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CHAPTER I

INTRODUCT ION

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 . In 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 aircraf t 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 un-

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
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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 implernen-

tatiori 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 con tex t 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. In the area of aircraft

survival, a bombing aircraft is subjected to threats from

enemy aircraf t, 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 
are2
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(1) the effect of wind , (2) pilot error, and (3) errors of

the on-board computer (21:4). Depending on weather , air-

craf t capabilities , weapon type , and enemy defen se 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 effec ts caused by

pilot error (21:4). However, insufficient data limits this

type approach to the problem (21:4). This is a significant

koint 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

3 
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dive angle (13:68). However , he did not investigate pilot

contributions to deflection errors (impact errors to the lef t

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-b 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.

Th rou gh experience in a particular aircra f t , 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

Down s 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 
the4



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).

BAC KGRO IJND

We conducted a generalized topical search in an ef-

fort to locate any treatises on bombin g 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 aircraf t 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 parame ters , 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 olans and tactics

dictate the equipment design an d attack maneuver s required

for weapons delivery .

S 
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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 analys is 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 Lauggiriger 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 classif ied 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 profi les 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 
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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 parame ters 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 o f f se t  ( 8 : 3 0 ) .  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 def ined to be that single point in

three-dimensional space at which a bomb must be released (Set

f r ee 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

7 
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the target point. The bomb could be released above or below

(al t i tude error) , forward or behind (lead or t rai l  error) ,

or to the le f t  or r ight  (o f f s e t  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 (pi tch

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  pla ne , could be at some

angle (heading error) to the lef t  or r ight  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 fa l l s  to the

le f t  or ri ght of the target ( 8 : 1 7 -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 f ive 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

8 
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inconclusive ( 8 : 6 5 ) . The second pertinent portion of their

study was the re-analysis of the same six weapon release

profiL. s which Berry and Laugginger had studied , plus one

profi le  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 prof i les

two and three. A brief description of the profiles and

their test results ( 8 : 5 9 — 6 4 )  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 , hi gh a l t i tude,  straight

and level release of low drag bomb--range and 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--

distr ibution was bivariate normal .

6. Low altitude , straight and level release of high

drag bomb--range and deflection errors were not distributed

normally.

9
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7. Low altitude, shallow dive release of high dra g

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.

~y~namic 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 bal l is t ic  t ra jectory data for a bomb released under

10 
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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 dominan t error sources can

be determined. This pay-off ratio is the percentage varia-

tion of the impact error due to a one percent variat ion of

a system parameter. This pinpoints those subsystems from

which the greatest amount of accuracy improvemen t 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

11
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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 prov ided a basis for comparison of

impact distributions generated through correlated input

parameters varied ~~ much the same manner as a pilot ’ s reac-

t ions.  We have extended the analysis to determine what pilot

controlled release parameters should be most closely mon itored

to improve weapon delivery effectiveness.

12
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OBJECTIVE S

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-b Bombing Accuracy

Demonstration conducted in the Fall of 1975.

2. Use the A-lO bombing data to determine what cor-

relations exist between the release parame ters for tha t

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 pilot 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 variance of those distributions

resulting from independent release parameters .

13



CHAPTER II

METHODOLOGY

INTRODUCT ION

The purpose of this chapter is to specify the methods

we used for data analysis. The analysis method for each

research objective was examined in the order listed in

the previous chapter. The following topics will be discussed :

1. The data source , methods of collection , and rea-

sons for choosing the data source.

2. The methods used to analyze the distribution of

the release parameters and bomb impacts. This includes a

brief summary of the computer program that was used.

3. A description of the correlation analysis of

release parameters which provided the variance-covariance

matrices.

4. The Downs and Forseth computer model. This in-

cludes a discussion of the model modi fications required to

incorporate the variance-covariance matrices.

5. The statistical tests required for support of

the research hypotheses . The appropriateness of these tests

will then be justified.

14 
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A-lO DATA

The theoretical investigation of the e f fec t s  of bomb

release parameter correlations was based on actual pilot

performance during bombing operations in a training envi-

ronment. A population of release parameters and bomb impacts

was collected during the A—lO Bombing Accuracy Demonstration

Tests. These tests were required by government contract to

demonstrate the bombing accuracy of the A-l0 aircraft. The

data was collected during the period from September 24 to

October 25 , 1975. The tests were conducted at the Edwards

AFB bombing range (2000 feet mean sea level altitude) and

were witnessed by both Fairchild Republic Company and USAF/

ASD personnel (10:11—12).

Eight bombing profi les  were flown for which the bomb

release parameters and bomb impacts were recorded . Four Air

Force evaluation pilots flew each profi le  nine times (total

of nine drops per prof i le  per pilot) . The X , Y , and Z

coordinates of the aircraft space position and the associated

components of veloci ty at the time of release were the para-

meters recorded. These values were determined with respect

to the bombing target coordinate system using photo theodo-

bite and radar tracking. The center of the target was the

origin of the coordinate system. The X-axis was the approach

direction or run-in line of the aircraft and was measured

positive downrange from the target. The Y-axis was perpen-

dicular (cross range) to the X-axis and was measured positive

15
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when the release or impact was to the le f t  of the ta rge t .

The Z-axis was the vertical direction (altitude) and was

positive upward . The target  al t i tude was approximately two

thousand feet above sea level. The bomb impacts were recorded

for each set of release parameters.  The impact points were

recorded by surveying the X and Y distances of the impacts

from the target (10:13-4). All data were recorded at the

ratio level1 which permits the comparison of observations

with respect to order,  distance , and a unique orig in (zero )

The sample of release parameters consists of all

observations recorded for  pi lots  two and four for all ei ght

profiles. This sample was chosen because data for the eight

profiles was not available for pilots one and three .

This data source was chosen as a basis for the nrooosed

research for four reasons. The first reason was because of

the availability of the data . Since time , money,  arid facil-

ities were not available to obtain precise bombing data for

this research effort , previously conducted test results obtained

from ASD seemed most appropriate . The second reason for the

choice was because the A-b aircraft was designed for the pri-

mary mission of close air support of ground operations. The

possibility of generalizing some results from this  research

1Ratio level data results from the measurement of ohysi-
cal dimensions such as weight , height , distance and area.

16 
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effort to improve mission effectiveness made the selection

extremely attractive. Due to the limited number of samples ,

only subjective generalizations are possible. Results

from this research e f fo r t  can only provide general guidel ines

for improving pilot techniques during bombing deliveries

made from the A-b aircraft.

The third reason for choosing this ’ data source was

because the Downs and Forseth computer model does not account

for the effects of wind on bomb impact distributions. One of

the ground rules for the A-b bombing tests was that no drops

would be made when bombing mission pattern winds exceeded

twenty knots (10:27). This provision reduced modeling error

produced by not accounting for wind effects within the model.

The fourth reason for choosing this data source was

because the release parameters had been recorded for each

impact. The recorded release parameters are the same parameters

that are required by the model to generate theoretical impacts.

Generation of the theoretical distributions using the observed

release parameters permitted the comparison of the empirical

and theoretical distributions of impacts. This comparison

revealed the degree to which the computer model is capable of

predicting the real worl d situation.

TEST FOR NORMALCY

Down s and Forseth were unable to support their  re-

search hypothesis that  bomb impacts are b ivar ia te  normally

17

--—- S ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -5---~~~~~~~~~~~~~~ - 5- ,-  -~~~~~ - 5 - - —  - - 5 - 5 -  ~~~-55 - 5 55 ~~~~~~~~~~~~~~~ ”~~~~~~~~~~~ -~~~~~~~~~



