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Preface

This paper describes a model developed to evaluate the

effectiveness of different kinds of remotely piloted vehicles

in the performance of a chaff dispensing mission. It is hoped

that the model will be of value to the RPV System Program Of-

fice in performing effectiveness analyses of various RPV

force structure alternatives.
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(. Abstract

‘cv
The United States Air Force will possess the capability

to employ several different remotely piloted vehicles (RPV ’s)

for the conduct of chaff dispensing operations in the 1980 ’s.

An effectiveness analysis comparing force structure alter-

natives will provide information for decisions regarding RPV

force mixes for that time frame.

A model which can be used to evaluate the effectiveness

of various kinds of RPV ’ a in the performance ~f chaff dis-

-j penaing missions is developed in this thesis. Based on the

two vehicle operating parameters expected to differ signif-

icant].y among the kinds of vehicles, navigational accuracy

and reliability, the model combines analytical and digital

computer simulation techniques to predict the number of ye-

hid es required to successfully complete a chaff corridor

saturation mission.

The methodology developed in this thesis can aid the

RPV System Program Office in performing effectiveness anal-

yses comparing existing systems. In addition, with modif i-

cation of the simulation portion of the model, the method-.

ology can be used to analyze the effectiveness of RPV chaff

mission employment options and to evaluate the benefits de-

rived from modifications to the existing weapon systems.
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( I. Introduction

Future success in tactical air warfare will depend to a

large degree on the effective execution of tactical electronic

warfare support ( TEWS ) missions . One objective of TENS mis-

sions is to screen strike and reconnaissance aircraf t from

electronic detection durin g their penetration of enemy air-

space , and one means of accomplishing this objective is chaff

dispensing . Chaf f dispensing , the process of releasing mil-

lions of aluminum or aluminum-coated glass dipoles called

chaff into the atmosphere , can be accomplished by manned air-

craft or unmanned remotel y pilote d vehicles (RPV ’s) .  This

thesis concerns the use of RP V ’s to perform a chaff dispens-

ing mission.

The United States Air Force will possess the capability

to employ several different RPV’s for the conduct of chaff

dispensing operations in the 1980’s. A cost-effectiveness

analysis comparing force structure alternatives would pro-

vide information f or decisions regarding force mixes and the

development of an optimal RPV force structure for that time

frame.

This thesis develops a model which can be used to analyze

the effectiveness of various RPV’s in the performai’~ce of

chaf f dispensing missions. When used with a life cycle cost

analysis previously performed by the RPV System Program Office

(SPO), the model will permit the comparison of various force

C) structure alternatives.
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. The United States Air Force currently envisions the em-

ployment of RPV ’s to perform three b iad tactical air missionss

strike , reconnaissance , and TENS . The last of these missions ,

TEWS , consists of electronic jamming and chaff dispensing , and

chaff dispensing includes blanket and corridor missions. Blan-

ket chaff dispensing refers to the dispersion of chaff in a

general area and requires less accuracy in chaff placement

than corridor chaff dispensing, where a relatively narrow area

is saturated with chaff to mask an attack force from enemy

radar detection.

Chaff Effectiveness

First used in World War II by the British Royal Air

- - ( Force , chaff remains an effective means of masking aircraft

from enemy radar detection. Chaff dipoles, which are cut to

resonate at the frequencies of the enemy radars anticipated

in the objective area, reflect radar energy comparable to

that reflected by an aircraft. Because of their light weight

and high dra g characteristics , the dipoles descend at a very

slow rate (50 to 300 feet per minute depending on the spe-

cific dipole and atmospheric conditions), and aircraft fly-

ing behind dispensing vehicles in the slowly descending chaff

“cloud ” are masked from enemy radar detection.

The R.PV Wep~on System

Currently , all. RP V weapon systems include four major

() eubeystemes a launch and control DC-130 aircraft, a command

_ _ _  
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and control system, a recovery helicopter , and the RPV . While

ground launch and recovery options are presently being c’evel-

oped to augment air borne launc h and recovery subsystems in

the future , the concept of remote control and monitoring of

vehicles from an airborne aircraft or a mobile groun d station

will remain for the foreseeable future.

The system presently used for command and control of all

airborne TEWS RPV ’s is called the Microwav e Comman d Gui dance

System (MCGS). A replacement system now in development , the

Multiple Drone Command and Control (MDCC ) system, is expected

to be operational through the 1980 ’s. The MDCC system en-

ables one remote control operator (RCO) to control or moni-

tor the flight of up to eight RPV ’s. Using an antenna which

sequentially locks on to each vehicle , the MDCC system direct-

ly measures range and relative bearing from an airborne DC-130

or mobile ground station to the RPV . These range and rela-

tive bearing measurements are then used to fix the position

of the RPV on the RCO ’s plotboard for his information and

action.

Statement of the Problem

Program Management Directive R-R50k 1(3), dated 7 July

1976 , requested that the RPV SPO perform a life cycle cost

analysis comparing reconnaissance and TEWS RPV force struc-

ture alternatives for the 1980 ’s (Ref 211,6). In response

to this request , the RPV SPO completed an analysis in Feb-

ruary 1977. The analysis assumed equal effectiveness of

all TEWS RPV ‘s by assuming that all vehicle s would be equipped

3
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( 

with equally effective navigational systems to include doppler

arid lORAN C/D subsystems (Ref 7 ,3 ) .

In an attempt to further refine the cost-effectiveness

analysis and provide a more flexible mode l to assist force 1ev-

el. decision making , the RPV SPO decided to analyze relative

effectiveness of force structures in the performance of spe-

cific tactical missions without the assumption of system modif-

ications made in the original analysis. The writer was request-

ed to assist in this study by developing a model to compare the

chaff mission effectiveness of different TEWS RPV ’s.

OBJECTIVES

This thesis has two objectives a

(1) To design and construct a model to determine the

quantity of different TEWS RPV ’s required to successfully

perform a chaff dispensing mission, and

(2) To demonstrate the use of the model by establishing

the chaff mission effectiveness of two postulated RPV’s pos-

sessing different operating parameters.

CHAPTER SYNOPSIS

The remainder of this.thesis consists of three chapters

and a summary. Chapter II presents the methodology used to

develop the model. Chapter III describes the simulation por-

tion of the model and briefly explains the computer program

constructed for the model. Chapter IV discusses the experi-

ments performed to achieve a degree of confidence in the valid-

(I ity of the simulation model and to demonstrate the use of the

model by establishing the effectiveness of two postulated RPV ’s.

Li.
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( II. Methodology

This chapter presents the methodology used to accomplish

the objectives of this thesis. First, the general analysis

approach is described. Then, the scope and limitations of the

study are addressed. The next section states the assumptions

made in the thesis. Lastly, navigational accuracy arid system

reliability, the two operating parameters on which this effec-

tiveness methodology is based, are each discussed in detail.

APPROACH

A prediction of the relative effectiveness of systems

performing like functions begins with sri analysis of each

system to identify those elements, parameters, variables ,
( relationships, and constraints which determine effectiveness.

• Once identified, ingredients common to each system can often

be treated as constants and dropped from further consideration

in the prediction process. The resulting prediction of rela-

tive effectiveness is then based on the unique ingredients of

each system.

The first step in this analysis of RPV chaff mission

effectiveness was a review of each of the PEWS RPV weapon

systems expected to be operational in the 1980’s to ascertain

the ingredients differing among the systems. Concurrently, a

review of Tactical Air Command and Air Force Security Ser-

vice documents dealing with existing operations plans, RPV

employment concepts, and electronic warfare tactics was

conducted to provide the data necessary to develop the

~~~~~ 
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scenario and establish mission parameters for measurement of

effectiveness.

The results of these reviews included a clear definition

of the PEWS RPV systems to be evaluated and a perception of the

analysis limitations required to reduce the problem to manage-

able proportions. Then, with the scope of the problem defined,

a decision regarding analysis methodology could be made. The

methodology selected for this thesis combines techniques of

basic analytical mathematics and digital computer simulation.

Where possible , such as in the treatment of éystem reliabil-

ities, analytical approaches are used. The analysis of the

navigational accuracy of different RPV’s, however, requires

a different approach. To deal with the stochastic nature of

the navigational capability of each vehicle, a computer simu-

lation model was designed, built, and exercised. The result

of these appruaches was an analysis methodology permitting

the accomplishment of the objectives of this thesis.

SCOPE AND LIMITATIONS

The preliminary weapon system review performed for each

PEWS RPV determined that the major weapon system elements in-

cluding the launch and control aircraft, the command and con-

trol system, and the recovery helicopter are common to all

RPV ’s. In addition , all but two vehicle operating psramete-~s

are expected to be very similar among the PEWS RPV ‘e and.

thus, will be considered constants for this analysis methodol-

ogy. The two operating parameters that diffsr among RPV ‘a

j ‘~ 
are navigational accuracy and vehicle reliability. Each of

1 6
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( these parameters will be addressed subsequently in this chapter.

The operations plans, employment concepts, and tactics

review concluded that the most exacting chaff mission envision-

ed for TENS RPV employment is chaff corridor seeding to conceal

a follow-on strike force during, the ingress phase of a tactical

airstrike . Due to the accuracy required in both chaff position-

ing and chaff density, the ingress chaff corridor mission appears

to be the ultimate test of the two unique operating parameters

selected for analysis a navigational accuracy and vehicle

reliability.

Because real world variables outside the scope of this

analysis, such as follow-on strike mission priority, might in-

fluence decisions concerning egress and recovery procedures

( and routes of the RPV ’s, this analysis will be limited to the

flight of each RPV fr om vehicle launch until the vehicle either

exits the geographical boundaries of the intended chaff cor-

ridor or misses the corridor completely. Figure 1 shows the

flight paths of two RPV ’ri and depicts the portion of flight

of each vehicle relevant to this analysis. Note that analjs is

of RPV 1 ends when the vehicle exits the desired corridor

boundary, and analysis of RPV 2 ends when the vehicle passes

abeam of the desired corridor leading edge outside the lateral

boundaries.

All PEWS RPV ‘a are capable of operation in two modes a 
•

manual and pre-prograinmed flight. While all RPV ‘a are launched

-- 
and flown initially in a pre-programmed mode with all flight

0 inputs controlled by a computer or programmer on board each

7
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RPV , the MDCC system provides the capability for the RCO to

take control away from the pre-programmed guidance system and

manually “fly” the vehicle at any time during flight. Because

the MDCC system sequentially tracks each of the up to eight

assigned RPV ’s in turn , however, RCO attention required to

manually fly one vehicle prohibits the monitoring of all other

vehicles. This requirem~nt to sacrifice ability to monitor

other vehicles in order to manually control one vehicle makes

a decision to operate in the manual flight mode rather remote,

especially for a chaff mission requiring a number of vehicles

to achieve corridor saturation. Thus, this analysis will address

only the pre-programmed mode of RPV control.

While the subject of RPV attrition due to enemy defensive

action (surface-to-air missiles, anti-aircraft artillery, and

fighter aircraft) would be critical to a study of chaff mission

effectiveness given a specific enemy scenario, this analysis

methodology will not address such a scenario. Instead, be-

cause the TEWS RPV ’s fly at approximately the same airspeed

and have the same basic airframe (and thus same radar cross

section), the probabilities of dmns~ge and destruction for each

vehicle due to enemy defense would be approximately equal and

will be assumed equal for this study. Thus, this probability

will not be a factor in establishing relative chaff mission

effectiveness.

ASSUMPTIONS
— 

U 
The following assumptions are made for this study a

1. All PEWS RPV weapon systems include DC-130 launch

9
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and control aircraft and the MDCC system.

2 • All PEWS RPV ‘s possess like vehicle operating para-

meters except for navigational accuracy and system reliability.

3. All RPV ’s will fly only in the on-program mode without

reverting to off-program manual control.

11. All resources required to complete the assigned chaff

dispensing missions are available for this analysis.

5. Probabilities of RPV damage and destruction due to

enemy defensive action are the same for each vehicle.

6. All navigational aids (LORAN , doppler , and inertial

navigational systems) used by the DC-130 aircraft and RPV’s

remain functional during all flights.

7. The desired chaff corridor is rectangular in shape .

( 8. To permit a two-dimensional analysis, all RPV ’s

will be launched at chaff dispensing altitudes.

• NAVIGATIONAL ACCURACY

The preliminary PEWS RPV system review revealed that

vehicles differed greatly in one operating parameters nay-

igational accuracy. As a result, the major thrust of this

thesis has been the development of a model to measure the

chaff mission effectiveness of different RPV ’s based on the

unique navigational accuracy of each vehicle.

It became evident that the sources and the nature of RPV

navigational error preclude an analytical approach to chaff

mission effectiveness based on navigational capability. How-

( 
ever, it was determined that various factors affecting the nay-

igational accuracy of each vehicle could be statistically

- : ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



r described in terms of several navigational error probability

distributions, and an experimental approach using digital

t computer simulation seemed appropriate. Consequently, the

design and construction of a simulation model to evaluate

the chaff mission effectiveness of different RPV ’s based on

navigational capability has received the largest attention

and effort during this study, and the model resulting from

that effort is the subject of Chapter III of this paper.

Vehicle Navigational Accuracy Statistics 
-

While a complex analysis of the control and navigation

subsystems of TEWS RPV ’s is not a prerequisite for a statis-

tical treatment of navigational accuracy, a basic apprecia-
-• tion of each system provides understanding and insight into

the application of the statistics in the effectiveness model.

In terms of navigational capability, RPV ’s can be categorized

into two groups a those possessing a dead reckoning system

and those employing sophisticated navigation avionics including

LORAN C/D.

RPV ’a with dead-reckoning systems operate with reference

to pre-prograinmed heading and engine power setting information.

Prior to flight, a series of heading and power setting instruc-

tions corresponding to the desired flight profile is stored in

a programmer on board each vehicle • At launch time , a program

pulse generator begins to issue pulses which advance a stepping

switch , and the flight control system of the vehicle attempts

( to maintain the first heading and power setting stored in the

programmer . When the stepping switch advances to a

.J . 11
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pre-programmed pulse point stored in the programmer , the vehicle

turns to maintain the next stored heading and/or changes engine

power setting.

Since the dead-reckoning system has no ability to fix

actual position after launch, no corrective mechanism exist to

reduce errors as they occur. Thus , position errors due to

differences between programmed and actual heading and/or power

settings are cumulative throughout flight . While specific

probability distributions used to describe the navigational

errors associated with TEWS RPV ’s in this model will be dis-

cussed in more detail in Chapter III, it is apparent from the

preceeding description that the cross-track error distribution

would be symmetric about the mean, since left or right heading

V ( error is equally probable, arid would have a variance which is

a function of distance flown, since navigational errors are

cumulative. -

RPV ’s employing sophisticated navigation avionics includ-

ing doppler and LORAN C/D frequently compare their actual po~-.

sition with desired pre-prograTnmed position and correct errors

as they occur. Desired geographical coordinates are read into

a computer on board each vehicle prior to flight. After launch,

the flight control system of the RPV updates ha position on the

order of every hundred milliseconds (.1 seconds) arid corrects

vehicle performance as necessary to bring actual and program-

med position differences within tolerances (Ref 23). Con-

sequently, a probability distribution describing the cross-

( track navigational error of these vehicles would be syn~netric

12
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about the mean and would have a constant variance, since the
(

navigational errors are not cumulative.

RCO~~prrection Capability

While this analysis assumes that all RPV flights will be

conducted in the on-program mode, the RCO possesses the capa-

bility to influence dead-reckoning system vehicle flight pro-

files to some degree. This capability may be categorized as a

cross-track influence and an along-track inf luence .

The potential cross-track influence of the RCO consists

of a heading trim capability. This trim capability permits

the RCO to command a heading change by remotely adjusting ye-

hid e control surfaces (Ref 6~i6) Useful in compensating for

• wiprogrammed wind effects, airframe or payload asymmetries, or
( heading gyro precession , the heading trim remains constant

until removed by the RCO or zeroed out when the vehicle turns

to the next programmed heading. Since this trim capability is

available in the on-program mode and does not require the

constant attention of the RCO , it is a viable potential influ-

ence on vehicle navigational accuracy, and its effects are

incorporated in the model described in Chapter III .

The capability of the RCO to influence along-track navi-

gational accuracy of a RPV in the on-program mode consists of

programmer pulse advance and inhibit commands (Ref 6s30) .

When activated by the RCO , the programmer advance command

causes the vehicle programmer to immediately advance to the

( 

next program step. Likewise , the programmer inhibit command

prevents the next program step from being activated. Because

13
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( dead-reckoning system PEWS RPV ’s begin and terminate chaff dis-

pensirig automatically at preselected program steps , these remote

pulse controls allow the RCO to prevent early or late chaff

release due to along track navigational inaccuracies by advanc-

ing or inhibiting program steps. As with the heading trim

capability, because remote pulse controls are available in the

on-program mode and do not require the constant attention of

the RCO , they are viable influences on vehicle navigational

accuracy, and their effects are represented in the model des-

cribed in Chapter III.

The effectiveness .of both the heading trim control and

the pulse advance and inhibit controls depends on the ability

of the RCO to accurately fix the position of a vehicle before

( making a decision to use either control capability. The sub-

ject of RCO perception accuracy is discussed in detail in

Chapter III .

MISSION RELIABILITY

In addition to navigational accuracy, reliability was

selected as a parameter to be considered in evaluating chaff

mission effectiveness because mission reliability , like navi-

gational capability, varies among TEWS RPV ’s. The following

discussion presents the methodology for the treatm~nt of reli-

ability data in this chaff mission effectiveness model.

The United States Air Force defines reliability as “ the

probability that a part, component , subassembly, assembly,

() subsystem, or system will perform for a specified interval

under stated conditions with no malfunction or degradation

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



that requires corrective maintenance actions” (Ref 21*1).

Generally, for any time t , reliability may be stated as followsa

R (t )  = lim N5(t)/~0 (1)

where N5(t) is the number of survivors at time t , and N 0 is

the total number of units in the population (Ref 2*211.2).

Because total system reliability is a function of the

reliability of each individual component and the importance of

that component to the operation of the system, RPV reliability

can be measured arid defined in many ways • For this chaff

effectiveness model , however , all RPV reliability data will

be in terms of mission completion success probability (MCSP),

where MCSP is “the probability that the system will complete

the specified mission or mission mix without failure of misSion

essential system functions” (Ref 22sk).

MCSP was selected as the basis -for reliability measure-

ment for this model for several reasons. First, it offers a

convenient means of comparing RPV reliabilities in terms of

mission completion, the underlying parameter of interest in

this model. Hence, reliability associated with post-mission

f light and recovery is not addressed. In addition, MCSP can

be determined empirically from actual mission data , thus re-

moving the possibility of comparing historical reliability

measurements of one RPV with analytically determined reli-

ability estimates of another RPV . Lastly, MCSP is a broad ,

general reliability measurement which can be readily determined

C) during the test phase or early in the operational life of an

RPV. This early determination permits early availability of V

1 , 
15
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- reliability data for use with this model in predicting the

chaff mission effectiveness of RPV~’s just entering the oper-

-t ational inventory (Ref 10).

Given MCSP , RPV reliability will be treated analytically

with the following relationships

N = n /r  (2)

where N is the total number of RPV ’s which must be available

to complete the mission, n is the number of RPV’s which must

be launched and flown as determined by the navigational accuracy

of each kind of vehicle , and r is MCSP.

(
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4 ( III. The Simulation Model- r
This chapter describes a simulation model designed to

determine the number of RPV ’s which must be flown to achieve

a stated level of chaff corridor saturation using the nav-

igational capability of each kind of vehicle as the rele-

vant operating parameter. As discussed in Chapter II, the

total number of vehicles which must be available to accom-

plish a given chaff mission is obtained by adjusting the re-

sults of the simulation model to account for specific ve-

hicle reliabilities. This will be demonstrated in the ex-

ample presented in Chapter IV of this paper.

Chapter III consists of three parts. First , specific

( modeling considerations are addressed. The second section

is a discussion of the simulation model design . Finally ,

a brief description of the computer program constructed for

the simulation model is presented.

MODEL CONSIDERATIONS

The simulation model presented in this chapter was de-

veloped by dividing the modeling problem into two parts:

the representation of the flight of each vehicle, and the

representation of the effect of that flight in achieving

saturation of the chaff corridor as defined by the model in-

put parameters. This section addresses each of these parts

and presents the facts which impacted on decisions about the

(V 
final simulation model design.

17
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RPV Flight Accuracy Considerations

The writer ’s initial plan was to develop a stochastic

simulation model to represent the flight of all PEWS vehi-

d es. This plan , however , assumed that the flight of all

PEWS RPV ’s should be represented stochastically in this chaff

effectiveness analysis. Further study revealed that this is

not the case.

As stated in Chapter II , existing RPV’s can be cate-

gorized in one of two groups according to navigational capa-

bilitys those pos~essing a dead-reckoning system and those

possessing a navigational system composed of sophisticated

avionics including doppler and LORAN C/D . The dead-reckon-

ing vehicles do not possess the ability to detect position

( errors or initiate corrections autonomously, but the LORAN-

equipped vehicles constantly compare actual position with

desired position and independently correct the vehicle -

flightpath to remain within system tolerances. Thus, the

dead-reckoning vehicles accumulate position errors through-

out their flight while the LORAN-equipped vehicles correc.t

position errors as they occur.

The ability of the LORAN-equipped vehicles to con-

stantly correct small position errors as they occur results

in a capability to remain within 300 to 500 feet or less of

I - - desired position at any point in flight, depending on the

specific LORAN system used (Ref 16). When this flight ac-

curacy is compared with the accuracy requirements of a chaff

corridor mission, it becomes apparent that a deterministic

18 V
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model of flight is feasible. Provided these vehicles remain

fully operational, the number of LORAN-equipped RPV’s required

to saturate a given chaff corridor depends only on the size of

the corridor and the dispersion characteristics of the chaff

which is dispensed. Consequently, the stochastic simulation

model presented in the next section was developed to represent

the flight of TEWS RPV ’s without an operational LORAN capabil-

ity.

Chaff Corr idor Considerations

Much effort was devoted early in this study to determine

criteria which could be used to measure vehicle chaff dispensing

effectiveness once the flight portion of the model had been com-

pleted. The requirement was a method to measure the contri-

( bution made by each vehicle toward the overall mission objec-

tive of achieving a stated level of chaff corridor saturation.

The key to this measure - appeared to be the dispersion of the

chaff dipole cloud dispensed by each vehicle, and the relation-

ship of that cloud to the growth of the chaff corridor .

Accordingly, an investigation of chaff cloud character-

istics was begun . First , available electronic warf are docu-

menta were reviewed. When that review proved largely futile ,

agencies involved with the study of chaff aerodynamics and the

testing and development of electronic warfare tactics were

contacted and requested to provide information. As with the

literature rev-j ew, the agency survey was ineffective • To

date , very little is ~o’iown about the nature of chaff clouds ,

19
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and no capability to accurately predict the dispersion prop-

erties of chaff dipoles in the atmosphere appears to exist

(Ref 9; Ref 15; Ref 17).

• The most advanced research concerning chaff dispersion

characteristics discovered during the agency survey consists

of a stochastic simulation model developed at the United

States Army Office of Missile Electronic Warfare, White

Sands Missile Range, New Mexico. Correspondence with the

individual responsible for that effort revealed that the model

is undergoing validation and was not currently available for

V 
application in predicting chaff dispersion characteristics

(Ref 19).

With all reasonable avenues for obtaining chaff dis-

persion characteristics exhausted, an alternative method of

determining the chaff effectiveness of each vehicle inside

the chaff corridor had to be developed. That method is ex-

plained in detail in the next section of this chapter.

DESIGN OF TI~ SIMULATION MODEL

This section provides a detailed description of the

simulation model. Conceptually, the model combines a sto-

chastic representation of the flight of RPV’s without opera-

tional LORAN capability and a deterministic representation of

chaff corridor saturation.

All RPV flight in. this simulation model is represented

with respect to a two-dimensional rectangular coordinate

I
. system, and all distances are expressed in nautical miles

(NM ) . With the RPV launch position located at or near the
- 

20
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V 
origin and the longitudinal centerline of the desired chaff

V 

corridor always oriented along the positive abscissa or x-

axis , all flight vectors can be defined in terms of along-
track distance (along the x-axis) and cross-track distance

(along the y-axis).

- The accuracy of each RPV flight depends on two factors:

the ability of the vehicle to autonomously fly the desired

route arid the ability of the RCO to control vehicle accuracy

with heading trim and programmer pulse adjustments. In this

model, autonomous flight accuracy is represented by a nav-

igational error probability distribution, and RCO control
effectiveness is limited by a RCO perception error proba-

bility distribution.

RCO Perception

The accuracy with which a RCO on board a DC-130 air-

craft can perceive the true position of a RPV using the MDCC

system depends on five different error sources:

(1) The range measurement from the DC-130 to the RPV ,

(2) The relative bearing measurement between the DC-130

and the RPV,

(3) The DC-130 location,

(li) The DC-130 bearing, and

( 5)  Plotting of the RPV position on the RCO ’s plotboard

(Ref 8.3ff). -

The first four of these, all related to measurement errors,

are depicted in Figure 2. The cumulative effect of all five
of the errors is illustrated in Figure 3.
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(Prom Ref 8.9)
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As part of a recent DC-130 aircraf t capability study ,

an error analysis was performed by the Systems Analysis Branch

of Aeronautical Systems Division, Air Force Systems Command,

to determine the accuracy of RPV location as a function of the

navigational equipment of the DC-130 aircraft and the MDCC

system (Ref 8). That analysis assumed that DC-13O location

error and plotting error are circularly distributed , and that

the other three errors are normally distributed.

Table I list the results of the error analysis. The

error value listed for each of the five sources is a root V

sum square (RSS ) value calculated from root mean square ( RMS )

values within each error source . Divided into along-track and

cross-track components, each error value represents one stan-

( - 
dard deviation (1w) at 100NM RPV range . Because DC-130 air-

craft are currently equipped with either a conventional atti-

tude and heading reference system ( AHRS ) or an inertial navi-

gational system (INS), and because a decision has not yet been

made regarding which system will be used in the 1980’s, two

- 
- error values are provided in the DC-13O heading error section

of Table I, one for each system.

A comparison of Table II, depiCting total RSS error at

200 NM RPV range , and the bottom of Table I, listing the to-

tal RSS error at 100 NM RPV range, reveals a 100% increase in

cross-track error and a 33% increase in along-track error as

RPV range is doubled. This difference in increased error
values is due to the nature of the error sources , where cross-

( V 

track errors are primarily a result of angular measurement

2~1
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Table I

EFFECT OF ERRORS

RPV POSITION
UNCERTAINTY AT 100 NM

NOMINAL ALONG CROSS
SOURCE OF ERROR VALUE ( RMS ) TRACK (1 ~) TRACK (1 ~)

RANGE MEASUREMENT
Transponder Delay 0.7 ~s 700 ft
Other Equipment 0.1 ~e 100 f t
Propagation .005 .is/NN 500 ft

RSS 866 ft

RELATIVE BEARING
Boresight & Radome 2 Mu 1200 ft
Tracking 7 MIL 14.200 ft

RSS 14.368 ft

( DC-130 LOCATION
LORAN C 14.00 ft 283 ft 283 ft
Map Conversion 50 ft 35 ft 35 ft

RSS 285 ft 285 ft

DC.-130 HEADING
AHRS (Slave Mode) !~SS 1.5~ 15,900 ft
INS (Alternative) RSS .3 3,180 f t

PLOTTING (1*100,000)
Equipment Drive .02 in 113 ft 113 ft
Alignment/Calibrate .0~i in 226 ft 226 ft

RSS 253 ft 253 ft

TOTAL RSS ERROR WITH AHRS 946 ft 16,1493 ft

TOTAL RSS ERROR WITH INS 946 ft  5, 14.16 ft

- 

(- .4 (From Ref 8.11)
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Table II

TOTAL RSS ERROR AT 200 NM RPV RANGE

Control Aircraft Along-track Cross-track
_____________________ 

(icr) (ia)

AIffiS-equipped DC-130 1283 ft 32,980 ft

INS-equipped DC-13O 1283 ft 10,813 ft

(From Ref 8:12)

errors and along-track errors are a result of linear mea-

surement errors.

V On the basis of the information in Tables I and II and

interviews with the authors of the error analysis (Ref 11;

Ref 111.), a linear relationship is assumed in the model be-

(1 tween total RSS RCO cross-track perception error and RPV

range for the interval from 50 to 200 NM RPV range. Fur-

thermore, the relatively small along-track error is assumed

to be negligible in the model given the insignificant effect

on total corridor saturation of individual vehicle along-

- 
track errors of approximately a thousand feet.

For this model, DC-130 heading error has been factored

from the total RSS cross-track error listed in Table I. This

removes the largest source of RCO perception error from fur-

ther consideration in the simulation and provides a stan-

dardized model for representing RPV flight controlled with

either AHRS-equipped or INS-equipped DC-130 aircraft . The

separate treatment of the effect of DC-130 heading error at

26
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the beginning obviates the need to consider differences be-

tween the actual desired chaff corridor position and the RCO ’s

perception of that position as a result of DC-130 heading
error .

During the simulation, RCO control inputs are initiated

as necessary to fly each vehicle to the perceived chaff cor-

ridor position which, after DC-130 heading error is removed, V

simulates the actual corridor position. Consequently, as

will be illustrated in the example in Chapter IV of this paper ,

the simulation output is in two parts: the difference be-

tween the RCO ’s perceived corridor position and the actual

desired corridor position, and the number of RPV ’s required to

saturate that percieved chaff corridor . Figure Li. illustrates

V ( the RCO ’s perception error due to DC-130 heading error.

Explicit treatment of the effect of DC-130 heading error

allows direct analysis of the importance of that error source

to any given chaff dispensing mission. Assuming a linear

relationship between the effect of DC-130 heading error and

RPV range , the nominal . RSS error values of AMRS-equipped and

INS-equipped aircraft result in two different normally distri~-

uted corridor cross-track perception errors , each with a mean s

of zero and -a standard deviation given by

