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“ Abstrac t

The problem of parameter estimation using tracking

information is examined . Two models are developed and used

to estimate the misalignment angles of the iner tial system

of a missile af ter its launch . The estimation is based on

maximum likelihood concepts. The amount of information

extracted from the tracking measurements and the missile

specific forces measurements is analysed .

A feasibility study of the two models is conducted.

The second model uses the aerodynamic model of the missile

in order to enhance its estimation ability. Doing this, it

incorporates more non-linearities than the first model.

These severe non-linearities were found to offset the

• advantage it had in terms of information gathering . The

first model is much simpler in its concept. Yet, it is

still able to gather the information needed and its per-

formance is very comparable to the one of the second model.

The simplicity and linearity of the first model make it

especiall y attractive.

xiii 
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APPLICATION OF A MAXIMUM LIKELIHOOD PARAMETER

ESTIMATOR TO AN ADVANCED MISSILE

GUIDANCE AND CONTROL SYSTEM

I. Introduction

Background and Motivation

An ever increasing amount of research is being directed

toward the development of standoff weapons . Unfortunately,

the probability of hitting the target decreases as the

range from the target increases or in other words , safety

comes at the price of a lack of accuracy . In order to keep

a high probability of hitting the target even though the

release range is safe enough, an accurate navigation system

has to be added to the missile. The navigation system will

then guide the missile through the mid-course part of the

flight until close vicinity to the target is reached . Then

the homing sys tem of the missile, responsible for the

terminal guidance , will guide it to the target accurately.

One of the disadvantages of the various homing systems

used is that their operation is limited to a small area

around the target. The navigation system used for the mid-

course guidance has then to be very accurate. Because of

economical considerations, the missile being expendable ,

only medium to low quality inertial navigation systems are

usually mounted on missiles .

Among numerous other contributors to the existence of

erroneous inertial navigation of the missile (such as gravity

1
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anomalies , aircraft initial position and attitude uncertain-

ties), two of the major error sources can be the transfer

alignment errors (initial aircraft to missile alignment of

the inertial reference frames), and error parameters of the

missile’s inertial instruments (such as scale factors or

biases of the gyros and accelerometers). Only the former

is considered in this study.

Surprisingly enough , prelaunch calibration and align-

ment procedure of the platform of the missile has a limited

accuracy , expressly due to the relatively benign aircraft

environment (basically a perturbed 1 g flight path). Indeed,

one would expect this environment to be ideal for the align-

ment of an inertial platform. Nevertheless , this environ-

merit causes unidentifiability of error sources,therefore

- 
. causing the misalignment angles to be less observable and

slowing down the estimation convergence (Ref 1). With the

incorporation of sophisticated avionics for aircraft naviga- 
-

tional update and fire control (for example , the Electroni-

cally Agile Radar - EAR , developed through the Air Force

Avionics Laboratory), there exists a new possibility for

further reduction of error magnitudes from the various

sources. -

It is presumed that the aircraf t can track the missile

with its radar and communicate with it through a two-way

data-link. This communication link can be used to command

accelerations to the missile and to receive back the achieved 
—

specific forces as measured by the missile ’s accelerometers

2
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in a stabilized, non-rotating missile inertial frame. The

missile shall undergo much higher accelerations during launch

and through maneuvering commands as compared to its prelaunch

accelerations . Hence , the identifiability of error para-

meters is potentially much greater than it might be during

the prelaunch benign phase.

Since the acceleration commands are generated with

respect to the aircraf t inertial frame , but received, inter-

preted , and implemented with respect to the missile inertial

reference frame, it is potentially possible to “close the

loop” around the aircraft to missile alignment by tracking

the missile trajectory with respect to the aircraf t inertial

frame.

This report concerns itself with the ability to estimate

the misalignment angles caused to the missile’s inertial

platform during the launching period. The assumption is

made that af ter these angles are estimated , they would be

transmitted to the missile to be incorporated within the

missile navigational computer. The missile would then be

guided to its intended target more accurately.

A possible scenario illustrating the application of

the concept described above involves an area surveillance,

command, and control aircraf t flying at safe height and

range from the target. Various strike aircrafts would

launch their missiles and return quickly to their bases.

The missiles will first boost until they arrive to the area

controlled by the command and control aircraft. Then they

3 
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will coast toward their targets with erroneous attitude

and heading due to the initial misalignment. During the

first few seconds of this coasting flight, the control air-

craft will track the missiles, estimate their misalignment

angles and transmit them to the missiles in order to realign

their platforms. The missiles will then be well equipped

for an accurate navigation toward their targets.

Several works have been accomplished in the general

tracking area (Refs 2, 3) . In most cases , in order to

simplif y the filter implementation , the tracking algorithms

have been implemented in the line-of-sight frame. However ,

this does not appear to be an appropriate choice of frames

in this case which involved two inertial platforms , one

on the control aircraft and one on the missile. Two inertial

- 

frames are thereby defined and it would be computationally

cumbersome to relate them by an additional line-of-sight

frame. Therefore , it is desirable that the tracking filter 
-

provides an estimate of the misalignment angles in a local

inertial/stationary frame -- the aircraft inertial frame.
This is especially true for the case in which the aircraft

is tracking more than one missile.

Statement of the Problem

Control surface deflection commands which are the

source of commanded accelerations, are generated in the air-

craf t. There are two possibilities for closing the loop

around the aircraft-missile misalignment. The first way is

4 
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to ignore the fact that the acceleration commands are gener-

ated in the aircraf t frame . Then the trajectory observed

by the aircraf t radar is compared to the one generated by

a double integration of the missile specific force measure-

ments (in the missile inertial frame). This discards some

of the information inherently available, but it allows a

particularly simple mechanization .

The second method uses the fact that the acceleration

commands are generated in the aircraft frame but implemented

in the missile frame to provide additional information about

the misalignment. Since the missile ’s characteristics are

known to the controlling aircraf t, it is possible to predict

the accelerations which should be achieved in response to the

commands. Ignoring missile plant dynamics uncertainties,

the difference between the commanded and achieved accelera-

1 

- 

tions is directly related to the misalignment angles. This

additional information should, conceptually, improve the

estimation accuracy .

All techniques used to determine the angular alignment

of coordinate frames depend on the measurement of the

orientation of the coordinate frames with respect to two

or more vectors that are common to each coordinate frames - -

physical vectors. (Ref 4:685). In method 1, the common vec-

tor is the change in the relative position of the missile

while in method 2 it is the missile measured specific

force vector . Figures 1 and 2 will illustrate the basic

differences between the two methods - - the position

5
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prediction method and the acceleration prediction method.

The figures represent the simple case in which noise does not

perturb the measurements .

In Figure 1, the three components of the specific

force vector (SF) measured by the missile ’s accelerometers

are transmitted to the aircraft. In the first method, those

components are integrated as they are received. To calculate

the position increment (~P( SF) ) expected on the basis of the

specific force received. This position increment is then

compared to the one measured by the radar (~P(Radar) ) and

the difference between them is used to estimate the mis-

alignment angles (c).

Figure 2 illustrates the concept of the second method.

The aircraft computer “knows” the characteristics of the

missile (its aerodynamical model , and parameters) ; therefore ,

upon sending a control surface deflection command to the

missile, it can generate an expected specific force (St) .
The measured value of the achieved specific force (SF) will

be different than the expected specific force as a function

of the misalignment angles (c).

The expectation of the specific force (
~~

) is based on

the assumption that the lif t operating on the missile is

perpendicular to the velocity vector (as stated in the

assumption to Chapter II , section 3). Therefore, the

velocity vector built through the radar measurements , serves

to indicate a plane to which the expected specific force is

perpendicular .

6
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It is seen clearly that Method 2 in fact uses all the

information of Method 1 and adds to it the “information

content” of the difference between the actual versus the

expected response of the missile . The usefulness of this

second source of information is highly dependent on the

ability of the designer to model the acceleration character-

istics of the missile accurately. No attempt is made in

this study to determine these sensitivities. Rather, this

study deals with the determination of the relative level

of information potentially available under the best áircum-

stances (i.e. perfect missile dynamics model).

8
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Hence , the prime objective of this study is to evaluate

the “information content” of the two methods in order to

determine the potential estimation enhancement due to the

additional information of the second method. The second-

ary objective is to apply the two methods to estimate the

misalignment angles in a typical launch scenario and to

compare the quality of the results. The second method is

considerably more complicated than the first, and so the

research investigation shall provide insight into whether

or not the additional complexity of the second method has

substantial estimation accuracy potential worth pursuing.

The development of a “truth model” for the engagement

scenario is another component of the problem. The truth

model is a description of missile parameters and dynamics

and system (missile/aircraft) kinematics and uncertainties .

It is the “best model” of the real world in that it includes

as many effects as possible , regardless of the resulting

system complexity . The truth model is exercised in a com-

puter simulation to provide nominal trajectories for analysis

of the two models . A more complex model can be considered

as a truth model. However , due to the limited scope of this

research , the simpler generic model developed by TASC (Re f 5)

and modified in this study was preferred as representative

of a broader range of missiles to illustrate the techniques.

The nominal trajectory is a deterministic (reference)

trajectory that starts from a known set of initial conditions ,

and propagates according to the differential equation:

9
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. ~~(t) 
= f[~~(t), u(t), t] (1)

where

f[ ]-= a known function of the arguments

~~(t) = the nominal trajectory 
-

u(t) = deterministic forcing function

t time

Associated with the nominal trajectory is a sequence of

nominal sampled data measurements - - radar and specific
force measurements. Both models use those measurements

corrupted by an additive white noise as output measurements.

Both models are also exercised against three different

control patterns for the trajectory of the missile. This

allows a partial investigation of the difference in the

various sensitivities of the output measurements with

respect to the different types of commands to the missile.

It is indeed known from the theory of input design (Ref 6)

that the control inputs to the missile can be optimized

to provide maximum information content - - thereby maximizing
the estimation capability. However, a full analysis of

this problem is beyond the scope of this study.

As mentioned, the prime intent of this study is to

compare the information content of the two methods. There-

fore , a basic maximum likelihood estimator is used and the

comparison of the methods is made on the basis of their

10 -
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information matrices. The feasibility of a full-scale max-

m u m  likelihood estimator is thereby demonstrated though no

attempt is made to investigate the means to achieve on line

applicability .

The information matrix (M) is then formed as:

N = E ( ) (n) R’
~A) • ( )(n) (2)

n=l ~

where ( ) (n) are the output (y) sensitivities to the un-

known misalignment angles (E) at discrete time (n) -- as-

suming c is constant, and R(A) is the inverse of the co-

variance of the measurement noise (Ref 6). The information

matrix conceptually describes how much information about

the state of the system i-s contained in the data (Ref 7:

- 231) . N is the number of sampled measurements which are

taken during the tracking period .

Major Techniques

A simulation of the “truth model” and of the two

estimation processes is performed on a CDC 6600 computer.

Euler integration was used with a step size of .01 sec on

the 50 sec tracking interval. This was dictated by the time

constants of the system and though the integration steps

could be much - longer when integrating the sensitivities ,

the information matrix, and the gradient vector elements,

11 
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they were all chosen equal for the sake of simplicity. The

sampling period was also chosen to be .01 sec for the same

reason .

A system of “state-sensitivities” is built consisting

of the sensitivities of the six states representing position

and velocity (the only states considered in this study)

with respect to the three misalignment angles. The output

vector (or measurement vector) sensitivities are then defined

as functions of the state sensitivities.

The information matrix and the gradient- vector are

developed using information theory and taking into considera-

tion the uncertainty involved with the measurement. These

are then used to calculate the optimal correction to the

misalignment angles.

Organization

This thesis consists of four chapters. Chapter I out-

lines the motivation and background for investigating the

feasibility of maximum likelihood estimation to a problem

of estimating parameters involved in a nonlinear use.

Chapter II develops the system truth model and presents

the assumptions made in the engagement scenario. Chapter

III introduces the Maximum Likelihood Filter Equations and

presents the formulation of the two specific models investi-

gated. The Output Error Functional and the performance

criterion are also discussed in this chapter. Chapter IV

includes the discussion about the numerical results. Having

12
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demonstrated concept feasibility, 8everal suggestions are

presented for future optional studies. The appendices

contain some theory about Maximum Likelihood Estimation ,

the detailed derivation of some of the equations , the

description and computer listing of each of the computer

programs developed for this study, and the numerical re-

suits.

13
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II. System Truth Model

Introduction

This chapter develops the realistic models of the

aircraft , missile, and engagement geometry . The system

models should represent the dominant dynamics and non-

linearities of the engagement scenario, and yet be repre-

sentative of a wide spectrum of missiles. The model is

divided into several components, as shown in Figure 3.

It is important to note that the primary objective of this

report is to describe and analyze the ability to estimate

parameters in the navigation and guidance equations for the

missile (the three misalignment angles of the inertial

platform of the missile). The missile subsystems and

dynamics are, therefore , modelled in much greater details

than other truth model components (for example, the air-

craft) and yet kept as simple as possible so that they do

not shadow the main thrust of this study -- - the estimation

- problem. Prior to discussing the individual components,

however, the assumptions that have been made in the develop-

ment of the model are presented.