- 
-55-5S~SS_5--55 5- - ——.----- - --- --. — - . - --- 5-1

~~~~~~~~
’

distributed (8:79). They used the actual mean and standard

deviation of the observed release parameters in a sample of

twenty-seven A—10 bomb drops. Values for the heading param-

eter were subjectively chosen since the actual value s were

not in recognizable form. Based on these occurrences , fur-

ther tests of the “real world” data were required to deter-

mine whether or not the bomb impacts were bivariate normally

distributed . Heading parameters were calculated and included

in this analysis.

The distribution of bomb impacts around a target

fo rms a bivariate distribution with the X and Y coordinates

of the impact points as the random variables (8:42). The X

value (range error or ordinate ) is the number of feet long

(+) or short ( — ) of the target that the bomb falls. Similarly,

the Y value (cross range or abscissa) is the number of feet to

the right (+) or left ( - )  of the target that  the bomb fa l ls

(this coordinate system is opposite to that of the A-lO data ,

but is consistent with the Downs and Forseth model) (17:18 as

referenced in 8:41). The distribution is bivariate normal if

the following conditions are met:

1. X and Y are independently distributed ,

2. the distribution of X is normal ,

3. the distribution of y is normal (25:237-251).

The model subprograms SINDEP and SSIMFIT were used to per-

form these tests.2

2For a listing and indepth discussion of the sub-
programs SINDEP and SSIMFIT refer to Downs and Forseth thesis ,
SLSR 18-76A , June 1976.

18



SINDEP is the independence test program which uses

the Chi-Square Goodness of Fit Test (8:167). Wonnacott and

Wonnacott ’s “Contingency Test for Independence ” is the basis

for the program and has the following hypothesis, which is

the same as that used by Downs and Forseth :

H0: P (XjY) =

P(YIX) =

HA : P(XIY) ~ P(X),
P (YJX) ~ P(Y),

where X and Y are events of interest. As a test of indepen-

dence , chi-square is not a measure of the degree of form of

relationship but only a help in determining if the relation-

ship between X and Y is significant (6:376). The null hypo-

thesis (H o) states that X and Y are statistically independent

of each other. The alternate hypothesis (HA) states that X

and Y are not independent. This test compares

ri n (O
~~ —

X sample — 

i=l j =l E i j

where :

1. The test is based upon data grouped into cells ,

2. n is the number of cells ,

3. Ej . j  must meet the following conditions :

all Ejj ~ 1

at least 80% Eij ~~ . 
5,
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4. Oji = observed frequency in cell ij ,

Eu = expected frequency in cell ij.

with :

X~ rj tj cal (a tabular value)

where :

1. ~ = .05 , the acceptable r isk leve l ,

2. degrees of freedom = (no . of rows -1) X

(no . of column s -1) ( 8 : 4 3 — 4 ) .

An alpha level of 5% means that there is a 5% probability of

making an incorrect decision , i. e . ,  rejecting a nul l  hypothesis

when it is actually true (6:322). The null hypothesis is

supported at the 95% confidence level if

> 
2 p3 .35)cri tica l sample

This means that there is insufficient evidence to refute the

hypothesis that events X and Y are independent .

SSIMFIT is the subprogram which tests X and Y to de-

termine if their respective distributions are normal. It

uses a Chi-Square Goodness of Fit Test which is a valid test

when a distribution is either discrete or continuous and the

parameters of the population are unknown . In the case of the

A-b bomb drop data , the population parameters of the bomb

impact distributions were not known conclusively. Downs and

Forseth originally used the Kolmogorov-Smirnov (K-S) good-

ness of fit test as a test for normalcy (16 :1). Later , they

20
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changed the SSIMFIT program to include the Lilliefors test

for normalcy.

The Lil].iefors test is a modified K-S test which

does not require that the population parameters be known

(7:307). The difference between K-S and Lilliefors is the

respective critical values. For a 95% conf idence interval

and with n > 35 , the K-S critical value is l.36/v’~ and the

Lilliefors critical values for n > 30 is .886/ V ~ ( 16 :Appendix) .

SSIMFIT performs the K-S test before it per fo rms the chi-

square test for normalcy (8:82). Downs and Forseth discovered

that by substituting a Lilliefors critical value for the com-

puted K-S value , they obtained a more powerful test (8:81-2)

For values of ri > 35 , the Lilliefors critical value is used

in the SSIMFIT test for normalcy.

SSIMFIT uses the following Chi-Square Goodness of

Fit hypothesis in the test for normalcy :

H0: X i.. normal

HA : X ~ normal

This test compares :

2 n (Oj Eu)2
x =

~~~~sample i=l E~

where :

1. n = the number of cells

2. O~ = observed f requency in cell i,

3. E
~ = expected frequency in cell i ,

21 
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with :

x 2 (a tabular  value)
critical

where :

1. a = .05 , the acceptable risk level ,

2. degrees of freedom = (no . of cells -1) X

(no. of estimated parameters) (8:44—5).

The null hypothesis is supported at the 95% bevel if

x 2 > x 2 (3:37).
critical sample

By accepting the null hypothesis , we may infer that there

is insufficient evidence to conclude there is a significant

difference between the sample distribution and a normal dis-

tribution (i.e., the sample distribution approximates a

normal distribution) . If the null hypothesis is rejected ,

the alternative hypothesis is accepted. In this case , we

infer that the sample distribution does not approximate a

normal distribution .

CORRELATION OF RELEASE PARAMETERS

An underlying assumption for this research effort is

that pilots perform interrelated aircraft control corrections

prior to bomb release to improve accuracy . In order to

determine what relationships existed between control correc-

tions , the bomb release data was analyzed for correlation.

22
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The principal assumption for correlation analysis is

that the variables (release parameters) are bivariate normally

distributed (14:7). To meet this assumption , all release

parameters must be both independent and normally distributed .

To conduct correlation analysis , the parameters were assumed

to be independent. The assumption of normalcy for each release

parameter was tested to insure that generating random obser-

vations from a multivariate normal distribution was appropriate

for the “real world” distributions. The tests for normalcy

used the same methodology outlined for SSIMFIT in the pr9ced-

ing section . However, the AFLC CREATE computer timesharing

library version of SIMFIT was used for the analysis.3

All release parameters were subjected to a bivariate

correlation analysis. This analysis was performed to obtain

a measure of the degree of association between each pair of

release parameters . The resulting coefficients of correla-

tiori provided an indication of the relative strength of the

linear rela tion 4 between each combination of pai’~wise group-

ings of release parameters . The summary statistic which

was used to measure the strength of this  l inear relation was

the Pearson product-moment coefficient (r). The coefficient

3For a complete discussion of SIMFIT program see “Users
Guide for SIMFIT” prepared by William E. Glaesernann , October
1975.

41f one variable is fixed at a specified value , the
other may be predicted on the basis of its linear relation-
ship to the fixed variable. -‘
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r is a sample-based estimate of the population coefficient

of correlation p (9:402-4). The correlation coeff ic ient

for each grouping , say x and y (Pxy ), was subjected to the

following hypothesis test to determine statistical signifi-

cance at the 95% confidence level (14:5):

H0: ~xy
0

HA : Pxy ~ 0

If the null hypothesis could be rejected , we could conclude

that a statistically significant, linear relation existed

between the pairwise grouping of release parameters. The

subprogram PEARSON CORR of the Statistical Package for the

Social Sciences (SPSS) computer programs was used to perform

the correlation analyses . This subprogram provided the

Pearson product-moment correlation coef f ic ien ts  and their

corresponding levels of s tat ist ical  s igni f icance  for  each

pairwise grouping of release parameters. This analysis

also provided the variance-covariance matrices which were

used to generate correlated , random observ ations of release

parameters in the bombing model.

MODEL DESCRIPTION

Based upon the prior work of Chamberlain (1971),

Richardson (1971), and Berry and Laugg in ger ( 1 9 7 5 ) ,  Downs

and Forseth ( 1976)  developed a computer model which s imulates

bomb impact errors with respect to six release parameters :

24
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airspeed, altitude , pitch , bead or trail , heading , and offset.

All other factors in the model that could contribute to

ran ge or deflection error are set to zero or held constant

(8:30). By repeating the process of simulating a bomb ’s

fall and plotting its impact relative to a target, sample

bomb impact distributions are generated (8:31). The model

produces impact errors by independently varying one or more

of the release parameters ( 8 : 3 1 ) .

The model is written in FORTRAN Y programming lan-

guage. It accepts three types of parameters : control ,

program , and release (8:33). The model control parameters

which can be varied are the following :

1. the type of bomb
2. the target latitude
3. the target altitude
4. bomb release equipment time delay
5. bomb ejection velocity
6. the number of bombs dropped (8:33).

One of three types of bombs can be selected : MK-b06 , BDU-33 ,

A/B, or MX-82. The model accepts three program parameters :

the random number generator seed value , the ballistic path

computation iteration time , and the initial cell size for

sorting the bomb impacts (8:33). Lastly , the six release

parameters are entered .

Using control , program , and release parameters ;

atmospheric characteristics; and the bomb ’s weight , diameter ,

and drag coeff ic ient, the model computes a ballistic path

for the predicted time of fall , range , trail , and bomb

25
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impact point (8:33). In a given sample the control and

program parameters are constant for each bomb dropped . The

model can also hold one or more release parameters constant.

Variability of a single release parameter or a

combination of release parameters results in release param-

eter errors which cause impact errors around the desired

target (8:34). The model writes all the impacts onto out-

put fi les which can be used for statistical analysis or a

graphical summary .

The complete Downs and Forseth model is composed of

f ive programs , one subprogram , and five data files.5

Accuracy

Accuracy ref ers to how close the model simulates a

H perfect bomb drop. The single most significant factor

affecting the model’ s accuracy is the iteration time (8:35).

Itera tion time is the constant interval of time between re-

calculation of the falling bomb ’s altitude , pitch , airspeed ,

Mach6, acceleration , etc. (8:35).

Precision

The following procedures remain as instituted by

Downs and Forseth in the computer model :

5For a detailed discussion of the Downs and Forseth
model refer to their thesis , SLSR l8—76A , June 1976.

6The velocity of the bomb relative to the speed of
sound at altitude.
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1. All statistical tests will be performed at the
95% confidence level.

2. All impact point coordinates will be rounded
to the nearest tenth of a foot.

3. The number of standard deviations allowed
around a release parameter will be set at five.
If a release parameter is normally distributed ,
five standard deviations will include
99.99997133% of all bomb impacts ; less than one
in one million impacts falls outside five
standard deviations (18:972).

Assumptions

1. The model , both conceptually and mathematically ,

is assumed to be independent of aircraf t type. However ,

bomb ejection velocity can be modeled .

2. The atmosphere is assumed to have the character-

istics specified in the 1962 United States Standard Atmos-

phere. The standard atmosphere provides atmosphere tempera-

ture at all altitudes from -5 to 90 kilometers. Dynamic

atmospheric forces , such as wind, were not considered.

