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CHAPTER I

INTRODUCTION
STATEMENT OF THE PROBLEM

It has not been fully determined what effect pilot
attempts to perform small corrections during the final phase
of weapons delivery have on bombing accuracy. 1In the past,
improvements in the accuracy of aerial weapons delivery have
been accomplished either by improving the weapons themselves
or by developing more sophisticated avionics which make it
easier for the pilot to predict weapons impact points (13:1).
The general assumption has been that if the aircraft meets
all specified handling qualities, the pilot could accurately
bomb a target (13:1). Under this criterion, very little
attention has been given to the contributions of pilot error
(deviations from the desired bombing maneuver) on bomb im-
pact accuracy (13:1). Therefore, the need for a study of
the relationship between pilot corrections and bombing accu-

racy was indicated.
JUSTIFICATION

Bombing accuracy continues to be an area of primary
concern to the Air Force. For example, one primary mission *

of the Strategic Air Command (SAC) is to drop bombs on enemy 1

1




targets. Perfect crew performance enroute to the target is
negated if the target is missed (4:2). The procedure which
a SAC crew follows while attempting to drop bombs on a tar-
get can be visualized as a series of inputs (control correc-
tions) and outputs (bomb impacts) (4:44). As such, it is
subject to analysis to determine which combinations of in-
puts produce the optimum output (4:44). This same concept
can be applied to the development, production, and implemen-
tation of aircraft which have bombing and close air support
as primary missions.

For aerial weapons, the specific need for bombing
accuracy occurs in three areas: (1) in the context of con-
ventional capabilities, (2) aircraft survival, and (3) pro-
paganda potential (8:2). The first of these simply means
that a conventional bomb, to be effective, must be dropped on
or close to the desired target. 1In the area of aircraft
survival, a bombing aircraft is subjected to threats from
enemy aircraft, surface-to-air missiles, and various forms
of anti-aircraft cannon fire (1:39). Accurate bombing
negates the requirement for additional airstrikes and there-
fore reduces the threats against aircraft survival. Lastly,
off target bombs may strike non-military or friendly posi-
tions. The psychological effects of these misses are a
source of propaganda for the enemy.

Bombing accuracy is affected by a number of factors.

Among the more important causes of bombing inaccuracy are




(1) the effect of wind, (2) pilot error, and (3) errors of
the on-board computer (21:4). Depending on weather, air-
craft capabilities, weapoﬁ type, and enemy defense environ-
ment, various attack modes are used for bomb delivery. The
pilot is required to make necessary corrections during the
course of bomb delivery. The errors introduced by the pilot
as a result of these corrections are relatively independent
of system errors. He is attempting to return his aircraft
to the desired flight parameters. The same computational
methods used for determining the effects of avionic systems
errors may be applied in the evaluation of effects caused by
pilot error (21:4). However, insufficient data limits this
type approach to the problem (21:4). This is a significant
point because,

« « « the effect of pilot error is probably

greater than that caused by the on-board computer
system. In any case, experimental data derived from
use of a simulator should be obtained in order to
substantiate this assertion [21:4].

Still, some research has been done.

Robert B. Rankin developed a model which attempted
to account for the cross-correlation of error sources due to
pilot correction of one variable error with intentional
deviation in another (13:1-2). Through further research
based on this Rankin study, Hovde concluded that F-4C pilots
could minimize range error (bomb impacts long or short of

the target) by concentrating on airspeed control rather than

altitude control when they were approximately on the desired

IPR—




dive angle (13:68). However, he did not investigate pilot
contributions to deflection errors (impact errors to the left
or right of the target). He concluded that simulation stu-
dies are needed to provide a better basis for the prediction
of impact errors resulting from various combinations of
control inputs (13:68).

New aircraft such as the A-10 contain sophisticated
avionics packages designed to improve the interface of man
and machine as a means for obtaining bombing accuracy. The
primary obstacle to developing such a system is the lack
of knowledge of the performance characteristics of the pilot;
that is, an inability to construct a mathematical model of
the pilot (12:1). A well trained pilot will select the op-
timum control or mix of controls to accomplish his mission.
Through experience in a particular aircraft, he has learned
exactly the magnitude and phasing of control inputs required
to successfully deliver a bomb on target (12:18). However,
at the present time, this information is not readily avail-
able in a usable format.