Assumptions. The control aircraft which is tracking

the missile is modelled as a point mass. In addition, the

inertial navigation system of the aircraft, with respect to

which the missile’s inertial system is evaluated , is assumed

to be perfectly aligned and stable so that it can be .regarded

as forming a stationary frame in which the missile is

14
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observed. It is further assumed •that, relative to each

other , the aircraf t and the missile inertial frames are

non-rotating and non-drifting. The assumption of non-rota-

tion is really made without any loss of generality since

rotating frames (as in the case of the wander azimuth

inertial platforms’) consist of a controlled rotation that,

since known , can always be taken into account. Likewise,

the assumption of no drift has little effect upon the infor- —

mation analysis (parameter sensitivity analysis) which is

conducted in this study. However , the drift would have to

be taken into account in an actual on-line estimator in

which the misalignment angles would be modelled as slowly

varying parameters , and a maximum likelihood estimator ,

for example , would be employed (Ref 8:10-9).

Navigation systems that are currently available in

aircraft have errors that are second or higher order

effects when compared to errors in the measurements of the

missile dynamics with the radar tracker. Therefore, the

assumption of a perfect inertial navigation system on the

aircraft does not affect the model integrity , while it

greatly simplifies it. It is further assumed that meteoro-

logical effects can be ignored. This assumption appears

reasonable since the time period of the tracking of the

misi~ le is short, both the missile and aircraf t are in the

same air mass, and finally because the magnitudes of

meteorological effects will in general be of second order

in comparison to the missile dynamics. Other assumptions

16
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that are peculiar to a particular model component will be

discussed in the applicable section.

Coordinate Frames

Aircraft Local Vertical Inertial Frame (XA, 
~A’ 

ZA).

Located at the aircraft center of gravity. The XA axis is

in the “true” north direction , the axis is in the “true”

east direction, and the ZA axis is in the “true” down —

direction. -

Missile Local Vertical Inertial Frame (XM, 
~M’ ~~~~~~~~~~

Located at the missile ’s center of gravity. The XM axis

is in the missile indicated “north” direction, the axis

is in the missile indicated “east” direction, and the ZN
axis is in the missile indicated “down” direction.

These definitions of frames assume the range between

the aircraf t and the missile to be such that the difference

between the “true inertial” direction (north-east-down) at

the location of the aircraf t and missile , is negligible.

Misalignment Euler Angle Rotation. Euler angles are

used to def ine the misalignment between the missile ’s and

the aircrafes inertial frame. The misalignment angles are

assumed to be small , so they may be treated as components

of a vector c.

*

(3)

17
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X~~~, Y~, Z~ (i — 1, 2) are intermediate unit vectors for the

transformation that represents the Euler angle rotations

in sequence (Ref 9:37):

X1 - Cos * Sin q, 0 XA
= -Sin 4~ 

Cos p 0 • (4a) 
—

Z
1 

0 0 1 Z
A 

-

X2 Cos O 0 -Sin e X1

Y2 = 0 1 0 . Y1 (4b) -

Z2 Sin e 0 Cos O

1 0 0 X2 
-

0 
- 

Cos • Sin • • (4c)

ZM 0 -Sin $ Cos 4~ - Z2 
- 

-

The transformation C~ is defined as the product of the 
-

three matrices in Equations (4):

1 0 
- 

0 Cose 0 -Sine Cos* Sin* 0

— 0 Cost Sin4~ 0 1 0 . -Sin* Cos~p 0

0 -Sin~ Cos~ Sine 0 CosO 0 0 1 -

18
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Cos8Cos* CosOSin* -SinO

— -Cos4,Sinip+Sin$SineCosq, Cos$Cos4,+Sin$SinoSin* Sin$CosO (5) 
- -

Sin$Siwjs+Cos4,SinOCosq, -Sin$Cos*-I-Cos4,SineSin* Cos$CosO

Assuming small misalignment angles (represented by the

general angles a and 8):

Sina = a; SinaSin8 0; Cosa 1

and SO: -

1 * -e
C~~= -i~ 1 4, (6)

0 -4, 1

Since C~ is an orthogonal transformation , the inverse is

equal to its transpose (neglecting second order terms) and:

(7)

— e 1

Missile Guidance

Airframe Dynamics. The rotational motion of an airframe

is generally described in terms of six state variables - -

three angles and three angular rates. The exact differential

19
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equations of motion for these variables are nonlinear and

are also coupled to the translational motion of the airframe

through such quantities as airspeed and altitude , which

describe the missile ’s flight condition. The coupling

between translation and rotation is simplified if the

former, being affected primarily by the relatively long

response time of the guidance loop , is regarded as being

independent of the autopilot characteristics. Consequently ,

in the rotational equations of motion, altitude and airspeed

can be regarded as time-varying parameters that are inde-

pendent of the missile airframe response characteristics.

In the case covered in this study , the missile is supposed

to cruise for quite a long range. This would require wider

wings for a better lift coefficient but would deny the

designer the ability to assume instantaneous roll stability.
‘ 

The roll dynamics are therefore taken as a first order lag

system with a shorter time constant than the one for the 
—

pitch dynamics (bank-to-turn missile). After these simpli-

fications there still remain nonlinearities in the depen-

dence of the equations of motion upon angle of attack and

control surface deflection angle ; these can be eliminated

with small angle approximations. The mathematical model

used here to describe pitch motion is for a missile which

develops lateral maneuvering forces through aerodynamic

lift provided by fixed wings or by the missile body, with

the aid of tail-mounted control surfaces. The model neglects

longitudinal-lateral coupling and assumes a second order

20
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airframe and a first order actuator dynamics with equations

of motion given by (Ref 5:2-2 to 2-5): 
-

Mq~q( t) + Ma cx(t) + M6~~5(t) (8)

&(t) q(t) - La~
c&(t) - L6

.ó(t) (9)

~(t) = A 6(t) + A~6c( t) (10)

~(t) = -v .8(t) + v•8~
(t) (11)

L(t) = -V ( t ) ( & ( t )  - q(t)) (12)

where Mq~ Ma, M6, La, and L5 are stability derivatives and:

a(t) - angle of attack ,

q( t) - pitch rate,

L(t) - normal acceleration (lift),

V( t) - air speed ,

6(t) - control surface deflection ,

6~(t) - control surface deflection command ,

8(t) - bank angle ,

B~
(t) - bank angle command ,

1/A - pitch actuator t ime constant,

1/v - bank servo time constant,

21 
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Fig. 4 Aerodynamics Variables

The stabilized roll angle of the missile is measured by its

inertial system and defined with respect to it. Once the

roll angle (in the missile’s inertial frame) is known,

deflection commands can be resolved to the pitch or yaw

control surfaces. This study does not deal with the -

resolution of the commanded deflection between the two 
-

pairs of fins. 6(t) is then the effective control surface

deflection (Fig. 4). - -

Kinematics. The total velocity of the missile VM (the

superscript denotes the frame in which the vector is expressed ,

M - for the missile’s inertial frame , and A - for the aircraf t

inertial frame) is at an azimuth angle ‘V A and an elevation

angle 
~E 

with respect to the missile ’s inertial frame. The

banking angle 8 is measured around the positive VM direction,

22
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V
3 

~~~~~~~ V~

Fig. 5 The Missile Inertial Frame

from the horizontal plane (Fig. 5). X~, ~~ 
Z,, define a

coordinate frame such that X~ is in the !M direction , 
~v 

is

in the direction defined by the right wing of the missile

on the horizontal plane (at zero bank angle) and Z-~, is

determined by the cross product (X~ 
x Y~) .  Xi, ‘f 

~~~ 
Zj

(i — 1, 2) are intermediate unit vectors for the transfor-

mation:

X1 COSYA SinyA 
- 0 X1

— rA Y1 = -SinIA COSYA 0 Y1 (l3a)

Z
1 

0 0 l Z
1
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X1 X2 COSYE 0 Siny
E 

X2
rE ‘

~2 
0 1 0 (13b)

-
‘ 

Z1 Z2 _SinY
E 0 COBYE Z2

X2 X,~, 1 0 0
= r 8 Y

~ 
0 CosB Sin8 (l3c)

Z2 Z,, 0 -Sin8 Cos8

XM CosyA SinyA 0 COSYE 0 Sin y~ 1 0 0 Xv
= _Siny

A CosyA 0 0 1 0 0 Cos8 Sin8 ‘

~~~~~

ZM 0 0 1 -SinyE 0 COSYE 0 -Sin8 CosB Zv

Xv
— rA rE 

S r 8 
~~~~~ 

(14)

Zv

As seen in Fig. 3, FA and rE can resolve the total missile

velocity (V) into its components in the missile inertial

frame -- V1, V2,  V
3 
(Fig. 5):

V2
1A 2(V

1 
+V

2
)
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- =

- - V1 (16)
Cos y =

1 +V2

V3Sin yE -
~
- (17)

(V1
2 + V2

2)¾ (18)
COS YE = 

v

The transformation from the aircraft coordinates to the

missile coordinates can be carried out through the use of

the misalignment transformation matrix:

V1 Vx

2 A  Y -

V3

1. i~~~-O V~
— -* 1 •.Vy

e — $  1 V
Z

- 
vx +*Vy ovz

- 4Vx + Vy +$V z

0V~ - $Vy + V~ (19) F
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This representation of the three components of the missile

velocity are used in the definition of the trigonometric

functions of and defined in Equations (l5)-(]8).

Assumptions. The translational equations of motion

are driven by the sum of external forces applied to the air-

frame. The forces modelled in this study are the aerodynamic

force and gravity. The aerodynamic force acting on the body

of the missile is a lift force acting perpendicular to the

velocity vector VM (Ref 10:328). Gravity is acting on the

missile in the “true” down direction -- the aircraft’s ZA
direction.

This study assumes that the missile’s thrust is equal

and opposite to its drag during the tracking phase. Those

a..iumptions are indeed valid especially for the type of

-~ missiles dealt with in this study - - missiles having a very
smooth aerodynamical shape and designed to coast for long

ranges..

Another assumption regards the mass of the missile and

its stability parameters. A great part of the mass of a

missile is fuel and as it is burned to develop thrust, the

mass of the missile decreases. With the change of mass, a

change of the moment of thertia and of th2 location of the

center of gravity will also occur. For the same reason

mentioned above , having a missile tracked during its coast-

ing phase , those factors will be assumed constant. As for

the stability parameters , they are usually a function of the

speed of the missile, its mass, its altitude, and the dynamic

26
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pressure in the air mass around it (Ref 5:D-2). This study

will assume those parameters to be constant. Their values

will ~~t’~h the following flight conditions:

Altitud - - 35000 f r.

Velocity - 1500-3000 ft/sec

Dynamic pressure - 3146 lb/ f t 2

— Mass - 28 slugs

Centerline moment of inertia - 497 slug-ft2

The parameters values used for this study for the flight

conditions mentioned above are:

Mq - - .462 1/sec

Ma — -5 . 8 1  1/sec 2

— -72. 1/sec 2

La .379

L6- .0699

Missile Measur ements

Radar Measurements. The line of sight between the air-

craft and the missile is defined by the azimuth angle 
~~

(with respect to the aircraft inertial frame) and the

elevatic~ angle 0R (with respect to the same frame) (Fig. 6).

The relative position and velocity of the missile, as

measured by the radar (in the aircraft frame), as seen in

Fig . 6 are therefore given by the following equations:

27
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Fig. 6 Radar Geometry

R = (X2 + Y2 + Z2)½ (20)

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

-
.

2R 
-

= X... + ‘f. + Z•
~~A ~Y ~Z

V X + V yY + V ~Z (21)X1~

Sin *R = _ _ _ _ _ _

(X2 + Y 2) ½ 
- 

(22)

