waypoint. 

COORD NATES -·The X, Y, and Z cord'nates needed to specify each 
waypoint in the model coo dinate system. The 
first waypoint s usually he farthes fro the 
orig'n. 

VELOCITY - The a"rc aft veloc1ty in un ts/second for the 
segment beg nn'ng with this way-po nt 

INCREMENT - The sampling inc ement d'stance, in un'tSt for 
the segment beginning w'th th s waypoint. 

3.2.3.13.6 straight Flightpath. 

straight fliqhtpat is a ig tpath long the centerline from the 
ina approac fix to the. datum at the min' mum glidepath ang e 

straight f ightpath data are no mally plotted w'th the X axis as 
distanc f om th eshold in nmi. 
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The following data are requ~red in the formatted input file to 
simulate a straight flightpath: 

FAF - Location in nmi f' om threshold of the fi al approach 
fix. 

DATUM - The X f Y, and .z coordinates of the point on r nway 
center 'ne di ectly opposite the elevation antenna 
site. 

TYPE - The type of flightpath: straight. 

VELOCITY - The aircraft veloc'ty in un'ts/second. 

INC EM NT - The s,ampling in re ent dista e in units. T is must 
be pecifie to rna' ntain the data rate of 5 Hz 
a sumed by BMLSR. Usu 1 I it is 1/5 of th 
velocity f yielding a data rate (int,erval) of 0.2 
se on s. 

DATA RATE - The data ate hould alway be 0.2 (5 Hz). 

3.2.3.14 S 3 (Plot 

ection 3 pecifie the p at scale limits f r the fl'ghtpath and 
a . rport layout pots. Three flig tpath 10 s, X versus 'i, X versus 
Z, and distance versu Z, are avai ab e. For each plot, a inimum 
value and an 'ne ement va ue {un'ts per d'v'sion} are requ'red for 
both X and Y p 0 axes. T e distance versus Z plot should em loy 
the same axis s a e as the rnultipat pots to facil' t te 
co pa.rison. 

3,2.3.15 section 14 (Angle ystems Plot Limits) Descript'on. 

Section 14 speci ies the plot c Ie limits for the mUltipath and 
ror plots for the ang e systems, az'muth and levatio. 

Mu ipath pots available include both scatter" ng (rnul ipath/direct 
ratio in dB) and shadowing (direc amplitude only in dB). If a 
scattering plot is requested, a separat~on angle p at's p oduced 
automatical y. E ro pots inc ud raw ror (s tic and dynam"c) 
and iltered error (F and CMN). Plot lim' ts, speci ied f each 
plot axis, are the m'nimum valu and incr m nt (units per 
d'vision) . 

3.2 .. 6 Section 15 on. 

section specifies t p ot sc Ie 'm'ts for the mul ipath and 
error plots for the DM IP bsyst.em. The options a e the sa· e 
those for angle systems except that a tOm delay plot replac s the 
separation angle plot. 
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3.3 EXECUTION GUIQ S. 

Th's se tic, a' ns execut' on guide for the fou programs BMLST, 
BPLOTT, BMLSR, and BPLO'TR that make p the ML mathemati al mode 

Prompts appear 'n uppercase and bold type. Val'd responses and 
echoed information appear in lowe case. Comments 1 the text are 
indicated by square brackets ( J. These are not part of the 
program code. 

a. Prompts are written to the log'cal output unit ISDU and 
responses are read from ogical input unit ISIU init'alized in the 
user written 'te nitialization sUbroutine, SINIT, wh'ch mu.st be 

in d with each of the four mode programs. 

b. <CR> indicates a arr' age r turn entered by the user by 
press' ng the data entr key (usually RETURN or NTER) after the 
response is ente ed. 

c. A Y pomp s requir'ng a ye or no answer will acept upper 
or lower case , N, Y s, or NO. f an i va i answ r is iven, a 
pro·pt of 

REENTER (YIN). 

is written until a valid response is obtained. 

3.3. 1 J?ropagatiQn Model (BMLST) Execution Guide., 

ata a e ad from logical unit PID ( ormatted input file) and 
wr i t ten to og + cal un i s Rl D ( inp to syste mode) and PPID 
(' P t t plotti g prog am) in'tialized 'n SINIT. 

To ru BMLST: 

Enter the op ra ing system co ands necessary to beg~n execution of 
the program BM ST. 

Prompts appear as follows: 

EXT R FULL NAME 0 PROP G IO' HODEL INPUT D~ A LE pid 
(UP 0 ,40 CHARACTERS)­

[or) 

<CR> 

NTER FULL NAME 0 P OP'AGATIO KODEL OUTPUT DATA J:LE ppid 
-- PLOT FILB 
(trP 0 40 CHARACT RS): 
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[or] 

<CR> 

ENTER FULL NAME OF PROPAGATION MODEL OUTPUT DAT~ FILE rid 
INPUT TO BY TO ODn 

,( UP TO 40 CHARACTERS): 

[or] 

<CR> 

[File numbers with correspond"ng file names echo to unit 1S0U.] 

FILE: 
FILE: 

ILE: 

pid 
pid 

r'd 

NAM : 
NAKE: 
NAME: 

fUll_input_ i1 _name 
f -plot_file_na 
ull_system_f'le_n me 

[I, the '_ser e tered no "ile name ,the echo wil sow SYSTEH 
DEFAUL wher the iie na e appear. The p ogram assume that the 
opera ing system as a defau lIe naming pro-oco to assign ile 
names when none are given. I no naming protocol is ava' labie, the 
program will ter 'nate abnormally When an attempt is made to open 
the first file without a name.] 

ARE THES_ FIL NAMES CORRECT? 

no <CR> 

ENTER NUMBER OF FILE WHOSE NAME KUST BB MODIF~ED: 

nn <CR> 

[I "nnt! is ot 10, PPI, r R D, a me sage of INVALID FILB HUMBER 
appear , and t above prQmpt s . splayed until a va id file 
numb is obtained.] 

[Th prompt (see earlier prompts) f r the file 55 eiated with the 
file numbe i dOc ,ted by "nn" .s displayed and a new t'le name is 
entered by he user. he 0 of the prompts resumes from the 
echoing of b fi e names d n robe s to unit SOD. Th' equence 
i repeated nt' 1 the user enters a response indicat', ng t at the 
file names are correc .J 

[or] 

yes <CR> 
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[At this point the program opens the designated fil using the 
user wr' ten subroutine SOPEN wh ich must be 1 inked with each of the 
four programs. The input data file, PIO, is read by BMLST. For 
each sect"' on read, aline is wr' tten to unit ISOU t ' inform the 
'ser. Any ,erroessage generated for an inp t file section ill 
also be written to unit IsaU.J 

DO YOU WANT TO SBE A COPY 0 T l: PUT DA'!' ? 

yes' <CR 

A c py of t' e inpu ata is wr~tten to unit ISOU.] 

[0 

no <CR> 

[The program w ites it name, ddress, run t me, and run date 
(' itialized in SINIT) to t e out ,u.t f 1 RI and PP D. A oP¥ of 
t e complete input data fi e is written to eac.h output file.] 

[If a measured lightpath was 'ndicate in 5 at'on 12 of the input 
f lIe ... ] 

ENTER If F L CONT :til M.tliAS:UB~D FLIG ATH DATA. 
( TO 40 CIlARAC RS) 

full file name <CR> 

ILE= mfid 'HAHB- fu I_measured_flightp th fil name 

S THI- FILE NAME CORRECT? 

yes <CR> 

[or] 

no <CR> 

[If the answer "5 0, t e user is given the opportunity to r,eenter 
the measured tlig tpath file name, as With other tle names. When 
a v lid file name is entered, the file' opened with a call to 
saPENa If the measured flightpath file's empty, the message] 

EHPT MEASURED, LIGHTPATH DATA ' ILE. 

[is di sp lay,ed and execution stops. If the fie is valid I the t it e 
. read and echoed to SOU for user info mation. The interactive 
section of BMLST continues.] 

PROCESS AZIMUTH DAT ? 
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yes <CR> 

[or]
 

no <CR>
 

PROCESS ELEVATION DATA? 

yes <CR> 

[or] 

no <CR> 

PROCESS D EIP UPLINK OAT ? 

yes <CR> 

[or] 

no <CR> 

PROCESS OME/P DOWNL K D TA. 

yes <CR> 

[or] 

no <CR> 

PERTURB 'TION SMOOTHI G" 

yes <CR> 

[or] 

no <CR> 

User ent d here. The program writes informa io roes a es to 
I au .ndicating th· program be' ng run, the time wh n program 
proce sing bega (init' lized 'n SINIT), and the major proce s'ng 
opt ions chosen (wr i tten fr m the approp iate sUbroutine, when 
called). Flag . dicat"ng sy ems requested (AZ, L, DM IP) are 
written to t e out t file P 1D. sy tern flags and. perturbation 
smoot, 'ng tlag are writ en to he output f' e RID. 

3. .. 2 Propagat' on Model LOTT) Execution Guide. 

Data a e rea rom logical unit PPID and written to log'cal unit 
PROD (initialized in sr T). 

51
 



To run BPLOTT: 

Enter the operat~ng system commands neces ary to begin exec t on of 
the pogram BLOTT. 

Prompts will appear as folLow : 

ENTER .1JLI, ME 0 PROP.AGl TIO HOD PLOTTI G :r .OT DATA 
~LB ppi (OP TO CO CBARACT RS): 

[or] 

<CR> 

[The file number with cor esponding f'le name is echoed to un 
ISOU. ] 

IL, ; ppid 

[ I f the ser ent red nQ e nam, the echo wi 11 show SYSTEM 
DE JILT where the f' Ie name appears. The program ass es that the 
ystem has a defa It f' e naming protoc t assign f' e ames whe 

none are given.f 0 nand rotocol is a va "la Ie I the pr gra 
will ,erm' nate abno ally wh n an attem t is made to open the first 
file without a name. 

rs 'THIS IL NAKE CORR CT? 

no <CR> 

The prompt (see earl e prompt) for the f'le is d1splayed, and a 
new file name 5 enter d y t e ser. he f· ow of the prompts 
r su es rom he echoing of the fi e name and numb to unit ISOU 
Th's eq en e i rep ated until h user enters a res onse 
i d'ca . 9 th name is orre t.] 

[0 

yes <CR> 

[At t is point the progra opens he t'le (w'th a call to SOPEN) 
and read the s' te name, address, run t" e I date of propa.gation 
model processing, a d the input data ile portion of PPID. When 
each inp t f'le section read, a lOne is written to unit 180U to 
"nfo'rm the user. Any error messages gene a ed for a section ill 
a so be written to unit ISOU. Flags ind' eating wh" ch systems 
exist, hich are found after "E D DATA," are ead from un ~ t PPID. ] 

DO YOU WANT PLOT TA LEB? 
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yes <CR> 

[Information descr' bing the var ious obstacles and antennas is
 
written in table format.)
 

[or)
 

no <CR> 

DO YOU ANT LrGBTPAT P TB7 

yes <CR> 

[Three views of the flightpath are plotted: (1) X versus Y 
coordinates, (2) X versus Z coordinates, and (3) distance versus
 
Z coordinates.)
 