3. All target altitudes were assumed to be two thou-

sand feet mean sea leve l (MSL) (to correspond to conditions

at Edwards AFB).

4. Each bomb was assumed to be “perfect ” with respect

to weight , dimensions , etc.

5. The error caused by r..unding impact point coordi-

nates to the nearest tenth of a foot is assumed to be negli-

gible.
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Limitations

1. The model is limited to bomb release altitudes

of —16 ,404 feet (-5 kilometers) to 295 ,276 feet (90 kilo-

meters) and zero winds (as a result of assumption 2 above).

2. Impacts generated by heading errors are accurate

only within the range of ~l0° heading error.

3. No parameters affecting “real world” bomb impact

errors , other than the stated control and release parameters ,

were considered (8:40)

MODEL MODIFICATION

The Downs and Porseth bombing model was modified so

that correlated release parameters could be used to generate

simulated bomb impacts . This was accomplished by incorporating

a FORTRAN subroutine which would randomly generate a set of

release parameters from a mul tivari ate normal popula tion with

a specified variance-covariance matrix. This subroutine was

developed by Professor W. Earl Sasser of the Harvard Business

School (19:397-9). The variance-covariance matrix for each

profi le  was obtained as an optional s tat is t ic  from the SPSS

subprogram PEARSON CORR.

TESTS OF RESEARCH HYPOTHESIS

The following hypothesis test was used to test the

research hypothesis :

28
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H0: a2xindependent ~ 
e xcorrelated

c2yindependent ~~. 
c2Ycorrel ated

HA : c2Xindependent >

O 2
yindependent > c y l d

The null hypothesis asserts that the variance of the sample

with independent release parameters is less than or equal

to the variance of the sample with correlated release param-

eters. The alternate hypothesis asserts that the variance

of the independent sample is greater than the variance of the

correlated sample.

The most powerful statistical tests are those which

have the strongest or most extensive assumptions (22:19).

An F-test , which has the fo llowing strong assumption s, was

used.

1. The observations are independent. That is,
the selection of any one impact from the popu-
lation for inclusion in the sample does not
bias the chance of any other impact for inclu-
sion.

2. The impacts were drawn from normally distri-
buted populations.

3. The impacts were measured at the ratio level.

4. The populations of impacts for the correlated
and the indepen den t release parame ters have
equal variances (22:19).

The choice of the F-test was justified since tests showed

that these conditions existed in the data. An alpha level

of 5% was used , which was consistent with ttie other tests

performed and the model progr~~’ design .
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The F-statistic for each sample was computed using

the following formula :

Fs Fsample .L ,
Sc

where :

1. ~I
2 

= Z ( x j —  ~j)
2,

n1 - l

2. Sc
2 

= Z ( x i —  ~~)2
-

and :

1. s12 = the sample variance of the independent
sample.

2. Sc2 = the sample variance of the correlated
sample.

3. n1 = the number of observations in the inde-
pendent sample.

4. nc = the number of observations in the cor-
related sample (25:1).

The cri tical value for the hypothesis test was :

Fc Fcritjcal (a tabular value with degrees of
freedom equal ni-i and nc-b.)

The null hypothesis was rejected if the following con-

dition occurred:

F5 > Fc (26:2).

If the null hypothesis was re jected , we concluded that the

30
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variance of the distribution of the independently generated

impacts was statistically greater than the variance of the

distribution for correlated impacts . This would support

our research hypothesis that the variance of bomb impact

distributions generated by variation of correlated release

parameters is less than the variance of those distributions

generated from independent release parameters.
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CHAPTER III

DATA COLLECTION AND RESULTS

INTRODUCTION

In this chapter , we present the results obtained from

the analysis of the data collected during our research . The

specific research objectives outlined at the end of Chapter

One each were examined us ing the methodologies set forth in

Chapter Two. A list of the A-lO Bombing Accuracy Demonstra-

tion data obtained from the A-lO Systems Program Office at

ASD is included as Appendix A. These data were used by the

Air Force for bombing accuracy evaluations of the A-lO . Four

pilots participated in the evaluation. We analyzed only the

data recorded for pilots numbered two and four for all eight

profiles (profiles A-H). This sample was chosen because all

data points for the eight profiles were not available for

pilots numbered one and three.

This chapter is divided into four sections which

correspond to our research objectives. First , we present

results of the analysis of the A—b bomb impacts recorded

during the bombing accuracy evaluation tests. Our objective

was to determine if those impacts were bivariate normally

distributed. Secondly, we analyzed the release param eter s

from the bombing accuracy evaluation tests. Our objective

was to determine if the six release parameters (heading ,
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altitude, offset, airspeed, pitch , and lead/trail)  were nor-

mally distributed and , further , if any correlations existed

between those parameters. Our third objective was to modify

the Downs and Forseth model by adding a FORTRAN subroutine

to generate release parameters from a multivariate normal

population. A brief discussion of the incorporation of the

subroutine is presented . Lastly , we present the results of

our research hypothesis tests. Our objective was to show

that the variance of bomb impact distributions generated from

correlated release par ameters is less than the variance of

those distributions generated from independent release param-

eters.

ANALYSIS OF BOMB IMPACTS FOR NORMALCY

The bomb impacts recorded during the A-b bombing ac-

curacy evaluation tests were analyzed for independence and

-‘rrmalcy using the Downs and Forseth model programs , COLLAPSE ,

SZNDEP , and SSIMFIT. The bomb impacts had been recorded as

X and Y values of a two—dimensional coordinate system with

the target located at the origin of the system (see Appendix

A for a list of the bomb impact data). The X and Y coor-

din ates for all impacts were wri tten on to a data f ile for

input to COLLAPSE. Since the number of actual impacts was

considerably less than the number of computer generated im-

pacts during a normal run of the Downs and Forseth model

(144 versus 10,000), a slight modification of the COLLAPSE

program was necessary . Essentially , only the reduction of

- 
33 1

- - - - -,- - --— - - _ - —-5._,—- - -5 - -- - -— - _ -- - -— ---- - -5-— - —- - -- -5 - - -  -5-_ _ --5--— --- --



—-5—- - - 5- - 5 - 5 -5--— - - 5 5 -  - - 5 - - 5_- ---5-5 — -

a counter was required. Specific changes made to the COLLAPSE

program , by line number , are included as Appendix B.

The X and Y coordinates of the bomb impacts were

tested for independence using the model program, SINDEP.

The input file, INDEDATA , required by SINDEP was generated

as a part of the COLLAPSE run. Results of the SINDEP analysis

revealed that the X and Y impact coordinates were independent.

The results of the tests for independence are shown in Appen-

dix C.

The respective X and Y impact coordinate distributions

were tested for normalcy using the model program , SSIMFIT.

The input file , SIMDATA , used by SSIMFIT for accomplishing

the statistical analysis was also generated as a part of the

COLLAPSE run. Results of the SSIMFIT analysis showed that

the distributions of the X and Y impacts for pilots numbered

two and four (profiles A through H) were both normally distri-

buted. The analysis results and histograms of the distribu-

tions are shown in Appendix D.

EVALUATION OF RELEASE PARAMETERS

Normalcy Tests

Our first objective was to determine if each of the

six release parameter distributions were normal. The AFLC

CREATE computer timesharing library version of SIMFIT was

used for this analysis. This program was the basis for the

Downs and Forseth SSIMFIT program. The only difference is

34
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that SSIMFIT was modified to accept data grouped into cells

from COLLAPSE. Each of three release parameters ; heading ,

altitude , and pitch for profiles A through D , were individu-

ally tested . Likewise, these same parameters for profiles

E through H were each tested for normalcy. The eight profiles

were divided into these two categories because of the dispar-

ity between the nominal values of altitude and flight path

angle for the A-D and E-H groupings (See Tables 3.1 and 3.2).

The analysis showed that heading , altitude (except for

profiles in the E-H grouping) , and pitch each appear to

follow a normal distribution. The remaining three release

parameters ; lead/trail , offset , and airspeed , were each

tested separately using the combined data points for each

parameter contained in profiles A through H. Each of these

parameters also appear to follow a normal distribution.

The results of the tests for normalcy are included in Appen-

dix E .

Profile Statistics

Each common profile for pilots two and four (i.e.,

2A and 4A , 2B and 4B, etc.) was combined for analysis to

determine the statistics and parameter correlations for each

of the eight individual profiles. These data combinations

were analyzed using the SPSS subprogram PEARSON CORR to

compute the Pearson product-moment correlations for each

combination of pairs of parameters (See Appendix F for SPSS

35
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TABLE 3.1

PROFILE RELEASE PARAMETERS

Profile A B C D E F G H

Release
Altitude— 1800 1800 1800 1800 2500 2500 2500 2500
Feet AGL

Release
Airspeed— 260 280 300 320 280 300 320 340
KCAS

Dive
Angle— 30 30 30 30 45 45 45 45
Degrees

TABLE 3.2

RELEASE PARAMETER TOLERANCES

Prof i les  A-D Profiles E-H

Nominal Dive Angle 30° 4 50

Airspeed Tolerance +20 KIAS +25 KIAS
—10 —15

Altitude Tolerance ± 500 Ft .  ± 500 Ft.