Sin O —
~~~~~ (23)a
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where X , Y, Z, Vx, V~ , and V~ are all relative to the air-

craft position and velocity. It is noted that the radar

measurements are non-linear functions of the relative

position and velocity of the aircraf t~
Acceleration Measurements. The three accelerometers

mounted on the inertial platform of the missile are meas-

uring the three components of the specif ic force acting

on the missile along their sensitive directions. These

directions are misaligned with respect to the true cardinal

directions (repres ented by the aircraft inertial frame~ by

the misalignment angles. The accelerometers are instruments

used to measure specific forces. The acceler~tion with

respect to the inertial space is therefore the sum of the

specif ic force and of gravity (Ref 11:62). As stated in

the assumption of the previous section, the only external

force (except gravity) acting on the missile is the lif t,

and it is perpendicular to the velocity vector. The velocity

being in the Xv direction (Equation (14)), the lift is act-

ing in the Zv direction. The lift vector in the velocity

frame can therefore be described as:

- 

0

Lif tv = 0 (24)

-L
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Using the transformations defined in Equation (13) coor-

dinatizes the lift vector in the missile inertial frame:

0

SF— FA FE F8 
- 0 (25)

-L

The three components of the vector SF are the three specific

forces sensed by the missile accelerometers.

Measurement Noises

Introduction. This section models the random noise

component of the system truth model. This study considers

only measurement noises and neglect any system noises which

might be present in reality. All measurement noises which

might be present are represented by additive white noise

over the bandwidth of the systems considered (Ref l2:A-lO ,

A-l4). Since this is a “deterministic” information analysis

(using apriori sensitivities), the accuracy of the “truth”
-
1

model , in terms of the individual measurement error sources

is not of much concern so that the lumping of the error

sources is a justifiable simplification for this study.

Considering first the radar measurements, they will

generally be corrupted by various types of noises which

can be categorized according to the dependency of their

RMS levels on the range to the missile. The actual noise

30



F ____

levels and bandwidths are dependent on the exact form of

the measurement signal processor, missile attitude and

characteristics, environmental conditions and a multitude

of related system effects. However, using measurements

obtained from actual hardware or mathematical models , most

of the observed measurement noise can be lumped into one of

three assumed forms: receiver noise, range independent

noise , or angular seintillation noise. This study lumps

all error sources in one error process modelled as white,

Gaussian , and with constant covariance. The justification

for ignoring time correlated error sources such as angular

scintillation is in the fact that most of the target depend-

ant error sources -- as scintillation, will be eliminated
if a beacon is used on the missile to aid the tracking

process. The dominant remaining error source is then

receiver noise.

Receiver Noise. Receiver noise consists primarily of

thermal noise generated by the antenna and receiver elec-

tronics on board the aircraft. The effective amplitude of

this noise increases with increasing range because of the

corresponding decreasing signal-to-noise ratio. The noise

bandwidth is dictated by the post-detection bandwidth of

the receiver , which in general tends to be much larger than

the signal bandwidth. Consequently, it can be assumed that

the noise is “white” over the signal spectrum of interest

without loss of generality. In the case of a sampled data

- 
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system, errors in the sampled and held values are assumed

to be uncorrelated from sample to sample .

Range Independent Noise. Range independent noise is

a collection of all noise sources which contribute a

constant RNS error throughout the tracking phase. Typical

sources include servo noise generated by the seeker servo.

It is assumed that the noise is also “white” over the

receiver bandwidth.

Angular Scintillation Noise. Angular scintillation

noise is caused by the wandering of the apparent centroid

of radiation across the visible surface of the missile.

This is generally a narrow band source and is often modelled

as a first order Markov process, the result of “white”

noise passed through a low pass filter with a time - constant

which depends primarily on the missile motion spectrum. On

the other hand , if the radar frequency is changed in pseudo

random manner from sample to sample, then the apparent

centroid of the target radiation will tend to be independent

from sample to sample.

Accelerometer Specific Force Noise. These include

accelerometer input axis misalignment, accelerometer bias

and scale factor error, and higher order errors (Ref 13:

105-117) . This study assumes a zero bias error. All the

error sources in the accelerometers are then modelled as

pure white noise. In most current generation inertial

navigation systems , the uncompensated accelerometer bias is

at least 50-100 lig (Ref 13:139,163). For a lower quality
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inertial system, as the one which might be mounted on the

missile, a typical value for the standard deviation of the

noise representing this uncertainty would be 1 mg.

Noise Generator. The additive “white” noise for the

seven measurements ( four radar measurements and three

specific forces) are produced using a call to Subroutine

Noise (see Appendix D). The essential procedure is to

generate a unit variance Gaussian noise and to multiply it

by the strength desired. For a “white” noise, the strength

is a (a is the standard deviation). The various values for

the different strengths are listed in Table I:

Table l -

Strengths of Measurement Noises

Measurement a

Range - (f t) 10

Range Rate - (f t/see) 10

Azimuth - (Rad)

Elevation - (Rad)

Specific Force - (f t/see2) 32.2 . l0-~~

Sy stem Equations

The equations of the system aerodynamics and kinematics

are described in this section. A state space representation

is used for the development of the aerodynamics and kine-

matics equations.

33
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Controller. As shown in Fig. 1, a controller will be

the function generator for the commands generated in the

aircraft and transmitted to the missile. This transmission

is assumed to be without loss or perturbation. Two angles

controlling the aerodynamics of the missile are transmitted

from the aircraf t -- 
~~ 

(Eq . (10) ) , and B
~ 

(Eq . (11)).

Different controls are expected to excite different

modes of the system according to the various control

frequencies and natural frequencies of the system, and also

to the state which is most perturbed by the control. Three

different control types are used in this simulation , though

no attempt is made to go into the broad field of input

design - - a field which investigates the techniques involved

in choosing the proper inputs according to optimal identifi-

cation criteria (Ref 6). A separate computer simulation

run is made for each type of control. The specific type of

control is defined to the controller by the integer variable

KD such that:

8c Kl t (26)

— K
3 

+ K4 . Sin (w2 . t) (27)

K
D — 2: — K1~ t + K2 . Sin (w1 . t) (28)

- (29)

34
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Bc Kl t + K2 Sin (w1 . t) (30)

6c K 3 + K 4  - Sin (w2 - t) (31)

where t is the elapsed time since the start of the control- —

hug process. K1, K2, K3, K4, w1 and w2 are constants which

result in the controls described in Table II.

K1 
- .063 rad/sec

K2 - .03 rad

K3 - .007 rad

K4 - .002 rad

- .1 rad/sec -

- .2 rad/sec

Table II

Control Characteristics

Amp. of Freq. of
Max. Deflection Oscillations Oscillations
in 100 sec. (when applicable) (when applicable)

Control (Rad) (B.ad) (He)

8c 6.28 .03 .016

.009 .002 .032
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Aerodynamics. The aerodynamical characteristics of

the missile are described in the third section of this

chapter (the section dealing with the Missile Guidance).

The equations are repeated here for completeness:

- ~(t) — M~, .q(t) + Na ct(t) + M6.6(t) (8)

á(t) — q( t) - L
~
.a(t) — L

6
.(6t) (9)

à(t) — -A .6(t )  + A. iS~~(t)  (10)

~(t) 
— -v•B(t) + v~ 8 ( t) (11)

L(t) — -V(t) (à(t) - q(t)) (12)

0

SF = F
A

F
E

F
8

S 0 (25)

-L

The three components of the specific force vector (SF)

defined in Equation (25) are in the missile inertial frame.

Kinematics. Since the poèition and velocity states

of the missile are defined in the aircraf t frame (as stated

also in the radar measurement subsection of this chapter),

the specific force vector has to be put into the aircraft

inertial frame before its integration to generate the

36
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missile velocity. This is done by premultiplying the

vector SF by the misalignment matrix c~. Gravity has to

be added to the third component of the resultant vector

in the aircraft frame:

c~~. s F  (32)

*(t) = Vx(t) (33)

= V~(t) (34)

±(t) = Vz (t) (35)

Vx(t) = Ax (t) (36)

~y(t) — Ay(t) (37)

VZ(t) — Az (t) + g (38)

Stmm~nry

The real. world model of the engagement scenario’s

systems , parameters , and noises has been developed in

Chapter II. It has been possible to describe a complex,

non-linear system and simulate it using a simple rectangu-

lar integration scheme and a fast enough sample rate. The

modelling emphasis has been on the missile system and its 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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associated parameters and coefficients.

The system equations were developed throughout the

chapter. The truth model flowchart and computer listing

are in Appendix D. Finally, the “true states” were

generated for the determination of “true” measurement

values to be used in the maximum likelihood estimation

of the parameters -- the three misalignment angles.
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III. Maximum Likelihood Filters -

Introduction

This chapter presents the Maximum Likelihood Estimator

(or Fil ter) equations and develops Model 1 and Model 2

representations. As it will be seen, both of these filters

are highly non-linear. Therefore, the conventional Kalman

Fil ter is not an appropriate estimator for this par ticular

system. In the case for which the covariances of the

states would remain Gaussian, it could be possible to use

an Extended Kalman Filter. This assumption is not realistic

for a non-linear system (Ref 8:10-7). On the other hand,

the advantage of the Extended Kalman Filter is that it is

recursive so that its implementation is more realizable.

Never theless , as stated in the introduction to this thesis,

the prime objective is in the evaluation of the information

content of the two models. The design of a realizable

filter is only a secondary objective. For the non-linear

sys tem at hand , the maximum likel ihood es timator becomes

then the best choice because a statistical measure of the

information content between the two models is inherently

contained in their respective terminal information matrix.

Sensitivity States

As shown in Appendix A, the maximum likelihood estima—

tor is based on the sens itivity operators made up of the

output sensitivities, which are in turn functions of the

state sensitivities . The state sensitivities to the

39
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misalignment angles are defined in this section. The
ap

position states sensitivities ~ ~~

.= ) are :

ax ax ax -

(39)
a q) 30

az az

The velocity states sensitivities ( ) are:

- 

avx
38

(40)
30

av
~ 

av~

Using state space representation, the relationship between

and is: -

as

(!L ) = ~ X (41)
35
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such as (for example):
-5
’

(ax )_ 3Vxw

while the derivative in time of is:as

2— 

~~~! ~Eva1uated along the
nominal path

where ~ is the acceleration vector in the aircraft inertial

frame defined by Equations (36-38), and ~ is the vector

representing the misalignment angles (Eq. (3)).

- Using Equations (7), (32), (38), (42) and the chain

rule of partial derivatives:

0

=~~~(c~~•sF + 0 )
- g

(43)
—
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Using Equation (7), the first term of Equation ( 43) reduces

to: (See Appendix B for detailed derivation)

-SF SF 0

- • SF = SF1 0 -SF3 (44)
- - - as

0 -SF1 SF2

where SF1, SF2, and SF3 are the three components of the

specific force vector SF (defined in the missile inertial

frame). From Equations (15-18, 25) it is seen that SF is

a function of the missile velocity in the missile inertial

frame (VM) which is in turn a function of the missile

velocity in the aircraft inertial frame (VA) and of the

misalignment vector (c). The second term of Equation (43)

expands then to:

3SF 3SF 3~
M avA ~SF av

M
— — — — —=-- + — —=5-.

- 3vM aVA 36

Equation (43) expands then to the following expression

(for detailed derivation see Appendix B):

(46)
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Output Sensitivities

Looking upon the seven measured values - - four radar

measurements and three specif ic forces , as outputs of the

sys tem, it is possible in a way similar to the one used

in the previous section to define the output sensitivit’ies

( -~-~“ ) as:

3R 3R
3* - 30 3$

34, 30 3$

aSin4,R 3Sin’VR 3SinqJ~
3* 30 3$

— 

3SiU0~ 3SinOR 3SinOR (47)
ae a~ 

-

3SF1 3SF1 3SF1
30 34 ,

3SF2 3SF2 3SF2
34, 30 3$

3SF3 aSF3 3SF3
34 , 3 0 3$

Using the chain rule of partial derivatives, the elements of

are derived as follows -- using Equations (19-23), (25):
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~.~_ = {  
~ ~~ ~~~ 

(48)

- -2~j.(X’Vx 
+ Y V y + Z’Vz)

_ _ _  - - .!(X.Vx + Y.Vy + Z V ~) (49) 
- 

-

- 4(X.V~~ + Yui Vy + ZhI Vz)

+ [ x  Y z 1 .~!j
~ ~

3(Sin4iR) 
= { -x~ x2 (50)

L (X2 + Y2)3”2 (X 2 + Y2)3”2 -

3(SiflOR) _ [-xz -yz x2 + ~
2 1 ~ 51

L R R R3 J ~
This defines the four radar measurements sensitivities ,

detailed derivation can be -found in Appendix B). The

specific forces sensitivities were already defined in the

previous section -- Equation (45):
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-~SF - 3SF .3VM • aV asy.avM (45)
~~~~~~~~~~~~ 

+
~~~~~~

Model 1.

As stated in the introduction to this thesis , Model 1

disregards the fact that the acceleration commands, which

are the source of the specific force vector (SF), are

generated in the aircraf t iner tial frame and implemented

in the missile inertial frame. The significance of this

statement is that SF is not recognized to be a function of

the misalignment angle and so Equation (45) is set identi-

cally to zero.

- 
- 

Equation (43) reduces then for Model 1 to (using

Equation (44)):

SF

~!

-SF2 SF3 0

— SF1 0 -SF3 (52)

0 -SF1 SF2
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Since there is a nominal state trajectory that remains un-

per turbed , small sc ale sensi tivities are used here . SF1,
SF2, and SF3 are the specific force measurements received

directly from the missile.

Model 1 uses the three measured specific forces as

inputs for the generation of its trajectory. Hence, they

are not treated as measurements of the states as it will be

done in Model 2. As shown in Appendix A , the difference

between the “true” measurement vector and the one generated

from the model trajectory , plays an important role in the

determination of the gradient vector. In the case of

Model 1, such a difference would not exist- for the three

components of the measurement vector constituting the

three spec if ic forces. Therefore , for the case of Model 1,

the dimension of the measurement vectors, “true” and mod-

elled , is reduced to four and includes only the radar

measurement.

The calculations of the information matrix and of the

gradient vector as descr ibed in Appendix A include only

the measurement noise covariance R. This is correct when

it is assumed that there is no plant noise in the system,

or that it is at least negligible. Model 1 uses the

specific forces received through the aircraft’s communica-

tion system as inputs to the generation of the estimated

trajectory . As stated in Chapter II , Gaussian white noise

is added to the measurements before they are transmi tted to

the aircraft. This essentially means that the assumption

46
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about the zero plant noise is, in fac t, not valid for

Model 1. This study, nevertheless uses the assumption of

zero plant noise. Since the comparison of the information

matrices between Model 1 and Model 2 is seeked , they should

be compared on a direct basis (both without plant noise).

However , if one were to build the estimator using the

Model 1 approach, he would have to include plant noise in

the maximum likelihood estimator.

Model 2

As stated in the introduction to this thesis, Model 2

is an upgraded model as compared to Model 1, in that it

does account for the specific forces measured by the missile

accelerometer s, being a function of the misalignment angles.