- 

~~~~E x D  (3)

where d is the standard deviation in NM , E is a DC-130 head-

ing error coefficient for each - type of aircraf t system, and D
(
~ is the distance from the DC-130 to the desired corridor

r
27
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position in NM. The values of E are .0261 for the AHRS-

equipped aircraft and .00523 for the INS-equipped aircraft.

Since RCO corridor cross-track perception error will be

greater than the values given by Eq, (3) approximately 32% of

the time , and since the RCO initiates control inputs based on

V his perception of corridor position as well as his perception

of vehicle location , the importance of DC-130 heading error V

is apparent . When the given mission requires accurate posi-

tioning of the chaff corridor due to such factors as location

of enemy defenses , follow-on aircraft target locations, or

terrain obstacles in the objective area, consideration might

be given to improving DC— 130 heading accuracy to reduce the

resulting RCO corridor cross-track perception error.

In this model, RCO corridor cross-track perception error

is represented by two random variates, one for AiffiS-equipped

V aircraft and one f or INS-equipped aircraft. The populations

from which these variates are generated are normally distrib-

uted with means e;ual to zero and standard deviations given

by Eq (3) with appropriate substitutions for E.

V Wi th the RCO corridor perception error due to DC-13O

heading error explicitly treated at the start of simulation,

the process of chaff corridor saturation is represented by

the stochastic simulation of the flight of individual RPV ’a

until saturation is achieved. The flight portion of th~ aim-

ulation model is an iterative algorithm that begins wi th the

generation of two random variates which define two vectors.

29
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The first vector represents the actual flight path of the

vehicle while the second represents the RCO ’s perception of

that flight path.

At this point in the simulation, a comparison of per-

ceived and desired RPV flight paths is made. If the differ-

ence is less that the RCO control threshold value, the

flight algorithm stops, and simulation of the effect of the

vehicle in achieving corridor saturation begins. If the dif-

ference between the perceived and desired RPV flight paths

is equal to or greater than the threshold value, RCO control

action is simulated. With the termination of RCO control,

another pair of random variates is generated to define two

new flight vectors, one actual and one perceived. This

( iterative algorithm continues until the perceived RPV flight

path does not violate the RCO control initiation threshold

• at the entrance to the chaff corridor.

This flight algorithm is repeated for each subsequent

vehicle until the chaff corridor has been saturated. The

relevant result of a simulation is the number of vehicles

required to saturate the corridor. Figure 5 is a flow dia-
gram of the flight algorithm.

There are two key assumptions underlying the represen-

tation of the flight segment of the chaff mission. The first

is that autonomous flight is approximately linear, and the

second is that cross-track navigational error can be approx-

imated with Gaussian probability distribution functions .

As described in the preceding overview, all flight
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~~
gments are represented by vectors in this simulation. The

V assumption that autonomous flight can be accurately repre-

sented by a straight line is based on an interview with the

chief engineer responsible for flight test of the only dead-

reckoning TEWS RPV to undergo testing to date , the AQM_3L1.V.

The interivew revealed that the greatest source of cross-

track error encountered in flight test was heading gyro pre-

cession , and , even though brief transient random errors occur-

red , their aggregate long-term effect approximated a straight

flight path (Ref 12).

As previously discussed in Chapter II , the cross-track

navigational error for all TEWS RPV ’s not possessing an oper-

able LORAN is symmetric about the desired flight path be-

( cause left or right error is equally probable. In addition,

because navigational errors are persistent and the flight

path is linear, total error from the desired flight path is

a function of the distance flown. On this basis, any sym-

metric distribution could be used to generate flight vectors,

and , as the model is designed , any symmetric probability 
V

distribution can be readily accommodated. For lack of other

evidence , and because of the alleged central limit properties

of probability distribution functions , analyses to date have

assumed that the cross-track errors of these RPV ‘a are nor-

mally distributed (Ref 18). For these same reasons, all

cross-track error probability distributions in this thesis

will be assumed normal.

~ ( Given this brief overview and two assumptions , the portion
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of the model representing RPV flight is now addressed in

greater detail with a discussion of the random variates and

equations used to simulate the flight path of each vehicle .

The discussion is divided into three parts : autonomous

flight, RCO control policy, and RCO controlled flight .

Autonomous Flight. As described in the overview of
V the flight algorithm, the autonomous flight of each vehicle is

represented in this model by two flight vectors: one actual

and one perceived. The magnitude of the vector representing

the actual flight path of a vehicle is equal to the along-

track distance from the point at which the autonomous flight

segment begins to the leading edge of the chaff corridor.

V The y component of this vector represents the cross-track

error accumulated during flight and is determined by the

generation of a random variate from the navigational error

probability distribution describing the unique cross-track

error statistic associated with each kind of vehicle. This

distribution is assumed normal as previously discussed, has

a mean equal to the y component of the point at which the

autonomous flight segment begins (launch or termination of

RCO controlled flight), and has a standard deviation which

is a function of the magnitude of the vector and the navi-

gational capability of the specific kind of vehicle being

modeled.

Similarly , the y component of the vector simulating the

( ,~~ flight path as perceived by the RCO represents the perceived
cross-track error accumulated during flight and is determined

~~ 
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by the generation of a random variate from the perception

error probability distribution. This distribution is nor-

mal, has a mean equal to the random variate which gives the

y component of the vector representing the actual flight

path , arid possesses a standard deviation given by the mag-

nitude of the actual flight vector times the total RSS value

of the error sources remaining in Table I after DC-130 head-

ing error has been factored out. Because the along-track

perception error of the RCO is negligible and assumed zero

as discussed in the previous section entitled RCO Per-

ception, the along-track (x component) distance of the

perceived vector is equal to the along-track distance of the

vector representing the actual flight path.

~:
- ( Figure 6 illustrates these two vectors. OA represents

the actual flight path of a vehicle from the launch point,

- 

- and ~~ represents the flight path as perceived by the RCO .

The importance of the vector representing the perceived

flight path of a vehicle will now be explained.

RCO Control Policy. A decision policy representing the

size of the perceived position error at which RCO control will

be initiated and the magnitude of the control input must be

assumed for this model. Because no f ormal studies have been

conducted to formulate optimal RCO policy, interviews were

conducted with experienced RCO ’s to determine realistic para-

meters for use in the model. These interviews confirmed that

~ 
( ) the point at which ~ ~RCO initiates a control input in a given

situation and the magnitude of that input vary considerably

Vt’
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V among RCO ’s. Because of anticipated perception error and

transient cross-track position errors due to gyro precession,

however , it was generally agreed that heading trim inputs

would seldom be initiated before a vehicle was perceived

to be at least two NM off of desired track (Ref 13; Ref 20).

Based on this consensus of opinion , this model assumes

the following RCO control policy: RCO heading trim inputs 
V

will be initiated whenever the cross-track error (y compon-

ent) of a perceived flight vector is at least two NM, and

the magnitude of the control input will be sufficient to

reestablish the perceived position of the vehicle on the

desired track (the x-axis) at a point equal to half the

remaining along-track distance to the desired corridor lead-
( ing edge. Furthermore, given the relatively high accuracy

•
of along-track RCO perception , the ease with which program-

V 

mer pulse advance and inhibit commands can be activated,

and the insignificant effect on corridor saturation of

along-track errors even if permitted to occur , th-a actual

along-track position of each vehicle will be assumed accurate

throughout the simulation. Hence , subsequent discussion of

RCO controlled flight refers to flight controlled with the

RCO ’s heading trim capability to correct cross-track errors .

It is assumed that programmer pulse controls will be activated

as necessary to correct along-track errors .
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RCO Controlled Flight. All of the equations presented in

this subsection use the previously stated assumption that

along-track perception error is zero . Given that assumption,

the along-track distance measured from the origin to any point

along the actual flight vector representing a position at an

instant in time is equal to the along-track distance mea-

sured from the origin to a point along the perceived vector

representing the same instant in t ime . Simply stated , the

position of an RPV at any instant is represented on both

flight vectors by points having the same along-track distance

to the origin.

Once RCO control has been determined necessary, the point

of control initiation must be identified. This point is the
V 

position along the actual flight vector which corresponds to

the location on the perceived flight vector at which the cross-

track error is exactly two NM .

To illustrate this point at which RCO control is init-

iated, two f igures are provided. Figure 7 depicts two hypo-

thetical flight vectors (A 0A1 and P0P1) representing actual

and perceived autonomous flight from the launch point ( origin).

Figure 8 shows these same vectors representing autonomous flight

which begins following termination of a period of RCO con-

trolled flight. The position at which RCO control would be

initiated for each situation is shown by point A’a. Note that

this would be the second time RCO control had been used to cor-

rect the flight path in Figure 8.
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In the model, the point at which RCO control is init-

iated is determined with three equations. The first provides

the along-track distance from the origin to the end of both

flight vectors. Then, that distance is used in the next

equation to determine the along-track distance to the point

at which RCO control is initiated. The third equation yields

the cross-track distance (distance from the x-axis) of that

point on the actual flight vector. While the first equation

uses the Pythagorean relation, the second and third equations

use properties of similar triangles.

Preserving the notation from Figures 7 and 8, these

equations are written as follows:

= + [(X 2 - x0)2 
- (YA 1 - YA0) 2] 1/2

V 

XR = 12 ( X
1 

- x0)/~P1I + (5)

YAR = YA1(XR - x0)/(x 1 - X0) (6)

where is the along-track distance from the origin to the

end of both flight vectors,

X0 is the along-track distance from the origin to the start

of both flight vectors,
• is the along-track distance from the origin to the

leading edge of the desired chaff corridor ,

YA1 is the cross-track distance to the end of the actual

flight vector,

YA0 is the cross-track distance to the beginning of the

actual flight vector,

~~V .
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V 
X,~ is the along-track distance from the origin to the

point at which RCO control is initiated,

is the cross-track distance to the end of the per-

ceived flight vector, and

‘fAR is the cross-track distance to the actual point at
which RCO control is initiated.

Note that when RCO control is initiated from autono-

mous flight vectors which start at the origin, X0 and YA0

are equal to zero. These two terms are included to allow

the iterative use of Eqs ( L i.) ,  (5) and (6) for subsequent RCO

control periods as required in the flight algorithm and as

illustrated in Figure 8.

