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PREFACE

This report presents the results of a study effort to develop an
improved technique for the flight measurement of aircraft antenna radia-
tion patterns at the Air Force Flight Test Center (AFFTC), Edwards AFB,
California. The study effort and tests were authorized by the Aircraft
Antenna Pattern Synthesis Technique Study Plan, February 1974, and the
Test Plan for Evaluating Techniques of Determining Aircraft Antenna
Radiation Patterns, nugust 1974, The tests were conducted In October
1974 and Decembher 1974 under Job Order Number SC6341., The results of
the tests, which were used to show the validity of the data processing
techniques, are shown in appendix D of this report,

The format of this report was developed to make this report more
usable to Project Engineers of the .Systems Engineering Branch at AFFTC.
As such, information is presented to give a novice, in the field of
antenna radiation pattern measurement, sufficient background and
knowledge to perform an accurate evaluation of aircraft antenna

radiating systems,

The author wishes to acknowledge the following individuals who
were instrumental in the preparation of this report: Mr. B,
Lyle Schofield, Chief, Flight Test Technology Branch, for guidance
and editorial comments; Mr., Alfred H, Boyd, Systems Engineer, for
providing technical expertise; Sgt James N. Robertson, Engineering
Aide, for assisting in the development of the computer software;
and our secretaries Mrs. Dorothy M. Shaffer and Miss Mary Jane Gugliotte
for their tireless efforts in transforming this report into its final

form,
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INTRODUCTION

The dynamic measurement of aircraft antenna radiation patterns
has been a time consuming task which usually produced results of marginal
utility. The classical cloverleaf flight pattern, used in the past,
produced one antenna pattern with 12 to 24 data points and required
1 1/2 to 3 hours of flving time. The severe limitation of the minimal
data samples and the high cost of flying time has rendered this
technique obsolete and created a requirement for an improved method.

The techniques reported here were developed to provide the Systems
Engineer with the tools necessary to conduct an accurate and efficient
evaluation of aircraft antenna systems, To accomplish this, a semi-
automated system was developed which permits the aircraft to fly a
variety of flight patterns and produces continuous 360 degree antenna
patterns,

The concepts of dynamic measurement of aircraft antenna patterns
presented in this report are the results of a survey of the field of
antenna pattern measurement., The technique developed at the Air Force
Flight Test Center (AFFTC) drew upon the concepts being used by Rome
Air Development Center (RADC), Naval Air Test Center (NATC), and others,
The result has been the development of an efficient dynamic aircraft
éntenna pattern measurement system,

This system was developed and tested in the Fall of 1974. The
initial testing was accomplished at the Precision Antenna Measurement
System (PAMS) at Griffiss AFB, New York. PAMS is the most modern
dynamic antenna measurement facility in the Air Force and data collected
there was used as a standard for comparing techniques. Further testing
was accomplished at Edwards AFB using a C-~131 and an PF-15 aircraft. The
results of these tests are shown in appendix D.

The body of this report presents information which can be used by
a Systems Engineer to conduct an efficient and accurate evaluation of
an aircraft antenna system. The report is arranged such that it can be
used as a handbook for planning, testing, analyzing, and reporting tests
by Systems Test Engineers.

Appendix B and C of this report provide documentation of two sets
of computer programs. These programs constitute a complete data reduction
package to assist in the planning of flights, processing of radar
position tapes and signal strength tapes, and plotting of measured
effective radiated power (ERP) of each received signal.

AIRCRAFT ANTENNA PATTERN MEASUREMENT TECHNIQUES

There are several techniques available to measure aircraft
antenna radiation patterns. Each technique has advantages and
disadvantages and each vary in accuracy, cost, complexity, and usage.
This section will present an introduction to each of the four basic
techniques: (1) theoretical, (2) modeling, (3) dynamic, and (4) near-
field. No attempt is being made to present all the details of each
technique, but only to present the basic concepts of each and how

1



they are used. If a more detailed understanding of each of these
techniques is desired additional material referenced in the bibliography
may be used.

THEORETICAL

The theoretical calculation of *lie radiation pattern of an
antenna mounted on a complex structure, an aircraft for example, has
[ only become feasible with the development of the modern high speed
i computers (reference l). Since the computation involves the solution of
i numerous differential equations, this technique is dependent upon the
speed of the computer. Normally, the use of this technique has been
! restricted to initial design stages where the goal is to locate the
i antenna in the best position which will produce an acceptable radiation

pattern,
1 The main advantage of this technique is that the radiation pattern
of an antenna can readily be evaluated at various locations on the air-

craft once the aircraft structure is modeled into the computer. This
permits the rapid, low cost evaluation of aircraft antenna radiation

‘ patterns and allows the designer to locate the position on the aircraft
which has the best probability of producing the most optimal pattern.

l The prime disadvantage of this technique is its sensitivity to
errors. Aircraft VHF and UHF antenna radiation patterns can be very

{ sensitive to small dimensional errors in modeling parts of the aircraft

| structure. The area within the near-field region of the antenna (within
a few wave lengths) is especially susceptible to these discrepancies,
Since the aircraft structure is only approximated in the computer
program, the calculated patterns can have numerous discrepancies.,

A number of computer programs have been written which calculate
the theoretical radiation pattern of antennas mounted on complex
structures. Each program uses approximation techniques to model the
shape of the aircraft., The most common technique is the wire-grid
approximation which approximates the aircraft structure by a series
of wires. Figure 1 shows a typical wire-grid approximation model.
A second modeling technique is the geometric approximation which app:roxi-
mates the aircraft structure with a series of simple geometric shapes
(reference 2).

i Both of these methods only provide approximate shapes of the

! aircraft's actual structure; therefore, the accuracy of the final

' result will depend upon the significant deviation of the approximated
4 aircraft structure from the actual structure. Hence, the accuracy

| of the prediction will depend upon the user's ability to include all
significant portions of the aircraft's structure in the model.
Because these approximations can never eliminate all errors in the
shape of the structure, theoretical patterns should be considered as
producing an approximate shape of the actual antenna pattern.

MODELING
The modeling method is the technique most often used to measure

ancenna radiation patterns. This technique uses a model of the aircraft
mounted on a pedestal which rotates the model around its axis while the

12
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antenna patterns are measured., The models can be of any size and are
normally mounted in an anechoic chamber or an outdoor range, RF
absorbing material will cover all surfaces which may cause urwanted
reflected signals. The largest of these facilities is located at RADC's
Stockbridge Range, where an actual B-52G is mounted and rotatec on a
pedestal (figure 2).

With the modeling technique, the transm! tter is normally mounted
within the aircraft and the frequency increased by 1/N, where N is
the fraction of the model size. Therefore, a 1/4 scale model will require
the frequency to be increased by a factor of four to create an
equivalent pattern. To obtain an accurate model the conductivity and
permittivity of the model's surface should be increased by the same
amount. In an effort to accomplish this, the surface of the model is
normally coated with copper which will increase the conductivity as
much as economicallv feasible (reference 3).

The cost and the ease of measuring antenna patterns are the main
advantages of the mcdeling technique. Since the model is mounted on
a pedestal, all depression angles can easily be measured at a relatively
low cost per pattern,

The most accurate antenna patterns are produced when a full scale
model is used and care is taken to avoid the effects of the pedestal
and reflected signals. When scaled models are used, the accuracy of
the patterns will depend upon the precision of the model. Small
dimensional errors in the rndel can produce major errors in the
measured patterns. Addit‘.nally, to create valid patterns careful
consideration must be given to effects of supporting pedestal, cables,
and other equirment w* _-h are not part of the actual aircraft. Due
to these prollems, mo.el patterns mav contain holes which do not exist
in the actual antenna systen,

DYNAMIC

Dynamic measurements of aircraft antenna radiation patterns are
the final checks of the antenna performance, With flight evaluation,
the aircraft is i laced in its operational environment and is completely
isolated from external structure, like supporting pedestals and cables.
IJdeally the aircraft should be placed in space and rotated about its
axis while a receiver on the ground records the signal strength at
all depression ard azimuth angles., Since this is impossible, the
aircraft is flown through a variety of flight paths such that the signal
strength, at all depression and azimuth angles of interest, is measured.
Normally only the lower hemispherical pattern is measured with this
technique, since the aircraft would be reauired to fly inverted to
measure the upper hemisphere from the ground., 2M variety of flight
paths which can bLe used is presented in detail in a latter section
in this report. .

NEAR-FIELD
The near-field technique of measuring antenna radiation patterns

has been one of the netest developments., This technicue, which
basically consists of automatic scanning of the antenna within the

14



Note: The B-52 is in the inverted position ftor lower hemispherical
antenna pattern measureiment.

Figure 2 Stockbridge B-52G Range
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near-field region and extrapolating the data to the far-field, was
developed at the National Bureau of Standards by D. M. Kerns (reference
4)., This method has been used at microwave frequercy range producing
excellent results, Figure 3 shows a typical test in an anechoic chamber,
Conceptionally, this technique can be applied to VHF/UHF frequencies.
Therefore, it may be possible to apply this technique to measure

some types of aircraft antenna radiation patterns in the future.

One advantage of this technique is that the ground reflections
and incidence reflections in anechoic chambers are eliminated because
of the close proximity of the measuring probe tc the ‘antenna. Where
there is strong atmospheric attenuation, such as in the millimeter-
wave range, this technique is very useful since the far-field is determined
from near-field measurements.

The main disadvantage of the technique, in measuring aircraft VHF/
UHF antenna pattern, is the location of the probing antenna. Since
the aircraft structure will alter the antenna pattern, the probing
antenna must be located beyond the outer structure.

MULTIPATH RADIATION

Multipath signals are sources of some of the most significant
errors when dynamically measuring aircraft antenna radiation patterns
in the VHF/UHF range. These errors result from the reception of a
direct signal and reflected signal simultaneously, with the reflected
signal changing phase due to the difference in path length and reflection,
The reception of the reflected signal is capable of producing changes
in signal strength of over 18 db., Due to the magnitude of this effect,
care must be taken to avoid influencing the antenna pattern with
multipath radiation. Therefore, this section is included to give an
understanding of the considerations required to conduct flight evalu-
ations of antenna patterns in the presence of multipath radiation,

In the study ¢f multipath radiation, the desired result is the
magnitude of the vector sum of the direct signal and all the reflected
signals received at the antenna. If both the receiver and transmitter
were located in free space, only the direct signal would be received
with its strength reduced by the amount of spherical dispersion. When
the earth is placed in this environment, the received signal is altered.
The direct ray will become curved due to atmospheric refraction and
multiple signals will be received due to surface reflections. The
resultant signal may show a loss or a gain, due to the phase differences
between the direct and reflected signals,

Since a smooth earth and true standard atmosphere do not exist,
the simple two path propagation model is modified by several factors.
Reed and Russell (reference 5) list a number of factors which tend to
cause variations in multipath propagation. These include:

1, Irreqgular terrain, such as hills and valleys, which cause

reflected signals 1/2 wave length out of phase with the direct
ray.

16
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2. Absorbing or reflecting objects located near the ground antenna,
i.e., trees, buildings, etc.

3. Aircraft structure located near the antenna which can cause
absorption or reflection of radiated signal,

4. Non-standard atmosphere.
5. Atmospheric turbulence.

6. Changes in reflecting surface conductivity and permittivity which
cause changes in reflection coefficient,

To effectively use ‘the method of calculating effects of multipath
propagation presented in appendix E, care must be taken to minimize
these factors. The following are a number of the precautions which
must be taken for the accurate prediction of the effects of two-path
propagation.

l. The receiving antenna must be isolated from structures which may
cause reflections of signals to the antenna or interfere with
the reflected signal being calculated. Some objects which may
cause this are locating the antenna near a roof or locating the
antenna near buildings.

2, In order to minimize the effects of non-scandard atmosphere and
atmospheric turbulence, the flights should be planned during
periods of stable atmospheric conditions. This will mean to
avoid flying during the hot summer afternoons when rapidly rising
thermals are present,

3. Changes in conductivity and permittivity of the reflecting surface
can have a pronounced effect on the reflected signal. To minimize
these effects the flights should be planned with constant surface
conditions, This will mainly require flights to be made only
when the soil is drv.

SENSITIVITY TO ERRORS

When the technique presented in appendix E is used to predict the
effect of multipath radiation on the received signal, the effects of
changes in the input parareters should be understood. Figqgures 4 through
7 show the effects of cranqing various parameters as predicted by the
multipath option of the ’m:enna Data Analysis Program (ADAP) described
in appendix C. The paranciers changed in these figures are:

(a) ground antenna height, (b) aircraft height, (c) permittivity of the
reflecting surface, and (d) conductivity of the reflecting surface.
There are numerous other factors which can affect the actual reception
of multipath radiation. These include: surface roughness, turbulent
atmosphere, and multiple reflects. Through careful flight planning
these effects can be minimized.

The importance of each parameter in contributing to errors in the
calculated multipath effect is a function of the ability to accurately
measure the parameter and the effect the paramater has on the calculation.
Therefore, if changes in a parameter can have major effects on the pre-
dicted multipath radiation, but the parameter is easily measured with a

18
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high degree of accuracy, the parameter will be relatively unimportant

for error consideration. Frequency is one such parameter since it can be
accurately measured, is very stable, and has a major effect on the cal-
culated value.

The two main parameters, which produce the majority of the errors in
the prediction of the multipath effect, are the heigkt of the antenna
above the reflecting surface and the permittivity of the reflecting
surface. The reason for their importance is that they are difficult
to accurately measure and they have major effects on the prediction of

multipath radiation.

The effect of errors in the height of the ground antenna can be
seeri in figure 4. This fiqure shows that with a change in the height
of the antenna ahove the reflecting surface of eight feet will produce
a significant change in the predicted lobe structure. An increase
in the height of the antenna will increase the number of lobes and
reduce the distance between each lobe., These errors can be caused by
both errors in measuring the antenna height and changes in terrain.,
Since the terrain is not normally flat, this probably is the major cause
of errors in the height of the antenna.

The effect of errors in the height of the aircraft above the reflect-
ing surface can normally be neglected. Figure 5 shows the predicted
effects of multipath radiation at two different aircraft altitudes.

The effect is to increase the distance between lobes as the aircraft
distance above the reflecting surface is increased. Since the air-
craft altitude can be easily measured to within +500 feet, these errors
normally have little effect on the accuracy of the predicted multipath

gain.

The effects of changing the permittivity can be seen in figure
6. This figure shows that permittivity affects the predicted gain
but has very little effect on the location of the lobes, Additionally,
permittivity has a very large range of possible values, For soil the
relative permittivity has a range of 2 to 30.

Conductivity of the reflecting surface is the one parameter which
affects both the predicted gain and the location of the lobes. Figure
7 shows the effects of changes in conductivity on the prediction of
multipath signals., This shows that only for high conductivities
does the change in conductivity have any significant effect on the pre-
dicted gain. Since earth normally has a conductivity between 0,1 and
0.00001, the effects of changes in conductivity can be minimized., This
can be accomplished by only flying when the surface is dry.

The use of Rogers Dry Lake at Edwards AFB for a reflecting surface
appears to be ideally suited for use of predicted multipath radiation
effects, The surface is relatively flat and, due to lack of moisture,
has constant permittivity and conductivity throughout most of the year.
This enables the direct siynal strength to be determined to within

+2 db,

In case the flight must be conducted when moisture is present on
Rogers Dry Lake, the conductivity must be adjusted to produce the
correct lobe structure. This can best be accomplished by flying
outbound and inbound radials to measure the multipath effect and use
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the MULT option of ADAP (appendix C) to predict the multipath structure
at different conductivities. The conductivity which produces the best
match of the measured nulls and lobes should be used in the reduction
of the data by the Antenna Radiation Pattern Measurement Program (ARPMP
appendix B).

USE OF COMPUTER PRCGRAM

The technique of calculating the effects of multipath, as presented
in appendix E, is available in the computer program ADAP (see appendix
C). As a part of ADAP the computer program MULT will calculate the multi-
path effect at a given altitude, ground antenna height, frequency, con-
ductivity, and relative permittivity. The program creates line printer
plots plus a listing of all data points calculated (figure 8).

This program can be useful for planning flight paths for the
measurement of aircraft antenna patterns. By predicting the lobe
structure, the flight path can be determined to keep the aircraft
within an area of reinforced signals.

Figure 9 shows the effect of multipath radiation on a radial flown
at 7500 feet AGL. Figure 8 shows the predicted change in the signal
due to multipath and figure 10 shows the radial corrected for multipath
radiation. When flight evaluations of antennas are conducted, the
patterns flown must avoid the null areas to produce meaningful results.
Even though the Antenna Radiation Pattern Measurement Program ({2RPMP
appendix B) has the option of calculating the multipath effect, &ccuracy
is lost when data is collected within the areas of deep nulls. Therefore,
by using program MULT, the locations of deep nulls can be predicted and
the flight pattern designed to keep the aircraft out of the null areas.