The difference between Model 1 and Model 2 lies then in the

second term of Equation (43) which appears only in the case

of Model 2.

Model 2 does not use the specif ic forces of the miss ile

transmitted to the aircraf t as inputs to the generation of

the expec ted trajectory (as Model 1 does) . As mentioned

in the introduc tion, since the charac ter istics of the

missile are known to the aircraft’s computer , expected

specific forces can be generated (us ing the nominal expec ted

misalignment angles) and used as inputs to the generation

of the expected trajectory. Those specific forces are

then compared to the one transmitted from the missile in

the process of building the gradient vector needed for the

47
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estimation of the misalignment angles. The output

(measuremen t) vec tors , “true” and es timated , for Model 2,

have then a dimension of seven. On top of the four radar

measurements, the three specific forces are now added to

the measurement vector. In contrast to what was said in

the case of Model 1, the assump tion of zero plan t noise

for Model 2 is correct.

It can be seen that Model 2 is indeed using an inherent

source of information (at the price of additional complexity).

As stated in the introduc tion , the main thrus t of this study

is to determine if the additional complexity is wor th the

degree of informa tion added to the model. It should also

be noted that the predicted states in Model 2 are a far

more non-linear function of the error angles £ than they

are in Model l~ Thus , in go ing from Model 1 to Model 2 ,

plant noise has been traded for significant non-linearities.

Both, as it will be seen, can cause considerable difficul-

ties in the prediction and estimation capabilities.

Information Matrix

The first sections of this chapter have derived what

is called in the literature a “sensi tivi ty sys tem” (Refs 6,

14, 15). The states of this system are the position and

velocity sensitivities ( 
~~ 

, ) and the outputs are the

output sensitivities:

( 3R ~~ 3(Sin4,R) 3 (SinOR) 3SF1 3SF2 and 3SF3 ~ac 3c 3c 3c
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Once the output sensitivities have been evaluated,

the information matrix can be derived. The information

matrix is in fact (Appendix A):

M — E ( ~~ )T.R.4.( ~.Z ) (53)
n”l ~!

Using the output sensitivities and the difference between

the “true” output vector versus the estimated one, the

gradient vector is evaluated:

F 

H =

~~~~~~ 

( a! )TsR~
ls(!true - !est ) (54)

The role played by the output sensi tivi ties in the building 
- 

—

of the information matr ix , and the gradient vector, and in

the estimation process is clearly important. Sensitivities

can be analogous to signal strength and the information

matrix --to signal to noise ratio. Then by making sensi-

tivities large, the signal to noise ratio can be increased

thereby enhancing the estimation capability. The next step

is to evaluate the correction in the estimation of the

misalignment angles. As stated in Appendix A , this cor-

rection is:

5c M 1H (55)
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Performance Criteria

In view of the prime objective of this study -- the

comparison of the information matrices for Model 1 and

Model 2, this comparison is by itself a performance

criterion. The comparison is based on the trace of the

“dispersion matrix” defined as the inverse of the informa-

tion matr ix :

tr (d )  = tr (M~~) (56)

In view of - the secondary objective -- the estimation of the
misalignment angles , the quality of this estimation (how

close do the es timated angles get to the true angles),

is another performance criterion.

As shown in Appendix A (Eq . (A-b )), the estimation

process includes in fac t a linearization about a nominal

trajectory (defined by a nominal estimated misalignment

angle vector). Therefore, generally speaking , the estima-

tion process should be iterative and hopefully convergent.

Each -iteration uses the measurements of the full tracking

period. The estimation is then reprocessed about the

correc ted nominal path so that the es timated misalignment

angles vector gets as close as possible to the “true”

vector. Three iterations were made. In the case of Model

1, the spec if ic forces transmi tted from the missile ( and

which are the source for the generation of the estimated

50
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trajectory) are assumed not to be functions of the mis-

alignment angles. Disregarding gravity, Model 1 trajectory

is described by:

O I P  0 F

= 
— + SF (57)

0 O V  c

where SF is assumed not to be a function of c, I is the

identity matr ix , P is the pos ition vector and V is the

velocity vector.

It is then clear that the system can in fact be

reformulated such that the misalignment angles are states

(modelled as random biases) in the augmented system (W

is the pseudo-noise which would be added if an Extended

Kalman Filter was -to be used):

O b 0 ~~~
= 0 0 SF V + W  (58)

0 0 0

Presuming that the P vector is directly measurable (i.e.

there exists a one to one correspondence between the

position vector and the radar measurement vector) then it

can be shown that the posi tion covar iance can be calculated
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from the Ka].man Filter covariance propagation equation so

t
~
tat the estimation process would need just one iteration.

This , of course , is not true for Model 2 for which

the dependence of the specific force vector on the mis-

alignment is expressly exploited as a source of further

information.
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IV. Results and Conclusions

Introduction

As stated in the introduction to this study and in

Appendix A, the maximum likelihood estimation is based on

the evaluation of state and output sensitivities with

respect to unknown parameters - - the misalignment angles --
while the missile follows a nominal trajectory. This

nominal trajectory is a function of the parameters , the

type of control applied to the missile, and time (Eq. (A-i)).

The complete set of numerical resul ts is gathered in

Appendix C. Tables C-I to C-VI describe the trajectories

F 
for the Truth Model. Tables C-I to C-Ill show the nominal

path for the arbitrary set of misalignment angles:

4, 
= 1 mrad

- O 2mrad

$ = 3 mrad

but with three different types of control. Likewise, Tables

C-IV to C-VI show the nominal path for a different set of

arbitrary misalignment angles :

4,=5m rad

0 10 mrad

$ = 15 mrad
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and again, with three types of control.

The two angles 
~~ 

and 6c are transmitted from the air-

craft to the missile. Using them, the aircraf t in fact

controls the missile. As described in the section of

Chapter II dealing with the controller , 
~c 

is the bank

angle command while is the control surface deflec tion

command. The control characterized by KD = 1 is described

by:

= K
1
.t (26)

K
3 
+ K4’Sin(w2.t) (27)

Specific values for the various constants are given in

Chapter II. For the second type of control (KD = 2) the ‘

commanded angles are:

= K1•t + K2.Sin(w1’t) (28)

- óc K3 (29)

Finally , the third type of control is described by :
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— K~~•t + K2•Sin(wl•t) (30)

— 1(3 + K4’Sin(w2•t) (31)

In all cases , the simulation starts when the relative

position of the missile with respec t to the aircraf t is :

X(0) = 1000 f t

Y(0) = 1000 ft

Z(O) = 100 f t

The range (R) measured by the radar is then (without noise):

- R(0) = 1417.7 ft

The relative velocity of the missile with respect to the

aircraf t at the beginning of all s imulations is :

Vx(O) = 2000 f t/ sec

V1(O) = 1500 ft/sec

V~
(0) 10 f t/ sec
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The range-rate (R) measured by the radar is then (with-

out noise) :

i(O) = 2469.4 ft/sec

At the beginning, before any commands are transmitted to

the missile , its accelerometers are assumed to be measuring

no specific force. Tables C-I to C-VI show the missile

relative posi tion and velocity , its range and range-rate

and its specific forces every 10 seconds for the 50 sec-

onds during which the missile is tracked. It is seen that

the range between the aircraft and the missile at the end

of the 50 seconds is about 22 nautical miles. This repre-

sents a conservative range at which most modern airborne

f ire control radars would still be able to beacon track a

target.

As stated in Appendix A , the trace of the dispers ion

matrix (which is the inverse of the information matrix)

was chosen as the primary measure of merit in comparing the

two different modelling techniques. Additionally, using

the dispersion matrix and the gradient vector, a new

estimate of the misalignment angles vector is computed and

printed together with the trace of the dispersion matrix

every 10 seconds.

56

~~~~~~~~~~~~~~~~~~~~~~ 
. -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~~~~~~~~~ 

— - -



r’~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
F

Using Equation (A-lO), it is possible to express

each of the output differences (true measured output minus

estimated output) as the sum of three terms :

A y -~~~~~c +~~~+ HOT(y) (59)

wher e Ay denotes the output difference , -- the sensiti-
vity of this par ticular output to the misalignment angles

vector c , Ac - - the actual misalignment (for the current

iteration), n -- the measurement noise, and HOT(y) -- the

higher order terms in the Taylor’s series expansion used

for the linearization process. It is important to note

that in the “noisy” cases the HOT terms and the noise are

lumped together. Therefore, in order to appraise the quality

of the linear ization (how much is neglected in the higher

order terms ) one has to look at the resul ts generated for

the cases without noise. In those cases, an examination of

the HOT terms gives a direct evaluation of the local accur-

acy of the linearization process. Indeed, if the HOT term

becomes a significant percentage of the first order sensi-

tivity term, it would be expected to have a poor estimation

capability (in one iteration) in spite of the fact that the

dispersion matrix might be very small at that point. There-

fore , the dispersion matrix alone will not supply the entire

basis of comparison of the two methods as these other m di-

cators must also be considered.
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Model 1 Resul ts

The results of the simulation using Model 1 are shown

in Tables C-Vu to C-XXXIII. In the case of Model 1, the

output vector consists of the range between the aircraft

and the missile , the range rate, the s ine of the azimuth

angle, and the sine of the elevation angle. The difference

between the estimated and actual output values are calcu-

lated and printed every 10 seconds. Next to those differ-

ences , the appropriate HOT terms are also printed.

Comparing the trace of the dispersion matrix conver-

gence between the various iterations and with any type of

control it is seen that the trace indeed gets smaller as

the amount of information increases with time. Table III

shows as an example the case wi thout noise and with KD =

for the first and third iteration.

Table III

- 
Model 1 - - Decrease of the Trace of the

Dispersion Matrix (First and Third Iteration)

Time Trace of Dispersion Matr ix
(sec) First Iteration Third Iteration

10. .186.10
-1 

.186.10
-1

20. .188•lO~~ .l89•lO~~
30. .942•10~~ .942•l0~~

40. .2lO•lO~~ .2O8•10~~

50. .750.10
-6 .736.10-6
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In the case of Model 1, the sys tem is in fac t linear --
augmenting the sys tem by looking at the misalignments as

states (Eqs. (56) and (57)). Therefore, there is no more

advantage in redoing the estimation in more than one itera-

tion. Indeed, comparing Tables C-Vu to C-XXXIII between

iterations , it is seen -that the convergence of the trace of

the dispersion matrix almost does not change from one itera-

tion to the next (Table III). This is basically due to the

fact that the state sensitivities in Model 1 are independent

of the nominal parameter values selected (i.e., the state

sensitivities do not change when the parameter values change).

The radar measurements are non-linear functions of the

relative pos i tion and veloci ty of the missile (as stated in

the section of Chapter II dealing with the radar measure-

ments). Therefore, the output differences are expected to

decrease from one iteration to the next, and indeed they do

(Tables C-VII to C-XV). The higher order terms are seen to

be increasing due to the output (and output differences)

being non-linear. Table IV shows for example , the values

for the range difference and HOT term for the first and

second iteration of the case without noise and with 1
~D 

= 3.

In the noisy cases (Tables C-XVI to C-XXIV) the output

differences are not seen to be decreasing anymore (from one

iteration to the next). The reason is, of course , the noise

which is now added to the output and which can be seen ex-

clusively at the initial time for each output difference

(Table V).
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Table IV

Model 1 - - Range Difference and HOT

Iteration Time DELTA(R) HOT(R)
___________  

(sec) (f t) (f t)

10 -.18 .47.10-2

20 .39 .41.10 1

1 30 -.67 .12

40 -.64 .23

50 - .21 .37

10 _ .31.bO 2 .79•l0~~

20 _ .42.l0 1 .78.10-6

2 30 -.12 .24•10~~

40 -.23 .52•1O~~

50 -.37 .90.10_S

Table V

Measur ement Noise

Output Variance Actual Added Noise

Range (f t) 10 11.25

Range Rate (ft/see) 10 9.21

Azimuth (mrad) 1 1.56 —

Elevation (mrad) 1 .90
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For the same reason , the higher order terms do not appear to

be lower than the output differences anymore.

The errors made in es timating the misalignment angles

are seen to decrease r emarkably (by 4 to 6 orders of magni-

tude) from one iteration to the other in the no-noise cases.

Table VI shows the evolution of this error for the estima-

tion of the misalignment angle 4, after 50 seconds for a no-

noise case (wi th KD = 3).

Table VI

Model 1 - - 4, Estimation Error (No Noise)

Iteration Iteration Iteration
#1 #2 #3

_ .12.10 1 _ .24.lO 6 -.55•1O~~

On the other hand , in the noisy cases, the es timation errors

seem to stay more or less cons tant from one iteration to

the next. Table VII shows the evolution of this error for

the es timation of the misalignment angle 4, for a noisy case

(wi th KD = 3) after 50 seconds.

Table VII

Model -1 -- 4, Estimation Error (With Noise)

Iteration Iteration Iteration -

#1 #2 #3
_ .l6.10 1 _ .ll.lO l -.11•lO~~
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The reason that these errors stay essentially constant is

that the presence of the noise in the measur ements tends to

create a bias in the estimation error. This result was, in

fact , expected out of a single run of a “Monte Carlo simu-

lation” as conducted in this study (even though the addi-

tive measurement noise was specified as zero mean).

