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MEMORANDUM

1. Background

(C) The Southeast Asia conflict has demonstrated the need for a
short range air-to-air weapon. As a result, several dogfight missiles
are being developed, namely, AGILE, AIM-7E-2/F and a dogfight AIM-9.
The need therefore arises for a definition of the dogfight environment
in terms of design requirements (so that system components can be made)
for weapon control systems caprble of operating in this dogfight envir-
onment.

2. Findings

(C) This study defines the dogfight environment in terms of a
tracking weapon control system. It Is shown that the present airborne
intercept (AI) radars, and in particular their range and angle tracking
circuits, are not capable of handling the dogfight weapon control prob-
lem. More importantly, however, the tracking requirements for a weapon
control system are defined in terms of cumulative probability distribu-
tions.

3. R &'D Implications

(C) This study shows that full-sphere tracking capability is de-
sired. for the dogfight environment. Coupled with this feature, an
extremely rapid automatic lock-up and very wide-bandwidth tracking
loops are required. Full-sphere tracking may require the development
of a completely new type of tracking system.

4. Recommended Action

(C) It is reconmmended that models of the present Al radars be uti-
lized to evaluate the reconmmended tracking parameters. It is further
recommended that a study be undertaken to design the 360' tracking
loops required for full-sphere tracking capability.

i CONFIDENTIAL

-L 1.1 4.-



CONFIDENTIAL

ABSTRACT

(U) The primary objective of this study is to define the dogfight
environment in terms of a tracking system. The secondary objective
is to apply this dogfight definition to present Al radars.

(U) This study is divided into two efforts, a determination of the
primary weapon control requirements and aparameter interaction study.
TIhe purpose of the primary weapon control requirements study Is to
define the dogfight environment and to investigate the relationship of
aircraft, tactics, weapons, and the available data base. The purpose
of the parameter interaction study Is to define the dogfight environ-
ment more precisely in terms of tracking loop requirements, clutter
problems, and glint.

PROBLEM STATUS

(U) The two studies, the primary weapon control requirement
study and the parameter interaction study, have been completed. Work,
however, continues on interpretation of the data developed during the
parameter interaction study.

(U) Tracking models for Al radar are being developed to determine
the effects of the recotmiended tracking parameters on these radars.
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Short Range Air-to-Air Weapons Control Requirements

I. INTRODUCTION

A. Background

(C) In the past, Naval airborne intercept (AI) radars were
designed to intercept non-maneuvering bomber targets. Since these
radars were designed to detect and track such targets at long range,
they required a high power but relatively little angular coverage.
Further, since these bomber targets have low maneuvering capabilities,
the radars were designed with low tracking rates and accelerations.
With these restrictions these radars were severely limited in their
short-range air-to-air capability.

(C) The Southeast Asian conflict has shown that superiority
in the short-range air-to-air (dogfight) engagement is a critical
requirement fnr today's Naval aircraft. Many reports attest to this
fact, the best known being the "Red Baron" (1) reports.

(C) A short-range weapon is required in a dogfight engagement.
To fulfill this need, a dogfight missile (AGILE) is currently being
developed by The Naval Weapons Center (NWC), China Lake (Refs. 2,3,4,5,
6,7,8). In addition, modifications are being made to the AIM-7 Sparrow-
III and the AIM-9 Sidewinder missiles to provide a dogfight capability.

(C) With the development of dogfight missiles, the need for a
short range air-to-air weapon control system (WCS) becrmes evident.
The nature of the dogfight environment requires that this WCS be quite
different from those of the present Al radars. The target, instead of
being a slowly maneuvering bomber at long range, is nou a highly man-.
euverable fighter at close range.

B. Program Objectives

(U) The primary objective cf this study is to accurately de-
fine the dogfight environment in terms of the tracking requirements for
a variety of WCS. Many flight tests, computer simulations, and manned
simulations have been performed by many people to gather data on the
dogfight environment. For the purpose of this report, one of the
manned simulations and one of the flight tests were used to determine
the tracking requirements. The influence of specific weapons and their
associated kill probabilities are important but fortunately not criti-
cal to this study.

(U) T|he generic types of tracking systems investigated in this
study are listed below.

1. CONFIDENTIAL

;,17
a174,171 7-



I

CONFIDENTIAL

1 . A typical AI radar *600 off the nose in azimuth and
elevation.

2. A tail warning/tracking system having a coverage t600
off the tail in aminuth and elevation.

3. A full sphere coverage system.

(U) Further objectives of this study pertain directly to prob-
lems associated with clutter and glint.

C. Analytical Approach

1. (U) This study made use of existing dogfight data from the
NADC manned simulation and from VX-4 flight tests. 

a. The NADC simulation consisted of two cockpits in which
two pilots simulated a dogfight while computers provided the aircraft
dynamics. Pertinent details of the simulation are given below. Full
details may be found in Refs. 9 and 10.

i. Each aircraft was modeled with 6 by 4 degrees of
freedom.

ii. Each dogfight originated at 15,000 feet altitude
with the aircraft abeam of each other and separated
by 2 rim.

iii. Three friendly and two enemy type aircraft were
simulated.

iv. Two weapon mixes were simulated for the friendly
aircraft.

(A) A short range missile with an all-aspect and a
450 off-boresight capability.

(B) Guns and Sidewinder

V. 72 dogfights with a given aircraft and weapon mix
made up one situation for study.

vi. Pilot presentation was a 16" CRT providing a for-
ward hemisphere field of view with the presentation
slewable to allow full cockpit visibility. Pilot
blackout was simulated by diming the display.

vii. The trained pilots were selected from tactics in-
structors on the F-4 and F-8 aircraft.

2 CONFIDENTIAL
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viii. Pilots were rotated every 6 encounters.

b. The VX-4 flight test data were obtained from a simu-
lated combat of two F-4 aircraft. Pertinent characteristics of the
VX-4 data are:

i. All aircraft position data were obtained by beacon
tracking of the aircraft with two FPS-16 ground-
based radars.

ii. For safety, a minimum altitude of 5,000 feet was
required.

iii. Approximately 800 seconds of useful data were ob-
tained.

iv. The pilots were flying gun/Sidewinder tactics.

2. To achieve a precise definition of the dogfight environment,
the study was divided into phases so that the results of each phase
could be thoroughly understood and applied in the following phases.
This study is divided into three phases, with the results of the first
two phases being the subject of this report.

(U) The first phase, the primary weapon control requirement
study, is designed to assess the effects of the various aircraft, the
tactics, and the two simulations upon the short-range WCS requirement.
The specific areas of interest for the first phase are the coverage re-
quirement, the maximum range requirement, and the tracking requirements
as a function of target angular position.

(U) The second phase is the parameter interaction study.
Based upon results of the first phase, data were selected for this de-
tailed study of tracking loop requirements, clutter, and glint. The
areas of investigation w.!re a forward tracker, a rearward tracker, and
a full sphere tracker.

3 CONFIDENTIAL
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II. PRIMARY WEAPONS CONTROL REQUIREMENTS

A. Program Description

(U) Approximately 157,000 seconds of data are available from
the two sources. A description of the basic computer program to reduce
these data is contained in Appendix A. This basic program required
extensive modification before use on the VX-4 data.

(C) Table 1 lists the simulation, the aircraft type, and the
tactics by data tape number. As will be seen by the data presented
later in this Section, the results, for the parameters of interest,
are relatively independent of aircraft type. For this reason, and at
the request of NADC, the aircraft are designated by letters. Specif-
ically, three friendly aircraft types, designated A, B or C were used
in the NADC simulations. The F-4 aircraft used in the VX-4 flight
tests are designated by F.

TABLE 1.

Tape Fighter 1 Fighter 2 Fighter 1 Fighter 2
Number Simulation (Friendly) (Enemy) Tactics Tactics

1 NADC C E SRAAM* G/S

2 NADC C D G/S** G/S

3 NADC A E G/S G/S

4 NADC A D SRAAM G/S

5 NADC B D SRAAM G/S

6 NADC B E G/S G/S

101 VX-4 F F G/S G/S

* Short Range Air-To-Air Missile
** Guns/Sidewinder

(U) The data reduction for this phase of the study was carried
out in three parts, (I) azimuth vs elevation of the target vs frequency
of occurrence, (2) angle off boresight vs range of the target vs fre-
quency of occurrence, and (3) tracking rates and accelerations as a
function of relative target position.