Dive Angle Tolerance ±5 Deg. ~5 Deg .
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program). A two-tailed test was used since we did not have

an explicit hypothesis concerning the direction of the res-

pective coefficients (2:284). From the PEARSON CORR computer

run , we were able to determine the pairs of release param-

eters which were statistically, significantly correlated

(~ = 0.05). We also used a statistics option with the PEARSON

CORR subprogram which provided the mean , variance , and cova-

riance for each pair of release parameters. Using this

information , we constructed a variance-covariance matrix for

each profile to be used in the model to generate correlated

impacts . Copies of these matrices are included as Appendix

G. Based on the results of the PEARSON CORR computer run ,

the pairs of release parameters which were not statistically,

significantly correlated were entered as a value of zero in

the variance—covariance matrix. Based on the bivariate

normalcy assumption , this , in effect, reflects independence

(statistically speaking) between the respective pairs of re-

lease parameters.

Input File

The statistics for each profile gronping obtained

from the PEARSON CORR analysis were inserted into the input

file , DATAN5.5. The input file is the same as the Downs and

Forseth input with the exception of lines 10 and 110-160.

The mean for the appropriate release parameter is the first

entry on lines 11.0-160. The variance-covariance values for

37
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the respective release parameters are then entered in the

next six fields. The resulting input file stricture is a

column vector of the six release parameter means followed

by the 6X6 variance—covariance matrix. The input data file

name “MVN” is entered on line 10 to generate correlated

release parameters. The input data file name causes the

program logic to read the input data file using the appro-

priate format and generate either independent (when

DATAN5.5 is entered) or correlated release parameters (when

MVN is entered). See Appendix H for a graphic explanation

of the input file.

One minor difficulty was encountered in obtaining

the values to be used in the input data files . The model

uses the parameter lead/trail rather than range . The A-10

data provided the range of the target at release rather than

the value for lead/trail with respect to the perfect release

point. Consequently , we computed the perfect release point

range by running the model with the appropriate input release

parameters , zero lead/trail , and zero number of desired bombs.

The model logic provides for one drop to be made in addition

to the requested number of impacts . This computed impact

point for the “perfect” bomb is then defined as the target.

This computed value is output from the bombing model as

range. The value output as trail is the aircraft position

with respect to the target at bomb impact. Using this value

for  “perfect” range (Rn) and the 2\-lO mean data value for

38 
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range (X), we calcula ted lead/trail using the following for-

mula :

Lead/trail = R~ 
-

These values are included in Table 3.3.

MODIFICATION OF THE DOWNS AND FORSETH MODEL

Incorporation of the Multivariate Normal FORTRAN sub-

routine into the Downs and Forseth model was accomplished

only after extensive testing to insure that the subroutine

was performing proper ly and producing accurate results .

The actual test consisted of generating a population of one

hundred observations for the six release parameters using

the FORTRAN subroutine with the six-by-six (6X6) variance-

covariance ma trix for profile B . These one hundred generated

observations were then analyzed using the SPSS subprogram

PEARSON CORR. The values for the mean , variance , and cc-

variance for the generated population were compared to the

input values. The statistics for the generated population

compared quite well with the input sample statistics . Com-

parison of the results are shown in Appendix I.

The subroutine FORTRAN statements were also compared

to the theoretical formulas upon which they were based to

determine their accuracy (20:98). One discrepancy was noted

in statement number 6950 of the subroutine . An additional

test was performed to determine the effect of this iiscrepancy

39
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TABLE 3.3

VALUES FOR LEAD/TRAIL RELEASE PARAMETER

Range From Range Froi~
STIIESIS A—l0 Data

Profi le  (Rn) (X) Lead/Trail

A 2010 1951.000 59.000

B 2144 2135.167 8.833

C 1993 1931.444 61.556

D 1942 1851.889 90.111

E 2052 1962.389 89.611

F 2046 2007.611 38.389

G 1890 1865.333 24.667

H 1806 1748.611 57.389
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on the results. A discussion of the test and its results

are presented in Appendix I.

A copy of the modified STHESIS program is contained

in Appendix J. A brief explanation of the modifications ,

by line number , are also included.

TEST OF RESEARCH HYPOTHESIS

Prior to making any modifications to the Downs and

Forseth model , we verif ied that it was performing the same

as it had been durin g their research e f for t. We ran Case

4 . 4 f  (Low Alti tude—-High Drag Bomb—-Straight and Level

Release) from the Downs and Forseth thesis ( 8 : 6 4 ) .  We ob-

tained the same results as they reported .

Having determined that the model was functioning

proper ly ,  we ran each prof i le  assuming that the release param-

eters were all independent . Next, we ran each profi le  usin g

our modified version of the Downs and Forse..th model which

incorpora ted correlation between statistically signif ican t

pairs of release parameters. However , only two profiles ,

B and D , ran successfully. We determined that  the m u l t i-

variate normal subroutine could not generate release param-

eters for the other profiles due to the character istics of

the input data and the subroutine program logic. This fact

provides for some rather in teres t ing conclusions concerning

the assumption of independence of the actual release parameters.

These conclusions will be discussed in the following chapter.
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The results of both the independent and correlated

parameter runs for profiles B and D are included as Appen-

dix K. We determined that the variance of the computer

generated impacts resulting from correlated release param-

eters was considerably smaller than the variance of the

impacts resulting from the independent release parameters.

The results of the statistical tests for each of the hypo-

thesis runs are also included in Appendix K.
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CHAPTER IV

CONCLUSIONS , OBSERVATIONS , AND RECOMMENDATIONS

INTRODUCTION

In this chapter we provide a discu ssion on the re-

sults of our research. First, we p:esent our conclusions

concerning the data collected and recorded in Chapter Three.

Second , we convey pertinent observations which we noted

during the course of our study. Finally, we list recommen-

dations for fu ture study with suggested modi fications to

our existing bombing model.

CONCLUSIONS

Normalcy of Bomb Impacts

Based on our analysis, we concluded that the bomb

impacts for pilots numbered two and four recorded during the

A—lO Bombing Accuracy Evaluation tests were bivariate nor- •
1

mally distributed . This conclusion was justif ied since the

distributions of the X and Y impact coordinates were both

normally distributed and independent . Thus , for our sample

data , the JMEM assumption that “real world” bomb impacts

follow a bivariate normal distribution was supported .
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Release Parameters

As a result of the analysis , we concluded that each

of the six release parameter distributions was normal. There

was one discrepancy , however. The distribution of the alti-

tude release parameter for the combined profiles B through

H was not normally distributed.

Achievement of a normal distribution of release

parameters should not be confused with superior pilot per-

formance. In fact , repetitive duplication of release param-

eters would be the mos t desirable if the release values were

close to the nominal values. This performance would produce

a histogram with a central spike in the distribution located

at the desired (nominal) release value. This, in fact, was

the case for this combination of profiles E-H. Inspection

of the histogram showed tha t the mode cell had approximately

thirty—seven observations in it while the next most frequent

cell had approximately twenty-one observations (see histogram

in Appendix E). This could possibly lead to the conclusion

that pilots more readily duplicate their release altitude

performance during bombing at higher altitudes. This supp~ rts

the intuitive belief tha t pilots pay more attention to achi ev-

ing the nominal release altitude value when the ground is not

so close.

Our assumption of independence between the release

parameter d is t r ibut ions  was not to ta l ly  subs tan t i a t ed .  As

indicated in the previous chapter , only p ro f i l e s  B and D ran
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successfully. A population of random multivariate normally

distributed release parameters could not be generated for

the other profiles using the Multivariate Normal FORTRAN

subroutine.

The theoretical basis for the subroutine is a theorem

which states that if z is a standard normal
vector , i . e . ,  it contains independent normal variable
componen ts wi th zero mean and unit vari ance , there
exists a unique lower tr iangular matrix C such that

x = Cz + ~i .

In this case (x - ~i )  has the variance-covariance
matrix V = C~C’ [20:98].

The subroutine logic uses the “square root method ”

to obtain the C matrix from the V matrix (variance—

covariance matrix )1. We determined that the subroutine

stopped as the result of an attempt to take the square root

r~f a negative value to obtain a diagonal element of the C

matrix (lines 6840-6870 , Appendix 3) .  This evidently

occurred as the result of excessive mul ticollinearity,  or

the lack of independence , between the parameters.

A lack of independence would be indicated when the

sum of the squares of the correlation coef f ic ients for one

variable exceeded one. The coefficient of determination , r2 ,

is a measure of the proportion of variance in one

var iable ‘explained by the other (2:279).” We examined the

is the transpose of the C matrix; u is the mean
of the resulting distribution of x.
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sum of the coefficients of determination for each row for

profiles B and D. We found that all the row sums were less

than or approximately equal to one. (Implications of the

subroutine analyzing profile B with a row sum slightly in

excess of one are discussed in Appendix I . )  The profi les

other than B and D all had row sums in excess of one . To

examine this phenomenon, we reran profile A arbitrarily

treating altitude and lead as uncorrelated (setting covari-

ance equal to ze ro ) .  This was the lesser signif icant  cor-

relation coeff icient  (~ = 0.031) in the row whose sum

exceeded one. The modified variance—covariance matrix then

successfully ran in the subroutine. We concluded that all

the profiles could be made to perform , but this would be

inconsistent with the interrelatednes s among and between re-

lease parameters so evident in the A-b data.