[or)
 

no <CR> 

00 YOU T AIRPORT PLOTS? 

yes <CR> 

[A map of the airport showj~g runway, transmitters, and obstacles
 
defined in the input file is plotted.]
 

[or]
 

no <CR> 

DO YOU WANT MU TIP TB PLOTS1 

yes <CR> 

[This enables plots of the mUltipath/d' ect ratio in decibe's and 
the sepa at' on angle in degees (tim d lay in nanoseconds for 
DME/P) agai st flightpath pos~tion for each of the six highest 
sources of multipath.] 

[or) 

no <CR> 

o YOU WANT SHADOWING PLOTS? 

yes <CR> 

[This enables plots of the amp 1 i tude of the direct signa 1 in 
decibels against the flightpath position.) 
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[or] 

no <CR> 

[If P at tables, irport map, mu tipath pots, or hadoW"ing plots 
were sleeted by the use , t e follow' 9 se t' 0 of p ompts 's 
written to unit ISOU. 

DATA ErraTa POR THE OL~OWZ.G SYSTBH(S); 

AZIMUTH 
ELEVATION 

DME/P UPLINK 
DME/ P DOWNLINK 

[The list printed is dependent on the s stems that were p ocessed 
by BMLST. Flags in PPID after the words, E D D TA ind' cate w ich 
systems are vailable for plotting.] 

PROCESS ZIMUTH DATA~ 

[This prompt appears only if the azimuth data flag in PPID is st.] 

yes <CR> 

[or] 

no <CR> 

PROCESS ELEVATION b~T' 

[This prompt appears only if the elevatlon data flag in PPID is 
set. ] 

yes <CR> 

[or] 

no <CR> 

PROCESS DME/P UP II DAT'A? 

[Thi prompt appea-g 0-1 i the DME/ uplink data flag in PPID is 
set. ] 

yes <CR> 

[or) 

no <CR> 

PROCESS DME!P DO ~ D TA? 
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[This prompt appears only if the DME/P downlink data flag in PPID 
is set.] 

yes <CR> 

(or] 

no <CR> 

User en ry as de'termined by BPLOTT ends here. However, other user 
entry ay be nec ssary When creating tea tua plots 'f required 
by the user writ n graphics interface subrouti es. 

3 • 3 • 

Data are read from logical uni RID and written to loqic 1 units
 
PRID and DO (initialized i HI) .
 

To run BMLSR:
 

Enter the opera ng system commands necessa.ry to beg' n execution of
 
the program BML 

Prompts wi 1 appear as follows: 

iNTER FULL NAME 
40 CHARACTERS)­

OF SYSTEM MODEL INPUT DATA FILE rid (UP TO 

[or] 

<CR> 

ENTER FULL HAM OF SYSTEM MODEL OUTPUT D TA FILE prid -PLOT 
ILE (UP TO 40 CHARACTERS): 

[or] 

<CR> 

DO YOU T CONFIDBNCE COUNTER AND FLAG INF01 

yes <CR> 

ENTER FULL HAM OF SYBTEMMODEL OUTPUT DATA FIL rdo-
FLAGS AND CONP:ID -NCE COUNTER DAT (UP TO 40 CBARAC_ ER,S) : 
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[or] 

<CR> 

[or] 

no <CR> 

(Fi e numbe s . th corresponding fi names are echoed to unit 
SOU ] 

FILEI rid full input_file_name 
FILE: prid ~ fu -P ot_file_name 
FILE: do : tUll_fla9_ i1e_ ame 

[RDO appears only if the user requested confidence counter and flag 
'nfo. If the user enters no il na e, the echo wil show SYST 
D FAULT where the lIe name appea s. This assumes that he system 
as a default file nam'ng prot col to assign file names wbe none 

are given. It naming pro oeol is available, the progr m will 
term' nate abnorma ly when an attempt's made to open the f' rst file 

tbout a name. J 

AR THESE ILE N ES CORRECT? 

no <CR> 

ENTER NUMB R OF FI E WHOSE BAM B HOD FIED: 

nn <CR> 

(If 'nn" is not ID, PR 0, 0 RDO, a message of INYALrD FrL MBER 
appear and the above prompt's d' splayed until a valid file number 
is obt ined.J 

[The prompt (se earlier prompts) fo the fi Ie as oc'ated with the 
file numbe ind' cated by 'nn" is disp ayad" and a new file name is 
ante ed by the user. The flo of the p ompts resume~ from the 
echoing of the file name an numbers' 0 n t ISQU. This equence 
is epeated until the user ente,s reslonse indicating that the 
ile na es are correct.] 

[or] 

es <;C 

CAt th's po'nt, the program open the f les with a call to SOPEN 
and reads t e input ata fi e po tion f RI. For each sect'on 
ead, a line is wr'tte to ISQU to in arm the user. Any 

er or messages gene ated fo sect' on wil also be wr tten to 
u it ISOU. Flags ind'cating which systems exist are read from R D 
after ewo ds ND DATA.] 
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DO YOU WANT TO BE A COpy OF THE INPUT DATA? 

yes <CR> 

[A copy of the input data file is written to unit ISOU.] 

[or] 

no <CR> 

[The program wr'te site name r addrss r ru time f BMLSR, r dat 
o B L R (initialized in SINIT) and a copy' f the inp' t file (along 
with BML T us nam ( add ess, run ti e nd date) to t, e output 
fil PRID.] 

DATA EXISTS FOR THE FOLLO INO SYSTEM(S)­

AZIMUTH 
ELEVAT ON 

DME/P U LINK 
DMEjP DOWNLINK 

[The list pr'nted' dependent 0 the systems that were proces e 
by 8 LST. Flags in RID after the word END DATA indic te which 
systems are ava' able fa processi g.] 

PROCESS AZIMUTH DATA? 

[This prompt app ar only if the azimuth data flag in RID is set.] 

yes <CR> 

[or] 

no <CR> 

PROCESS E EV TIOH D TA? 

[This prompt appears only if the elevation data flag in RID is 
set. ) 

yes <CR> 

[or) 

no <CR> 

PROCESS OM I UPL NK DATA? 

[This prompt appears only if the DMEjP uplink data flag in RID is 
set. ] 
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yes <CR> 

[or] 

no <CR> 

PROCESS DME/P DO INK DATA? 

[This prompt appears only if the DME/P downlink data flag i D is 
set. ) 

yes <CR> 

[or) 

no <CR> 

P TlJRB T ONHOO'l'JII DATA POINTS EXIS 

PERTURBATI:ON SMOOTHIH'G? 

[These prompts appear only if the perturbation smoothing data flag 
in RID is set.) 

yes <CR> 

[or) 

no <CR> 

[Flags ide tifying t -e systems bei gpo e sed (azimuth, elevation, 
DMEJP) and perturhat'on smoothing ags are written to t e output 
file PRID.] 

MAltE' VELOCI Y AND ACCEL,ERATION CORR eTIORS FOR ACR SCAR" 

yes <CR> 

[or] 

no <CR> 

SI.MULATi SPLIT GAT R CElVER P OC SSI G? 

yes <CR> 

[Sp it gate receiver process 9 will be performed_] 

[or] 

no <CR> 
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[Dwell gate receiver processi-g will be performed. A f ag 
indicating the se ected rec,eiver processing algori hm is written to 
PRID. ] 

User entry ends here. A message is displayed indi at' 9 the time 
when BMLSR beg"ns processing (as det 'rmined by S -IT). 

3.3.4 5 

D ta a e read from log'c u it PRID and wr'tten to logical nit 
PROD (in~tialized in INIT). 

To run BPLOTR: 

Enter the operating system commands nec ssary 0 beg' n ex -cut ion f 
the program BPLOTR. 

Prompts will appear as follows: 

ENTER FULL NAME OF SYBT M MODEL PLOTTING INPUT D TA FILE 
prid (UP TO 40 CHARACTERS): 

[or) 

<CR> 

[The 'Ie number and f'le name are echoed to unit 150U.] 

FILE: prid NAM: ul 

[If the user enters no ' i1e arne, the echo w' 1 sow SYSTEM DBF UL'r 
where the file name appears. T 's assumes that the sY8tem has a 
default file naming protoco to assign file na es when none a e 
given. If no naming pr tocol i available, the program w' 11 
term 'nate abnormally when an attempt i made to open the first 'Ie 
without a nam . 

IS THIS FILE NAMS CORRECT? 

no <CR> 

[The prompt ( ee earl'er promp) 0 he file s displ ye and a 
new file name is nt e by the se. T flow f t e prompt 

esumes from he e h ing of the f il,e name and number to un' t SOU. 
Th's sequen e i repeated u til the ser en e s aespon e 
indicating that the file name is correct.] 

[or] 

yes <CR> 

59 



[At this point the program opens the file (with a ca 1 to SO N) 
and reads the site na e, addres , run ti e, date of s,ys e odel 
processing, and t ,e input dat fi e 0, ion of PRID. When each 
input file section' read, a ine is written to unit. 180U to 
inform the user. Any error messages generated for a section w'll 
150 be writte. 0 unit SOU. Flags' nd c ting which systems 

exist, found af er uEND DATA," re re d from unit FRID.] 

DATA EXISTS FOR THE POLLO I G BYSTEM.(S): 

ZIMU'TH
 
LEVATION
 

D IP LINK
 
[or) 

CHE/P DO LI K 
[or] 

OME/P MEAN 

[The list r nted is dependent 0 the system t at were processed 
by BMLS.. Flags in PRID afte the w r s EN DATA indicat,e hich 
syste s are availab e for pr cess 'ng. If ot DME/P uplink and 
ownlink ave been processed by BML R, BPLQTR wi 1 plot h mean 

er ors of the two syst ms.] 

PROCESS AZIHUTH DATA? 

[This prompt appears only if the azimuth data flag ~n PRID is set.] 

yes <CR> 

[or] 

no <CR> 

PROCESS ELEVATION D TA? 

[This prompt appears only if the elevation data flag in PRIO is 
set. ] 

yes <CR> 

(or] 

no <CR> 

PROC SS HElP OPLrNK D TA? 

[This prompt appears only if he OME/P uplink dat flag i· PRIO is 
set but at the 0 E/P down 0n.k data flag.] 

yes <CR> 
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[or) 

no <CR> 

PROCESS DHE/P DOWNLINK D TA'? 

[This prompt app ars only if the DMEjP down "nk data flag in PR D 
" set but at the DMEjP uplink data flag.] 

yes <CR> 

[or) 

no <CR> 

ROCESS DMEJP M D TA? 

[ h ",s p ompt appears only if both the DMEjP uplink and DME/P 
downli k data flags In PRID are set.) 

yes <CR> 

[or] 

no <CR> 

PERTURBATION SHOOT iNG DA 1\. POINTS E 1ST
 

PERTURBATION SMOOTHING?
 

The prompt appear only 'f the perturba 'on smooth"ng data flag 
PR D is set. 

yes <CR> 

[or] 

no <CR> 

[The next section of prompts appears only if azimuth data exist in 
the input file and the user has selected to plot them. 

ZIHUTH PLOTTING: 

PLOT' STATIC ERRORS? 

yes <CR> 

[or] 

no <CR> 
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PLOT DYHAKJ:C ERRORS?
 

yes <CR>
 

[or] 

no <CR> 

PLOT p E iRRORS?
 

yes <CR>
 

[or] 

no <CR> 

PLOT CD E ·ORS? 

yes <CR> 

[or] 

no <CR> 

[The ext sec on of prompts at pears on y if elevation data exist 
in th input file and the user has elected to plot them.] 