I. Azimuth vs Elevation of the Target vs Frequency of Occur-
renc___

(U) The results of this study are shown in Figs. A-2 to
A-15, Appendix A. The purpose of these plots is to determine the most

4 COiFIDENTIAL
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likely positions of the targit with respect to the fighter in aircraft
coordinates. Figure 1, an example of these plots, was computer gener-
ated from tabulated data with a linear interpolation between the azi-
muth-elevation points. Because of this interpolation, these plots are
qualitative and are prevented only for vloualiza~ion purposes. Quant -tative data are given later in this report.

(C) Figure 1 is a three-dimensional plot of target posi-
tion with respect to the fighter (Fighter 1 in this cas, as experi-
enced in 72 three-minute encounters. The azimuth positi .., of the tar-
get with respect to the fighter is plotted along the X-axis (1800 is
the tail-on position and 00 is head-on). The corresponding position of
the target in elevation with respect to the fighter is plotted along
the Y-axis. Directly underneath the fighter is designated -900 and
directly overhead is +900. The frequency of occurrence during the 72
three minute encounters is plotted along the Z-axis. It cen be seen
that the target is below the fighter a very small portion of the time.
Further, the target is within approximately 300 in azimuth off the nose
and/or tail of the fighter a majority of the time. The plots for all
the aircraft show the same general trend with wide variatioii in the
amplitude of forward and rearward peaks.

2. Angle Off Boresikht vs Range to the Target vs Frequency
of Occurrence.

(U) The results of this study are shown in Fig. A-16 to
A-29, Appendix A. These plots portray the dependence of range on angle
off boresight. In Lhe collection of the data, the cell sizes (segment
of range at a segment of angle off boresight) were not chosen to be
equal, which makes the interpretation of these plots difficuit.

(C) Referring to Fig. 2, which is an example, it can be
noted that the distribution of range is independent of angle off bore-
sight. This feature, noted in all the data, can be scen by the ridges
and valleys which are constant in range, regardless of angle.

3. Tracking Rates and Accelerations as a Function of Relative
Target Position.

(U) The purpose of this portion of the study was to obtain
an estimate of the tracking requirements as a function of target posi-
tion with respect to the fighter. Figure 3 depicts the various gimbal
angle zones which were investigated. The total sphere around the fight-
er aircraft is dirided into a top and a bottom hemisphere. Each hemi-
sphere is divided into forward, rearward, side, and top (bottom) zones
of coverage. The zones are grouped in the following manner:

6 CONFIDENTIAL
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a. Conventional AI radar coverage - zones 1 and 2.
b. Rearward coverage - zones 3 and 4.
c. Top and bottom coverage - zones 5 and 6.
d. Side coverage - zones 7 and 8.

(U) The results of the data reductions are presented in
Figs. A-30 to A-125, Appendix A, as bar graphs, with fourteen bars de-
picting the various aircraft, weapons, and simulations as shown in
Table 1. The parameters listed below are of specific interest in the
design of the tracking loops for a weapon control system.

a. The percent of time that the target was in a particu-
lar gimbal angle zone. This assesses the importance
of the various zones.

b. The statistics of range, Figures A-38 to A-45 (11).
c. Range rate, Figures A-46 to A-53.
d. Range acceleration, Figures A-54 to A-61.
e. Azimuth line-of-sight rate, Figures A-62 to A-69.
f. Azimuth line-of-sight acceleration, Figures A-70 to

A-77.
g. Elevation line-of-sight rate, Figures A-78 to A-85.
h. Elevation line-of-sight acceleration, Figures A-86 to

A-93.
i. Azimuth gimbal. rate, Figures A-94 to A-101.
J. Azimuth gimbal acceleration, Figures A-102 to A-109.
k. Elevation gimbal rate, Figures A-110 to A-117.
I. Elevation gimbal acceleration, Figures A-1I8 to A-125.

(U) Using Fig. 4 as an examp.e, the average value of all
range rate values experienced during 72 three minute encounters is shown
as a line through the shaded area of each bar. The 2 a values (95%) are
shown as Lhe shaded area in each bar and Che minimum and maxinum values
are shown as the full extent of each bar. In order to acct'rately por-
tray these values, a log scale is used on the ordinate axis. The use
of the log scale expanded the data about zero to show the average and
2a values, and contracted the data to show mininmum and maximum values.

B. Data Verification

(C) in general, the VX-A and the NADC data are in close agree-
ment. This can be seen in Figs. A-30 to A-125, Points of disagreement
are listed below.

1. In the range plots, shown in Figs. A-46 to A-53, the mini-
mum range in the VX-4 data is greater than in the NADC data. In the
manned NADC simulation, the fear ol aircraft co].lision does not exist,
and therefore, for range, the VX-4 data are more accurate. Consequently,

9 CONFIDENTIAL
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conclusions drawn from this entire study will neglect some of the

short-range NADC data.

2. The accelerations (range, line-of-sight, and angular) shown

in Figs. A-70 to A-125 are greater in the VX-4 data. The VX-4 data,

based on ground-based radar tracking information, are very noisy, and

differentiations amplify the noise and render the accelerations suspect.

For this reason the VX-4 data were not used for analyzing accelerations.

3. The amount of VX-4 data is small compared to the amount of

NADC data. At times, there were insufficient VX-4 data from which to
develop meaningful statistics.

For the above reasons, further analyses in this program will
use NADC data with limits being imposed by the VX-4 data.

(C) A direct analysis of the differences in WCS requirements

brought about by aircraft type was a goal. However, of the combina-
tions possible from 3 friendly and 2 enemy aircraft, and 2 weapon mixes,
only six were available for analysis. But, in general, the data reflect

little direct change with the aircraft type with the exception of the

relative importance of tail and forward coverage. For this reason, the
2 a values for the worst case are cited in the conclusions of this
phase of the report.

(U) In Figs. A-2, A-6, and A-12, it can be seen that the
friendly aircraft have an advantage over the same enemy aircraft,
fighter E. This was the only discernible effect of influence by air-
craft type.

C. Coverage Requirement

(C) The WCS coverage requirements are shown graphically in
Section A-2 of Appendix A. As might be expected, the upper hemisphere

is extremely important, as is the forward zone of approximately ±300
azimuth. Also, it is important to be able to track the target in the
off tail zone. This indicates a need for the upper hemisphere, nose,

and tail coverage for the weapon control system. A trade off based on
probability of occurrence for azimuth and elevation coverage can be
made with the use of Fig. 5. Although the relative weights on the tail
and nose vary among aircraft types, the general distribution is independ-
ent of aircraft type.

D. Tracking Parameter Variations as a Function of Coverage Areas

(U) For the reporting of the results of this section, the area

around the fighter aircraft is brokon into five zones:

11I CONFIDENTIAL
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1. The forward t600 in azimuth and elevation - nose sector.
2. The rear +600 in azimuth and elevation - tail sector.
3. The top and bottom ±30 cones - top and bottom cones.
4. The side sectors *600 in elevation and between *600 and

t1200 azimuth - side sectors.
5. Total sphere coverage.

(U) The values quoted in Table 2 are maxima of the 2 a values
(957. based upon normal distribution assumption) except for the total
sphere coverage caRe, for which maximum and minimum are quoted. The
bottom side sector and the bottom tail sector were not used in the
determination of rates and accelerations for the table because of their
low frequency of occurrence. Their small sample size makes the normal
distribution assumption less valid; therefore, confidence is reduced in
the 2 o value containing 95% for the data. It is also important to
note that the data in Section A-4 of Appendix A is divided into 8 sec-
tors, which differs from the division of data shown in Table 2.

13 CONFIDENTIAL
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III. PARAMETER INTERACTION STUDY

A. Program Description

(U) In Section II of this report, the mean plus or minus 2o
values for the tracking parameters were given. In order to assign a
probability to these numbers, a distribution must be assumed. If a
normal distribution is assumed, then the average plus 20 yields a 95%
probability. In this section of the report, the actual distributions
of the parameters were determined and the actual probabilities found.
In addition, the actual distribution of two related parameters were
determined thus enabling the determination of a single probability for
two related parameters, such as the range rate and range acceleration.

