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APPENDIX A, TENTATIVE MLS ACCURACY REQUIREMENTS

GENERAL

Safe flights and landings generally require the following aircraft per-

formance:

o The aircraft path deviations should be within safe limits.

o The aircraft path rates (such as sink rate) should be within
safe limits,

o The aircraft attitude changes should be comfortable to pilot and
passengers,

o The aircraft control surface movements should be within reason-
able mechanical limits and should allow adequate margins for
response to air turbulence and other factors.

o The aircraft control column activity should be comfortable to
the pilot.

o For manual flight the display activity should be acceptable to the

pilot,

The MLS shall not compromise the ability of the aircraft to maintain these

criteria.

The factors of error magnitude, duration, spectral content and zone of occur-
rence are important as well as the factors of aircraft type, AFCS configuration,

gain, and transient response,
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Angle Noise (Includes Receiver Noise) -- Angle noise is defined as spatial

and temporal perturbations in the guidance signal. It originates from both

ground and airborne equipment and the environment,

Path Following Noise -- Path following noise is defined as that portion of

angle noise which can cause aircraft motion; it exhibits relatively slow

variations,

Control Motion Noise -- Control motion noise is that portion of angle noise

which affects control surface, wheel, column motion, and aircraft attitude;

it exhibits moderately fast variations,

Extraneous Noise -- Extraneous noise is that angle noise which exhibits

variations too rapid to affect aircraft control and guidance,

Path Following Error -- Path following error is defined as the angular
deviation from a predetermined course of an aircraft perfectly following MLS
guidance commands. The error is thus due to angle bias and path following

noise in the guidance signal.

Range Error -- The range error is the difference between the suitably processed
DME range and the true distance at any given point in time, DME bias and noise

errors have the same general definition as for angle guidance.

Course Linearity Error -- Course linearity error is the deviation of the

angle coding scale factor from the nominal, about a selected course. Linearity

errors affect effective AFCS gain and display sensitivity, and con-

A-3
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o High - Does not affect aircraft control and guidance,
In terms of spectral density, the bias would be lower fraquency limit of

noise (approximately O to .05 radians/second for a 60-second record).

While the term "path following error' suggests the difference between a
desired flight path and the actual flight path taken by an aircraft following
the guidance, in practice this error is estimated by instructing the test
pilot to fly a desired course, and measuring the difference between the
filtered guidance indication and the corresponding position measurement
determined by a high-accuracy instrument such as a theodolite, The errors
and spectral distribution thus obtained give an accurate estimate of the

path following parameters. A similar technique is used to determine the

control motion noise.

Treatment of Sudden, Large Errors

Interference or multipath can occasionally cause large, sudden changes in
angular indication, Provision shall be made to handle such transients while
maintaining validation and coast requirements. Capability of ''coasting"
through periods of transients shall be provided, which rejects loss of data for
a period of time up to 2 seconds, except that those functions, actively in use

to determine flare altitude,shall be limited to 0.5 seconds coasting time,

Bias
The angular bias is determined by averaging the time error record of a test
flight (the difference between the MLS-derived angle and the tracker-derived

angle) over a period of 60 seconds,

A-5
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ERROR INTERPRETATION

Procedures are outlined below which relate the measured parameters to the
specification for accuracy. Refer to Figure A-3 for definition of points
outlined below and to Table A-4 for the filter configurations.

Point A: MLS Raw Error Data,

Point B: Time Average over any 60-second Portion of Flight Course,
Course Bias - See Table A-l for limits,

Point C: Path Following Error; see Table A-1 for limits; use technique
described in Figure A-l1 for calculation.

Point D: Use Table A-2 for limits,

Data Rate: The MLS signal format shall accommodate different data rates
in different configurations. The format shall be capable of
providing the minimum information update rates for the functions

in each configuration as shown in Table A-3.

TABLE A-3, MLS MINIMUM INFORMATION UPDATE RATES

FUNCTION UPDATES PER SECOND l

All angle functions except 5
Flare
Flare 10
Aircraft Carrier Landing -
Azimuth 10
Elevation 10
DME Interrogation Rate -
Normal 40
On-Ground 5

NOTE: All numbers update per second

A-11
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Table A-4 -- Filter Configurations and Corner

Frequencies
Guidance Corner frequencies (radians/sec)
function
wo wl wz w3 w4 w5
AZ .05 0.3 10 2 4 .05
El 1.5 0.5 10 2 4 .05
Flare 2.0 0.5 10 2 4 .05
DME 10 0.5 10 T8D TBD .05

Filter configurations

w2
Smoothing filter
S+w2
2
Path following filter —:—-w"
Sz+2g wn5+w Jd:ts 1; wo = -64w,,

wo=wn 71 202 + @, * “4cl+2) 12

Control Motion filter: _S_
S+ wl
w
Rate filter: S -
S + w3 S + w4

Rate band pass

Smoothing

Path following Control band
filter

cutoff a B pass
= =

N2, o
¥ &
\:‘r‘ﬂo
wlle w']_ “"n wq wg w(rps)
A-13
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APPENDIX B, MARSAM II COMPUTER PROGRAM SUMMARY

INTRODUCTION

The overall purpose of the MARSAM II program was to develop and implement

a mathematical computer model for use in the performance assessment of
reconnaissance sensor systems of varied types operating on prescribed aerial
flight profiles against ground targets in specified background and weather
environments, MARSAM II (the mathematical model acronym) addresses those
aspects of sensor performance as are related to the capability of such
systems to provide target identification detail, Specifically, the types

of aerial sensor systems considered in the MARSAM II mode! 're: frame

and panoramic cameras, television, the visual observer, vertical and forward-
looking infrared, side-looking and forward-looking radar, and ELINT, As
applicable to the different sensor types, film record and/or display modes
of operation are considered., In addition, there is provided as an integral
part of the MARSAM II computer model a stored library of characteristic data
for numerous target-elements, backgrounds, and weather conditions (such data
is readily expanded or modified by the user analyst). Where the provided
library data base is considered applicable to a given problem, the task of
preparing model inputs is significantly eased for the user, Avaiilable
outputs from MARSAM II range from detailed sensor system performance para-
meters and associated probability measures of detection, recognition and
identification to mission success measures, The MARSAM II computer model

was developed as a tool for use by sensor systems design analysts in their

PRCCEDING PAGE BLANK NOT FILMED
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' Analyst
° Iargets
o Composition
e Location
o Movement
e Environment types
o Weather
e Background
e Flight profile

P Sensors

——1

Librar
e Target elements

o Types

o Signatures
e Backgrounds

o Types

e Signatures

o. Masking
o Weather

o Types

o Degradations
e Sensor systems

characteristics

L--- - e

==

Marsam [1
assessment models
o Photo
o Infrared
e Radar
oV
o Elint
e Visual
T
Iterations Outputs
e Sensor type e Detection, recognition
o Weather type identification
° Element Isignature & probabilities
e Sensor characteristic i
e Profile variable ¢ nl\:lé:::‘c:gssuccess
o Diurnal parameter
o Sensor performance
parameters

Figure B-1 -- MARSAM II Capabilities Summary
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Simplification of model use results from availability of a library of target-
element*/environment /sensor-system characteristic data, such library

data base being an integral part of MARSAM. To input a problem to the

model, the analyst describes target composition by a code number for each

of the target elements within the target. Similarly, atmospheric and
background enviromment characteristics may be input, in the main, by
specification of code numbers, Thus, such code number inputs are used

as the means to obtain from the library and input to the model a majority

of the required target-element, enviroment, and sensor-system characteristic
data (library data is readily expanded or modified as desired by the

analyst).

Further simplification and efficiency of model use results from the
automatic manner of sensor-to-target offset consideration, That is, for
a specified sensor and specified flight speed and altitude, the model
automatically determines and assesses sensor performance at only those
aircraft-to-target offset distances for which at least one target element

falls within the sensor field of view,
* In the vernacular of MARSAM, a target is defined as a group of one or

more target elements where, for example, a target element may be a

man, a truck, a boat, a hangar, a surface opening, etc,
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Figure B-2 --MARSAM Program Information Flow
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LIBRARY DATA

This section contains and references the characteristic enviromment,
target-element, and sensor subsystem data stored in the MARSAM library,
The ten major categories of stored data, accompanied by a brief description
of the types of data contained, are listed below:
o Terrain Characteristics
- Line-of-gsight probability data for six terrain types
o Weather Characteristics
- Data applicable to the photographic, television, visual
observer, and infrared sensor models for five weather

conditions

- Data applicable to the radar sensor models for ten weather
conditions

o Turbulence Characteristics

- Data applicable to the photographic sensor models for three
turbulence types

o Target-Element Signatures

- Dimensions, photo/visual reflectivity, emissivity, and
radar cross-section for 81 target elements

o Background Signatures

- Photo/visual reflectivity, emissivity, and normalized radar
cross=-gsection for 15 backgrounds.

o Sensor Subsystem Characteristics
= Performance characteristics for:
A forward-looking infrared subsystem

A TV image orthicon subsystem
A TV vidicon subsystem

B-13
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APPENDIX C
SCATTERING OF ELECTROMAGNETIC WAVES

INTRODUCTION

Various sensors which could be used for an ILM depend on their operation
on the reflective properties of the terrain in the microwave region.
Many measurements of these properties have been made, however, the pre-
ponderance of the data is at incidence angles between 10 and 80 degrees,
Since ILM sensors must operate with incidence angles from about 84 to 89

degrees, these data are not directly usable,

In an attempt to obtain usable data, a theoretical formulation of electro-
magnetic scattering was developed and programmed on a computer under the
assumption that if the theoretical model corresponded to the measured data

at those points where data was available, the model could be used to generate
the needed data at higher incidence angles. The model used was a statistically
rough surface using the Kirchoff approximation and at first appeared to give
good correspondence, It was later noted that the formulation was

missing a cosine of the incidence angle, After correcting the model, no

set of parameters in the theoretical model could give correspondence with the
measured data, Several explanations are possible for this, It has been pointed
out that the source from which the model was obtained has an error in the
dominant term of the equation at high incidence angles. Another problem is that

only diffuse reflections are considered in the model with specular components
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the scattering properties of the surfaces involved.