ELEV 'ION, PL - J::NG • 

PLO- STATIC ERRORS?
 

yes <CR>
 

[or] 

no <CR> 

PLOT D Ie ERRORS? 

yes <CR> 

[or] 

no <CR> 

PLOT PFE E ORS? 

yes <CR> 

[or] 

no <CR> 
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PLOT CMN ERRORS? 

yes <CR> 

(or] 

no <CR> 

[The next section of prompts appears only if DMEjP data exist in 
the input 'le and the user selected to plot them.] 

DME/P P rOT ING. 

PLOT ST TIC ERRORS? 

yes <CR> 

[or]
 
no <CR>
 

PLOT DYNAMIC RoORS 

yes <CR> 

[or) 

no <CR> 

PLOT PFE ERRORS? 

yes <CR> 

[or] 

no <CR> 

PLOT CMN ERRORS? 

yes <CR> 

(or) 

no <CR> 

ser en ry s deterine by BPLOTR ends here. However, other us r 
entry ay be neessay hcreating the actual pi t if requ' d 
by the ser writ e· graphi s . n ,erface subroutines. 

4. MATH MATICAL MODEL OUTPUT. 

The results of a simulation performed with the MLS mathematical 
model a rit.ten in numeric form to ASCII output files. One 
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output file, logical u it D, cOlllmunic~tes t e results of the 
propagation model (BMLST) 0 t e system mode (BMLSR). T e other 
output files (units PPID and PRID) provide the output of the 
p opagat' on and system simulations, respect vely, 0 tne assoc' ated 
plotting programs. he results of the simulation are rna e easily 
interpreted when presente 'n graphic form. T 's section discusses 
t e tables an p ota h'ch p ovide graph'c output to the user from 
the two plotting p ograms. It also escribes the numeric files 
w ich transfer he data fl:'om one program to the at er. 

Examples for all t e tables and igu es discussed in this section 
appear in he append' x of this vo lume . These exa p es are th 
lIIodel utput from si u tion 0 05 Ang es International Airport. 
The input f'le for this seena '0 is ov'ded in table A-l. 

1.1 GRAPHIC OUTPUT ROM PROPAGATION MODEL. 

output f om the propagation model p ott' ng program BPLOTT is 
produced in both table and plot form. The output echoes t e input 
parameters for ser ver' ieat on and lots the resu ts of the 
propagation s,ilnu ation or ana ysis. 

4.1. Plot Tab es. 

The PI'" mary purpose of the ta les is to echo the input data. 
Towar this end, the tables present title information, transmitter 
parameters, flightpath coord'nates, and the input parameters for 
al scattering and shadow'ng cbs aeles ef ned in the input f' e. 
This assoc 'ates the . nput parameters w'th h ,graphic output and 
enables the user to veri y the orrectness of the scenar'o 
definition. Examp as of the output tab es are prov ded in the 
appendix. tables -2 through A-4 

T e plot tables a so prov'de diagnost'c in ormat'on in the 
m ipath amp itude rank'ngs. These s each sea ter'ng obstacle 
define for the scenario, the amp itude of the trongest multipath 
eflection rom that obstacle a ong the entirelightp th (i 

decibels relative to he ireet wave), and the X ax' refe ence of 
the po' nt at which the reflection reached the receive. Each 
obstac e is ran ed relative t the othe obstacles based on the 
amplitude of its multipath r f etion. Only scat ering ai era t, 
bu dings and grou I are listed. A table is prouced fo each 
transrn't er as i1 ustrate in the append 'x, tables A 5 through A 8. 

4.1.2 Flightpath Plots. 

The fl'ghtpath is graph'ca ly presented in three different views. 
gure A-l in th appendix shows the X-Y lightpath plot which 

plots the X coord! ate against the coordin te (in feet) 
Figure A-2 'n the append'x illus .rates the plot of the X coo dinate 
against the Z coordinate (in feet). F:gure A-3 in the appen ix 
shows the Z coord'nate in feet plotted aga'nst the distance. The 
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distance refer ce and nit are determined by the flightpath t pe 
and ay be distance from r nway thresld in nauti a miles 
Cst a ght or segmented fl'gh path), dista e from azimuth an enna 
'n nautical 'es (radial 0 measured fl'ghtpath), 'stance along 
f 1 ightpath n feet (distanc . fl' ghtpa t. ) I 0 a2 imuth angle in 
degrees (orbi lightp h). The X-Y and X-Z pats approx'mate the 
flightpath in three d'mensions. The Z-distance plot facilitates 

omparison of the flightpath with scatte ing and shadowing plot 
data. 

4 1 3 A'rport Map. 

The parameters specifying the locat' ons of the runway, 
transmi tters, and mu 'path obstacles are 'sted in tables A-2 
th ough A-4. The proper ass' gnme t of these parameters can be 
confirmed by examining a plot of he positions 0 the transmitters 
and obstacles rela ive to the runway. An a' port map or plan view 
of the a' rport is shown in figru e A-4. Th xample dep~cted is for 
a scenario at Lo Angles Inte nationa Ai port, runway 24R, 'th 12 
obstacles, spec' f' ca lly, 4 'rcraft, 7 buildings, and ru way 
hump. 

Ti ted ground pIa es are also rawn in outl'ne on the airport map. 
The rectangles are abeled 'R" and the triangles are abeled liT" t 
th 'r corners to make them more discern'ble. 

4.1.4 Multipath Plots, 

Th propagation model c lculates the signa levels at the aircraft 
of al the important mUltipath signals rom th azimuth, elevat'on, 
and DME/P plink trans it ers. The signal level at he DME/P 
transponder is calculated or the multipath 'gnals from the DNE/P 
a'rborne inte ogao (downlink). This is done for each positio 
of the aircraft on 'ts flightpath. The relative rankings of 
scattering ob tac es as sources of mult'pat are g've in tabula 
form or the azimuth, e evation, DME/F uplink, and DME/P downlink 
signa 5 (as discussed bove). These data are a so presented i 
graphic form in the mu tipath plots. Mu tipath da a are plotted 
for th 'x scattering obstacles producing the strongest mu tipath 
inter erence. The elative 5 igna strength eac rou t' path 
signal, expressed as the rat'o of mult path to direct s'gnal in 
ecibe s, 's plotted as a une io of the rece'ver po 't"on. ach 

obs ac e (s'X ighes sources only) is epresented by a different 
symbol so that t e sources of multipath a be disti qui shed . 
These symbols are defin d in the se written graphics interface 
sub out nes. 

The pr pagat'on model also eterm'nes the separation angle betwee 
the direct b am an each rou tipath for the azimuth and e evation 
systems Thi s a significant parameter for cenario analys,J,.s 
since th r ce'ver can asily d stingu'sh (and e·ect) any 
m Itipat reflectio that is 0 t-of- eam. A refl ct'on i 
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considered to be out-of-beam if the angle between the direct signal 
and the ref1ected signa , measured at the trans. i tter, is greater 
than approximately 1. 7 transmitter beam w dths. In-beam mu path, 
a re lect' on that i less h n 1.7 beam wid hs from the di eet 
s'gn 1, can cause significant e rors at the receive and is major 
concer for MLS . te analysis. The separation angle or each 
m tipath ref ection sho\Y'n on the ultipat !direct s' gnal ratio 
plats discussed above is potted ga ,nst receiver pasition to 
enable na yst s of the poss'b e impact of IDult'path reflections. 

A sim' ar process occurs for the DME/· system. That '5, the shape 
of the d' act received s gnal is affected by multipath reflec~ 'ons. 
This effect wil only be a pro lem, howeve , if the eflected 
signal arr'ves too soon after the dir ct signa. A ime delay of 
approximately 300 nanoseconds is useful ru e-of-thumb to 
determine the sign' ficance of e effects from reflect ng obstacles 
o the ability f the DME!P to determine a ga. There~ore, the 
OM !P multipathjd' ect signal plots a e accompanied by a t'me de ay 
plot that sho 5 the time delay fo each mUltipath source plotted 
against receiver position. 

since both the amp 'tude and spatial ocation (0 t'me delay) of a 
mUltipath signal are ecessary for determining its effect on the 
ab lity of th ,eceiver to provide accurate guidance information, 
both a multipathjd' ect amplitude plot and a separation ang e (or 
time delay) plot are produced when multipath plots are requested by 
the user. 

MUltipath amp 'tUde, separation, and time elay plots for the Los 
Angeles scenario re i llus rated in the app ndix by f' gures A-S 
thr,ough A-12. 

4.1.5 Shadowing Plots. 

Bui Idings , aircraft. a nd a runway hump may shadoW' or block he 
transmitted signals t some points on the flig tpath. These 
effects a e shown in plots 0 the amplitude of the direct signal as 
a function 0 receiver posi ion. F'gures A 13 thro gh A-16 in the 
appendix illus ate shadowing plots for the azimut , elevation, 
DME/P up in , and DMEjP down nk signals, respect'vely. Note that 

he mathematical modal assume that a ay hump will not a feet 
he levation signal since, with the stand rd 

r nway hump is not w' th 'n the line of sight 
ransmitte to the aircraft receiver. 

e 
f

evat'on s'ting, 
rom the e evation 

4 2 GRAPHIC OUTPUT ROM SYSTEM MODEL. 

The system. model gene a es plots of the errors for each sys e 
(a z ill'luth, elevation I DM I upl ink. air down 1in or mean) E ror d ta 
are prese. ted in four formats: static errors, dynam.ic errors, PFE 
filtered errors, and CMN fil e ed errs. Each et of errors' 
p lotted a s a funct' on of receive pos t 'on. Each system is plotted 
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separately, as r-q ested by he ser. A co plete set of system 
model plots or t examp e ce ario 6 provided t appendix, 
figure A-17 through A-28. 

4.2.l Stat'c Error Plo 

The. stati error plot shows the simulated receiver erro, n 
degrees for th angle sys ros or feet or the DME/P, against he 
posit'on of he receive or each fl'ghtpat po'nt. Each 
f ightpath p , nt is considered as a separate ev,ent without 
reference to aircraft d' ec 'on or velocity. 

4.2 2 lot. 

The dynamic error p ot als shows the s'mulated receive error in 
degrees for the ang e systems, or feet for the DM /P, against the 
position f the rece'ver fo each flightpat pain. HoWever, h re 
the effec s of any rece' ver 'ter 'ng, ew ate l'miting 1 and 
motion averaging are take into consideration, and the p'nts ar' 
connected 'n a continuous l'ne. 

4.2.3 P Error Plot. 

or the PFE error plots, the error data are pass d through a low­
pass filter befor being potted aga'nst the r ceiver posit'on. In 
add!t 'on to he error dati PFE tolerance l' mits based on FAA 
pecificat'ons are is la ad on the p ot 0 th t the user can see 

whether or not the s'gnal errors are out of ole ance at a y point 
a ong the flightpath. 

4.2.4 CMN E 

Fo the CMN r or pots, the erro ata are passed through a h'gh 
pass fi ter (casca ed wi-h ten rad'an c toff low pass ['Iter t 
simulate rece' ver output characteristics) before being plotted 
against the rece'ver position. In addition to the error data, CMN 
to e ance limits based on FAA speci 'cations are displaye on the 
p at so that the user can see whether or not the signal errors are 
ou of t Ie ance at any point along the flightpath. 