Since only profiles B and D ran in the FORTRAN sub-

routine , we based the remainder of our analysis on these

two profiles. Results of the PEARSON CORR subprogram ana-

lyses revealed that for prof i l e  B, only the release param-

eter groupings of altitude-lead , flight path angle—lead ,

and heading—offset were statistically, significantly corre-

lated. For profile D, only the groupings heading-offset

and altitude—flight path angle were statistically, signi-

ficantly correlated . All the remaining pairs of release pa-

rameters for both profiles were concluded to be statisti-

cally uncorrelated at the 95% confidence level and were
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assigned a value of zero in the variance—covariance matrices

(see Appendix G).

The correlation coef ~ icient matrix for each of the

profi les, other than B and D, showed anywhere from four to

nine groupings of parameters to be significantly correlated.

Since four of these six profiles were at the higher release

altitude , we considered this to be a significant indication

that pilots performance at higher release altitudes were

more correlated than for lower altitudes.

Research Hypothesis

Finally , we compared the results of model runs made

with independent versus correlated release parameters . For

both profiles , we found that the variance of bomb impacts

generated from independent release parameters was greater

than the variance of bomb impacts generated from correlated

release parameters . Thus, for profiles B and D, we rejected

our null research hypothesis and accepted the alternate

hypothesis. We concluded that the variance of computer

generated bomb impact distributions resulting from variation

of correlated release parameters was indeed less than the

variance of those distributions resulting from independent

release parameters .

OBS ERVAT IONS

While no definite conclusions can be drawn from our

study concerning specific pilot controlled release parameters
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which could improve weapon delivery effectiveness , we believe

that several observations and comments are warranted. The

fact that release parameters are correlated could probably

have been discerned merely from a casual conversation with

any experienced bomber pilot. Nevertheless , we still believe

that even a partial recognition of specific combinations of

correlated release parameters which might improve bombing

accuracy could significantly reduce sorties and aircraft

exposure to enemy fire. To this end , we offer the following

observations.

In our limited data source , we noted that the param-

eter pairs , heading-offset and flight path angle-lead , were

correlated for both of the profiles investigated.

Variation of Correlated Parameters

To determine which set of correlated parameters had

the most ef f ect on accuracy,  each correlated pair of release

parameters was subsequently uncorrelated (covariance arbi-

trarily Set equal to zero) for analysis. Of the two pairings

which af fected range error , the uncorrelation of flight path

angle—lead had the most drastic e f fec t  on bombing accuracy

as opposed to altitude-lead (See Appendix K). We concluded

that achieving the nominal flight path angle was more impor-

tant than achieving the nominal altitude at the perfect bomb

release point.
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Release Altitude

In reviewing the histograms of release altitude , we

noted that the most frequently occurring release altitude

(mode) was approximately 200 feet below the nominal values

for both the 1800 and 2500 feet release altitudes. For the

2500 feet altitude , the mean of the distribution was approx-

imately equal the mode. However , for the 1800 feet alti-

tude (profile , the mean was some 60 feet below the mode.

This again indicates that the pilots were not duplicating

their release altitude performance at the 1300 feet altitude

as well as they did ~t the 2500 feet altitude .

Hypothesis Runs

An examination of the statistical results for the

hypothesis runs (profiles B and D), contained in Appendix K ,

provided some interesting observations.

The independent release parameter runs for profile B

and for profile D were both found not to be bivariate nor-

mally distributed. This is in agreement with the conclusion

made by Downs and Forseth that, in general , the distribution

of computer generated impacts resulting from independent

release parame ters was not bivariate normal.

Examina tion of the prof i le  B corr ela ted release pa ram-

eter results showed that all but one of the impact distri-

butions were bivariate normally di3tributed. Profile B, with

altitude—lead uncorrelated , was determined not to be bivariate

normally distributed -~iecause the K and Y impact coordinates

49

-__ -5-  - - - - 5  - ----5 ..- ---- -5-- -- - -5--.-- ~~~~~~-- -~~~~~~~~~ ..’



- 5 - - .--. ’

were not independent. The bivariate normal distribution of

computer generated impacts from correlated release param-

eters is in complete agreement - - -‘ith the situation found to

exist for the A-l0 bomb impacts recorded during the bombing

accuracy evaluation tests.

The results for profile D correlated release parame-

ters showed that none of the impact distributions were bi-

variate normally distributed . A possible explanation for

this inconsistency is that there was one less correlated

pair of parameters for the profile D variance-covariance

matrices than for the profile B m~-trices. The profile D

impacts were generated from release parameters that were

almost totally independent (two out of six and one out of

six parameters uncorrelated). This would then put the results

from the profile D analyses in the same category as the in-

dependently generated profiles B and D. The impacts would

then be expected not to be bivariate normally distributed.

RECOMMENDATIONS

As the result of our research , we offer the following

suggestions for further study :

1. Test the existing Downs and Forseth model with

the Brown and Callen modification with additional real world

data. This would afford further insight into the arena of

independent versus correlated release parameters .
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2. Perform indepth analysis of the FORTRAN sub-

routine we incorporated into the Downs and Forseth model

to conf irm our reasoning ~s to why the other profile matri-

ces would not function in the subroutine.

3. Perform a sensitivity analysis of the model in

its present state to determine which parameters are affected

most by other individual or combinations of release param-

eters.

4. Test the model in its present state using real

world bombing data for aircraft other than the A-iC .

5. Perform a systematic study of the effects of

various combinations of correlation coefficients using the

existing variance-covariance matrices found to be dependent

(profiles other than B and D).

6. Incorporate additional subroutines to generate

correlated release parameters from distributions other than

multivariate normal.

:1
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APPENDIX B

MODIFICATION OF COLLAPSE

The Downs and Forseth model program , COLLAPSE , had

to be modified slightly for the analysis of the bomb im-

pacts recorded during the A-l0 bombing accuracy evaluation

tests. The modifications were necessary because COLLAPSE

was designed to analyze 10 ,000 impacts as opposed to the 144

impacts in the A—l0 data. Specific modifications , by line

number , are as shown below :

0180 PARAMETER INUMCELL = 50

This statement sets the initial number of

cells at 50 instead of 1000.

1640 0190 IF(IICELLS+l—INUMCELL) 0200 ,,

2580 0410 IF(IICELLS÷l—INUMCELL) 0420 , ,

These statements provide for the maximum

number of iterations to equal 50 instead

of 25.

Deleted lines 3310-3510. These lines were not required since

output file, PLOTDATA , was not used to plot data.
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TABLE C.l

INDEPENDENCE TEST OF BOMB IMPACTS

Number of Impacts 144

Distribution of Impacts in Cells

32 28

36 48

The Sample Chi-Value is 1.541 with 1 Degree of Freedom .

The Critical Chi-Squared Value is 3.841.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *****
If the Chi-~-Squared sample value is less thanChi-Squared critical , accept X and Y are
independent at the 95% level.
******  **** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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APPENDIX F

1000t#S ,R(SL )  :,8,16;;,16
1005$ :IDENT :WP 199 1,AFIT/SLG BROWN & CALLEN 77A
1010$ :SELECT :SPSS/SPSS
1O15RUN NAME;THESIS-PEARSON CORR/STAT
1O2OVARIABLE LIST ; LD ,OFF ,ALT VX ,VY ,CAS ,FPA
1O25VAR LABELS ;LD ,LEAD/
1030 ;OFF,OFFSET/
1035 ;ALT,ALTITUDE/
1040 ;VX,X-VELOCITY/
1045 ;VY,Y-VELOCITY/
1046;CAS,CALIBRATED AIRSPEED/
1047 ;FPA ’. FLIGHT PATH ANGLE
1O48SUBFILE LIST;A2(9) ,B 2 ( 9 )  ,C2(9) ,D 2 ( 9 )
1 04 9 ; E 2 ( 9 )  ,F2(9) ,G2(9) ,H 2 ( 9 )
1050;A4(9) ,~~4 ( 9 )  ,C 4 ( 9 )  ,D 4 ( 9 )
1051;E4 (9) ,F4 (9) ,G4 (9 )  ,H4 (9 )
1O52COMPLITE ;HDGa57. 296*ATAN (VY/VX)
1O53INPtJT FORMAT; FREEFIELD
1O55INPUT MEDIUM ;CARD
1O61RUN SUBFILES;(A2,A4 ) (32 ,B4 ) (C2 ,C4) (D2 ,,D4)
].062;(E2,E4 ) (F2 ,F4) (G2 ,G4 ) (H2 ,H4 )
1O65PEARSON CORR;LD ,OFF ,ALT ,HDG ,CAS,FPA
107 5OPTIONS ; 3
1O8OSTATISTICS ; 2
1O85READ INPUT DATA
1090$ :SELECTA :PLT2A
1091$ :SELECTA:PLT2B
1092$ :SELECTA:PLT2C
1093$ :SELECTA :PLT2D
1094$ :SELECTA:PLT2E
1095$ :SELECTA :PLT2F
1096$ :SELECTA :PLT2G
1097$ :SELECTA:PLT2H
109 8$ :SELECTA:PLT4A
1099$:SELECTA:PLT4B
1100$ :SELECTA :PLT4C
1101$ :SELECTA :PLT4D
1102$ :SELECTA :PLT4E
1103$ :SELECTA :PLT4F
1104$ :SELECTA :PLT4G
1105$ :SELECTA :PLT4H
111OCONDESCRIPTIVE ;ALL
112OSTATISTICS ;ALL
126OFINI SH
1270$ :ENDJOB

Figure F.1 Thesis—Pearson Corr/ Stat Program
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APPENDIX H

INPUT DATA FILE

The Downs and Forseth input file , DATAN5.5 , was

modified slightly to provide for the input of a variance-

covariance matrix. A sample of the modified file is shown

in Figure H.l. An explanation of each line entry is pro-

vided below.