The technique selected to establish the scattering properties is to obtain
a theoretical model of scattering which can be justified from physical
principles. Any such model will have various parameters which can be
adjusted to modify the scattering properties, so that it can represent
various surfaces, The model will be applied to the measured backscattered
data to establish the values of the parameters for the surface, and these

parameters will then be used to generate angular relationships.

Definitions for Scattering Parameters

The most physical scattering parameter is the reflection coefficient,
It is defined in terms of the field strengths at the reflecting interface

as
Er
E1

R=

(c-1)
where R 1is the reflection coefficient
ER is the reflected field

E1 is the incident field

While this is an adequate parameter for perfectly conducting, finite

size, smooth targets, it is difficult to use,

C-3
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For an area target, the concept of cross section is generalized to a
dimensionless cross section per unit area, such that the radar range

equation becomes:

2
P_ A
r t R (c-3)
wn’ e,

where 8 18 the reflecting surface
Y 1is the differential cross section per unit

surface area.
G¢,GR are the antenna gains in the direction of the

differential area d$

This equation is often used in the form:
PG G

2
t t R)A [Y ds (C-4)
(3 o =

which assumes that the gain across the antenna beamwidth is constant

and zero outside the beam. By examining this equation, it can be seen

that for finite targets
(c-5)
vhere A 1is the target area

R 1is the reflection coefficient

A is the wavelength,

C-5
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z
Incidence
wave - f

Reflected wave

Figure C-1 -- Scattering Geometry
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kl is the propagation vector of the incident wave

Ky 1s the propagation vector of the reflected wave
n is the unit normal to the surface

p-Kl +K2

For a finite surface area in cartesian coordinates,

jk exp(jkr) f . . > >
E = % i & S (aP x+C £ y b) ejV r ds (C-l‘#)

where a = (1-F)sin91 + (14F) sin O, cosp
b = (1-F) cosp, - (1-F) cos Y
¢ = (1+F) 8sin© 2 cosp
o (x,y) is the height of the surface at (x,y)

‘.40
px dx

Since the field due to a perfectly conducting area of the same size is

jkA Cos o, exp (Jkr) (c-15)
2 ;r r

E=

A reflection coefficient for the rough surface can be defined as

1 >.>
p = T J;(ap' + p/ -b) e & Tds (c-16)
2AC080] X y
where '
G- 2—: [(sin ©,-sino, cos ()] i-sinezsinﬂi-(cos@1+cosoz) f(j

>
1,3,I is the unit vector triad

C-13
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The integral in the expression for <pp#*xdepends on < eivt(S-.S ): which

is the characteristic function of the probability distribution of § .
Therefore, to proceed further it is necessary to define this distribution,.
By the central limit theorem, it can be expected that the surface is
Guassianaly distributed in height, Two correlation functions, corresponding
to "peaky'" and more smoothly bumpy surfaces will be investigated. The

characteristic function for a gaussian surface is:

2
<eivz(3‘. §) > = exp (-szo (1 -¢ (1)) (c-19)

2
where o 1is the variance of surface height

C(t) 1is the correlation coefficient

Slightly Rough Surfa:es

If the surface is slightly rough in the sense that Vi 02 <<l
then the power series for the exponential will converge rapidly enough that
only the first term has significant contribution to reflection, In this

case, the integral is readily evaluated yielding (Ref. ¢-1, C-4)

2
L I 2 2 _vxy? 1l .
<pph> = (7l z o T exp -V,“o" - Xy (c-20)
A . 4
2,.2
1f C(T) =e -7 /T
and 2 2 2 2
<pd$. ant-'l Vz (; T 3/28XP ('sz 02) (c-21)
ACosZ9(14vxy T?)
it c(vy= e MIT

C-15
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Very Rough Surfaces

The other case which can be easily evaluated is the very rough surface,

in the sense that Vz o 23 > 1, Since vz,azis very large, the characteristic
function will have significant values only near T=0, Further, since the
correlation function is by definition an even function, it's McLaurin

series will contain only even powers, Since Cj(0)=1, this term contributes
nothing to the expansion of the characteristic function about zero.

Thus the only term of interest is the second derivative, Taking this

expansion and performing the integration (ref C-4).

* 2 nlpf -
<pp > = > 3 l exp nyz/ZV: O'ZICj’, (0), (0-24)
L4
A Veo (0
2
for C = e t*/T
* 2.2 2
<pp > =2 1 F Vz o] (c-25)

T2a(v? o2/ 12 4+ v ) 3/2
z xy

for C = e -ltl/T

Converting to differential cross section,

v \')
T,2 T
y=2 [¢|? D @ ex- hH? &2 20)
( Yz )te? «H? 22
R R
22 -
for C(z) = o e

\)
y - 4n |2 B )

= v &’ Z(V"V\ 2 302
;{_L(Z" )2 = )4 \:\R / —.

(Cc-27)

£ - -|t]/T ’
or C(t) e c-17
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81n@,a,R, (1)-s1n@,a Ry (1) (C-33)

— sing a3
174
81n6,a,Ry(1)-s1n8;a,R, (1) (C-34)
F.. = sinf
VH
88
2
.. -sin@, s1n6,s1in ORv(i)-8283RH(1) (C-35)
HH
aa,

where a; = 1+05
a2 = cos 0]18in @248in O] cos ©2 cosf

a3 = sin @; cos @2+cos @) sin @2cosp

a; = cos 8] +cos 02
ag = sin @1sin @2cosP-cos Ojcos 92
a
i = arctan
1=
%5

Fjg 1s the local Fresnel coefficient for J polarized

transmission and K polarized reception,

Since this set of equations defines a scattering matrix, the reflection
for arbitrary polarizations can be derived from it., In particular, for the

circular polarizations.

FLR - F}m + Fw + 3 (FHV'FVH) (C-36)
2

F._ =F_ ~F_ + j(F +F. )
2

Fpy ™ FHH + Fvv -3 (FHV - FVH) eas8)
2

F,. -F._ - F..+F_)

o= fmm T oy 3 By * P (c-39)

2
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A main program, used to test the subroutine and establish surface
parameter values has also been written, The test program obtains back-
scattering cross sectinns from 10 to 80 degrees, and plots these cross
sectioms along with a set of values which are input., By examining the
resultant plot, it can be immediately determined how well the theoretical

results match the measured data.

The name of the test program is TSTSCAT. The program reads in from the
teletype values for the constant (measured) plot, scale roughness, scale
slope, and permittivity. Polarization and correlation are changed by
modifying the program., The call to STSCAT is made with continuation lines
to enable modifying IPOL and ICOR with literals, Line 180 is IPOL, line
190 is ICOR. Thus, to enter a value of IPOL, the following program
modification would be made

180 &[IPOL] ’
vhere [IPOL] is the value of IPOL, to change correlation, the

equivalent modification is

190 & [ICOR] ,

A listing of the entire program, including the test drive program and

the subroutine STSCAT follows:
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ORy
230 RESULT([)=SIG OFI%%;MPAGEQ

260 10 ANGLE(]1)z10°] § %
250  PRINT 26045LP

240 260FORMAT (®SLOPE="sFb6,2)

270 PR'NT 204 (ANGLE(1)+]21410)

200 P INT 30+ (PESULT(I)+[=1410)

281  PRINT 282

2R2 202FORMAT(7/)

270 15 COMTINUE

300 50 CONTINUE

305  PRINT 306

306 306FORMAT ("PLOT *) .
307  READ 380+REP

308  IF(REP.NE.YES) GO TO 338

310 20 FORMAT (1OHINCIDENCE +10F6,2)

320 30 FORMAT({10HCROSS SECT+10F6.2)

321  NMPTs2

322 YMAX3=10

323 YMIN:-%50

326 CALL PLOT (XPLT«YPLToYMAXYMININMPT o 1436)

328  KPLT30
326 LPLTsI
327 DO 337 JPLTz1e36

320 XPLTz0e20PLY

329 LPLTIsLPLTel

330  YPLT(1)=KPLT/5,0® (RESULT(LPLT1)-RESULT(LPLT)) sRESULT (LB Y,
331 YPLT(2)sKPLT/3.0% (INGAM(LPLT1)=-INGAMILPLT)) ¢ INGAM (LPLT)
332 CALL PLOT(XPLT+YPLT oYMAXsYMINsNMPT ¢0¢36)