4.3 OUTPUT FIL~S. 

I input and utput file for the MLS sim Iat'on programs are 
Fortran for tted C) f'le . 

.4 3.1 Unit RID. 

RID is the logical nit associated with the fi e that transfers 
dat between BMLST and BMLS. That' I R D contain output f om 
BMLST wh'ch be ames nput to BMLSR. The cant nts of nit RID are 
s'gnificant to an ,nder andi 9 of the we s'mulatien progr ms in 
the MLS mathematical model. 
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The first two re.c rds of RI contai the name and ddress of the 
organizat'on performing e oimula 10 and he date and time 0 
execution of he propagation ode. hese parameters a e 
'nit'alized 'n the user written sUbroutine S NIT and are written to 
RID by the program BM ST. 

Following ese identi ying records is a complete copy of the 
fo tted 'nput ile. Tn' al ows the user to erify the input 
data and prov~des the input data to BMLSR. 

The final record in t e copy of the formatted input file consists 
o the words ND DATA. ollow' ng t s record are five i teger 
flag ind eating the t ansmitters that have been processed and 
whether or not the perturb tion smoothing option was requested. 
The f've integer flags can have values f e"ther "011 (not 

equested) or IIpt (reques eel) and epresent, in order, azimuth, 
elevation, DM,,!P upl . nk, DME!P downl ink. and perturbation 
smoothing. The flags are set by use responses in the i teractive 
section of BMLST (se sectio 3.3.1). 

The remainde of the RID file contains the mUlt'pa h information 
required by BM S. The ollow'ng informa fa is w tten fa each 
point on the fl'gt ath (by sub outine WRTMLT): 

a. IPSS - An in eger ind'cating whethe th flightpath point 
is a prima y po'nt IPSS~l) or point resu ing from perturbat'on 
smooth'ng (IPSS~2 0 3). 

b. INDX - An in ege ind ioa t ing the index number of the 
flightpath poin't f r whic da a are being written. 

c. XMTR - An intege indicating the eu rent t a sitter 
(I-azimuth, 2-elev tion, 3-DME/P up ink, -DMEjP downl'nk). 

d. STOP - A logica flag which s false nt' th f 'na 
flightpath point. 

e. DIST he distance of he current point .long the 
fl'g tpath, in eet. 

f. RCVR The X, Y, and Z coo dinates of t e current 
flightpath pint (eceive posit'on), in feet. 

g. RVEL - The veloc' ty vector I in feet per se and in each 
coordinate directi n (X, Y, Z), for the current lightpath po' nt 
(rece'ver position). 

NCOMP An' nteger ' ndicat 'ng the numbe of mu path 
components f r he cu ent fl'ghtpath pain. The edit'ng 
Subroutine EDTMLT reduces this number to the 20 (or fewer) most 
significant lOU tipath components. Therefo e, after e iting, NCOMP 
w' 1 not exceed O. Before ed'ting, a total of 141 are possible 
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including 1 dir ct wave, 1 ground ref lection compo nt, 40 biding 
compo ents ( 0 buildings with fo r ray pa hs fo each), 40 aircraft 
fuse age compo ents (10 aircraft with four ray paths for e ch), 40 
aircraft t i com onents (10 a' rcraft with four ray paths for 
ea h), an 25 d'ffus components. 

For each mul ipath component hat passes the editing subroutine, 
the folIo ing data a e witten: 

a. AMP - The amplitude 0 the mUltipatb component relat ve to 
t d . rect or no loss s' qna.l. The AMP valu is used i th 
recreati on of the s ~gna 1 ellve ope at the receiver when comb' ned 
with the di ect component nd a 1 other mult'path components. The 
ampl'tude of the direct signa will also 'nclude shadow'ng effects, 
if any. 

b. PlIAs. - The phase of the mu t' path component relative to 
the d rect ignal , mea sured in rad' ans isplacement from the 
direc . P S· 's used to c mb'ne the amplitudes of all componen s 
by separately summing the ampl' tude of each component times its 
phase s'ne and osine The esultant vecto amplitude of hese two 
sums is the. en e ope amplitude at that ime. 

c. AZ and EL - The wo planar ang es, easured in radians i 
the -Y and X-Z planes, respectively, 0 the ray rom the 
transmitter to the (first) ref ection point. For the d' ect ray, 
these would be the ang es to he rece'ver. They a e used, after 
be ng co verte.d to conical angles, to de ermine t angle the 
antenna patte n hat is po'nted towards the speCUlar po nt, or the 
rece veri to obtain the amplitude 'n that direct 'on rela ive to the 
peak, in both az'muth and elevation. 

d. TDEL - Th t'me delay be.twee the arr' al of the d' ect 
signal and the multipath s'gnal, i seconds, Time de ay is used 'n 
conj ct'on with the phase to de arm'ne he mUltipath ffect on the 
shape 0 the ain beam. 

e. TDOP- e total Do p er shift. 

f. RDOP - The receiver Dopp er. This s the receiver velocity 
nhe dir etion of he ronl ipath or d' ect ray_ It is used to 

adjus the phase for the exact phase shift, tak'ng into account the 
d'ffe ence in the veloc' y vector towards the ansmitteran the 
multipath ref ection point. 

g. AZ N and ELI - The 'nei ant la ar angle- at the re eiv r 
of the direct or multipath ignals, hey are sed to apply the 
aircraft antenna pattern effect to t e signal amp 1 , ude. 
urrent y, the model assumes an omnid'rectional aircraft ante ,na 

pattern. 
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P 0 is the log'cal unit associ.ated with the file th t transfe.rs 
data between BMLS and BPLOTT. PPID contains· nformat: ion from 
BMLST t at is to be plotted by the associate plotting p ogram. 
The contents of th· s file are important to an understanding of 
BMLST and he ,esUlts it pro uces for a given scenar ia . 

The fi st wo records of PPID conta'n the name and ddress of he 
organizat'on perform'ng th sirnulat on and the date nd time of 
execution of the propagat ,. on model. These parameters re 
initializ.ed in the user written subroutine SINIT and are written to 
PPID by the program BMLS . 

Follow' ng these ident' fying re.co ds is co plate copy f the 
forma t ted inpu f . Ie. This a llows the user to verify the ' nput 
data and provides the 'nput data to BPLOTT. 

The inal record 'n the copy 0 the formatted input fi e 0 sists 
of the wo dB END DAT. Following t . s record are. four "nteger 
flags indicating the ranslD"tters that hav been processed. he 
:four integer flags ean have values of either '0" not requested) or 
'111 (requested) and represent, i orde., zimuth, e evation, DME/P 
uplink, DME/P do n i The flags are set by user re ponses i the 
nteract ve section of BMLST (see sect'on 3.3.1). 

The remainder of the PPID file contains the mUlt'pat. information 
required by BPLOTT. The allowing information is witten fa e.ach 
point on the lig tpath (by subroutine DIGOUT): 

a. STOP A logical f ag indica "ng whether or not th's is the 
final flightpath pe'n. t become tr e on y when this the 
case. 

b. NEWS EG - A log ica flag ind' eating wbethe or no e 
Cll ent lightpath point is the beginning of a new flilJ tp th 
segment. If it is, the lag is set to TRUE; FA S otherwise. Te 
beginning 0 a new segment 'ndicates the pcs ibility of c lculating 
a change in elocity and o'rectio of the receive a rcraft. If 
the current point is wi n segment, i is assumed to be have the 
same velocity and direct'on as the prev ous point 

c. XFP, YFP, ZFP The X, Y, and Z coo d'nates of the current 
rlightp th point. 

d DST - The distance along the lightpath, in feet, of t e 
current f ightpath point. 

Following tea ove information, scatte "ng and shadow'ng data are 
wr~tten for eac t ansmitte equeste for the current f 'ghtp th 
pein. The scattering data a e edi ed to include the highest 
multipath value fo e 'ch scatte inq aircraft and building (a 
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max 'mum of 10 each), for the pecu ar gro nd ref lections (1 value , 
a for d" fuse gr und reflec io s (1 va ue) for a t tal of 22 
pass'ble ca tering obstacles. Scattering data written are: 

DATAMP The am Ii de, in decibels, of the hig e t 
ered ray for eac sea t er ing object (p to 22), for each 
it er ( p to 4). 

b. CONAN - he separation angle (conical ang e in agrees} 
between the di ect ray and he scat ered ray carrespond'ng to the 
amp 'tude stored in DATAMP. f the transmitter is the DME/P, this 
value wil be a t'me delay in nanoseconds. 

A ter the above scatter' g data are wr'tten for ach scattering 
obstacle, one value is w ., tten summariz' g the et ect of shadow' ng 
on t e amplitude of the di ect s'gnal at the current f ·ghtpa h 
po'nt. 

a. RDAMP - The amp i.ude (in decibe 5) of the direct signa 
at the cur ent flightpath po'nt. It inc udes the ffeets that have 
been calcUlated from all shadowing obstacles. 

A ter the scattering and shadowing data for he entire flightpath 
are recorded in PPID, summary data are prov'ded for later 'nelusion 
in the plot tables provided by BPLOTT. rst, for each of the 
ransmitters processed, the fol ow'ng data are witten: 

a. P KAMP - The peak ampl!tu es (' n. decibe 5) 0 all multipath 
components (up 0 2) for each tr nsmitter (up to 4). These data 
are inc uded on the mult'path ran ing l' ts prov'ded by BPLOTT. 

b. MMPIND - The index number of h '9htpath po'nt at which 
the	 EKAMP value occurs. These data are 'ncluded on the mu tipath 
anking list p ovide by PLOTT. 

c. RNKDOP - The Doppler at the flightpath point where he pe k 
amplitude oceu s. It's not currently used. 

A tar s mmary va neS ar witte for each transm'tter, the 
01 ow'ng data ar writt 

a. NFLTP - An integer indicat .g the total number of points 
in th·e f1' ghtpath for hi t' pat dat were d t rm' ned. 

b. DST The tota distance along the flightpath, in feet. It 
LS the distance value assoc'ated with the fi a" flightp th oint. 

c. DST IN - T e In' nimurn distance along the fligrhtpath, in 
fe t. It is t e dista· e value associated wit the in' tial 
flightpath point and should be 0.0. 
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The f', nal section of summary data includes minimum and axi 
va ues for scattering and shadowing data to a low correct cal' 
for the plots produced by BPLOTT. Data hic a e written for e 
transmitter are: 

a. TRCMX - T e ax' sand. Y axis value at which the aximum 
occurs for the scattering plots. The X axis alue is in feet. The 
~ axis valu may be dec.'bel, deq ees, or nanoseconds, s 
appr,opriate. Up to 22 X-Y pairs may be stored for each 
transm'tte . 

b. TRCMN he X axis and 'i ax's va ues at whic the minimum 
oceu 5 fo the scattering plots. The un'ts are s above. 

c. SHMAX - The maK'mum hadowing value (in decibels) fo e ch 
trans ·tter. 

d. SHMIN - The minimum hadowing 'alue (i decibels) fo each 
tans itt r. 