(C) The basic computer program description is contained in
Appendix B. This program has the capability of computing a two-variable
cumuilative distribution with average and la of the dwell tilme for any
parameters of interest. The program has the further capability of cal-
culating a frequency distribution in the third dimension and/or collert-

ing the data by gimbal angle off nose and off tail of the fighter air-
craft. Further restrictions such as minimum range, maximum range, etc.,
can be applied to the data.

(U) Tape 1 was used for this etudy because by the primary
weapon control study it was shown to be a good representative of the
dogfight engagement. For the parameters of interest, the 2u values
do vary somewhat for the various tapes (Appendix A). As an example
of the continuing verification of the results of the parameter inter-
action study, tape 3 in addition to tape I was used in analysis of the
tracking parameters. A comparison of the results from these two tapes
showed +Iiat for the primary area of interest (the 90% to 99% probability
of track), the results were the same. In the lower probability of
track region, tape 3 showed a higher rate and acceleration requirement
than tape 1.

(U) A conclusion to be drawn by the comparison of the two
tapes is that for the 90% to 99% probability of track the results of
tape 1 are valid for all the data tapes. 'The differences in the 2 a

values between tapes arises because of the assumption of a normal dis-
tribution made for the primary weapon control requirements study.

(U) The following is an explanation of three basic types of
parameter interactions completed under this study. It should be noted
that the basic reduction method is not restricted to the interactions
accomplished. An example of the flexibility of this program was a

study to analyze the altitude clutter as q function of range and alti-

tude while in the vertical scan lock-up made of the AWG-9 radar.

15 CONFI DENTI AL
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1. Trackins Parameter Interactions

(U) The tracking parameter interactions were accomplished
using a minimum range restriction of 225 feet in order to elimate un-
realistic rates and accelerations (inside minimum range of most track°'
ing systems) and in order to reflect the minimum ranges experienced in
the VX-4 flight test. Furthermore, the data were collected for three
cases t600 off nose, "60 ° off tail, and the full sphere coverage case.

(U) Figure 6 is representative of the plots for the track-
ing parameters contained in Appendix B. Referring to Fig. 6, the abso-
lute value of range rate is plotted versus the total probability of oc-
currence. In cases where the coverage is not full-sphere, a probabili-
ty normalized to the area of coverage is shown alongside of the total
probability. The various solid lines on the graph represent the vari-
ations in maximum range accelerations. The average dwell times for the
conditions of range rate and accelerations are shown by the dotted lines.

(U) ReferrinS to Fig. 6, and taking a range rate capabil-
ity of 960 ft/sec, it can be seen that Jhe probability of occurrence of
range acceleration less than 180 ft/secS is .77. In other words, with
a 3600 tracker with a range rate capability of 960 ft/sec and a range
acceleration capability of 180 ft/seac2 , tracking can be accomplished
77% of the total combat time. Referring to the dotted lines on the
same graphs, the average duration of the track under these conditions
is approximately 11 seconds. Further details on the tracking perform-
ance under these specific conditions can be extracted frcm the tables
in Appendix B.

The parameter interactions studied in the aforemen-
tioned manner are:

i. Range rate versus range acceleration
ii. Azimuth line-of-sight rate versus azimuth line-of-

sight acceleration

iii. Elevation line-of-sight rate versus elevation line-
of-sight acceleration.

2. Clutter Interactions

(U) The clutter interactions, like the tracking param-
eter interactions were subject to a minimum range of 225 ft. and for
three cases: t60 off nose, ±600 off tail, and the full sphere cover-
age case,

(U) Figure 7 is representative of the plots for the
clutter interactions contained in Appendix B. Referring Lo Fig. 7, the

16 CONFIDENTIAL
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difference in the range to the target and the altitude of the fighter
is plotted versus the total probability of occurrence and the normal-

ized probability (normalized to the area coverage, in this case t60
off nose) of occurrence. The solid lines represent the probability
that the azimuth line-of-sight rate is greater than the value indi-
cated. The dotted lines represent the average dwell time in clutter.
Using Fig. 7 as an example and assuming the altitude clutter return
has a spread of ±1000 ft, the target is within that region 4.3% of
the total combat time and 7.8% of the time when the target is within
t600 of the nose of the fighter. Using thl same clutter width, Lhe
azimuth line-of-sight rate exceeds .90 /sec 3.5% of the normalized time
for an average duration of 2.3 seconds.

(U) Four types of clutter were investigated as a func-
tion of range acceleration, azimuth line-of-sight acceleration, and
elevation line-of-sight acceleration. These three parameters, with
their time duration, were chosen because they present the severest
problem in tracking through a clutter "blind" zone. The servo or memo-
ry systems are dependent upon the extrapolation of old information to
coast through the clutter. The rate of change of the old information
and the associated blind time are vital in order to be able to assess
the probability of a track through clutter. For example, assuming a
"blin' time" of 2.3 seconds and an azimuth line-of-sight acceleration
during this time of .90/sec2 , the azimuth angle error of the tracking
loop is 2.380. The four types of clutter parameterized are listed
below:

a. Pulse Doppler Main Beam Clutter (see Fig. 8)

(U) The main beam return of a pulse doppler radar has a
frequency shift and a finite width dependent upon the main beam ground
return, the antenna beamwidth, and the look-down angle from the veloc-
ity vector. Because of this clutter, the area around the mainbeam re-

turn is notched out. The data presented in this report can be evalu-
ated for various notch widths.

The equation used to position the main beam clutter

notch is given below:

VCBT - VT coo XAT cos X ET

VT = target velocity

VCBT - target contribution to the range rate

'AT - target azimuth angle

AET - target elevation angle
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b. Pulse Doppler Altitude Line, f0 (see Fig. 8)

(U) The altitude line return in a pulse doppler sys-
tem is the return from the ground directly below the aircraft which has
a doppler shift equal to the velocity of the fighter times the sine of

the climb angle. With the fighter flying straight and level, the dop-
pler shift is zero, i.e., the return from the ground is at the trans-
mitted frequency fo. This ground return has, like the main beam clut-

ter, a frequency spread. For this reason and because of the fo notch
mechanization of the current Al radars, this study used various notch

widths about the transmitted frequency. Therefore, when the range rate
to the target is zero, within the tolerance of the notch, the target
is said to be in the notch.

c. Pulse Mainbeam Clutter (see Fig. 9)

(U) The pulse mainbeam clutter is the return of the
mainbeam from ground. The equation used for this analysis is given be-
low:

HFDELTA-R sin (B + 2.50) - R

DELTA-R = range difference between target re-
turn and leading edge of mainbeam clut-
ter - ft.

HF = fighter altitude - ft.
B = angle the center of mainbeani makes with

the ground - degrees.

2.50 = the first null on the antenna pattern -

degrees.
R = range to the target - ft.

Various widtfis of DELTA-R were used in order to approximate the effect

of the various size range gates used in the AT radars of today.

d. Pulse Altitude Line (see Fig. 9)

(U) The pulse altitude line is the ground return

directly below the aircraft. When the range to the target and the
altitude of the fighter are close to each other, the target is said

to be in altitude line clutter. As before, this clutter is investi-
gated for various widths.

3. Miscellaneous Interactions

(U) The primary interaction conducted in this portion of

the study 'onsisted of a preliminary study of radar glint. The objec-
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Live was to determine whether or not glint is a problem and, if so, to

ascertain the magnitude of the problem. To accomplish this, the range
to the target versus the rate of change of the target aspect was in-

vestigated for various target aspects.

(U) Another study undertaken in this section was one to
determine the minimum range distribution. In the previous study, pri-

mary weapon control requirements, it can be noted that the distribu-

tions given for range were with regard to maximum range only. This

study shows the distribution of the other end of the total range dis-
tribution.

(U) Also given in this section is the distribution of

the fighter "g" loading.

B. Results

1. Tracking Parameter Interaction

(U) Table 3 is a summary of weapon system tracking re-
quirement for a dogfight environment. The parameter values given are

the tracking loop requirements in terms of rates and accelerations
for 90, 95, and 99% probability of each loop retaining lock. Appendix

B contains the curves and data tables from which these numbers were

extracted. Through use of Appendix B. values for different probabili-
ties may be obtained and average track times may be detormined.