FLIGHT TECHNIQUES

The key to efficient dynamic measurement of aircraft antenna
radiation patternc is the selection of an appropriate flight pattern
which can produce the data desired Ii= =2 minimum of flight time. To
accomplish thisg, a number of flight techniques are available. Depending
on the capability of the aircraft and the type of antenna patterns to be
measured, one of the flight techniques listed in this section will produce
the best antenna pattern in the shortest flight time. For most cases
where 360 degrees of aspect angle are to be measured at 0 to -5 degrees
depression angle, the skidding turn flight pattern should be used.

CLOVERLEAF

The cloverleaf flight pattern is the typical pattern used in the
past to measure aircraft antenna patterns. The majority of these patterns
are 12, 18, or 24 point cloverleafs (figure 11). The pattern should be
flown at a range and altitude required to mesasure the depression angle of
interest and at the same time keep the center of the pattern within a
major lobe of the ground antenna pattern. This will insure the strongest
signal is received and will minimize the errors due to changes in
multipath radiation. The normal method used to accomplish this is to
pick the range and altitude first and then adjust the height of the
receiving antenna to place a major lobe at that point.

U
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Figure 8 (Continued)

VoM
oo
e e 00
Lol g

QDM
onNDO
* s o0

e~

OTwm
Uake 13V g}
LRI Y
new

X gl
(S FY, 2]
* s 00
DO

ks 4
Mahalel
LRI )

~1c

D ODMN
DI
* e
Liadan B )

L T oW
whyasf= 2
s e
Ore

-

PIPINTE
C O Le

te
-
P

AON
A0
cees

i~ 3m

(%3 ]
-
e

Foom O
Ldagv
-l
- O
"9y .
CZ> e
e Wil
Qi
x O

(=L T
N0
* o 00
Caul 4

QNN
[l ToTp)
s e e
K gavl'e)

[= N

2
4
7
4

O
Ci~arc
S
S Rel'Y]

i}

Of- t
[P ot
v o0
v
Lol BN

YTy
| norpo

Srat
| =1

Q it
DrHO
e en e

[ ]

OONMN
(=2 d, To]
R

oo m
-

M
HOT D
® em o
VN

DMt
NP o
v ow®
T

DL
LT
e om e
~ay
—

(=L T
P .
*cone

—

SDibw
OO

¥ h o
NN O
e ops
N

—

[o1- L1 J
">r@d
see e
TN

Q>
oo
o0 e o
LA Y
N

O =
Pl lelel
e s e
AL
o~

ipla Rt
AL T
*® o 00
oarm
~

C P ed0
NN

L at]
o

LN L
PRI
LR N I )
—~rm

2107
443¢€
3.36

st

O~
(e TR I8
* o a0
DM

o
[
Qe

L Rl o

Lo cn

e
& Owea

[T J- T 2]
LaLVE £
e a0
T ey
o~

[S1el o)
CRR T
. o 0 &
& oy
W

-
WS et
o o0 o
Mo
LYl

it
L™
co o

ey

i ialald
pES U ]
P e o
ey

Y

el
NOO~
L N )
I
-

o®
O
[ ]
o
©

Qf~rm
DOV
* o0
e
«

I lsdahil
RIS
*oele
aNeee)
(a2}

Credet
DN

«esp
oaaing
~

O
EARSTLY]
e e

(2] l

D
CT s
e
il
[} |

2
el
3
L3

[alagil ]
I e
o e op
R LYY
(]

O—C
OO

L
lalal
™

Qe 0
UN Oy
[}
&ty
-

QOO

ST
o e 00
Rt
]

DTN
"Ny N
s e
e
(2]

Copetrtd
[SIRY

XK
et
™

DN D
Ol S
v
e lel
Lol

M4t

DO
(R

P

Qe o
N ey
* s e e
Bl

DO

DOt

IT N

Dm0

oy

—

Comer a3l

-

—

(=17 3V
S P~

o

.

~

Pl fat gl
em o0

24}
1

“J.O"

RANGFE (N*)

-

s

oMM | 000w
MNP N | I

O=~IN O
NANEN | O
sees oo
L4
3]

LA

DCON | ALNC
Cale I ONERNA TV TN
ceoes coe
) rar N Odet
E oo

Qs oMM N
QOwN Oty
eeoo aese
Llm N
- N

ONATet | Nenn

noaNn ! Armes

a o0 o o o0 0

~ e ot
)

1
OM Ot l OO

Dy | Oiney
LY Y
™~ = ot
- o

|
{
N | L
-nou\Nl =My
. te * 6 o O
P ] — e
~

|
s
|

Qrard | e
Ot O Owb"!.l\:

P4l 2l g4
K 4 W
Qatuy D

e XAl
IR

u -

-

DO | DT
NN | ©Ewroy
LA N ® s s 0

AN Kol N gyt
L 4 Fen]
- -
-~
[N 3 (X 3
-7 [V
O O
g A od
- .| o~ .

[ JLIVY. 3 | -4 V]. %




3
~

T

M aneaenays §
+ .

FIR AT 1

-t jmmn
i

SR

FIGURE 9 HMEARSURED MULTIPATH EFFECT



HlY4ILINW ¥04 Q3123¥¥03 WIOQWY 01 3¥N9I4

A0 EAOEEOEY LR EARY RN SEhRT T R O G a0 T

._1 [ | 1%1 I | ! 111 + | L1

T I RN REES ' ] i T § | 5 P F S RN FEE S ER O

pdd 3 1 1 | R

|| ‘ootez | oofsz | vz | ootzz | ootoz | ooben ootz | oolos | obre ob's | o'y | oopE
| n. +

H T — -

| | | {

i HEES BitEs bRis bl hn A RS 411 fo el 8| Al 1

1 1 5] 1

] e AN i i

i 1 i i § I &

1 1

. IEESRNES LEDEE e e - b LS SRER e il 3 bl b, - P ekl
| ! ! .u.__.__ .
] gk i o tH | b 0 B o S 5 I R 1 B i U PUAUEE GRREL 8 e i,
1

iy

T e Hii R mm |
i .D .ﬂl_l LS N Hert _—..l P AGed N bl das ESNEE 5 Rlas K
HET (Gl il ! 1 EEE i
1 ol * f ol .J i eln * ..... il Bldal BEDN, ¢4 d S22 pibad afbed
J 1 HEE | A0 st 200 ks i a1 M it A
it L) m | i 2t itH
Hith TR H 4 i 1N SRR SN Bt i ibdsaF
fin N | R R |
Bsp fEEzITIIERELET i i | ! _ 1 55 inina bR
T e
H T e L e i i _ _ ;+ _
H WRdbganaensubasdguiidaandat il swndhisads INgadsusni bigdn | $id =g dganedl fakdl A Rils Eaha | Easy fu. t .
s 117108 OPSL 2K G-BE1 11400 < LT i TN O 1NADSL _LE...T 43 243G b
tHHHH ._.: ] euEosll bl denpanabnd aahnaranes SRR Garl o rauad nlUE ihbad RERAE SR EAT Aanad RUERE SRRNY FYR0S CENEY JERSe PRE T, Sds Alpdl Bs
i { " “__ “_ R BT 2SR RRARE E4RE .|..|".“.F_|.r._r|.__|r..”.h.i.rr“. * P L e PRI

|4




—

T W v e

e+

|
|
i.

.

-y

POINT

B R

150"

120°*

LTk 4

L8o*

e "

1"

JG

AR e T L O b e

TURN

Z40*

RADIUS

)
)

/

"

%
FINISH %,

8T

330

Figure 11 Cloverleaf Flight Pattern

3oo*

g

=5
-0 WE 3o AW~

F

270

210,

o b o om - mpemaar

=




4

Once the lccation for cloverleaf is determined, the aircraft can
be either radar vectored over the point at the proper heading or the
pilot can maneuver the aircraft over the point by using a predominant
landmark as the center point., If radar tracking is not used the aircraft
should pass within 1/2 NM of the center io produce accurate data. An
error of 1 NM can produce 1 db change in the received signal as a result
of range and multipath signal. Therefore, to insure the data is not
affected by changes in range and multipath, the signal strength should
only be measured when the aircraft is within 1/2 NM of the cloverleaf
center.

The major advantage of this pattern is that the signal strength is
measured when the aircraft is over the same point each time. This will
tend to minimize the errors caused by multipath signals and atmospheric
attenuation., Another advantage of this pattern is that the time required
to maneuver the aircraft from each data point permits the data to be
recorded with a manual system. Consequently, an automated system is
not required for this flight technique.

The cloverleaf has two major disadvantages: (1) flight time
required, and (2) quality of antenna patterns produced. The flight time
required for a 24 point cloverleaf can vary from 1 1/2 to 3 hours
depending upon the type of aircraft flown. Since only 24 data points
are measured, the vast majority of the flight is required solely for
maneuvering the aircraft and not collecting data. This is reflected
in the quality of the antenna patterns produced. Figures 12 and 13
show two antenna patterns measured using an 18 point cloverleaf and a
skidding turn. The severe limitation of this flight technique can be
seen by comparing the two antenna patterns., Major holes can exist
in the actual antenna pattern and would not be detected using the
cloverleaf technique. Therefore, this flight technique is of only
limited use.

PARALLEL FLYBYS

The parallel flyby pattern consists of a series of offset radials
flown past the ground antenna (figure 14). The length of each leg and
the distance of each offset is determined such that all depression
angles and aspect angles of interest are measured,

The legs of a parallel flyby pattern measure depression angles of
the decaying sine wave form (figure 15). As the altitude of the aircraft
is lowered, the depression angles measured will approach the horizontal,.

When flying this type of pattern the radar controller must be able
to visually extrapolate the aircraft course from a small flight segment.
This will be required to vector the aircraft to the proper leg and keep
it from drifting off course. To insure the aircraft will at least
parallel the plotted course, specific headings should be called to the
aircraft rather than just the changes in headings. All aircraft heading
changes made after the start of the leg must be recorded with the IRIG
"B" time for use in the master data reduction program (ARPMP),

The most critical portion of the flight to keep the aircraft on
course is the legs within 10 NM from the ground antenna. Slight erxrors

30
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in the course on these legs will produce major errors in the aspect
and depression angles measured,

The major advantage of this type of flight pattern is that the
complete lower hemisphere can be measured with a high number of data
samples. Therefore, a high degree of accuracy can be obtained for
effectively all the depression angles in the lower hemisphere of the
aircraft in two to four hours of flight time,

The major disadvantage of this flight technique is that for valiad
data to be collected, the multipath signal must be eliminated. The
best method to accomplish this is to use high directional receiving
antennas. This is satisfactory for frequencies above 1000 MHz in
which a six foot diameter dish will produce a sufficiently narrow beam,
However, for frequencies between 100 MHz and 300 MHz the antenna dish
would have to be up to ten times the size of the 1000 Mlz antenna.
Since an antenna this large is impractical to use, the multipath signal
cannot be eliminated by the receiving antenna.

An alternate approach is to use the multipath prediction pro-
gram to calculate the magnitude of the effect. This method of
eliminating multipath signals is only usable for reflection angles
of less than 12 degrees. Approximations used in deriving the equations
makes the calculations inaccurate above 12 degrees. Therefore, the
elimination of the multipath signal by prediction can only be used for
near 0 degrees depression angle measurement.

MODIFIED PARALLEL FLYBYS

The modified parallel flyby technique is essentially a parallel
flyby except the flight path has been altered to keep the aircraft within
a major lobe of the ground antenna pattern (figure 16). This flight
technique is designed to measure a srecific depression angle where the
parallel flyby technique will measure effectively the complete lower
hemisphere. The modified parallel flyby is conducted in the same manner
as the parallel flyby technique. The aircraft should be radar vectored
to the beginning of each leg allowing sufficient time to insure the
aircraft is on course before the start of the leg. To insure the aircraft
is at least parallel to the correct course, the pilot should be given
specific headings rather than just the heading change when being radar
vectored,

The advantage of this type of flight pattern is that it has the same
high number of data samples as the parallel flyby technique; yet, the
data is only collected in the reinforced regions of the ground antenna
pattern. Therefore, the data collected is not biased by major nulls.

An additional advantage of this technique is that the airspace required
to fly the pattern is reduced.

The major disadvantage is the flight time required to complete the
pattern. To create a continuous 360 degree antenna pattern up to 32
individual legs must be flown. Another disadvantage is the difficulty
to insure data samples are obtained at all aspect angles. Since each
leg produces a small interval in aspect angle, a small error in the
aircraft's path can cause specific aspect angles to be missed.
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SKIDDING TURN

The flight technique which is capable of producing a 360 degree,
constant depression angle, antenna pattern in the shortest time is the
skidding turn, This technique requires the aircraft to complete a
360 degree turn keeping the wings level. To assist in making the turn,
rudder trim and asymmetric power may be used. The location of the center
of the turn should be picked to keep the aircraft within a major lobe
of the ground antenna (figure 17). As with the other techniques, the
areas of cancellation should be avoided to minimize the multipath
radiation eff{e~ts., The diameter of the circle will depend on the capa-
bilities of the aircraft. On previous tests a C-131 flew the skidding
turn within an 8 NM circle and an F-15 within 5 NM. Since the objective
of this flight technique is to rotate the aircraft about its vertical
axis, the actual ground. path is of no concern except to insure the
aircraft does not enter an area of signal cancellation. To correct
for distortion of the measured antenna pattern, the multipath correction
option should be used when processing the data. Figures 18 through 21
show a comparison of skidding turn data with and without the multipath
correction option.

To properly conduct a skidding turn flight, a map to be used for
radar tracking should be marked with concentric circles around the desired
orbit center, By using a one inch to 1 NM scale map and 2.5 NM, 5 NM,

10 NM, 15 NM diameter circles, the aircraft can be vectored to a starting
point which will minimize the effects of wind drift. The major concern
is to keep the aircraft from drifting into a region of cancellation.
After the aircraft is vectored to the starting point, the aircraft will
be setup into a constant rate skiddirng turn. Every 15 degrees during
the turn, the pilot must call his heading as read off the directional
gyro. The heading and IRIG "B" time will be recorded at the ground
station for use in the Antenna Radiation Pattern Measurement Program.
This program performs a linear time extrapolation to determine

the aircraft headirng throughout the turn for correlation with radar and
signal strength data. With the aircraft in a constant rate turn, the
headings can be determined within two degrees using this technique. Tke
major source of error is in reading the directional gyro and recording
the proper time,

If the aircraft cannot complete the turn within a 10 NM diameter
circle or if the aircraft Jdrifts too close to the ground station, the
circle can be flown in segments, Figures 20 and 21 show data collected
on an F-15 turn flown in two segments with and without multipath
correction,

There are numerous advantages to this { ne of flight pattern., The
main advantage is the short time required to (rmplete a 360 degree
antenna pattern. Depending on the capabilities of the aircraft, this
turn can take as little as four minutes, Since the time required to
complete a pattern is so short, drift will be riiaimized in the test
equipment.

The major disadvantage is the requirement for the aircraft to be
forced into the turn with sideslip, The ability of the aircraft to
accomplish this depends on the type of aircraft. 1In some aircraft, this
may cause engine fuel starvation due to lateral acceleration,

3
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BANKED TURNS

Banked turns are flown using the same basic technique as the
skidding turns, except the aircraft is placed in a constant bank turn.
Once the turn is established the pilot must call the heading at the
start and every 15 degrees throughout the turn., The headings and IRIG "B"
times should be recorded at the ground station for use in the Antenna
Radiation Pattern Measurement Program. The same precautions to avoid the
areas of signal cancellation should be taken with this technique as
with the skidding turns.

Banked turn orbits produce a series of decaying sine wave depression
angles as shown in figure 22, Through the combination of a series of
different banked turns, partial upper and lower hemispheric patterns can
be measured. The actual depression angles covered are a function of
bank angle, range, altitude, and orbit diameter,

Since some model antenna radiation patterns are measured as
circular cuts, the banked turn can be used to flight measure the same
patterns.

A disadvantage of the banked turn technique is that it does not
produce conical antenna patterns which are the patterns normally of
concern. Additionally, due to the high turn rate in a banked turn, the
number of averaged 0.5 second data samples per pattern are reduced.
Where a skidding turn may produce up to five samples per degree
azimuth, the banked turn may produce less than three data points per
degree.

POLYGON TURN

The polygon turn is an effective technique to measure an antenna
pattern in a short period of time; yet, avoiding the skidding turn. This
technique can easily produce 72 data points per 360 degrees which creates
a reasonable representation of the actual antenna pattern. Figures 23
and 24 show a comparison of an antenna pattern measured with a polygon
and a skidding turn,

To fly a polygon pattern, the aircraft is required to be at a wings
level attitude when the heading is called on each leg. Once the heading
is called a banked turn should be executed as quickly as possible to
change the heading approximately five degrees. This process should be
repeated until a 360 degree circle has been completed with each called
heading and IRIG "B" time recorded.