333 KPLT3KPLT]

336 IF(KPLT.LT.5)GO TO 337

335 KPLT=KPLT-S

336  LPLTsLPLTel

337 337CONTINVE

338 338PRINT 370

3640  READ 380¢REP

350  [F(REP.EQ.YESIGO TO 40

31 PRINT 3664

3¢2  READ 380+REP

363  IF(REP,EQ.YESIGO TO 31

364 364FORMAT ("ANOTHER ARRAY®,)

365 370 FORMAT(®ANOTHER CASE®)

370 380FORMAT (AY)

380 sToP

390 END

1010 SURROUTINE STSCAT(AINCAREFL +AOAZ sPRMT IV [POL ¢ I COR +ROUGH s SLOPE ¢« GAMDB)
1020  COMPLEX PRMTIVeBVVeBVHBHV+BHHIRVERT JRHORZ +BETA +BCON.1 s CTFMP
1030  SNINCESINCAINC)

1040  SNREF:STN(AREFL)

1050  €HOA?=S{N(AOAZ)

1060  CSINC=COS(AINC)

1070 CSREF2COS (AREFL)

1080  CS0A23C0S (AOAZ)

1082 TEMP1zAINC+AREFL

1083  [F(TEMP1,LT..00001)G0 TO 430

1090  ASzCSINCOCSREF=-5NINC®SNREF*CSOAZ
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1640 GAMMA=3,1170909E3*BETA® (ROUGH®SLOPE) #R24EXP (=39,4T70841T7# (ROUGH® (

1650 & CSINCeCOREF))I#42) /(TEMPL#SQRTITEMPL))
1660 K=SLOPE/ (14,41 48RA0UGH)

1670 670 IF(CSINC.GT.CSREF)IGO TO 730

1680 TEMP ) =ABS (SNREF/CSREF)

1690 IF(K/TEMPL.LTL.1)GO TO 730

1700 TEMP2=EXP (= (K/TEMP]) #82)

1710 SHADRZEXP (~-TEMPL #02aTEMP2/ (3,53494K))

1720 GO 7D 760

1730 730 SHADR:=EXP(=(TEMP1=K)/3,%549)

1740 GO 10 760

1750 750 SHADR:z1
1760 760 TEMPLIsARSISNINC/CSINCG)

1770 IFIK/TEMP1,LT.1)GO TO 810

1700 TEMP2zEXP (=~ (R/TEMP])002)

1790 SHADISEXP (~TEMP L 2@ 24TEMP2/(3,554907074K))
1800 GO YO 020

1810 810 SHADIZEXP (- (TEMPL1=K)/3,5449077)
1820 220 GAMMASCGAMMARSHADR#®SIAD]
1830 830 [F{GAMMA,GT.0)GO TO 870

1840 PRINT 880¢GAHMA
1RS0 850 GAMDB=299,99
1860 GO YO 890

1AT0 870 GAMDBz10%ALOG10(GAMMA)

1280 880 FORMAT(11HGANMA CRROR¢F6,42)
1890 890 RETURN

1900 END

iz
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ROUSHNESS=0, 0240
PERMITIVITY= £,50+J 1.50

SLOPE= 0.12
INCIDENCE 10.00 20.00 30,00 40,00 %0.00 60,00 70.00 30.00 0. 0.

CRO3S SECT-23.61-24.44-25.51-26.61-27.%53-23,.49-30, 20-35.32 0. 0.
GAMMA, DB
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* Theoretical
. Measured

Figure C-6--Best Match for Backscatter from Concrete at X-band, vertical polarization
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Taking the surface parameters which yield the best data at X-band and
directly scaling them to K-band yield figures C-8 and C-9. These figures
show a relatively good match between the theoretical prediction and the
measured data, A few other values for the slope and roughness parameters

have been attempted, with poorer results,

Figure C-10 shows the result of a computation for vertical polarized X-band
backscatter off an asphalt surface. Again, the only significant deviation
between theory and measurement is at angles which could have significant

specular contributions.

APPLICATION OF SCATTERING MODELS TO ILM
Information on the scattering properties of natural surface is required in
several areas of the ILM sensor analysis. Scattering data provides a

means for

o Differential cross section estimation
0o Multipath environment definition

o Mutual interference analysis

Extension of Cross Section Data

The most obvious usage of scattering models is to extrapolate available
radar cross section data. Nearly all of the measured cross section data
available is for incidence angles between 10 and 80 degrees, For the ILM
program, 84 to 88 degrees are typical incidence angles., Thus at incidence

angles of interest, very little data is available, Further, the beamwidth
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Figure C-9-- Backscatter fromconcrete at l(. band, horizontal polarization
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and sidelobe levels of the measuring antenna are not normally known., At
high incidence angles where the differential cross section is relatively
high and changing slowly with angle these items are fairly unimportant,
However, at low grazing angles, the cross section is low and varies rapidly
with angle. Therefore, antennas of different beamwidth (or systems with
diffeerent pulse width for a pulse measuring system) can have large
discrepancies when measuring the same surface, since the major power contri-
bution may come from slightly different angles. Also, when the cross section
is very low and the measuring system uses a CW technique, significant

error contributions can be made by energy entering the sidelobes. Thus,

even that data which is available at these low grazing angles is of question-
able validity., Since a computer program is available which provides cross
section data in good agreement with the high angle measured data, which is

in some sense mathematically reasonable, and which is intuitively correct,

the outputs from this program can be used with some confidence,

The same caveat applies to using the theoretical results as was mentioned
in criticizing the measurements. The cross section is changing rapidly with
incidence angle, and thus some gain function must be included in the

integration of the radar range equation

Pr - f ___7_ das (c-41)
(4w)
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In this model, all significant contributions to the received energy come
from areas where Exy<so . By extending this approximation to all
uodels the glistening surface, i.e., that area having significant contri-

bution to the diffuse multipath signal, may be defined.

It can be derived geometrically that if the area is not limited by the
antenna patterns of the transmitting and receiving antennas, the glistening

surface is approximately a trapazoid with sides defined by (ref. C-1).

8- B
o

and ends defined by

di-hi

where di is the distance to the start of the glistening

cot 2 B, 1=r,t

surface from the ith antenna

as shown in Figure C-l1,

Limiting the area of integration to this surface, the mean value of
received diffuse multipath power is given by the bistatic radar range

equation:

P--Pt"2 (e,,9,,8) G_(0,-6 ﬁ) R i)dS
r 3 fs Y (8),8,,0) 6, (8,-9., 3 ) G 6,73 (0-43)
(4r) R 2R22
where @, 1s the transmitting depression angle

O 1s the receiving elevation angle
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Many analyses (ref C-1lchapter 7 for example) have shown that the distribution
of this power is approximately uniform in phase and Rayleigh in power.

Since any other assumption yields an extremely complex expression depending
on surface parameters, polarization, etc., the Rayleigh distribution will

be assumed here, Thus the diffuse multipath appears at the receiver as an
additive noise term, which provides an upper limit on the signal to

noise ratio,

Since the width of the glistening surface is very narrow, the azimuth antenna
gain variation and change in cross section can be approximated as a

constant, The width of the glistening surface is:
w = [h2 +lh2tan02(h1-h2)] tan Bo
where h1 is the height of the transmitting antenna

hy is the height o the receiving antenna

£ is the ground range from the transmitter to the
receiver

The total diffuse multipath power is then:

P l? hlcotB° = 3 : h1
P ="t =X e e e
r 3 Y (tan = (=), tan () , 0) G_ (tan "( g5 )4, 0)
(4™ . cots 1 2
e 2 (2 -r)2 r’
h

-1, 2
Gr(tln ( ;rﬁ -er' 0) (rh1 + (!-r)hz) 2 tan Bo .
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APPENDIX D
ATMOSPHERIC ATTENUATION OF MICROWAVES

GASEOUS ABSORPTION

The absorption of microwave energy by atmospheric gases is due to cyclotron
resonance of the molecules of the constituent gases. In the frequency
range of microwave sensors, the absorption is due to the 1,35 cm resonance

of water vapor and a series of resonances of oxygen centered about .5 cm,

The general theory of gaseous absorption of microwaves has been formulated
by VanVleck (Reference D-1) and the constants in the formula measured by
Birnbaum and Maryott (Reference D-2), Artman and Gordon (Reference D-3), and

Becker and Autler (Reference D-4),

The absorption by oxygen is given by:

o 3 o 2032 |21 AV iV ©-1)
o =2 P () 7 2 * g 7 2
A A+ av, (2+1/x ) +v, (2-1/2) +AV,
where
o is the attenuation in dB/Km
A is the wavelength in cm
P is the pressure in atmospheres
T 1is the temperature in degrees Kelvin
3/4
293
Av1 .018 P ( T )
300, 3/4
av, 049 P (=)
-1
- «.CEDING PAGE BLANK NOT FILMERD
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where

a, o lé;%g is the ground level dry absorption coefficient
To

h is the altitude (Km)

k 1is the temperature/lapse rate

T, 1is the ground level temperature (°K)

-3
a, = (24 -Eg) Pw x 10 ~ is the ground level wet
20 101.3 absorption coefficient

P is the atmospheric pressure (KPa)

W 1is the absolute humidity (g/m3)

This model is useful because of its analytical tractability. Since the
maximum gaseous attenuation of interest is less than 5 dB, any errors

caused by the use of this formula will be insignificant.