4.3.3 

PR1D is the og ca unit associated with the file that transfers 
data between BMLS and BPLOTR. . R D contains information from 
BMLSR tha is t be plotted by the assoc' ated potting pro9 am. 
The contents of this file are .mportant to an understanding of 
BMLSR and the resu ts it p oduces fo given scenar'o. 

The first wo records of PRID ontain the name and address of the 
organization pe fo m'ng he system simu atio and t e date and time 
of execution of the system model. Thes pa ameters are i it· a . zed 
in the user witten subrout ne S1N1T and are r 'tten to PRI by the 
p ogram BMLSR. h next tw ecords, read from P D and written to 
PR D by BMLSR, contain h name and address of the organizat'on 
perfoI'1Tling th p opagation simulat' on and the ate and time of 
execution 0 the propagation roo e . 

Q owing these . dentifying reeD ds s a complete copy of the 
formatted input fi e. This allows the user to ve 'fy the input 
ata a d pr vides the nput data to BP 0 R. 

Th inal eeord in the copy of the formatted input file consists 
of the words ND DATA. Follo 'n9 this record re six 'nteger flags 
indicat'ng the transmitters hat have been processed. the sta us of 
the pertu bation smooth' ng option, and the choice of receiver 

19orithnL. The ix integer lags can have values of either "0" 
(not requested) 0 u requested) an represent, in orde ,It 

az'rout , elevation, DME/P uplink, DM!F down ink, per urbation 
smoothing, and split gate receiver algorithm. (I split gate is no 
chosen, dwell gate processing 's implemented) The flags a e se 
by user r sponses' he interact"ve sec ion of BM S (see section 
3 3.3). 
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Following these flags, data are written for each flightpath point. 
The specific values written are 

a. . ALSE. - A logical value ind~cating that the current point 
is not the final flightpath point. 

b. VR T~e X, Y, and Z coordinates of t e c rre t 
flightpath point, in fe t. 

c. DIST - Th di tance n feet al ng the fight ath of the 
current flightpath pain . 

d. PO T - An inege i nd . catin e' dex number of the 
current 1 ' ghtpath po' nt . gat' ve value ind' cate that the 
po nt is a waypoint (as define, in the forma ted input f1 e). 

e. DYERR - T e dy am'c error va ue (in degrees or eat), for 
each transmitte selecte fo the current nominal l' ghtpat pointI' 

nd the 12 perturbed points. This variable is initial' zed to 
+987.6543, and the val e. 's written f - any oint t at i not 
ubsequentl recalcu ated. If the flightpath point is out of 
overage, the efault value is changed to -999 99 for the angle 

syste s. When a flag 'nd' ate prob ems with the point in the MLS 
rece'ver, the de au t va ue is c anged to -999.99. The defaUlt 
va ue for a poi t f gged by the DME/P inter ogator i +888.88 . 

.e default value's written to PR D unle.s an angle r range rror 
is determi ed without problems In that case, the erro va ue is 
written to .PRI • 

f. STERR - The static error va ue (in degrees or eet), for 
each transmitter elected, fo the current nom nal 'ghtpa.th point 
and the 12 perturbed po' nts. This va iable is in' tiallzed to 

987.6543, and th va Ue . s written for any point that is not 
sUbsequently recalculated. I the flightpath point is out of 

averag h defau value's c .ang d to -999.99 for the ang eI 

ystern. When flag indic te problem wi h the c rent point in 
the MLS receive , th default value '5 changed to +999.99. The 
defaul t va ue for a point flagged by the DME(P err gator is 
+888.8. he def t value i w ~tten t PRID nless an a gle or 
range error is determine without prob e s. In that case, he 
er or value i written to PRID. 

After a error data have been written to PRID, one final line of 
data is written consisting of: 

a. .TRUE. - A logical value indicating the final f ightpath 
point. 

b. ANTBW The antenna beam widths for the azimuth and 
elevation, respectively. 
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c. a . a - () E / P antenn II beamwidthn, wh' ch is meaning ess at 
this time, iset to 0.0. 

d. Dr T The total distae along the flightpath, in feet 
(i e., the di stance betwee the first and the fin 1 f 1~ghtp th 
poi ts). 

e. POINT - The total numbe of points in the f11ghtpath (i.e., 
the index number associated w'th th final f ightpath po'nt). 

5. 

The MLS mathemat' ca model displays mess gas to provide . nformation 
to the user or to warn the user of possible errors. Some of the 
'nformational mess ges nd warnings re part of the inte ctive 
section of th ~odel and were discussed i the execution de for 
each pr gram. he other messages a e discussed here. cst of the 
messages give informat on or warnings but d ot disrupt program 
xecution n some asee, warn'ngs are followed by term'nation of 

the program. All essages are wr' tten to the standard output 
evice (un't ISOU) as 'nit'a 'zed in SIN T. 

5.1 M PROGRAM . 

ach of t e four programs must read input from the formatted 'nput 
f'le. Therefore, messages providing n ormation r warnings about 
the contents of the input . e are found in a 1 programs. Any 
message included n he s r written sub Qutines SINIT and SOP N 
ill also be displayed by a p ograms. 

5.1. Messages. 

As eac action of the i, put f' e is read, the essage 

"SECTION HUMB. (X) BEING PROCES ED" 

is d"sp ayed (w,ere X ind'cates the section number being read). 
This enables the user '0 verify that the desired sect ons are, in 
act, p esent. Note that "t is not necessary for all sections of 
he input f' 1 e to be inc1uded napa ticular scenar10 Each 

prog am reads (and d.' sp ay the above message for) on I y those 
sections of the input fil ha it requ' es for processing 

5.1.2 Warn"ng M~ssaqe . 

Three types 0 warn'ngs can be d'splaye during the process of 
reading the fo matted input file. The f rs case arises 'W e there 
are too many data :tems l'sted in a sectio w'th an explicit it. 
A warning is displayed, and only the max' um llowable numbe of 
data items are read. Anx mple ot the warn' ng me.ssage, in this 
case for scattering air raft, is: 
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ITHE NUMBER OF SCATT~tNG AIRCRAFT BRED AS 13.
 
ONLY THE FIRST 10 WER ACCEPTED.
 

The options for which this message may be dis layed, the sections 
in he format ed input fie in wh' ch they are def ined, and the 

aximum allowable n:mber a data items for e ch option, are: 

Sect'o 3 - S attering aircraft (0)
 
e tio 4 - scattering b ildings (10)
 

Sect:o 5 ~ound recta gle5 ( 0)
 
ec io 6 - Grou t 'a gles (10)
 
ec o'n 8 - Shadowin air r ft ('0)
 
ectio 9 - Shadowi g bu'lding (0)
 
ec io 1 Runway profile coord'nates (20 sets)
 

Section 12 - Flig tpath w ypo'nts (36) 

The se and ype Q,f warni g 's d' splayed when there are no data 
pres nt i, a section for which pro sing has been requested and 
data a e expect-ed. In thi vent, the flag requesting p ocessing 

I >is disable and processing is not perform d. An example this 
type of war in is: 

"SCATTERING AIRCRAFT ERE R.EQUESTED BUT 0 D TA ERE ENTERED 
ASSUMING NO SCATTERI G AIRCRAFT.-

Thi type of wa ning may be di p ayed fo 

section 3 - Scattering aircraft
 
section 4 - Scattering buildings
 
section 5 - Ground r ctangles
 
Sect'o 6 - Ground trianles
 
Sect'on 8 - Shadowi 9 a'rcraft
 
Sec ion 9 ha ow' 9 bU'ldings
 
Sect'on 0 - Runway h mp oord' ates
 
Section 11 - Runway prof'le coordinates
 
section 12 lightp th waypoints
 

The third type of warning oc ur when the pr gram ca not 'nt rpret 
th answe to the q estion requesting proces~ing of a section of 
the input rile. f this occurs, the program wil disabl-e 
pro ~ ing 0 that section and print a w'arning message to that 
ffect. An example message is: 

IIRESPONSE TO QUESTION REQUEB ING SCATTERING AIRCRAFT
 
WA IN E OR-­
AS, UHING NO SC TT RING AIRCRA_
 I • 
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OUND IN BMLST.5 2 

On occa ion~ an error occur n the processing of BMLST that makes 
cant' nuation of execution imposs' ble or undesirable. In this 
event, 'messaqe s displ yed, and the program is termi-ated. If 
an error occurs that does not requ're termination, the e s 
informed of the error and should interpre the output data 
accordingly. other messages in BMLSTare displayed so that he 
use can verify the desired p ocessing options 

5.2.1 essages. 

When BMLST term~nates normally, a message is displayed informing 
the user of the ime of termination. The t'me is determined by 
opera ing system calls in the sar wrtten subrout·' ne 81 IT. The 
message is: 

• PROCES G COMPLETED AT (TIM) ,. 

If the f'le spec' ied for lnput of a measured flightpath is empty, 
th follow'ng message is given, and the program's terminated since 
't cannot continue process'ng without a flightpath: 

"EMPTY MEABDRE'D FLIGHTPATH D~TA FILE' 

n the rocessing of specula qro nd reflections from t· ted ground 
surfaces, BMLST permits the input. of te.n r ctangles and ten 
triangles. If more than ten su faces of each type are ound in the 
'nput ile, nly the f' st ten are read in. If th's trap fails to 
keep the number of specu ar ground elements within the requ'red 
limit of 
following 

2 20 tilted surfaces p us 1 
message is di played, and execu

t 
t

specular ground), 
ion 's terminated: 

the 

'THE 
TOP 

U BE 
N S 

OF SPECULAR ROUND 
OUTr E GRNDLD' 

B EXCEED 21. 

Rectangu 
specified 

ar and triangular specula g oun 
wit three sets of coordinates 

re lection e ements 
for three corners. 

are 
If 

these elements are found to have equa coordinates fer points 
and 2, BMLST d'splays an error message and terminates execution. 

"SPECULAR GRO D SURFACE NO. (X) s s eI D I CORRECTLY. 
STOP IN SUBRO TIN I rT ' 

5.2 2 Warning Information Messages. 

The p ocessin~ 0 specular ground rectangular an triangu a 
surfaces requ c' es that three points be entered in the input file . n 
asc,e.nding orde of the X coordinates . f the points are not 
specifie in this order, they re reordered, an.d the following 
message's displayed: 
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'SPECUL GROUND SURFACE NO. (X) WAS SPE,CJ:Fl:E:D rNCORRECTLY. 
REORDERING S P ObED." 

he imaginary part 0 th complex dielectri constant of each 
spec lar gro nd surface's checked to be ure it's negative. I 
it not, it is conve ~ted to a oeg:at ve value (i. e., the agnitude 
of he "maginary component is egated), and the follow'n message 
is displayed: 

·'COMPLBX DIELECTRJ:C CONSTABTFOR GROUND SURFACE ( ) WAS 
SPECIFIED I CO ~TLY. 