The technique required to radar vector the aircraft to the proper
starting point is the same as for the skidding turns. The starting point
should be such that the required diameter of the turn, in conjunction
with the drift due to wind, does not cause the aircraft to fly into an
area of cancellation., The diameter of a polygon flown by a C-131 on a
previous test was 12 NM,

This flight technique is useful in the event the aircraft cannot

be turned in a wings-level-skid. Since most, if not all, airplanes can
fly a skidding turn this technique will not normally be used.
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The main disadvantage is the large diameter of the flight path.
Since only half the flight time is spent in a turp, the pattern will
tend to be large. This may require the polygon to be flown in segments.

TEST PLANNING

ADVANCED PLANNING

Advanced planning for a test of an aircraft antenna radiation
pattern should determine the facilities to be used, the antennas to be
measured, the flight technique to use, and estimates of flight time and
computer time. With the determination of these factors the initial test
planning can be finalized.

The first major item to be determined in planning a test is which
facility to use. There are three facilities which can be used to perform
these tests. The choice of the facility will be made on the data require-
ments. For the measurement of antenna patterns between 100 Miiz and
400 MHz, building 275 at the South Base should be used. As planned,

a facility will be developed at this building which will be capable

of measuring six antenna patterns between 100 MHz and 400 MHz simul-
taneously. For pattern measurements in the 1,435-1,540 GHz or 2.2-

2.3 GHz range the receivers and tracking antenna located at the TM site,
building 5780, can be used. This equipment should be used in the same
manner as the South Base facility. For tests which involve frecuency
ranges unavailable at Edwards AFrB or for tests which involve a large
number of antennas, the facility located at Griffiss AFB, New York
should be considered.

The major dynamic measurement facility of aircraft antennas is the
Precision Antenna Measurement System (PAMS) of the Rome Air Development
Center (RADC) at Griffiss AFB. This facility is located at the Verona
Test Range, 18 miles south of Griffiss AFB. The PAMS facility is capable
of measuring 12 CW, AM, FM, or pulsed signals simultaneously on any
frequency from 0.1 Gliz to 18 Gliz. This system is also capable of measuring
integrated power spectral density bLetween pairs of frequencies and radar
cross sectional areas. Through the use of tracking receiving antennas,
tracking radar, and onboard aircraft attitude recorders, the PAMS
facility is capable of being used with any type of flight pattern. If
the frequencies to be measured are above 1 GHz and are not Letveen
1,435-1.54 GHz or 2.2-2.3 GHZ, PAMS should be used and appendix A should
be referenced for an additional! discussion on PAMS,

The flight pattern to be flown will depend upon the type of data
required and the capabilities of the aircraft. For most tests, a conical
antenna pattern will be desired at a low depression angle (-5 degrees).
In this case the skidding turns will produce the lbest antenna patterns
in the shortest flight time. For other types of data requirements,
different flight techniques may lLe used. If high depression angles
are required, banked turns or parallel flybys should be used. An esti-
mate of the depression angle covered at different altitudes and ranges
can be found from figures 25 and 26,
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The correct values for point A are:

Ground Range 8.65 NM
Slant Range 10 NM
Elevation Angle 30.0 °
0 0.14 °
Altitude 30,430 FT
Depression Angle 30.14 °

Given any two of the first five variables, the others can be found
using the chart.

Given the Depression Angle and any one of the first four variables,
the others can be found using the chart.

For ranges greater than 40 NM use the other Vertical Coverage Chart.

Figure 25 (Continued)

49

skl any



=L T =L

ELEVATION ANGLE (DEG)

NOTE:

Earth Radius = 3436.99 MM, | NM = 6076.! FT

K= 4/3
Ground Range approaches Slant Range for ranges greater than
5 4 . . o
\ \ \ 1 |
o
o o=
N
-1
o o
.o} — .
- "
o
2 o

2.5

140

120
2.0

100

GROUND RANGE (NM)
1

[Add to Elevation Angle to get Depression Angle]

o
@
-
L
o
N L
A
o —
<
0n
—s
=
©
Y

40

35

(=] " o ln- o- Iﬁ.
L) o~ o~ . bt
(14 0001%) 3GNLiLV

Figure 26 Vertical Coverage Chart

© (DEG)



LE1L.EVATION ANGLE (DEG)

T 30
Iz
o
o
o
-.!. 20
A
(]
: ~ :
1 2 o
g = . |
é *\-\_\-\‘ s . i
. WEA oY I‘F‘g.l |41 _0
20 40 60 80 100 120 140 160 180 200
Ground Range (NM)
| | | N I J i | 1 | I 4 1 L } l )
1

.0 ) 2,0 3.0
6 (DEG)

The correct values for point A are:

Ground Range 80 NM
Slant Range 80.2 NM
Elevation Angle 3.0 °
0 1.34 °
Altitude 29,747 FT
Depression Angle 4.34 °

Given any two of the first five variables, the others can be found
using the chart.

Given the Depression Angle and any one of the first four variables,
the others can be found using the chart.

For Ground Ranges greater than 40 NM, the Slant Range is within 0.8 NM
of that range.

For ranges less than 40 WM use the other Vertical Coverage Chart.

Figure 26 (Continued)
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Tc estimate the flight time requirement, the number of flight
patterns flown must be determined. Since the test may require antenna
patterns with various aircraft configurations, the minimum number of
flights required must be determined. Flying multiple configurations on
each flight and measuring multiple frequencies will reduce the total
flight time required to complete the test. Therefore, one flight can
produce antenna patterns with the landing gear up and down and flaps
extended and retracted.

If the multipath radiation is to be eliminated with the Antenna
Radiation Prediction Measurement Program, data collected on radial
flights will optimize the calculation. This data can be used if the
antenna pattern is expected to be essentially constant from 0 to -10
degrees depression angle at the nose or tail of the aircraft.

The total flight time for each flight can be estimated by summing
the following times: (1) time to fly radial, (2) time to fly each orbit
(or other patterns), and (3) time to vector aircraft to start of
patterns (five minutes x number of patterns).

DETAILED PLANNING

After advanced planning has been completed and flight time estimates
provided to the Project Engineer,; the Systems Engineer should begin the
detailed planning of the test. This section will present the test
preparation, data collection, and data reduction requirements for the
detailed planning phase.

Test Preparation:

In preparing for a test, the Systems Engineer shculd first review
all existing pertinent data on the antenna system being evaluated.
Previous model patterns or previous dynamically measured patterns
should be reviewed to locate specific antenna patterns which may bLe
of significant interest. This would be any large holes which may be
present or any unexpected holes in the pattern which may require
special emphasis. The physical location of the antenna on the aircraft
should be reviewed to determine the potential effects the ajrcraft
structure and external stores may have on the antenna pattern., Holes in
patterns may be caused by shielding of the antenna or reradiation by the
aircraft structure. Pilot reports of unexpected loss of communications

are one means to locate potential holes in antenna patterns. These reports

can provide insight into deficiencies of antenna systems,

Planning the tests will involve estimating the amount of support
to be required by Technical Services (AFFTC/DOET). This support will
consist of CDC 6500 computer time, Calcomp plotter time, VHF/UHF
Antenna Radiation Pattern Measurement Facility (building 275),

FPS=16 radar tracking (SPORT) including radar recording, radar tapes
created by AFFTC/DOETDA (Data Analysis Section), and digitized signal
tape created by DOETDD (Digital Data Processing Section),

Estimates of the time required for each of the ahbove organizations
can be determined with the following equations:
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Computer CPU time in minutes (Tc)

T = (Flight time in hours) (number of frequencies recorded)

x (2) + (number of plots to be produced) x (.2)

Calcomp plotter time in minutes (Tp)

Tp = (Number of plots to be produced) x (2.5)

Time estimates for the radar tapes and digitized signal tape will
be equal to the flight test time. The tracking radar time estimates
will be equal to the flight time plus 15 minutes per flight to allow
time for the radar to initiate tracking.

Time estimates for the VHF/UHF Antenna Radiation Pattern Measure-
ment Facility will be equal to the flight time plus three hours per - .
flight. This will allow two hours before the flight for system warm-
up and pre-calibration. One hour is allowed after the flight for post-
calibration.

Frequencies must. be assigned to the project from Frequency
Management (1925 COMM Sq/DCXF). Each frequency must be assigned
to the test project, since any interference from other transmitters will
create erroneocus signal strengths. One communication frequency must also
be assigned which cannot be jointly used with other projects. Since the
aircraft will be radar vectored and the pilot will be calling headings,
interference from other projects will cause loss of data and difficulty
in radar vectoring. 1If the aircraft does not have a second communication
radio which can be used for communicating with RAPCON, contrnl of the
aircraft can ke maintained by requesting RAPCON to monitor the test
communication frequency.

After the test has been planned in detail, the System Engineer should
prepare a Test Information Sheet (TIS), AFFTC Form 0-128, for inclusion
in the final test plan. This form should be completed according to the
Systems Engineering Handbook, page 1-II-6, This should be accomplished
at least two weeks prior to the test,

A test card (figure 27) should then be prepared. This card should
contain information which will be required by all test participants and
be distributed at the pilot's briefing prior to the flight,

Data Collection:

The data collected during a test will consist of manually recorded
data by the Systems Engineer and magnetic tape recording of signal
strength and radar positioning. The data recorded by the Systems
Engineer will consist of transmitter power, before and after each
flight, pre- and post-calibration information, flight times, heading
information, and signal tape identification information.
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ANTENNA PATTERN EVAIL UATION

JON 998300

OPS 336-77
A/C - F-15 No. 20113
A/C Call Sign - Eagle 11
Radar Call Sign - SPORT
South Base Call Sign - BARRIER
Communication Freq - 315,9 MHz
Takeoff - 0800 12 Dec 1974
Test Altitude 10,000 MSL
Test Freqs - 264, 6MHz

139,8 MHz
TEST SEQUENCE

Contact BARRIER for test freq ID
Fly outbound radial

Fly right skidding turn
. Repeat 4

. Repeat 4

Fly inbound radial

O 3 O~ Nt bW N -

Terminate test

Figure 27 Sample Test Card

. Contact SPORT to initiate radar tracking
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The power delivered to each test antenna at each test frequency
should be measured before and after each flight. This measurement
should be made on the aircraft with a calibrated Radio Frequency (RF)
pover meter, These measurements will indicate if the transmitters
are providing constant power to the antenna. Additionally, the
measured power can be compared with the antenna patterns to show
gain or loss from the isotropy.

The power measurement should be in dbw and the line losses in db.*
If power is measured in dbm or watts, it can be converted to dbw with
the following equations:

dbw = 10 log Pw - db(L)

or

dbw

dbm - 30 - db(L)

where
dbw = power to antenna in db above a watt
Pw = power measured in watts
dbm = power measured in db above a milliwatt

db line loss in db between the power measurement point and the

(L) antenna

One of the most critical tasks of measuring antenna patterns is
the calibration of the receivers. Since the final data will depend
upon the accuracy of the calibration points, care must be taken to
insure the points are valid. This will involve insuring the calibration
equipment is operating correctly, the correct signal strengths are used,
and connecting cables are in good condition,

In calibrating the receivers the object is to place a known signal,
from a calibrated RF generator, at the input terminals to the receiver.
This will produce a signal which is recorded on the FM tape and can be
correlated with the known signal with time.

To accomplish the calibration, an RF power meter is connected to
the RF signal generator in place of the receiver and the output of the
signal generator is calibrated. The power meter is removed and the RF
generator is connected to the input terminals of the receiver. The
output attenuator of the signal generator is reduced in 5 db steps for
each calibration point with the signal to the receiver and time
recorded for use by the data reduction program,

¥ Note: Power is normally measured in dbw except for very low power
levels (typically receiver input terminals) when dbm is normally
used.
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Normally the calibration points and the signal input to the receiver
should range from approximately -50 dbm to -100 dbm. The actual range of
the calibration can be changed once the received signal strength is known

from test flights,

For each flight pattern flown the aircraft magnetic heading and
IRIG "B" time must be recorded by the Systems Engineer as called by the
pilot. This data will be entered in the Antenna Radiation Pattern
Measurement Program for final processing of the data. The headings may
also be recorded on the radar plot hoard for future reference.

Data Processing:

Processing of data collected during the test will begin with
the creation of a digital signal tape and radar tape. These tapes
provide the strength of each signal recorded and the location of the
aircraft relative to the receiving antenna for use by ADAP and ARPMP,.

Requests for the creation of the radar tapes are made through
the Data Analysis Section (AFFTC/DOETDA) bhv submitting the Radar/
Postflight Processing Request (figure 28). The reference point for the
processing of the radar data should be the location of the receiving
antenna.

Requests for digitizing the FM signal tape are made through the
Digital Data Processing Section (AFFTC/DOETDD) by submitting the
Digitizing Request (figure 29). When digitizing the tape, care must
be taken to insure the data is associated with the correct source number
{see appendix B). To insure the correct data is used by ARPMP, the
frequency of the measured signal should be included in the source
identification (DECOM) card used in digitizing the signal tape (see
DOETDD personnel). The contents of this card are recorded on the
digitized tape and printed by ARPMP, To improve the resolution of the
signal strength data, the siunals of interest should be expanded to
upper and lower band edge of the data channel, The use of a 6 Hz
lowpass filter may be used to reduce the noise content of the data.

Once the radar and signal digital tapes are created, the data may
be reduced and plotted using the data reduction programs ARPMP and ADAP,
The coding of the proper computer punch cards to accomplish this are
found in appendix B and C. Through the use of these programs the final
plots can be produced.

DATA ANALYSIS

Analysis of antenna pattern data will consist primarily of
analyzing the location and significance of holes found in the antenna
pattern. Since empirically measured data is never exact, some errors
are to be expected in the measured antenna pattern.

Fiqgures 30 and 31 show a comparison of twn measurements of the
same antenna pattern. These figures show that, even though the
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FIGURE 30 SKIDOING TURN ANTENNA PATTERN
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measured patterns are not identical, the basic characteristics of

each pattern are the same. The repeatability of these patterns are
as close as can be reasonably expected.

The siqnificance of holes in antenna patterns can be seen through
an analysis of the one way range equation for electromagnetic radiation

propagation.

IR = PT + GR + GT + GM - L - 20 log RHM - 20 log FMHz - 7.8
Py = pover to receiver in dbm

P, = output pover of transmitter in dbw

GR = gain of receiving antenna in db

Cp = gain of transmitting antenna in db

G,, = gain due to multipath radiation in db

L = sum of all line losses in transmitting and receivina
antennas in db

range to aircraft in NM

RNM

= 9 i in M
FMHz frequency of signal in Mliz
By assuming values for the minimum discernilble signal, gains of the
antenna, and line loss; the effect of holes in the antenna pattern
can Lle seen on the usable range of the transmitter. For a comparison

the following values are assumed: PR = =95 dbm, PT = 30v = 14,8 dbw,

GR = 0 db, GM = 0 dbm, L = 8 dbL, FMuz = 264.0,

Figure 32 shows the effect of a hole in tle pattern of an omni-
directional antenna on the maximum usalle range of the transmitter,
For each 10 db loss the maximum usable range is reduced by a factor of
1/3.2. Since most transmissions occur within 100 NM, a 6 db to 10 db
loss will be insignificant. Losses greater than this can significantly
degrade the capabilities of the transmitter and when comkined with
multipath cancellation can result in complete loss of communications,

The final analysis of antenna patterns of omni-antennas must con-
sider the location, magnitude, causes of deviations from the isotropic
level, and MIL SPIC requirements. For example, a 20 db loss due to
landing gear extension may be acceptable but a 10 db loss due to
external stores may not be acceptable. 1In evaluating the acceptable
losses, the use of the aircraft in the particular configuration should
be considered.

REPORTS

The Systems Engineer, responsible for conducting antenna pattern
tests, will be required to prepare progress reports, a final report, and

61



aSury 9]qesl WNWIXEWN UO $329JJF UONIenuUsljy euuUdUy Z€ oandrg

0°002

WN
0°0s1
]

98uey

0°001
i

0°0S

L
T

1
L]

07 0%~

-+ 070t~

- 0°02-

- 0°0T1-

qp




('}
|

S —

P ol T

b

R ——— p—
-
‘_,rAA,_":\‘,“W—:' " & TR e e A I

—

deficiency reports (DR) on tlhe test project. These reports slould be
prepared with care to present the data in a clear, concise manner,

The progress reports are required to keep the System Program Office
(SPO) and management informed on the status of the test. This report
should summarize the results of the tests for the reporting period,
indicate any problems encountered, and briefly describe what ta-'-
remain,

The final report should contain all the information known abiout
the antenna system. The main bLody of the report should show how the
test was accomplished; typical antenna pattern on each frequency,
antenna, and aircraft configuration; and conclusions and recommendations
on the ability of the radiating system to perform its designed
function, The conclusions should specify the presence of any large
null areas and the probable effect on the overall performance of the
antenna system, Line losses and voltage standing wave ratio (VSWR) at
each test frequency should also be presented.