(U) The probability of track in Table 3 is expressed for

each track loop independent of the other two track loops. The rates
and accelerations given for each loop are dependent and thus various
combinations of the two parameters can yield the same probability of

track. For a description of this dependence, refer to Appendix B.

2. Clutter Interactions

(U) Appendix B contains the figures and data used to de-

termine the probabilities of being in clutter and the average duration

in the clutter. In addition, track errors at time of emergence from
clutter may also be calculated.

(U) Table 4, in addition to summarizing the pulse and

pulse doppler clutters, shows the clutter for a coherent pulse radar.

A ccherent pulse radar as used herein is basically a short pulse, low
PRF radar with doppler filters in the range bins. The coherent pulse

radar has the same altitude clutter as a pulse radar but has p,,lse dop-
pler type main beam clutter. The blind velocity for the main bean clut-

ter notch filter is smaller than in a conventional high PRF pulse
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doppler radar. A typical value for this notch filter is ±40 ft/sec.

(U) The 0.05 probability of break lock error contained
in Table 4 is the average error in the tracking loop that is seen when
the target comes out of the clutter. This error or greater than this
error is experienced 5% of the time the target is within AI radar cov-
erage.

(C) As can be seen in Table 4, the pulse doppler system
has the severest problem with clutter. 17% of the time in AI radar
coverage, the PD radar is in clutter. It can also be seen that in
order to effectively use a short pulse radar, the altitude clutter
problem must be overcome. A signal strength analysis will provide
better insight into the severity of this problem.

3. Miscellaneous Interactions

(U) For a complete description of the interactions per-
Lormed in this section, refer to Appendix B.

(C) In looking at the minium range of a dogfight, it
was shown that 2.5% of the engagement time the two aircraft were with-
in 765 ft. Of the time the target was within the fighters Al radar
coverage, 2.5% of the time the target was within 1200 ft.

(C) In the investigation of the aircraft "g" loading,
it was shown that the fighter aircraft pulled 6 "g" or better, 5% of
the time.

(C) In a preliminary investigation of glint, it was sug-
gested that it is possible to increase the tracking loops' bandwidth at
short ranges without worsening the glint problems. A notable exception
to this is the head on case where the target is nonmaneuvering prior
to a flyby. In this case, an increase in bandwidth will probably cause
an earlier break-lock.
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IV. CONCLUSIONS

A. (C) In Section II of this report, the verification of the
NADC manned air combat simulation by VX-4 flight tests was shown.

B. (C) In Section II of this report, the weapon control param-
eter requirements, with the exception of coverage requirements, were
shown to be independent of aircraft and weapons.

C. (C) In the comparison of Tables 2 and 3, it can be seen that
distribution of the weapon control parameters is not normal. The im-
pact of this conclusion is that the actual distribution, as shown in
Section III, is required in order to arrive at valid weapon control
parameters.

D. (C) It was shown in Section III that the rates and accelera-
tions for each tracking loop are dependent and that they must be con-
sidered jointly when deriving realistic tracking requirements. To look
at the parameters independently, one could erroneously derive tracking
requirements too severe.

E. (C) Due to the length of time in clutter notches (Table 4),
it is concluded that high PRF pulse doppler radar should not be used

in the dogfight engagement.

F. (C) The altitude line presents the severest clutter problem
for the short pulse mode. The occurrences of main beam clutter for
pulse and coherent pulse radar modes are small enough to be ignored.

G. (C) Table 5 presents the probability of track for the AERO-
IA, AWG-9, and AWG-1O Al radars operating in the short pulse mode.
This table is useful in determining the areas in which improvements
could be made in order to improve overall capability.

(C) This table, although specifying track loop probabili-
ties, gives the independent probabilities for the parameters listed
with the exception of gimbal angle by which the rest of the parameters
were limited. The "worst case" total track probabilities assume the
independence of the parameters. The "best case" total track probabili-
ties assume total dependence. The actual track probability for each
radar is between these two extremes and in order to ascertain this
actual probability, the correlation of all these parameters must be
considered. This is best accomplished in a tracking model of each
radar with special emphasis on the treatment of altitude line clutter.

H. (C) It is apparent throughout this report that the expansion
of the coverage area would yield the most gain in track time. However,
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T .912 - PROBABILITA OF TRACK FOR PRESENT Al RADARS.

AERO 1A AWG-9 AWG-1O

AVG. % AVG. AVG.
DURATION DURATION DURATION
(sec.) (sec.) (sec.)

PROBABILITY OF--BEING IN --

GIMBAL ANGLE 44.8 12 39.8 12 44.8 12

RANGE* 99 125 99 125 99 125

RANGE TRACK* 70.8 6 90.1 9 95.4 10.5

ELEVATION TRACK* 89.1 9.7 95.6 11 89.1 9.7

AZIMUTH TRACK* 93.2 10.2 97.5 11 93.2 10.2

PROBABILITY OF
BrIN- FREE OF

ALTITUDE LINE
CLUTTER* 92.2 112 92.2 112 92.2 112

MAIN BEAM
CLJTTER* 99.5 220 99.5 220 99.5 220

"WORST CASE " TOTAL 23.9% 30.4% 32.2%
TRACK PROABILITY

"BEST CASE," TOTAL
TRACK ipOAL--Y 31.7% 35.9% 39.9%

VALUES GIVEN ARE WHILE YN GIMBAL ANGLE
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it is also shown that the size and shape of the coverage area greatly
influences the remainder of the parameters. Furthermore, with expan-
sion of the coverage area towards a hemisphere, the present type of
tracking loops would be inadequate to handle the situation.

29 CONFIDENTIAL



CONFIDENTIAL

V. RECO1MNDATIONS

A. (C) It is recommended that radar tracking models (currently
under development) be utilized to more precisely define the dogfight
capabilities of present radars. These tracking models would be further
utilized for the final determination of the modifications to be made
to the AI radars to improve their dogfight capabilities.

B. (C) It is recommended that adaptive bandwidth tracking loops
be investigated as a means of coordinating the AI and the dogfight
requirements.

C. (C) It is recommended that a pulse clutter model, including
antenna patterns and terrain reflectivity, be incorporated into the
tracking model. This is necessary in order to properly size the clut-
ter notches and to optimize the track-through requirements prevented
in this report.

D. (C) This study shows that glint should be incorporated into
the tracking model.

E. (C) As explained in this report, no single data source is
totally descriptive of the dogfight environment. It is recommended that
an additional data source, NMC-ACM free combat flight test data, be
utilized to fOrther verify and strengthen the conclusions of this re-
port.

F. (C) The desirability of a total coverage tracker is evident.
It can be noted that the present range-angle tracking system presents
extremely high rates and accelerations around the beam of the aircraft.
It is recommended that an investigation of alternative tracking methods
be made. Candidate systems would be adaptive bandwidth tracking and a
new tracker based on inertial coordinates.

G. (C) Although electro-optical trackers could be utilized to
provide angle information, range information would still be required
for the development of launch criteria. It is recommended that an in-
vestigation of alternative ranging systems be made for use with elec-
tro-optical. trackers.
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IX. APPENDIX

A. Primary Weapon Control Requirements

1. Data Reduction Program

The data reduction program for this phase of the study was
originally written to provide the desired data from thq data collected
by NADC on their manned simulator. The data provided by the NADC sim-
ulation are shown in Table A-i. With much modification of the data re-
duction program, the VX-4 data were used to obtain the same data out-
put. The VX-4 tape output (as supplied by NWC) is shown in Table A-2.

The flow diagram of the data reduction program used in this
phase of the study is shown in Figure A-I.

The following paragraphs are a description and derivation I
of the equations used in this data reduction program.

A-I CONFIDENTIAL
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TABLE A-I

QUANTITIES PRINTED OUT
BY JOHNSVILLE SIMULATION

X - relative position in earth coordinates

Y - relative position in earth coordinates

H - altitude of each aircraft in earth coordinates

The following quantities are givon for both aircraft.

- course angle in degrees

o - climb angle in degrees

0 - roll angle of veloci.ty vector

- roll rate

- angle of attack

L - lift

T - thrust

WF - wright of fuei

M - mach number

W - weight of fighter

t - time

A-2 CONFIDENTIAL
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L A-

QUANTITIES PRINTED OUT BY NWC
REDUCED VX-4 FLIGHT TESTS

X - X position

Y - Y position

Z - Z position

- angle off boresight

An - acceleration perpendicular to the velocity vector

AL - acceleration along the velocity vector

t - time
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a. Matrix Notation

The following are expansions of matrices which will
hereafter be expressed in their shorthand forms.