With the point of RCO control initiation determined,

the along-track distance from the origin to the termination

of RCO control ( the point at which the vehicle is perceived

to be located on the extended corridor longitudinal center-

- line) is given by

V 

XQ~~~
XR +(X2 XR)/2 

( 7)

where X0 is the along-track distance 
from the origin to the 

V

point of RCO control termination, XR is the along-track 
dis-

tance from the origin to the point at which RCO control was

initiated, and is the along-track distance from the origin

to the leading edge of the desired chaff corridor. Note that

V 
the term is def ined differently from its use in Eqs (11),

(5), and (6) . As defined in Eq (7), X0 now becomes the along-

(~ track distance from the origin to the start of new actual and

- - - V 
- - - V 

- ~~~~~~~~~~~~~~~~~~~ -



perceived flight vectors to be stochastically generated to

represent the flight path of the vehicle after it resumes

V 
autonomous flight. This redefinition of X0 provides the

model with the capability to iterate autonomous and RCO con-

trolled flight phases as necessary to accurately represent

actual RPV flight. Figure 9 illustrates the terms used in

Eq (7) and shows the redefinition of X0.
The line joining the position on the perceived flight

vector at which RCO control was initiated ( where cross-track

error was exactly two NM) and the point on the x-axis at

which RCO controlled flight terminated can be considered a

vector representing the perceived flight path of a vehicle

during RCO controlled flight . This conceptualized flight

( vector is illustrated by 
~R~O 

in Figure 9. In accordance

with the assumed RCO control policy discussed in the last

subsection, this vector represents the termination of RCO

-~: ~trolled flight at a perceived position along the longi-

.4d1~1al centerline of the corridor.

Given this vector, a -vector is needed to represent the

actual flight path of the vehicle during RCO controlled

flight, and the end point of that vector represents the actual

cross-track error which exists at the termination of RCO con-

trolled flight. In effect, this situation is the reverse of

that during autonomous flight, where a perceived cross-track

error is generated from the actual cross-track error . Here ,

an actual cross-track error is generated from the perceived

I ( cross-track error.
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In this model, the actual cross-track error which exists

at the termination of RCO controlled flight is determined by

the generation of a random variate. The mean of the normal

probability distribution from which the variate is generated

is equal to the difference between the cross-track distance

to the actual point at which RCO control was initiate d and

the the cross-track distance to the perceived point at which

RCO control is initiated ( which is two NM according to the

assumed RCO’control policy). This mean is used so that the

expected value of the perception error which will exist at

the termination of RCO controlled flight is equal to the per-

ception error which existed at the beginning of RCO controlled

flight. The standard deviation of the probability distribution

( is equal to the along-track distance from control initiation to

control termination multiplied by a coefficient that accounts

for the total RSS value of the error sources remaining in

Table I after DC-130 heading error has been factored out.

With the flight vector representing the actual flight

path during the period of RCO control determined, the entire

effect of RCO control has been modeled. Figure 9 illustrates

the perceived and actual flight vectors representing the flight

path of a hypothetical vehicle from launch until termination

of RCO control. Vectors A0AR and ~O~R 
depict , res~ectively,

the actual and perceived flight vectors from launch to the

point at which RCO control is initiated. Vectors ARA o and 
~R~ O

illustrate the vectors from the point of RCO control initia-

- 

j  ( tion to the point of RCO control termination.
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With the RCO controlled portion of flight mode led , the

simulation of autonomous flight begins again with the gener-

ation of two new autonomous flight vectors, one representing

the actual flight path and one representing the perceived

flight path. The method used to generate these vectors is

the same as that used to generate the original autonomous

flight vectors.

Thus, the flight algorithm simulates RPV flight with the
iteration of autonomous flight vectors and RCO controlled

flight vectors until a vehicle reaches a position with a

cross-track error of less than two NM on an arc whose length

V is the along-track distance from the origin to the leading

edge of the chaff corridor. From this point, the represen-

( - tation of the effect of that vehicle on chaff corridor

saturation begins.

Chaff Corridor Saturation

This model uses a stochastic simulation of the flight of

each vehicle to establish a distribution of vehicles entering

the chaff corridor . The effect of that distribution ,f vehicles

in achieving saturation of the desired chaff corridor assumes

that RCO control will not be initiated to correct vehicle

cross-track errors after the vehicle passes through or abeam

of the leading edge of the chaff corridor , Thus , with the

last autonomous flight vectors generated prior to reaching the

chaff corridor leading edge , this portion of the simulation

model is deterministic.
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As previously stated, little appears to be Imown of the

actual dispersion of the chaff dipole cloud dispensed by each

vehicle and the relationship of that cloud to the saturation

of the chaff corridor . In addition , little is known of the

actual width of the corridor produced by chaff dispensing

vehicles after the chaff dipoles reach equilibrium in the

atmosphere. To date, the only criterion used to measure chaff

corridor effectiveness has been the success of the corridor in

screening follow-on aircraft from detection by enemy radar,

and that success depends on the specific enemy radar employ-

ed , display console resolution , operator ability, and physical

characteristics of the chaff corridor (Ref 15).

As a result of this uncertainty, the following method of

V representing the effect of RPV ’s inside the chaff corridor was

deemed sufficient for this model. The chaff corridor area is
V 

divided into small rectangular sections hereafter called boxes.

A line of boxes parallel to the x-axix is called a string. The

autonomous flight vector representing the actual. flight path

of each vehicle is extended through the length of the cor-

ridor and each box penetrated by a vehicle is recorded. If

the flight of individual RPV ’s is simulated unti.l all boxes

have been penetrated at least once, then total saturation of

the chaff corridor is represented.
V An advantage of this representation of corridor satu-

ration is the flexibility provided for analysis. Both the

number of vehicles required to achieve any degree or percent-

( .)  age of saturation and the density of saturation in any given

‘e6

V 
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area of the corridor can be determined at any point in

the simulation . From this data, various launch and employ-

ment scenarios can be evaluated with modifications of the
V flight parameters of the model.

V Because little is known of the actual width of a chaff

corridor after chaff dipoles reach equilibrium in the at-

mosphere , and because the corridor width appears to be de- V

pendent upon the dispersion of the chaff dipole cloud pro-

duced by each vehicle, the model design for this simulation

was developed with a fixed number of strings per corridor.

Thus, as the width of the strings is increased, the width of

the entire corridor increases. This representation appears

to capture the actual relationship between the chaff corridor
- and the individual dipole clouds dispensed from each vehicle.

The number of strings per corridor was set at eight to

conform with empirical data indicating the width and dipole

density of several chaff corridors laid by dispensing f or-

mations consisting of fo.ir m anned aircraft. The mar~ned f or-

mations dispensed a chaff cloud considered operationally suf-

ficient. With that data as a basis, eight strings per cor-

ridor allow representation of the chaff dispensing formation

since aircraft wing-tip spacing can be represented by the

width of strings in the model.

While this portion of the model has been developed, be-

cause of the absence of other information, for compatibility

with the empirical data measured immediately after chaff

dispensing , it is apparent that the true criterion of

11.7



vehicle chaff effectiveness should be the chaff corridor which

has reached equilibrium in the atmosphere. It is this corridor

which determines the degree of protection provided to follow-on

aircraft. Before this true criterion of chaff corridor effec-

tiveness can be modeled, however, more data is needed in the

area of chaff dynamics and steady-state dipole characteristics.

Vehicle Chaff Effectiveness. The representation of the

chaff effectiveness of each vehicle begins with the extension

of the actual autonomous flight vector through or abeam of the

chaff corridor. This is accomplished with the calculation of

the cross-track error of the vehicle when it is located at or

V - abeam of the leading edge of the chaff corridor and the calcu-

lation of the slope of the actual autonomous flight vector .
( 

• These are given by

YA2 = (YA 1 - YA0 ) (X 2 - x 0)/(X 1 - x0) + TA0 (8)

and DY/DX = (YA 1 - YA0)/ (X 1 - X0 ) (9)

where TA2 is the cross-track distance to the vehicle when th4~
vehicle is located at or abeam of the corridor leading edge,

TA 1 is the cross-track distance to the end of the actual

flight vector,

- TA0 is the cross-track distance to the beginning of the

actual flight vector ,

is the along-track distance from the origin to the

leading edge of the chaf f corridor,
(V) is the along-track distance from. the origin to the

- -
~
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~~1 start of both flight vectors,
- I

X is the along-track distance from the origin to the end

-
~~ of both flight vectors, and

- 

DY/DX is the slope of the actual autonomous flight vector.

Figure 10 illustrates the autonomous flight vectors , the dis-

tance TA2, and the slope of the actual vector extended through
V 

the chaff corridor .

Following the calculation of these two values, a com-

parison is made between the absolute value of the cross-track

distance to the vehicle when on or abeam of the leading edge of

V 
the chaff corridor (YA 2 in Figure 10) and half of the width

- of the corridor (CW/2). If IYA2I is greater than CW/2, the

vehicle misses the chaff corridor completely and the simulation
V ( of the flight of that vehicle ends . If IYA 2 J is less than

CW/2, the vehicle enters the corridor and its effect on cor-
V 

ridor saturation is simulated.

Essentially, the simulation of vehicle performance in

the chaff corridor consists of an iterative algorithm whic)

uses the present vehicle position and the flight vector slope

given by Eq (9) to determine the starting and ending horizontal

box numbers in which the vehicle is located aa it enters and

exits each vertical string. Figure 11 illustrates the vertical

string and horizontal box numbering systems used for this

model. The algorithm is iterated for each subsequent string

number until the vehicle exits the corridor through either of

the lateral boundaries or the corridor trailing edge . Hence ,
~~~ -~ by using present vehicle position and slope to determine

-~~~~~~ L
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vehicle location at subsequent key points ( the string bound-

aries), the algorithm eliminates the necessity of tracking

vehicle position from box to box . -

The first requirement for each new vehicle entering the

chaff corridor is a calculation to determine in which string

the vehicle is positioned when located on the corridor lead-

- 
ing edge, This string number is given by

S — (YA~ + CW/2 )/SW + 1 (10)

where S is the string number in which the vehicle is located 
V

as it enters the corridor,

TA2 is the cross-track distance to the vehicle when located

on the corridor leading edge ,

CW is the corridor width, and

SW is the width of each corridor string.

The proper calculation for the cross-track distance to

the vehicle when it reaches the boundary of the next string

is determined by the slope of the flight vector given by Eq

(9). If the slope is near zero, the vehicle remains in the

present string until reaching the trailing edge of the corridor .

Otherwise, the new cross-track distance to the vehicle is given

by one of the following, depending on the sign of the slopes

if slope is positive, T~ (S - k)SW (11)

if slope is negative , = (S - 5)SW (12 )

where T2 is the new cross-track distance, S is the present

52
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( 
string number given by Eq (10), and SW is the string width.

With Y2 determined, tha along-track distance from the

leading edge of the corridor to the location of the vehicle

when on the boundary of the next string is given by

= + - T
1)/(DY/Dx) (13)

where X2 is the along-track distance at the next string 
V

boundary ,

is the along-track distance from the leading edge of

the corridor to the position at which the vehicle entered the 
V

present string ,

is the cross-track distance given by Eq (ii) or (12),

Ti is the cross-track distance to the vehicle at the point

C at which tt entered the present string , and

DT/DX is the slope given by Eq (9) .

For the first iteration of this algorithm as the vehicle enters

the corridor, X1 is zero and Y1 equals YA2. For subsequent

iterations, X1 is the value of X2 from the previous iteration s,

and is the value of from the previous iteration.

Given X2, the horizontal box in which the vehicle is

located as it exits the present string is determined by

B2 INT [(X 2/L) + 1] ( 114.)

where B2 is the ending box number as the vehicle exits the

present string,

INT is the greatest integer function,
( X2 is the along -track distance given by Eq ( 13) , and
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( L is the horizontal length of the boxes in the corridor.

Since B 1 the box in which the vehicle is located when

it enters the present string, is set at one in the first

iteration and has the value of B2 from the previous iter-

ation in subsequent iterations of this algorithm, the start-

ing and ending horizontal box numbers can be determined for

each vertical string of the corridor penetrated by the ie-

hic].e. The algorithm is iterated until the vehicle exits

either lateral boundary of the corridor or reaches the cor-

ridor trailing edge. At that point, simulation of the effect
of that vehicle is terminated. With the beginning and ending

boxes for each string determined , all boxes which are pene-

trated by the vehicle during flight within each string can

(.. be recorded. -

A~~re~~te Chaff Effectiveness. At the conclusion of

the simulation of the effect of the vehicle in the chaff

corridor, a tally is made of the total number of boxes pene-

trated by all vehicles. If the total number of boxes pene-

trated is less than the number of boxes in the chaff corridor,

another vehicle launch is simulated arid the entire process

described to this point is repeated. When the total number

of boxes penetrated equals the number of boxes in the chaff

corridor , total corridor saturation as defined in this model

has been achieved, and simulation of that corridor terminates.

_  

54
_ _ _ _V



J r  T~~ COMPUTER PROGRAM

The computer program constructed for the simulation model

presented in the previous section of this chapter is coded

in FORTRAN IV programming language. FORTRAN IV was selected

because of its structural flexibility , universal familiarity,

and accessibility. While specialized simulation language s

such as SAINT and DYNAMO were considered for this programming

problem, their limited familiarity and inaccessibility to

potential users of the program outweighed their apparent

suitability. The program was built and run on the Control

Data Corporat ion ( CDC ) 6600 computer of the Aeronautical

Systems Division , Air Force Systems Command.

This section consists of two subsections. .The first

( 
~ 

- briefly explains the computer program and its components

while the second presents specific references to program

information which can be found in the appendices to this

paper.

Program Components

The computer program consists of a main program and

seven subroutines.

The Main Program. The main program controls the

simulation end calls the subroutines as required. Each time

the simulation program is run, statements in the main program

read-in and set the random number seed for the pseudo-random

number generator used to generate random variates.
‘~ I With the present main program control structure ,
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multiple simulation experiments can be performed during one run

- 
- of the simulation program. Input parameters for each of these

simulation experiments are read-in with a READ statement in the

main program. The following nine input parameters are read

each time the READ statement is executeds

1. CORBEG, the distance from the launch point to the

leading edge of the chaff corridor;

2. COREND , the distance from the launch point to the

trailing edge of the chaff ôorridor;

3.. NUMRUN, the number of times the simulation experiment

is to be replicated with the given set of input parameter values;

Lj.~ DELX , the length of each horizontal box in the chaff

corridor ;

c 
5. DELY , the width of each vertical string in the chaff

corridor;

6. LIMRPV. the maximum number of RPV ’s that can be simu-

lated in one replication before simulation of that replication

is terminated with a warning message ;

7. ERRNAV , the coefficient which when multiplied by

distance flown gives the standard deviation of the naviga-

tiona]. error probability distribution for the kind of vehicle

simulated;

8. ERRRCO , the coefficient which when multiplied b~
distance flown gives the standard deviation of the RCO per-

ception error probability distribution ; and

9. POLICY , the distance representing the size of the cross-

( track error at which the RCO will initiate heading trim control.
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In addition , with the exception of RCO corridor percep-

tion error due to DC-130 heading error and end of simulation

statistics , the main program contains all output statements
V executed in the simulation program.

Subroutine HEADERR. This subroutine, when called by

the main program at the beginning of each simulation repli-

cation, prints out and returns two RCO cross-track corridor

perception errors, one for AHRS-equipped DC-130 aircraft and

one for INS-equippe d DC-130 aircraft. Each of these errors

is generated with a separate call to Subroutine RNORMAL .

V 
Subroutine HEADERR treats the RCO perception error due to

DC-130 heading error explicitly so that it can be dropped

from consideration for the remainder of the simulation.

Subroutine FLIGHT. This subroutine, when called by
the main program, returns the vehicle position when located

on or abeam of the leading edge of the chaff corridor and
actual flight vector slope for each vehicle simulated.

Subroutine FLIGHT generates the actual and perceived autono-

mous flight vectors for each vehicle with a call to Sub- 
V

routine RNORM.AL. When RCO control is necessary, Subroutine

FLIGHT calls Subroutine RCO.

Subroutine RCO. This subroutine, when called by Sub-

routine FLIGHT, returns the cross-track and along-track dis-
tances defining the positions from which new, corrected autono-

( moue flight vectors begin.
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Subroutine CORIDOR. This subroutine , when called by the

main program , returns an array listing the chaff corridor boxes

penetrated by vehicles to that point in the simulation.

Subroutine TALLY. This subroutine, when called by the

main program, returns the total number of chaff corridor boxes

which have been penetrated to that point in the simulation. V

Subroutine RNORMAL. This subroutine , when called by

Subroutines HEADERR, FLIGHT, OR RCO , returns a normal random

variate from a population whose mean and standard deviation

are provided as arguments by the calling subroutine. The

normal random variate is constructed from a pseudo-random

number which is generated from the intrinsic function RANF ,

the CDC system random number generator . Subroutine RNORMAL

uses the Narsaglia and Bray transformation for generating

normally distributed pseudo-random numbers (Ref 14.,361).

Subroutine STAT. This subroutine, when called by the

main program at the end of each simulation run, prints out

means and standard deviations based on the number of repli-

cations in the run. Statistics are calculated and printed

for the RCO corridor cross-track perception errors for both

AHRS and INS-equipped DC-130 aircraft and for the number of

RPV ’s required to achieve 50% , 90%, 95% , and 100% chaff
corridor saturation.

Detailed Program Information

- ~~
- The preceding discussion of the computer program com-

ponenta provides a general descript ion of the basic program.
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( More detailed information is located in the appendices to this
paper. Appendix A is a list of variable definitions. Appendix
B presents the program flow chart. Appendix C is a program
listing, and Appendix D is sample output.
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IV. Experiments

This chapter describes experiments performed with the 
V

simulation model presented in Chapter III. The chapter is

V divided into three sections , each addressing one of the

categories of simulation testing defined by Fishman and

Kiviat s (1) verification, which insures that the model be-

haves as intended; (2) validation , which tests the agreement

between the behavior of the model and the real world; and
( 3)  problem analysis, which draws statistically significant

inferences from the data generated by the simulation (Ref

5:232). It is intended that this chapter serve as a basis

for the conduct of more extensive simulation testing with

f this model by the RPV SPO.

VERIFICATION

Verification of the simulation model developed in this

thesis consisted of extensive desk checking of the model de- V

sign and computer program. The verification process was

accomplished In two parts. First, the model design and corn-

puter program were carefully compared for consistency be

inspection . Then , the algorithms of the program were tested

for several combinations of input parameters by substituting

from a table of random normal numbers and following the pro-

gram sequence by hand computation.

The only difference in procedure between the hand checked

algorithm and the computer algorithm is the method of random
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variate generation. For the computer program, the pseudo-

random number stream is provided by the CDC intrinsic function

RANF , and normal random variates are generated from a sub-

routine employing the Marsaglia and Bray transformation

(Ref ~4:361-362).

To ensure random sampling and provide the capability

for correlated sampling, the CDC system subroutines R.ANSET

and RANGET were included in the computer program. At the

start of each program run , a random number seed is read in

and set using the RANSET subroutine. At the end of the pro-

grain run , the ending seed is obtained with the RANGET sub-

routine and recorded. Titus , when random sampling is desired ,

the end seed from the previous run can be used as the in-

- itial seed for the current run . If , instead , corre lated

sampling is desired, the same initial seed can be used for

both runs.

VAlIDATION

Validation is defined as the process of developing an

acceptable level of confidence that the inferences drawn from

the results of a model are correct and applicable to the real

world. To achieve an acceptable level of confidence in a

model, Naylor and Finger suggest a three stage approach~
(1) Construct a set of hypotheses about the manner in

which the model elements interact. These hypotheses should

be based on all available information including observations,

(
~~ 

previous research , relevant theory , and intuition.
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(2) Attempt to verify the hypotheses of the mode l when-

ever possible using statistical testing.

( 3)  Compare the input-output transformations of the

model to those of the real system (Ref 4~217).

The discussion of model validation presented in this section

is oriented toward this three stage approach .

Naylor and Finger’s Stage (1) was , in practice , per-

formed during the design and construction of the simulation

model developed in this thesis. The data collection process

dur ing the course of model development was directed toward

constructing a set of hypotheses, and these hypotheses are

manifested in the model design.

Stage (3), on the other hand, cannot be performed at

the present time because no empirical data currently exists

concerning RPV effectiveness in a chaff dispensing mission.

Thus , this last and most crucial test of model validity must

await real world deve lopments. Given the status of Stages

(1) -and (3), the validation process at present is limited

to the development of Stage (2) of Naylor and Finger’s thre~i

stage approach, and this stage is the subject of th~ re-

mainder of this section.

The two validation experiments conducted with the sim-

ulation model developed in this thesis have addressed the

effects of certain input variables or parameters, called

factors , on the response variable, which is defined as the

number of RPV ’e required to achieve chaff corridor satura-
‘ -j ( ‘: tion. The experiments were conducted separately because one
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represents an analysis of the RPV flight portion of the model,

~r. while the other represents an analysis of the chaff corridor

portion of the model. Both of these experiments used full

factorial designs and employed analysis of variance (ANOVA)

techniques to determine statistical significance.

RPV Flight Model Validation

Four factors were selected for analysis of the flight

portion of the model because these parameters were initially

believed to have a strong influence on the response variable.

The four variables were

(1) ERRNAV, the coefficient which, when multiplied by

distance flown, gives the standard deviation of the naviga-

tional error probability distribution;

C (2) CORBEG, the distance fom the launch point to the

leading edge of the chaff corridor;

(3) CORLEN, the length of the chaff corridor; and
(Ii.) POLICY, the cross-track error threshold beyond which

the RCO is assumed to initiate heading trim control.

While each of these is a quantitative factor , only

linear effects were of interest in this initial test. There-

fore, a full factorial experiment was performed with each of

the factors varied at two levels representing the extreme

points of the range of interest. The resulting orthogonal

design consists of 16 (2~) treatments or cells. Each cell was

replicated 30 times, and Li~8O data points or cases resulted.

Table III illustrates the experimental design for the RPV

flight portion -of the model. 
V
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Table III -

EXPERIMENTAL DESIGN FOR THE FLIGHT PORTI ON OF THE MODEL
V 

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

ERRNAV1 ERRNAV2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

CORLEN1 CORLEN2 CORLEN1 CORLEN2
POLICY 30 30 30 30

CORBEG 1 
_________  _________  _________  __________

1 POLICY2 30 30 30 30

POLICY 30 30 30 30
CORBEG 1 _________  _________  _________  _________

2 POLICY2 30 30 30 30

The data collected from the experiment were analyzed with

a four-way analysis of variance (ANOVA ) technique using the

Statistical Packages for the Social Sciences ANOVA computer

routine (Ref 3). The ANOVA table and cell means and standard

deviations are provided in Appendix E. Of the main effects,

only CORBEG was statistically insignificant. While the three-

way and four-way interactions were not significant, the two-
way interactions bet~een the three significant f-actors
( CORBEG , ERRNAV , and POLICY) were also statistically sig-
nificant, and further analysis of the effects of these three
factors is warranted. - 

V

The results of the experiment provided the following

observations : S

(1) The longer the chaff corridor , the more RPV ’s
required to achieve saturation,

(2) The greater the value of ERRNAV, the more RPV ’s 
V( required to achieve saturation, and

611.
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(3) The greater the value of POLICY, the more RPV ’s re-

quired to achieve saturation.

-L These observations, made by comparisons of the means of each

experiment cell, coincide with real world expectations and

thus provide confidence in the validity of the model.

Chaff Corr idor Validation

The second validation experiment addresses the chaff

corridor portion of the model. Because very little actual

data exists to support any particular chaff corridor design ,

an analysis of the effects of the two corridor dimensions on

the number of RPV ’s required to achieve chaff corridor satu-

ration is essential before establishing any degree of confi-

dence in the validity of the simulation model. The two box

( dimension factors considered are DELX , the length of each box,

and DELY, the width of each string in the chaff corridor.

To test the effects of these factors on the response

variable, a full factorial experiment was designed with each

of the factors varied at two levels. The resulting orthog-

onal design consists of four (22) cells and 120 cases since

each cell was replicated 30 times. Table IV illustrates the

experimental design . V

The data collected from the experiment were analyzed with

a two-way ANOVA, and the ANOVA table and cell means and stand-

and deviations are provided in Appendix E. Of the two main

effects and one two-way interaction , only the effect of DELY

- I ~ 
was statistically significant. In fact, a comparison of the

cell mean values presented in Table V shows that a three-fold
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- 
- Table IVri

EXPERIMENTAL DESIGN FOR THE CORRIDOR PORTION OF THE MODEL

DELY1 DELY2

DELX1 30 30

DELX2 30 30

Table V

CELL MEANS FOR THE CORRIDOR EXPERIMENTAL DESIGN

DELY = 250 ft DELY = 750 ft

DELX = .5 NM 832.8 189.~
DEIIX = 2 NM 731.3 185.6

increase in the width of the corridor strings results in a

four-fold decrease in the number of RPV ’s required to achieve

corridor saturation, even though an increase in string width

implies a concomitant increase in corridor width. Fewer ve-

hicles are required to achieve saturation when the width of

the strings is increased because, in the model, the penetra-

tion of any portion of a box by the extended flight vector

of a vehicle is interpreted as chaff saturation of that box.