The appendix to the report should contain all the data which lead
to the conclusions in the report. This would include all the plotted
antenna patterns which were determined to be valid,

In preparing tlie final report, the Systems Engineer sliould always
consider the final user of the data. As such, the information presented
should contain the data which may be required to effectively identify
the characteristics of the radiating systems,
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APPENDIX A

PRECISION ANTENNA MEASUREMENT SYSTEM (PAMS)

The Precision Antenna Measurement System is a recently developed
facility which represents the present state-of-the-art in dynamic measure-
ment of airborne RF antenna radiating characteristics. This system is
presently operated by the Technical Support Division of the Rome Air
Development Center (RADC) at Griffiss AFB, Newv York. The PAMS facility
is located at the Verona Annex of RADC at Verona, Nev York.

PAMS is an automated system vhich can measure up to 12 CW, AM, FM,
or pulsed signals simultaneously and is capable of measuring signal
strength, integrated power spectral density between pairs of frequencies,
and radar cross sectional areas. Data may be recorded with horizontal
or vertical linear polarizatiors or left or right circular polarizations
simultaneocusly. This gives the system the capability of measuring up
to 24 antenna patterns simultaneously. Through the use of a HP 2116B
computer each freguency is automatically calibrated in one dbm steps
producing high accuracy in the calibrated signal.

The PAMS concept is illustrated in figure RAl. The system consists
of: (1) an airborne menitoring recorder system, which records on seven
track magnetic tape the aircraft heading, pitch, roll, and time
for use during postflight date reduction, (2) six airborne signal sources
used to provide stable 10 watt signals between .2 Gliz and 18 GHz, (3)
tracking receiving antennas, (4) FPS-16 tracking radar, (5) console to
control the data sampling and monitor the received signals, and (6)
coriputer system to reduce the recorded data.

Through the use of the Airborne Monitoring System (AMS) and the
FPS-16 radar, the aircraft can fly any flight pattern, This enables the
flight pattern to be designed to measure specific data requirements.,

The PAMS facility is the best system presently available to perform
antenna pattern testing akove 1 GHz, If patterns are required on antennas
above this frequency the PAMS range should be used.

To perform a test at PAMS the following organization should be
contacted:

RADC/TUTV (M. E. Cook)
Griffiss AFB NY

Mr. Ed Cook is the PAMS engineer and can be contacted by autovon at
587-4227 to arrange testing on the PAMS range.

Additional information on PAMS can be found in the following two

reports from RADC: (1) Precision Antenna Measurement System (PAMS),
RADC-TR-73-233, Auqust 1373, AD O01558IL, (2) PAMS AirLorne Instrumentation,

RADC-TR-74-144, July 1974.
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APPENDIX B

ANTENNA RADIATION PATTERN MEASUREMENT PROGRAM (ARPMP)
Deck Number 4701

INTRODUCTION

The Antenna Radiation Pattern Measurement Program (ARPMP) is a
software package developed to provide the Systems Engineer with an
automated system for measuring aircraft antenna radiation patterns. The
program is used for postflight reduction of data recorded on magnetic
tape during an antenna pattern measurement flight and calculates the
effective radiated power (ERP) transmitted, aspect angle, depression
angle, horizontal range of the aircraft to the receiving antenna, and
time., The data read off the magnetic tapes are in 0.1 second intervals,
For continuous patterns (orbits, radials, and parallel flybys) this
data is averaged for 0.5 second and for discrete patterns (cloverleaf
and polygon) the data is averaged for 2 seconds, The processed data
is both printed and written to permanent storage for use by the Antenna
Data Analysis Program (ADAP).

SYSTEM OVERVIEW

ARPMP consists of a main program and 14 subprograms which are
each designed to perform specific tasks (calibration, read signal tape,
read radar tape, etc.). The main program and executive subprogram
READD are used to control the operation of the program,

The input/output requirements of the program are shown in figure
Bl. The signal tape is the digitized FM magnetic tape which contains
the calibration signals and received signal strength of each signal
source being recorded. The tape also contains the IRIG "B" time for
use in correlating the data with radar and aircraft heading data.

The radar tape is the tape created by the Radar Computer Program of
AFFTC/DOETDA. The tape contains the X, Y, Z location of the aircraft
relative to the receiving antenna and IRIG "B" time. This tape contains
other information on the aircraft's flight path but only the location is
used by ARPMP,

The card input to the program defines all the parameters necessary
for the processing of the tapes. This includes calibration data, flight
times, flight pattern type, and options to use in reducing the data. The
options available include: (1) processing radial flight data without
radar tapes, (2) using both pre- and post-calibration points on the
signal tape, and (3) correcting signal strength for multipath radiation.
The input cards select one of three basic flight paths flown by the
aircraft. The flight paths are: (1) radial or parallel flyby (constant
heading legs), (2) cloverleafs or polygon (discrete points), and (3)
orbits (continuous changing heading).

The output data from ARPMP consists of an output file and a computer
listing (figure B2). The output file contains all the processed data
and is stored on either magnetic tape or disc, The data file can be
used by ADAP to produce polar plots or range versus signal plots. The
output listing contains all the input cards read and a copy of all

S AT AT

Ry,

.




Figure Bl

INPUT TO ARPMP

l/ Card Input

OUTPUT OF ARPMP

ARPMP Input/Output Requirements
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the processed data. This can be used to check the validity of the
data prior to plotting,

PREPARATION FOR USE

The program deck of ARPMP will be permanently stored on magnetic
tape number 5540 in the tape library of building 3940, This tape contains
four files which are: (1) ADAP LGO (compiled file), (2) ARPMP LGO
(compiled file), (3) ADAP source file, and (4) ARPMP scurce file. Prior
to the first use of these programs, the compiled file must be copied to
disc and stored as a permanent file as shown in figure B3, Once the
program is stored as a permanent file, it may be attached and executed.

US=RS GUIDE

The execution of ARPMP requires a signal tape (TAPEl10), radar
tape (TAPEll), output tape (TAPEl12), and a data deck. The mass
storage files may be either magnetic tape files or disc files, For
efficiency of operation, it is suggested these files be located on disc.
This will reduce the execution time and free the program from requiring
magnetic tape drives.

The input magnetic tape files may be copied to disc with a COPYBF
macro and the MERGE option of ADAP, If more than one radar tapes are
merged, the file should be created with increasing times. An example
merge deck is shown in appendix C.

The deck developed for running ARPMP is composed of two parts.
The first part is the job control cards to attach, request, catalog,
and execute the program. Examples of these cards are shown in figures
Bl3 and Bl4,

The second portion of this deck is the parameter identification
cards which supply all the required card input data for the program,
There are nine different types of data cards used by ARPMP, The
selection and coding of the cards are described in the following
section and shown in figures B4 through Bl2, Figures Bl3 and Bl4
are example data decks used for ARPMP,

Input Cards for ARPMP:

ARPMP card 1 (figure B4) is used to provide a descriptive heading
on the ARPMP listing., Any comment may be vritten in the 80 column
field to describe the data being processed. Normally items like date,
OPS number, aircraft, and flight type will be recorded.

ARPMP card 2 (figure B5) is used to identify the options to be
used and to identify the run. By coding a Y for YES or an N for NO
in the appropriate columns, radar tape, pre- and post-calibration, or
multipath correction options can be selected. The radar tape option N
is only selected for radial flights without radar tracking. This will
cause the program to calculate range based on time and range data supplied
by ARPMP card 5. If two sets of calibration points are to be averaged
to calibrate the signal tape, a Y is coded in column 2, If only one
set is to be used an N is coded, Corrections of the signal strength
for multipath radiation can be selected by coding a Y in column 3, 1If
this option is selected the multipath effect is calculated by the

80
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technique described in appendix E. Selecting this option will require
ARPMP card 4 to be coded,

The number of flight patterns to be processed is coded in
columns 4-10. For each flight pattern processed ARPMP cards 8-9 must
be coded. The number of different signals recorded is recorded in
columns 4-10. The Julian date (0-365) of the flight is coded in columns
21-30 and if a radar tape is not used the number of range entries is
coded in columns 31-40 and the altitude of the flight (AGL) is coded

in columns 41-50.

ARPMP card 3 (figure B6) is coded to identify each signal source
recorded on the signal tape. The data recorded on this card are the
frequency of the signal in Milz, line losses of the receiving system in
db, and the gain of the receiving antenna in db. Data on two sources
are recorded on each card with a maximum of 20 sources permitted. The
order of recording the sources is the same as the order of the CAL
records on the signal tape. This will normally be in the order of IRIG
channels used to record the data on FM tape.

ARPMP card 4 (figure B7) is used only if the multipath correction
option is selected. For each signal the receiving antenna height in
feet, relative permittivity, and conductivity are entered in the same
order as in ARPMP card 3, The conductivity and antenna height can
either be measured or picked such that program MULT of ADAP predicts
the location of each lobe to coincide with the measured lobes. The
relative permittivity which best eliminates the multipath effect can
be found by program MATCH of ADAP,

ARPMP card 5 (figure BB8) is only used if the No Radar Tape option
is selected. This card records the range at the end of the radial in
NM and the time the aircraft was over the receiving antenna and
at the end of the radial. To determine the range of the aircraft, time
will be used for linear extrapolation of range hetween the start and

end of the radial,

ARPMP card 6 (figure B9) will record the number of calibration
points to be read on ARPMP card 7 (figure Bl0), Cards 6 and 7 will be
coded for each set of calibration points recorded. The calibration
points should be recorded in sequence, starting with the signal identi-
fied as source 1, If pre- and post-calibration points are used, the
set of calibration points with the lowest times should be coded first. A
maximum of 50 calibration points per source is permitted, with a
maximum of 200 total points, Normally 10 calibration points per source
will be sufficient.

ARPMP card 8 (figure Bll) is used to provide data on the flight
type. The first entry on this card identifies the basic flight technique,
If the flight has legs of constant heading (radial or parallel flyby), a
1l is coded. 1If the pattern flown consists of discrete points (cloverleaf
or polygon), a 2 will be coded. For flight pattern with constant turn
rates and continuous data sampling, a 3 is coded.

In columns 11~-20, the number of headings recorded on ARPMP card 9
is recorded. A maximum of 90 is permitted per pattern flown. The
aircraft's attitude (roll and pitch) is recorded in columns 21-40,

Right roll is recorded as positive and left roll as negative as measured
in degrees from the horizontal. Pitch up is recorded as positive and
pitch down as negative,
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Parameter Identification Card

1Is there a Radar Tape; Entef Y for Yes,N for No
StAre there Pre & Post Cals; Enter Y for Yes, A
o1 N for No
‘4Is Multipath Option Used; Enter Y for Yes,N for No =
:,umber of Different Flight Patterns 17 H
-{Number of Different Signals Recorded -
. (No. of Sources) >
: 110 -
I Starting Day of the Flight (Julian) {—-
7 110 o
iNumber of Ranges (Used only if no Radar Tape; other- %
iwise left blank) -
2 :
0 :
7 .
sl Altitude of Aircraft (Only if no Radar Tape;, other- a
slwise left blank)(AGL) <
- F10.3 5
= Left Blank -
o
: 2
3 o
: g
: g

Figure B5 ARPMP Card #2
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Parameter Identification Card

Frequency of First Signal Source Recorded on
Digitized Tape in MHz

F10.3

Loss in Receiver Antenna Cable for First Source
in db

F10.3

Gain of Receiving Antenna for First Source in db

F10.3

Frequency of Second Signal Source Recorded on
Digitized Tape in MHz

F10.3

Loss in Receilver Antenna Cable for Second Source
in db

F10.3

Gain of Receiving Antenna for Second Source in db

1000000000 000000300 2000000000 20000 0000NC0ONDRCODDT00B0ONO000

F10.3

000000060 I00E00UEEEC000R0E0CEI00E000000CO0B0DRUUNI00B00000Y

Repeat Card for Additional Sources until all are
Recorded (Maximum of 20)

ofelcfofs]r]c]:z]s

nod00Qoa0ZooCLoRAAc

Figure B6é ARPMP Card #3
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Parameter Identification Card

Height of Source #1 2bove Antenna Reflecting
Surface (ft)

D00 Ga0n

F10.3

Relative Permittivity of Reflecting Surface

4] o] 4] o] o} »] s8] &1 1 |0V

F10.3

Conductivity of Reflecting Surface
mho-meter/sq meter

OO0 DDOAae

F10.3

Antenna Height of Source #2 above Reflecting
Surface (ft)

sfolsa]ofelvisjris

F10.3

sTel<[o s o Te e[ sloq e[ e L[ Ie [ *[c [ *I= e L e L < o] s] * [ s [*]® s[sIeT<]*] o] *] *[ *[}]

Relative Permittivity of Reflecting Surface

sfojsjofujris j2 i1

F10.3

elejslo)s]v]s]z|s

Conductivity of Reflecting Surface

F10.3

Repeat Card for Additional Sources until data is
Recorded for all Sources (Maximum of 20)

OO0 000000080

sfejslofjoivicin]i

O30 00000Z00000R0GRIa0D00Gan0

Figure B7 ARPMP Card #4
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Parameter Identification Card

siDistance from Receiver Site at End of Radial (M) E‘?O
g F3.0 g 14)4’0
9 o N
o hours 12 :41
3] A
—tTime Over Site minutes 12 — Ve
a N
ﬂ seconds I2 ':1;92'1)
=l = N$
s hours 12 - >
ETime at End of Radial minutes 12 71&‘9"\,
H [;econds 12 a J&pl
=3 :-. 6"
] Distance from Receiver Site at End of Radial (NM) :“?0,;?
E- F3.0 : Q (&
Q hours 12 (=] [0’2)
S Time Over Site minutes | FXS
¥ Iseconds 12 HI "9\7’(@
8 A
i hours ¢ 12 ":'z&&
ETime at End of Radial  minutes 12 ] 1&; 2)
A seconds 2 =] &&p@)
- L
» Distance from Receiver at End of Radial (NM) .'-‘}4’04'08
- F3.0 o
» = (.1
s hours 12 7\,{9‘3)
- .14 6”'
<] Time Over Site minutes 12 :,0,7’3
5 seconds 12 71&‘9\7’3
- - | S
< hours 12 -:-16'
ZTime at End of Radial minutes 12 5 'S"J
N seconds 12 "1&&
- ; p
~Distance from Receiver at End of Radial a €
5 F3.0 | [,
2 hours 12 - P Q,{
- -~ Ay
+]Time Over Site minutes 12 7[%]'@
7 seconds 12 T’«S’}({J
— =NS»
- o ¢
hours I2 -:- 16:9
Time at End of Radial minutes 12 TQr p(g)
seconds 12 ¥ (;"(4)
Figure B8 ARPMP Card #5 &p(@
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Parameter Identification Card

30 alv]a]le sfatsjenie]v]e]sk
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Number of Data Points in Calibration Set for Signal

*]Source (Maximum 50)

Figure B9 ARPMP Card #6
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Parameter Identification Card

ECalibrated Signal in dbm for Signal Source E
= F10.3] [
: K,
F H N\
: hours 12 % 2
:Time of Calibration minutes 12 f*?z({’
z seconds 12 U :ﬁ,:.f
;Second Calibration Signal z 8
:
g F10.3| R
- T,
SN
i hours 12 - &
?Time of Second Calibration | minutes 12 %‘j_h‘f R
3] seconds 12 E‘ ’15‘:‘*
] Third Calibration Signal a )
g o
: :
? F10.3 :QQ%
- EH \@
o] el
? hours 12 %‘ ‘Q‘P
5] Time of Third Calibration |minutes 12 [+
'E‘ seconds 12 '%ﬁ ‘Tf'o
> Fourth Calibration Signal ; )
: 2
= F10.3 = C
N,
g )
: hours 12 a
Time of Fourth Calibration |minutes 12 o %fj
seconds 12 . {r“'g
Figure B10 ARPMP Card #7 ff'rﬂ
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Parameter Identification Card
%1 Type of Pattern Flown
= Code 1 for flyby, radial, or any pattern in which
%] the heading is held constant during a time interval
*f Code 2 cloverleaf; polygon; or where data is
- sampled at discrete points.