[cost sint 0

c-sin Cos o

.o.-: o
sin - 0 cos

Ld
0 cos 0 -sin 0k

4.0 1si 0Cosc

Cosa 0 -sonaJ

1 01

Co A A sin XA 0

-sin AA CO >A 0 [NA]

0 0 1]

'C O C o 
0 - s i n X E 1

10 1 0 ]

sin AE 0 cos XEJ -[E

A-5 CONFIDENTIAL
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The inverses of these matrices are the following:Lcost - sint 01
sin cost 0[
0 0 1o

Scosy~ 0 sinl
0 1 01 -Y

-sin7 0 cosJ

Cos 0 in -

0 sin 0 co 01

Cosa 0 sina [a

f-sin a 0 coS a

Fos YA -si "A 1 i
inYA cOSYA 0] LXAio0 1

Cos X E 0 sin XE]
0 1 0 XEY

-sin XE 0 cos XE]

b, Calculation of Gimbal Angles

Define an earth axis coordinate system such that R X
AX, R. E A Y, and R - A H where H corresponds to altitude. TheXE
range etween the figier and target is then given 1y

RNG =  IRXE + RYE' + RZE 2  (A-I)

A-6 CONFIDENTIAL
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In the body axis system of an aircraft these become

R R XE] (A-2)

RZ . R ZE

Where the aircraft has an angle of attack a and a sideslip
angle assumed to be zero. In the antenna axis, the range lies along
the line-of-sight or X-axis therefore

[R] UXAI -1~ EJ -1

LR ZJ0

Expanding A-2 and A-3 and equating:

[cos a cos Y cos ' -sin a (sin 0 sink + cos 0 sin y cosO)] RXE +

[-'os 0 sin 4 + sin 0 sin y cos 4] RXE +

[sin a cos - cos + cos a (sin 0 sin 4 + cos 0 sin cos ')] RXE

[Cos a COs 'Y sin -sin a (-sin 0 cos k + cos 0 sin sin )] RYE+

[cos 0 cos k + sin 0 sin -Y sin k] RYE+

[sin a cos -y sin t + cos a (-sin 0 cos + cos 0 sin - sin4)] RYE

+ [-cos a sin y -sin a cos 0 cos 7] RZE [RNG cos XE Cos A1

+ [sin 0 cos y] RZE x RNG cos XE sin 'A (A-4)

+ [-sin a sin y + cos a cos 0 cos ^Y] RzE L-RNG sin 'E

Solving the three equations of the matrices for AE and AA

N -E sin ( [sin a cos Y cos + cos a(sin 0 sink + cos 0 siny ccsO 1 XE

+Psin a, cos-y sin +cos (-sin 0 cosk + cos 0 siny sink)] RYE

\+[-sin a sin y +s cos a cos-y] RZE

RNG (A-5)

A-7 CONFIDENTIAL
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X tan [-cos 0 sin t + sin 0 siny coo ]RXE + [coo 0 coos+

+ sin 0 sin inq RYE + [sin 0 coo.YJ R ZE

(COOn a cosr cosn t -sin a (sin 0 sin 4 + coon 0 sinY Cost)] RX +

[Cos a cos. sin o -sin a (.sin 0 coo t + cos 0 sinf sin ) 1 yE +

[-co a sin .-sin a coo 0 co.,R Z (A-6)

c, Caltulation of W and R

In the wind coordinate axis of the target, the velocity is
entirely in the X-direction. Transforming this velocity vector to the
wind axis cf the fighter, the components of velocity become

V(7 TT) VT)

Vy YLJ(A-7)

Expanding the matrix equation:

VTXW m VT [Cos 'YF con 'YT (coiT cost + sin'T sin ) +sinYT sinyF]

VTyW  = V T  sin t. Cos tT Coos YT - coo . sin T cos. T (A-B)

VTZ W  = VTIsin 'F (cosF co tT cOseYT + ionF cO°'YT sin(T) (A-9)

- cos F sin YT] (A-10)

These are the components of the target velocity in the modified wind
axis of the fighter where the roll of the fighter has not yet been in-
c].uded. The components of velocity of the fighter can now be subtract-
ed and the difference in the velocities transformed to the antenna axis
of the fighter to give

RW 10 [VTYW - V0
j E) [A ] [a iv,,

RWKJ LVTZW " j (A-11)

Here the roll angle of the fighter has been included. Expanding A-11

and solving for Wj, WKS and A results in
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WK -{[-sin A cos 0] (VTXW-VF) - [sinXA sin a sino+ cosxA cosIVTYW

+[sinxA sin a cos 0 + cosxA sin 0] VTZW /RNG (A-12)

wj - [sin E coo A co + co XE sin a] (VTxw - VF)

+[sin xE (cos xA sin a sin 0 + sin AA Cos 0) - cos E

Cos a sin 0] VTYW - [sin XE cosXA cos 0 cos a - sin \E sinlxA

sin 0 - cos 0 cos acoxE] VIZWI /RNG
~~ (A- 13)

R [cos XE Cos xA cos a + sin XE sin '](VTX W - VF)

+[cos X E (cosxA sin a sin 0 4 sinxA cos 0) +sinx E cos & sin]VT.yW

- [Cos x E s A sin a cos 0 - sinxA sin 0) + sinNE cos (y cos 0]

VTZW

(A-14)

d. Calculation of Gimbal Angle Rates

The aircraft is assumed to be acted upon by the forces
of thrust, gravity, lift, and drag. Thrust is defined to be aligned
with the body X-axis of the aircraft and an angle of attack a is as-
sumed. In the wind axis system of the aircraft, the acceleration is

given by

1 2 F w Y= R VF

[XF L iW " VF (A-15)

where RW and QW are the aircraft angular rates about the wind axis.

1 3;)FYw (4 + ] + [ ] 0

L 1;F ZWJ L-L J0 mgA )(A-16)

where gr avitational force is changed from the earth axis system to wind
axis system. Expanding (A-16) and substituting in (A-15) yields:
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F T ecs a - D - i A 7VF Tcinp (A-17)
m -

RW g sin 0 cos v/V F  (A- 18)

QW (-g cos 0 cos -Y + m)F (A-19)

P is assumed to be equal to # whose value is given.

The angular rates in the wind axis system are related to the angular
rates in the body axis system by

L Loi + RW] (A-20)

The expanded matrix equation results in:

P = PW cos a -RW sin a (A-21)

Q = a + Q (A-22)

R = PW sin a + Rw COS (A-23)

The gimbal angle rates are related to P, Q, and R in the following way

= [' E] ['A] Q~ + [XE][o1 + [ ] A-4
W K  - A (A-24)

The e.cIuation in the expanded matrix equation are:

W, PCos hE Cos A + Q cos AE sin AA - R sinAA - A sin XEs

(A-24)

Wj =..P sin X. + Q cos XA + E (A-25)

W P sinE Cos X + Q sinhE sin XA + R cos E \ A

(A-26)
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Solving for 'XA and XE in terms of W and WKyields:

XE -Wj + P sin XA coo A W

II- WK -P sin XE cos AA Q si AE si NA R cos A E]/Cos X E
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e. Glossary

-yaw angle of fighter

ET yaw angble of target

'* pitch angle of fighter

7Tapitch angle of target

0 - roll angle of fighter

tv-angle of attack uf fighter

XA a gimbal angle in azimuth

Xz gimbal angle in elevation

R a X-coordineteXE of RangQ between fighter

RE -crdne and target in earth axis system

RZ " Z-coordinate )
RX M -oriaeof Range between fighter
RY M Y-coordinate and target in body axis system

RZ Z-coordinate

RNG -Range from fighter to target

V T= Velocity of target

V =X Y -coordinate of velocity of target in modified

TYW wind axis system of fighter

Vrz Z-coordinate

R Closing velocity between fighter and target

W, . Space line of sight rate measured about line of sight X-axis

W pc ieo-ib aemasrdaotln fsgtYai

W K Space line of-sight rate vneAstred about line of sight Z-axis

A-12 CONFIDENTIAL
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V1  Velocity of fighter