This sensitivity to values of DELY coincides with real world

expectations, in that, as the value of the lateral dipole dis-

persion diameter of the chaff cloud for each vehicle increases,

the number of vehicles required to perform the mission de-

(~ 
creases.

While this portion of the model is designed with as much
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detail as b~own information will allow, the awareness of model

sensitivity to lateral dipole dispersion diameters conditions

the use of the model. Because of the sensitivity, any corridor

mission simulation must assume a lateral dipole diameter (value

of DELY), and any inferences from the results of the experiment

must be drawn with reference to that assumption.

PROBLEM ANALYSIS -

Problem analysis is the last of Fishman and Kiviat’s

simulation testing categories. This category of testing

represents the culmination of the modeling process to date,

and it is during this period of analysis that the model is

exercised to obtain the information for which the model was

V 
originally developed. Problem analysis does not mark the

( termination of the modeling process, however. Rather, the
problem analysis category of simulation testing begins an

iterative process of model refinement and modification.

This section first presents an application of the model

developed in this thesis to establish the chaff mission

effectiveness of two postulated RPV’s possessing different

operating parameters. Then, the simulation model will be

used to demonstrate the potential mission effectiveness of

one of the postulated vehicles as a result of certain system

improvements.

Mission Effectiveness of Two Postulated RPV ’s

To demonstrate the application of the chaff effective-

(~ ness model, two portulated RPV ’s will be evaluated. The
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first vehicle uses a dead-reckoning navigational system while

the second vehicle possesses both LORAN C/D and doppler capa-

V 

bility.

The Dead-Reckoning Vehicle. The evaluation of the dead-

reckoning vehicle begins with the simulation of vehicle per-

formance using the model presented in Chapter III. Input

parameters for the simulation are set as follows:

1. CORBEG = 100 NM (A midrange distance for anticipated

employment scenarios);

2. COREND = 150 NM (A midrange distance giving a corridor

length of 50 NM);

3. NIThIRUN = 30 (Provides 30 replications of the experiment);
11.. DELX = 1 NM (Selected arbitrarily since validation

experiments indicated this parameter has no significant effect

in the range .5 NM to 2 NM);

5. DELY .25 NM (Assumes a lateral dipole dispersion

diameter of .5 NM per vehicle to ensure saturation if 
V 

vehicles

penetrate adjacent corridor strings at opposite lateral limits

of the strings)s

6. LIMRPV = 1000 (Prevents excessive execution time if

total saturation is not achieved);

7. ERENAV - .03 (The navigational error coefficient of

the postulated vehicle);

8. ERRRCO = .00722 (The RCO perception error coefficient

for the DC-130 aircraft and MDCC system);

( 9. POLICY = 2 NM (The assumed RCO control threshold).

Statistics for the 30 replications of the simulation are
-4-
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Table VI

SIMULATION RESULTS

MEAN STD DEV
Cross-track perception error due to
DC-130 heading error

A1{RS-equipped aircraft .101 NM left 2.588 NM
INS-equipped aircraft .001 NM left .653 NM

Number of vehicles required to achieve - V

the following levels of saturation
50% - 11.7 3.300
90% 36.7 10.452
95% Li.9.5 15.813
100% 89.9 33.568

presented in Table VI . The standard deviations of the RCO

corridor cross-track perception errors due to DC-130 heading

error are 2.~88 NM and .653 NM for the AHRS and INS-equipped

( aircraft, respectively. Consequently, the subsequent statis-

tics presented in Table VI refer to a chaf f corridor which is

expected to be located at least 2.588 NM left or right of the

desired corridor position 32% of the time if AHRS-equipped
aircraft are used to ~~ntrol the vehicles and at least .653 NM

left or right of the desired corridor position 32% of the time

if INS-equipped aircraft are used. The importance of this error

depends on the specific mission scenario under analysis.

Given that the number of vehicles required to achieve a

stated level of corridor saturation in each simulation repli-

cation is an independent random variable having the same dis-

tribution, and since the experiment is replicated 30 times,

the Central Limit The orem can be applied. Thus , the sample

mean of the number of vehicles required for each saturation - 
-
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level approximates a normally distributed random variable

(Ref 1s206). 
-

Consequently, the following relationship can be used to

determine a confidence interval for the number of vehicles

required to achieve each level of corridor saturation (Ref 1~ 272):

- Z~,.2 ( ci/~~) < ~ < ic + (d/Jii) (15)

where ~ is the sample mean , Za/2 is the value such that the

integral of the standard normal density from Za/2 to • equals

~ i~, the population standard deviation (estimated by the

sample standard deviation since n 30), n is the sample size ,

and 
~i 

is the population mean .

Using Eq (15), the following are 95% confidence intervals -

for the mean number of vehicles required to achieve the fol-

lowing levels of corridor saturation:

50% saturation 10.5< ~ < 12.9

90% saturation 33.0< ~ < 40.11
95% saturation 43.8< ‘-< 55.2 -

100% saturation 77.9 ~ ~i < 101.9 -

V To obtain confidence intervals for the tOtal number of

vehicles which must be available to achieve the desired level

of corridor saturation, the confidence limits given by Eq (15 )

must be divided by the mission completion success probability ,

(MCSP). For example , given a MCSP of .6 for the vehicle under

consideration. 100% corridor saturation would require the/avail-

ability of between 130 and 170 vehicles in 95 of 100 saturation

~- ‘- - attempts.
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— The LORAN-Equipped Vehicle. Assuming the LORAN remains

functional, the evaluation of a LORAN-equipped vehicle can be

accomplished analytically. Given a cross-track navigational
- 

V accuracy of within 300 feet of desired track at any point

during flight, and assuming a lateral dipole displacement

diameter of .5 NM per vehicle as used in the evaluation of

the dead-reckoning vehicle, four vehicles would be required

to achieve total saturation of a two NM wide chaff corridor.

With an accuracy of within 300 feet, each vehicle would be

programmed to fly down the centerline of two of the strings

defined in the simulation of the dead-reckoning vehicle.

To determine the number of vehicles which must be

V available to achieve corridor saturation, the number of

vehicles which must fly the mission is divided by the MCSP.

Assuming a MCSP of .5, corridor saturation would require

the availability of eight LORAN-equipped vehicles. Should

LORAN capability be lost at any point , the simulation mode l

developed in this thesis could be used to obtain statistics

on the number of vehicles required to fly the mission to

achieve any desired level of corridor saturation.

V Potential Vehicle Effectiveness Improvements

The simulation experiment discussed in the preceding

subsection revealed that a large quantity of dead-reckoning

vehicles are required to achieve total chaff corridor satura-

tion, even assuming a large lateral dipole dispersion diameter

( (.5 NM) reflected in the width of the corridor strings ( DELY

~ .25 NM). With current employment concepts based on only

71

_ _ _ _ _ _ _ _ _  
- - 

•~~ 
- -



30 PEWS RPV sorties per day (Ref 7), and given the input 
-

parameters of the preceding simulation, only one chaff cor-

ridor mission could be flown each day, and that mission would

result in a corridor saturation level of less than 90% in 95

of 100 attempts.
V 

Consequently, simulation experiments were conducted to

demonstrate the ability of the simulat ion model to provide V

information on the potential improvements in vehicle effec-

tiveness derived from changes in the dead-reckoning system.

The experiments assumed the retention of the dead-reckoning

system, but autonomous vehicle navigational capability and

RCO perception were improved.

Table VII presents the increased effectiveness derived

( from these improvements. The means listed in Table VII

result from a simulation run which replicated each experiment

30 times. DELY was set equal to .25 NM for all experiments.

Table VII

VEHICLES REQUIRED FOR GIVEN LEVELS OF CORRIDOR SATURATION

INPUT PAR AMETERS MEAN NUMBER OF VEHIClES
ERRNAV ERRRCO POLI CY 50% 90% 95% 100% MI€SES

.03 .00721 2.0 11.7 36.7 49.5 899 2 9 1

.01 .00721 2.0 9.6 35.8 56.1 213.2 53.0

.03 .00361 1.0 8.3 23.11. 32.11. 60.8 2.6

.01 .00361 1.0 6.7 26.5 35.7 72.9 4.1

.03 .00180 0.5 6.5 2 7 2  114.5 825.4 0

— 

.01 .00180 0.5 7.7 63.3 172.4 593.3 0

(-
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Note in Table VII that POLICY decreases with each de-

crease in ERRRCO. This reflects the relationship between the

RCO ’s perception ability and his willingness to take corrective

action. The more accurate his perception of the actual vehicle

position, the more quickly he will take corrective action when

he perceives a position error.

Note also that the mean number of vehicles required to

achieve a stated level of corridor saturation increases with the

final improvements in input parameters. While this would appear

to indicate a decrease in vehicle effectiveness, the last column

of the table , presenting the mean number of vehicles which miss

the corridor completely, decreases for improvement in ERRRCO

and POLICY . This increase in mean number of vehicles required

( implies an inconsistent saturation density where many vehicles

are redundently seeding the same corridor area while other

areas remain unseeded.

Consequently, at some point during the process of im-

proving vehicle input parameters , the current simulation scen-

ario of launching each vehicle from the extended corridor cen-

terline and returning that vehicle to the perceived centerline

during subsequent RCO control must be revised. At that point.,

a more sophisticated employment scenario must be assumed in

which vehicles are launched with predetermined lateral spacing

and are subsequently corrected to provide lateral spacing dur-

ing RCO control. The simulation model developed in this

thesis has the capability to represent such an employment

( scenario and evaluate its effectiveness.
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(. v. SUMMARY

The objectives of this thesis were to design and construct

a model to determine the quantity of RPV ’s required to perform

a chaff dispensing mission and to demonstrate the use of the

model by establishing the chaff mission effectiveness of two

postulated RPV ’s. To accomplish the first objective , a model

to evaluate chaff mission effectiveness was developed using ve-

hicle navigational accuracy and mission completion success V

probability as the relevant operating parameters of each

vehicle. The second objective was accomplished when the

model was used to evaluate the effectiveness of two postulated

vehicles, one possessing a dead-reckoning navigational system
V and one navigating with LORAN C/D and doppler.

0
CONCLUSIONS

A model to determine the quantity of RPV’s which must

be available to perform a given chaff dispensing mission has

been developed. While the system reliability measurements for

all vehicles and the navigational accuracy of LORAN-equipped

vehicles can be represented deterministically, the navigational

accuracy of vehicles not equipped with functioning LORAN is

described stochastically, and a simulation model seems approp—.

n at. for that portion of the overall effectiveness model.

A ..arch performed during the development of the sto-

~~~ttc s1-~ i1&tion model for a method to represent the con-

by each vehicle toward achieving saturation of

~~~~~ . ‘ridor revealed that very little is Imown about

V 
_V  - 

_
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the nature of chaff clouds. In addition, little is known of

the width of actual chaff corridors after the dipoles reach

equilibrium in the atmosphere. Since the simulation model

developed in this thesis reflects real world sensitivity

to these unknown parameters, any inferences drawn from the

results of experiments performed with the model must be based

on an assumed lateral chaff dispersion diameter. Greater

confidence in the results of experiments could be achieved

if more empirical data concerning chaff dispersion were

available . Further model validation must await a clearer

understanding of chaff dynamics and steady-state dipole

characteristics.

Beyond providing statistical results given certain

vehicle parameters and assumptions of the chaff corridor

characteristics, the model appears to have application in

two areas. The first is evaluating the increased mission

effectiveness derived from improvements in navigational ac-

curacy and/or RCO per~eption. This evaluation is necessary

f or the allocation of resources to research alternatives

offering the highest return in overall mission effective-

ness . The second application is evaluating alternative launch

and employment scenarios including DC-130 positioning at

launch and RCO vehicle correction policies.

RECOMMENDATIONS FOR FUTURE WORK

Research is under way to determine such chaff corridor

I ~~~~~~~ 

characteristics as required corridor width and the lateral

dimensions of the dipole cloud produced by each seeding vehicle .

V
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As information becomes available, it should be used to deter-

mine realistic parameters for the chaff corridor portion of

the simulation model.

The last two recommendations for future refinement of the

model pertain to the sensitivity of the simulation portion of

the overall model. The simulation model currently assumes

that cross-track errors are normally distributed. To deter-

mine the sensitivity of this assumption, other symmetric

probability distributions with the same location and scale

parameter values might be substituted for the normal distri-

bution in the model. If the normality assumption proves

sensitive, further investigation of actual flight test data

to ensure the accuracy of the distribution function selected

for the model is warranted.

Finally, the number of vehicles required to achieve

mission completion is highly sensitive to the percentage of

chaff corridor saturation desired. Consequently, any satur-

ation level less that 100% requires significantly fewer ye-

hid es to achieve, and an investigation of the actual degree

of corridor saturation deemed sufficient for mission success

would provide valuable information for future applications

of the model.

C)
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Appendix A

Variable Definitions

~ubr out m e s

CORIDOR - returns an array containing the number of vehicles

which have penetrated each corridor box to that point
I

- 

in the simulation.

FLIGHT - returns the vehicle position when located on or abeam

of the leading edge of the chaff corridor and the actual

flight vector slope.

HEADERR - returns two RCO cross-track corridor perception error

values due to DC-130 heading error.

RANGET - a CDC intrinsic function, returns the current RANF

seed for future use.
V 

RANSET - a CDC intrinsic function, sets the seed in the RANF

generator.

RCO - returns the cross-track and along-track distances defining

the position from which new, corrected autonomous flight

vectors begin.

RNORMAL - returns normal random variates given distribution

parameters as arguments.

STAT - computes and prints the response variable statistics for

each simulation experiment .

TALLY - returns the total number of chaff corridor boxes which

have been penetrated to that point in the simulation.

C
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Main Program Variables

CORBEG - an input parameter, distance from launch to the leading

edge of the desired chaff corridor.

COREND - an input parameter, distance from launch to the trailing

edge of the desired chaff corridor.

CORW - width of the desired cftaf±’ corridor. 
V

CRIT - an array containing the saturation level values for which

response variable statistics are to be calculated.

CURSEED - value of the ending RANF seed obtained by RANGET.

DELI - length of the corridor boxes, an input parameter .

DELY - width of the corridor strings, an input parameter.

ERR 1 - the value of the RCO cross-track corridor perception

error due to AHRS-equipped DC-130 heading error.

ç 
- 

ERR 2 - the value of the RCO cross-track corridor perception

error due to INS-equipped DC-130 heading error .

ERRNAV - the coefficient describing the navigational error

probability distribution for the vehicle simulated.

ERRRCO - the coefficient describing the RCO perception error

probability distribution.

HOLD - an array storing all response variable values until V

needed for statistical calculations.

ICOR - an array listing the number of vehicles which have pene-

trated each corridor box to that point in the simulation.

ICOREND - the number of boxes in one string of the chaff corridor.

ICOUNT - total number of boxes penetrated by RPV ’s to that point.

LIMRPV - the maximum number of RPV ’s that can be simulated in one

replication before simulation of that replication terminates.
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NUMISS - number of RPV ’a that have missed the perceived corridor

completely to that point in the replication.

NUMRPV - the response variable, number of RPV ’s launched and V

flown to that point in the replication. 
-

NUMRUN - the number of replications to be simulated with one

set of input parameters.

NUMTOT - total number of boxes in the chaff corridor. 
V

POLICY - RCO control initiation threshold, an input parameter.

SEED - value of the beginning RANF seed , set by RANSET .

YCOR - the cross-track distance to the vehicle when located

on or abeam of the leading edge of the chaff corridor.

Subroutine CORIDOR Variables

CORBEG11. - distance from launch to the leading edge of the desired

chaff corridor.

COREND4 - distance from launch to the trailing edge of the desired

chaff corridor.

CORW - width of the chaf f corridor .

DELXLI. - length of the corridor boxes.

DELYZI. - width of the corridor strings.

DX - along-track distance traveled by a vehicle while remaining

within one string.

DYDX1i. - the slope of the actual flight vector.
V 

IBOXBEG - the horizontal box number in which a vehicle enters a

new string .

IBOXEND - the horizontal box number in which a vehicle exits a

(
_
) string.
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ICOR4 - an array listing the number of vehicles which have pene-

trated each corridor box to that point in the simulation.

ICOREN4 - the number of boxes in one string of the corridor.

ISTRING - the number of the string in which a vehicle is located.

XNEW - along-track distance foin the leading edge of the cor-

ridor to the point at which a vehicle exits a string.

XOLD - along-track distance from the leading edge of the cor-

ridor to the point at which a vehicle enters a new string.

YCORL. - cross-track distance to the vehicle when located on

or abeam of the leading edge of the corridor.

YNEW - cross-track distance to the point at which a vehicle’

exits a corridor string .

YOLD - cross-track distance to the point at which a vehicle

enters a new corridor string.

Subroutine FLIGHT Variables

AYBEG - cross-track distance to the beginning of the actual

flight vector.

AYEND - cross-track distance to the end of the actual flight

vector.

CORBEG2 - distance from the launch point to the leading edge of

the corridor .

DYDX2 - slope of the actual flight vector .

ERRNAV2 - the coefficient describing the navigational error

probability distribution for the vehicle simulated.

ERRRCO2 - the coefficient describing the RCO perception error

probability- distribution.

V 
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EXA - the mean of the actual flight vector cross-track error

probability distribution.

EXP - the mean of the perceived flight vector cross-track error

probability distribution. 
V

POLICY2 - RCO control initiation threshold.

PYBEG - cross-track distance to the beginning of the perceived

flight vector. V

PYEND - cross-track distance to the end of the perceived flight

vector.

STDA - standard deviation of the actual flight vector cross-

track error probability distribution.

STDP - standard deviation of the perceived flight vector cross-

track error probability distribution.

C 

XBEG - along-track distance from the origin to the start of

both flight vectors.

XEND - along-track distance from the origin to the end of

both flight vectors.

YCOR2 - cross-track distance to the vehicle when located on

or abeam of the leading edge of the corridor.

V 
Subroutine HEADERR Variables

A = Hol].erith format specification for output.

CORBEG1 - distance from the launch point to the leading edge of

the corridor .

ERR 1 - the value of the RCO cross-track corridor perception

error due to AI~~S-equipped DC-1.30 heading error .

0 ERR2 - the value of the RCO cross-track corridor perception

error due to INS-equipped DC-130 heading error .

84

•
~~~~~~~ V 

~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



EX1 - the mean of the RCO cross-track corridor perception

error probability distribution due to AHRS-equipped

DC-130 heading error.

EX2 - the mean of the RCO cross-track corridor perception

error probability distribution due to INS-equipped

DC-130 heading error.

I - Hollerith format specification for output.

L - Hollerith format specification for output .

R - Hollerith format specification for output.

STD1 - the standard deviation of the RCO cross-track corridor

perception error probability distribution due to A}ffiS-

equipped DC-130 heading error.

STD2 - the standard deviation of the RCO cross-track corridor
V perception error probability distribution due to INS-

equipped DC-130 heading error.

Subroutine RCO Variables

AYBEG3 - cross-track distance to the beginning of the actual

flight vector .

AYEND3 - cross-track distance to the end of the actual flight

vector .

AYRCO - cross-track distance to the actual point at which RCO

control is initiated.

CORBEG3 - distance from the launch point to the leading edge of

the corridor.

ERRRCO3 - the coefficient describing the RCO perception error

()  probability distribution.
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EX3 - the mean of the probability distribution describing AYBEG3.

POLICY 3 - RCO control initiation threshold.

PYBEG3 - cross-track distance to the beginning of the perceived

flight vector.

PYEND3 - cross-track distance to the end of the perceived flight

vector.

PYRCO- cross-track distance to the point at which RCO control

is perceived to begin.

STD3 - the standard deviation of the probability distribution

describing AYBEG3.

XBEG3 - along-track distance from the origin to the start of

both flight vectors.

XEND3 - along-track distance from the origin to the end of

C 
both flight vectors.

XFIX - along-track distance from the point at which RCO control

begins to the point at which RCO control ends.

XRCO - along-track distance from the origin to the point

at which RCO control is initiated.

Subroutine RNORMAL Variables

All variables are components of the Marsaglia and Bray normal

random variate transformation- (Ref 11.: 361-362).
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( Subroutine STAT Variables

AVG - an array which stores the mean values of the response

variables until printed.

DEV - an array which stores the standard deviations of the

response variables until printed.

DIF - an array which stores the sum of the difference between

individual response variable values and the mean value.

HOLD7 - an array which stores all response variable values

witil needed for statistical calculations.

NUMR UN 7 - the number of replications to be simulated with one

set of input parameters.

SUM - an array which holds the sum of all the individual

response variable values.

- C

.

Subroutine TALLY Variables

ICOR5 - an array listing the number of vehicles which have

penetrated each corridor box to that point in the simu-

lation.

ICOREN5 - the number of boxes in one string of the chaff c~lTidor.

ICOUNT5 - total number of boxes penetrated by RPV’s to that

point.

~~ (H
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PAGE 1. 0P 5
START
PROGRAM

0
READ .

SEED
1

J e j ,  Le O~~1 iL~~ 1SI1~D ~Q P~Q

CALL
RANSET

SET’
NJ1~~PV~

PRINT.

MRPV- —.

UMRPV

READ .
INPUT
PARAS . 2

CALL p2
PLIGHT

I~lPU T CALL
E . O . F  RANGET

ORW/2- <0 SET,N S(YCOR NUMISS.
[ NUMISS.1

PRINT . ‘IRIN
?ARAS CURSED

~ALL
OCRIDOR

ICCREtiD 
________

CORW
CALL
DALIX

SET,

I.1.
OUNT

CR !T(J 3
6 TO

SET.
CO R ( J , K )~ 0

SET ,
KOLD(J+2 , I
.~m~~pv

CALL
~~ADERR

PRINT.
I

NUMRPV
ICOR

SET .
CLD (t , I) .E
OLD(2 ,I).E j

SET .
N~~~PV.O

~~ 

NVMISS.O 2
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PAGE 2 OP 5

(•
~ 

1”BXS PA~E IS B~~T QUALXT! ~~&~~~ &BZII
FROM OUPY FL~~~is1~~~ ~~ ~~Q

/ PRINT. I
/ ‘LIr~ PV I SET .

~xc~~ E~ ’ / I ERL”ER2 0
I ICOR I I
SET. ___________

SET , I
M~ J+2 EX1.O

___________ 
STO1-

2 

.026 00R3

K~M ,6 CALL

I 
RNORMAL

SET.
’ 

_ _ _ _ _

HOLD(K ,I). SET.
LV4RP’1 EX2.O

____________ STD2.
.005 CORBEG

EN~ f
~~~~~~~~

j  ~~cs~t~u~

1- <0 SET .
NtTh~ UN 1.1+1 / PRINT.7/ ERI,

/ ER2

6
CALL -

STAT r ~~~~~
~~~~~1RN J

;~ .
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‘• I PAGE 3 0? 5

(
~~~~Th

~~ PLIGHT J

I A~3EG~ I 
- —I---—

-
PYBEG
cBEG.O

SET,
8 ____________EXA AYBEG Ci~fl

SET.
STDA CA.LC .