The ability of the estimator to estimate the mis-

alignment angles was checked for the angles 1, 2, and 3

milliradians. Tables C-XXV to C-XXXIII include the results

for the case in which the misalignment angles are 5, 10,

and 15 milliradians. Table ~~~~ (K~ = 3, wi th noise)

shows that the performance of the estimator was not de-

graded in this case. No attempt has been made to check for

the maximtmi misalignment angles which can still be estimated

adequately using this small angle approximation model.

Table VIII

Model 1 Estimation Ability

Misalignment Angles Estimation Error

4, 0 $ 4, 0
(nirad) (prad)

1 2 3 -11. -21. -47.

5 10 15 -10. -21. -48.

Model 2 Resul ts

The results of the simulation using Model 2 are in-

eluded in Tables C-]DDCIV to C-Il. In the case of Model 2,
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the output vector consists of the four radar tracking com-

ponents included in Model 1 as well as the three specific

forces which are now regarded as measurements to be com-

pared to the predicted values of the specific forces.

Comparing the trace of the dispersion matrix between

the various iterations and with any type of control, it

is seen that the trace indeed gets smaller as the amount of

information increases with time. On the other hand, the

trace stays essentially the same from one iteration to the

next (Table IX).

Table IX

Model 2 - - Decrease of the Trace of the
Dispersion Matrix (First and Third Iteration)

Time Trace of Dispersion Matrix
(see) First Iteration Third Iteration

10. .46•l0~~ .47.bO~~

20. .72~~b0~~~ .68.1O~~~

30. .44.l0~~~ .42.1O~~~

40. .96.bO~~ .90.1O~~

50. .46.l0~~ .43.10~~

Comparison of the estimation errors show that they seem 
—

to increase with time within each iteration. The reason

for this is in the non-linearities which are inherent to

Model 2. The error made in neglecting the higher order

terms in the process of linearization , builds up in time

and deteriorate the validity of the linearized model. The
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closer the estimated misalignment angles are from the true

ones, the longer the linearization stays valid and the

error in the estimate decreases. Table C-n-b (first

iteration), for example, shows a minimum estimation error

occurring after 10 seconds while Table C-XLII-b (third

iteration) shows a minimum estimation error occurring after

20 seconds.

As in Model 1, the output differences are non-linear

functions of the relative position and velocity of the mis-

su e. The higher order terms therefore increase accordingly;

they are still smaller than the appropriate output difference

after 10 seconds on the first iteration but later on they

increase. As the non-linearity decreases in significance

on the second iteration (the nominal misalignment being

closer to the “true” one), they are now seen to stay below

the output differences during all the tracking period.

Table X shows, for example, the values for the range dif-

ference and HOT term for the first and second iteration of

the case without noise and with KD = 3. It is seen that on

the first iteration after 10 seconds the HOT term is still

smaller than the output difference by two orders of mag-

nitude but later it becomes bigger and closer to the range

difference. On the second iteration the HOT term remains

smaller than the output difference than it was in the first

iteration.

As in Model 1, here too, the additive measurement noise

masks any decrease in the output differences seen before
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Table X

Model 2 - - Range Difference and HOT

Iteration Time DELTA(R) HOT(R)
__________  

(sec) (ft) (ft)

10 -.11 -.95•1O~~
20 -.34 .42.10 1

1 30 
_ .l7,10l .30

40 
_
.36.lO

l 
.15.10

1

__________  

50 - .63.10
1 

.51.10
1

10 
-

- 

.89.10 2 .15.10 2

20 ~.37•lO~~ 
_ .41.lO 2

2 30 -.28 _ .39.l0 1

40 _ .17.lO l - .22

50 _ .56.lOl -.88

from one iteration to the next. Tables C-XLIII to C-Il

include the results for the noisy cases. Table V which

shows the additive measurement noise as it appears at the

initial time of each iteration, applies to Model 2 too.

This is because the same pseudo-random sequence is used

for the generation of the additive noise in both models.

The ability of the algorithm to estimate misalignment

angles was checked for the angles 1, 2, and 3 milliradians.

The results are included in Tables C-XXXIV to C-LI. The

errors made in estimating the misalignment angles are seen

to decrease from one iteration to the next in the no-noise
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cases. Table XI shows the evolution of this error for the

estimation of the misalignment angle 4, after 50 seconds for

a no-noise case (with 1
~D 

—

Table XI

Model 2 - - 4, Estimation Error (No Noise)

Iteration Iteration Iteratio~1
- #1 #2 #3

- .63 .14 ~~.31~~lO~~

On the other hand , in the noisy cases , the estimating errors

seem to stay essentially cons tant from one iteration to the

next. Table XII shows the evolution of this error for the

estimation of the misalignment angle 4, for a noisy case

(with KD 3) af ter 50 seconds .

Table XII

Model 2 - - 4, Estimation Error (With Noise)

Iteration Iteration Iteration
#1 #2 #3

.85.10 1 _ .l9.lO l - .14.10 1

F 

It is seen that the errors stay more or less cons tant and

the reason for it is as stated in the case of Model 1 --
the additive noise.

Tables C-Lu to LX include the results for the case in

which the misalignment angles are 5, 10, and 15 milliradians.

Table XIII (1(D = 3, with noise) shows that the performance
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of the estimator was not degraded in this case. No attempt

has been made to check for the maximum misalignment angles

which can still be estimated adequately us ing this small

angle approximation model.

Table XII I

Model 2 Es timation Ability

Misalignment Angles Es timation Error

* 0 
- 

* 0 $
(mrad) (prad)

1 2 3 -14 -24 -28

5 10 15 -14 -25 -30

Models Compari son

Model 1 is definitely s impler in its concept than

Model 2. Model 2 was expected to perform better in the

misalignment angles es timation since it inherently tried

to incorporate more aprior i knowledge in the es timation --
i.e., it had more information content. Comparing the per-

formance of Model 1 and Model 2 for similar case s (for

example , KD = 3 with noise) it is seen that the two dif-

ferent models estimate the misalignment angles with errors

as given in Table XIV.

Comparing the “information content” of Model 1 and 2 ,

it is seen that Model 2 (as expected) draws more information

from the measurements. This is observed from the comparison
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Table XIV

Es timation Error Comparison

Model 1 Error (prad) 
- Model 2 Error (prad)

4, 0 $ 4, 0 $

Iteration
#1 -16. -20. -46. 85. -170. —140.

Iteration
#3 -11. -21. -46. -14. - 24. - 28.

of the traces of the dispersion matr ices as shown in Table

XV (KD = 3 with noise).

Table X V

Trace of Dispers ion Matr ix Compar ison

Time Model 1-Trace of Model 2-Trace of
(see) Dispers ion Matr ix Dispersion Matr ix

10 .19.10-2 .l7•lO~~

20 .29 •lO~~ .14•lO~~

30 .33•l0~~~ .38.10
-6

40 .64.10.6 .17.10-6

50 .21.10 6 .11.10-6

Conclusions

In regard to the prime objective of this study --

the comparison of the information content of the two models,

it is clear that Model 2 starts indeed with a higher level

of information than Model 1 (see the traces of the dispersion
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matrix at 10 sec. in Table XV), but they both tend to

approximately equal information after 50 seconds of track-

ing.

In regard to the es timation objective , Model 1 appears

to be much more advantageous than Model 2. It is not only

s impler (us es o n y  65 seconds of the CDC 6600 central

processor time to be executed in the noisy case for KD = 3 ,

versus 145 seconds for the case of Model 2) • but it also

does not require many iterations to take care of inaccuracies

caused by the linearization process.

The HOT terms are in fact an indicator of the quality

of the linear ization process which turns out to be much

better in the cas e of Model 1 than in Model 2 ( this is seen

from general trends and orders of magnitude in Tables IV

and X). The final results of the estimation are also very

comparable between Model 1 and Model 2 (Table XIV). There-

fore , it can be said that in the process of parameters

estimation, it is not enough to look at the trace of the

dispersion matr ix and one has also to be concerned about

the quality of the linearization.

Finally, it has been seen that to the limited extent

at which it was evaluated, nei ther the size of the initial

misalignment angles nor the various input control had any

major influence on the results.

Suggested Future Study

This study can really be charac terized as a feasibility

study meant to investigate the amount of information included
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in each one of the two methods checked . Expanding the
— feasibility issue , one could investigate, in much greater

depth than was done in this study , the broad field of input

design applied to this problem. In this way, one could try

to optimize the inputs in order to get maximum sensitivi-

ties -- or in other words , maximum information -- to optimize

the estimation accuracy.

Another prospec tive subject of investigation is the

influence of different initial error on the es timation

accuracy as a function of time.

Using a Monte Carlo analys is , one could investigate

the difference in the two models between the trace of the

• dispersion matrix and an error ellipsoid for the misalign-

ment angles variances.

Finally , expanding this study in the direc tion of

implementation, one could use Model 1 for example , and try

to design a realistic estimator without assuming zero plant

- 
noise (as it was done in this study) and without assuming

perfec t knowledge of the initial conditions .

/
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Appendix .A

Sensitivity Operators and Maximum

Likelihood Parameter Estimation

For many applications of interes t, including the case

dealt with in this study, various techniques can be used

to produce an adequate system description in the form of

a linear sys tem model dr iven by known inputs and white

Gaussian noises. Using this linear system model, it is

possible to develop an optimal state es timator and/ or

controller. However , the optimality of these devices is

dependent upon complete knowledge of the parameters which

defined the bes t model for sys tem dynamics , output relations ,

and statis tical descr iption of uncer tainties . Thus , in order

to improve the quality of the state estimates, it would be

desirable to estimate the unknown parameters in an online

fashion. For the problem considered in this thesis, this

would be the three misalignment angles of the platform of

the missile. This is often termed combined state estima-

tion and system identification (Ref 8:10-1). The concept

of maximum likelihood estimation is used when estimating

the parameters without any apr iori statis tics but assuming

that even though they ar e unknown, the parameters are

practically constant (Ref 16:40-42, 7:156-157).

The system can be described by the following vector

linear differential equation:
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~(t,u) = A(X ,b ,u) X(t,u) + B(X,bu) u(t) (A—l)

X(O) — d(b)

The measurement vector is described by:

~(t,b,
u) = H(x ,b ,u) X(t,u) + ~~~(t) (A-2)

where X(t) is an n- dimensional state vector, u(t) is

an r-dimensional control input, ~~~~(t) is an rn-dimensional

output vector , and -b is a p-dimensional real parameter
F 

vector which parametrizes the matrices A and B and the

initial condition vector d. It can be seen that the system

described here is less than the most general one since it

assumes no plant noise so that the only uncertainty present

is in the measurements -- ~(t). The measurement noise is

modelled as additive noise.

It is assumed that the matrices A , B, and H are con-

tinuously differentiable with respect to the individual

components b~ at a nominal value of the parameter vector

b0. Then the state sensitivities may be -computed from

the so-called “sensitivity system”:
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- !(t,u) = A ~(t ,u) + ~~~ u(t)

- 

~
(O) — (A-3)

The measurement sensitivity vector is:

!(t,u) t~ X(t, u) (A-4)

where !(t,u) is a ((1 + P) x n)-dimensional state sensi-

tivity vector , and 7(t,u) is a ((1 + P) x m)-dimensional

output sensitivity vector. The control input, u, is

assumed to be fixed and completely known. Therefore , to

emphasize that the control is fixed, the explicit depend-

ency of the system output (measurement vector) upon the

control, u, will be deleted. 1 0 denotes an apriori estimate

of b and. y(�~) denotes the corresponding mathematical model

output function. The system output sensitivities

v(1-), i = 1, . . .p are defined as the p rn-dimensional output

sensitivity ve-ctors, and they are assumed to be evaluated

along the mathematical model output and to exist and be

continuous for all b.

The estimation criterion adopted is the commonly

used output error functional:
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{(!
~
(t) -

- 

~(Lt))
TR

_l
(z(t) - ~~~,t )}dt (A-5)

where ~ is the vector of actual true measurements and

is the inverse of the covariance of the zero-mean additive

white Gaussian measurement noise:

E(~(t) ii
T(r)) = R~~(t) . 5 (t - t)  (A-6)

where E(.) is the expectation operator, and 6(’) is the

unit sampling function defined by ~(t) = 0 for t = 0, and:

f ~ .5(t) g(t) dt = g(0) (A-7)

for any arbitrary function g. The superscript T denotes

the transpose of a vector. The best estimate , b0~t~ 
is then

the b which minimizes Je(b) .

Since the existence and continuity of the sensitivity

operators at are assumed, the true system output, ~, may

be linearized about the nominal output 
~(b&

, through the

generalized Taylor ’s formula as follows:
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~~(b~~) + V~b + n + H.O.T.