POSITIVE IMAGINAI'¥ COMPO NT caRT D TO G TIVE." 

o 'nformation, BMLST displays a. message whenever the main 
subroutine of an exec ~'onoption is called. This nabl s the user 
to verify hat h des __ red xecut on opt' ons are be' 9 . mplemented. 
An example of t 's type. 0 message is: 

"BUILDING RE LECT ON (B EFC) SUBROUTINE CALLED' 

A sim'lar messag displayed by th associat d subroutin for 
each of the following execution option 

Scat ering bu' ldirlgs (s broutine BR Fe)
 
Scattering aircraft fuselage (SUbroutine RE C)
 
Scatte ing a'rcra -t tail fin ( ubroutine TREFC)
 
Spec lar ground r €,flectio (ubrout ~ ne GR Fe
 

hadowi g a'rcr f. and buildings (.ubroutine SHDARB)
 
Runway hump shado",..ing (subrout' ne SHD )
 

. 3 MESSAGE T . 

There are 00 term"nat on messages in BPLOTT. In add't"on to the 
ead s· b outin rnesseges and warnings, only one ot er warni 9 

message appears. Ho\\'ever, there ay be add' t . ona messages 0 

t rmination condition in the user written graphics interface 
sub out'n s. 

T e array t at hold the data for plot ing by BP OTT are 
dimensioned t contain 3000 data poi ts. I, ore than 3000 int 
a ad, th following me ag app r : 

"NUMBER 0 DAT OIHTS OR PLOTTING EXCEEDS 3000.
 
ONLY IRST 3000CCEPTED"
 

5.4 MESSAGES FOUND IN BMLSR. 

The e are no warning or 'nformational messages n B SR other than 
th fo nd in all p og a s. If the conrid nce 0 nter and flag 
i formation option i selected, warnin messages concerning flags 
and dwell gate crossings are written to ogica' unit RDO. 
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5.4.1 Termina ion Messa es. 

When BMLSR te minate norma ly, a message is displayed 'nfo ing 
he ser of the time of terminatin. 'T e t' me 1s determined by 
perating syste calls in be ser written sUbroutine srNrT~ The 

message is: 

'P oeEssr G CONPL T D AT ( IN ) • 

The processing in BMLSR is directly invo ved with the pattern of 
e transmitting antenna(s) specif'ed in the i put file. If this 

specif'c~tion is inva 'd, processing canno continue. Therefore, 
message ind' eating the invaLid antenna type is displayed, an· 

execution i alt d. Note that the antenna type 5 evaluated ith 
a tr ing matching procedure. Therefore, t e type must be specified 
with the first letter in the f rst column of the template area. 
Lading blanks in the antenna type specification are the mos 
common cause of his error. An exampl of the error message is: 

• AZNB IS INVALID ANTElftlA "l'YP • 
CH C OR LB ING BLAHKS I· SPECI ICATIO YPE. 
STOP IN BUBROOTI E READ OR AZrMUTH ANT 

Similar messages a e disp ye for 'nva id specification f 
elevati or DMEjP antenna types. 

A message is also displayed, nd exec t'on is te . ated, it an 
invalid pulse shape is ente' ed for eithe DME/P uplink or DME/P 
downlink. The messag is: 

"INv: ID PULSE SOP FO DHEfP It I (0 DO INK)
 
STOP III SUBROUTI E DnUTu
 

he arrays in BMLSR are d'mensioned to allo only 20 multi ath 
components w ich 's the l'm't wri en by BMLST after editing. In 
the unlike y event that mo ethan 20 components are ead, BMLSR 
w'll stop execut'o with the allowing messages: 

IlNUMElER IS 20. 

Although it is unlikely that the s'mulation of a MLS eceiver will 
fail, this can happen, in which case the following messages wil be 
displ yed and the prog am will terminate: 

II 1. D SEARCH OR. TO ENVELOPE THRES OLD
 
EAD KG :I I:I : (X)
 

TRAILING INDEX: (X)
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EWE 0 y. (10 V UES PRINTED) 
STOP IN SUBROUTIN-' TRSB' 

Sim'lar me sage are printed in the event a a a' ed search for 
the RO envelo th sho 1 . An ther error that will cause BMLSR to 
termina e i a failed initial acquis' t' 0 The message printed is 

" AIL D DWELL, Gl\TE!THRESHOLD CH FO INITIAL CQUISITXOH 
POSSIBL B AMW DTB ROBLEK ITB AZIMUTH (OR ELEV TION) 
STOP IN SUBROUTINE TRSB' 

5.5 MESSAGES FOUND 

In add' t . on to the read message and warnings, BPLOTR displays 
terminat'on and warning messages which are discussed below. There 
may be addit'onal messages 0 term'nat'on condi, ions in the se 
wr'tten graphis interface subroutines. 

5 .. 1 Termination Messages. 

BPLOTR wi erminate if an invalid antenna typ i entered or 
azimuth, e evat'on, 0 DME/P. The message displayed are the ame 
as hose for B LSR. An e amp e s: 

IIAZNB IS All INVALID l\HTEHNA TYPE 
CHECK OR LEADING BLANKS IN SPECIFICATION OF ANTENNA TYPE. 
STOP IN SUBROUTI E READ1A FOR ZIKUTH ANTENN.A TYPE. It 

5.5.2 War in and Informatio 

The arr ys th ,t hold the data fo p otting by BPLOTR are 
dimension to ontain 3000 data point . f more than 300 points 
are read, t e following mess ge appears: 

IINUMBER OF Dl\TA POINTS FOR PLOTTING EXCEEDS 3000. 
o Y FIRST 3000 ACCETE»II 
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ABBR Il\.:r S AND 

ANG 
ANSI 
ARDH 
AZ 
BMLSR 
BMLST 
bpi 
BPLOTR 
BPLOTT 
C 
DAC 
dB 
DME/P 
EL 
FA 
FAA 
FA 
FREQ 
Hz 
rcAO 
IF 
IL 
INC 
LOS 
LSL 
MID 
MGPA 
MHz 
MIT 
MLS 
NA 0 
NIAG 
nm 
PA 
PC 
P 
PlD 

PP D 

PPOD 

PRID 

Angle 
Amer'can National 
App oach Referenc 
Azimut· 
Baselined MLS Rece 

standards nstitute 
Datum Height 

ver (System) program 
Basel'ned LS Tansmitte (propagation) program 
Bits per inch 
Base 'ned Plot program for Rece'ver progr~ output data 
Base 'ned Plot program for T ansmitter program output data 
Control Motion Noise 
Delay Attenuate Compa e (to determine DME threshold) 
Decibels 
Distanc Measuring Equipment/P ecision 
Ele ation 
Fi al Approach 
Federal Aviati n Administrat1.on 
F'nal Approach Fix 
F eque cy 
He tz 
Int national lV:l Av'at'on 0 
Int,ermediate Frequen y 
nstrQment La in System 

Increm nt 
Li of sight 
Lower Scan irnit 
MUltipath/Dir t 
M"n'mum Glidepath Ang e 
Megahertz 

ganization 

Massachusetts Institute of Techno ogy 
M'crowave Land1ng System 
North Atlantic Treaty Organ' zat·' on 
Nato Industrial Ady'so y G oup 
Nautical Miles 
Peak Amp 'tude Find (to determ'ne DM threshold) 
Personal Computer
 
Path Following Er or (b as component of error)
 
Propagation Mode Input Device (var i ble name for the 

logical unit number for the formatted 'nput 'le~ input 
to BMLST 

Plotting Propagat'on In ut Device (variab e na e for he 
logical unit n robe for the data file wh'ch 's output 

rom BMLST and input to BPLOTT) 
Plotting Propagat'on output Device (variab e name for the 

logicaln t numbe for the data file or device tOI which 
output by BPLOT 's directed) 

Plott'ng eceiver Input Dey'ce (variabl name for the 
logical unit number fo th.e data fi e wh' ch . s output 
from BMLSR and input to BPLOTR) 
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PROD Plotting Recei er output D vice (variab e name or th 
logical ni number fo the data file or device 0 whic 
utput by -LOTR' d'rected) 

RF Radio Freq e cy 
RID cei er Input Device (var able name for the logical uni 

numbe for the data f' e wh'ch is output rom BML T and 
input to BML5R) 

RDO Receiver Diagnosti Output variable name for the logical 
u 't rob r for the ata file which is output by BMLS 
contain'ng f ag an counter nformatio-) 

rms oot mean squa e 
Su face Flag 

SNIT Site In' 'alization subroutine (linked W h BMLST, BMLSR, 
BPLOTT, and BPLOTR) 

SOPEN site Open subrou ine (linked with MLST, BML R, BPLOTT, 
and B'-LOT ) 

TIM Time 
TRSB Time-Reference Scanning Beam 
USL Upper Scan Limit 
VEL Velocity 
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-------- -------- -------- -------- --------

TABLE A-l. SAMPLE INPUT FILE 

********* * ••** *MLS MATHEMATICAL MODEL INPUT DATA FILE***-- .********•••••••• 
SECTION 0 

= SCENARIO DATA 
RUN ID# : 1281 
TITLE :LAX ~ITHOUT SNO~ 

AIRPORT :LAX 
RUN~AY :24R 
LENGTH :8700. 
WIDTH :150. 
ARDH :50. 
HGPA :3.0 
UNITS :FEET (feet, rueter) FOR ENTRIES IN FILE 

SECTION 111 
= ANGLE TRANSMITTER DATA 
PHASE CENTER: X Y z FREQ(mh~) LSL USL TYPE 

AZI Til '1000.0 0.0 5.0 4992.291 -6 .0 60.0 AzaN 
E EVATION: 7900.0 '400.0 13.0 4992.291 0.9 20.0 ELaN 

SECTION 1D 
= DME/P TRANSMITTER DATA 
P~ASE CENTER: X Y TYPE 

DME/P : -1000.0 0.0 5.0 DMBN 

= OTHER nME DATA 
FREQ(mhz) SHAPE TRG F Sl.I AS TRS SIGH R I 
... - ......... _--­----~--

UPLINK : 983.4813 GC2C22000 PAF NOF .5 .125 0.0 0.0 
DOWNLINK : 983.4813 GC2C22000 PAF NOF .5 .5 .125 0.0 0.0 

SECTION 2 
R fLEeT I ?R C SSI~ (CAll GREFe) (y ,no) 

YES - DO FUL I T 10 FOR SPECULAR GR N SCATTERING (yes,no) 
= EFAULT DIELECTRIC COHSTA T AN ROU HESS HEIG T 
DIELECTRIC CONSTANT: 1.2 0.0
 
R G~ E S HEIGKT : 0.0
 

*	 F UL IP S TE r G PAT S FR IRCRAFT AND BUILDING 
01 LECTRIC CONSTANT: '.2 0.0 
ROUGHNESS HEIGHT : 0.0 

SECTION :> 
= SCATTER I G FROM AIRCRAFT (MAXIMUM OF 10) 
YES - N AIRCRAFT SCATTERING (yes, no) 

## X-TAIL Y-TAIL X- KPT Y- K ALT A GRCaR 
--.--._.~ 

nn X)lli,lO(XXX yyyyyyyy xxxxxxxx yyyyyyyy aaaaaa tt c ccc 
01 57 0.0 -1150.0 5900.0 -1150.0 0.0 1 0.0 
02 6700.0 -1150.0 6900.0 -1150.0 0.0 0.0 
03 8758.6 -1150.0 8900.0 -1008.6 0.0 0.0 
04 8900.0 -900.0 8900.0 '700.0 0.0 0.0 

SECT ION 4 
= SCATTERI'NG FROM BUI DINGS (M'AXI OF 10) 
YES - RUN SCATTERING BUILDI GS (yes,no) 

X-LEFT Y-LEFT X'RGHT Y-RGHT ELV HGT TLT GRCORR CMP 
-----._. -------- _ .. _--_ .... - -------- . - - -- - - - - - - - ­

nn ~XXXX~~x yyyyyyyy xxxxxxxx yyyyyyyy eeeee hhhhh ttttt ecceeccc 
01 3 75.0 -3400.0 4400.0 -3400.0 0.0 100.0 0.0 0.0 M TAL 
02 4550.0 -2100.0 5080.0 -2100.0 0.0 100.0 0.0 0.0 AL 
03 4800.0 -3100.0 5200.0 '3100.0 0.0 100.0 0.0 0.0 METAL 
04 6825.0 ·1800.0 7125.0 -1800.0 0.0 50.0 0.0 0.0 I;TAL 
05 7780.0 '1800.0 8080.0 '1800.0 0.0 50.0 0.0 0.0 ETAL 
06 7125.0 ·1800.0 7252.0 -1706.0 0.0 50.0 0.0 0.0 METAL 
07 8080.0 -1800.0 8209.0 -1706.0 0.0 50.0 0.0 0.0 METAL 
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- - ------- --------

TABLE A 1. S, PLE INPUT FILE (CONTINUED)
 

SECTION 5 

## 

nn 

01 

SECTIO~ 10 

SECTION 12 

.. 