ERRNAV x XRCO
CORBEG-XBEG PYR CO

AYRCO

i
v

I CALL

L RNORMAL xP.~x

_ _  

[
~~~~EG

[SET. __________

F~~ii 
4

EX3..AYRCO

L T
PYRCC

SET. 
_ _ _ _ _

I T P  -.
..z~P.F.CC x F~

ET.
CCRB EG -XBE ERRBCC x

CALL
RNORMAL CAl L

L RNORMAL~

CALC , 
________

~~ND ( RETU.RND

<3 
CALL

CALC i 8
YCOR
DYDX

RETURN
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SET .
I3C~~ E G 1
YOLD.YCOR
XOWwO

CALC ’ 
— -

~

L!~1NG 
1

SET.

I (C  3O~~ W ~ RETURN
_ _ _ _ _ _ _  

CO

~ ( SET .
A35 tDY ~ X I! ::~~o~ 

SET .
- ECCRE ND XOLO—XNEW

>0 
.:OLD.r4Ew

cm (_)
IBOXBEG.

<0 
0

SET. SET ,

~NEW— EW~
(ISTRI~G-5 , (ISTRI~.G-~ ) YDX

x DELY x CELY
<0

SET.
_______________ 

3ET:

_ _ _ _ _ _  

~~~~~~ING Y  j~~~T~RN
_D

:~~~~~
L. t3O~~EG .

IBO~~NB

ICOR(L.
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ICOR (L
~~~~
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(START
~~~S~~T

5 PAGE 5 O? 5
TALVI 

DO
1.1, 6

r SET , 
_ _ _ _ _ _

IL 
COUNT O

DO _ _ _

J.1.
ICOREND SUT. flI ) .

SU T 4 ( I ) +
MOLD(I , J)

END
LCOP

SET. 
__________

COR(J, K) COUNT 6
>0  COUN~ ,1 DO

N 
1.1.6

4 _ _

END ISET .
• aWG(1) s

NUC4RUN

C) 

RETURN 

~~~~~I

DIF(1) .DU( )

~~~~~~ 

~
( MOLD( I J)

• CALC i IILP’
12

• LOOP

12 

[
uui~~6 

1

CAl . 
_ _ _ _ _  /
ISET.
I~~~~~~~~

QRT F,
RETURN 

_ _ _ _ _

C !~ / 
*/ DEV ’s /

_ _ _ _ _  

4
7

93.

~ ..~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:.? 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~



— - - — —,-.—-——.—‘——-•.•—.—. —

Appendix C( )
• Computer Program Listing 

• I

Ii 911

______ - - - ~~~~~~~~~~~~~~~~~~~~~~~~ ..~.. ~~~~ —- . r - . -• —. - ‘

1 
i~~~~ ~~~~~ -~~~~~~~ -~



) %

? ‘
~~ 

~~~~

C

C

C

7
I.-
p.- 4 - 7

o

0
L._ In
0 L~a’:

4-

a’
C C
C e

—
-S Z0 I~ 0
—
.5 l_ C.~• C
V ~~~~~~~~~ a
• I.. — C

S 1n7>
C 4-

2 2 L~- C 4- -
I- . 4 I~~ C 2• T O  a’

a’ a’ a a’
w 0 C C,—

~~~
.•_  • I (.~ —

‘ 
L > ~~ > 4- 4- 4-

a. _J — —.
a’ - 4-

~~ ~ - C
I-. _.I

• S. I& I~ J I~J .J
5 l- - C * C C,. • _a a 4-
4-0 .J * 1J • P~t~. .J C 0

i~ 4- — r ~ C.) — C
• C 0’ .~ 7

C 4- V — . 0’ P I-
— .jf 7~~ • C 0 .~ (S
L.. I.. a’ (~ + C. C

— 7L~~~ C • C 0 4 -  CD a’ — C
4- 0 P.- — C  5.,l I~ • > -

.4 II- 20 C C
a •‘ a’ .4 

~ 7 —4-. . C.  • a’C C a’ .4 0’ —• 
~~ ..i .4 H TI.~ C C  C.) a’ 0 C
C~ 70 _I C .  ft 5 7(.) ~ 0 0
• Il-.~ .._ IV 2 .  .~~0’ C CD ~~~ • L C

4— ~ S • ~~ 0 ~ C •0 a’ ~ 5 II~ 1 4-v- 7o a’  .7. u~ ~~~. ca’ ~ C •~~~ i. — .  a• II C 2 ~ 1~. S ui a’ * • 0’ > C C
4- 7 C C . 4 . 4  ~~~~~~C — If 1.7 •.  C C C > 0  0’ U’ C.)
a. .-‘ -J ~ ‘.~ .44 c a’ • CD ~ C C C a a’ C in
0 — V u. CD I • Iii . C ui ~ S C II • N .I Psi 4 5 1.) 4-

5 1.JCC (al- C S  u~~- — a ’.- .-0’Q — I: . 0:
4-’ ~~~~~~~ 04-4 0 (nW.4 .7 0~~ i— 4 ..j —~~ a .....~~~~ 4- 7 0
~f r a~ c~~ C.)0’If W 4 -  C D a .  Ca ’  Z C u~~~~~~)C ..fl~~~ 0’ .l7~~~ ~ .~~ c

.5 > C 70 4- 1,.) • 4- V 1.. 7 CD 4-. C.) C • II — 0’ II II > CD l’ ~ 0 4-
P.- 0. 0’4- •.. C- 1.. • C• - • • .— * .4 * ..l * ) a o II ii 0. #.. . ii p. ~ 

-
a. ~~~~~~~~~~ 2 2. 4  i . I ne S  a _ j ~~.~~ ’ O ~ ii ii — II 0~~~~~~ 0! ..j I —~~4 03 7 2  0 O  ~~ Z C  OV. C C’ 0’ H C ’ ) 4 C u J  ~~ e 0 ! w  * SI N ~~~~~~~~~ $~. 

4 11) 7
P. 7 a’~~~~-4- .—. P- 0 V C  C . ) :  C .102 1... • — 0. .-’ C(P C I-’

• 4 4- V V i C.~ -0: 4- .11. 2 S - f t 4 . 4 CZ  a . 4C D 2  Cs. >v  0 4 1  -~ C 4 - I - 4 -  ~~• 0 S C D C  2 2  * ~~~~ 05- 4- 4.- L..’ C  0 5 4 —  —. — 4 - 4 -  — —  0.V t ’T  . .-.7 7 _j
CD 0) 4 )20 ’  S . I ~~C C_ IZ Z  0~~~ Z 7 Z  0 ’ 4 - 7 I0 4- .50 4- 100 44 -  .4741.. C 41.700 C
C. I-4~~44-1l. 7 5 5-  C .J PI Q C 4 - . 4 4 -  O f a’  0 7 ii C S _ i _ i .J 77  SI- C.) 4 - Z C D C . .  C

• a’ ~~5v 0 .  .-..-~~ (~.C 0 : C  w41. a’o’a’ C . . 0 C  C C C C C C  37 C’
7 0. .4770 C C C  0’CD441. o’— O.@ O. .424)0 4- 0 4) 4)T’7 22 C

4-
a. C 41) .5 In 0 0 0 F’) .5
0’ 0 a C .4 4-

4) C.) 4)42 .4 .4 .4 .4 .‘ .1 —• S
C

U” ~ ‘ U’. ~~l

95

~~ 
; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 
_ _ _  

C. 

~~~~~~~~~

C 
~~~ -I



)

THIS PAGE IS B~~T QUMjti’y PZLC~~~L~lI~r QQF~ iL~~ISii~, DD~Q

C
.5

C

C
C

1—
P..

p.-
a

0
O 4- * •

.3 0’ * 0
5-4 3 — 0  .4 ( ‘C I-

7 .-. C C- C’
o 4- 4- 4- 2 ~ •
0. 4-’ 4-0 • 4-- I, .  a’
• 5.. 4 - 4 -  4- 111 C — 4- — 4-
C • V V 4 -  C L C 4 -  * .4~~~ 4-
42 C 7*  — _ J C I (P
0’ F C- - C 4  C C ~ 4-
0 5. C i t C D a  l- ’Z 4 -

.3 a’ - 1 1 7  7 0W  2 -SIt 0
• Li H 2 4-- 4 - 4 -  41. — ..J C CL 4- 41
IC • C 0.0: ~~~~~~ —
• 4- 41. . 4* 4 - F )  4- (p S I— 0 a’.3 C 0’ 5-- 4- Cl! 4-— • I--. C C C’.- ~ p.-

Z — C C D *  — C I C  —I 5.- 4-
7 Cl’ 2 0 . 2. 0  4- 2 -~~~4- C 0 2 5-. I.) ~~ 4- 7 • j
C C-’ C. 1-- 0 .-. I--- • C .— 1 ’ L  si

• 0’ C 4- — — .3 * C- (P * r
• C . 4- H Cl! V. I— 4- ~‘ . 4 -  — C * C
2 4- — _I • — * 5 — C 0’ CL It S •

— U. c .v .. • ‘.,~~~ C C sup, . a’
C C CJ 4 - 0 4 - 4  4 - I — C C 0 ’.c 0’

0 4-O 4 2 . 5 C D 4 - .  5-. C.) C .jC ,— C
4- • * 74- — C’. = ..J C — 41.

• .,J F. I~ 0 •4-  — * CL Ii.: 0 4-
• C Li 4 -C  U. * 0: 4-) 41. — I

CD ) C .0’CPsJ 5- 4- O U ’4 -  4- 0
• .07 CD U) • C C (1) Psi I. C’.

• — 4- C P 4 1 4 - 4 - 7 * 0 ’  .44-C C 4-  • 5--
4- 7 5— C C 54 • IC’ — •41.. C — U’ —

— 4- 0’ — C- • V. 0’ 0’ 0 4-  7 V . u I— C U’ CS,
4.- C 42 C C’ 0’4-~~ 4 - e l f  I. C L I —

4- — ~ ‘ 0’4-C(P F’ _~~~ 4 - ( ’  I f S  •
7 * C a’ 1 .7  * 4 - 1  C T I’  1. C.

0 2 — • • - 01.- CD • — •  > 7  ~~ 6 41. 51 —• a’ 7 4-C :4 — C.’- 7 C 7 U*  .3 C~~~~ W ‘Ii ( “ S  .3
.4 * 0. 0 — Li 7 0 4 - C’ . - 4 C4 C 7 — C  m. .’* —
• _i U 4- 0’ 2 1.. 7 4- CDI - 4- C’ 7 4.- _j 4-
C ~) 7 —  • 0. 0’. 0-0•7. 1 0 ’ C 4 -  V •I.
2 — — _i Of C 0’ . _ I* s~~ P’~ 04’ — —  D C
1. I— 7? ..i • I C C.) 0 — 4- CD ~~ a * ~.. S u
0’ 4- — — • — I- C — 0 .0 0 L84- — 2 5. ’ — 0 ’  7 ~

. - —C. 0. 4- • _i _a .4 0 .4U5 4 1 .Z ( , 1 )0 4 - O V ’ C C  C L C D C J 4 -
4) 42 C 4 -  0 I- • — — J — 0 ’4 -  ‘-504 - Z 4 C C  5 L i 4 S -’ C

I’. I-s C C  20’ • s.- C ~ C 4 41.0.4- 00 .4.47 C C I -  .7
II • 4- .J 0’ C -C ’  Cl! 4- C C S CL O P 7 4- V ’  0 4 2 0 C  WC’ — ts. 0’

* ~- 0 7 k 7  0 - 4 2  V • 20’ C’ —4 . b C ’  4 2 . — . 4 I f u ’4-’ I .* &‘ 0’ C C C S a ’ p .
0 0. C — ‘ C I-’ 4- 4- Li C — 5 11) Li * .0 * 4- 5-’ * 0’ 5-’ 0 * C 4).-. I’- I.

0 4) • p a’ — 5 II- 0. 4) 41, 0 3 IL Li • CU • • 0a ’ .  * H • • *— 4- - ~~~~~ 2 0” Ø i-. 4--. 0. 3 f f.  0 1( 0 0* 5  C C - C  IS - 2.
— —a —— .4-’) z C.~~~ si ~~ CDIL -- — z —  f V 4 , ,U’
4- • 54 — 54 0  — *4 4- • It — 3 — 3 4— I - 4-  C DI -  4- C l -  4 - 5 - -  4- 4- 4— 4-

S i 4- • C i 4- S I . 4  U’ .,J .4-’ ~~~ 7 2 4-4) — . - 7
4- CL Psi 0’ C 0” Li 0’ • .40 5 s-I 3 — C- • S 0. 00 I-’ I C S H 4 4- — C * 0.I-,, C _.- 7 • . . 4  7 C .1 tU 11 II • 4- I.D ID 7 0 5 5 4 5  5 L i 5 2 7 . 7 7, 0 . 5
4 5.- 07 ~~ 02 7 41.1 .0 0’0*  C-i ~~~~~~ S CC  020’  . 4 C- . 4  . L i . 4 • a, ..

t I— 42 4- — 4- 4- I- ~ 4- 4- = ~ — — 4.- 7 4- — 3 .44- .~ C .4 a’. — C — sr — — 7 ~~ —
-: _j 4-4- C Z 5 Z 4 0 4- Z  S w S Z  •p- .c I  ~ v —  A 4 - 0 ) 4 - 4 - 0 4 -  4 - * 4 - C . 4 - . ”I.- 4-~~~~J 4 -

.J ‘ 5  .J 4-’ I- 5.- 0 5 . 4  5— C 4 - 4 - I r a— I- i W_ . 4- S p w C C C  4.- C C C  •C CI. C CS. C C p ,  C
P C C -C  0 0’ 0 : 0 0  0 4  4- 5- 2 2 0’s- .0 4 . -  5-4 I— .J SIS I - 1 4  7 4 - T t o S  I 7 0) 7  . 7 7 7  .5a. s -s o 50.0.0:0 420. 2 4 - 5 4  .7  II 5.2 N ..J U. 1I-0 0 0 . $ 0’ 4 - 4 4 ’ S 4 I - 0 . C 0 04-. C

0 0 WOf O C C 0 CL O C V C C Q ! S -  0 a ’ C e 4- e a ’ C S . 0 7 e U’ C CC 0
5 C.) t~ 4.0 C ~~ 5 0  C.) 4 - 5 -SC D 4 )  • , l C .) 0 . I f  C - .  C - C -  I~~s . . L i C - C - I - C L . 4 C - C - l  4- 41.
— .1 .4 .4 .5 .4 ‘.4 •4
11)
4-
0. a 4- If’ 4-- CC C 0’ 0 . p . J  4-) .3 IC’ sO s~~C a’
4 4 U’ If’ U’ U’ sO P.. C C 0’ C C  0’ 0 0’ 0’ C C  0’

4-I .1 54 .4 C .4.4 54 4 — .
S
C
0.

a’
C.

C In • ‘ C . .. SI’ 0 U’ C U’. U’ C
.0’ it 4-- 4-. U’ C 4 0’ 0 0 .-

•

~~ ~ 

• • 

~ 

- - 

54 

_

• ~~~~~~~~ 
- ~~~~~ 7

~~~~’-T~’ . ,~ 
‘-~~~~~~~~~~~ -‘ ~~ ‘ : , - - ‘  

, F

— —~~~~ 

~~~~~~~~~ 
~~~~~~1~

’i4-
~~

_

,  ~~~~~



— j )

• I 
THIS PAGE IS B~~T Q~I1LtT! ~~s4flCL~L1

‘i. 1

I’.
C

1~~
C ,

.4

5.- .3
C Ii.
0

I.-
.5 -
P.

II

.3
p.. 4-.

42
0-
-‘IC C
0. 7

7 0 Li
4- .5
U-
4-

7

L. ~..- 

‘ ‘

-.~~~~~~~~~
-
~~ ~. - - - S - —I ~~ , J ‘

~~~ 

-

~~~~~



- .  

- - - • -

THIS PAGE IS 8ES41 QUALIT! V

1~~)M ~~F,I !M~~LISli~~ ~~ ~~ Q

U.
CD

• C• a.

C
.3

C
C

I.. C
PS 4-

—I
P. I, I
0 5 C.)

I- C’
0~ C
0 01.2 0 2 5

4 - O ft,.’ 0 5-
0. ...i —zu , o. ICS.- ’  C

4-0:2 CL S
5-S C e
4 - I- I L  41. 4-’
U - C - S  7 4--

.3 0011) i C
— 0. 7
.3 04- 41.
• aS 4-
1.1 4 - C C  C
- .4 2 5 0

.3 SC
4 2 0  0 * 0 :

= C U- _J 0 —
4- I - - C  C o y
CL C o t . -

C U - C
0 -C  O S . .

‘ 3 0-0 • 41.
1 1 4- 0 C C

70’
- . C C C L

— 00 5  -0.04-
4- L I - S C C s C 4 - I~0’ 0’ I - s C - I - C
a’ — s — a :
CL. 420- C It CC
• S e a’  C U 0 0’C 4!

VI’ 4- 5,- Li
C (12 41. * I C
41 ea’C’..O ’• r s c -  t,
— 1.. 0
CD C. 5- S C .  S
CL 70.0. — —C 4-C -U . 4- 7 5 0
a’ 0 .44’o S o-s Of .4 0.’ C C ”  C S -C
42 CL U-- LI CD Li 41 CL’ C C I’.- Li C C 4- 4-

— Li — C • 0 .40 • • .-. ~~‘ 0 0. 4- 5- 0:5- 0. 0. .i 0. .~aCD 0’ 4 0  C 0  Q’C • I-5 .- - - -
4- — C - C  0 4 -  4 ) 4 -  0 : 0’P”T a — —Is 4! 11)20 (.‘ U-  If) 0 0 : -C  4-.. U’ C’J CU
4.- 0’ 5-5 0— — H — (.5 1.. IC’ CL’ 4-’ 0’ 0’ (5.1 0’ (1’
C Li a’ * (‘.1 * C - S  .0: 0: •0’ 0:o o LI II. 0: C .0 )4 • * • * C C- Li C C-  Li

C S OC  014.1 043 0 -
Li 5.4 4) II It 4-’)’ 54 C.I sO 4 - 0 )  Vs CU ll! In
7 0— Li .5 _J Cl .1 .‘ 4- 0: 5.- If’ • 0’ 0’ — C.5 70 (‘IS ~ ‘.0 C Its ~ s-s .5— a C CC C

P... 
~ C C C  0:11) P ..5  (5.17 C I  • I  S I - ... - • s • -
~~ O . U . C  a . 0 : t f )I.. CD 0 0 .  0 0 :  0 7 1 1 3 5 0  4 - I n C U S  4 - I nC U S

.5 I C - 0: 5.— 541 7 5 Li 4-4 • • 0 . • 0 0 In — 0 4-) C 
~ . — C sO 0 Li

F- I— C D 5 - L  CS” .J4’  0 5 C’ S C — C— C  .I (’, 4- 4 -  C U 4 - 4 - 4 -(15 S C  1 1 7 5 7 5  lI f t  I S a’  5 - 0 : 4 -  • 0: 5 0.
C I- U- C ’  S4- . * 4r II IS I - C 4 ) C . 4  0 : 5- C l- I - ’  Q ’ 4 - C 4 - 5 -~~a’ 11200)4) 54 q..l ( s i J  27  7 111 C - S I - S I -  C- S I- SI -...
~ — a 0 4 0! .. U Ii Si . C ...i 4- 0. ..i — 4’ CD 0’ 4- — 5.. — 5 — I-. — 5 I— C0 7 S C - C ’ s-s 0’ 5 (4-a *5- C o ’ c s e  • ia,a’ea’o IID’OC’CIa Z

O 112 I- . J 4 2 C  C - C . 4 1 W  1.11) 42 u.Il! 4) 0 C - 4 - C - .  s 4 0 . 0 0 . 1 . 2  4 - 5 0 0 0 4 ) 0 : 4 1 .