P
= 
~
(b
~) + E v’ ‘~ bi + ~~ 

+ H.O.T. (A-8)
F i—l

where Ab is (b - b
0), 

H.O.T . denotes “higher order terms”

(assumed negligible) , and ri is the additive measurement

noise . Defining the output error as :

- z(
~o) 

(A-9)

‘ the linearized measurement equation is obtained:

Z = V~b + n (A-lO) -:

This equation, although quite simple , is of fundamental

importance as it clearly demonstrates the importance of

the sensitivity operator in the parameter identification

problem. To first order, the sensitivity operators tell

one how much the system output will be perturbed by small

changes in the system parameters . If the sensitivity is —

high, then, in some sense , one can more accurately estimate

the true parameter values (Ref 15:20-32).
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The output error functional now becomes:

- 

JR(~
b) jtf{z - V~~b]T R l[z - V~~~ b~~dt (A-il)

It can be shown using the theory of least squares (Ref

17:160) that the unique minimizing solution for the func-

tional defined above is:

Ab0~t 
= (V* R 1 VY l(V* R~

. Z) (A-i2)

where V* is the V adjoint vector , (V* R 1 V) is the (p x p)

Gram matrix also called the information matrix (M), and

V* R 1 Z is the p-dimensional gradient vector (H).

h = V* R 1 V = ftf[(i~~~)}T R~~[v(i)(t)] dt (A-13)
ti

H = V* R~~ Z =tif
tf[v(j)(t)]T R~~ Z(t) dt (A-l4)

(The reader who lacks the background in functional analysis

should see Ref 15). The information matrix has general

importance in estimation theory because the covariance of

the estimation error for any unbiased estimator is found

to be limited by the Cramer-Rao lower bound which is equal
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to the inverse of M. This is one of the advantages of

maximum likelihood estimation. Another one is the fact

that the optimal solution ~b0~t is unique (Ref 8:10-1 to

10-7). Since this study deals with a non-linear estimation

problem, the maximum likelihood estimation is especially

advantageous in that it uses all the information gathered

between ti to tf to generate the estimates about the

nominal path versus linearizing along the path while

estimating the parameters (as it is done in the Extended

Kalman Filter) .

Thus, it is relatively easy to compute the minimizing

solution ~bopt .  The updated parameter estimate is then

determined from the- equation: -~

- 

- 
= b0 + ~bopt . (A l5)

The system output may now be linearized about bj and y(b~),

and the process of obtaining a new ~bopt. repeated.

Because the information matrix is of p x p dimension,

some suitable scalar measure must be chosen as an optimiza-

tion criterion-. From the information theory viewpoint any

linear functional of the dispersion matrix (the inverse of

- the information matrix) is the most appropriate criterion

(Ref 15:36-38). As stated previously, the dispersion matrix

is the lower bound for the covariance matrix of the
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H Appendix B

Detailed Derivation

Derivadves for the Velocity Sensitivity

The sensitivity states were defined in Chapter III.

As stated in Equation (41), the derivatives needed for the

integration of the position sensitivities are the velocity

sensitivities. The algorithm for the evaluation of the

derivatives for the integration of the velocity sensitivi-

ties is given in Equation (43) .

The transformation matr ix (C~ ) from the miss ile

inertial frame to the aircraft inertial frame is a three-

by-three matrix defined in Equatton (7). Its derivative

with respect to the misalignment vector c defined in Equa-
A .tion (3) is therefore a tensor. Deriving CM with respect

to each of the components of c and multiplying the results

by the specific force vector SF:

1 - 4 ,  0 -

c
~~~

= 4, 1 -, (B-i)

= 

[

~~~~~~~ 

-; 
0
~ [SF

2} 

= 

{

~~~~~~~~~

] 

(B-2)

- 0 0 0 SF
3 

0 -
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o o 1 SF11 SF

~~~ •SF = 0 0 0 SF2 = 0 (B-3)

0 0 SF3 -SF1

.

~ : : ~~ = _5F
3] 

(B-4)

o 1 O S F 3 SF2

Combining the three columns of Equations (B-2) , (B-3) , and

(B-4) to a matrix :

-SF2 SF3 0

—‘SF = SF1 0 -SF3 (B-5)
—

0 -SF1 SF2

This is in fact the expression for the derivatives of the 
/

velocity sensitivities as used in Equation (52) for Model 1.

The second term of Equation (43), added in the case of

Model 2, involves the derivative of the specific force

vector SF with respect to the misalignment vector c. The

specific force vector is a function of the missile velocity

direction with respect to its inertial frame -- rA, rE, and

F8 (as stated in Equation (25)):

81
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0

SF — rA.rE rB 0 (B-6)

-L

The first two of these direction cosine matrices are in

turn expressed in terms of the missile velocity components

in its inertial frame (Equations (15) - (18)):

vi -v

(V1
2 + V2

2) ¾ (V1
2 + V2

2) ½

F — 
V2 V1 0 (B-7)A 

(V1
2 + V2

2)~ (V1
2 + v2

2)~

0 0 1

(V12 + v22)~ 0 
-V3 

-

V

0 1 0 (B-8)

V3 0 
(V1

2 + V2
2)~H v
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Each one of these velocity terms is in turn a function of

the misalignment vector c and of the velocity components

in the aircraft inertial frame (Equation (19)):

V1 Vx +*Vy OVz

V2 = ~~~ + Vy + *Vz (B-9)

V3 OVx~~~
Vy + V~

The derivative of the specific force vector with respect

to the misalignment vector ~ is then (as in Equation (45)):

~SF 9SF 9VM 9vA 9SF ~~~
— S 

~~~~~~~~~ 
S -~~~~~~~~ + — S _~~~~~~~_

3c ~VM 9VA

— 9SF 9VM 9VA 3VM (B-b )

The first term in the brackets is a Jacobian matrix which

can be expressed in terms of the transformation matrix

c~. Using Equation (B-9):

— [-
~ -~ 

(~~)T = (B-Il) 

~~~~~ -.-- ~~~~~~~~~~~~~~~~~~~~ ~ —--~—~-.-----—— ~.—~~~~~ --— —-“- .‘——- —‘~~—----— - . — --~~ -_-
~~

- ~ ~I~~~~- -~~ _~~ ~~~~~ -~ ---- —
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The second term in the brackets is the velocity sensitivity

( defined in Equation (40). The third term in the

brackets can be derived using Equation (B-9):

V -V 0
~V
M Y z

-r— V~ 0 Vz (B-12)

0 Vx Vy

The derivative of the specific force vector (SF) with

respect to VM involves differentiation of - the direction

cosine matrices and rE with respect to !
M (tensors).

Again, taking the derivatives with respect to each component

ofVM at a time:

0
aSF 9rA arE
~~~~=( j~~~rE

+ r A~~~M
) r~ 0 (B-l3)

-L

Calculating the derivatives of the various entries of

and rE (using Equations (B-7) and (B-8):

Vi

~ (V1
2+V22)~ . 1 - 

V1
2 - 

= 
V2-2

(V1
Z+V2

2)¾ (Vl
Z
÷V2

2
)
3/2 (V1

2
÷V2

2
)
”2

(B-14a)
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“I

. . . V2..

(V1 +v2 -) 
- 

-V1V2 (B 14b)

(Vl
2
+V2

2) /2

Vi- -
2 ~~-(V1 +V2 ) 

— 
-V1V2 (B-14c)

______________  — 

(V1
2
+v2

2) ~/2

- - V-2
~ (Vl

Z+V2
2)½ 

— 1 - - 
- - V2-2

______________ — 

(Vi
Z+v22)½ (V1

2+V2
2) ~fa

_ _ _ _ _ _ _ _ _ _ _  

(B-14d)
— 

(Vi
2
+v2

Z
) ~/2

(V1
2+v22) %

(V1
2+V2

2+V3
2)¾ 

— 
V1 V1(V1

2+V2
2)½

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

V(V1
2
+v2

2
)~ 

V3

V1V
2-V1 (V1

2+V2
2)

— 

v3sV1
2+v2

2
~~

V1V32 (B 14e)
— 

V~(V1
2+V2

2)~
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(V12+V22)¾
~ (V12+V2

2+v32)¾ - V2V3
2 (B-14f)

9V2 
= 

v3(V1
2+v2

2)½

(V12+V22)¾ 
-
~

~ (V1
2+v2

2+V3
2)½ V3(v1

2+V22Y~ (B-14g)
= 

V
3 

-~

V3
2 2 2¾(V1 +V2 +V3 ) V1V3 (B-14h)

V3
2 2 2¾  -(V1 +V2 +V3 ) V2V3 (B-14i) -

9V 2 V3 - 

-

V3 -

~ (V1
2+v2

2+V3
2) ¾ 

1 - 
V3
2 V1

2+V22 (B-14j)
3V3 

- 

-

where

V - (V1
2 + V2

2 +
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Using Equations (B-14) in Equation (B-i3), the matrix

is built as a Jacobian matrix for the derivatives of th~
specific force vector with respect to the misalignment

vector. Using Equations (B-li), (B-12) , and (B-i3) in

Equation (B-b ) and then Equation (B-15) and (B-b ) build

together the total term for the derivative of velocity

sensitivity (as in Equation (46)):

- + C~( 
!~
F 

~ + !~~~~ ) )  (B-is)

Derivation of the Output Sensitivities

The output (measurement) vector consists of seven

components, the first four of which are radar measurements,

and the other three are specific force measurements. The

sensitivity of the specific force measurements to the mis-

alignment angles vector c is derived in the previous section

of this appendix and given in Equation (B-b). The radar

measurements sensitivities are stated in Equations (48)

to (51) and will be derived in this section.

The four radar measurements are the range, the range

rate, and the line of sight azimuth and elevation angles.

Their expression as a function of the position and velocity

states of the missile in the aircraft inertial frame is

given in Equations (20) to (23) (repeated here for corn-

pleteness) :
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R— (X2 +Y2 +Z2)¾ (B-16)

it - V~~ + ~~~ ÷ ~~~ (B-17) J
Sin*R 

(xZ ~~y
Z)¾ 

(B-l8)

SittOR = (B-l9)

The position and velocity states are functions of the mis-

alignment vector thereby defining the sensitivity states.

The radar measurements, being functions of the position

and velocity states are therefore functions of the position

and velocity sensitivity states. The range sensitivity is:

i& i~•a_~ + + B-20a

9R 9R 9X 9R 3Y 9R 9Z
- + + (B-20b)
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9R. 9R 9X 9R 9Y 9R 9Z /
- + + ~B-2Oc

Using Equation (B-l6) :

~~~~~~~~~~~~ 
(B-21a)

— (B-2lb)

(B-21c)

The derivatives of the position states in Equations (B-20)

are recognized to be the position sensitivity states --
~L (Equation (39)). Substituting Equations (B-21) in

Equations (B-20), results in a matrix form of the range

sensitivity with respect to the misalignment vector:

S (B-22)
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The range rate sensitivity is derived in a similar manner

(using Equation (B-17)):

ait ait ax ait aY ait az

3it ~Vx ~
j  ~Vy 3it 3V~ 8R 3R

9R 9R 9R 3X 3R 3R 9R 9Y

H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

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

3R 9R DX 9R DR DR DY
~~~ 

- (
~~~~ + ~~ )~j + ( 

~y + 
~
y )~~

-
~

S . DV ~ ~ DV
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B-23c)
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Using Equation (B- l i ) : -

-
~~~~~ (B-24a)

(B-24b)

(B-24c)DZ R

-~~~~~~- = (B-24d)DV
~ R

(B-24e)

— (B-24f)

— 

_ (xvx + ‘1V~ + ZVz) (B-24g)
R
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- Substituting Equations (B-24) in Equations (B-23) :

Vx (XVx + YV~ + ZV)~~ x ax
R2

Vy (XVx + YVy + ZV)~~ Y ~y

R2

V
~ 

(XVx + YVy ÷ ZVz) z az
- R2

~~~~ 
y D’Iy z~~

’
~z+ 

~~~~~~

-

~~~~~

- + Fl-i- + Fl-il;— (B-25)

The expressions for the derivatives with respect to e and

$ can be derived in a similar way. In matrix form, the

range rate sensitivity is:

= ‘JR S + PR (B-26)

where the PR row vector is defined as:

~ 
(B-27)
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and the yR row vector is defined as:

Vj (X•Vx + YsVy + Z’V)
~~

R2 
•PRi (B-28)

where i = X, Y, or Z.

The sensitivity of the sine of the azimuth angle is

calculated using Equation (B-18):

D(Sifl*R) 
— 

1 ~
2 Dy x~ ax

— 
~~ 

(X2-f-Y~~)~~ 

- 

(X 2
+Y

2
)

3/2 )~~~~ 
- 

(X2
÷Y

Z
)

3
/’2 Dc

-
. 

I 
= 

(X2+Y~~)
3/

~ 
~~ + x2 ~~~~~) (B-29)

The sensitivity of the sine of the elevation angle is

calculated using Equation (B-19):

9(SiflOR) 1 aZ Z X DX y DY z DZ
Dc ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 
as - YZ + (X2+ y2)~Z.) 