The development of a correlation between pilot cor-
rections for bomb release deviations and bombing accuracy
would provide a basis for a better understanding and appli-
cation of modern attack capabilities (11:58). Based on the
Downs and Forseth model, the effects of pilot correction on
the subsequent bomb impact distribution could be determined

by exploring the possibility of some correlation between the
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computer model bomb release parameters (8:87). In addition,

the exploration of "real world" correlation parameters and
their comparison with computer model produced data would form
a basis for the analysis of impact distributions and bombing

accuracy (8:87).
BACKGROUND

We conducted a generalized topical search in an ef-
fort to locate any treatises on bombing effectiveness and,
more specifically, error analysis computer programs that
might be relevant to the proposed research. A review of the
available literature revealed limited recent research acti-
vity within the realm of error prediction for aircraft wea-
pons delivery systems. However, those studies that were
examined could be divided into two basic categories of inves-
tigation. One category concerned investigations into the
authenticity of the assumption that bomb impacts around a
target are bivariate normally distributed (23:1). The other
category regarded the determination of errors resulting from
variations of attack maneuver parameters, and avionics
instrumentation and electronic equipment parameters (24:1-1).
Although both areas of research are separate and distinct,
they are complementary in that the assumed impact distribu-
tion constitutes the basis from which bomb plans and tactics
are developed (23:1). Therefore, bombing plans and tactics
dictate the equipment design and attack maneuvers required

for weapons delivery.




Investigations of the assumption that bomb impacts
around a target are bivariate normally distributed have pro-
vided some basis for questioning the validity of this assump-
tion. An analysis of empirical bombing data by Chamberlain
revealed that range and deflection errors were independent,
but not normally distributed when altitude; velocity, pitch,
and type of target were varied (5:1-5).

Berry and Laugginger questioned the normal distribu-
tion assumption from a theoretical perspective by generating
bomb impacts around a target using computer simulation
techniques. They employed a computer model developed by Mr.
Jack Watts of General Dynamics Corporation. Watts' model had
the capability of evaluating the effects of varying altitude,
velocity, pitch, and heading (3:30). Berry and Laugginger
analyzed six weapon release profiles. These profiles were
considered to be the "typical" weapons delivery maneuvers
which aircraft perform in order to direct their bombs toward
a target. These profiles were basically classified accord-
ing to three combinations of release point characteristics:
low or high altitude, low or high drag bomb, and level or
dive attitude (3:16). Impact distributions were generated
for each of the profiles by holding one of the model release

parameters (altitude, velocity, pitch, and heading) constant

while varying the other three parameters normally. One ex-
ception to this normal variation was a case where airspeed

was varied according to a Beta distribution. The resultant




distributions were determined to be bivariate normally distri-
buted except for the high drag bomb when airspeed was distri-
buted according to a Beta probability distribution (3:68-

78). This very interesting failure of bomb impacts to be
normally distributed when one of the release parameters was
not varied normally was pursued by Downs and Forseth in a

follow-on study.

Downs and Forseth Model

Downs and Forseth extensively modified the Berry and
Laugginger computer model to account for six weapon release
parameters: airspeed, altitude, pitch, lead or trail,
heading, and offset (8:30). The relevance and import of
these parameters on bombing accuracy can be demonstrated by
consideration of the concept of the perfect bomb release
point.

This point is defined to be that single point in
three-dimensional space at which a bomb must be released (set
free of all external forces except gravity, aerodynamic
forces, and atmospheric generated forces) so that it may
follow a ballistic trajectory to a precise impact upon the
designated target point (8:16). The release parameters are
those initial free-flight conditions which determine if the
actual bomb release point coincides with the perfect bomb
release point. The variation of only one actual release pa-

rameter from the ideal parameter will cause the bomb to miss




the target point. The bomb could be released above or below
(altitude error), forward or behind (lead or trail error),

or to the left or right (offset error) of the perfect re-
lease point. The initial release could occur at a velocity
faster or slower (airspeed error) than the nominal. The
centerline or longitudinal axis of the bomb could have some
angle of incidence to the relative wind direction (pitch
error) measured in a vertical plane passing through the center
of the bomb. Also, the direction of the velocity of the bomb
at release, measured in a horizontal plane, could be at some
angle (heading error) to the left or right of the target.
This angle is measured relative to a vertical reference plane
that passes through the perfect release point and the target.
If a departure from the perfect release point causes the bomb
to either fall short of or beyond the target, it is called
range error. Deflection error occurs if a bomb falls to the
left or right of the target (8:17-9).

The parameters mentioned above were varied from the
perfect release parameters by Downs and Forseth to ascertain
the effect on the bomb impact distributions. Several class-
es of variations were studied, two of which are most perti-
nent to this investigation. The first class of interest
varied one parameter normally while the other five were held
constant. Only those distributions resulting from variations
of offset and lead or trail parameters were found to be nor-

mally distributed. Results from variations of heading were
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inconclusive (8:65). The second pertinent portion of their
study was the re-analysis of the same six weapon release
profiles which Berry and Laugginger had studied, plus one
profile determined by Downs and Forseth to be "typical."

This "typical" profile had been determined from informal dis-
cussions with their pilot classmates (8:58-9). All input
parameters to these profiles were generated according to a
normal probability distribution except as noted in profiles
two and three. A brief description of the profiles and

their test results (8:59-64) are as follows:

1. High altitude, straight and level release of a
low drag bomb--deflection errors were normally distributed
while range errors were not.