Code 3 orbits or flight which requires continuous
data with continuous heading changes. 110

Number of Headings to be Entered
(Maximum of 90)

110

= Roll Angle of Aircraft

5] (Right roll is positive and left roll is negative)

¥ 110

5| Pitch Angle of Aircraft

1 (Pitch up 1is positive and pitch down is negative)

= 110

] Start Time of Hours 12

2 data to be processed Minutes 12

s] (not used for Type 2)- Seconds 12 |

2 Stop Time of data " Hours T |
3 to be processed Minutes 12 3
5| (not used for Type 3) | Seconds 12 -

Figure Bll ARPMP Card # 8
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Parameter Identification Card

Magnetic Heading for First Time

(3 I

';' 13 "] 7

:4 - %r{

8 hours 12 a 2 J

éStart Time for First minutes 12 ":'-t,:‘(

?:Heading i 12 = 3&;‘(

- | N

g a d

;S . hours 12 a¥

5]Stop Time for First 5|

Sl lieading minutes 12 :4,.4# £9)

] seconds 12 @ "-5'33

5 . = o

*lSecond Magnetic Heading 13 E_'.{i%c? g

> - 4

- = r-'

g hours 12 <] <

_}Start Time for Second i ntes 12 ,r‘!r

-{Heading a 34,

B8 seconds 12 Vo (2

8 &

8 hours 12 a 7

0 Stop Time for Second Ainutes 12 ;_f.(?

~{Heading ISy

3] seconds 12 ff$¢9€

5 I~

= 0 <

I Third Heading 13 :;‘% &)

a hours 12 N

i Start Time minutes 12 '}u&ﬁ! )

a seconds I2 9 )‘:?QJ

- b= é"'cm

N = 4

: 8 g

B hours 12 éf‘%

{Stop Time minutes 12 ‘:“j‘ﬁ?‘: 7

Q =N

A seconds 12 H !6-&‘1

.} = C"“:

s|Fourtn Heading 13 = 342. 3

3 » a

B hours 12 o 3 %)

EStart Time jminutes 12 a ‘_&ﬂ'

o Jseconds 12 5

2 3

- hours 12 a

2 s ) N0

siStop Time minutes I2 o NG

7 ™) 3& J

sl lseconds 12 '?é‘*’rf )
Figure B12 ARPMP Card #9 &2 >
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SCOPE Being Used on the CDC 6500 Coinputer

Figure B13
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Exact Format of Cards Depends Upon the Version of




EMS006T277. S
SCHARGE (P99983004701)

_ATTACHWTAPE] ] eDaTA [D=JRORINSONGCY=]eMR=], o -
ATTACHeTAPEIC+DATA« ID=UROBIRSONSCY=2eMik=],

. REQUEST TAPE 124 #HF o
ATTACHsLGOsADAP ¢ JUSJROBERSINSCY=2eMrx],
LGO. o
CATALOG.TAPE12+i)ATH« IDTJROSERBUNSCY=3eMR=1e
: qs/8/0 0000000 T . - e :
4 VEC 1974 C-131 ORBIT FLIGHT OPS 338-75 RUN NO, 1
YYY 3 2 339 '
139.4 lev 264,56 l.l
27 9.3 ) 2001 29, = 4.5 001
6
_ =402 021725 =502 021765 , =60.2 021800 =-70.2  02181S
-R0,2 0¢1R3%  =990,2 021850 ) o
2
~60.5 020350 -Tve5 T 020605 =R0,5 020415 <=90.5 ] 020430
_ =100.5  0els6S =11u.5 020656 .
o]
L =40.2 232061 =504, 232020  =60.2 232032 -70.2 232045
-80,2 232100 =90 ,¢ 232118
6
=50.5 2327GU =705 242715 =R0.5 232730 =90.5 232745
=100.> 232800 =110.5 232820
3 F3 30 T 001311 0vle4dl
- 210001311 225 0Y1315 240 001320 255 001323
270 oQul3er 235 001331 300 001336 315 001340
330 001345 345 0ul350 360 001355 015 001401
030 00lags 365 Volal0 060 001414 075 001418
. 090 601a2l 105 001«25 120 001429 135 001432
150 00130 165 00lwetr - ’ -
_ - 3 25 15 001921 002313
030 001921 nas5 001931 060 00I%«1 075 001950
090 002000 105 002009 120 002019 135 002028
150 002039 163 002048 180 092058 195 002107
210 0021i% 225 vu2le? 240 002137 255 002145
270 002154 285 0022v5 300 002213 315 002223
330 002233 B 345 (9226l 360 002254 015 002303
030 002313 T [ B
2 73
350 0044lH 355 00sees 360 004438 05 004450
210 004559 015 004507 020 004516 025 0n4528
T 030 006563 r35 004551 0640 004603 065 004612 .
050 OU4ncH LS55 004639 060 004647 065 004658
070 004709 075 005156 080 005202 085 005209 -
091 00521y 095 05227 100 005234 105 005246
110 005255 115 005305 121 005315 125 005325
130 005331 135 (us3sl 140 005348 145 005358
150 005405 155 003els 161 005424 T 166 005433
170 Q05«42 175 005650 180 005501 185 005509
191 005519 195 vY3525 200 005534 - 205 005544 T
_211 005553 216 005603 220 005611 225 005620
. 230 005627 236 (05636 2460 005644 245 005653
250 ¢0S700 P55 0u>709 260 005716 265 005725
270 005736 275 005744 279 005753 285 005804
291 005412 295 p05&zu 300 005829 305 005R3S
a 311 005846 315 093855 320 005903 325 005913
330 005921 336 GU3930 341 005938 346 005949
349 005959 .
7/8/5 ___ Note: Exact Format of Cards Depends Upon the Version of _
6/7/879 SCOPE Being Used on the CDC 6500 Computer .

Figure Bl4 Dmample ARPMP Deck



Columns 41-60 are used to record the start and stop times to be
used for processing of flight's data for fljight tvpe 3. For flight
types 1 and 2, the start and stop time entries are not reauired since
the times are used for each heading entry on ARPMP card 9.

The last card is ARPNMT card 9 (figure El2). This card contains
all the headings and heading time intervals to le used in data
processing. The headings recorded are magnetic headings as read off
the aircraft's directional gyro. The headings, start time, and stop
time are recorded four to a card with a maximum of 90 entries. For
flight tvpes 2 and 3 the stop times are left blank and if radar
tapes are not used the heading may be left blank.

Program Description:

ARPMP was developed in a modular design to facilitate future pro-
gram modifications., As such, the program uses 14 suliprograms of which
READD, CAL, SIGNAL, RADAR, MULTPTH are the main subroutines. The main
program is responegible for initialization of data, reading control
data cards, and initiating the data processing,

Subroutine CAL creates the arravs required by VCAL to calilrate
the data on the signal tape in dbm. This subroutine reads data cards
which give the time and signal recorded on thke signal tape. Data
are read off the tape for tvo seconds after the time and the averaae
number read is stored in the array CALSLE. Each calikration signal for
each source is saved in this array which is used bv VCAL to linearly
extrapolate signal tape data to olhtain calibrated data.

Subroutine READD is the master sulroutine for processing data. This
subroutine is called once for each set of data to be processed and controls
the calling of other sulroutines to create the final data. The effective
radiated pover is calculated by the one way range equation:

Edehm = Pr + L + 20 log RN + 20 log rMHz + 37.8 - GR = GM

ERdew dbm - 30

Pr = pover received (dbm)

line loss in receiving antenna (dbh)

&
n

slant range to aircraft (NM)

=

= frequency (MHz)

gain of recejving antenna (db)

Q
]

(2]
]

gain due to multipath radiation (db)
The data array created by READD is written to mass storage and the line
printer.

Subroutine SIGNAL is called %y CAL and READD to provide 0,5 seconds
of averaged data off the signal tape for each source of data recorded.
This subroutine returns uncalibrated data on each source.
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Subroutine RADAR is called by READD to provide the slant range,
horizontal range, aspect angle, and depression angle of the aircraft to
the receiving antenna. The subroutine will use the average X, Y, Z
location of the aircraft for 0.5 seconds interval and, through the subroutine
PAMS, return the required data to READD.

Subroutine MULTPTH uses the technique described in appendix E to
determine the effect of multipath radiation on the received signal. If the
multipath option is selected, this subroutine will be called to return
the db gain of the multipath signal at each data sample,

Two input tapes are required for the calculation of aircraft
antenna patterns by ARPMP. These tapes are created by AFFTC/DOETD
from an FM analog tape and an FPS-16 radar tape.

The first input tape is the digitized signal tape created from the
FM analog signal tape. This tape is created in 16 bit words and is
composed of three types of records. Function IWRD of ARPMP is used
to extract the 16 bit words from the 60 bit words in the CDC 6500
computer.,

The first record recorded on tape is the heading record. This
record is used to identify the tape and has the format as shown in
figure BlS.

The second record written on tape is the time Cal record (figure
Bl6). This record contains the tag number to identify the millisecond
time in the data record. This tag number will be either a 1777768 or
78 depending on the machine being used to create the tape.

For each data source recorded on tape, an additional Cal record
is written to identify the tag number to be associated with that data.
All Cal records are read by ARPMP vhich rcads the tag number to identify
each data sample in the data record.

After the Cal records are written, the data records (figure Bl7)
are written which contain data sampled at 0.1 second intervals off the
FM tape. All data points are written in pairs of numbers in this record.
The first number contains the data value and the second number contains
the data tag number to identify what data is recprded. At every
millisecond change a millisecond word is placed in the data record. This.
word is used to identify the time in the data record.

The second tape used by ARPMP is the radar tape. This tape is
created by the Radar Computer Program as described by Range Data Processing
System, FTC-TIM=73-27, Tge tape 1s composed of four different record
types but only one record type is used by ARPMP, The first 13 words on
record type 3 is used to provide the aircraft position relative to the
receiving antenna. The format of this record'is shown in figure BlS8.

The output tape created by ARPMP consists of records of 482 words
which contains data in six word groups. For each data sample the follow-
ing words are placed in the record: (1) source number, (2) signal
strength (dbw), (3) depression angle (degrees), (4) aspect angle (degrees),
(5) horizontal range (NM), and (6) time in total seconds., Word number
481 in the record contains the number of valid words in the record
and word number 482 is set to 1 at the end of a data set.

A listing of the ARPMP source deck can be found in appendix F,

St SRCA R,
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Record Code

. Vord No.
I T 's T 1 1 1 T T 171
1D 1 0 R Format Code 1
Word Count Number of Words in Becord - 2 2
De-cri tion 3
EECDIC Coded Characters

- (76 Characters Mazimum) 7 4
5
6
B i .
i 35

- =t
L_ 36
37

- =
38
: 39
40

| 1 | | - 1 i | | I | 1 1 |
[ - J

16 Bit Words

SR = Source Number of Digitizing Equipment
(Not Used by ARPMP)

Format Code -

EBCDIC Coded Format Identifying Character

( Not Used by ARPMP)

Figure Bl15 Headiag ".ecord Format

St S S b o A, b i .



e —— . A —
’

R iiad ]

Pp—

S g g e

-

ID

7 ord Count

Description
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Record Code
v

T ‘ S T T T 71 T 1 T 1
l 1 0 R Format Code
Number of Words in “ecord ~ 2
EECDIC Coded Tharacters

- (80 Characters Maximum)

-
-
-
-
Data Tag Number
L.l | T T S | i | i )| 1 1 | . W
——

—

16 Bit Words

SR = Source Number of Digitizing Equipment
(Not Used by ARPMP)

Format Code = EBCDIC Coded Format Identifying Character

(Not Used by ARPMP)

Figure Bl6é Cal Record Format
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ID

Word Count

Record Status

{
I
i Millisecond Time Decimal Coded

Record Code

/ \ "
T 171 < YT T T T N B |
0 0 0 R Format Code

Number of Words in Record - 2 (N)

Word = 0 for Valid Record

Data

| Tag

Data

Tag

Tag

~

FU cam mEEE— eme s g mm Ste—a

Word No.

—

Lrata N-4
- R
Tag ! -3
Data ' N-2
Tag ! N-i
Hundreds| I 7 Tens of [Units of |
of Day[ Tens of Day [Unita of Di}'fﬁnurn Hours | o
Tens of " Unitsof | Tens of Units of .
Minutes Minutes Seconds Zeconds N+
Hundreds of Tens of Units ol
Millliseconds Milliseconds Millisrcoixds N+2
i | | 1.1 L )| 1 L
- J
S

16 Bit Words

SR = Source Number of Digitizing Equipment (Not Used by ARPMP)

Format Code =

Millisecond Time Word is Placed at Each Millisecond Change in Record

Words N, N+l, and N+Z2 Represent Time of Last Data Word in Record

Figure BIl7
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EBCDIC Coded Format Identifying Character (Not Used by ARPMP)
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WORD

10
11
12

13

CONTENTS
101
Total Time (Seconds)
Time (Hours)
Time (Minutes)
Time (Seconds)
Elapsed Time (Seconds)

Status Word For A Valid Record
Equals '10H /!

X (Feet North Of Antenna)
Y (Feet East Of Antenna)
7 (Feet Above Antenna)
DX/DT

DY/DT

Dz/DT

Figure Bl18 Radar Record Format
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APPENDIX C
ANTENNA DATA ANALYSIS PROGRAM (ADAP)
Deck Number 4700
INTRODUCTION
The Antenna Data Analysis Program (ADAP) is designed to assist .

the Systems Engineer in planning, processing, and reducing data

collected during antenna radiation pattern tests. To accomplish this,

ADAP consists of a series of subroutines which can be used for: (1)

predicting the effects of multipath radiation (MULT), (2) determining -
the permittivity which best eliminates the multipath radiation (MATCH),

(3) merging radar tapes into one file (MERGE), and {4) plotting processed

data on the Calcomp plotter (FLOT). Through the use of ADAP, data

processed by the Antenna Radiation Pattern Measurement Program (ARPMP)

can be plotted for use in final reports.

SYSTEM OVERVIEW

ADAP consists of a main program and 13 subprograms which are
called to process the reaquired data. Through the use of the main
subroutines MPLOTS, RDMERGE, MULT, and MATCH each of the four available
functions of ADAP can be executed (figure Cl).

Mass storage input/output requirements for ADAP will depend
upon the function being used. The mass storage requirements for each
function are: (1) MULT - requires no mass storage, (2) MATCH - requires
one input (TAPEll) mass storage file, (3) PLOT - readuires one input
(TAPE12) and one output (TAPEl13) mass storage file, and (4) MERGE =-
requires one to three input (TAPEll, TAPE12, TAPE13) and one output
(TAPE10) mass storage file,

The card input to ADAP consists of 1l different cards. The cards
to be used for each run will depend upon the options of ADAP selected,
A decision chart for the selection of the proper cards is shown in
figure C2 and a description of the use of each card is presented in the
Users Guide section of this appendix. Example deck structures, output
listing, and plots are included to assist in the use of this data
reduction program,

PREPARATION FOR USE

The program deck of ADAP will be stored with ARPMP on magnetic
tape number 5540 in the tape lilrary of building 3940, This tape will
contain the following four files: (1) ADAP LGO (compiled file), (2)
ARPMP LGO (compiled file), (3) ADAP source file, and (4) ARPMP source
file, Prior to the use of the program the ADAP LGO file must be coried
to disc as shown in figure C3., With the LGO file cataloged on disc
it may be attached and executed.

USERS GUIDE 2
The execution of each function of ADAP is controlled by ADAP card 1

(figure C4). This card will select the option to be used by coding the
proper name starting in column 1. When using the functions of ADAP,
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Note: Exact Format of Cards Depends Upon the Version'of
SCOPE Being Used on the CDC 6500 Computer

Figure C3 Deck Setup to Copy ARPMPand ADAP to Permanent File




31e s{r]efelrgrfafsjalsfefr]o]ojmiejajsfa]efe]rJeTopols [aTolals[al7 s [sBoli[2|njefn]ajr|o]ojoef1]a]s]afuja]r]n]e Jalala[se]7]e o Pels]al o]« nfa]7]n]s jos
@
&
Ay, -
slels el [s]od 1 [a]sfe s [s[7 oo fo]s [al a]a [u]e]r oo pofs [a[a]afnfelr]eis 1ja|sfajsjefr]s]e s]alsjajuje]r]a]e vJajsfafeJelrlc{olrefs]2]a]a]ofei7]0] 0}
o
i
<¢
© (=
o] B
-8 B
o EE
-
=] - oo
S EE: *
I=d B ] w
3lta "
o c
4
bl B 2
HEE 2
ol » < -
el o m
I_MO <
Sl28 = n
8l S = 5
HEE = o
o] o] =
S - )]
P B Lal
“w O
O = el
(7] L o
'] 3}
g = &
o m
() (]
£g . 3
-
- U
er.m o]
& Q
£.c 3 5
- & “
O O Q
om0 =
000D 00aonToo

i ke | S Y

£ e ‘x.m_&i



care must be taken to insure the proper name is given to the mass
storage files. Figure C5 lists the files required for each function

of ADAP,

MERGE Function:

Execution of the MERGE function of ADAP, which combines radar tapes
used by ARPMP, reduces the data storage requirement of radar data
by 95 percent and reduces the computer execution time of APPMP by
about 50 percent. MERGE can he used to either store the radar data on
disc or magnetic tape. Whenever possible, it is suggested that MLRGE
be used to store the radar data on disc, even for flights having onlv
one radar tape, due to the savings of computer time and the elimination
of the requirement for magnetic tape drives by ARPMP,

The only data card required, other than ADAP card 1, is ADAP card
2 (figure C6) with the number of tapes to be merged coded in column 10,
When MERGE is used the tapes should be merged in order of increasing
times with the tape having the lowest time on input file TAPEll. The
merged data will be written on output file TAPE10. An example deck for
MERGE is shown in figure C7,.