(B-30)
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parameter estimation error (by the Cramer-Rao theorem),
\._...)

therefore the trace of the dispersion matrix was chosen

among many other criteria as the- optimization criterion

(Ref 14:20). It can be shown that it is directly related

to the covariance matrix of the estimation errors.

~~~~~~

L

.1
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Appendix C

Numerical Results

This appendix contains the results of the computer

simulations for the Truth Model , Model 1 and Model 2. The

titles of the tables are appearing in the list of tables

that is in the prefatory section of this study.

EPSITRUE denotes the true misalignment angles while

EPSIO denotes the nominal (estimated) ones in the follow-

ing order : ij~, 0 $. RD is the control type used (def ined

in Eq. (26) to (31)). VX, VY, and VZ are the missile

velocities relative to the aircraf t and RD is the range

rate. SP.FRC.( ) denotes the specific forces measured by

the missile accelerometers (not including gravity). DELTA

denotes the difference between the true output and the

estimated one . HOT is the appropriate higher order term.

The various outputs are the range (R) , the range rate (RD) ,

the sine of the azimuth angle (AZ.) ,  the sine of the eleva-

tion angle (EL.), and the three specific forces (SF1, SF2,
and SF3).
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T UJTW MODEL EPSITRUE .IOE+01, •2CE+C1, .30E+O1
KU 1 -

TIME X V 7 R

3. 4130C3E+0’+ ..IOGOCE+Q’. .I0000E’C3 .i4177!.O~
10. •21009E4 05 .1479cEI05 .58 759E + 0~ •2635~ E+05

20. .1.3 799E + 05 .22326E-’05 . 2 i 740E +0~ .51333E+05

30. •50kS~E+05 .22 8 7 1E4 C5 •42 F~6O E +0 5  .77i17 t E 4 O 5

lID. .S0929E+05 .15021E+05 .6~~27E+0~ .10465E’36

50. .t0321E+06 ~.1870cE +0L~ .82292!+05 .i3232~+~6

TIME VX VY VZ 
- 

RD

0. .20000E+0’e .ISOOCE+Ok .I0000E+C2 .21~69~~+3~I

10. .19962E+04 .11329E+04 .11641E+04 .2~8-S5E404

2~. .1953?E4Ouu . .-33~39~E+03 .19086E’0~i .2536SZ+34

33. .19593E.04 — .3O2SCE+03 .22238E4 Q~ .26833E+Ok

ISO. .21153E+04 — .1302CE+Ok .2O~ 92E+O~. .27205E+Q’~

50. .23652~~O1, — .19’.41E#04 .i47k7E+C’. .2?963~ f0~

Yu lE SP.FRC.(i) SP.FRC.(2) SP.FRC.(3)

0. 0. 
. 

0. 0. -

13. — .7C695E+ 02 .73793E402

20. ~.16763E+0i — .67123E+02 .15335E+02

3 3 .  .T~i9 l I 1 E + 0 1  — .8~218E+O2 — .17808E40? -

IC. .178~.1E~Q2 — .ICQ’,7E#03 — .61286E+o2

50. .31203E402 — .2’.%4E+32 — .82230E+0?
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Table C-Il

T~ U~ H MODEL ED~ ITRtIE~ .tOE-+Oi, . •20E+0t,  .30E+Ot
KU 2 

-

T IME X V Z R

3. .1I~D30E + 0 L. .IOCO ( E+Ok .100GO~ +O3 .i1.t77E+04

10. .210?OE+05 .I5GOCE+05 .53~e’.E.c~ .2641.11+05

20. .41452E+03 .237C~ E+0 .i.9522EI05 •5 1.533E +05

33. .6223gE’Os .2 .192E+05 .38782E+05 .77220E+05

.83467r+05 .lS8CtE+05 .59105E+05 .1O~34~E+36

50. .10605EI 0F~ .1p39’.7E+02 • 76435E+05 .130?3E+36

TIME VX - 

VY . . VZ RU

3. .20000E+0~ .I5COCE+0 ’s .I0000E-+02 .2s.6gb E+04

10. .20t59E+CLi .12C62E+0~. . i 028 8E+ C4  .250’.OE .+ O k

20. .205~ 1E+04 .4862I~E+03 .17396!+04 .25354~+O4
- 30. .2-0~ 57 E +C ’  . — .4003 !E+0 3 .20~ 65E+0~. .25923E+Ok

43. . .21532E+OL+ — .12~5~E+C’ ..19~86E+04 .2665~!+04

50. .23935E+04 ~ .1816CE+O4 .14632E+0 ~ .27 9 65Z ’04

TIME SD.FRC.(i) SP.~RC.(2) 
- 

SP.~RC.(3) .

0. 0. 0 . -  - 0.

10. •3 0 9 2 1E # 0 1  — .5! , OZ +OE+ 02 .58495E+02

20. .41041E+01 — .8~Q74E4C2 .1~745E+C2 -

30.. .35~86t+01 
‘— .9Ck6IE+32 — .21131E+02 - 

.

‘53. . .12322E’02 -.7E589E+02 — .6260’iE+02

50. .35425E+32 — .29925E+02 -.94291E+02
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- Table C-Ill

T~ UTH MODEL EDSITRUE= .i0E+0i, .20E+C1, .30E+0t
K!) = 3 .

TI’I E x y .7 -R

3. .I0030E+04 .10~ C CE+O’ .1C~~0 0 E + 0 !  .14177r+Ok

10. 
- 

.21035E+35 .iI763E+0 5 .5S62~&E,0. .26353E+05

20. .40970E+05 .221.5!E+U5 .21c~Oi~ +O5 ,5j 3 1Ij ~~+Q5

‘0. •60876E+C5 .22527E+O~ .k2279E+05 .77~6~E+05

43. .81468E’05 .145C~ E+05 .63968E+C5 .i0k5~ E+0S

.IO3SOE+05 — .26L,97E,Ok ~8i422E+~5 .1!180E+0&

;~ 
TIME - .VX VY 

- 
VZ RD -

3. - .23000E +34 . 1 5 0 0 C E + O k  
- 

- . I0000E.02 - .2469~iE+04

10. .20011DEI04 .112’.OE +Ck .11590E+0’. .24865~ +O4

23. .jg53cE+04 .3668~ E+O3 .13890E+04 .2535~E+04

• 30.  
- 

.20112E+04 _ .3195rE+03 .21960E+04 .26862!+04

40. .21132E+C~. - — .132~(E+G4 .20339E+O~ 
- 

.271OSE+04

50. .233~ CE +G~ — .1981CE+G ~, .14562E+C4 .27Th2!+04~

TIME SP.FRC. (i) SP.FRC.(2 ?P.FRC.(3) 
. 

•

0. - 0. 0. 0.

10. — .14540E+01 - . 72056E +02 .72497.E+02

• 20. • — . 155?E+30 — .67357E+02 .1415~ E+ O2

30. .59971E+0i — .e~!C43E+02 — .1S263E’-02

ID. - ..i4~.44E+02  — .1~ 1A!E I33  — .83341E+02

5 0 .  
- 

. 287 17E+32 • - .27130E+02 -.82203E+02 .

• . 
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Table C-IV

T~ IVT M MODEL EDSITRUE= .50E+31, .IOE+C2, .15E+02
‘(0 1.

TIM E - • Y 7 R

0. .13000E+0’. .I000CE+O . .1OCC3E+03 .1~ 177E +0’+

10. 
• 

.21O 4~E+05 .14748E+35 .58f2iE+G~ •2635 E’35

20. .k0~ 45E+05 - .2 2 151E+05 .2lf~4iE+05 •513~T!405

30. .60 756f f+0 3 • - .2255 CE+ O~ .42!9~~ +05 .?7464E+05

40. .61414E+0 .1459 1E+05 .64093E+C 5

50. .10339E+06 —.2296CE+06 .81~79E+C •13193E+06

TIlE VX .VY - 

VZ - RD

0. - .20300E+O* - .ISOOCE+Ok 
- 

.I0000E+02 .2’~6g4E+34

10. .20039E+C-i 
- 

.11233E+O’. .11599E+0’. .2kec34E+o~.

• - 20. .19??2E’Ok .3693€E+03 .18959E+04 .2535 E+04

30. .20063E+0’. — .31683E+03 .22026E+04 .2687 !+0~.

40. -

. 
.21353!+OL. — .13082E +0k .20260E+0’. •2715 E+O~.

50. •23S32E+0L~ — .19372E+0k .i4!43E+0~ .27933E+0~

TIME SP.FRC.(1) 
.

- SP.FRC.t2) • !P.FRC.(3)

0. 0. Os.  0.

10. — .2983~E+01 — .7t66OE+02 .73813E+02

20. — .16644E+~3 1 - 
- — .67093E+02 .15334E+02

30. - . ?5636E+01 — .P~!124E+02 — .i7766E+0

h O .  . 1 S 195 E +32  . — . I G O3O E + 0 3 — .8108~.E+02

50. .3132ar+02 - — .2L 892E, 02 — .61959E+02 
-

- 
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- Table C-V

T~ IJT’I MODEL 
- ~P~ ITRU~ .50E+01, .IOE+02 , .15E+02

‘(0 = 2

TI M E x Y 7 R

3. .l600C e+04 100 G CE +0 ~ . i .OGOOE+03  .14177E+0k

10. .2 1102E+C5 .14959E+05 .533 65E4- O iI - .2641 11405

23. .41 57 6E +C5 .23557E+05 
- 

.19433E+05 .51537E+0 5

33. .62504E+05 .239211+05 .38516E+05 .77217E+05

ISO. .33908E+0!5 .15442E+05 ..56554E+05 .10349E+06

50. .10668E+06 — .3037(E+0~ .75516E+05 .13013E+06

TIME 
- 

V X •  • VY • VZ RD

3. .20000E+04 
- 

.150CCE+0~ .I0000E+02 •2463~E+04

10. 
• 

.20253E+04 .119811+04 .1ti253E+Ct. .25C3~ E+04

20. .20?i1E+04 .~738FE+C3 .17272Es04 •253S3~+O4

30. .21129E+QLi —.‘ll7cE+03 .20232E+OLI .2591~E+O’.

40. .2151.IE+0k ~.126OcE+Ck .19153E+Ok .26643E+04

50. .24100E-’04 — .181011+0’. .i4237~+04 .27933E+i3 4

TIM! SP.FRC. 1 SP.rRC.(2) SP.FRC.(3)

0. 0, 0 . .  0. .
- 

-

13. .301!OE+31 
- 

— .5~O23E+O2 .53510E+02

23. .41097E+31 — .B!9~lCE+ 02 
- 

.187~44E+O2

30. •375?6E’01 -.9t367E+02 — .21107E+02

40. - .12577E +32 - — .7€~ 5L~E+O2 — .b2lsSlE+02 
-

50. .35567E+02 — .29829E+02 -.93974E+02

- 
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Table C-VI

- 

T~(1TH ‘IOJEL . !P$ITRUE= .50 E+G 1, .10E4-02, .15EG02
= 

- 3 - - 
-

IXIF X Y 
- 

2

0 .10030E+04 ol000 (E+0k .10000E+03 .1~.177E+04

10. - .21072!+05 .1471FE+05 . 58483E +04 .26353E+35

20. .1IIltl.E+0 .219D1E+05 .21’.99E +G5 .5i33~ E + 35

30. .61173E+05 .22211E+05 •~ 20C5E+05 .7745gEi05

40. .e1948c+4 ~5 
- 

.1k08~E+05 .63’,2GE+G~ .10453Z+06

53. 
- 

.1~ .28E+C~ — .3354~.E+Ok .80~’96E+O5 .131?TE406

T !MF VX 
- . 

VY V Z - 
RD

0. .2OOOOE4O~ 
• 

. ISOO C E+O4 - . I000G E+02

10. .2Oi16E+0~ .j j j 4 L E+0~ .11147E+04 .2k865E~04

20. .19359E+04 .~ 5251E+03 .18759E+04 .25357E+04

30. .20280E+C’e — .333C~E+03 
- .21745E+04 .26853E404

43. 
- 
•21380E+04 — .13265E+04 .20004E+04 .2709SZ+04

50. .23519E+ 0~ — .19742E+04 .14157E+G’.- - .27720E+01.

TIME SP .F R C. ( 1)  SP.FRC.(2) SP.FRC.(3)

1. 0. - 0. 0.

10. — .15899E+01 — .72025E+ 02 .72!I6E+02

2J .  — .~~O5t .~~E4 -3 G — .67327E+02 .1414 8E+ 02 -

33. — .?1626F +01 — .829’.8E+02 — .1~ 239E402

43. 
-

- 
.14798 E+02 — .1t127E+03 — .80133E’02 -

50. .25852E +02 .27065E+02 — .81929E +02

- 
- 
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Table C-Vu

1 ED~ tTRIJE .10~ &~ E+O1, .23000E+31, .3t~33OE+0tW,O ‘I~ ISE !PSIO (i .  ~ 0. , 0.
= 1 I T : R ATI 0N ~ I

TIN! 3ELT~~(R )  H C T C R )  O E L T A ( R D )  4 3 T (R D )

0. 3. 0. 0. 0.

1.0. — .21727E +30 .47242 E— 02 .13745E—0i .1.5S14E_~ 2

20. .23252r + 1~0 .4 C669 E—al .22~!?2E—O1 . 5 ~ 33E —3 2

0. — .8 9 958 E40 G .11544E+30 — .29053E +O 0 .~ 1527E—02

40. — .66351i!+O1 .22561E +00 — .30 7 ?5E +O 0 .128ã1!—01

50. — .20584E +02 .3L655E+00 — .19573E’Cl .1’+393E— Q 1

TIME DELTA (A7.) HOT(AZ.) DELTACEL .) 101(EL.)

0. - 0. 0. . • 0. - 0.

10. —.IiDSF,SE— 03 — .916411—07 — .133~0E—C3 — .‘.1379E—QT

20. — .L1CC2E— 32 — .91514E—37 — .~.9673E—C3 — .33525!—35

• 30. —.151.11.E—C2 .5~.090E—06 — .87024E—C3 — .93t82E—OS

40. —.16286E—02 .17165E—05 — .12712E—02 — . 14130E— o ;

50. —.1165~ E—02 .i8531E—05 — .16982E—02 — .t9~92E—35

TIME TRUE O~ E STIMATE EST IM 8T E EST IMAT!
DISPERSION ERROR IN E°ROR IN ERRD~ IN

M *TRI X PSI TETA P11

3. 0. 0. 0. 0.

13. .191’3E—01 — .611—0? .29E—02 .33E—02

20. .2C 145E—03 — .6OE—02 .46E—0 2

33. - .101511—04 — .7’sE—02 .10E 02 .3?E—03

40. .22312E—05 — .1OE—01 — .‘+SE— 02 — .30E—32

50. .79537E—06 — .13E—0t — . T7E—0 2 — .13E’Ol

- 
- 
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Table C-VIII

HO’V L I EOSITRtJE~ .1 CC OOE +01, .2330 C F+O 1, .13C33Z+01
F W’O ~flISE EPSIO .I0i!~E+O1, .20077E+01, .30133E+01

‘CD = 1 I T ER AT I O ’~1 a 2

TIME 0 ELTA (~~) H(~T (R) D E L T A ( R D )  13T (RD)

0. 0. 3. 0. 3.

1’. — .3121.~ E—3 2 .1C1~ 5E—06 — .165B’.E—t ] 2 .3~~il.iE— 0T

20. — .42F,14 E—01 .99755E— 0~, — .&0065E—02 .14313E—05

30. —.11~ 78E-4-00 .3C605~—05 — .3893 E—02 .!5;o7E—3~

‘53. —.227O5~ -’0ü ,5L333E~~Q5 — .13278E—01 .s1073E-06

60. —.37025E~ 00 .11080E—04 — .142~2E—C1 .~.3~ 53E—05

TIME OELTA (AY .) MOT (AZ .) DELTA(EL.) 131(EL.)

0. ‘0. 0. 0. 0.

IC. •2255BE—C5 — .i~887E—11 .627i SE—06 — .131i50E—1 2

20. .53645E—o c .24696E—li. .2546?E—C5 — .~ 1098~— 1t

3G. .758L.0E—~5 .2B273E—10 .lI718 E—05 — .1L.335!—i0

(0. .?93~ 2E—05 .67780E—1O .71383E—05 — .22~59E—i3

50. .8 ~1E— 0~ .621211—10 .96757E—C5 — .25167E—i0

TIME TRACE OF ESTIMATE ESTIM4TE ESTIM~ TE
DIS’ERSION ERROR IN ERROR IN ER~3~ IN

MAT RI X PSI TETA ~HI

0. C. - 0. 0. 0.

10. .19226E—0I — .14E—06 .12E—06 .IIsE— 06

20. .20249E—C3 — .13E—06 .24E—06 .33E—36

33. .10149E—04 — .16E—0ó .14E -06 .15E—06

43. .22,33E—C5 - — .24E— 06 — .76E—08 — .73E—07

0. .?0OO1~—O 6 — .33E—U6 — .13E—06 — .!TE— 06
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- Table C-IX

MUlct.  1. F~~tTRUE: .10003E+01, .2000CE+01, .30B03E+01
Wit) ‘E)IS~ EPSIO .1OCOC !-I01, .2Q1300E+01, .30000E+01
K-) = I ITERAT IO?~ a 3 -

HCT (R) OFLTA (RD) 13T (RO)

0. 3. 3. 0. 0.

13. —..3772E—C’ .3!319E—09 — .36TO O E—07 — .~ 3307E—1)

20. —.10~7~~ — 05 — .3’~340E—08 — .15812E--06 — .~ 1572E—t3

30. — .3 0 8 C 3 E — 0 5  — .21~~2O E—C 9 — .2 5 55 0 E—C6 .377 57E—12

113. _ .&3~ 17C_ 05 .434311—38 — .il1505 E—06 .50 501E — 10

50. — .I I I C 9 E — 0 ’s .22 1511—00 — .‘9743E—C6 . .1035E—10

TIME DELTA (A’.) HOi (A2.) DELTA (EL.) -I)T(EL.)

0. 0. 0 . -  0. • 0.

10. .‘.625’-—10 .11043t—13 .127 2E—1O — .1c886!—13

20. .113!9E—09 .2C2~3E—1’. .5~s120E—10 .2!724E—13 .

3C. .15412E—C9 .7701111—14 .1026!E—C9 .25360E—13

‘10. .15930 —0 9 — .8I2i2E—14 .15786E—C9 .37498E—t3

50. - .99042E—13 — .1°391E—iLs. .21627E—C9 .13709!—12

TIME TRACE O~ ESTIMATE ESTI MATE EST IMA T E
- DISPE~ SION ERROR IN ER~ OQ IN ERR3~ IN

MAT RIX 
- 
PSI TETA ~lI

1. 0. 0. 0. 0.

10. .1g226E—c1 — .39E—08 — .24E—07 — .3!E—37

20. .20248E—C3 .22E—08 .1~’E—08 .?~E—08

30. .10149E—0~ .29E—08 .68E—08 .7E—08

40. .225311r—O5 — .34E—09 .111—38

50. • ? 8 G O 8 E — 0 E ~ — .39E—36 — ..3E—08 — .‘3E—38

- 
• 104

-- -- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~—~~——-.~-- - 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 4



— -- - - - - - - - - - -  - - - - -
~~~~ --- -- -- -- — — - -—-— - -.--—------- _ _ _ _ _ _ _ _ _