V- W Acceleration of fighter

PW ( X-axis

QW Angular rate of fighter in wind Y-axis

( -lAxis system measured about Z-axis

F - X-component
of forces on fighter

Fy = -component
FYW in wind axis system
FzW 0 Z-component

T - thrust

D - drag

L w lift

g - gravitational constant

in - mass of fighter and fuel

& * rate of change of angle of attack

A rate of change of gimbal azimuth angle

E  rate of change of gimbal elevation angle

A-13 CONFIDEN TIAL
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2. Azimuth verbus elevation of the target versuo frequency of
occurrence data. plots are contained in Fig. A-2 through Fig. A-15.
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3. Angle off boresight versus range to the target versus
frequency of occurrence plots are shown in Fig. A-16 through A-29.
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4. Tracking parameters as a funrtion of target position are
contained In the tollowing figuree:

a. Percent of time target is in sector - Fig. A-30 thru A-37.

b. Range - Figs. A-38 through A-45.

c, Range rate - Figs. A-46 through A-53.

d. Range acceleration - Figs. A-54 through A-61.

e. Azimuth line or sight rate - Figs. A-62 through A-69.

f. Azimuth line of 3ight acceleration - Figs. A-70 through A-77.

g. Elevation line of sight rate - Figs. A-78 through A-85.

h. Elevation line of sight acceleration - Figs. A-86 through
A-93.

i. Azimuth gimbal raL. - Figs. A-94 through A-101.

J. Azimuth gimbal acceleration - Figs, A-102 through A-109.

k. Elevation gir.bal rate - Fig. A-11O through A-117.

1. Elevation gimbal acceleration - Figs. A-118 through A-125.
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B. Parameters Interaction

This program performs a numerical bivariate cumulative probabil-
ity distribution. It also has the additional capability to perform, at
the same time, a frequency distribution of another variable. These
capabilities are quite general; however, the remainder of the options of
the program are more specific. These include classifying the data into
three groups according to gimbal angle or restricting the data to a min-
imum range.

An important facet of the program is its capability to study
the distribution of dwell times. For instance, the probability distri-
bution gives the likelihood that a particular value of a variable is ex-
ceeded but it is also necessary to know for how long the value of the
parameter is exceeded. To this end, the program gives the average dwell
times and their standard deviations.

Following is a glossary of terms used in work completed with
Program Inact. Additional details on the program: logic, inputs, and
flow charts, are availablo.

ABS VC - Absolute value of the closing velocity.

ARDDOT - Absolute value of the range acceleration.

A VCBT - Absolute value of the target's contribution to the
closing velocity.

AWJDF - Absolute value of the elevation stabilized line of
sight acceleration.

AWJF - Absolute value of the elevation stabilized line of sight
rate.

AWKDF - Absolute value of the azinuth stabilized line of sight
acceleration.

AWKF - Absolute value of the azimuth stabilized line of sight
rate.

DELTAR - Range to closest main beam ground return (given a 2,50
half beam width), minus the target range.

LAMB-T - Off-boresight angle of the target (total target aspect
angle).

2 2 2
LT-DOT - Total rate of rotation of the target ( + A Cos

X ) where A - eleyation gimbal angle, "A azimuth
gimbal angle rate A E elevation gimbal angle rate.E

RANGE - Range from fighter to target
R-DOT - Range rate
R-H - Absolute value of range minus fighter altitude

B-I CONFIDENTIAL
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(U) Using the following table as an example, an explanation
of how to interpret the tables in Appendix B in given below:

a. The top line identifies this interaction as one that
is restricted to the zone off the nose of the fighter.

b. The second line identifies the restrictions on the

data as a minimum range of 225 ft and the off nose interaction is de-

fined by ' 600 in azimuth and elevation.

c. The third line identifies the parameters interacted
(refer to the glossary in Appendix B). In this case the Y parameter
(listed down the page)in designated ABS VC which is absolute value of
the closing velocity, and the X parameter (listed across the page) is
designated A WJDF which 4, the absolute value of the elevation line of
sight acceleration.

d. In this case, the Y parameter is collected such that
the absolute value of the closing velocity is less than 25, 50, ..... ,

250 ft/sec as shown in the first column on the left. The LIMIT is all
values of the closing velocity less than infinity (unrestricted Y par-
ameter). These restrictions on the Y parameter hold for the entire row.

e. In this case, the X-parameter is collected such that
the absolute value of the elevation line of sight acceleration is great-
er than 50, 40.5, ,..., .50 /Sec2 as indicated at the top of each column.
The LIMIT in this case is all values of the X parameter greater than
zero (unrestricted X parameters). These restrictions on the X paramoter
hold for all numbers in each column.

f. Each block within the table contains four numbers:

i. NO. * number of entrios into the zone defined by
the X and Y parameters.

il. PCT. - percent of the total combat time the con-
ditions of the X and Y parameters were met.

iii. DT. = average dwell time in seconds that the con-
ditions of the X and Y were met.

iv. STD. - standard deviation of the dwell time in
seconds that the conditions of the X and
Y parameters were met.

g. As an example, take the X parameter value as 8.00 and
the Y parameter value as 200.00. Referring to the intersection of these
two values, it can be seen that for the absolute value of the elevation
line of sight acceleration greater than 80/s c .and the absolute value
of the closing velocity less than 200 ft/sec, the results are:

B-2 CONFIDENTIAL
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i. number of entrance into this condition is 26

it. the percent of the total combat time this occurred
is 0.24%

iiI. the average duration of this occurrence is 1.15
seconds

iv. the standard deviation of this duration is 0.46
seconds

h. The average values listed with the LIMIT cases denote
the average values of the unlimited parameter while the other parameter
is limited. As an example, the case where the Y parameter is less than
100 ft/sec. Going across the row to the case unlimited by the Y param-
eter, it is seen that the average X parameter is 2.480/sec 2 .

i. The bottom, right hand, corner block is noteworthy.
This is the case where neither the X nor Y parameters are limited. Thus
the only restrictions on these data are the initial conditions, in this
case a minimum range of 225 ft and S00 in azimuth and elevation.

2. Tracking Paramter Interaction

(U) The purpose of this section is to discuss the results of the
tracking parameter interactions for the forward *600 field of view and
for the total sphere coverage. The data for the graphs used in this
section are contained in Tables BI to B79 in Appendix B. The tabulated
data contains a quantity and quality of information not possible to in-
clude on the graphs. The detailed explanation of the use of the graphs
is contained in a preceding section of this report.

(U) When interpreting the graphs for the interaction study
(Figs. B-i to B-57) it becomes obvious that several different sets of
values of the interacted parameters produce the same probability of track
with nearly the same average dwell time in track. When a limit is im-
posed on one parameter, only one value of the other parameter corres-
ponds to a particular probability of occurrence. This, in essence, is
the main use of these graphs: i.e., the influence of one parameter on
the other. Keeping this in mind, a tradeoff analysis between the two
parameters can be made.

(U) When studying these parameter interactions, it should be
kept. in mind that three separate tracking loops are being investigated.
The overall probability of track is the product of the three separate
tracking loops. For example, a 0.95 probability in each loop yields a
total of 0.86 probability of track. Further probabilities may be in-
cluded such as range probability, clutter track-through probabilities,
etc.

B-4 CONFIDENTIAL
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(U) The preceding calculation assumed that the three tracking
loops (range, azimuth and elevation angle) are independent, that is, not
influenced by one another. The parameters interacted were chosen in an
attempt to study variables which were not likely to be independent, that
is, not influenced by one another. The parqmeters interacted were chos-
en in an attempt to study variables which were not likely to be inde-
pendent, such as range acceleration and range rate. The next logical
step is to combine all the variables and determine one overall proba-
bility. This is best accomplished in a tracking model, whic" is planned
as the next step in this study. The output of the parameter interac-
tions will provide the logical point at which to begin in the tracking
model and provides an indication of the necessary steps for further im-
provement of tracking capabilities required of the weapon control system
in a dogfight environment.

a. (C) Range rate versus range acceleration (Fig. B-l,
B-2, Al coverage; Fig. B-3 Total sphere coverage)

In the case of the AI radar, a range tracking loop with a range rate
capability of t1500 ft/sec and a range acceleration capability of J500
ft/sec would provide a 0.95 probability of range track within gimbal
limits of ±600. The average length of track is approximately 10 sec-
onds. Figure B-2 is an expanded portion of the data in Fig. B-1 as
shown by the shaded area in the upper right corner. For high probabil-
ity of track considerations this is the most important region for trade-
off consideration.

b. (C) Azimuth line of sight rate versus azimuth line of
sight acceleration. (Fig. B-4, B-5, Al coverage; Fig. B-6, Full sphere
coverage).