C -
LI IA 0 0 CC C C
S C .4 CU 4 - 3  11 U’4)42 4)42 Cv CU C’. 4- 4- 4- 4- 4-Li
2
I-’

t

U’ 
- 

C~~~~~~~~~~~~~SI’

-

- 
-

~~~~~~~ ~~~~~~~ 
_ _

~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~

THIS PAGE IS ~~~T QUALXI’! P~ &C~~~LPI~C .. 7J~c~
lg oq~x ~~~~~ ~~~~ p~g .—~~~~

.3

C
0

C

F’- 0
I- Is. C

C D
PS 1 1 . 1 C C
C’

(SC 4-
0’
a

U_i C 04-
C D >  a’ a. 43
7 4- C

— 5 - I C -I t .  —
CU C T U- ..J U.’ 5_.

4. 2’ C S— 11! C.2 7 11.
C 41.1 00-4 4-
4-- .._i 0.’0’7 CD

.3 0 CC C L I , .  0. CL
— L , C L  >0 - C

.3 4- 7 14. (‘IS CD 4--
+ 4’ I - 0 - T L ’CL I It_i C
IA 0 T o — T a .  S or
• C C C L  I— C  — 4- +
.3 2- 5..4C _J CD it

— 4)51/)51) CL
7 (5, C 5 ~~ C C  0 (5.1 CD
p.- 2- C LI. C ! L  4-. 2- CL
t. 41 ~~I. ‘-CC C C 0

— CL_i 5-. 5 .  5.- 5 5-~ *
—‘ ~~ C t .  C ..i
C .J C) U . Q C  ~ C C

C 0- ‘.-. 5 CL 4 7
• 1 4 4 2 0 <  4-. U_i

5’-. 0 0 4- 2 C (‘IS *
C. 0 . 0 - C L < L , .  — C —42 C L O C -  42 41.)

C 0’ C L i C - O C  5 0’
0’ Is.’ O41.’C- 0 CD
a’ 4) ,J42I- CU Of Li
LI. S C  < C D  * CL C’
• ‘ C Z a ’ S - ’Z * . 5-

CU I - C O O - s-I 0 0 .  5 —
4- 0)4-0:5-50’ 1! 4-7 4-CD
C 4 - 1 4- 0 5 <  41 ~

‘ CL C L
7 ( ‘ < 4 1 0— CL C? ~ -*
0- C ..J 1.. 5- 0)4

F 0 1. 5— S I, C D —  C’ —. I (‘- C C ’ s
I,. 5 > 0 0 0 .  14.10. 4-0 4- P’.z 00
• 0 - <  C 0 5  1 5  ~ • C -  4)7
‘ Z a - - jc r  • t’.ji~.’ ~~ 

a~~.CD a.~~l4-0! ~ 5 5 -  (02- 0 .54
U, L C L L s .’4-0 0 ( ‘S C  11.0 0: P .
0’ 4- 7 4 2 5 0 : 4-  II CS’ • 0’ • C ~~CCi 4 - 0 - 0 :  0-42 C- C  0 0 .  43 “ 5  S S
C CD I,. ...a 4 2 I I .  CD 0 0 .  00  — C C-  00

Ct. 42 .00 4- C- ts’4- 424- — 75- 5.1.1.’
It — 0)0’ 441_ i 0’ 00) — 1 ’  4- Il_i C C C ’
0— 4- 4 - C e O - S I -  4-’ 41? • — 0 5- . 5 - 5 -
C S 0 4 2 7 4 - S  4 - C  * 0  0 0 4 -  C C
0 (0 Li 5 . f t  0 (0 44 * 4- 4-1 0) — (0 5 S

I-I Za ’ 4 -Li 4-LI U - C -  00.
..i 140.LS 0~~I (0 4 -—  0 • CC 22
II. 4-0 7 0  14. LI C -a  4)~~l C C ’  C -Li

3 7 4 ) 5-4 2 5  0 O ZC  0 4 <  CD 5 0  5- 5 -
F- CL. C .0 CII’, 5- C - O f T  7 4 7 U_i ( “ 4 )  C C
•- 2 0: C-C  0. 00.0. LI4!0! 0 5- 0• .1 — 0 : C - I s _ i 7 4 0  5 - L I C  4 - - W O  * 4)0  0 -
P. 4- = < 5 -  42 .1 7 II 0 5 C 7 4-C! p’r II II

S V C  C s i c .  i s o  IS _ a f t  S
C 0 ?  ir ii Ii C’ — C (‘14-0
O V. — C C  Ia. 0 4 C 0.. .J LD I— 0 .4 - C S
O ‘ - s C- S  0- 0 CC . l  0 0 . 1  7 — _ j L I  0 0 5 — C
5 7 7 4-4-7 7  4-- *o -<  4- I-a  U.’ C L O CO  4)5-1.?

4- V 4- I - U - C O O  C I~, U-C.)  C - U - U  4- 5 - 5 4 ) 5 - 4 1  5 - C 0 : I I .

4 2 4 ) 4 3 4 2 4 2 4 )  4-’ 4-, 4-’
41.
S
.4

C,

&
I,

.4 if’ 0 If ’ 
- C Sf’ è

.5 It’ P’ 5” ’
‘

S.

99



)

C
.3

It

C
0

CC S
F— C T C D  CL
F- SI— S I
S 5-’ C o- 7
P.. C • _j L C
C 0 0 : 0 00 7 0 :
S C-C 4 2 5- 4 - C -
C’ J 4- I s .4!
0 427 C-CIa.

5’, 4!CL’5-C-C’4-42)
CD 0> 72  2
Ia. C’ 4 - 0- L i C
C’ 4-I-a ’ 5-4)4-
5- 4!7C .0)70)
C 0:05-0)4-04-
• C s- .Ua’C’ u.- C

4- C ..J ts.. C U’4 2’~.5 42 L~. 4 2 4 2 CC ’
.5 5.~ X .J 5- I’J ’o C
• ..J 0- 0 7>0:4-0!
U- C 5 0  0 - 4 2 0 -• C. 0 4 - 4 - 4 - S O S
-3 — I - 4 ) . . . J 5 U - 0 ’ C D

IS’. C 5 a . C D V S ’ —Z
S C 7 s - 0 5 0
4- C.) L L C ._i 0 : 0 ) . . s  5”
CL C” S S L I I C V C  CD

0: T O - >  C
0’ 0 4 - T C - 0 : U , V  C
CL -J Ia. I s . 5- 5 4) 5 0 :  21

C LC I. -  F- - C  —
4-_i 5 0.0’ 4. 4- 4-)
0. CCL,. 0)7042 CC
2 0 ! Z 0 - C L Z 4 - Z C L  IL.Ia. C- I,. CO  C>  P5 0
* Is- 5. 0-
• C - C- T O o - a ’  •0- 7 5
4-, 4 2 7 0-S C-C C’?  CC 4-C T o-. I t : 0 4- 0 0  4- 0
S C CL 4)4-I- 0. 7
LI I— ri C U_i C Ui 41? .1 ~ 41,’
2- (1)0- 7 7 4- C - I t  5” 2’C 5— 0 0 - 4 -  4- 5- —

— Cli ’? 0— 4- 42
4- C C -C  .70-C- 5’- S
C C C Z  0 ” I - C D S 5  . . J -4 -
7 2 C C-  5*~~CD 0- 4-CC CDI,, 4 - I - Z T C L..J 0-I CL 0 .01a .  C-
5- Cp’ 0— C s-’s CL ,.J.? . 20’ 0’C Z I—’ 7 4 2  1.4- —. 41. 5- • 5-
• C L ( ’C T s a . ,.J 4 - 4 - I  (‘IS C
4-’. 4- 4-CC -CO Il . 00.0 S
C s-. 4- I C LS U . C I._i ’ - 4 2  — * 5’)
C- • CUIs.’ I a . 4- 4 -  C 4 - 0 !  0 5.40
C C C.)7OC.-I 4- 4 - 5 - 2 ’  42 4-4 14.4-

5’ 0’ 0 ) 4 7 0 4 2 C C- f t  5 4 2 4 -  0’ s-s 4- If)
4- C 4 - 4 - 0 0  4 2 <  4 - 4 -  4-’ CL C
4 41? 4 4 - I l .0 ’ 5 4 !4 -  0 *  5 * 4 2 * 4 - )0 — WIf)(#) C C-w I n  20- sir, 0. *

C’ Z # ’ . s - s t . 4~~~~ft C - 0 . S s >  o +. 5- 4-LI
4)4-) 4 - 0 0 . 4) 0 :  Ia. 4 - ’ C  LI_i
0:0 4-4 ZLs.ItJ S,,,’T ‘-‘77 0’ 0 IU..J

4 Ia. 7 4 ) 4- C  5 7 4 - S  0 I t -  0’ 4) 00 : 0
4- C-C C 4 34- 7 0- 4-  U - I - 4 -  C O’ a U 4 ! T
5. . 5*  4 I . C 0 ) C  C C U - C  4) 5- 40 : 0.
.3 — • C 74 ! s - I 4 - C L L I o -  ‘0 — II 5- 141 0
4-. 0-4- 7 4 - 4 - 0 5 - 0 0  11 55 II 0 5

7( 0  0), 5 4 5 II II 4-) Is O- S
CIa .  • C D~~~~C - 4 - S ’~~42 C C  4 - C D  II 4’
4 0’  U - C L & 1 ) 4 ) 4 ) 0 :4Z  04 )4 )  * CDLI P’..J S
04-. I-’ ( l ! C C 4 ! 0 07  4)44 5— C-C F,C,.,I 4-’C
7 0  7 0 0 ’ 4’ W 4 - I - C  4 5 - 4 - .  Ii, 0 4 - .  4 - I - C C - S
U- • 5 - I a . 4 2 p -’ 0 . V V_ l  4 - 4 0  2’ 4 - 4 4

.5

0 -
42
4’

Ia_i 
4 2 4 2 4 2 4 2 4 2 4 2 4 2 4 2

S
-I
0-
C.

&
0 .~ ‘SI’ 0’ ‘ . •

100

_ _  

‘-‘-ii
~~~ ~~~ ~~~~~~~~~~~~~~ ~~~~~~

‘TJ~~~~



- ‘—--
.
-- ,T

’.
. 

~~~

~~— --~~~~ -~~~~~~~~-—

) $

C
C C 0!
C-’ C-SW CII’
...a 7 s- 7 4 2  CL

~~~~~~ *
C C-C

C~~~ — 70
— C I i,L iU-4-
.3 4-t070 4

.5 4-C 0 : 0 0- 7 7 0-. —s 44,. I-4 I-IC

.5 II. 0 11.0’ 4-
• 0 4 2 00 0 - 0 ) 0 :
IS • = U - C - a . ’
• .3 C - C -  5-C
3 C- 5 C 0 0 :C C

.J 4-0000
S I. CL .J C LI. 0
5- C 2.J (sS i-i _j C
L • C 00 1(5

.3 0’CL4o-C ’
2’ O T C Z s , .  C
C- ( ‘ 0 0 - 4 2 0 0  0
5- 5--S F-’ P . 7 5  0’C) 0 - 0’ C - ’ O
- I-0’C-IO- ’T44, 0 .5
.3 0)0-104-0 5- C .5
C 0 4 2 0 -  IC - C  — 0)
7 0- LI I’. 54) — LI_i
I,. Li 014.4- 5-. + — 0!
4-’ Ia. 70 C’ ,~i .3 Cl CD’
C J 4 - Z S  0 0 .  — CC C) S
42) 42 0-1 0 - 0 5  11. .3 1,_i 5-4 5-
• I - O .j C C L 0 . 4W 4-’. C
.3 7 0- S -’ 5- C 0 -.  .5 4 II 0-
1! 4. ~~ 4-~~~~7 C L  U. C V
It- 4- S C  . U ?  0’ 4) 0 I.-’
C’ C I - C L 2 V_ iS-~ 5 ,‘~ 7 • 7
0’ 1.7 7 14. — .3 C- .J 0-’
C S S 0 ’ I - C C 4 5  • C * 2’ 5
42) 4-00 10. 5-. 5~J 7 0 4 4-

— ..J 0. • 4- Ui . LI — 0’ 0.’ Ia_i
.3 5 5-1 0: 0.0- 4- 0: .3 .3 .5 0-’ C C  C’4’ 14. 1 0 - C C  7 Or C’ 5- 5- 2’ SC’ 7 7
C 4 - 0 4 5 - 7 0 : 0 - s  — 0 4) .1 .5 .5 ..J — C- I-I — 0! 0’
42 4-0:042000- 0’ 4) — Ia. U. * Ia. 4 4-1 .5 .4 — 1
4-- C C C L U I a .  4 2 0  • + %. CC C ~~‘ C S C i ,  = 0’ I- 0-

4 CU 4- — l I  0’ 0 .5 .3* * 4- 5. 14. 0’ CL C I  • CL- CL
II 0: U - 1~- C - -  II’ 5- C .J 4-- SA~~ — C 4- 0’ 4-— 0 41’ 0 0:
4- C 0- 42 1’ 5- It_i 4-. 0 —5 .4 e~ .‘P • IS’ .3 5. C- C — CD C’ 0’ *0 5 5-
I’ 0’ 7 4 - 7 5 - 0 5  4- 2- 4-’ CL? C I  I - 2 ’ ?  C.) ID? C? 7 07  7 —
0 s-I Is_i C ( 0 0 0 .4 -  .3 ,j — CC- .30 (0 CC * — Il. ’ I.I 0.5 Ia. 0’ 0-I 5-5 .5 0’

0!-. 5 4- 0 5- 0 0 !  0! W 5 0 .  It- Z 5 ..S — - 00’ • 4-C 4 1 0 :  0.’
04  (A 0- J C 0 0 05— - .0 • I-. 0-5 0 + 5- 5- 1( 5— Ui C • 4- 5-. 4-
420: 4 - 0 - 5  1.0! 5- 4) .3 7 •C~) 04 0’ 4-’ 7 CL’ 00) (0 0’ 0517 0) .J CC’

0 7 0. 7 0 IL. 1-4 —‘ 0.’ * 5-. * 5’-I 4-- 5-- 5- 5 0 5-’ C 4- - 4- 2 s-t C- s-~ 0.-’ - -
IS’. II.4) 0. 420)050- 0 0. 0)512 0) 4 - . 1  C’ 4 - .  0- LI la. IC’ CD S.C
5. .5 ‘-5 ft C- 7 7 5-4 5— LI S II 42) • • II 4-’ II C — 5” C 044 Ia. 0 II S 51 _s 7 7 7 Is — Ii C II 5 2 0
4 • 0’ 2 7 00: 5- 0 4-. C 0’ 0 sO III 44- 54- 7 4-41 LI 111 4- 111 541 Ill * 5- .5 0’ Li 5-5 441 5-4 CU
1-- 4 -4  s - € 7 4 - V C  I-’ CD (0 CIS’ ’ * It 4-- 0. 4 CC 4 - C L C C C D

In .10020: (A C- Il IS 552 0)5 f CII II — 4-5 C CI. E C~~ SI IS II. C S  22  4-~~~ 0-
CI. • 5420.5— SC’ 5- O C - C o -  4-’ 0. CC 05- F-C’o-’ C I -  C 5- I - C l— I-’ 0 ) 5 - U - C
0:0: 1 4-C - SC  SC. I S .*C 0 2 0 .  < 4 - 0- 5 - .  0 3 5- 2  5 5 4 - 4 -  5- I l-  0)4)0- s-s o’ 0-0* 0 44 - 4 0 -  4 - I - I -SI-
C C  o- I C C 4-L I 4- Z  S C ..a ,41 0 - 5-  ~~0 5 U. Ia. LID ‘-‘S s-a Z — z  .1.10 4- 4 - 2  2 —  C

4 7 4 3  S 0’ 0 : S T L I I s  5-1 0 0 0 0 0)  C - C O O  1 4 2 0 5  4 - S C ’  C - C  0 0- C - C  00’ C L U - C U - C  1 . 0 5 1 , 07
C (#4 4 -  I.- C- I l .05-4’ O. C I- 4 -- * C .~~I’ 4 - 5 - 4 2 ’ 142 I-45- C C 5 -  0 . 4- 0 - s  I-S~~~ ~ 43 5-54) 2 ’ 5 -  4-I’~IC ~~~5 - 4)  4-C C U ,
C — -
—• Or

4- 0 0’ C 00  C C C C e 0 0
(.s C .4 4 - 4 -  .5 II’ sO 0’.. 0’ 40

4 3 4) U C . ) C C 4 )  V~ V S1” I(’ It’ IC’ It IS’ IC Sr’ sO
1’ Is.
& S - -

0-s

I-
’

- -
I - 515 0 E’ 0’ 515 0’ VI C V e It”

‘p — .4 4- 1¼’ 4-) 4-) .s .3 v ir

101
U 

•_ 
~~ . . ‘ ., ‘

S.’ ” .-~~-. - i1_ -i ‘;— --‘2--~-——~~~~~~~~~ 
j -
~~~~~~

- ‘
~~ 

-
~ ~~~~~~~~~~~~ - -. 

—

~~~~~

..- —, —“r•-~ 
- :.— .I. .vwS.’ . - . .

,
? -- - -

- ~~ ~~~~ ~~ -



)

~~IS PAGE IS B~~T QUALtT! p~i~~t~**I1
a JBOM COPY y~~~ISBU) iO 1~Q ..i*ss..su s’~~~~

.5

II.
,‘ 5?

C
.3

0’
C-’

C s — C
S C ’

S 2 Ii.
.s c-C

.5 S I - O r
• I-CL,.’
IS’ 4 2 0
• 04-7
.3 2_iS

0 - IC ’ S
S 4-CL
5’- Z C ’ LI_i
C- CL S

It- CL 4-
—0 : 5 -5 1 ”

C’ Z Z
CL 7 0’ CI

55)
5-- I-  4-

— D 0 ’ L I <  S
U” 0 2 0 ’ 4 )  S
4- 4 ) 4 -  4- C
7 5-’IOC.J 42
7 A~ 2 0 .  0-’O 5- CC-
I) 0 0- - 4- 55
4- 0. 00’

— 0’5(-’It U’It C 4- C’7  4-Z I-I l.- 5
I-.’ l a . 0 0  7
0: 5 5 - 0 . 7  0.
0 0- CI-
42) CI) —5 214. 5-
• C - I - C - S

VI 4-07.- — C
C’ 1-50:5-0 0’ •0 1 05-  & • 5-4-i C) 5 . 7  0’55 V S o - s 5- 0’ 55’-

4- 4- 4- 1,, < 7 —0. 4-- 0.14-2 —‘
O . s Li LII- If. 0 : — .

,j 515)4- 0’C 5-4 1 .100 0 ~~I- I- 2’ 0 4- 4) I-I 11 14-.5 70 5-50  — ft
P. CC C C.J O
5. 2 0! 014. 2 5 1  II 4)
4 0-5 0’~~~ I-5-  C
p. 5- “Zo  ‘-s It’ • ..-

1 V . 0 . 0 0 .  V - I -  O p - C- E S
C 0-s P I.- 2 2  ~0: C-7 P . C  I- ,,.
C’ s -’ O~~~~Z 7 0  0. 50— CS 70.C~ #J 5-42 0 C C- S
U-’ 4-C ? 5 0 .  0..-. 0.

4-’.
-I
-a
.3 0’I ,  5-

4 ) 4 2 4 3 C .  0’.
LI
S
5-

S1~~~~~~~~ - (#7 
- -.5 VI 0 -~~~~~.5

5- 102

-; ~r~~~- 
~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~ ~~~ 4 35T~~~

~~~
I 

~~~~ 

- 

_ _  

-



~-.~4- 
(•_ 

~ THI S PAGE IS B~~T QUAIL!1’~ $~fl~4~~~
— ThOM COPX J~k~IL5li~~ ~~ ________

CL
I?

C
-.1’

C
0’

C
0’

5’-
5-’
5-
5’-

0

• C2

— 4- ‘ CD
* 5-Si. 0’ 0

Cli ~~ ~~~~ ~~~ C ...~Css ...s U- I-I -—
~~~~~~p. C’ ~~~~~

0 0: U 4 -  C- Is- S 
4- 

4 - 0 )o z ~~~~~~ C SS 4 - 7  C C >  
~~0:

• — O r
~ £ II 00’
• s- C0~~ •C- *+— C-V. ..’.s CUP- .s ..E ~~~~~~.3 4- 4- Is ’0. ~~~~ 55 11 5175 -  ~£ 0*0. 55 .0 0.