ATTENUATION BY CLOUDS OR FOG

Attenuation of microwave by clouds or fog is of a considerably different
nature than that due to either rain or water vapor. This is due to the
scattering characteristics of the very small (<« .01 cm) diameter drops.

Fog attenuation was derived by Gunn and East (Reference D-5) with the results
shown in Table D-1., Attenuation at frequencies below X band are not
significant over the path lengths considered, for example at 3 GHz with a

30 m visibility, it requires a 50 Km path to obtain 1 dB of path atten-

uation,

The data in Table D-1 is presented in terms of dB/Km/g/m3 which requires

knowledge of the amount of condensed water, Based on attenuation measure-
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Table D-2. Assumed Water Content of Fog

RVR, ft g/m3 of Water
- 1,200 .065
700 14
’ 150 1.1
0 4,0

ATTENUATION BY RAIN

The attenuation of microwaves by rain isthe most significant and
simultaneously the least predictable of all atmospheric degradations,

The theoretical foundation for predicting rain attenuation is the paper
of Ryde and Ryde (Reference D-6), which assumed a particular distribution
of water drop sizes and derived expression for attenuation based on Mie
scattering. The resultant attenuation values can be quite closely
approximated by a function of the form

A = karP (D-5)

where
A is the specific attenuation (dB/Km)
a is a function of frequency

k is a function of temperature and frequency
R is the rainfall rate (mm/hr)
b is a function of frequency

D=5
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The only attenuation measurements which differed from Rydes theory via
the reflectivity approximation were measurement where there was evidence
of hail or snow mixed in the rain, In these cases, the attenuation was

significantly less than it would be for pure rain, as theory predicts,

Therefore, it appears that inconsistancies in measured data are due more
to inaccuracies in measuring the spatial and temporal variations of the
rain than to any basic fault in Rydes theory. Medhurst's minimum and
maximum limits are not reasonable for radar performance calculation,
since it is highly improbably that any rain shower would consist of
uniformly sized drops, pathologically sized to provide the highest or

lowest possible attenuation. Any arbitrary variance in attenuation would

be as mathematically viable as Medhurst's minimum and maximum,

ATTENUATION BY ICE AND SNOW

Solid water can be present in the atmosphere in several forms: ice fog

or cloud, hail, or snow, Because of the different dielectric constants

of solid water, its attenuation is generally insignificant. However,

if the solid water is coated with a layer of liquid water, it's attenuation
can be as great or even greater than the attenuation of the equivalent

liquid water particle.

Therefore, the specific attenuation of ice fog or ice clouds will be
considered to be zero, as will the attenuation of hail or snow if the

air temperature surrounding the hail or snow is below 0°C., If the
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The vertical profiles for the various cases is shown in Figure D-1,

Based on the weather cases defined above, specific attenuation profiles for

C, X, Ku and Ka bands have been computed as shown in Tables D-4 through

) D-10. Gaseous absorption was computed using the VanVleck equations. Rain,
cloud, and fog attenuations were computed by interpolating values from

Tables D-1 through D-3.

Since the fog for weather case 2 is only 60m thick, it can be assumed to be

at constant temperature, Therefore, Table D-5 is only the gaseous attenuation.
The specific attenuation of fog must be added in the first 60m to compute the
total specific attenuation., Values of fog attenuation for weather case 2

are given in Table D-ll on page D-15.
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Table D-4-- SPECIFIC ATTENUATION DB/KMs ILM WERTHEP CASE 1

ALTITUDE
FILOMETERS
0. 00
0.10
0.an
0. 30
0,40
N. 90
.60
0.70
D.30
0.30
1.00
1.10
1.20
1.20
1.40
1.%0
1.60
1.70
1.230
1.90
2.00
2. 00
4.0
s.00
e, 00
v.00
S.0n
2,0n

¢ BAND
6 5H2
0.,2000€-01
0.9042E-01
0.9037E-01
0.9131€-01
0,9176E-01
0.1015€ 0N
0.1022E 00
0.1019€E 00
0.101%€ 00
G, 10106 00
0.100%€ @0
0,1001€ 00
0.994523E-01
0,9918E-01
0.9274E-01
0,3230E-01
0,372 =01
0.97S0E-01
0,9711E-01
0. 9430E-01
0, 3459E-01
0.3470E-01
0, 9432E-01
0.9%2PE-01
0.2032E-01
0. 16%4E-01

« 2352E-02

N.2e53E=-02

Y.=BAND

9 GH2
0.277%€ 00
0.273%€ 00
0.2796E 00
0.2807€ 00
0.2317€ 0O
0.3119€ 00
0.2132€ 00
0.3117€ 00
0., 3097E NnO
60,3078 00
0.30%3€E 00
0. 2039 00
N.201%€ 00
0. 2000 00
0.2981E 00
0.2962E 00
0.2944E 00

KU BAND
19 5HZ
0.3412€ 00
0.3430E 00
0. 3449E 00
0.3469€ 00
0.8438E 00
0.3091E 00
0. %126 00
0.9026E 0N
0.9035€ 00
0.3934E 00
0.8923€ 00
0.8882E 00
0.2822E 00
0.8782€ 00
0.8732E o0
0.2682E 00
N.B632E 00

0,2928E 00 0.2%9&E 00
0. 2911€ 00 0.85%4E 00
0.2894E 00 0.35132E Q0
0.2874E 00 0.247SE 00
0, 2599 0N 0,2100E 0OOC
0,2526E 00 0.7928E 00
0. 2693 00 0.304%E 00
0.57V01E-01 0, 12%2E 00
0.4 33E-01 0.1021€ o0
0.22328E-02 0. 1778E-N1
N, BE29E-02 0.1410E-01
D-11

KA BAND
3% GH2

0. 2196 01
0,3199€ 01
0.3201€ 0%
0.2204E 01t
0.3207€ 01
0.347%E 01
0.3421€ 01
0. 3448E N1

0.34%2E 01 .

0.3438€ N1
0.3424E 01
0. 2409 01
0. 3294 01
0.3220E 01
0. 3363E 01
0.3351E 0
0. 2238 01
0. 3326E 01
0.3314E 01
0. 3302E 01
0. 3290 01
0.2172E 01
0.2119€E 01
0. 3147E 01
0.4495E 00
0. 38S1E ON
N.6311E-01
0.50CVE-01

TEMP ‘K

29%. 0000
294,3%500
293,7000
293, 0500
292.4000
291.7300
291, 0902
290.4314
289,772%
289.11323
288.4541
287.7349
287.13%7
226.4766
22%.2174
235, 1582
2£4,5512
283, 9506
282, 3701
28e.7vIS
282.1890
27€.282%
270,971
2€5.523¢
299.5714
252, 08882
24¢, 257
239. 0294
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Table D=6 ==

HLTITUDE
HILOMETERS
0. 00
0,10
0.20
0.20
0.40
0.50
0.50
0,720
.30
0.90
1,00
1.10
1.20
1.30
1.40
1.%50
1.50
1.70
1.20
1.90
2.00
3. 00
4,00
S.00
<. 00
v.00
2,00
2,00

IPECIFIC ATTENUATION DE-KMs JLM WERTHER CAZE =,

C RAND

£ GHZ

23E-02
2324E-01
0.1223E-01
0.1232E-01
0.1232E-01
0.1232E-01
0.1233E-01
0.1234€-01
0.1236E-01
0.1237E-01
0.1240E-01
0.124%E-01
0.1241E-01
0.1235€-01
0.122%e-01
0.1223€E-01
0.1218E-01
0.1187E-01
0.1133E-01
0.196%9E-02
0.1&71E-02
0.1328E-02
0.1051E-02
0.2357E-03

R=BAND

3 GHI
0.1521E-011
0.1503E-01
0.1435E-01
0.1463E-01
0.1452E-01
0.2551E~01
0. 2557E-01
0.2534E-01
0.2502E-01
0.2620E-01
0.2539E-01

0.2693E-01
0, 2721E-01
0.2756E-01
0.2749E-01
0.2775E-01
0.2781E-01
0.27338E-01
0.2796E-01
0.2893E-01
0.2381E-01

. 2435E-02
0.2031E-02
0.1616E-02
0.1228E~02
0.1034E-02

EU RaND
1S SH3Z

0, 215SE-01
0, 2125E-11
0. 30823E-01
G, 2NS1E-01
0. 3018E-01
0.5410E-01
0, S4%7E-01
0. SS0sE-01
0, SSS96E-01
0.5607E-N1
0. S559E-01
0.5717E-01
0.57%2E-01
n,Ss23E-01
0, 5321E-01