2. Beta distributed airspeed, high altitude, straight
and level release of low drag bomb--deflection errors were
normally distributed while range errors were not.

3. Gamma distributed offset, high altitude, straight
and level release of low drag bomb--range ana deflection errors
were not distributed normally.

4. Low altitude, straight and level release of low
drag bomb--range and deflection errors were not distributed
normally.

5. Low altitude, dive release of low drag bomb--
distribution was bivariate normal.

6. Low altitude, straight and level release of high
drag bomb--range and deflection errors were not distributed

normally.
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7. Low altitude, shallow dive release of high drag
bomb--range and deflection errors were not distributed nor-
mally.

The low altitude, dive release of a low drag bomb was the
only case that was bivariate normally distributed. There-
fore, results of six of the seven samples supported the Downs
and Forseth hypothesis that bomb impacts around a target

(as generated by their model) were not bivariate normally

distributed.

Dynamic Weapon Delivery Analysis Program

While a number of researchers have been investigating
bomb impact distributions around a target, few have attempted
to predict the performance and error of specific weapon deli-
very systems. However, a computer program designated as the
Dynamic Weapon Delivery Analysis program was recently pro-
duced for the Naval Air Systems Command by Autonetics, North
American Rockwell. This extensive program was developed to
assess weapon delivery accuracy under a variety of dynamic
bombing maneuvers for a wide range of possible avionics ins-
trumentation, and designation and attack procedures (24:1-1).

The program consists of seven computational stages
which permit a thorough analysis to be conducted to pinpoint
the critical sources of error within the overall system or
specific subsystems. The first stage performs computation

of the ballistic trajectory data for a bomb released under

10




any one of three chosen attack maneuvers: vertical plane
attacks (level, dive, toss, etc.), lateral attack using a
Synthetic Array Radar system, or a generated dynamic attack
maneuver. The second stage computes the variation of impacts
due to system and weapon errors. Stage three computes the
total error propagation from release source to impact for
four error groups: avionics, non-avionics, biases, and
random errors. This summation is based on the assumption
that all error propagations at impact form a bivariate Gaus-
sian error pattern (i.e., bivariate normally distributed).
Stage four computes the subgroup errors which permit the
evaluation of performance of individual instruments within
the context of the total system performance. Some typical
subgroups are: inertial navigation errors, radar errors,
and air data subsystem errors. Stage five then computes
the general impact pattern error. The pay-off ratio is com-
puted in stage six so that the dominant error sources can
be determined. This pay-cff ratio is the percentage varia-
tion of the impact error due to a one percent variation of
a system parameter. This pinpoints those subsystems from
which the greatest amount of accuracy improvement could be
derived if the system were redesigned to increase perfor-
mance. Finally, stage seven computes the probability of kill
for the bomb impacts generated (24:1-2 thru 1-4).

The preceding discussions illustrate the extensive

studies and research attempting to determine the distribution
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of bomb impacts around a target for different variations of
release parameters. Also, extensive computational tools

have been developed to analyze the effects of variations in
attack maneuvers, release conditions, designation procedures,
weapons, and instrument and target tracking subsystems. How-
ever, these studies have all ignored one essential factor in
the total bombing system: the man in control. Only in those
instances where the pilot/bombardier is excluded from the
control-loop by automatic weapon delivery devices is it
acceptable to ignore the effects of human error on bomb impact
distributions (13:2).

The literature review offers insight into what methods
are available for investigating pilot error effects on bomb
impact distributions. The Downs and Forseth model was found
to be most applicable because it permits variations of pilot
controlled parameters. Additionally, the profiles investiga-
ted by Downs and Forseth provided a basis for comparison of
impact distributions generated through correlated input
parameters varied i~ much the same manner as a pilot's reac-
tions. We have extended the analysis to determine what pilot
controlled release parameters should be most closely monitored

to improve weapon delivery effectiveness.
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OBJECTIVES

The objectives of our research were to:

1. Evaluate actual bombing data to determine if the
impacts were bivariate normally distributed. The data that
we analyzed was the results of the A-10 Bombing Accuracy
Demonstration conducted in the Fall of 1975.

2. Use the A-10 bombing data to determine what cor-
relations exist between the release parameters for that
particular data sample.

3. Modify the Downs and Forseth model to include
the capability of correlating release parameters. The model
will be capable of accepting a variance-covariance matrix for
the following six release parameters: airspeed, altitude,
pitch, lead or trail, heading, and offset.

4. Determine if attempted vilot corrections during

the final phase of weapons delivery improves bombing accuracy.

RESEARCH HYPOTHESIS

The variance of computer generated bomb impact distri-
butions resulting from variation of correlated release
parameters is less than the v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>