In the case of the Al radar, a 250 /sec azimuth line of sight rate and a
250/sec 2 azimuth line of sight acceleration capability provides a 0.97
probability of track while within gimbal limits. The average duraticn
of track is 12 seconds.

(C) in the case of the full sphere coverage, the
same values yields a 0.94 probability of track for an average duration
of 38 seconds.

(U) In order to determine the requirements for a
higher probability of track, it is necessary to refer to the data con-
tained in the tables in this appendix.
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c. (C) Elevation line of sight rate versus elevation
line of sight acceleration. (Fig. B-7, B-8, AI coverage; Fig. B-9
Full sphere coverage.)

(C) In the came of the Al radar coverage, 250 /sec elevation
line of sight rate and 250/sec 2 elevation line of sight acceleration
yields a 0.95 probability of track with an average duration of track
of 11 seconds.

(C) In the case of the full sphere coverage, the same
values yield again a 0.95 probability of track with now an average
duration of track of 37 seconds.
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3. Tracking Requirements Interaction Data Tables

Tables for tracking requirements interactions

a. Range track

i. Nose section (AI radar coverage) -Tab..e '.-1

ii. Tail sector - Table B-2

iii. Full sphere - Table B-3

b. Azimuth angle track

i. Nose sector (AI radar coverage) - Table B-4

ii. Tail Sector - Table B-5

iii. Full sphere - Table B-6
c. Elevation angle track

i. Nose sector - (AI kadar coverage) - Table B-7

ii. Tail sector - Table B-8

iii, Full sphere - Table B-9
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4. Clutter Track Throuih Reguirements

(C) As with the tracking study, the figure given in this
section will be for the forward t600 coverage and for the full sphere
coverage. The rearward ±600 coverage and the necessary source data are
contained in Section 3 of Appendix B.

a. Pulse Doppler Main Beam Clutter (PDMBC)

(C) Figure B-10 represents the probability of occur-
rence of the target signal within the PDIBC notch and the range accel-
eration greater than the indicated value as a function of this notch
width. The top most curve labelled "0.0" for range acceleration thus
contains all occurrences of the target signal entering the PD1BC notch.
This curve therefore gives the probability of the target being within
PDlHC notch as a function of the notch width. Using a typical value
for notch width in present Al radars (t200 ft/sec), it can be seen that
for AI radar coverage, the probability that the target return is within
the notch is 0.09 for an average duration of 1.8 seconds. For full
sphere coverage (Fig. 17) the probability that the target is within the
notch is 0.35 for an average duration of 6.5 seconds. The same interpre-
tation holds for all the graphs from the "Clutter Track Through Require-
ments" portion of this report (Fig. 16, 39).

(U) Knowing the distribution of the clutter and know-
ing the average dwell time, the probabilities that the radar can track
through this clutter may now be determined. The ability to track
through this clutter is highly dependent upon the accelerations exper-
ienced during loss of signal. An acceleration over a long period of
time, would prevent the radar from coasting through the clutter. This
happens because the "memory" for coast through is an extrapolation of
the last known velocity. Thus a change in velocity over a period of
time would invalidate this extrapolation. The maximum acceleration/time
combination a radar can handle depends on the particular radar in ques-
tion. For that reason, the sunmmary of the data presented herein will
show the 0.05 probability that a given acceleration was exceeded while
in the clutter and the associated average duration it was exceeded.

i. Range acceleration (Fig. B-10, AI coverage; Fig.
B-I1, Full coverage.)

(C) In te case of AI radar coverage, the range
acceleration exceeded 50 ft/sec while in PDMBC 5% of the time in gim-
bal limits for a duration of 1.5 seconds.

(C) In che case of full coverage, the range ac-
celeration exceeded 180 ft/sec while in PDMBC 5% of the total time for
an average duration of 1.2 seconds.
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ii. Azimuth line of sight acceleration (Fig. B-12,
Al coverage; Fig. B-13, full coverage.)

(C) In the case of Al radar coverage, the azi-
muth line of might acceleration exceeded 0.30 /sect while in PDMBC 5% of
the time target was in gimbal limits for an average duration of 1.2 sec-
onds.

(C) in the case of full sphere coverage, the
azimuth line of might acceleration exceeded 4.90/sec5 while in PDMBC 5%
of the time the target was in gimbal limits for an average duration of
1.5 seconds.

iii. Elevation line of sight acceleration (Fig. B-14,
AI coverage; Fig. B-15, Full coverage.)

(C) In the case of the Al radar coverage, the
elevation line of sight acceleration exceeded 0.250/sec 2 while in PDMBC
5% of the time the target was in gimbal limits for an average duration
of 1.1 seconds.

(C) In the case of total coverage, the elevation
line of sight acceleration exceeded 4.90/sec2 while in PDMC 5% of the
time the target was in gimbal limits for an average duration of 1.3
seconds.

b. Pulse Doppler fo Notch

(C) For this study, the fo notch is shown as a notch
of varying widths to account for the difference in notch width among the
present AI radars. The notch width used in this report is 150 ft/sec.
By use of the graphs and tables, other size notches may be exami 'd.

(C) The top line on each graph shows the probability
that the target is in fo notch as a function of the notch width. Using
a notch width of 150 ft/sec. it can be seen that, in the case of the Al
radar coverage (Fig. 22) the probability that the target is in the fo
notch is 0.235 for an average duration of 3.8 seconds.

i. Range acceleration (Fig. B-16, Al coverage; Fig.
B-17, Full coverage.)

(C) In the case of the Al radar coverage, the
range acceleration exceeded 38 ft/sec 2 while in fo notch 57 of the time
the target was in gimbal limits for an average duration of 1.6 seconds.
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(C) In the case of full coverage, the range ac-
celeration exceeded 128 ft/sec2 while in fo notch of 5% of the total
time for an average duration of 1.2 seconds.

ii. Azimuth line of sight acceleration (Fig. B-18,
Al coverage; Fig. B-19, Full coverage.)

(C) In the case of the Al radar coverage, the
azimuth line of sight acceleration exceeded 0.30/sec 2 while in fo notch
5% of time target was in gimbal limits for an average duration of 1.5
seconds.

iii. Elevations line of sight acceleration (Fig. B-20,
AI coverage; Fig. B-21, Full coverage.)

(C) In the case of AI radar coverage, the ele-
vations line of sight acceleration exceeded .30/sec2 while in fo notch
5% of the time the target was in gimbal limits for an average duration
of 1.7 seconds.

(C) In the case of full coverage, the elevations
line of sight acceleration exceeded 30/sec 2 while in fo notch 5% of the
total time for an average duration of 1.3 seconds.

r. Pulse Main Beam Clutter (PBC)

(C) For analysis in this section, the range gate width
is taken as 300 ft. This means that PMBC is defined as occurring if the
target is within 300 ft. of the leading edge of the ground return.

(C) For Al radar coverage, the probability that the
target is in PMBC is .005 for an average duration of 1.12 seconds. Interms of normalized probability (normalized to the AI radar coverage),

the probability of the target in PMBC is .0117. This probability is
less than the .05 criterion used in the previous analyses.

(C) For full sphere coverage, the probability of the
target being in PMBC is again less than the 0.05 criterion, that is,
0.015 for an average duration of 1.31 seconds.