PLOT Function:

The PLOT function of ADAP can produce either polar plots of the
aircraft antenna pattern at selected depression angles or cartesian
plots of range (NM) versus signal (effective radiated power dbw) ot
radial flight data. The input data is read from file name TAPEl2 which
was created by ARPMP, The output file is a Calcomp plot tape which is
written to file name TAPEl13. The printer listing created for the
range plots contains all the data points used for the plot. The
polar plot listing contains all the 0.5 degrees of aspect angles which
contain data, the numher of data samples in the aspect angle interval,
average signal, and standard deviation of the data in the interval.
Connecting lines will be drawn through all data points on the polar
plots which are within five degrees in aspect angle. Example decks,
listings, and plots are shown in figures Cl4 through Cl17,

When calling the PLOT function the first card coded is ADAP card
1 with PLOT and the second card coded is ADAP card 3 (figure C8).
This card indicates the type of plots (P for polar and S for range) and
the time interval to read data off the input file,

The third card coded is ADAP card 4 (figure C9), This card
identifies the data to be processed and defines the scaling to be
used on the plots. The first entry on the card is the source number of
the data to be plotted. The source numbers are set bv ARPMP and can
be found in the ARPMP output listing, .

The next items required on this card are the minimum and maximum
values to be written on the signal axis scale, For polar plots, only
the maximum value is required, For range plots the values should be

picked such that [(maximum signal) - (minimum signal)] + Y axis length =

l, 2, or 4 x 1o", where N is any integer number. This will insure the
Y axis is scaled to an easily read value. The range interval is used
only for range plots and should be set in the same manner as the

signal interval.
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FUNCTION FILE NAME DESCRIPTION
| MULT = No mass storage files required,
!
MATCH TAPEIl!l Input file created by ARPMP which
contains radial flight data,
{ PLOT TAPEI2 Input file created by ARPMP which
| contains data to be plotted.
'
I TAPEL13 Output file plot tape to be used by
A the Calcomp plotter,
| MERGE TAPEL1 Input file radar tape to be merged
; or condensed, Contains the lowest
] times for merging.
TAPE12 Second input tape for merging with
TAPEll,
TAPE13 Third input tape for merging with
TAPEIll and TAPEIZ,
TAPE1O Output file of merged or condensed

radar tapes,

Figure C5 Mass Storage Files of ADAP
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SCOPE Being Used on the CDC 6500 Computer

Figure C7 Example Deck for MERGE
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The last two items on this card are the vild point check parameters.
The minimum and maximum siqnals to he accepted and coded. 2ny signal
which falls outside this interval is ignored by the program  This is
used to insure data is not plotted which would be off the plot scale.

The fourth card required is a heading card (ADAP card 5 figure C10)
which provides 70 columns of heading information to be printed on the
listing and written on the plots. Information to identifv the plots
should be coded on this card.

The fifth card to he coded depends upon wvhich plot routine is to
be used. If range versus signal plots are to be produced, ADAP card
7 (figure C12) will be coded with the length of the X axis and Y axis.
For polar plots ADAP card 6 (figure Cll) is coded which contains the
depression angle of the data to be plotted, scale interval, depression
angle interval, type of plane to draw, and polar grid drawing code.

The polar plot will consist of all data vhich lies within the
depression angle plus or minus the depression angle interval. If a
999,0 is coded, for the depression angle, all data will be plotted
regardless of the actual depression angle,

The plane tvpe should be set to a "1" to draw the airplane in
the center of the plot. The paper selection should ke set to a "1" if
a polar grid is to be drawvn on plain white plot raper or set to a "0"
if polar grid paper is used. If the polar grid is to be drawvn, thre
plotter reaquest card should specify pen 2 as wet black and pen 1
as black ballpoint. Instructions should be given to center pen 1 on
the perforations and to use 200 plain wvhite paper. If polar paper is
used, instructions should he given to center pen 1 in center of the
polar paper (figure Cl1l3)., Range plots should specify wet pen 1 black
and paper 201 or 202,

ADAP cards 3 through 7 are repeated for each plot to he produced.
Program PLOT will continue to produce plots until all data cards are
read. Due to different plotter paper recuirements polar plots and
range versus signal plots cannot be created on the same run.

MULT Function:

The multipath radiation prediction option (MULT) of ADAP can be
used for predicting the multipath effects to be expected at -« given
altitude and range. This program uses the technique presented in
appendix E to calculate the multipath effects. Through the use of
predicted multipath effects, the range and altitude can ke determined
such that the aircraft's flight path will avoid areas of signal
cancellation. An example deck and output listing are shown in figures
Cl8 and C19.

The first card coded should be ADAP card 1 with the MULT function
selected. The second card coded will be ADAP card 8 (figure C20) with
each altitude to be processed. A maximum of eight altitudes per run
are permitted, For each altitude listed, a printer plot will be produced
for each ADAP card 9,
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The card that controls the number of plots to be produced is ADAP
card 9 (figure C21). This card may be repeated as many times as desired.
The entries required are range interval, receiving antenna height,
frequency, polarization, permittivity, and conductivity. For ease in
reading the printer plots, the range interval should be picked such that

(maximum range - minimum range) + 10 =1, 2, or 5 x 10N vhere N is any
integer number. Freauency is recorded in MHz and polarization is

equal to zero for horizontal or one for vertical. The relative per-
mittivity and conductivity of the reflecting surface are entered as the

last two items on the card.

MATCH Function:

The multipath matchirg option (MATCH) of ADAP can be used to
determine the permittivity which produces the best elimination of the
multipath effect. This program uses the output file created by ARPMP
on a radial flight. The radial is corrected for multipath radiation
by MATCH using the technique presented in appendix L. Due to inaccuracies
in the calculation with high angle reflections, the program will not
use data which has a reflection angle greater than 12 degrees. Through
an iterative process MATCH will determine the permittivity which produces
the multipath corrected radial with the least deviation from the data's
mean. When this value is found the measured radial, multipath
corrected radial, and predicted multipath effect are plotted on the line
printer. An example deck and listing are shown in figures C24 and C25.

To run the MATCH option ADAP card 1 is coded with MATCH and ADAP
card 10 (fiqure C22) is coded with an 80 column comment heading to
print a heading on the output listing. ADAP card 11 (figure C23) should
then be coded with the time interval, antenna height, aircraft altitude,
frequency, and data tag number. This information will identify the
data to be processed and parameters required to calculate the multipath

effect,
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Figure C8 ADAP Card #3

Parameter Identification Card

H{Pointer to One of TWO Subroutines; Can be Either
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Parameter Identification Card

::Source No. to be Plotted
;.(Number as Set by Antenna Radiation Pattern Measure-

Qi
<iment Program)

=

T
-

F10.3

Maximum Vilue Used for Wild Point Check of Signal

Flo. 3

Left Blank

o]efafejefvisiziijodeln tiﬁliivlilq_?t_lc

o —
o) a3
E F10.3 =
FIMinimum Signal to be Plotted é
4 (dbw) Q
-+ (Left Blank for Polar Plots) :
d F10.3 | &
-] Maximum Signal to be Plotted 1
ﬂ (dbw) '_:_“
: g
g =)
g a
Al F10.3 hr
<] Minimum Range to be Plotted (NM) é
4 (Left Blank for Polar Plots) -
2 L
R F10.3 ot
-] Maximum Range to be Plotted (NM) o
1 (Left Blank for Polar Plots) ;
8 | E
bat 12
.§4-.__ F10.3 A
7: Minimum Value Used for Wild Point Check of Signal i
g 2
2 o

o

ol

=

-

[

o

Figure C9 ADAP Card #4
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Figure C10 ADAP Card #5

=| Comment to be Drawn at the Top of Each Plot
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sfajsjeajojajrisje

*]Left Blank
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Parameter Identification Card

s Depression Ang. to be Plotted (If 999. All
Depression Angles will be Plotted)

F10.3

Signal Interval in Units Per Inch

F10.3

ININUNDNEDONTUCBO00L

Width of the Depression Angle Window to be Plotted
(Left Blank if Depression Angle Equal to 999.)

¥10.3

a[el oo e[s [z f o] o] <] s[afvisTe]ipsolefsionfrfefe]s

Tells Subroutine PLANE What Plane to Draw
11

Pointer to Decide Whether nr Not Polar Grid Will be
Drawn (If Equal to Zero No Grid will be Drawn) Il

Rest of Card Left Blank

BOBE 00000200030 000D0a08Isnnonoao

Asaf

'_Llﬁlvtzt»l,—,

.'L.'.‘!lﬁ.'l.l't!l'IILCHPIZI.l.L'i'S!IOﬁll_Lll.'lll

Figure C1ll ADAP card #6
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EM

PLOTTER JOB REQUEST

SHR

C. s

CONFIDENTIAL

SECRET

PROGRAMMER CALLED

N AME OFFICE SYMBOL PHONE NUMBER JON
<y
Joi. Do DOEES 72475 78200
TAPE NUMBER NUMBER OF PLOTSINO. CY PER PLOT |TIME PERPLCOT PLOT NUMBER
!
-~ 1L START END
3238 v / <2 Min 997
PEN POS TYPE PEN COLOR INK POINT SIZE PRIORITY
3 P
X wel b riac ke X PRODUCTION
T | CHECKOUT
3
CL ASSIFICATION PAPER SIZE

BEFORE PLOTTING
]

-

"1 200 PLAIN WHITE

201 OLIVE/10 DIV IN

SPECIAL INSTRUCTIONS

XK 202 RED/20 DIV IN
203 OLIVE/28 DIV IN

800 PL AN WHITE

801 0OLIVE/IC DIV 11

302 RED/20 DIV IN

MISC

AFETC FOm

MAR 73

118 REPLACES AFFTC FORM 0~50, MAR 73, WHICH WILL BE USED

Sample Plot Request for Range Versus Signal Plots (Radial Flights)

EM

PLOTTER JOB REQUEST

NAME OFFICE SYMBOL |PHONE NUMBER JON
. 5 o 2o
_Jehn Doe DOEES 72475 | 798¢0
1TAPE NUMBE NUMBER OF PLOTS|NO. CY PER PLOT [TIME PER PLOT PLOT NUMBER
l START END
) 3 -~
3223 Te [ 2% Mo , 992
PEN POS TYPE PEN COLOR INK POINT SIZE PRIORITY
T = .
)_( ] bau_ POM'f hiack X PRODUCTION
| X 1 wel black | cHECKOU T
K]
"L ASSIFICATION PAPER $IZE

ls.

COMFIDENTIAL

SECRET

PROGRAMMER CALLED
BEFORE PLOTTING

-

STECIAL INSTRUCTIONS

ﬂ/ ) per{c r07'

Cer”

X 200 PLAIN WHITE
1201 OLIVE/10 ™IV IN
202 RED/20 DIV IN

{23 OLIVE/28 DIV IN

MiSC

800 PL AIN WHITE
801 OLIVE/IO DIV IN
502 RED/20 DtV IN

C i F ")P/
FORM
AFFTC il

118 HEPLACES AFFTC FORM 0-50, MAR 73, WHICH WILL BE USED

Sample Plot Request for Polar Plots with Polar Grid Drawing Option

Figure C13 Sample Plotter Job Request Cards
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% Parameter Identification Card

E <\ STARTING RANGE of Graph
ﬁ g F10.3
J : :
£ é END RANGE of Graph -
g :
a F10.3 e
3. d L :
i E Antenna Height above the Reflecting Surface a 3 2
2 9 2
a [~ 5
g g -
g F10.3 HZ
0 Frequency of Transmitted Signal in MHz o S
L g o] -
:? g F10.3 8l E
? |- E" o :
¢ = Polarization of Transmitted Signal a =
| El (@ is horizontal and 1 is vertical) :::_ :
'; 5 g :
| F10.3 1% =
H NI 3
= Relative Permittivity of Reflecting Surface o 3
0 - -
g F10.3 He  E
E Conductivity MOL-Meters/sq. meters a a
g F10.3 s E
E Left Blank E :.
: -
Figure C21 Adap Card #9 :

128




a93gn0a0nEoAnn00aogananannanaTaA0n0 0000010008 0BUNE SN ISNREnEnn 800D 0N Nn0GGDOT

0

&,

e
L

——
|

T oANN00O00T Aa000a00 T Inosn 0006 nNEsnNannCIn0a00n00Tionononon

BALD

Parameter Identification Card
Figure C22 ADAP Card #10
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Parameter Identification Card

i Hours 12 = Vs

é Start Time Minutes 12 ":: !J?‘P; %
= Seconds 12 A {5}.* 0
2 NI
s 3 =
a o =
i Hours 12 a 3
] Stop Time Minutes 12| F % :
‘:' Seconds 12 rl.” % :
i Height of Receiving Antenna in ft. above the - :
! Reflecting Surface - ‘
0 :

]

110

- F10.2 én :
Height in ft. of the Aircraft Above the Reflecting -
Surface .

F10.2 :

" 406, ~

Frequency of Transmitted Signal in MHz >
F10.2 “'f’@ -

Source Number of Data to be Matched (Must correspond Q %
to the No. written by the Antenna Radiation Pattern 0
Measurement Program) H

Left Blank

§
¢
|

R0 0ROC0T000000G0002000000300 1000000008 2000000300.

F_{_o[

QR0 000a02 0000 0E0303000000080100000000000D0C0O0UCLLEO DD

Figure C23 ADAP Card #11
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Figure C24 Example MATCH Deck
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APPENDIX D

ANTENNA PATTERN MEASUREMENT TEST

The antenna radiation pattern measurement technique decve. ped for
this report was the result of tests performed in the rall of 1.74 at
Griffiss AFB, New York and Edwards AFB, California. These tests were
designed to determine the ability of different £flight techniques to
accurately measure antenna pattern and to determine the anterna pattern
measurement system to be established at the AFFTC,

This test was conducted in two phases using the Space and Missile
Test Center's (SAMTEC) Radar Calibration C-131 (#803), The first
phase was at Griffiss AFB using the Precision Antenna Measurement System
(PAMS) and the second phase was at Edwards AFE using equipment at the
Barrier Instrumentation Facility, building 275.

GRIFFISS AFB PIASE

The Griffiss AFB phase was conducted as a joint project between
SAMTEC and AFFTC. The aircraft was scheduled by SAMTEC for a complete
test of its antennas on the PAMS range. Therefore, to reduce cost
AFFTC and SAMTEC combined both test requirements into one test program
which was conducted in October 1974,

During the tests at PAMS, fifteen antennas were evaluated at
eight different frequencies, This resulted in over 800 antenna pattern
plots being produced. To excite the antennas, the aircraft was modi-
fied at Edwards AFB with racks and wiring for the installation of
transmitters and the PAMS Airlorne Monitoring System (AMS) for the
recording of the aircraft altitude during the PAMS tests. The final
installation of equipment was made at Griffiss AFB., The exciters used
for the antennas being evaluated for SAMTEC were the airborne RF signal
sources provided by PAMS, The exciter used for the antennas being
evaluated for AFFTC were standard communication transmitters which were
rated for continuous transmission, The 136.8 MHz CW signal was provided
by a Wilcox 807A transmitter and the 225 MHz CW signal by an AN/PRC-66
portable transmitter.,

The flight patterns flown at Griffiss consisted of: (1) radials,
(2) parallel flybys, (3) cloverleaf, (4) orbits, and (5) polygon.
Due to difficulties with the AMS, data on the orbit and polygon flights
were lost. The data on 139,8 MHz and 225 Mlz were collected using a
circular polarized receiving antenna even though the transmitted signals
were vertically polarized. This enabled data to be collected on nearly
all the flights at Griffiss AFB, since the ground antenna was being
used as circular polarization on all flights for SAMTEC. This caused
all the plots of the 139,8 MHz and 225 MHz data to be 3,01 db low.

A total of six parallel flyby patterns were flown, one radial
flight, one orbit flight and one cloverleaf flight with data collected
on 139,8 MHz and 225 MHz. The flight patterns flowvn on the parallel
flyby, cloverleaf, and radial patterns are shown in this report in
figures D1 through D3.
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PAMS

Figure D3 Radial Flight Paths Flown Griffiss AFB
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The flights flown on the PAMS range for the SAITEC and AFFTC tests
required 50 hours of flying time which were flown, for the most part,
from 0030 to 0830 hours. The flights at night were required to avoid
interference of the UHF signal from local TV stations.

EDWARLS AFE PHASE

The second phase of the tests conducted at Ldwards AFD was designed
to determine the optimal technique to be used at the AFFTC and the
equipment required for an antenna measurement system at Edwards AFB. As
such, the same type of patterns were flown at Edwards as were flown on
the PAMS range except modified parallel flvbvs were flown instead of
parallel flybys (figures D4 and D5).