. TR42E-01
0, 5375E-01
0,5991E-01
0.5007E-01
0.5024E-01
0.2042E-01
0.6263€E-01
0.62%3E-01
N.4134E-02
0.2924E-02
N.2270E=-02
0. 12038-02
0.14%7E-02

D=-13

KR BAND
IS GHS

0. 1077 00
. 10s4E 00
0. 1052 00
1, 10408 00O
0, 1022E Qn
0. 1919 00
0, 1225E Q0
0. 13%1E 00
0.1952E On
0.132%E 00
Nn.2002E 00
0.2020e 00
0.2022E 00
0.20%7E Q0
0.207sE 00
0.2100€8 QU
0.2110E Q0
a.21146€ Qo
0.S122E 00
0.2129E 0N
0.21258E 00
0.2219% 00
0. 2212E ON
0, 1332E-01
0, 179E-02
0, 7149E-0¢2
2. ST1ISE~-02
0. 9554E=-0c

1

a1, 4000
220.5400
20, 2200

TR 000

2 X
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LA O N D TY IR |

D=0t I (TR RV TN B

AJUU RCPVRR RN I SR I I [ IR IS T S DAY

9 T T o 0 Fo P Py Tos Ty fo Pos oy [

L (CR VR (CRSTR TR TNV (Y 1]

QTR 3 EVEVEYEY

.." 0.‘ -." -." -

—- 5O & e

A o) Ty on -
e B R0 TR N (T

0 B 4O O~ e )iy b AT~ D
r
-
J
a

34,7717

U 0 ¥ ¥ M B K M XN M X L M K I K R X K



Table D-10 --

RLTITUIDE Z PAND
KILODMETERS & SHZ
0. 00 0,3527E-02
.10 0.9214E-02
0,20 0. 210VE=-02
0.3n0 0.790SE=-02
.40 a,770%F-02
0.S0 0. 7S17E-02
Q.=0 0, 7302E-02
0.7 0. 7104E=-D2
.30 N, 5305E-02
0,20 G.eTILE-02
1. 00 N, eSSFE=-02
1.10 0.5 34%E-02
1.20 0.5162E-02
1. 30 0, S932E=-02
1.40 0, S329E-02
1,50 0,S5=&cE-02
1.50 0, 5495€=-02
o7 i n,S324e-02
1.20 0. S1S9E=-02
1,30 0, 4393g=-02
z, 0N 0. 4334E-02
I 00 N, 3S42E-02
4,00 0, 270%E-n2
S. 00 0,2095¢e-02
] G, 1824E=-02
.00 0.1213E-02
3,00 0.1044€E-02
S, 00 0, 3352E-02
Table D-11,
Subcase RVR
251 1200 £t
2,2 700 ft
2.3 150 ft
2,4 0 ft

¥=BRAND
3 GHZ
0.1019€-01
0.3923E-0
0.9&77€E-02
0.94:1E=-N2
0.93192E-02
0.8952E-02
0, 2705E-N
D, S4S9E-02
0, 2e820E-Us
0.732IE-02
Q. 77ELE-DOS
0,.7S41E~-02
0. 7R7E-02
0.7119E-02
0,891 7E-02
0.5
0. 252
D.835
0.5
0.5
Q.
0,497
0,3222E=-02
0.2SSTE-0%
U.2019E-02
0.1504E~002
0.1272€=-02
0.1023E~-02

C Band
.0015
.0033
.026
.096

SPECIFIC ARTTENURTION DE-KMs ILM WEATHER

KU RAND
15 GHZ
0,1%08E-01
0. 1425E-01
0.1425E-01
. 1338E-01
. 1342E<01
0. 1311E-01
0.1271E-01
0.1233E-01
0. 1195E-01
0.1152E-01
0.1123-01
0. 1022E-01
i, 1054E-01
0. 1021E-01
0, 332SE-02
0L ISTIE-02
U, 9344E-02
0.9149%€ -0
0.&950E-02
N, 3777E-02
0.359%E-02
0.7 039E-N2
0.5237E-02
0. 332%E-02
0.2882€-02
0, 2258E-02
0.1791E-0c
0. 1442E-~02

CRSE 4

A BAND
3% GH2
0.4530E-01
0.4504E-01
N.4230E-01
0.4250E-01
0, 4142€-01
0.4027E-01
ft, 290SE-01
0. 2736E-01
':'.
0.
0.
0.
a.
a.
0.
0.293%E-01
0, 28369E-01
0.2214E-01
0, 2761E-01
0. 2709E-01
0, 2659E~-01
0, 2e22E-N1
0. 1648E-111
0.1200E-01
0.92039E~-02
Q. 7114E=-02
0,96 73E-02
0.4209E-02

X Band Ku Band
.0047 .010
.010 .022
.080 .171
.292 .620

D-15

I 0 N ¥ N N K N M H K X ¥ K 0

TEMP ‘K

268, 0000
267.3400
266.5800
ces, 0200
255, 3600
264,7000
264, 2387
263,977
263. 6180
263, 2%47
cEg. 2934
2éee. %320
262.1707
261, 8094
c61,4420
2el.08&7
261, 0499
251.115%
2e1.1811
2E1,2467
251.2127
261, R3S
2%6,9718
250, 9702
24:2,78%7
23%5.4751
222.5066
221.9449

Specific Attenuation of Fog for Weather Case 2, (Db/km)

Ka Band

.038

.082

.645
2,34
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APPENDIX E
RADIOMETRY COMPUTER PROGRAMS

. A set of computer programs has been written for use in the analysis

of microwave radiometry., The main programs are:

o Skytemp
o Pathtemp
o Bmis

The first program, Skytemp, performs the integration of specific
attenuations to obtain the radiometric sky temperature at various
incidence angles, It assumes a flat earth and a layered atmosphere,

and assumes that all significant attenuation occurs in the first

10Km of atmosphere. Thermometric temperatures and specific attenuations
are read from files pre-stored on the H-6080 disk file system, and sky
temperatures are output to the disk on a file names FLTSKY in a format

which is easy for the computer to use in further calculations,

Pathtemp is a very similar program, which integrates the specific atten-
uation to obtain the total one way attenuation on any glide path from

any altitude to the ground. It also computes the path emission observed
at any altitude (under 10Km) and at depression angles from .01745 rad to
.157 rad (1° to 9°), for the ILM weather cases, Its output is to a disk

file named FLTPATH for path temperature or FLATRANS for path attenuation,

I B M K H M ¥ ¥ M K U &4 K U B K H X K



Program Skytemp

10 DIMENSION ALPHA(2RB419) ¢ THIK (2B8) +THED(18) ¢ TSKY(18¢10) +TEMP (28410)
. 030 . NATA THIK/20#®,) 881,/

44 CALL ATTACH(2C+*DO004LR/FLALPHAS*43404154)

65 CALL ATTACH(21«'DO004B/FLTYEMPI®*«3430¢]ISTAT)

-85 .. REVIND 20 C e e 3 i ° cak? ¥ Ry ° . -
7 RFvIND21
4% FEAR (200241 4FNL=49) ((ALPHA(T0J) e121428)4J=1410)

.40 49 READL(219262+END=50) LITEMP(ToJ)e]=14928)4J=1010) B,
5n S DO 20C K=1.418

050 IF(KsCEL10) GO TO 100
. 070 THED () =K
N&o THFTA=zK /57,29
020 GC TC 120
100 100 THED (K} =K-9
110 THETA=THEDR(K) /5,729
120 120 CCNTINUF
2130 . L SIN(H=SIN(THETA) § el s e o
1640 DO 19C L=1+10
161 JF(KeNEo1)GO TO 145
145 145 CCMTINUE = B . B
) ATTFENJ=1, :
148 TSKY (KoL) 20,0
-.150 ".....LO 1632 I=1l+28 . ‘
140 ATTFNI= ATTENJ*FXD(-.23iALPHA(IoL)*T“lK(l)/SlhTH)
170 TESKY(Col) = T<VY(K0L)O(ZOO.OT‘MP(IOL))'(ATTENJ «ATTENI)
—~JRO...... ATTENJ=ATIENT .. . . ... _. R

190 190 CONTVINUF
2n0 200 CONTINUF

—210. . CALL ATTACH(22+'D00048/FLTSKY$*93404¢]STAT) .
220 RFWIND2?2
230 WRITE(224260) ((TSKY(1eJ)el=1y lB)OJ 1+10)

- 240 2640 FCRMAT(6E12,4) . !
261 24)1 FCRMAT(2(10F12,4/)+8F1244)
262 242 FORMAT(14F&,2)

—.246. .. CALL DETACH(20WISe) oo L ol
247 CALL DETACH(21+154)
248 CALL DETACH(22415+) :

~.2%0 — STOP ... .. ..o o
260 END ,

I § ¥ ¥ K ¥ ¥ N XN M UM & § B 0 K K K E



Program Emis

— —

=670 BIFENSION GAMSUM(24¢1R) sREFOUT (18) +GLTMP (10) +EMSV (2) «SPEC(2) +SPSKY (10).
11 DIMENSTON SPCSKY(9,10) )
012 DIMENSION TSKY(9+10) oWXCS(10) ¢TD(1042)