~~~ ~~~~~ r

1.
7
I-

V.
.5 55% C ’ - 

-.4 .5

103
- 1,, L. -

I ~~~~~~~~~~~ ~ - ~ ~~~~~~~~~~ ~
— 
‘

~~~~~~~~~

- 
~~ 5~- . ~~~~ 

_ _ _  _ _ _ _ _  

-

~~



r ’

--

) ,

H
C

0’
C-

C

p.
5’ 4~.5-
P. 0.
C
5. .3
0’
C — 2 .0’

5’- 0 1,10’
4-
0’ 5-
5 4
0’ 42

0-’
U. ,j C S
- C

.5’ P~ C.

.5 4-. 0. —I

.3 C C
• Iii ~~It 0. CC- —S . — 0’ C L
‘5’ P- La. 

—
S ...I 0: 10
5- CC —
S.. C CL 4- C’-

4- It
0. 0: 4- CL’
S CL. *

‘- , LI 0— 10 * C C
0.’ C- — —
C S 1. v- s-
42 .3 5.4 I-I
• 0’ 0. 4- 1.-I C’

5”- 0’ - CD 5 - 7
CD 0. — 4- (4- 5—
U_i 10 0’ 0-0’
0’ 4- — I 5 - U)
II.’ S s~ —0 0. 4- ‘7  I C )
CC 7 0’ —‘ • ( P C
- — • • 4- 0

p.- — 0- — C C I -
O ..j sf’ 4- P.-
.-I _i — p. 0 —C o 7 0. ..1 U- 4 - C
7 7 ,,j 0 517 5’-. 4-J’-W sC C C ,
• z &n o s_ cr

5’- CL - 7 — .1 7 CU 4-4-> >  ,JC.
2 — 4-  — Is. LI .4 C - C - C L C -  C C
7P.0- • • 5. ft p’. 4 - C 0 0 0  C-
0_ Co o p.- 5’- — 0 .4- ’  4 - C -  • • — •

4-,’ 7 Ia.’ .4 Ia. 7-. 0-’ 4) ..J I~ C — — — —ss s w v .  • 7p.s — 5. 75-s — •I& C .‘4 - 4 S t 10 :e
~
“ SCm 4 - 0)  .4% 0’ — 0’ 4- C- I.. P. 0’ P.. 5’.. 0.. • 5- 5-’
0. — • 4.) — 77 S 5- SC. 5-. 20.4-04-’ .-.4-_ iCC IL ’CCCC *4-
C 5-4-4415-4 4- 71 7 — 7~~~I C S L I P . C 4 ) 4 2 P -  4 ’ - > > > >  .0

. 3 1 -7 4 -  C 2 0 )  0! 5 2 0 .  • — 0 : 0* 7 0 .- sC C C C 0’ C C  C C ?
5-4)5-0) .1 • — 5 7 — ~~5 5-- CD> • • — • .. ‘5-4
&P 5 -5 -I I  C * t C  .0 -.-I 5I 750 0) 5 00  s O . 5 5 I  500. SOCLJ O ’OrOW 4 - C s - ’ )

~~’ .J I- .,,I
.5’ .J74- S - . 5 5  7 — • • 5 1  I •C’  Z C ) 0 C- I I .0. 51) 0’ — • . . C’P. Is_i C C C  ..5 55 4- — — — II .-5 SI .5 ‘~) .44 U-- • •‘ . • •  C C’ C 0 0’ .4 CL.
~ 7 0. 0: 4- 2 II II 4- 5- SI II II 5-5 II. IS 0’ 0’ 55% 10 4- 0’ 0’ 0’ 0’ 0 4.” 4- — 7 0:
.3 5.4 • 0 14- 0 I-4 Ia. I-I C — Is_i C 5-5 Ia.a 5-s I~J 0*0  — C- — 55 ILl .0 i. P.- P. 4-4- 4- 0’ 0’ •0 0 0•  . 4*  —
p- 5-’- P- 7 5-a — .75 0 -‘1 o-. . 3 C-  55 o a ’ C C 0’ C’ e - C e 4— — — . ” . s  •V7 0 0) 0 )  V. 41. — i  CC ’ 7-5  . i0*- ’ 7 0 . - S  Cd’ s-i S 0 ’ - ., •O V ’ O 4 - C O

Cl.) 5- 7 o l O - ’  .-. t P 5 -~ L C U C C 5 -  4 - C - . - ’  .1 CI I-  ( P 4 1 4 - 5 - I  Ir C’ 0’ . . s 0 - 5 - 0 —5-. P 0- I - 5 - S — 5- 0 - 5 - 5’  ILI 4 7 4 -  CC 0-’ 0 > 4 -  4 5 - I -  C C  I- (#4O ” ’I- Z S SZ Z Z S Z S S Z Z Z Z  SI-I,-- 
C’ O r I -  7 (i_i S 0- 5 II 0’ 7 0. 5 0- 2 LI 4- 5 ss ss Si 55 0 * 5 - 5 - 5 - 4 - o . 5 - 0 * 0 * 5 - , . .  5-s ~~ 0: • is-
S0’50: 5-. C 0 0. 0’ 0 C 0 0- 0- 0’ .J0 ls ’ C 0’O’ O ’ O r0 ’ D O O r 0 . W 0’ O ’0’ Q’ C ’ 4 - r

0.. 0. 41? 0 L~ 14.0’. 42 C 4) 0. L I O C o  I 4 - W . J f t 0 . 0 . & A 0 .d . 0 0 0 0 . & O .O. Is. 5’- 0
.5 - — . 5

5-.
• C

5- II) C C 0’ 0’ 0’
II) 0’ .4 CU 4-) .3 IL” SC

CCC.) 0’ (5’ 0’ 4 0’ 0’ 4
Is.
S
5-4

I l  S
V.

.4 If) ‘ . 0’ It’ 0 If’ If- 0’ 55%
— 4- 4- 55’ 4-’ It’

.1 - - - - - - - -- 
_ _

4~~ ~~r~: ’ ~~~~’~~



- --- - - _ -  - - -

~~~~~~~~

-.

- {  4-

la-
S.:
0’
‘I

C
.5’

C

C’

5”.
5-- -
-5-
P.
C
.5-C.
0’ 7 LI 14- •

• 4..) 4- * . 3 4- 7  0. • 4-
5- 5 2 C 51’ 1 . 5 % )  0 5 5)  7
It • S 0’ 5-5 7 4- C-CU Is_i
I 4- * 4- V 0-’ 7 — 42’
•C • 51) 14. 5 0 •  0 0.
• 4- C’ I- 1’ C 5- 5- 0 — Ia.— 5- .5 0. . 5’) 4- 0
CD • 4- I— 4- S P.- —5 55

4 2* • U) . o 4)CL II-
— 4-~~~ “~ LI - __i 0.. 4)1. 4-
.5’ 2 0 .  . 7 10 7 It’- 0 .5’
S. 75  It 4- .5’ 7 04- 4!’ 4-
IA 5-4 LI CL 4- 4- 4- 0.4 •
• CC • S • (17 0- ,... IiJ .-s 5”
.3 1.0’ 4- — P.- 0 .  0. ,’- ~~0’C’ .3 10 • CL I-*  0.•
7 0 5-) 0 “ -C .‘~~~~7 4 - 5 5  C’
0” 0 . . —  - 0- 4,. — .07 S~~CL C D ’  7 1 4*  C S  5-

00.’ —Cl . ~0 ,,7 C I  — 141 * —I-C  1 5 5 ’ 5’) C L I -  5.’ V7 5C I — *rg’ C.) 0 ) 1 - 4  5— - 7  s — f t C ’  S f 1 0  0:
0’ L5. ,J C- — 4-7 €5 .44 70 ’  0.
0 0. 2’ ..I • - 4- ~ s I-s C 5’- 5-’ 4- C-
1.) 4- 0 0’ .—‘ V I— (P 4- — 4-

0.424- s-. •Ia. 14. 0 5”- 0 • 055)
C S : ~~ 5-- * C C’ 5- • 5- 54- 4,. •
5- 4) 5- - 4- 14- Ifs • 0’ 4-

Z Q O r O  C- 0 4 4 4 -  C - C - C .  C-U’ 0- I5~,57 CC-S.’) C € IrS - 71. 7
• 0 . 4 - I - I  4-- C C C  C • C II’ S

.J 5-5 0. 1) C’ 0. 0’ C C-.4
7 4- 74- 5- 5- Is. 7 0’ 4- 0’ 0 0’
CT O S L I  V .J CL ’ . 3 0 . 5 -  0.5 I-
..S C 0 * 0 .  C ( P  ~. C  - O s .  (f

0’ ~~~~ 7 0 47 0’ . 0 -  •
S C .  C C  C ~ . 1 . .-  C..o 4 - .
C’ I I P I- 4- S C L  • 5- —
0.’CL 0 . 4 - 0)  4- C C .  V % 2 ’ 7  * 5 -  O r C L
15. 4) - 0- 0-~7 .543(P 4 2 5

5 ~~ C” 0’ Ia. CI’ S .4.30.5 .310 C - C
1 . 0’  0 0  C.) ~~ 2 5 - 0 0 ’  C’s- I  CC
4) 5.’ 4- —‘0 0 CC 4- 55 5- 0’
2517 V.50: C.’ la. 7 * S 5 ’ . D  III 0 :4 -
C s ’ s  S C - C -  C. C C  2 0 ) 1 5 .  14-CD Is .
I—C C - —  0- o 0 ) 2  (#7W 0*

4- 0). 75’.- > 0 07 C L C  • 02 77
55 — • 0-5 550 0 4) (‘0’ 70’ o— C’ • 70

5— 0’ .3 C 5’- 7 0’ 0’ 0’ 0 42 Ii. 4 )4 -  7 —0. . 5 0  • 0  55 •* .55 W *1 .  * 5 -  ‘
C I - 0  • • • •.i .541 C

0’ 03 C> 0  C C e  C C I I  0’ .) C
.5 * 4- VI ~~I — — N
4 - 7 7 4 -  4- 5 - *  4 - I -  5 - 4 - 0  4 - V  4 - 4 -

.3 7 • • 1 - • . Z . .— . . C O .C
P. 0* - .J 4- 4 - 1 0  ft 00)
5-. 2 .4-2.17 4 - ’ 2 2 7 5 O r  7 S
4 0’0 C 0* .10* • .s 0 0* 5
I-. ‘ W 0 * 5 -4- * Is C ‘ - ‘.-_i

4- 0 - I -I -S I- SI -  I - s - 5 - 4 - 5  5 - 3  , -cz

Z~~~~07 P .- S C Z  ‘17 “71 . SC-s S —ft . •0.5-&.10:~~~O r O r 0 ’ 0 ’ 4 C D 3 O r  5 5~~~ 4-
C
C.IL II. Is. C II. C - 4 - k C - 4 - C - 5 . 5 - * k 2 0 C - 4 2 3 C -

.5.5 .5 •4 4- .5 .1.4 .4 4 . 5  0*
4-
0’ C S
4- • 55’- 50 P.- .30 0 5  5 *4
10 4- P.. P.. 4- I- I- rC 5 5

0 0 0’ 0’ C C  CC’ — 0’
is
S
I-

S VI 5 ’  55% 5
50 .5’ 5’- 55’. 0

105
— ~~ - - .

‘- - .. . - - -  - - - 4 - -

I-.- , .. ~~ 5-.,, 
.3 FJ~~,,,.- 

-



- 0~~~

— ~~~‘—‘0’~~~~~~~ ’--’- s - -  - -..- . ‘~~~~~~~ ‘~~~~“4-’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— . _ ‘  ‘ ‘. ‘  - -~~

f

(
‘ 

)

I 
-

~~

I

Appendix D

Sample Computer Program Output

I (~ 

106 
_ _ _ _ _ _

r’
~~ 

- -- 

~~~~~~~~~~~~~~~~ ~~~~~~~~ 

]
~ 

- - r -  .- . .)4 - ~~~~~~~~~~~~~~ I~



1

I’ 
~~~~~~ ~~~~~~~ 

~~~~~~ ~~~~~~~( ) ,~~ ®~~

0’
C
(3,

C 0:
C
C
4- S.D

S
SI 5-s

0.
4- .3
0. 1.

~~ 

~ 

IC 

-

_ _ _ _  

_ _  

_ _

• (715

107 ~4
,• •

—‘.5-
’; • : ~~~~~~~ -~~~~~~~

- • ___‘_____
~~~~~~~ .5 ___~~~~,__I — - - -  • •

‘ - - •
~ - ; - . 

~~~~~~~~~~~~~~~



- -

TEIS RAGE IS B~~T QIIAI4ITY P~ & I ~1i’~r1j
ThOM COPY I~Z~JILSHgJ TO DDO ~~~~~

U ,“ .‘, .~~~D0 ’  C C C’ C C 0 00 0 0’  0’ C 0 0 0 0 0 . 5 4 - .’.’ .’ . . 5 . 5 . 5  . I , 5 4 - ,.~~~~ 4 - .  5 ..’ I -‘5 .5 4-. 4- 4- 4 - -’ ... -
‘

I”

I j
P 1 0 0 0 C’ C , 0 0 0 0  0 .’  . 4 - ’ ’ ~~~~~~ .44 .”
I.)

0’

1000’ C 0 0 0 0 0 0 0 0 0 00  C’ 0 0 0 0 0 0 .4 4 . 4 4 . 5 . 5 . 1 . 4 4- 4 - . ’  .-5 .5 . . 5 . 5 0 0 0 0 0 0  C 0 0 0 00 0 0 0’  C’
CC
S
—
0’
I’-
6’

0
C
C’

II’ 0’ 0 0  00’ 0 00  0’ 04-.-.  .44 .-‘ .-‘ — .-, .44 4- ..s . - I 0 0 0  CC  0 0’ CC  C C’ 0 00 0 ’  C 0’ C 0 0 00 0 0 0 0  0’ C 5~
CC (3

C’
2’ — C
C. C

4-

‘ 
5- It

—
(3

I-
0-. Z
C 0-
0) C

0..
—

.~ ~~‘ .~~~ a . .44 —’ .’ . 4 0*  C C C  0’ 00  C CC  C CC  0 0’ C 0 0 0 0 0 0’  0 0 0 0 0 0 0 0 0 00  C 0 0 0 0 0 0  V
14. CD 5-
5 )  2’ 5

0-’ 5.-
5, 5’
O 5- C.

4-- V 0-
C’ 5-
II’ ‘ C.

O S -  4-’-
C C’ -
I.. II.

2’ 4-
V C 5 - 5 - 4 - 5 - 4 - 5 - 5 - 5 5 I 5 - 4 - 4 - 4 - N 4 - . 5 . 5 . 5 4 - . 5  .5 * . 5 4 - 4 - * 4 0 ’ . 5 4 - 4 - . 5 4 44- I,.
• 5’. 5.) _I
4- 4- 7 - - C
C o I-’
0: 0 0’ 0’

S 5- CC
It 5- (f_i
.4 0’ 0.

51) C
C

C 51% s~
C- 0- 0
0: 4) 0.
5-5 5-’ C
2’ 0.
C CL 5 ’ 4 - _ , . a .5 .5.5 * 4 . 4 - 4 - I ’. 4 - 4 - 4 - 4 - 5 S. 4 - C U 4 - 4 - 4 - 4 - * 4 . 5 . 5I 4 4I . 54 - . l 4 - . 5 .”.5 0 - 0 0 0
C- 0. C.
0’ 7 2

4-. 4-
0’ 0’
0 5 -  0
C’ If’ - 541

0.’ 0’ V
Is. V
C. (C I-

— 4-
7 5-
7 2 (4-

C ‘ •
I.- _I —
C’ J *4 0 ’ *0 ’ . ’ 05 ’ I . .* 4*4 4 0 ’ C 0 0 0 5 0 0 .1 0’*4.I0’ .5 .5 0’ . 4 4 . 5 0 0 0 0 0 0’ . ’s.’s 0’ *4 . 5
0. C U
5-’ CL S(~~~~~;

‘

I 

- 

108 
-

~~ ~~~~~~~~~~~~~~~~~ 4;: 
TH ,-, 

~~~~~~~~ 
“14W!

~

I
’ 

- :‘ 4-
~ ’~ :~‘!~¾~ ~~~~~~~~~~~~~~ T~



~~I8 nG3 ~
s 3~~T QUALIT! p~aCTzC1~~~

J~ OM COPY J’t~~I1$~~~ TO EDO ,,_.... —~~

~~ —‘ ~ ‘ 0’ 0’ C C 0’ 4- 4- 5’,. 50. 5” 4- 4- — —~ — — .44- 4- 4-, 4- 4- 4- 50,I 4- . 5 .’  — — . ‘ —  — — —— 4- ~~ ~~ 5’) 50. 4-
CC

S S
0-’
(3

51 
-

P-. 4- 4- 4- P. 0’ 4- 4-. 4- 5- 0’ 0’ 0’ 0’ 0’ 0’ 0’ 0 ~~- .-. 4-. 4- 4-. 50, 4- 4-, 5’,. 4- 4- 4- 5’. 50. .,, .~ — C. 0’5,’

(3
0-
Sf-

50 4-I 5”J 4- CU.’ , 4-  .5 5 4 -  ... .5.4 4- 4-’ 55,1 50_i 4- 4- 4- 4- 5” 5’) 4- 4- 4- 0’, 0’ 5’) 4- 4- 4- .’.’  .-s .,.. ’ .‘.. .5 4- — 44 .5 W,,

—
a
4-
I,

0
C
C

Il’ 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 - 4 -4 - 4 4 4 4 4 4 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4- 4 - 4 - 4 - 4 - 4 - ’  4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -  —
1’ • C.

I)
7 — C
C C’ C

7 .5’ 4 - 4 - 4 - C U 4 - 4 - 4 - 4 - 5 0J 5’ J 4- .~~ .-s .s . .-s 4 - .-4 .5 .5 .a 4- .. ,4- .4 .. .’5 .a_ ’ .5.4.44 .4 4- .‘.‘5 .4 ..s .l .-~~.4 .4 .4 ” ..I (4-
Is. CC 5-5
I, 2’ 2’
0’ 5 4-
Is 0’O C’

7’- V I-.
O 0-
0’- 4- 0-

V S
2- - ft 4-’C 0. ‘.1

LI. CL
2’ 0-

(P 0. 4- 4 4 4 4 4 4 4 4 4 4 4- 4 - 4 - 4- 4 - 4 - 4 - - C U 4- 4 - 4 - 4 - 4 - 4 -C U C U C U C U 4- 4 - 4 - 4 - 4 - 4 - 4 - 4 - C~~4-4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - C U 4 - 4 - 4 -  Ia.
• I-’ CC
4- 4- 2’ C
O 0’ 5.4 7”
0” 0: 0.’ 0.

7 4- C)
~~I 5- V
4- C C’U) C

C’
0. 51) 5-’
CL’ 5- 0.
0: 5) 0:
— 5-’ 0.
S C CC
C’ CL
C. C 5,1 C-
0 2 2’4-. 5-5
.5 0’ 0’

0’ 4- 0-
0 V C.

• 0 C • Sf’
Is. (P• 0’ 10 s-I

2

C i
CL CL’ (C
— 1. 4-

5-
C. 0’ .44

‘ 0 2’ 4- - .
4.) 4- 517 - .

109

-- - - 
)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J
~~ ~~~~~~~~ ‘ -~~ 

“' I.



-‘5

• -- - -- - --~~ - —---— -  - ~~-— ——- *__ _ - - ‘

)

~~IS PAGE IS 1~~~ QUALIT! ~‘MCTZCL~ 4
PROM COPY i~1~~~1S~~

) TO DD~Q _
~~ss

(
~~

U’ — ~ 5 ... ~~ 0’ 0’ C 0’ 4- 4-. 50~, 4- 4-s 5’) 4- 4- 4- 4-I 50,1 4-J 5’-,. 50,, 4- 5’~ p’~ 0’, 5”_i 5” 0) 5’) 4- 5’ 4- 4- .4 .4 — 4- 4- 4- 4- 4-

5-
0-
I-
Sf, -

.50 5 0 ) 4 - C U  4- 4 4 - 5  . 4 . 4 . 4 . 4 . 4 . 5 4- 4 - ’  4-i 4- 4- 4- 4- 4- 4 - 0 ) 0 )  4- 4 - 4 - 0 )  4 - 4 -  4- 4-~~~~ 4- 5 . 5 4 4- ’ 4 ..‘:.5.5 .-I . 
-

S.)
2’ ‘
0.’ ‘5
I’-
V

.4

C’
C
C’

IC ~~- 4 - 4 - 4 - 4 -  5-’ 4- 4- 4 - 4- 44 4 4 4 44- 4 -4 - 5 ” .  4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -  4-4-4-4-s’t’-4-~~ 4-4-11’,, 44

CC
2’7 s-, C

C 0’ •

— 0-
2( 5-

~ f 0’7 5-.
— 2’• 0’ I-s
(4- C

C
4-
Z 4 5 0 1 0 I C I C 1 0 1 0 V 1 0 I C I C U’ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 . t - 4 4 4 4 . 5 5 4 4 4 4 4 5’  10
C- CC 5-
5 ’ )  2 2’

— 4-
5, C’
5’ - C’-

4-’ V 5-
5• 4-
0’ 5- 0-

(5) 7
S

C’ C.
C C
Is. 54. • -

2 4-
I~ 0 0 ) U - I C I I ’ S U ) W I t ’IC II ’, I1. 1 C 4 4 4 5 0 J N N 4- 4 - C U 4 - f ’ J 4 - 4 - C U 4 - 4 - N 4 - 4 - 4 - 0) 4 - 4 - 4 - 4 -0 ’ 4 - 4 - 4 - - 0 0 ) V 4- 4 - 4 - 5 ’ .V - 0) 0) 4 -  LI.
- — I.) .5
> 2 0.
0. 0’ s-s -
0.’ 0’ 0’ 0’

2’ 4- - 4)
— I” V
.5’ 0’ 0:

CI) 0

C 1/’ 5-
C- 5- 0:
0: 1) 0:
5- 5-’ C
S 0. 1)
C C.’ 4 - P ) 4 - 4 - 4 - 4 - 0 ) 4 - 4 - 4 - P ’ 4 - ( P ’~ 4 4 J 4 4 4 3 J 4 4 4 r 4 - P .4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - .~~*4 .’.’ .5 4 - 0 0 0’ ©
Is. C (C C-
0. 2

4-’ 5-5 I-
.5 .3 0.’

0 : 5 -  - C’
• 0’ V. Is.

- 0 :  0’ (4-
Is. V
0’ CD 5-
4- 7
7 —
7 4- 51’

— 4 4 4 P 4- 4 -* 4 .~~~~~~~~~- 4 - 4 - r 4 - 4 -P 50. 1’ .5.-..4 .S 4 - C U 4- 5 ’ , .5’~- 1 ’ . 4 - C U 4 - C U 4 - 4 - 5 5 P r 5’ s - 1” 1 ’ s 4 - 4- ! , 1 4 - 4- P ” 4- P’ Ô

S. 