The tests wvere flown in December 1974 using the C-131 #803 with the
Wilcox 801A VHF transmitter on 139,8 Mz and the AN/PRC-66 UHNF trans-
mitter on 264.6 !'liz. The UHF sigral was not the same frequency as the
Griffiss AFB tests because the 225 MHz frequency was not among the
AFFTC assigned frequencies. Therefore, slight differences are to be
expected between the UHIF antenna patterns of the PAMS and AFFTC tests.

The equipment availalble at the Barrier Test Facility located at
South Base was used to record the signal strength data during the tests.
The instrumentation system provided the basic ecquipment required to
record the data and the IRIG "B" time required for time correlation
with radar position data. The equipment indicated in the lower right
section of figure D6 was availalblle at the Barrier Facility and was
used for the tests. The facility provided a 14 track Ampex FR 1600
instrumentation tape recorder which was used to record the data and
IRIG "B" time code as received from the Lase timing system. The VHF
time code receiver and demultiplexer provided time data which was
recorded on tracks 11 and 12 of the FR 1600 tape recorder., The signal
strength data was recorded on track 2 of the tape recorder using an
IRIG channel 10 and an IRIG channel 13 voltage controlled oscillator
(VCO). The automatic gain control (AGC) voltage of the Stoddard Model
NM-30A VHT receiver was filtered with a lowpass filter to remove
modulation components from the AGC voltage, This filter was not necessary
with the TR-104 telemetry receiver used for the UHF signal receiver.

For the purpose of measuring received signal strength, the Barrier
Instrumentation System was supplemented with additional equipment. An
omnidirectional VHF and UHF antenna system was installed at an elevation
of 27 feet above ground level. The antennas were connected to the
receivers by approximately 45 feet of RF-213 coa:’ial cable. The signal
loss was measured and recorded for each cable at the test frequencies
of 139.,8 Milz and 264.6 MHz,

The UHF signal was received by an Astro Cormunication Laboratory
Type TR-104 Telemetry Receiver. The AGC voltage ranged from 0 volts at
=110 dbm signal to approximately =5 volts at -40 dbm signal. This
voltage was used as the input to the model VC-50 VCO operating at IRIC
channel 13, The VCO was adjusted so that -110 dbm signal was approximately
90 percent of upper band edge and -40 dbm signal was approximately 10
percent of upper band edge.
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South Base Building 275

Figure D5 Radials Flown Edwards AFB
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A Stoddard Radio Field Intensity Meter was used to receive the VHF
signals. The AGC voltage from this receiver was used as an input to a
VC-50 VCO operating on IRIG channel 10, It was similarly adjusted so
that -110 dbm signal was near upper band edge and a -40 dbm signal
drove the VCO toward lower band edge. The two VCO outputs were mixed
and both were recorded on track 2 of the tape recorder.

The signal loss from the antenna to receiver input was measured
for each coaxial line at the test freaquencies, This was accomplished
by first measuring the output of the signal generator with the
power meter directly at its output terminal., The feed line was then
inserted between the signal generator and the power meter and the
difference in power was noted., The signal loss for the coaxial lines
used between the signal generator and the receivers were similarly
measured at the test frequencies,

Prior to the start and after the completion of each flight, a
series of calibration points were recorded on the FM tape. The signal
generator provided the calibration signals to the receiver terminals in
5 dbm increments. This produced signal calibrations from =40 dbm to
=90 dbm for the VHI receiver and -60 dbm to -110 dbm for the UHF
receiver. The IRIC "B" time and signal strength were recorded for
each calibration pecint for use by the Antenna Radiation Pattern
Measurement Program to ~alibrate the recorded signal strength in dbm.

DATA ANALYSIS

Data collected during both phases of this test program were
used for analysis of the multipath effects and flight techniques.
Through the use of radial flight data, the ability to eliminate multi-
path radiation was evaluated and through the use of polar plots of the
antenna patterns, flight techniques were reviewed for accuracy and
repeatakility of data.,

Radial Flight Data:

The radial flights were designed to map the multipath radiation
effects at both test facilities and to demonstrate the ability to
eliminate the multipath effect through computer prediction. The Edwards
AFB radials were plotted as signal (dbw) versus range and the Griffiss
AFB radials were plotted as signal and range versus time. Since the
receiving antenna at PAMS was receiving the vertically polarized trans-
mitted signal as circular polarized, both left and right circular polar-
izations are plotted. Both polarizations should produce similar data,
but transmission path effects cause differences to exist.

The Griffiss AFB radials show that a multipath lobing structure |
exists for the 139.8 MHz and 225 MHz data (figures D7 through D10). The
lobes are large enough to produce significant effects on the polar
plots and are especially significant between =10 and -90 degree depression |
angles, where the aircraft was within 10 NM of the receiving antenna.

The radials also show that multipath radiation is being received by
the six foot dish antenna on 1435 MHz (figures D11l and Dl12). At 27 NM
and 35 NM large cancellations occur but data at less than 25 NM does not
show any multipath effect. This is due to the beam width of the six
foot antenna being sufficiently narrow to eliminate the multipath radiatior
at the higher antenna elevation angles.
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The Edwards radial data (figures D13 through D16) show the multi-
path lobing structure which existed during the Edwards ATFB tests. The
lobing structure was close tc that which was expected. S&ince all
orbits and modified parallel flvbys were flown from 20 NM to 30 NM,
only the 264.6 Mllz data would be distorted due to the large null whict

exists between 15 NM and 24 NM.

The abilitv to eliminate the multipath signals by computer predictions
is shown in fiaqures D17 through D20, The areas of concern are from
20 NM to 30 NM where the orbit and modified flvby flights were flown.
In this range all the radials are reduced to within +1 d*, Large errors
exist up to 16 NM in the 264.6 Miz radial, corrected for multipath
radiation (fiqures D19 and D20), due to approximations used in

multipath predictions (appendix E). (Rl)1

Additional radials were flown at Edwards AFB to determine if the
TM site, building 5780, could be used to measure aircraft antenna
radiation patterns in the VIIF/UHF range. The data collectad shoved the
effects of multipath radiation, with an omnidirectional receiving
antenna, are too severe and unpredictable to use this site for VHF/
UI'F antenna vattern measurement. This is probably due to the height
of the receiving antenna above the reflecting surface producing
a large number of lobhes and the changing terrain of the reflecting
surface modifvina the lobing structure,

Polar Plot Data (Criffiss AFB Test):

The polar plot data from the Griffiss AFB test (figures D21 through
D27) was collected with the parallel flyby flight pattern (figure D1l)
and a cloverleaf (figqure D2). Since multipath radiation wac being
received durina these tests, the effect the reflected signal has on the
recorded data must he considered when analyzing the antenna patterns.

The data, used in the 0 to -7 degree depression angle polar plots
of the Griffiss AFB test, consists of all data collected Quring the
parallel flvby flight pattern except the data when the aircraft was
within 10 NM of the PAMS site.

The data used in creating the 0 to -7 degree depression angle polar
plots, from the parallel flvbv flight pattern, was collected from 10 NM
to 35 NM from the receiving antenna. Data from all legs of the flight
pattern are the averaged for each 0.5 degree in azimuth angle. Since
most azimuth angles are covered in more than one leg, data are being
averaged from different legs of the flight path.

The resultinag effect of averaging data on different legs, in the
presences of multipath radiation, will depend on the lobing structure
of the signal, For the 139,8 MHz data, one lobe and one null was
included for the data collected from 20 to 160 and 200 to 340 degrees

—
Numerals preceded by an R within rarentheses at the end of a paragraph
correspond to the recommendation numbers tabulated in the Conclusions
and Recommendations section of this report.
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azimuth angle around the aircraft. This has resulted in reducing the
multipath effect in these azimuth angles.

For tlie azimuth angles around the nose and tail of the aircraft
the data being used come from the 0, 1, and 3 NM legs. Since these
are essentially radial legs, the lobing effect can be seen in the polar
plots (figures D21, D22, D25, ard D26).

As the frequency is increased more lobes will be present in the
data. This has the effect of increasing the jagged appearance of the
data over the nose and tail of the aircraft and possibly creating
fictitious holes in the antenna pattern hetween 30 to 160 and 210 and
330 degrees.

Polar Plot Data (Edwards AFB Test):

The polar plot data from the Edwards AFB test was collected using
orbits, cloverleaf, and a modified parallel flvbv flight pattern
(figure D4). All data was collected from 20 NM to 30 NM from the
receiving antenna and in the presence of multipath radiation.

The effect of multipath radiation on the antenna patterns can
easily be seen in figures D46 through D49, Since the orhit turns were
conducted from 20 NM to 30 NM, the aircraft entered the first null
of the 264.6 MHz signal. This resulted in the apparent depression of
the antenna pattern on one side of the aiircraft., For the banlked
turn the depression vas not so pronounced due to the small turn radius
keeping the aircraft from entering the deep portion of the null,

Through the use of the multipath correction option of the Antenna
Radiation Pattern Measurement Program (ARPMP appendix B), the multipath
effect was effectively eliminated (figures D58 through D64),

A comparison of skidding turns and polygon turns of the 139.8 MH2
antenna patterns, corrected for multipath radiation (fiqures D37 throuch
D45), shows that cthe general shape of the patterns are the same, Since
there are numerous factors which can affect the received signal, an
exact comparison of the antenna patterns cannot be expected. The primary
concern for comparing the antenna patterns is the location and maanitude
of losses in effective radiation power (ERP), Comparing the polar plots
for these items indicates the skidding turns, polvgon, and modified
parallel flyby produce essentially equivalent antenna patterns., Due to
savings in flight time &ad high quality of data, the skidding turn flight
technique was judged the best technique. (R2)

A comparison of data between the two phases of the test must be
conducted with the 139.8 MHz data, since this was the only data collected
on the same frecuency. Comparing the general shape of the antenna
patterns shows the gains and losses are bhasically in the same location,

The majcr difference between the Griffiss AFB data and the Edvards
AFB data is the magnitude of holes in the antenna patterns. The
Griffiss data has holes of approximately twice the magnitude of the
Edwards data. The reason for the difference has not been resolved at
this time.
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The equipment used during the Edwards phase of this test (figure
D6) has produced repeatable results., With the addition of airborne
transmitters, which are capable of transmitting multiple signals on
antennas simultaneously, the equipment can provide an inexpensive
permanent antenna radiation pattern measurement facility. (R3)

CONCLUSIONE AND RECOMMENDATIONS

Orbit turns have shown to he an effective flight technicque to
produce continuous coverage of an aircraft antenna radiation pattern,
Through the use of the multipath prediction option of the Antenna
Radiation Pattern Measurement Proaram (ARPMP), the effects of multipath
radiation can he effectively eliminated.

1, To effectively eliminate multipath radiation effects in the VIHF/
UHF range, the multipath option of ARPMP should be used (page 148).

2. Orbvit turns should be used when measuring aircraft antenna radiation
patterns (page 149).

The antenna pattern measurement facilitv to be developed at AFFTC
should be patterned after the ecuipment used in this test., This facility
can produce accurate, repeatahle results with equipment readily available
on base, With the addition of airborne transmitters to excite two antennas
with three signals each, aircraft antenna radiation patterns can be
accurately, economicallv measured.

3. An antenna radiation patterns measurement facility should be
installed at Edwards AFB patterned after the system used in this

test (page 150).
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FIGURE D23 VHF ANTENNA PRTTERNS (GRIFFISS AFB TEST)




(MEQ3IANLT Td4WB
; cores CL

(1831 840 SSIJ441¥9) SNM3LLIUd UNNILNY 4HN #20 3IMNOL4

ONIOBIH 378 OL JIALLBT3M ST H1NWl2b
L il <Bdu B}

s

.......

, [ [EURA BAAY AR

o PR AL

FHH Fed o 4 HA =
.......




(MA0I3ONLL Ty

kl l“ "i* =
s PRI TR WL wa AT FE e
' pen et ot aha

FIGURE 025 UHF ANTENNA PRTTERNS (GRIFFISS AFB TEST)
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FIGURE D26 UHF ANTENNA PRATTERNS (GRIFFISS AFB TEST)
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FIGURE D34 VHF ANTENNA PRTTERNS WITHOUT MULTIPATH CORRECTIONS (EDWARDS AFB TEST)
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FIGURE D38 VHF ANTENNR PATTERNS WITH MULTIPATH CORRECTIONS (EDWARDS AFB TEST)
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FIGURE D40 VHF ANTENNA PATTERNS WITH MULTIPATH CORRECTIONS (EDWARDS AFB TEST)
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FIGURE 046 UHF ANTENNA PATTERNS WITHOUT MULTIPATH CORRECTIONS (EDWARDS AFB TEST)
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FIGURE 049 UHF ANTENNA PATTERNS WITHOUT MULTIPARTH CORRECTIONS (EDOWARRDS AFB TEST)
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APPENDIX E

MULTIPATH RADIATION

TWO-PATH PROPAGATION CALCULATION

The theory of twvo-path propagation is thoroughly developed in most
textbooks on electromagnetic wave propagation. This appendix was written
to provide a condensed and simplified presentation on multipath radiation
theory and to show the multipath prediction technique used by the
computer programs documented in appendices B and C. Since a complete
development of the theory is not presented in this report, the symbology
used will follov that used bv Reed and Russell (reference 5). This will
allov the reference to be easily used if a more detailed explanation of the
theory is required. This section will include four basic concepts vhich
make up the theory of multipath radiation predictions. They are as
follows: (a) earth gain factor (g(6)), (b) divergence factor (D), (c)
reflection coefficient (R) of the reflecting surface, and (e) the
geometric relationship between the receiving antenna, the transmitting
antenna, and the reflecting surface.

EARTH GAIN FACTOR

The earth gain factor g(0) is the ratio of the resultant vector
{sum of the direct and reflected signal) to the direct signal.

E
g(e) = -E—R (1)
0

ER = resultant signal*

E. = direct signal

(o)

The relationship of the twvo vectors is shovn in fiqure El,

¥Note: Vectors are represented by italic characters in this report.
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DRE 4

Figure El Resultant of Direct and Reflected Vector

Where DRE0 is the reflected signal, D is the divergence factor, R is

the reflection coefficient (R = |R|), 6 is the phase change of the
reflected signal due to the difference in path length, and -¢ is the
phase change due to the reflection.,

By the law of cosines

E; = Eo‘ + (oneo)' - 2E,DRE, cos (B) (2)

since

B = 180 --(6 - ¢)
and

cos (B) = cos (180 - (6 -~ ¢)) = - cos (6 - ¢) (3)
then

Eg=E, V1+ (DR)? + 2DR cos (0 - ¢) (4)

therefore, the earth gain factor is equal to:

E
g(e) = g2 =41+ (DR)* + 2DR cos (6 - ¢) (5)
o]
This is the predicted gain due to multipath signals, which in db is
equal to:

g(e)db = 10 log g(6) (6)

05



DIVERGENCE FACTOR

The divergence factor (D) is the ratio of the spread of a beam
reflected off a plane surface to the spread of a beam reflected off
a spherical surface. When a diverging beam is reflected off a plane
surface, the direction of the beam is altered but the rate of
divergence is left unchanged (figure E2). For example, a direct beam
and a reflected beam which travel the same distance, as measured along
the beam's axis, will diverge to the same size.

This is not true when the reflecting surface is a sphere. Since
the angle of incidence is equal to the angle of reflection, a curved
surface will cause an increase in the rate of divergence of a reflected
beam (figure E3).

as=@

7
rd f"
Fd

Figure E2 Plane Surface Divergence

Figure E3 Curved Surface Divergence
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A complete development of the divergence equations can be found
in Reed and Russell (reference 5). The equations are developed based
on comparing the cross sectional areas of the diverging beams. The
ratio of the areas will reduce to (figure E4):

D = 1 (7)
2r.r
1 + 12

r an

When 4@ << r then r, = hi/sin ¥; r, = hi/sin v and for small grazing
angles sin ¢ = tan ¢ which yields

D = L (8)

2h1h2

1+ —L2
rd tan® y

The final usable equation is obtained by the approximation

i h)
tan ¥ * £yg0d; - 57804, =

and by applying 4/3 earth radius to eliminate the atmospheric refraction
(r = 5280 miles), expressing h in feet, and d in statute miles. This
reduces the divergence equation to

2 =%
3 2d1d2
D = 1 + ——= (10)
dh2

Therefore, this equation can be used, for small grazing angles,
tc predict the approximate reduction in energy of a signal reflected
off a spherical surface,

REFLECTION COEFFICIENT

The derivation of the reflection coefficient (R) is more complex
than the divergence factor and a thorough discussion will not be
attempted in this report. Rather, the basic equations will be
presented and if a more detailed explanation is required, Reed and
Russell may be referenced.