014 PIMENSION TAPP(1042) ¢ TSPEC(1002) «TEMIT(1002) +EMIT(2)
020 NATA RGHoSLP ¢PRMPE ¢PAMIM/ 4543024106010,/

02% NATA GLTMD/205, (A%282,742684/

26 CALL ATTACH(214'NOONGR/OUTPUTS 43404150)

T 027 PFWIND 21
030 DATA DINC/89,/

3] CALL ATTACH(2Ne*NN00GE/FLTSKY2?434NsTSTAT )

. 32 QEWIND 20
023 OFANI20434) ((SPCSYY(T9J) o1=21e9) o (TSYY (K eJ) eK=149) euz1410)

034 24 FCRMAT (AF1244)
025 C40 PRIMT 36
036 036 FORMAT ("ROUGH SUPEACE PARAMETERSIPGHSLP sPRMRE 4PRMIM")
017 BFAD 38eNAT1eNAT24DATINATS
038 0238 FCRMAT (cER &)
039 KEPFEC=QC =L 1NV
740 AINC=DINC/87,29
061 [F(NAT]LEN,04)AN TO 433PGH=NPAT]IISLO=NAT2ERURE=PATIIPIMIM=DATS
‘02 FATﬂ V'xc‘/l.".?.‘02.2.2.3'?.“030103020303030‘00‘0.0/
063 063 EMIT2:0,
Naé RUMZ1T0,0
065 FMITIZ0,0
050 NN 428 J=141°
060 GANMSLIM(]l4J) =0,
n70 GAMSUM (240020,
J=0 PFFOUT(J) =108 j=as
na0 ACFFL=RFEAIIT () /57,29
100 AP 427 I1=140
110 ADAZ= (1=1)/5,729 ‘th;
120 CEINC=CASIA[MC) Op Wq,
130 CSRFF=zCNS (ARECL ) ' IUO& P40
140 CSOAZ=CPS(ADA7) QU IDID
150 SHINCZS M (ATHC) %’
160 SMREF=SIN(APEF() 2
170 SNOAT=ZSIN(ANAY)
170 A2=(CSINC*SNDEF4SMINCHCSRETHCSOAZ) 442
190 B3z (SNIMCHCSOFFeCSIACHSNRTFICSOAY) 82
250 AS=SNINCRSNREFRCSNAZ=CSINCRCSREF
210 CeLIM=(1,-A%)/2,
220 SULIM=(144A%) /2,
230 CALI FRSMFTL (SMLINICSLINGPEMOF ¢PDI] 440V ¢RH)
340 FCAMZA28 (AYe (SNRFFHSNNAZ) ##2) / ((1+A%) #82)
350 FrI5z(SATMCESHNAZ)#R2% (A3+SNOAZRR2) / ((leaS)aRD)
350 FYYSI=SNINCREI+GNREFHR2-2 RSN NCHSNIEFRCSOAZ
370 F2(helBF | RERCHE (CSIVCoCSRFF) ) #a?
371 IF(CelLTel2e%) 6N TO 377
372C RARRVERY QNUIAH FYDNNPNTI AL #aan
373 TFND]:G.Q?o39.676FQ¢LDI’I?!EXYSQ
374 OFETzTR,95ANGHG| DRRD/ ((CSTNCOCSOEF) #R2ATEAPIREART (TFMP] ) )
375 GO T 470
e 3767 *RRES{[GITLY BAUGH SYPANTSNTIAL®an#
377 377 SUMG=C,N
378 SaLST=0,
379 FACTM=1,
. 340 GTOM=1,
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790 470 CCPH“AT("TWFTAD VERTIC2L PRI ICNT AL M)

RGO 4RC FORMAT(FS5,1elYeFll,b4alXeFl]e4)

B10 695 FOCMAT(10(2Y eF 3,1 el (AY4CE, 1) eTX46(SY4FS,1)7))

825 R2S FORMAT(TULCATHER (OXGEHNTEFLISE (22X ¢ QUAEFCUL ARGIXRUFHTITTEN o 2%

8261 FHARCADES To 1 IX e BURTFIUSE o2Y ¢AHSDECUL AR XoSHEMITTEN +2¥ ¢ BHATPARENT)
B27 R26 ECRMAT ("™ CACKF" b XaHGKVY ¢ TY qAHGKY QIS A" TFMNERATUREY ¢ 10X e 31SKY o
828 TX 35 Y 15X " T DERATIIOTH /1 OX 4 "VESTICAL PALARIZETIAN" 420X s

P29" 20X "HORIZONTAL POLASJ2ATINR")

R30 PFAN 48247 IMC

840 4E2 FORMAT(F10,4)

RS0 IF(OIVCeNELCo)GR TN 40

RE] CALL DFTACKHI?2CISTATS)

e 2 CALL “ETACH(21eT3TAT4)

858 CALL PETACH(214154)

850 STOP

870 END

8R0 FUMCTIAN SHAL (SLCPeTANA)

8Q0 THET=SLNP/TANE .

900 EOFC=45/((1¢¢2TR3034THET+,2203RQ#THFT##24, 0007724 THFT##3,,07810E#
9106 TUFTaR,) #04)

920 SHANZFXP (=S¢ TANAREOFC)

930 870 PFTLIRN
940 880 FORMAT("SHARNYING QUESTIOMAPLF)

950 EMD
1000 SURRQOUTIMNE FRSNVEL (SMLIMOCSLINIPRMRE o PRVIN IRV 4 Q)
1010 R]=PAIMPE~SNL IN
1020 AGSO=SORT(P1#R2+PRMIMRHD)
1030 R2=,5®#ATANZ2 (PRMINM/A]Y)
1040 CSR=C0s(P2)
105¢ SNR=SIN(R2)
1060 PNORV=PRMRF ®##2+PRMIM# 22
1070 RV ((PNORMECSLIN) #2264 #A685Q% (PRMRERSNB) #R2RCSLINCALSINRD 2 H
10806 - AGSORPNORMRCSLIN) /7 { (PNORMRCSL INe2®
1090 & _ SORT (AGSORCSLIN) # (PRMRE®CSB+PRMIMASKB) +ALSQ) #42)
1100 CONTINUE
1110 RH= (CSLIN®R24A6SORGASNBAR2RCS| IN+ASSORR22RA6SORCSI TN) /7 ((CSI INe
11206 2%SORT (" .
1130 & AGSORCSL IN) ®CSR+A6SQ) #02)
1140 RETURN ‘ -
1150 END
GF B
PooR qu I

E-7

I M N M MM U H N M U & U 4 B N H K K



6°s€2 9°6 £°922
9°182 2°01 9°1L2
2°182 2°01 %12
o°6L2 2°01 8°892
9*8L2 2°01 2°a92
L2 2*°01 9192
2°992 2°01 0°9s2
9°Ls2 2*ot LAV ¥4
L°962 2*o1 $°992
2°€e62 9°01 2°e82
NO1LVYZIiyvI0d TviINOZ1uOMH
NLVYIAW3L ANS
in3IY¥vday G3111W3  8vINIids
0°68=379NVY 4DN3QIDNI 0°Sulre2®°t =AL1lAl}]lwd30
9241 2°68 9°2%
LoLLe 1°96 (TR |
9°992 1°%6 L6991
9°642 1°%6 £°6s1
9°962 1°96 2°Lsl
1°681 1°96 L°€6
6°991 1°%6 3°1L
ce8sl 1*°%6 9°¢9
9°Lst 1°%6 L°29
9°962 2°66 0°881
NOILVZI¥vIOd TviINOZ 180K
3aNivd3dwil ANS
IN3yvddy a3111W3 avINI3ds
0°998=3719NY 3IDONICQIDNI $°0 M+5°s =ALIALl}1wy3a
s°Ls1 5°8L 9°6L
0°18¢ L°28 2°961
s*9L2 L°28 2261
8°692 L°28 3°sh1
0°692 L°28 0°¢81
1°212 L°28 8°otl
s°L81 L*28 $°901
9°9L1 .L*28 $°¢c6
L*sit 1°28 9°26
L°962 €°98 0°402
NOI1L1VZI¥VI0d TIVINOZIYOH
EL VR . ERTE JY ANS
INIyvddyY Q3111wW3 ¥YINDadsS
0°98=3T9NVY 3DON3QIDNI €°0 Fe$°S =ALIAlllwy30