.. 

.. 

.. 

.. 

ir 

.. 
• 
ir 

## 

nn 
01 
02 

SECTION 13 

= SPECULAR SCATTERl G FR<»l 
YES - RUN RECTAN LAJl GROU 
THIS DATA MAY E SKIPPED 

X-VAlU V-VAtU 

x'x1~1xl y1yly1y1 
x2x2x2x2 y2y2y2y2 
x3xJ,x31t3 y3y3y3y3 
0.0 
0.0 
8700_0 

= SHAO'OWI 
,E - RUIl 
X-FRONT 

xfxfxfxf 
3300.0 

-75.0 
75.0 
75.0 

G BY RUr(\M,Y HUMP 
SHADO'oIING HUMP (yes,no) 
Z-FA NT X-H MP Z-H~P 

zf~hfzf xhxhxhxh hz:hzhzh 
0.0 3800.0 5.0 

= fLlGHTPATH 
FAf 6.2 
DAtuM 7900.0 
TY E SEGMENTED 

VELOCITY 219.56 
INCREM 1: 43.91
 
DATA RATE: 0.20
 

* ~LIGHTPATH PLOTS: 

MllIlMUM X VALUE 
UN,1f P R I,NCH 
MltlIMUM Y VALUE 
UNlTS PER INCH ; 

.. AIRPORT LAYOUT PLOT: 

MINIMU/lt X VALUE
 
UNITS PER INCH
 
MINIMUM Y VALUE
 
UNITS PER INCH
 

Z-VALU 

z1z1z1 1 
1212z212 
z3z' z3 
0.0 
0.0 
0.0 

Fl:ECTANGULAR GROUND SURFACES (MAX OF 10) 
D (yes,no) 

DCREAl 

rrrrrrrr 

5.0 

DCIMAG ROUGHN Sf 

i;i;;;; i rrrrrrrr is 

0.0 .006562 0 

X-BACK Z-BACK 

xbxbxbxb zbzbzbzb 
4300.0 0.0 

NAUTICAL MILES 
C.O 0.0 

(a!;ured, di,sta ,orl::l; t, r eli <J l , 
s~gm nted, straight) 

IF "stra;g til UFFlcu,lIIl DATA IS AVAILABLE TO
 
IF'' adial1l' ENTER AtliGLE, 'elEVATION, STARTING
 

~rvn frocn drlM!fp) 
ANG E: Bilil 
SDIST: ddd 
ED I ST: dddddddd 
ElEV: ,ee e e 

IF "o,bi " HTER 
~ADJUS: rrrrrrrr 
ELEV e e ee 

RADIUS (rnl from dfle/p) & E EVATION 

IF "lI1e's,urEld" X,Y,Z COOROIIfAT SAND 1I 
IT~ VE OelTY A DATA INCREMENT C_ T F ~ 

IF "segmen eel" or "di5tance" E TER SEG ENT It,X,Y,Z, 
INCREME T 

XS VS ZS VEL I~C 
- - - - - .. ~------- ­.. _....... - .... 
lIXXXlIXXll yyyyyyyy zzzzzzzz vvvvvvvv iii;;i;i 
17700.0 0.0 500 .. 0 219.56 43.91 
7700.0 0.0 0.0 0.0 0.0 

= FLIGHTPATH AND AIRPORT LAYOUT AXIS LIMnS 

X/Y PLOT 
- ... ------­
-3000.00 ft 
3000.00 ft 

-3000.00 ft 
1000.00 ft 

X/V PLOT ---_ ..._.­
-2000.00 ft 
2000.00 ft 

-4000.00 ft 
1000.00 ft 

X/Z PLOT 

-3000.00 ft 
3000.00 ft 
-100.00 ft 
100.00 ft 

COMPUTE FUGHTPATH 
and ENDING DISTANCE 

FR NIT 15 
INPUT 

LOCITY AND 

D/Z PLOT 

-0.25 rill 
0.250 ­

-100.00 ft 
100.00 ft 
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TABLE A 1 SAMPLE INP FILE (CONTINUED)
 

SECTION 14 
= ANGLE ECUIPMENT AXIS LIMITS 

.,. MUlTIPATH DIAGNOSTIC PLOTS: 
MID SEP ANG SHAD~ING 

MINIMUM X VALUE -0.50 nm -0.50 flIII -0.50 nm 
UNITS PER INCH 0.25 nm 0.25 0.25 nm 
HI IMUM Y VALUE -40.00 db -40.00 deg -10.00 db 

.,. 
UNITS PER INCH 

RECEIVER OUTPUT eRROR 
10.00 db 

&FILTERED 
10.00 deg 

ERROR PLOTS: 
2.00 db 

RA PFE CMN 

MINIMUM X VALU -0.50 nm -0.50 nm -0.50 nm
 
UNITS PER IIiCH 0.25 I"WlI 0.25 nm .25 fvn
 
MINI Y VA UE -0.30 deg -0.30 deg -0. 0 des
 
UNITS PER INcH 0.10 deg 0.10 deg 0.1 [) dQIl
 

SEC! toN 15 
• DIST C EA URING EQUIPMEN AXIS LIMITS 

.,. IilJLTIPATH OIAGMOSTIC PLOTS: 
101/0 HII DELAY SHADOIJING 

I IMU X VALUE -0. 0 •.5 -0.50 nm 
ITS PER INCH 0.25 nm 0.25 0.2.5 nm 

I IMUM Y VALUE -40.00 db 0.00 -10.00 db 
UNITS PER INCH 10.00 db 500.00 ns 2.00 db 

.,. RECEIVER OUTPUT ERROR & FI TER 0 ERROR PLOTS: 
RAI./ PFE CMN 

--------­ --------­ -------- ­
IN I UM X VALUE -0.50 -0.50 nm -0.50 nm 
Ii ITS PER INCH 0.25 nm 0.25 nm 0.25 nm 

MINIMUM Y VALUE -270.00 ft -180.00 ft -180.00 ft 
UNITS PER [NCH 90.00 ft 60.00 ft 60.00 ft 

END DATA 
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T BLE A-2. RUN Pn.n.ru·J.L.LERS FOR AIRPORT, TRANSMITTERS., D 
EDITING 

PROGRAM TO DO MULTIPATH MODELING AND SIMULATION 

RUN ID: 1281 RUN DATE: 26-FEB-91 RUN TIME: 

AIRPORT PARAMETERS: 

RUN TITLE : LAX WITHOUT SNOW 

AIRPORT : LAX 
RUNWAY : 24R 
RUNWAY LENG H 8700.00 FEET 
RU Y WIDT 150.00 FEET 
AP'P OACH REFERENCE DATUM HEIGHT 50.00 FEET 
MINIMUM GLIDE PATH ANGLE 3.00 DEG 

PARAMETERS FOR ZIHUTH SYSTEM: 

PARAMETER VALUE UNITS 
AZIMUTH X -1000.00 FEET 
AZIMUTH Y 0.00 FEET 
AZIMUTH Z 5.00 F ET 
AZ FREQUENCY 4992.29 MHZ 

PARAMETERS FOR ELEVATION SYSTEM: 

PARAMETER VALUE UNITS 
ELEVATIO, X 7900.00 FEET 
ELEVATION Y -400.00 FEET 
ELEVATION Z 13.00 FE,ET 
EL FREQUENCY 4992.29 MHZ 

PARAMETERS FOR DME/P SYS M: 

PARAMETER VALUE UNITS 
DME/P X -1000.00 FEET 
DME/P Y 0.00 FEET 
DME/P Z 5.00 FEET 
DME/P UPLINK 983.48 MHZ 
DME/P DOWNLINK 983.48 MHZ 

MULTIPATH EDITING PARAMETERS: 

OUT OF BEAMNESS: 

AZIMUTH = 3.00 DEG 
ELEVATION 3.00 DEG 
DME/P = 0.50E-05 SEC 

OF MLS 

11:38:50 
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TABLE A-3. RUN ~A~~TERS FOR OBSTACLES 

RU~ 10: 1281 RU~ DATE: 26-FEB-91 RU~ TIME: 11:38:50 

PARAMETERS USED IN COMPUTATION Of SPECULAR GROUND REFLECTION 

DIELECTRIC CONSTANT (REAL,IMAG) = 1.2000 0.0000 
ROUGHNESS = 0.0000 
FULL fRES~EL-KIRCHOFF INTEGRATION FOR GROUND REFLECTION 

RECTANGULAR SURFACE LEMENTS ARE: 

10	 Xl Yl Zl DCREAL DCIMAG ROUGHN 
X2 Y2 Z2 
X3 Y3 23 

0.00	 -75.00 0.00 5.0000 O_OOOOE+OO 0.0066 
0.00 75.00 0.00
 

8700.00 75.00 0.00
 

SURFACE FLAG(S) 0 

PARAMETERS USED IN COMPUTATION OF MULTIPATH REFLECTIONS 

DIELECTRIC CONSTANT (REAl,IMAG) 1.2000 0.0000 
ROUGHNESS	 = 0.0000 

BUILDING PARAMETERS ARE: 

10 X-LEFT Y-LEFT X-RIGHT Y-RIGH ELV HGT TILT GRCORR 
1 3975 .0 -3400.0 4400.0 -3400.0 0.0 100.0 0.0 0.00 
2 4550.0 -2100.0 5080.0 -2100.0 0.0 100.0 0_0 0.00 
3 4800.0 -3100.0 5200.0 -3100.0 0.0 100.0 0.0 0.00 
4 6825.0 -1800.0 7125.0 -1800.0 0.0 50.0 0.0 0.00 
5 7780.0 -1800.0 8080.0 -1800.0 0.0 50.0 0.0 0.00 
6 7125.0 -1800.0 7252.0 '1706.0 0.0 50.0 0.0 0.00 
7 8080.0 -1800.0 8209.0 '1706.0 0.0 50.0 0.0 0.00 