The reflection coefficient (R) is the ratio of the reflected
ray (Ea) to the incident ray (Ei) and is a complex vector. It can be

shown for a vertically polarized ray this ratio is equal to

E 2 - : _ 2
R, = E% - n. sin ¢ - n' cos' - |Rv|ej¢v (11)
4 n* sin ¢y + V n? - cos?y
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Figure E4 Geometry of Two-Path Propagation
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wvhere Yy is the angle of incidence and n is the index of refraction,
For a horizontally polarized rav, this ratio is ecual to

R =

. - 2 _ 2 :
y siny - Vn® - cos®y _ IR, 1e?%n (12)

sin Y + V n? - cos?y

The reflected rav En can be expressed as En = EL|R|e3¢ where

~Ta

¢ is the anqular phase change in the reflected ray. When ¢ is positive

En will lead EL and when it is negative En will laqg Ei' By convention

¢ is normally expressed as the angle of lag even tliough it may be
over 180 degrees.

To complete the evaluation of the reflection coefficient, the

index of refraction must be calculated. It can bLe shown that n?,
expressed in MKS units, is ecual to

jo
E . - —2
r2 we
n? = N (13)
rl
€g = permittivity of free space 1/(36m x 10°) farad per meter
€r1 = relative permittivity of air =1
€pp = relative permittivityv of reflecting surface
o, = conductivity of reflecting surface MHO - meter/square meter

w = 2nf angular frequency in radians/second
With €r1 < 1 and frequency f in lilz, the equation reduces to

2 - - j 18 x 10% (14)

n

cr2 2/fMHz

Some typical values for €r2 and g, in the UHF range are (reference

5):
Material cr2 33

sea vater 81 3 to 5
-2 -3

fresh vater 81 10 to 10
-1 -3

wet earth 5 to 30 10 to 10
-4 -5

dry earth 2 to 5 10 to 10
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GEOMETRIC RELATIONSHIP

To use the above equations five parameters must be calculated
from the geometric relationships involved in the problem. These
parameters are dl' dz' hi, 6, and vy as shown in figure E4, with 6 being

the difference in physical path length of the direct ray ry and
reflected ray rye

Since the earth radius is much greater than dl' the angle Yy can be
approximated by
h? h’

S7Eta =t smwrae (15)
1 2

v = tan™?t

where dl and d2 are measured in statute miles and hl' hi, Ahl, hz, h;,
Ah2 are measured in feet with h1 = h1 - Ah1 and h2 = h2 - Ahz. From
figure E4

ka

Cof ¢ T @ ¥ ER

which gives

ka + Ahi = ka/cos «

additionally
d

g |

i 7Y

Using the series approximation for cos a which is
2 L]
cos a ® 1 - (%T) + (%T) s v

and taking the first two terms will give

d b4
ka - ka ka - 1
- dl = ot ka + V)T (16)
cos (ga) 1 - u(d
therefore
dlz
ka + Ah1 = ka + ATy (17)
and
dl2
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Expressing Ahl in feet; dl in statute miles; and ka, using the 4/3

earth radius factor to correct for atmospheric refractioun, as 5280
statute miles the above equation will reduce to the final form of Ahl
as
dlz
Ahl = —7— (19)

A similar technique will give

d 2
oh, = —§- (20)

To develop the equation for the physical path length difference
the quadrilateral AAlBlB in figure E4 is approximated by the
trapezoid AAlBlB in figure E5. The difference in the length of the
direct ray r, and the reflected ray Iy, in degrees of a wave length
is given by

360
0 = -T-(rz - rl) (21)

where
A = wave length of signal

The length of both rays can be calculated from triangles ABiB and

A BzB which gives

2

r, = \fdz + (h5 - hi)’ (22)

r, = \[d* + (h5 + hi)z (23)

These two eguations can be expanded using the binomial expansion
and since 4 >> h2 + hi the higher order terms can be neglected which
gives

(h; - h)?
rysda+ Lo L (24)
(ha + h‘)2
r, =d+ RUCORE (25)
therefore
2h?h’

_ 2hyhy
I,-r * —g— (26)
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Which after converting units: hi and hi to feet, d in statute miles,
and £ in MHz gives the tinal working equation |

-4 Pyl
1.385 x 10 hih £
6 = 3 1 2 MHz degrees (27)

miles

The fiial equation required to complete the solution of the multipath
effect !s the relationship between hi and hs (figure E4). This can be
approximated by the following: '

Since |
ka >+ d

1 = A5,

2 = BjA,

d

d

and angle Yy =Yy * 90 degrees; therefore, by similar triangles

h; 4

2 2
. (28)
1 1

SOLUTION OF EQUATIONS

The solution to these equations, as performed by program MULT
(appendix C), is started with the calculation of the reflection distance
d1 which is necessary to solve the geometric problem at the given

distance and height of the aircraft, The technique used is an iterative
procedure of incrementing d1 and solving for h2 until h2 equals the

aircraft's altitude, The following equations are used during the
determination of dlz

d, =d ~-d

2 1
d 2

th, = -5_ (19) |
d 2

bh, = —2- (20)
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When h2 best approximates the altitude of the aircraft the
final gain is calculated with the following ecquations:

-1 hi
¥ = tan "~ ( ) (15)
5280d,
1.385 x 1074 hihs £,
6 = il (27)
j 18 x 10° o,
ntec, - > (14)

MHz

if the calculation is for horizontal polarization use

R = siny - \Jn” - cos? ¥ (12)
sin ¢ + \/nz - cos? Y

if the calculation is for vertical polarization use

2 Z 2

Rv - n' sin ¢ - n’ - cos' ] (11)
n* sin y +'V n* - cos? y
I_{R}
= -1, m
¢ = tan (R—e-{-R-T)

where Im{R} is the imaginary portion of R and Re{R} is the real

portion of R.

R = |R|
2a.a,2 | 7"
- 172
D= [1+ Kam (10)
g(8)y, = 10 log(y/ 1 + (DR} + 2DR(6 - ¢)) (6)

These equations can be "olved for each range and altitude desired,
producing a graph of the predicted multipath propagation effect.
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APPENDIX F

ARPMP SOURCE LISTING
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(2 27a)

130

140
150
160

170
180

IO IO

lllgg; ? ARPHP{INPUT,OUTPUT, TAPESSINPUTs TAPEGSOUTPUT,TAPELOy TAPELL,

THIS PROGRAM CALCULATES A/C ANTENNA RADIATION PATTERNS (IN ERP DBW

Eﬂ Hﬂ NUHSI o0 Et A 2 DATA a IS
E I!"§ fs b .:.zié;!u';'rl%@i’ﬁ';sﬂr. ;Erﬁii k‘fsi st

F
Ea:; lrSlDESltul-Iil[ﬂl!ﬂi-lH[lﬂtlla!ilhlznl-tﬂunlZHI
jii

L] -
"3'8-8
ROSTY=.0
kEVIND 10
sehlse 11
WRITE (6,290)
‘.‘..‘...“‘...““‘.““..U..‘.....“‘.....‘.‘..“.......“....‘.
READ INPUT CARDS G600 060600000005080000¢80000000080080¢
CPSEB S4B SR0EE SR LSS RER S80S0 020000CE00S0¢000000¢¢RSSEOS
READ HEADING RECORD (ARPHP CARD § 1)
(5,420) IHEAD
BEITe' 720308, TR
READ ARPNP CARD # 2
(323091 TRADAR, IPCAL, ENULTANTYPP NUNSR, ISTOAT, NUNRNG, ALTAC
B 200, e s R e pvns e ISTDAT NUNRNCEALIAC
READ ARPMP CARD # 3
READ (3:320) (FREQ 0 RGAIN(I) o Is1oNUNSR)
R 9; 3 fgéi (1 g *i* §§o§§i SreesbR el 2 MAsa)
AH P It R
IF MULTIPATH OPTION USED --READ ARPMP CARD § &
READ (5¢320) (ANTHT(I),PERMII)SCONDUT}s [=1oNUNSK)
R18%8280huASR ’ ’ i
CALCULATES REFLECTIVITY
REFLI)CHRLX(PERNIT)oCOND(I) 418000, /FREQ(L))
VRITE (82340) (1eANTAT{I}sPERN(T),CONDITI,REF (1)s 1n1s NUNSRY
IF (IRADAR.NE,1HN) GO
I NQ PADAR TAPE == READ RANGE AND CORRESPONDING TIMES, ARPHP
READ (5,350) (RDRNG(L1,])» IDATA(6®(]=1)¢1) [DATA 1420, IDATAL6

}‘fI-l)0515?6A$A?60?{-i}01}aIDA*A(bll}-l*Og Nttt iR st 3 M
UNRNG)

CALCULATES TOTAL SEC OF RANGE TINES
D0 130 T=1,NUMRN

lR?&g?(Z'lltlDATA(b‘(I-l)OIDtst0.0IDATA(b‘(I 10421960+ IDATA(6# (]~

1%?&:?(3.Il-lDAYA(&‘(l-l)OQ)‘Sboo.OIDATA(btll-l)*S)‘bO.olDAlA(b‘(X—
WRITE (55360) (IDATA{68(I=1)¢3), IDATA{6®(I=1)¢2), IDATAL6®(I=1)43)

RS R R It Bt I R It e A M L 1

CALCULATES LOSSES TO BE USED IN ERP CALCULATION
00 15 NUMSR
85#??35£ S BYTT ) —reaINt 1) ¢37. 802000006100 FREQLTD)
80 189, [31gnunse
1oatac(lr=d
...‘..“‘.“.‘.....0‘..‘.“‘3‘..‘C“.‘O......‘..““..“.‘..‘..‘C.
READ IN THE HEADING RECOND ON SIGNAL JTAPE Geesasssscesesesosse

S00888000000CS800080CR0¢0OBESOSIECOEOP SRR CE00C0RES2008S0800800
BUFFER IN (10,11 (IDATALL), IDATACL))
JE JUNIT(101)" 180,250, 18
e
i{-{yloll)

-

T=ANO(SHIFT(IL,=13)s78)

If 11 EQUALS & == HEADING RECORD FOUND
IF (I11.EQ.4) GO TO 190
IF HEADING RECORD NOT FOUND B8Y SECOND TRY «- END RUN

iF (ICK.EQ.1) GO TO 270

CKel

REWIND *8

60 701

R L L LI T I T A T I T Y YT
READ IN THE TIME 2ALIBIA?ION RECORD 63084485000 00608008006009
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VOAT(482)»31G(20)» SHAX(20),SHIN(0)
S0CP80000¢00 00000000 0CSCECSO0RSSSCESORISSSCEEREOCOPSSSSSSOS S
READ IN THE HEADIN rvv; THE NUMBER OF HEADINGS #6oossssssssse
[HE ROLL ANGLE, 4 ign ANGLE==ARPHP CARD 8 8 ®0os0s088000
READ(30180)  IHOTYPy NUNHO, IROL ks IPTCHs THSTs INS Ts 1SSToTNS Py INSPSISS S
Lt IRTR R do J il 1 B T
1F {IHD F;eg.af BRITE anS Si Thit) ngﬁ.xssr.xnsr.xnsr‘xssr
S000E0S 20RO NSNS EE S0 SO B000S0 S80S 2800800 SSE80FSESCESSESEISSE
READ IN THE HEAOING AND THE CORRESPONDING TINE INTERVALS sessses
566085608082 ARPHP SARD Q 3006000050808 083888 08¢ 0800800 ¢
02220050 ¢¢00 0S¢ 000 RSSO0 SS LSRR SOISE0R00000FSERC 0608600 SSOSS
READ %5,200) ({THED(L), THRICT),NINLCE), I7ECI(LD, IHR2(L),NIN2(I), IS
3 ?‘ﬁavii' 6“"?""{ TE(60210) (CIHEDC(I), IHR1I(I)s NINLCE ), ISECI(I)
lheditn,n ngll;.vzgssi?f {2"'"?"“8’ 4 ’ ' 2
:|an"§5.n ol TTEC6,235) (CIMEDCI), IMRICI), NINR (T ), ISECICID )y
he0, ,
'°ni°x S R T e 3600¢NIN] (1) 60+ ISECLIT)
é}ni? gf .25.11 1 -t 15 177
a2
1{;%:! -}n{ (1)*36D0+MIN2(T)*60+ISEC2(I)
“Oltg‘tttttt..t“.‘.‘..‘..t.“.‘...tt“t.“..t..‘.t.‘.tt“..‘0.‘0
FIND nAIA FOR ‘kk I{"E 1NIER ALS SO0 000S06 0000400 SEESERS
S58¢0800002800808 * (3131134 SESRESSESR 0SSP0 E 2006 ¢ECE S¢S0 SSS
go z? H}-loNUnSR
HAX{N]}==9609,
SHIN(MI}=9999,
nn-;
00 J'svﬁﬁl
xon; J)=0,
ONTINUE

IF DISCRETE DATA POINTS SET NN TO NUMBER OF POINTS (NUMHD)
IF (IHOTYP.NE.3) GO TO 40
IF CONTINUGUS OATA SAMPLES SET NN TO NUMBER OF 5 SEC INTERVLS

e

TIRaS§T=,
SOCSCN0EO SRS SRS RS RS RS S S SERCCE S 0084500008088 400000%0008%8
SETS NN POINTS OF DATA FOR THE INTERVAL $sessesesssessssescsss
L2 223 X e 2 R e e e A I R Rt P P Y R R R P P P R Y S TR TP I ey
IF (IHDTYP.EQ.2) NNsNUMH
JE (fuotreNerT) o TO ‘e
' {"{("?"“6 ~TINL(1))%2.0
TInsTINE{1) =05
gtk
HOTYPLEQ.2) GO TO 90
CONTINOUS DATA
TIn=TINe, I i}
¢ THOTYP.NEL1) GO TO 70
g g l'z NUMNH
Bt B oTINL(I)ANDLTINGLELTINZ(T)) 6O TO 70
0 60 ¥e1, numKo
(rintE.TIn2€1)) GO TO 65
o INUE
6070 163
TInsTIRITT)
SE00000S000000CSS0E S0P 0008300¢¢C0COERECE0COSESCEOESPEESSCOISETS
GET WALE OF A SECOND OF AVERAGED DATA $esssssesesnseseeresses
0008000860002 006300008058000004¢ SO0 CE0265 0000000000088 550000S
CALL RADAR (ASP2DEP,TINTRIN, RNG, IROLL, IPTCHs RNGKY, IRCK)
J£ liRgkataal) Go 10 160
ALL STGRAL® LTIR, STG)
60" o LAi=1sNUASR
I 51 (LAY c€av0) co 1O 80
Jgknt=d
G‘!Nloo

CALL MULTPTH IF OPTION IS SELECTED

£ MU 0,1H A MULTPTH (RNGXY,LM) ICKMP,»DBGAIN)
T NI I T R S

IF (ICKMP,EQ.1) GO TO &

CALCULATE SIGNAL IN DOW

M) sVCAL (STG(LM)p LN) $DELDBILA) $206ALOG1OCRNG)
IR IR M T

u%ﬁéﬂﬁﬂﬂiﬁiﬂtﬁlzilé LRl

OISCRETE DATA SAMNPLES GET AVERAGED DATA FROW TIM-2.0 TO TIN
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ADAP
ATFTC
M
AMS

ARPMP

CPU

cw

db

db(L)

dbm

dbw

DFVLR

FM

Mlz

Glz

M

LIST OF ABBREVIATIONS AND SYMBOLS

Definition
earth radius
Antenna Data Analysis Program
Air Force Flight Test Center
amplitude modulation
airborne monitoring system

Antenna Radiation Pattern Measurement
Program

central processing unit
continuous wave
divergence factor
decibel

line loss

r
db above a milliwatt dbm = 10 log (_%UT)
db above a watt dbw = 10 log (Pw)

German Research and Test Facility for
Aerodynamics and Space Flight

incident electric field intensity vector

free space electric field intensity vector
reflected electric field intensity vector
resultant electric field intensity vector

frequency
frequency modulation

frequency in megahertz

gigahertz (10° cycles per second)
gain due to multipath signal

gain of receiving antenna

283

Units

statute miles

volts/meter
volts/meter
volts/meter
volts/meter

Lz




Item

g(e)

L
MUz

n
NATC

PAMS

\24

R

RADC
RAPCON
RF

Ry
SAMTEC
UHF
VHFP
VSWR

€

€o

erl
€r2

]

99

Definition
gain of transmitting antenna
earth gain factor

factor to correct for atmospheric refrac-
tion

line loss

megahertz (10° cycles per second)
index of refraction

Naval Air Test Center

Precision Antenna Measurement System
pover

power received

reflection coefficient

H

Rome Air Development Center

radar approach control

radio frequency

range

Space and Missile Test Center

ultra high frequency

very high frequency

voltage standing wave ratio
permittivity

permittivity of free space 1/(36m x 10°)
relative permittivity of air
relative permittivity of earth surface
phase change due to path length

conductivity

254

Units

db

farad/meter

farad/meter

degrees

mho-meters/meters?




Item ' Definition
¢ phase change due to reflection
¥ grazing angle

X w frequency

TR P TP T A T AT

Units
degrees
degrees

radian per sec