Line 10 Input data file naine--MVN.

CONTROL PARAMETERS

Line 20 Bomb type. Data codes: l--MX-106 , 2---BDIJ-33,

and 3— — M X-8 2.

Line 30 Latitude of target in decimal degrees.

Line 40 Target altitude in feet relative to MSL.

Line 50 Bomb ejection velocity in feet per second .

Line 60 Bomb release time delay in seconds.

Line 70 Number of bombs to be dropped .

PROGRAM PARAMETERS

Line 80 Random number generator seed.

Line 90 Value of T used for computing iteration time .

Line 100 Initial cell size in .~eet.

RELEASE PARAMETERS

Line 110 Altitude mean in feet above target followed

by altitude variance-covariance string .
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Line 120 True airspeed mean in feet per second followed

by airspeed variance-’-covariance string .

Line 130 Pitch parameter (flight path angle) in degrees

followed by pitch variance-covariance string.

Line 140 Lead/trail mean in feet followed by lead/trail

variance-covariance string .

Line 150 Heading mean in degrees followed by heading

variance-covariance string .

Line 160 Offset mean in feet followed by offset variance-

covariance string .

Lines Three lines for comments to be printed on

170—190 graphics output. Fields are 19 characters in

length terminated by back slash (\).

The release parameter entries with variance—covariance

strings are further illustrated in Table ILl. Format is

free field
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--a - a -  -a-~~~~ -

O1O MVN -
~

020 2.0
030 35.0
040 2000.0 -

050 0.0
060 0.0
070 10000.0 -

080 100.0
090 4.0
100 10.0
110 3745.389 6756.13 0.0 0.0 —8017.4 0.0 0.0 -

120 282.383 0.0 44.64 0.0 0.0 0.0 0.0 
-

130 —30.989 0.0 0.0 1.98 —163.83 0.0 0.0
140 8.83 —8017.4 0.0 —163 .83 21535.68 0.0 0.0 -

~~~

150 6.197 0.0 0.0 0.0 0.0 3.31 —115.28
160 —212.778 0~ 0 0.0 0.0 0.0 —115.28 4913.0
170 PROFILE B\
180 CORRELATED RELEASE\
190 PARAMETERS\

I

Figure H.1 Sample Input Data File

I
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APPENDIX I

TEST OF MULTIVARIATE NORMAL

FORTRAN SUBROUTINE

A possible error was detected in one of the FORTRAN

statements of the Multivariate Normal Subroutine . This

statement was:

6950 25 SUM1 = SUMI + D (I + l ,I~).

Comparing this statement to the theoretical formula that was

its basis (20:98) showed that one coefficient of the product

sum had been omitted . Since we could not determine if this

was an intentional omission with some theoretical basis or

a typographical error , we modified the FORTRAN statement to

agree with the theoretical formula as follows :

6950 25 SUM1 = SUM]. + D(I+1 ,K)*D (J ,K).

The two versions of the subroutine were then tested

using the profile D variance-covariance matrix . Comparison

of the results are shown in Table 1.2. Examination of the

results showed that there was little difference in the

statistics for the 100 observations which were generated by

each version of the subroutine . Based on these results , it

was impossi ble to conclu de tha t either one of the vers ions

was more “accurate.”
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We tested our modified version of the subroutine by

inserting the variance—covariance matrix for profile B.

One row of the correlation matrix for prof ile B had a sum

of coefficients of determination slightly in excess of one

(approximately 1.07). Theoretical aspects discussed in our

conclusions indicated that a row sum in excess of one showed

the assumption of independence to be invalid for a multi-

variate normal distribution. Since this was the case, our

modified version of the subroutine did not run with the variance-

covariance matrix for profile B. Based on the fact that the

unmodified version of the subroutine generated the C matrix

from a ‘5 slightly 5’ dependent variance—covariance matrix, we

concluded that our modified version of the subroutine was

accurate.

We then incorporated the modified FORTRAN statement

(Line 6950) into the subroutine in the bombing model , STHESIS.

The test of the research hypothesis was again performed for

profile D using our modified version of the subroutine . This

was the only profile whose correlation coefficient matrix had

no row sum of coefficients of determination in excess of one.

As previously indicated , profile B had a row sum of coeffi-

cients of determination in excess of one and , therefore , would

not run in our modified version of the subroutine. However ,

the covariance for each respective correlated pair of release

parameters was set equal to zero (which reduced the row sum

of coefficients of determination to less than one) to
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investigate the effects of uncorrelating parameters previously

analyzed using the unmodified version of the subroutine.

Results of these analyses are shown in Appendix K . Comparing

the results from the unmodified and modified versions of the

subroutine showed there was only minor variation between the

two. Results of the modified version runs also supported our

research hypothesis that the variance of computer generated

impacts resulting from correlated release parameters was

less than the variance of the impacts resulting from the

independent ‘release parameters.
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APPENDIX J

MODIFICATION OF STHESIS

The Downs and Forseth program STHESIS was modified

so that correlated release parameters could be used to gene—

rate simulated bomb impacts. An explanation of the modifi-

cations , by line number, are provided as follows :

HOUSEKEEPING SECTION

Line 120 Dimension statement for the variance-

covariance matrix (VPAR) , vector of

means (EXPA,R) , and the resulting re-

lease parameters vector (XPAR) provided

by the MVN subroutine .

MEAN/VARIANCE-COVARIANCE MATRIX

Lines 1550-1620 Program reads the vector of means and

the variance—covariance matrix .

PERFECT BOMB

Line 1660 Logic statement which provides for as-

signing the initial values of the six

release parameters dependent upon the

input file format.
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DISTRIBUTION SELECTION LOGIC

Line 2070 Logic statement which c ircumvents gene-

ration of independent release parameters

if MVN input file used.

GENERATE CORRELATED RELEASE . PARAMETERS

Lines 2470-2550 Call statement for the multivariate normal

subroutine (MVN) to provide correlated

release parameters. The correlated re-

lease parameter values are then assigned

to the appropriate variable names for

computation of the resulting bomb impact.

CORRELATED RELEASE PARAMETERS SUBROUTINE

Lines 6550—7080 This subroutine calculates the correlated

release parameters which are passed back

to the main program . Definitions of the

subroutine arguments are also provided .

NORMAL DISTRIBUTION SUBROUTINE

Lines 7100-7270 This normal distribution subroutine is

used with the MV’N subroutine to generate

the normally di5tributed , correlated

release parameters. Definitions of the

subroutine arguments are also provided .
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TABLE K. l

PROFILE B

INDEPENDENT RELEASE PARAMETERS

Input Release Parameters

Mist Max Desi red
Altitude : 3745.39 3584.00 3917.00 82.20 3745.39
Airspeed : 282 .38  272 .80  2 9 9 . 2 0  6 . 6 8  2 8 2 . 3 8
Pitch : — 3 0 . 9 9  — 3 4 . 8 0  — 2 8 . 6 0  1.41 - ‘30.99
Lead : 8 .83  — 2 9 9 . 0 0  310.00 146 .75  8 .8 3
Heading : 6 .20  2 .59  10.88 1.82 6 .2 0
Offset: —212.78 —353.00 —34.00 70.09 —212.78

Independence Check

Number of Cells: 8 x 2 Critical Value : 7.815

Degrees of Freedom : 3 x2 Sample Value : 19.903

Statistical Analysis (10,000 Bombs) —

Mm Max S x
2 Cr-it x

2 Samole
X —560.4 632.5 —2.9 168.7 19.6750 28.4559
Y —266.3 339.0 5.0 89.9 (Failed K—S Test)
CE 0 650.5 167.4 92.4

Conclusion : X is not normally distributed at the 95% level.

Y did not fit any of the distributions tested by SSIMFIT.

Therefore , the dis t r ibut ion is not bivariate normal.
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TABLE K .2

PROFILE B

CORRE LATED RELEASE PARAMETERS

Input File

Alt CAS FPA Lead Hdg Offset
Altitude : 3745.39 6756.13 0 0 —8017.40 0 0
Airspeed : 282.38 0 44.64 0 0 0 0
Pitch: —30.99 0 0 1.98 —163.83 0 0
Lead : 8.83 — 8017.40 0 — 1 6 3 . 8 3  21535.69 0 0
Heading : 6.20 0 0 0 0 3.31 —115.28
Off set: —2 12 .78  0 0 0 0 —115.28  4913 .00

Independence Check

Number of Cells:  16 x 2 Crit ical  Value : 16.9 19

Degrees of Freedom : 9 x 2 Sample Value : 11.152

Statist ical  Analysis (10 , 000 Bombs)

Mm Max s x2 Crit  X 2 Sample
X —375.9 363.0 0.2 104.2 48.3179 43.3914
Y —118.9 116.8 0.6 33.3 30.1440 24.9873
CE 0 376.1 92.0 59.1 —— ——

F—test Results

F-Crit F-Samp le Remarks
X 1.000 2.622 Reject null hypothesis
Y 1.000 7.279 Reject null hypothesis

Conclusion : The distribution is bivariate norrrtal at the 95%

level. The variance for correlated release oara~eters was

less than that for independent parameters .
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TABLE IZ.3 -a

PROFILE B

ALTITUDE-LEAD UNCORRELATED

Input File

p Alt CAS FPA Lead Hdg Offset
Alti tude : 3745.39 6756.13 0 0 0 0 0 —

Airspeed : 282.38 0 44.64 0 0 0 0
Pitch : — 3 0 . 9 9  0 0 1.98 —163 .83  0 0
Lead : 8 .83  0 0 — 163.83 21535 .68  0 0
Heading : 6.20 0 0 0 0 3.31 —115.28
Off set : — 2 1 2 . 7 8  0 0 0 0 —115.28 4 9 1 3 . 0 0

Independence Check

Number of Cells:  16 x 2 Critical Value : 16.919

Degrees of Freedom : 9 x 2 Sample Value : 79 . 162

Stat is t ical  Analys is  (10 , 0 00 Bombs)

Mm Ma x 5~

’ s Crit X 2 Sample
X —463.3 454.7 0.2 126.2 37.6520 19.7244
Y —118.9 116.8 0 .6  33.3 30.1440 24.9873
CE 0 4 6 3 . 9  109.1 7 4 . 7  —— ——

F—tes t  Results

F-Crit F-sample Remarks
X 1.000 1.786 Reject nul l  hypothesis
Y 1.000 7 .2 7 9  Reject null  hypothesis

Conclusion : The d is t r ibut ion is bivar ia te  normal at the 95%

level. The variance for  correlated release parameters was less

than that for  independent release paramete rs .
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TAEILE K . 4

PROFILE B

FPA-LEAD UNCORRELATED

Input File

Altitude : 3745.39 6756.13 0 0 —8017.40 0 0
Airspeed : 282.38 0 44.64 0 0 0 0
Pitch : —30.99 0 0 1.98 0 0 0
Lead : 8.83 —8017.40 0 0 21535.68 0 0
Heading : 6.20 0 0 0 0 3.31 —115.2 8
Offset : —212.78 0 0 0 0 —115.28 4913.00

Independence Check

Distribution was not bivariate arid/or required number of impacts
in each cell could not be met. Therefore , independence test was
not made .

Statistical Analysis (10 ,000 Bombs)

Mm Max s X 2 Crit  X 2 Samp le
X — 6 7 0 .7  6 7 9 . 7  2 . 4  172 .2  2 3 . 6 8 5 0  2 0 . 3 3 9 0
Y —118 .9 116.8 0 . 6  3 3 . 3  3 0 . 1 4 4 0  2 4 . 9 8 7 3
CE 0 67 9 .9  144 .0  100.1 — — ——

F-test Res ul ts

F-Crit F-Sample Remarks
X 1.000 0.959 Cannot reject null hypothesis
Y 1.000 7 .2 7 9  Rejec t  nu l l  hypothesis

Conclusion : The d i s t r ibu t ion  is b iva r i a te  normal ~ t the  9 5 %

level. Variance of range error was greater for correlated

re1ea- -~ parameters than for independent release parameters.

160 

~4— ;-, 4~~s , , a & t~~ 



T~ P ~F
-i T j T ~~~F ~n 3 7 4 5 . 4  E : U  —

S0-EE ,J (r - J T S )  282.38 ~~~~~~~~
- - -~~~

—3 0 989

F~~~~
5 :