10 COMP OCREAL OCIMAG ROUGHN 
1 METAL 1.0000 ·0.1000E+09 0.0000 
2 METAL 1.0000 ·0.1000E+09 0.0000 
3 METAL 1. 0000 -0.1000E+09 0.0000 
4 METAL 1.0000 -0.1000E+09 0.0000 
5 METAL 1.0000 ·0.1000E+09 0.0000 
6 METAL 1.0000 ·0.7000E+09 0.0000 
7 METAL 1.0000 -0.1000E+09 0.0000 

AIRCRAFT PARAMETERS ARE: 

ID X-TAIL Y-TAlL X-CKPT Y-CKPT ALT GRCORR AT TYPE 
1 5l00.00 -1150.00 5900.00 -1150.00 0.00 0.00 1 747 
2 6700.00 -1150.00 6900.00 -1150.00 0.00 0.00 1 747 
3 8758.60 -1150.00 8900.00 -1008.60 0.00 0.00 1 747 
4 8900.00 -900.00 8900.00 -700.00 0.00 0.00 1 747 

PARAMETERS USED IN COMPUTATlON OF SHADO~ING 

RUN~AY HUMP SHADOYING PARAMETERS ARE: 

X Y Z
 
FRONT 3300.00 0.00 0.00
 
MIDDLE 3800.00 0.00 5.00
 
BACK 4300.00 0.00 0.00
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TABLE A-4. FLIGHTPATH DATA
 

RUN 10: 1281 RUN DATE: 26-FE8-91 

DATUM COORDINATES; 

X: 7900.00 Y: 0.00 Z; 

FLIGHTPATH TYPE: SEGMENTED 

RUN 

0.00 

TIME~ 11': 9:50 

TABLE OF FlIGHTPATH AND ~AYPOINT DATA 

~AYPT 

10 
X-COORD 

(FT) 
V-COORD 

(FT) 
Z-CooRD 

(FT) 
VELOCITY 
(FT/SEC) 

SAMPLING 
INCR (FT) 

DISTANCE 
ALONG FI' 

(h!,'0 

1 17700.00 0.00 500.00 219.56 43.91 0.00 
2 7700.00 0.00 0.00 0.00 0.00 1.65 
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TABLE A-5. AZIMUTH MULTIPATH AMPLITUDE RANKINGS
 

RUN ID: 1281 RUN DATE: 26-FEE-91 RUN TIME: 11:38:50 

AIRCRAFT & BUILDING MULTIPATH AMPLITUDE RANKINGS 

AZIMUTH SYSTEM******* ******* 

OBST RANK MLTPATH X-AXIS 
ID AMP(DB) REF 

GRND 0 1 3.73 1.201
 

BLDG 1 4 -0.38 0.168
 

BLDG 2 2 1. 59 0.363
 

BLDG 3 3 1. 58 0.327
 

BLDG 4 9 -23.10 1.013
 

BLDG 5 10 -24.73 1.346
 

BLDG 6 11 -40.92 -0.172
 

BLDG 7 5 -2.01 -0.049
 

ACFT 1 8 -19.83 0.674
 

ACFT 2 7 -19.41 0.016
 

ACFT 3 6 -15.14 0.016
 

ACFT 4 12 -80.00 -0.027
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TABLE A-6. EL VATIO· MULTIPATH AMPLITUD RANKINGS
 

RUN 10: 1281 RUN DATE: 26-FEB-91 RUN TIME: 1:38:50 

AI CRAFT & BUILDING MULTIPATH AMPLITUDE RANKINGS 

*'Il"fI''IUI' If!'''' ELEVATION sYSTEM **•••• * 

oaST RANK MLTPATH X-AXIS 
10 AMP(DB) RE 

GRND 0 1 2.18 -0.085
 

BLDG 1 5 -60.00 0.406
 

BLDG 2 6 -60_00 0.435
 

BLDG 3 7 -60.00 0.406
 

BLDG 4 B -60.00 0.067
 

BLDG 5 2 -15.44 -0.078
 

BLDG 6 4 -53.98 0.038
 

BLDG 7 9 -60.00 0.002
 

ACFT 1 10 -60.00 1. 461
 

ACFT 2 11 -60.00 1.440
 

ACFT 3 3 -26.20 -0.020
 

ACFT 4 12 -80.00 0.002
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TABLE A-7. DME/P UPLINK MULTIPATH AMPLITUDE RANKINGS
 

RUN ID: 1281 RUN DATE: 26-FEB-91 RUN TIME: 11:38:50 

AIRCRAFT & BUILDING MULTIPATH AMPLITUDE RANKINGS 

DME/P UPLINK******* ******* 

OBST RANK MLTPATH X-AXIS 
ID AMP(DB) REF 

GRND 0 12 -80.00 1.483 

BLDG 1 1 2.70 0.153 

BLDG 2 2 0.98 0.269 

BLDG 3 4 -2.35 0.406 

BLDG 4 6 -22.16 1.028 

BLDG 5 7 -23.35 1. 353 

BLDG 6 10 -35.39 -0.100 

BLDG 7 3 0.21 -0.056 

A.CFT 1 9 -26.38 0.666 

A.CFT 2 8 -24.15 -0.020 

ACFT 3 5 -16.71 -0.006 

A.CFT 4 11 -60.00 -0.035 
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TABLE A-S. o ElF OWNLINK MULTI-ATH PLlTUD RANKING 

RUN IO: 1281 RUN DATE: 26-FE -9 RUN TIME: 11: 38: 50
 

AIRCRAFT & BUILDING MULTIPATB AMPLITUDE RANKrNGS
 

**"'11''''*''' DME/P DO LI K **"' ..... 

OBS'T RANK MLTPATl:J X-AXIS 
10 AMP(DB) 

G' 0 12 -80.00 1.483
 

BLDG 1 1 2.70 0.153
 

BLDG 2 2 0.98 0.269
 

BLDG 3 4 -2.35 0.406
 

BLDG 4 6 -22.,1.(' 1.028
 

BLDG 5 7 -23.35 1. 353
 

BLDG 6 10 -35.39 -0.100
 

BLDG 7 3 0.21 -0.056
 

ACFT 1 9 -26.38 0.666
 

ACFT 2 8 -24.15 -0.020
 

ACFT 3 5 -16.71 -0.006
 

ACFT 4 11 -60.00 -0.035
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MLS MATHEMATICAL MO~ElING PERFORMED BY, 
F~A TECHNIC~L CENTER. RCD-330 
~TL~NTIC CITY RIRPORT, NJ 08405 

TITLE, LAX ~ITHOUT SNO~
 

RUN ~I 1281 DRTE. 3-DEC-90 ISI4tIO~
 
RUN~~YI Z4R ~IRPORTILAX
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o
 
o_
 
m 
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FIGURE A-l. FLIGHTPATH IN X - Y COORDI.NATE PLANE 
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ML6 NAn£HATI CFL MOOELlt'C PERFORMED BY I 

FRR TECHNICRL CENTER, RCO-330 
RTu:lNTr C CITY R lRPORT. NJ 08405 

TITLE, LAX ~ITHOUT SNO~ 
RUN +I I 1281 DRTE, 3-[£C-9O 15.41 104 
RUN~~YI Z4R ~]RPORTllRX 

x-z FLIGHTPRTH 

DATUM -LD
..,.­
m-....-

-, 
1-30 . 00 0.00 30.00 ED . 00 00 . 00 1BO.00 210.00 240.00 en 

.J.X COORDINATE 
a:: 
1 
CD 

I .. I 

FIG LIGHTPATH I COORD:I_ 'LANE• 
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MLS MATHEMATICAL MODELING PERFORMED BY, 
F~A TECHNIC~L CENTER, RCD-330 
RT~NTIC CITY RIRPORT. NJ 08405 

TITLE: LAX ~ITHOUT SNO~ 
RUN Do 1281 DATE, 3-0EC-90 1514110~ 
RUNWAY, 24R RIRPORT,LRX 

0 
LD 

D-Z FLIGHTPRTH 
0 
0 

0 .... 
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FIGURE A-3. FLIGHTPATH IN D - Z COORDINATE PLANE
 



MLS MATI-£MATI CR.. HODEL I f'il1 PERFORHED BY I 

FAA TECHN[CRL CENTER, RCD-330 
RTLRNTiC CITY ~IRPORI. NJ 08406 

TI TLE; LAX ",lTf-DUT SNO 
RUN :Ill 128] 
RUN~RYI 24R 

ORTE" 26-FEB-9l 
RIRPQRT,LRX 

11,38,50 

o o 
o 
N 

RIRPORT MRP 
o 
o 
o 

'" 000 
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~O 
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------------NL6 HAHEHATl CAL MODELl r-.l1 PERFClRHITl BY: PLOT SYMBOLS 
AA TEI:HNIC~L CEN1ER, AcD-330 

RTLRNTrC CITY ~[R?ORT. NJ 08406 4: = mOUND 
TITLE: LAX ~lTHOUT 5NOH + = aDG 2 
RUN If: 12B] DATEI S-ClEC-90 15141 :04 C) = aDO 3 
RUN~AY; 24R AJRPORT 1 LRX ::-:: = El...DD l 

o Y = aDD 7o 
Z = AIC 3 o 

N 

RZI T SUBSYSTEM 
o 
o 
o 

_0g ::-:: *~" m ~ ~. .;;~ '. '. 
o 1% 
-0 ~ + 

o ~ 0 
~I I 00~~ + . +CJ 
f-' f-I ::x:: + 
11l ([ CJ 

~ ~+ 0 
~ CJ + 

~~ YZ';-tr(!) 

:L~ :Z. '\ 'C9 (!l 

+ CJ 

- ..~ - ~+ 
"}!'!r"X'""L +T '"

)t "'~.L_~Z 

i:% 

8~' 
~ ~
 

I rn ~ +v ~ 

~ m 
~J ~'~m.. H,r'" +~ ~ rli/ilI I _101 _I I· 
-0.60 -0.25 0.00 0.26 0.60 0.75 1.00 l.Z5 1.60 l.75 (JJ

DISTRNCE FROM THRESHOLD (NM) :t: 
a: 
J 

I 
CD 

, • , , , _ 

FIGURE A-S. AZIKUTH - KULTIPATH/D'IRECT' SIGNAL, RATIOS
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HLS HRH£HATlCFt... 1'10DEl.)N} PERFLRHW BY, 
~~ TECHNICRL CENTER, RCO-330 
RT~NTIC CITY AIRPORT. NJ 08405 

TITLE, LAX ~ITHOUT 6NO~ 
N u: 1281 DRTE. 3-06C-90 15.41,04 
NW8Y, Z4R ~lRPORTILAX 

E~QL§r~§~§ 
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PIGURE A-6. A~l'M1JT1I BOBSYSTE SEPARATION ARGLeS 



BY, 

TITLE: L.A.X t-lI 
RUN UI 12B 15:41 :04 
RUN~~Y, Z4R 
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ML5 'MATHEMATICAL MODEL1NJ PERFORMED BY: 
FA~ TECHNICAL CENTER, ACD-330 
RT~NT[C CITY AIRPORT. NJ 08405 

I TLE LAX WI TI-DUT 51'.1JW 
RUN ~: 1281 Dr:lTE, 3-CEC-e:lJ 15141104 
RUNW~YI Z4R ~lRPORTIL~ 
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FIGU A-8. LEV1TION SUBSYSTEM - SBPARATION ARGLBS
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