0°0 9°992 2°e92 Ut 0°0 0°y
0°0 LAS T4 6°LL2 (34 1 0°0 L 2 1
0°0 L2 ¥'P4 6°LeL2 st 0°0 €°¢
0°0 R 2 1°Y4 6%l [ 4% 0°0 2°¢
0°0 »*1a2 6*LL2 $%c 0°0 1°¢€
0°0 9°142 6*LL2 $°t 0°0 y°2
0°0 ¢°luwe 6°LL £t 0°0 €°2
0°0 1102 o*LeL2 2°t 0°0 2°2
00 1°182 6°c22 2%t 0°*0 1°2
0°v L°¢6¢ 0°062 L°c 0°*0 0°1
NULLIvZ]dv10a TvD1L183A
AXS 3dNivadcaldl ANS ANS sYd
asnadliy ik3davady JA11IW3  davInNdias 3ISN441Q  Y3IHAVIA
CO0°1l =rlO9N31 NOLLVI3I6E0D J01°0 =5S3uHONOY :3a3l3iwvavd IDVIHNS
L9 . 9°1¢e¢ 1°312 L*el L°0 0°y
G°®S L°6L2 1°0¢2 0%ty L®sS L 2 1
8°¢ 6912 1°0¢2 9°0Y 2%y €°¢c
2°t L°12L2 1°ve2 1°8¢ 9°¢ 2°¢
1°¢ y*1L2 1°0e2 %Ly $°¢ 1°¢
[ | 1°952 1°G¢e $%2¢ s$°1 »°2
6°0 2492 1°0e2 et 1°t €°2
8°0 £°99¢ 1°0¢t2 2%l 6°0 2°2
"0 1°992 1°0¢2 1°s1 6°0 1°2
2% L°%62 1°0%2 2°sy [ o°t
NOILiv2laviUa TVOI1133A
AXS : JuNnivaiacail AXS ANS 3svd
Iscddlu 1ivdavaoy u3lilwd  avu1I3daS ASNIIIT  dIHLVIN
02°0 =rlON3T NOILVI3daud 280°0 =5S3INHINJL :sedlinvuve 3DVINNs
€°0 o*Le2 €°912 9°0¢ €°0 o'y
1°2 2°1w2 222 L°0s €°2 L 2 1
9°1 9°6L2 2%el2 L°67 8°1 [ 1
[ | 9°eLLe 2°v22 0°eY [ | 2°¢
el 9°LeC w22 8°LYy s°1 1°¢
9°0 9°292 2°%°622 P 17 9°0 L At 4
%%0 9°662 2*uee [ 4 9°0 €°2
£°0 1%°292 2%el2 2°%%2 9°0 2°2
€0 §°2s8¢ rad Y44 6°¢c2 9°0 1°2
£t 8°%62 1°6¢2 0°€sS 8°¢ 0o°1
NulivZiaviua WIlld3A
AXS 3dNivalonit ANS ANS 3svd
3Srddla lvauvddy J3LLlWd  avInNdias ISN3410  Y3IHLVYIA

02°0 =Hi9N3T NOlivi3asud

*80°0 =5S3NHON0B

$Su3limvuvd 3IDVIUNS

E-9

I F B ¥ M M M E X M M K K 80 K KIXEZ



v el
°8%2

I 44 174

L%°022
1°612
9°0€1
1%001.
€00
y°L8
1°292

AXNS

e )
6°842 0
ST 0
v €2 0
$°L€2 0
31 *0
9°501 0
1°¢6 0
1°26 ‘0
0°zi¢ 0

NOILVZI¥VI0d IWINOZIUOH

3uN1V33IgN3L
ANIyvddyY

0°9933T9NY 3ONIAIONI

G3141W3 UMY WND3IAS

0°s0Fe2°¢

=ALl1IAlL1Iny30

6°t
0°0¢
tAg 24
1701
s°el
L°L
<°s
8°y
Ly
6°6%

AXS

asnidla

00°1

2eaLl
€°992
y°2¢2
1°992
€°cy2
1°€02
L°061
0°981
9°¢81
$°€62

3dNAVdIdwii
AIN3uVaagy

9°¢l
* 151
»°1s1
’°1sl
yisl
*°161
°161
yol1sl
9161
0°us!

%9
1°%e
. ﬂOOF
9°yL
[V 7§
1°99
3°¢ce
%62
(Y4
19T

6°c
L T4
$°12
1°91
§°Ll
s
**°s
Ly
9%y
6°9y

NULLVZ1daviua Tvdliu3A

ANy

J314IW3  av i diaas
SHIONIT NOLLVI3BB0D 001°V

=SS INHYNUG

AAdS

0°y
€
€°E
2°¢
1°€
L 3 4
€°2
2°2

1°2

o°t
3svY

3SN4310  ¥3IHLVIA

:5ddl3davavae ADVINNS

E-11

I 0 ¥ ¥ ¥ M K K N M M 4 ¥ H I X X X X



L°L9 L1°L1 8°1y 29 1°991 €°9s1 6°¢ 6°L

0°y
LoLze L8l 811 2°L9 1°092 6°991 2°¢€l 6°19 L 2 3
€°102 L°81 0°%€1l L8> 0°¢ge2 6°991 $°21 L°SY €°¢t
0°s01 L°01 L°s21 9°0% 6°912 6°991 L1t €°ut 2°¢
9°€01 L°91 8°%21 6°6¢ -2°%12 6°991 9°11 L°Le 1°¢
€°601 L°91 LA 73 2°91 s°iet 6°991 6°9 9°s1 L A4
€°Le L0l 0°LS 9°11 s°ist 6°991 €°S Z°11 €°2
1°62 L°81 €°0$ 1°01 . coll 6°991 L% L6 2°2
¥°8L L°81 8°6" 6°6 1°641 6°991 9%y 9°6 . 1°2
©°062 $°61 €°6%1 1°221 6°162 1°2L 6°¢l 6°501 o°1
NOILVZIY¥viI0d IWINOZIYOH s NOIivZ1lavi0o V¥IO1143A
38NiVY3IdW3Il ANS AXS 3uNnivaide3l ANS ANS 3svd
AN3I¥vddyY G3111W3 dvINIO3dS asnddia iN3avday d341iw3d  wvINd4aS 3SN441d  d3HLV3ImM
0°%8=3T9NY 3INICIDNI 0°01r+0°01 =ALIAILIWYIO O0Z°F =HIONJT NOIL1v13950D J0S°0 =SS$3NHON0G :vudiduvava Idviung
2c6ll €°6¢ €°9¢L 9°¢ 9°C22 1°112 8°¢ 9°¢ 0°e
5°092 $°ly 0°061 - e6°¥2 L°992 Lez22 $°ol y°L2 L 2l 3
L°8%2 S°ly 2°9%81 1°12 €°Ls L0222 2°91 €°0z £€°¢
0°6¢€2 s°le 6°6L1 9°Ll §°€s¢ L0222 Lt et 2°¢
0°8€2 s°ly 2°6L1 €°L1 2°¢ese Lezee L°el §°91 1°¢
€°seLl $°ly L°921 1°L *°6¢t2 Lo2z2 L6 o°L y°2
9°L1 $” 1y 1°101 1°¢ $°se2 L0222 L°eL 0°¢ €2
»°9¢l1 s°1e 9°06 9%y 0°4€2 L0222 6°9 9y 2°2
s°stl $°1y L°68 LA 6°¢€ Lezee 8°9 €y - 1°2
1°€62 €°cy | 9°861 2°1s $°€t62 ¥°2¢2 2°sl 6°s% o°1
NOIAVZI¥v1I0d TYINOZ1MOH NOi.¥Z21dvi0g Tvdlla3A
3UNLVYIdW3L ANS AxS 3dNivadonil ANS AXS 3Isvd
AN3yvddy Q3111W3 ¥YINI3dS 3srdsld indavddy G31tIw3d WY UDPaS ASNI4IQ  A3HLIVIM

0°98=370NV 4ON3QIDNI  0°01F+0°01 =ALIAlLIWYIG 02°€ =HIO9N3D NOILVI388GD 00s°0 =S33NHUN0Y 5¥3i3wvyvd JDViang

E-13

H 0 XN M N M H H M K X U B K I XK d X X



0%2L°0¢ 0es°le £9s°2¢ 62l ¢t £90°s¢e LS%°9¢ 006°2L¢ 0Bt *6¢t 5L8°0%
€6L°€SC 229°8S2 S%9°¢97 129°892 (2BO°E€L2 128°9:2 $92°6L¢ 0%2°0b2 €15°182
912°881 091°261 %28°861 9L7°60Z 210°912 S91°62Z 1Bu°6€¢ S%1°8S2 L01°192
628°BE1  692°BEl E€9S°BEl 261°Lel €E€%°SEl  990°tel YE%°621 295°221 2se 021
LL6°EET  B9L°2Z€T1 0%2°2€1 L1L4°621 112°921 682°1¢1 €80°c1l 191°96 €02°16
11g*L8 ST1L°€6 COE°TOT €T¥ Tl  LL2°221 61S°8ET 925°091 €%1°961 9€1°0%2
296°SS 920°6S 626°29 6L9°L9 08e°*cl 1s8°0u oev°16 980°601 '96l°691
LY 9y 992°99 $29°8Y LH%0°1g sE6°€S sol®Ls 66v°09 6L8°S9 Eve®se
696°¢tY %Ee2°%Y 09€°LY 20L®64 O%g°®2s ¥Ll°ss 91t *uYs 6L0°29 $00°¥9