- 

110 
. _ 

~~ : ___

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .7~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~
- ‘

~~
‘
~~~~~

.- -!~~ 

‘ ‘

~~~~~~ T~~~~~~~~!~~~~~~~~~~~~~

”
.~~~ ~~~~~~~~~~~~~ .1

- . - _ _ _- . -------- —-—.~~~~~—“--- - - • • • -
— )

I

ThIS PAGE IS B~~T QUAIaXI’! PZLCT1~~~~~PROM COPY 1AW3ILS~~~ TO ~~Q ~~~~~

e — 0) 4- tiJ 4- 4- 4- 4-. 4- 0’ 50, 4- 4- 4- 4- 5%_i 4- 4- 4- 4- 4- 4- 4- 4- 4- 5’) 0’ 0’. ~~ 4- 5’) 4- 4- 4- 4- 4- 4- 4- ~ _i 5’) 4- 4 5,) 4-

4 - 4 - 5 ”  4 - 3 3 4 4 4 4 4- 4 - 4 - 4 -5 ’ .. ” . ’ 4 - 4 - 4 - 4 - 4 - 4 -  
CC

4-
C
0-
(I’

it .5’ 4440)4-0) 4- 4- 0) 5” 0) 5’) 4- 4- 4 4 4 -  4- 4 - 0) 4  4 4 4 4 4 4  4- .? .5’ 35-) 4- (‘5 4- 4 - 4 - 4 - 4 - 4 -4 - 4 - 4 - 4 - 4 - 4 -  — 4 4 5 .’

0
C
C

IC W I’ I4- I( I C V s C i t i t i t i t i t I 4 -* 4 4 4 4 - 4- 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -4 - 4 - 4 - 4 - 4 - 4 -4 -  0’
Cs

7 —
C- C’
— 4-

0)

2 4U 50 1 0 i t i t I C I t I C 4 3 I C I C1 0 C C 1 0 i t 5 0 5 0 1 0 i t i t s C 1 0 i t 1 0 5 0 5 0 1 0 5 Cst~ t I t50itIf5It443443 VLI. It 4-
• (_~ 2 2’

0’ 4- 5’.

• ‘ 1 5  0
Q 5- ‘ ‘ ‘

4-. 0) • —• 0’ 5’-
0’ I- ’ C.

C C’
Is. s..

2’ 0-
V 0’ 0) U 0 0’ U ’ 0 ’ 0 U 0 0 4- 4 - 4 - 5 0 I CI C U) U ) I C I t , I C I C W , I CI C 5 0~~~~I C I t I C u~~I C I C I t 0 3 3 4 4 I C U, 1 0 5 0 s C~~ , * C i t 5 0  Is

(C -,
4- s.- 4- - C - -
C ~~ ~~5 —
0’ 0: 0’ C

7 5- (3
5’- — V• 55% C 0.

(4- C
C’

0 51) 5’.
C- 4- 0’
0: C) - a
5-5 5-1 0.
S C. ‘
C ~541 C It Is..
0: 2 2’

4-. — 4-
0’ 0:
0: 5-’ 0.
C’ (4- 5’.

0’ C . V
Isa V

s .55 5 5 5  P ’ ( C i t U 4 4 - 4 4 3 4 I t V W W V 4 4 0’ 0 ’ 4 - 1 4 - 4 5 ’ 4 - 4 - 4 - 4 - 4 - 4 - 5 ’ 4 - 4 - 4 - K 0 ’ 4 - C . t * V 4 - 4 - 4 - 4 4 4 4 4  0.
C CL” 0.

5” C. S
0: 5-

I t O  1 1 0 :
2’ P’ -5? 4- V. u ‘ —

‘S 4
is Lii

-- --- — - - — ~- - - -

C ¼ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
h



• • ---- - -
S

r -

~ 
, TillS PAGE IS B~ T QtuIifl’! P LCTWI~~1! 

- 
2 PROM COPY ?..~~US1i~) TO DDO ,.~~~~—

~~~~~~ ~ 

~~~ 

~ I: 

:~ 

2’ 

~

541 ..a • — 0 U) S/) (4- 5/)
0’ 20’ 151 05-4

= 4- 4) ~ 0’ 0’ 0’ 50’ 0:
0 Z 4- V~ L, ’5 s.) C) U 0

• 55) .0 0’ 5-4 5141 0’ 0 5) 0-
• -O P’S 2 5-  I I’.s s-s s-s ,, ~0 5 - 4 7 i f l  2’ ~~ ~~‘ ~~4- -‘0’C)’-s CI 4-0’ C.. Cs 0. Ii. -O — C) 0’ 5-4 .440) 0 0 C) 0

0’ CDII.. 5-’ I .’  5.~ (.3 5.) 4,)
La. 2 Sf1 0’ 4 ) 5

-5-4 4- C- 541 .4 0- C) 5- 5’- 4-’ 4-
0 2 2 ( 7 4-  2’ 0’ 2’ 2’ 2’ 2’ • -
.~ 2’ Z o-. 2- 0- C- LI_i ()~ 541 5
4- — C-C 4- 5- 1.) 0’ C) (3 (7
~ ‘ ( C 0 4-  (4- CU_ i - 0’ 0’.4 .4.50-U) 0’ 0. 0. Is_i .41 IsI Is)
2’ 7 .1—5 *4.’ II. $44 0. 0. 0. (3. 0,
1.) .‘0.~ 0 75-S

a 4- 0’ 0’ 0’ IC C ,

• 0’ -Q U ) 4-  It C.I0 IC C’ 0” 0’C) CC ’IC 2’ 5~~~ s’s -
4- : 4- 0 ’  — 5/7 5

l.a ~‘ C C - I ” 5  • 2’ (I’ S’. C’ 0’ 3 54
07 57 C, C’ C’ C.

.a C’ 4-’ • i ‘1 5’-’ Ia. 5’. Is. Is.
( 70 4 - V -C Ult -

14- 0 . 0 5 - 4  CL) 00  0 0’ C C
(.3 0 1 • 0’ ‘4-4-  Ii) Is_i 151 Iss ‘

-s-s 50- 4- ,v, 0: 0’ 0:’ 0:
-5- 0: U 5-0- : C- là) 5-S 5-5 5-4 5-4 -(#7 X O v ,0’ ~~ 77 2’ 2’ 2’ 2’ -
-5-I - 4 )0- I -s  ‘4-- 00’  0 0’ 0
4- 21.4 01,4-0 là) C- là) C- -

0’ 70’ 4- 5- 5.4 1,1 0:0’ 0’ (CL U. 0’ , t •

5” ‘0’ 4.. 541 V.4 C- 0 0  • I
y, , 0- O -0 517 : ‘0: 0.’ 14- 51) 15) (57 -

Ct SC  - f t L~~i • . •
13 , 4 - - C - C  C’ C- Is-  4- 4- 4 - ’  4- -
2 0 C - I — 5- Z s s I  - (a. 0. 0’- 0.
I-s I 0 : 0 U) 4 -’5)0’ -~~~~~, 0 0: 0.’  0: -
S ‘Is. Q. s’4 4- 4 ) 5 )  -
0 7-0: U-il 7 - CC’  Is. Is. Is, - Is.
.41 ~I51UO -5-I S 0 :0’  0 0 0 0
.1 5)I”I 0C~~~ø 

- 4 - 4 -I , -
C Z VIilC W Issl E I 51. 0: 0: 0.

j  1 
° ~ l i t  I ~

‘

- 
• 112~~

- - ‘ a
___ 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~



- Appendix E

Statistics from the Validation Experiments

( ‘I

- 

1 
113

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ‘ ‘~~~~~~T. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(1
s-I a~ s-I i-4 ~-I s-I 0% 0% s-I s-I s-4 CO CO 0%’-’ (4-i %fl %fl s-I

H~~~4 0 ’- IOOO 0W ~4 ( 4-~0 0 0  W~ ’.t’~ 00 0Z 0(1-70 0 0  O N’.D C’ -000  (1-
~’0It~~-i~~-4 ‘-I ’-4 0

~~ 1k. 
• . • . .  • . • • . • • • • • • . • •

S H O
C/)

O’.CO’s004’ CO U”~CO ’0 71W’-%C ’- NOsC’sNC- C’-~C1-I CO
0 CO 0’. C’- C’- ‘-4 W\ C’— 0 ,-4 N CO C1-~ CO 4’ ‘it\ C’-4’ 4’ 4’ i—I
CO 0’. N 4’ ‘0 N N N s-I ‘.04’ CO ‘-I c’J r~ 00  ‘0 ‘0 4’1k. • • • • • • • . • • • • . • • • . . •

N ‘00% (‘~ C’- s-I 4 ‘.0 0 s-I N N N N
II C’- ‘ON 0’. ~-l N (4-14’

1-4 NC’J ”4

—-5’

‘.0 0%  N N N ‘0 N N N 0’. N O ’.  COO’. 0’. N N 0’. 0’. 0’. 7fl 0’.>4 0 ‘0 U~ 00  ‘00 W~ 0 s-I ‘~t’s’0 0’. s-I “.0 U’\ W’~ s-I s-4 a) CO
0 O’sCO s-i ‘-I 4’ ‘0 a) s-I N CO s-I 0’. 0’. N V’t N 00 ‘.t ’, C’s CO
• • • • • • .~~~~~~.. . .  • • • • P • • • • •

~~ 0 C’- N v-i CO C’~-O 00 ’  0’. U”, 0 ‘O tt”’, s-I C’- (4-s s-I s-I (4-i (0 C’-
0 Z .~~~ ‘4~~ 0%4’ N (1-i 4’ W’, C”- N s-I C”- Cs-i CO s-I 7flCO 0’. C’- C’- s-I N 4’
~~~ s~~ ~~ ‘0 ‘0 N C5’t C1-~ 4’ 0 N CO (1-~CO (~ U”~ 0’s~a0 U”’, s-I U~ W’, N C”- U~4’ 7ftCO O”sV\ s-I0 C5’\ s-4 C’- (4-\N CO N ‘-I s-I 0 U”’, ,-4

~~ Cl) s-I s-I CO 04’ C’- N CO C’-4’ s-I (‘~ (‘~ 44’ 4’ “-4 4.
C’— s-I ‘00 (‘.1 (1-’, U~ ’.Ø a)

s~~ N 4’ (4-~
C4-

~I

4’ s-I s-I s-I s-I ‘.0 s-I s-I s-I s-I s-I s-I 4’ s-I s-I s-I s-’I s-I ~-I %t”~ 4’s-I ‘0 C’-
4 4

H —

H
H

~~ C/) U’~0’.NNN ‘.ONN NO s N C’ .  N0’sO’s NN O’.Q’. s-I 0

~~ 0 ç
~ ‘.i ‘.0 ‘(“so 0 0”. 0 ‘4”, 0 s-I ‘.r’,’..o 0” ~-4 ‘.0 ‘.fl U”~ s-I s-I (4-’, 0 ~~0 0 ~~ 0 O’sCO s-I s-I (‘--‘.0 CO s-I N CO s-I 0’s 0”s N 7fl N 00  CO (7’.. C”—

r-l 0 ~~~~~~~~ 5 •

0 ~~ 0 C”- N s-I CO 4’ 0’s 00’  0% tt”’, 0 C’-- %fl s-I C”- (1-’s s-I s-I (4-’, 4’ (0
— (/) a 0 0”4’ (‘1 (“s U) U’\ C’.- (‘.1 s’-I C—. (4-\ 4’ s—I 7.(\(0 0’. C’— C’— 0 c1-~ Ce”,

El 0 Fl) ‘0 “.0 N C’~ (1-’. ‘.00 N CO (“sa) (~ C~~ 0’s’0 W’~ s-I V’~ ‘lfl N N 4’
CO tr ’,CO 0% U”~ CO 0 C’~ s-I C”- C” ” N 4’ C”~U’\ N N s-I ~-I C1-~ U) s-I
7fl v.4 CO 04’ (‘.2 N CO (“-4’ C’- (4-’, C”\ 4.4’ 0 0’s 0
CO s-4’.~)0  ‘0 C1-’s U”\’O ‘0 (‘2 0%0 0 4 ’C?\C1-’s s-I (‘2 ~~~ 0’.o s—I s-I v-5

00 Pi~~ PiP 0000 ( 0
El El

~ o -
0 ~z10Z~~~~-4 E’40 0 0Z Z~’~ EI 0 0 0Z  E-I t5 ~~

~~~X Ifr~~~~0 ~~~~~~~~~~~~ f r. 1 rx~~~~ z r ~ ~ ~O ~~~~~~~~~~~ H~~~~~~~~~HI-4~~~ ~~~~~~~~~~~~ H P~ Z
(I) 00~~~0 ) 4 00 000~~ >- I0000 > 40  ~~ZQOf r - IPs ~~ 00 0 0 0 f r~1 ~~Q0 0 0  ~~0 ~~ H

H .  El
s~~ I I I ~] 0

--
I. 

(‘2 4’ ~ El

- ‘ - - - - - “ —- -  ~~~~~~~~~~~~~~~ ~~~~ _ _ _ _ _ _
_ _ _ _ _  S. 

-
‘‘s-I — • , ~, -~~



- - ——“—- -—--- --- -- - ‘-- - -  - - - - _ _ _ _

C O O  OCO 00
I • ~~~ 0 • • • • • • • •

C’- CO s’-I 0”. s-I N (‘2 (‘-‘--(0o II Q’.N 4 ’ N (~~v”I s-I C’-
Z Ns-’I ‘ON Cs-’,s-4 ‘O s-I

II II It It II II (I I
II U”~ ~~0 0 Its~~ U1 I~4 D )  I~4 o ~ Its4 U2

It

>4 ,
~~0

(“-‘0 Cs-IC”. C’sU) N s.4
0 fr.~ 0 • • • — •

C”'~ 0’. C’- ‘.t\CO 4 .0  C”\ N
II U”’,4. s-I Cs-’, ‘tVfl c7’sOB s-I C4-’ss -I v.4

- II II It II It It II II

— 0 114 112 114 11) 1>4 0 114 11)
0

! ~~~~~~O II II II II II II II II
0 s-I ~~0 0 1>4 0 1>4 0) 1>4 112 11s4 112

0
H~~~~~ 

_ 
_  _  _  _

0 ~~ Z
s-I 0
iO 0 l~ C’-~0 O’sCO (~~ C”— C”- U’\

fr~ 0 • • • •El >4 C4-~ CO C’-- 40  ‘O s-I ‘0 C’-
It 04’ tr ’,tr ’, CO cs-, 04’s-I s-I s-I

>1.

~~ 

U II U It U U II II

1>4 0 1>4 0) 1>4 0) 1>4 0)

0

Cl)
~~ It II It II

8

(_ ) 
0

-



-(
— 

s-I tt’,s’l 0% s-I
• H~~ 0C O0  0 oZ 0 0 0  s-I o

. S

II 

~~~~~~~~~~~~~~~

0 C Q U N 4 .  ~~~~~C- tC’,
s-I ~~~~~C-tt” , O C -  4 ’ s - I 4’Z~~ ‘0U”~~~ CO C- C- 0
II ~~~~ 4 0 (0  ‘.0 CO 4’ Na 4’ (4-” ~~ s-I ‘0 C- C”-

~~ (0 4 . C O0  C- CO N s-I
(4-’, ‘0 s-I
U”, 0

i-I

1k. Ns-I s-4 0’. —

1k. Cl) C-CO CO CO U”, C”- Cs)

~~~~~~~ 
0~~~~~~s~~~~~O~~~~~ N ’ . o o’.

C- C4-’, 04 V’
~~~ ~~~‘ cl)~~ (“‘,U”, CO CO N N 4’El ~~ Cl) 0”. 0(0 ‘0 ‘0 C- (4-s

CO C”’,U”’, s-I 0 ‘0 C-
C O C O O  C- ‘0 CO 4’P ‘0 ‘0 C- s-I Qs,

Z 0 0 0 C”, Cs-’,
s-I s-I s-I s-I

H

:~
116

- - 

~~~ ~~~~~~~~~~~~~~ - ‘ ~~~~~~~~~ ~~ s; sJ~~~..- . ~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - - -~~~-

-

‘ T

e r~ ( -

I 
-

‘I

+‘
~~~ ~I-l

0 C ’ ’ . L N
s-I ar’, 0’C- U’sO ’C- CO’.O COC-
II s-I ,-I

- 

-

~~~ II 
11 11 11 11

1>4 11) 1>4 0

_ _ 
_

>4 U t t s- N

- H U”’, Nv-I NC’~>4 ~~ ‘ N C”-’,s-I C” ,C” ,
CO N (“ -N

— 0 P~ II
lI lt 11 11

,0

F 
Z 1>4 11) 1>4 0)

Cl) . 
-

S C ’ )

CO ~~~lI II

11.?
I- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - ‘ ‘T~~~~~~~~ 

-  ‘ —



- - .-~-~~~~~~~ ‘- , ,_ _ _ _ _ _ _ _

VITA

Robert William Neumann was born on 22 October 19L~.7 in

Jersey City , New Jersey. He attended the United States Air

Force Academy and graduated in 1969 with a Bachelor of Science

degree in Engineering Mechanics. Following graduation from

Undergraduate Pilot Training at Vance AFB in August 1970, he

was assigned to Pope AFB as a C-130 pilot. From January 1973
to December 197L1., he served as a C-130 instructor pilot and

flight examiner while assigned to the 3k5 Tactical Airlift
Squadron in Taiwan and Okinawa. He served as the Airlift Liai-

son Officer with the 82nd Airborne Division at Fort Bragg from —

Jauuary 1975 until entering the School of Engineering, Air

Force Institute of Technology in June 1976.

Permanent address: 135-72 Street - ‘

North Bergen, New Jersey 070k7

118



L
— UNCLASSIFIED

SECURITY CLA5S~FICA’TIO N OP THIS PAGE (1Th.n Dat a EnI .r.d)

RE°” ~
OT 

~~~~~~~~Ek1TA’~’1~~~ 
OAI E READ INSTRUCTIONS

r-~~~n I ~~~~~~um s-s I ~~~ u i~.vis r ~~~~ BEFORE COMPLETING FORM
I. REPORT NUMBER 2. GOVT ACCESSION NO 2- RECIPIENT’S CATALOG NUMB ER

C’ GSM/SM/77S-12 _____________________
4. TITLE (mid SubtilS.) 1. TYPE OP REPORT B PERIOD COVERED

A METHODOLOGY FOR AN EFFECTIVENESS MS Thesis
ANALYSIS OF RPV ’S IN A CHAFF 7
DISPENSING ROLE - ‘ PERFORMING ORG. REPORT NUMBER

7. AUTH OR (s) S. CONTRACT OR GRANT NUMBER(s)

Robert W. Neumann
Capt USAF

5. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT . PROJ ECT TASK
AREA B WORK UNIT NUMB ERS

Air Force Institute of Technology
Wright—Patterson AFB, Ohio LI.5L1.33

II. CONT ROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

September, 1977 —~
‘,$, NUMBER OP PAGES

______________________________________________  
128

14. MONITORING AGENCY NAME S AODRE$S(lf dSff.r.nl from Controllin4 Offi cs ) IS. SECURITY CLASS. (of this r •Port)

Unclassified
IS., O(CLASSIFICATION/ DOWNGRADING

ICH Lou LE

* 4. DISt RIBUTION STATEMENT (of thu R.port,)

Approved for public releases distribution unlimited

17. DISTRIBUTION STATEMENT (of A. abatract mit.r.d In as.ck 20. if dilhorin t from RSpOM)

I
IS. SUPPL EMENTARY NOTES

~~~~~~~~~ b].ic release ~ lAW AFR 190-17

JERRAL F. G SS, Captain , USAF
- D(t ’st ” trn ’ nf T n’r’mo+j~~ipII. KEY WORDS (Contlnu• a., r.vsv•. aid. II nac•oomy mid ldSntSfp’ by block .iomb.r)

RPV -

Effectiveness Analysis
Computer Simulation

20. ABSTRACT (Cmi ffnu. a., ro,.ro• old. it n.c...my mid Id.nH ~ . by block nimib.r)

The United States Air Force will possess the capability to
employ several different remotely piloted vehicles (RPV ’s) for
the conduct of chaf f dispensing operations in the 1980’s. An
•ffectiveness analysis comparing force structure alternatives
will provide information for decisions regarding RPV force mixes

~~~~ 
() for that time frame .• A model which can be used to evaluate the effectiveness of

various kinds of RPV ‘s in the performance of chaff disDenzin~
DO , ~~~~~~ 1473 EDITION OP I NOV 41 II OSIOi 1TI UNCLASSIFIED

SE CUR It Y CI.AS$IPI CA TI ON OP THIS PAGE (I~~. O~~a Isl.,.d ~

F’ 
-
~ ~ *~~~

_ 
- - 

- ~~~~ 
- - —

p~ ~~~~~ ~~~~~~~~~ 
- _~~~~~~~~~~~~~ ,_



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE($7,mi Data g.,t.,.d)

missions is developed in this thesis. Based on the two vehicle
operating par ameters expected to differ significantly among the
kinds of vehicles, navigational accuracy and reliability, the
model combines analytical and digital computer simulation tech-
niques to predict the number of vehicles required to success-
fully complete a chaff corridor saturation mission.

The methodology developed in this thesis can aid the RPV
System Program Office in performing effectiveness analyses com-
paring existing systems. In addition, with modification of the
simulation portion of the model, the methodology can be used
to analyze the effectiveness of RPV chaff mission employment
options and to evaluate the benefits derived from modifications
to the existing weapons systems.

- - ‘C

I. 
, - - - -

a - . — - - - -

0 

-,

- - - s ”

I 

- UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(WSa., Dma Lnt.rod)

___________________ 
‘.- . ‘. -

-
~~~~. 

.~~~~ . .. ~~~~~~~~~
- 

I 
~~~~~~~~~ 

rlnb 

- — 

~~~ _____