~~~E B 
-

F 2  ~ — L

-a -a --a—

-

— 

— — 

- -- ---a

5~~3~ -

- - -~ 1

÷ - 4-

T - -~~ :~ ~~~~~~~~~~~~ ‘ J E0-
~~F C~ :-

-‘~~~~~-- .- FT 2 - -~.~ ~ ~~~~ ~~
-a
;

:~~.:~~T :c ’ . ~~~i i ’ :.:: : - :-~~ ::~
~~~ure  I~~4. Graph for Profile B FPA-Lea~ ~

‘ncorre1ated

161 

—-a---



_ - - - - - - a~ - -~~~~~~~ 

TABLE K.5

PROFILE B

HDG-OFFSET UNCORRELATED

Input File

p Alt CAS FPA Lead Hd g Offset
Altitude : 3745.39 6756.13 0 0 —8017.40 0 0
Airspeed : 282.38 0 44.64 0 0 0 0
Pitch : —30.99 0 0 1.98 —163.83 0 0
Lead : 8.83 —8017.40 0 -‘163.83 21535.68 0 0
Headi ng:  6 2 0  0 0 0 0 3.31 0
Offset: —212.78 0 0 0 0 0 4913.00

Independence Check

Number of Cells:  8 x 2 Cri t ical  Value : 7.815

Degrees of Freedom : 3 x 2 Sampl e Value : 3 . 6 0 0

Stat is t ical  Ana lys i s  (10 , 000 Bombs)

Mirt Max ~‘ s Cr i t  X 2 Samp le
X —375. 9 363.0 0.2 104.2 48.3179 43.3914
Y —356.5 399.8 0.8 98.7 19.6750 15.9457
CE 0 411.9 127.3 66.2 — —  — —

F-test Results

F—C r i t  F-Sample Remarks
X 1.000 2.622 Reject null hypothes i s
Y 1.000 0.829 Cannot reject null hypothesis

Conclusion : The distribution is bivariate normal at the 95~

level. Variance of deflection error was greater for corre-

lated release parameters than for ifldependent release

parameters .
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TABLE K.6

PROFILE D

INDEPENDENT RELEASE PARAMETERS

Input Release Parameters

p Mm Max a Desired
Altitude : 3498.67 3336.00 3724.00 82.44 3498.67
Airspeed : 308.03 299.30 313.90 3.72 308.03
Pitch : —31.31 —35.20 —26.60 2.48 —31.31
Lead : 90.11 —66 .00 233.00 10L23 90.11
Heading : 6.91 0.23 13.72 4.06 6.91
Offset : —177.39 —366.00 —56.00 84.53 —177.39

Independence Check

Number of Cells : 8 x2 Critical Value : 7.915

Degrees of Freedom : 3 x2 Sample Value : 20.559

Statistical Analysis (10 ,000 Bombs)

Mm Max x 5 X 2 Crit X2 Samp le
X —479.1 613.0 7.9 160.8 (Failed It— S Test)
Y —375.0 398.4 —5. 3 128.2 27.5870 81.8346
CE 0 645.5 183.7 92.9 — —  — —

Conclusion : x did not fit any of the distributions tested by

SSIMFIT. Y is normally distributed at the 95% level. There-

fore , the distribution is not bivariate normal.
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TABLE I<.7

PROFILE D

CORRELATED RELEASE PARAMETERS

Input File

p Alt CAS FPA Lead Hd g O f f s e t
Altitude : 3498.67 6796.71 0 —116.31 0 0 0
Airspeed : 308.03 0 13.82 0 0 0 0
Pitch : —31.31 —116.31 0 6.15 0 0 0
Lead : 90.11 0 0 0 10246.69 0 0
Head ing:  6 .91 0 0 0 0 16.53 325.12
Offset : —177.39 0 0 0 0 —325.12 7146.13

Independence Check

Number of Cells : 4 x2 Critical Value : 3.841

Degrees of Freedom : 1 x 2 Sample Value : 15.761

Statistical Analysis (10,000 Bombs)

Mm Max x S X2 Crit  X2 Sample
X —620.5 592.0 —0.2 155.3 22.3620 22.3288
Y —2 31.1 2 6 8 . 0  0 . l  65 .  , (Failed K—S Test)
CE 0 622.9 144.2 86.9 —— ——

F—test Results

F-Crit F-Sample Remarks
x 1.000 1.072 Reject null hypothesis
y 1.000 3.882 Reject null hypothesis

Conclusion : X is normally distributed at the 95% level. Y

did not fit any of the distributions tested by SSI’-IFIT.

Therefore , the distribution is not bivariate normal. The

variance for correlated release parameters was less than that

for  indenenden t re lease  parame te rs .
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TABLE K.8

PROFILE D

ALT—FPA UNCORRELATED

Input File

p Alt CAS FPA Lead Hdg O ff s e t
Altitude : 3498.67 6796.71 0 0 0 0 0
Airspeed : 308.03 0 13.82 0 0 0 0
Pitch : —31.31 0 a 6.15 0 0 0
Lead : 90.11 0 0 0 10246.69 0 0
!!eading : 6.91 0 0 0 0 16.53 —325.12
Offset : —117.39 0 0 0 0 —325.12 7146.13

Independence Check

Number of Cells : 4 x2 Critical Value: 3.841

Degrees of Freedom : 1 x2 Sample Value : 8.450

Statistical Analysis (10,000 Bombs)

Mm Max S X 2 Crit  X 2 Sample
X —706.3 777.8 3.7 192.8 19.6750 50.7190
Y —230.0 303.5 0.3 67.3 (Failed K—S Tes t)
CE 0 782.2 172.6 109.2 —— — —

F—Test Results

F—Crit F-Sample Remarks
x 1.000 .695 Cannot reject null hypothesis
Y 1.000 3.631 Reject null hypothesis

Conclus ion : X is not normal ly  distributed at th~ 95 % level. Y

did not fit an’~ of the distributions tested by SSIMFIT. There-

fore , the distribution is not bivariate normal. Variance of range

error was greater for correlated release parameter than for in-

dependent release parameters .
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TABLE K.9

PROFILE D

HDG-OFFSET UNCORRELATED

Input File

p Alt CAS FPA Lead Udg Offset
Altitude : 3498.67 6796.71 0 —116.31 0 0 0
Airspeed : 308.03 0 13.82 0 0 0 0
Pitch : —31.31 —116.31 0 6.15 0 0 0
Lead : 90.11 0 0 0 10246.69 0 -3
Heading : 6.91 0 0 0 0 16.53 0
Offset: —177.39 0 0 0 0 0 7146 13

Independence Check

Number of Cells : 4 x2 Cri tical Value : 3.841

Degrees of Freedom : 1 x2 Sample Value : 3.208

Statistical Analysis (10,000 Bombs)

Mm Max x s X2 Crit X2 Sample
x —620.5 592.0 —0.2 155.3 22.3620 22.3288
y —594.5 670.3 0.2 161.8 11.0700 55.4525
CE 0 674.9 199.6 102.3 —— ——

F—test Results

F-Crit F-Sample Remarks
X 1.000 1.072 Reject null hypothesis
Y 1.000 .628 Cannot reject null hypothesis

Conclusion : X is normally distributed at the 95% level. Y is

not normally distributed at the 95% level. Therefore , the dis-

tribution is not bivariate normal. Variance of deflection error

was greater for correlated release pararleters than for indepen-

dent release parameters .
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TABLE K.lO

PROFILE B