AN NN SO
o 00 0 00 0 0 o0
NNNNMMOME

SBL°CBZ €£90°€82 969°c82 L9VU°SHeZ €E6L°942 216°692  2L2°06¢ 064C°262 9Ew°c6C 0°1
930 6 *93Q 8 *93Q L *Yay 9 *Y3aqg s *9340 ¢ *933 ¢ *93u ¢ *930 1=3407¢ 3svo
33179 ¥3H1V3A
91=39NvY
SB9°%1  '606°91  LEI®ST  L9t°S1  66S°S1  9€8°S1  €L0°91  GIE°91  255°91 0°y
Y18°292 9€2°0S2 099°1SZ 26L°992 922°1.2 s81°2L2 981°2i¢ %01°2.2 €@8°1.2 vE
620°6E1 SOI°SYl €2L°€ST 207"%91 €64°LL1 E1€°Gwl BSE°6L1 952°8L1 60L°9L1 €°€
690°6S  ¥81°8S  880°LS  69Y°SS  2EL°ES  992Z°€Ss  L2€°€S  LLE®ES  YLE°ES 2°¢
Tig®1s LO%*6Y €86°99 L9L°¢€Y $62°%6¢ €Z22°s¢ 1L9°8¢ 1L°8¢ 2e6°dt 1°¢
%68°0L L09°9¢L 899°¢8 1L9°26 882°901 66€E°021 9€6°t»l €60°181 0d9°2%2 L i 4
€06 °9¢€ 629°8¢ €ee2° 1 295° 99 156°6% 822°%sS €eL0®s9 0v1°twu €7t ®0ll €%
BL6°€2  129°9Z  69€°SZ  911°9Z  ¥91°LZ  BE%°8Z 9sZ°Ut  119°€E 8L’y 2°2
2L6°22  66%°€Z  %90°92  28Y°92  1BE°SZ  $12°92 WwOE°LZ SE0°62  0SZ2°EE 1°2
7L9°682 £92°062 608°06Z 2Lt°162 826°162 669°262 9L0°t6Z 099°€62 9LZ2°%62 0°1
*930 6 °930 8 *930.L 94U 9 °*93IC § °*93G 9 °930 € 936G Z  *930 1z3407S 3svd
33179 ¥3H1V3N
o . .2 =3SNYE
~LL2°S " L16%°S  128°S  SS9°S  9LS°S  968°S  099°S  %29°S  0%6°S 0°y
191°261 690°161 L2L°681 299°061 SBE°L81 0L2°%s1 210°681 166°LS1 092°76 v'E
€L6°08  999°08  992°08  %1t°08 €29°6L 118°¢ €1s°6L 91L°9L  915°09 €°¢
6%0°61 1s0°61 8%90°61 $L0°61 250°61 920°61 a6u*el Ovo°*8l 196°c1 2°t
S99°€1  164°€1  2IS"€l  LSS"ET  B89S°El  926°CT  699°€l  926°E1  290°€1 1°¢
€08°6S  EBS°S9  169°2L  618°T8  €06°t6  949°011 OI%°GEl ws6°221 199°%E 92
0L9°€2 . WES°SZ  906°22  9EU°IE  LOE°SE  €95°1% $99°1S  8€2°ls  68S°9y €°2
189°01 2LL°01 ee1°11 gIv° 11 092°21 2sl°el 689°%1 908°%1 1s2°921 2°2
22%%6 566°6 LLLte geL"01 6%9€°01 S56L°C1 09s°11 109°11 oyZ*11 1°2
191°4S2 L10°9S2 2E6°9SZ €£21°LSZ 211°2$2 882°672 9IL°9sZ 169°S61 32.°201 . o°1
*93Q 6 *930 8 *930 2 *944Q 9 *930 ¢ *934 & °944 € *930 ¢ *930 1=3407S asvd

El @b Y3IH1V3IN
.- ) ’ *HM 2 =3SNVY
: S3AIYAUYVIILHAL WAV

E-15

I 0 ¥ ¥ M M M ¥ M H M X K 4 0 K M K E



APPENDIX F
MLS CONFIGURATION K AIRBORNE EQUIPMENT

PHYSICAL DESCRIPTION OF FAA-K AIRBORNE EQUIPMENT

The H-80 Airborne Equipment Set offers operational and installation flex-

ibility through compact, modular equipment packaging.

The H-80 airborne system will meet all FAA-K equipment requirements, Figure F-1
shows two airborne sets in a typical redundant aircraft installation,

Features include a standardized package design and simrlified interconnections

that will permit straightforward installation of the equipment in the DC-6

or CV-880 aircraft, When the airborne equipment is used in the dual con-

figuration illustrated, provisions are made for interconnection of the

two HN-700 Angle Receiver/Processors to implement built-in cross monitoring

capability,

The physical characteristics of each H-80 subsystem are summarized below and

discussed in detail in the following paragraphs.

Physical Characteristics of H-80 Equipment Set

Angle Rec/P DME I c 1 Uni Antennas
gle c/Proc nterr, ontro nit (HL-181 HL-362
(HN-700) (HN-800) (HC-400) ) éHL-363;
Size 3/4 ATR long 1/2 ATR 5.75'"W, 4"H, Not Defined
Short 4,125"H, 5'w, "

2.5"D 6"D ”
Weight 20 1bs 10 1bs 3 1bs 11b Not Defined
Power 145 w 40 w 15w -- --

F-1
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Although the HR-800 DME Interrogator is considered an integral subsystem,

the HN-700 Angle Receiver/Processor can operate independently,

The H-80 airborne set is designed to use about 200 watts of 400 Hz, single
phase, 115v aircraft power, The HN-700 connects to the aircraft power source

and supplies the required dec power to the other units as required,

The airborne units have been designed for hard-mounting in the aircraft, and
will operate and withstand expected prototype aircraft environmental conditions:
Temperatures -40 degrees to +65 degrees C
Vibration +2 g's per MIL-STD-810B (Curve B, Figure 514-1)
The HN-700 is packaged in a standard 3/4 ATR long case and has been dimen-
sioned for hard mounting to the test aircraft equipment rack for ease of
installation, Mechanical holddown clamps allow quick installationand removal
of equipment., Plug-in circuit boards allow fast replac’ment of defective

circuits for ease of maintenance.

System interconnections have been simplified and provide ready access to
connectors and test points for in-flight equipment monitoring during the

test program, These connectors, as well as the test point access, are

located on the front panel., The HN-700 interconnects to the HC-500 control
unit for channel select and azimuth and elevation path selection, Additionally,
The HN-700 provides basic low dc voltages, RF signal down conversion, and a
frequency synthesizer signal for the HR-800, The HN-700 angle deviation out-
puts are scaled to standard ILS course width sensitivities and are therefore

+ compatible with the existing set of avionics in the test aircraft,

F-3
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PERFORMANCE CHARACTERISTICS OF FAA-K AIRBORNE EQUIPMENT

The performance characteristics of the configuration K-FAA Airborne Doppler
MLS Equipment Set, designated H-80, will meet the FAA requirements for high-
capability guidance equipment for aircraft engaged in autoland operations

at primary hub airports,

The H-80 airborne equipment has been designed to provide precise takeoff and
landing terminal area guidance information, under Category III weather
conditions, for fixed-wing civil aircraft operating with autoland avionics at
suitably equipped major runways. The airborne set will provide the accuracies

and functional characteristics in Tables F-1 and F-2,

The HN-700 provides the 200 channel frequency synthesizer, down conversion
of both the angle guidance and DME, as well as the signal processing for the
angle data, The accuracy of the angle guidance information is preserved
even under heavy multipath conditions by the use of a digitally implemented,
matched tracking filter that acquires and tracks the direct signal, 1In
acquiring the angle data, the processor employs a search algorithm that
prevents lock-on to bright flashes or other spurious signals. Once in
track, the receiver verification circuitry continuously checks the video
spectrum to assure that the tracked signal is the correct one. In case of

failure to verify, the receiver 1is forced to re-acquire the signal.
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Table F-2, Specific Performance Features of Configuration K, FAA
Airborne Equipment

Item Description
Lateral Path

Azimuth Select Pilot select of *30 deg in 5-degree increments

Sensitivity ILS compatible deviation with course softening
option within desired range.

Wide Angle +60 degree suitable for display.

Missed Approach Automatic front-to-back AZ switching with
DME,

Vertical Path

Glidepath Select 2 to 12 degrees in 0.5-degree increments
Sensitivity ILS compatible, with course softening option
within desired range,
Coordinates Conical, with option of ELl planar equivalent
through DME algorithm,
Flare Altitude and Rate Suitable for Collins 860F-1 display and
11SA435 A flare coupler,
Range and Range Rate Suitable for Collins 860-3 digital DME
indicator,
Monitoring On-line monitoring, self-monitoring push-to-

test confidence test, Comparison test,

Altitude/Range Discretes Marker beacon, flare, and decrab options,
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pushbutton and MLS subsystem status lights which are activated by the
self-monitoring circuitry in the MLS equipment. The HN-400 control panel
further provides access to the HN-700 microprocessor programming, wherein
certain operatimal options may be implemented, For example, although
normal Elevation 1 output is conical, both deviation and total angle may
be converted to a planar equivalent through keyboard entry of proper

coding to implement an appropriate DME conversion algorithm.

The HL-362 and HL-363 omnidirectional antennas are provided to assure
full MLS airborne antenna coverage during the diverse aircraft maneuvers
associated with curved approach paths, missed approach, and departures,
The HL~181 sector horn antenna provides effective gain enhancement of the
guidance signals, as well as assuring adequate coverage for the critical

final approach phase of the terminal area mission,

F-9
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