(C) Analysis of the tracking accelerations for PMBC
in the same manner as the PDMBC and fo notch is not possible. Analysis
using a more stringent criterion could be made. In order to keep the
comparison on pulse and pulse doppler clutter on the same level, the
PMBC tracking accelerations evaluated with the 5% criteria are zero.
The application of e more stringent criterion is left up to the reader
and, for that purpose, the graphs of the accelerations are given in
Figs. B-22 through B-27.
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d. Pulse Altitude Line (PAL)

(C) For the purpose of this discussion, the PAL will
be taken as having a width of t1000 ft, which is typical of the clutter
return from the ground below the aircraft. This 1000 ft. altitude return
further assumes that the strength of the target return is less than the
altitude return. The width and strength of the altitude return is de-
pendent upon the altitude of the fighter, the antenna pattern, the look
down angle, and the ground reflectivity. For a given width of the alti-
tudes return calculated by the preceding parameters Fig. B-28 through
B-33 are still valid and can be used to calculate the track through
capability of a particular radar.

(C) For Al radar coverage, the probability that the
target is in PAL is 0.078 for an average duration of 3.9 seconds.

(C) For full coverage, the probability that the tar-
get is in PAL is 0.086 for an average duration of 4.8 seconds.

i. Range Acceleration (Fig. B-28, AI coverage;
Fig. B-29, Full Coverage.)

(C) In the case of AI radar coverage, the
range acceleration exceeded 40 ft/sec 2 while in PAL, 5% of the time the
target was in gimbal limits for an average duration of 2.4 seconds.

(C) In the case of full coverage, the range
accelerations exceeded 50 ft/sec 2 while in PAL, 5% of the total time
for an average duration of 2.4 seconds.

ii. Azimuth Line of sight Acceleration (Fig. B-30,
Al coverage, Fig. B-31, Full Coverage.)

(C) In the case of Al radar coverage, the
azimuth line of sight acceleration exceeded .40/sec2 while in PAL, 5%
of the time the target was in gimbal limits for an average duration of
2.8 seconds.

(C) In the full coverage case, the azimuth
line of sight acceleration exceeded 0.650 /sec2 while in PAL, 5% of the
total time for an average duration of 2.3 seconds.

iii. Elevation Line of Sight Acceleration (Fig.
B-32. Al coverage; Fig. B-33, Full Coverage.)

(C) In the case of AI radar coverage, the
elevation line of sight acceleration exceeds 0.35 0 /sec 2 while in PAL,
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5%. of the time the target was in gimbal limits f or an average duration
of 2.5 second.

(C) In the full coverage case, the elevation
line of sight acceleration exceeded 0.70/sec2 while in PAL, 5%. of the
total time for an average duration of 2.4 seconds.
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5. Tables for clutter track-through requirements

a. Pulse doppler main beam clutter - A VCBT

i. Range Acceleration (ARDDOT)

(a) Nose sector (AI Radar coverage) - Table B-10

(b) Tail sector - Table B-l1

(c) Full sphere - Table B-12

ii. Azimuth line of sight acceleration (AWKDF)

(a) Nose sector (Al radar coverage) - Table B-13

(b) Tail sector - Table B-14

(c) Full sphere - Table B-15

iii. Elevations line of sight acceleration (AWJDF)

(a) Nose sector (AI radar coverage) - Table B-16

(b) Tail sector - Table B-17

(c) Full sphere - Table B-18
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b. f. Notch (ABS VC)

i. Range acceleration (ARDDOT)

(a) Nose sector (Al radar coverage) - Table B-19

(b) Tail sector - Table B-20

(c) Full sphere - Table B-21

ii. Azimuth line of sight acceleration (AWKDF)

(a) Nose sector (AI radar coverage) - Table B-22

(b) Tail sector - Table B-23

(c) Full sphere - Table 8-24

iii. Elevation line of sight acceleration (AWJDF)

(a) Nose sector (Al radar coverage) - Table B-25

(b) Tail sector - Table B-26

(c) Full sphere - Table B-27

B-05 CONFIDENTIAL
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c. Pulse main beam clutter (DELTAR)

i. Range acceleration (ARDDOT)

(a) Nose sector (Al radar coverage) - Table B-28

(b) Tail sector - Table B-29

(c) Full sphere - Table B-30

ii. Azimuth line of sight acceleration (AWKDF)

(a) Nose sector (AI radar coverage) - Table B-31

(b) Tail sector - Table B-32

(c) Full sphere - Table B-33

iii. Elevation line of eight acceleration (AWJDF)

(a) Nose sector (Al radar coverage) - Table B-34

(b) Tail sector - Table B-35

(c) Full sphere - Table B-36
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d. Pulse Altitude Line (R-H)

i. Range acceleration (ARDDOT)

(a) Nose sector (AI radar coverage) -Table B-37

(b) Tail sector - Table B-38

(c) Full sphere - Table B-39

ii. Azimuth line of sight acceleration (AWKDF)

(a) Nose sector (AI radar coverage) - Table B-40

(b) Tail sector - Table B-41

(c) Full sphere - Table B-42

iii. Elevation line of eight acceleration (AWJDF)

(a) Nose sector (Al radar coverage) -Table B-43

(b) Tail sector - Table B-44

(c) Full sphere - Table B-45
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6. Miscellaneous Interactions

a. Minimum Range

(C) Figure B-34 is a plot of the range versus proba-
bility of occurrence for full sphere coverage. If a 0.95 probAbility
of track is desired, 2.5% of the range data at the minimum and maximum
ends of the distribution can be eliminated. Using this 2.5% criterion,
the minimum range requirement is 765 ft. for a full coverage tracker.

(C) Figure B-35 is a plot of the range versus proba-
bility of occurrence for Al radar coverage. Using the same criterion
as for the full coverage case, the minimum range requirement is 1200 ft.

b. Aircraft "g" loading.

(C) Figure B-36 is a cumulative probability that the
"g" loading was greater than a certain value. As an example, 5% of the
time the aircraft was pulling 6 or more "gos".

c. Glint Interaction (Fig. 43)

(C) The parameters interacted in order to give a pre-
liminary look at glint were range versus target rate of rotation for
various target aspects for AI radar coverage. Target aspect in this
case is referenced to the nose of the target aircraft. The data for
the 1620 to 1800 target aspect case represents a small amount of data.
The effect of the small data base can be seen in Fig. 43 as widely
varying noise on the average target rate of rotation.

(C) Referring to Fig. B-37, it can be seen that, as
the range to the target decreases, the rotational rate of the target
increases. This rate increase increases the frequency of the glint,
thus lessening the effect on the tracking circuits at close range. This
indicates that it is possible to increase the tracking loop's bandwidth
at short ranges without worsening the glint problems. A notable excep-
tion to this is the head-on case where the target is nonmaneuvering
prior to a flyby. In this case, an increase in bandwidth will probably
cause an earlier break lock.
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7. Data

Tables for Miscellaneous Interactions

a. Minimum Range

i. Nose sector (Al radar coverage) = Table B-46

ii. Tail sector - Table 47

iii. Full sphere - Table B-48

b, Fighter G's

Full sphere - Table B-49

c. Glint

i. Nose sector (A radar coverage)

(a) Target aspect angle

(LAMB-T) 0 to 180 - Table B-50
(b) 18 to 360 - Table B-51

(c) 36 to 54 0 - Table B-52
(d) 54 to 720 - Table B-53
(e) 72 to 900 - Table B-54

(f) 90 to 1080 - Table B-55

(g) 108 to 1260 - Table B-56
(h) 126 to 1440 Table B-57
(1) 144 to 1620 Table B-58
J) 162 to 1800 - Table B-59

ii. Tail sector

(a) Target aspect angle
(LAMB-T) 0 to 180 - Table B-60

(b) 18 to 360 - Table B-61
(c) 36 to 540 - Table B-62
(d) 54 to 720 - Table B-63

(e) 72 to 900 - Table B-64

f) 90 to 1080 - Table B-65

(g) 108 to 1260 - Table B-66
(h) 126 to 1440 - Table B-67

(i) 144 to 1620 - Table B-68
(J) 162 to 1600 - Table B-69

B-100 CONFIDENTIAL

op" ,



CONFIDEN4TIAL

iii. Full sphere

(a) Target aapest angle
(LAMB-T) 0 - 180 - Table B-70

(b) 18 - 360 - Table B-71
(c) 36 - 540 - Table B-72
(d) 54 - 720 - Table B-73
(e) 72 - 90 0 - Table B-74
Mf 90 - 1080 - Table B-75
(g) 108 - 1260 - Table B-76
(h) 126 - 440 - Table B-77
M. 144 - 1620 - Table B-78

()162 - 1800 - Table B-79
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