ALT-LEAD UNCORRELATED

MODIFIED SUBROUTINE

Input File

p Alt CAS FPA Lead Hdg O f f se t
Altitude: 3745.39 6756.13 0 0 0 0 3
Airspeed : 282.38 0 44.64 0 0 0 0
Pitch : —30.99 0 0 1.98 —163.83 0 3
Lead : 8.83 0 0 l63.83 21535.68 0 0
Heading : 6.20 0 0 0 0 3.31 115.28
Offset : —212.78 0 0 0 0 —l15 28 4913.00

Independence Check

Number of Cells : 16 x2 Critical Value : 16.919

Degrees of Freedom : 9 x2 Sample Value : 79.162

Statistical Analysis (10 ,000 Bombs)

Mm Max s X2 Crit X2 Sample
X —463.3 454.7 0.2 126.2 37.6520 19.7244
Y — 118.9 116.8 0 . 6  3 3 . 3  3 0 . 1 4 4 0  2 4 . 9 8 7 3
CE 0 463.9 109.1 71.7 — —  ——

F—test Results

F-Crit F-Sample Remarks
x 1.000 1.786 Reject null hypothesis
Y 1.000 7.279 Reject null hypothesis

Conclusion : X is normally distributed at the 95% level. Y is

normally distributed at the 95% level. Therefcre , the distri-

bution is bivariate normal. The variance for correlated re-

lease parameters was less than that for independent release

parameters .
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TABLE K.ll

PROFILE B

FPA-LEAD UNCORRELATED

MODIFIED SUBROU TINE

Input File

p Alt CAS FPA Lead Hd g Offset
Altitude : 3745.39 6756.13 0 0 —8017.40 0 0
Airspeed : 282.38 0 44.64 0 0 0 0
Pitch : —30.99 0 0 1.98 0 0 0
Lead : 8.83 —8017.40 0 0 21535.68 0 0
Headi ng:  6 . 2 - 2  0 0 0 0 3.31 — 1 15 .28
Of f set: — 2 1 2 . 7 8  0 0 0 0 —115.28  4913 . 00

Indepe ndence Check

N umber of Cells: 16 x2 Critical Value : 16.919

Degrees of Freedom : 9 x2 Sample Value : 9 6 . 2 9 8

Sta t is t ical  Anal ysis  ( 10 , 000 Bombs)

Mm Ma x s X2 C r i t  ‘~2 Sample
X — 5 3 5 . 6  5 0 3 . 7  1.4 139.6 26. )50 13.6747
Y — 118 .9  116 . 8  0 . 6  33 .3  3 0 . 14 4 0  2 4 . 9 8 7 3
CE 0 543. 5 118.9 8 0 . 3  —— ——

F—t est Resul ts

F-crit  F-sample Remarks
X 1.000 1.461 Reject  nu l l  hypothesis
Y 1.000 7 . 2 7 9  Rejec t  nu ll  hypothes i s

Conclusion : X is normally dis tr ibuted at the 95% level .  Y is

norma l ly  d is t r ibuted at the 95% level .  Therefore , the distri-

bution is bivariate normal. The variance for correlated re-

lease parameters was less than that for independent release

parameters.
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TABLE K. 12

PROFILE D

CORRE LATED RELEASE PARAMETERS

MODIFIED SUBROUTINE

Input File

p Alt CAS FPA Lead Hdg Offset
Altitude: 3498.67 6796.71 0 —116.31 0 0 0
Airspeed: 308.03 0 13.82 0 0 0 0
Pitch: —31.31 —116.31 0 6.15 0 0 0
Lead : 90.11 0 0 0 10246.69 0 0
Heading : 6.91 0 0 0 0 16.53 —325.12
Offset: —177.39 0 0 0 0 —325.12 7146.13

Independence Check

Number of Cells: 4 x 2 Critical Value: 3.841

Degrees of Freedom: 1 x 2 Sample Value: 15.035

Statistical Analysis (10,000 Bombs)

Mm Max s x 2 Crit x 2 Sample
x —619.1 569.5 —0.4 153.8 22.3620 21.7924
Y —235.8 272.1 —0.2 65.0 (Failed K—S Test)
CE 0 621.4 143.3 85.8 —— ——

F—test Results

F-crit F-Sample Remarks
X 1.000 1.092 Reject null hypothesis
Y 1.000 3.888 Reject null hypothesis

Conclusion : X is normally distributed at the 95% level. Y did

not fit any of the distributions tested by SSIMFIT. Therefore ,

the distribution is not bivariate normal. The variance for

correlated release parameters was less than that for indepen-

dent release parameters.
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TABLE K .l 3

P ROFI LE D

ALT-FPA UNCORRE LATED

MODIFIED SUBROUTINE

Input File

p Alt CAS FPA Lead Hdg Offset
Altitude: 3498.67 6796.71 0 0 0 0
Airspeed : 303.03 0 13.82 0 0 0 0
Pitch : —31.31 0 0 6.15 0 0 0
Lead: 90.11 0 0 0 10246.69 0 0
Heading : 6.91 0 0 0 0 16.53 325.12
Offse t :  —177.39 0 0 0 0 —325. 12 7146.13

Independence Check

Number of Cells: 4 x 2 Critical Value : 3.841

Degrees of Freedom: 1 x 2 Sample Value: 8.450

Statistical Analysis (10,000 Bombs)

Mm Max s x 2 Crit x 2 Sample
x —706.3 777.8 3.7 192.8 19.6750 50.7190
Y —230.0 303.5 0.3 67.3 (Failed K—S Test)
CE 0 782.2 172.6 109.2 —— ——

F—test Results

F—crit F-sample Remarks
X 1.000 1.092 Reject null hypothesis
Y 1.000 0.628 Cannot reject null hypothesis

Conclusion : x is not normally distributed at the 95% level. V

did not fit any of the distributions tested by SSIMFIT. There-

fore, the distribution is not bivariate normal.  Variance of

deflection error was greater for correlated release parameters

than for independent release parameters .
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TABLE K.14

PROFILE D

HDG-OFFSET UNCORRE LATED

MODIF IED SUBROUTI NE

~~~ut File

p Alt CAS FPA Lead Hdg Offset
Altitude: 3498.67 6796.71 0 —116.31 0 0 0
Airspeed : 308.03 0 13.82 0 0 0 0
Pitch : —31.31 ~-116.31 0 6.15 0 0 0
Lead: 90.11 0 0 0 10246.69 0 0
Heading: 6.91 0 0 0 0 16.53 0
Offset: —177.39 0 0 0 0 0 7146.13

Independence Check

Number of Cells: 4 x2 Critical Value: 3.841

Degrees of Freedom : 1 x2 Sample Value : 4.033

Statistical Analysis (10,000 Bombs)

Mm Max s Crit x2 Sample
X —619.1 569.5 —0.4 153.8 22.3620 21.7924
Y —599.1 674.4 0.2 161.8 11.0700 56.3036
CE 0 680.4 198.8 101.6 —— — —

F-test Results

F-crit F-sample Remarks
x 1.000 .695 Cannot reject null hypothesis
V 1.000 3.631 Reject null hypothesis

Conclusion : X is normally distributed at the 95% level. V is

not normally distributed at the 95% level. Therefore, the dis-

tribution is not bivariate normal. Variance of range error

was greater for correlated release parameters than for inde-

pendent release parameters.
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