Table C-X

1 E’SITRUE .10~ Uu~ +0i, .2~000~+01, .330~ CE+31
W ,O N)ISE EP5IO = G. , 0. , 0.

• IC!) = 2 ITF~~AT IO~J 0

TIME !)ELTA (~~
) IICT (R) DELTA (Rfl ) 13T (RD)

0. 0. 0. 0. 0.

IC. — .19576E+~ O .3T291E—J 2 .134t’SE—Ol .t1186E—02

20. .3E~519E+0~ .2~425E-01 .S4566E—CI .~.326 7 E—02

30. —.27°~~IE—01 .93326E-0t — .21285E +00 .352~~1E—~ 2

40. —.532511+01. .19937E+0D — .~ 15Q~.E+0O .12463E—01

50. —.19469~ +C2 .33679E+00 — .19537E+C1 .i4683E—G1

TIME OE LTA (A! .)  140T(A Z .) DELTA(EL.) IDTCEL .)

0. 0. 0. - 0. 0.

10. —.41550E—03 — .69415E—07 —~.11565E—03 — .21~ 01E-37

20. — .3~ 53 1E-03 — .8L 26 5 E—C7 — .-,40 92 E—0 3  -.2t298E—0~

30. — .12 725E—02 .4 C859 E— O6 — .374 1 C—03 — .~~38~~9E—O3

40. ~~~~~~~~~~~ .12603E—05 — .1322fiE— 02 — .i1~, B 8 F — 0 5

50. — .96g57E—03 .12461E—05 — .17254E—62 — .17370 E—0

TIME TRACE O~ ESTIMA TE EST IP~A1E ESTIMATE
3IS~ FRSION ERROR Ih ERROR IN ERR)~ IN• MATR IX PSI TETA P!It

0. 0. 0. 0. —

10. .2’840 !—01 — .52E— 02 .4IE—03

20. .29 435E— 03 — .511—02 .17E—02 .13E—32

30. .13649E—04 — .5iE—02 .18E—02 .20E— 02

40. .lSsqsE—05 — .54E—02 .111—02 .35E—0 3

.3IS542E—06 — .63E—02 — .23E— 03 — .13E—0 2

-

. 
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Table C-XI

MO!)FL I EPSITR(J E .1G000E+01 , •2 6 0 C O E + 0 1 ,  .33 0-3 3 E+01
W/O ~1)ISE ~‘~IO .1G063E+G1, .2~ 0 02 E 4 01 ,  .303 13 Z+31
‘C) = 2 ITERATION 0 2

u H F  3E LTA ( R)  HCT(R) DELTMRO ) 431(R0)

0. 3. 
• 

0. 0. 0.

10. — .303 ’+4E— C 2 _ .2r930E_09 — .10945E—02 .!9513E—0~

20. —.29440E—C1 .12682E—C7 — .~.~32.E—C2 .32566E—03

30. —.~ 40C~ E— CI . 8239 7E—0 7 — .85 1t 5E— 02 .10~~95E—07

‘0. — .i~ 9C1E+00 .2~i3’.E—06 — .1.24111—01 .21504E—0T

50. —.33055E+3O .5C511E—C6 — .1!279E—C1 .31102r_fl7

TIME O! LTA (AZ .)  )4 0T (A Z .)  OELTA(EL.) 13T(EL.)

0. 0. - 0. 0. 0.

10. .23S~ 5 E—C 5 .43249E—14 .72055t—C7 .13539 E—13

20. .5633~E— f~ .3~916E—12 .39895E—G6 .g8530E—t3

30. .1G30C~— 05 .17135E—i1 .97712E—06 .~ 4397~—t2

40. .94474E—06 .30438E—11 .16639E—05 .18456E—it

50. .t’.610E—Cb .6’.530E—12 .22697E—05 .3,36’~E—t t

TIME TRA CE OF ESTIMATE ESTIMATE EST IMATE
DISPERSION ERROR IN E!~ROP IN ER~ 3~ IN

MATRIX PSI TET A ~1I

3. 0. 0. 3. 0.

10. .22519E—01 .111—08 .33E—07 .k?E—07

20. .294&OE—03 — .i.7E—38 •911E—08 .111—07

30. .t3667E—G4 •i8E—68 .22E—07

43 .t5~a98E—O5 .10E 08 .17E 07 .2t~~07

50. .34’.51E—C5 — .39E—08 .12E—37 .13E—07
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Table C-XII

PIOIFL 
• 

1 E P SIT R ’JE = . I 0 0 0 0 E+01 , . 2000 0E + 01 ,  .!0 30E+01
W/t) 9)ISE ~0~ IO= . 1 0 0 O C E+~31, . 2 0 3 0 0 F 4 0i, .3~ 0 -30E + 01

= 2 T TE °AT I O~1 0 3 -

TIM! DELTA (R) HCT (R) O E L T A ( R D )  — 1 3 T ( R D )

0. 3. 0. 0. 0.

10. .128C6E—08 — .70567E—~ 9 .38208E—10 .1798E—10

20. — .14~ 58E—07 — .13249E—08 — .36525E—0 8 .55096E—10

30. — . 3 1 9 5 6E — 0~ .21654 E— 38 — . 10987E— C7 — .17479E—1L

40. — .21.533E—C5 - — .‘eC366 E—0 8 — .2 12U2E— C7 _ .159 G4 c_ 3~

50. — .51259!—06 — .3’~408E—08 — .3253~ E—07 — .22751E— 0

TIME DELTA (AZ.) KOT (AZ.) DELTA (EL.) 13T(EL.)

0. 0. 0. 
- 

0.

10. — .20373E—11 —.‘.3612E—13 — .53380E—12 .ISOI4E—13

20. .39559E iI .29121.E.13 — .18812E 11 .t3056E t3

30. — .53456E—11 — .i7301E—13 — .343t9E—1i — .32572E—14
_ .5~ 524c_11 — .2!529E—l4 — .47713E—11 .?9046E—13

50. —.4?230E—11 — .1’897E—14 — .595?9E—11 .24030E—13

TIME T~A~ E ØF ESTIMATE- ESTIMATE ESTEMAT !
OISPE~ SIO N ERROR IN - ERROR IN ERR3R I~4MATRI X PSI TETA PM !

0. C. 0. 0. 0.

10. .22819E—0I — .44E—08 — .13E—07

20. .25(.60E—03 — .20E—08 — .63E—08 — .92E—08

30. .136c 7E—0’ — .1EE—08 — .92E—39 — .23 .—O6

40. .15698E—05 — .29E—08 — ..“E— 08 -.72E— 08

50. .3li’.5i.E—0f — .‘.6E—09 — .77E-39 — .13E—Q8
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Table C-XIII

I E05I ”~ UE: .10~iCUE+3i, .2l~000E’0t, .30003 !+0 1
WI’) ~DIS~ E~ StO = C.  ~ 0. , 0.
w i  = 3 ITERATION # 1

TIME )ELT~~(R) 14CT (R) OELTA (R0) ‘431(R))

0. 0. 0. 0.

10. — .18286E+00 .47165E—02 .22909E—C1 .1 774!—32

20. .3~ 02t!+O3 .k( 710E—0i. .34591E—01 . 656 5 E—02

30. _ .56708c+3O .11500E+00 — .288?5Ei-00 .-~i448E—02

£i0. — .63525E+0I .22554E+30 — .9195’+Ei00 .t2383E—31

50. —.2O5~ 0E+02 .3€~892E+3C — .i9834E+Ci. .i524SE—01

TIMF OELTA (A! .) H0~ (AZ.) DELTA(EL.) 43T(EL.)

C. 0. 0. - - 0. 0.

10. —.Z.871.9E—03 — .8~ 437E—07 — .13985E—C3 — .‘+0790E—37

20. — .iC8~ SE — C2 — .7C888E—07 — .5 1474E— G3 — .33012E—33

30. — .15124E -02 .58758E—06 — .8°545E—03 — .BI9ISE—05

40. — .15824!—02 .1E870C— r~5 — .i293~l E—0 2 — .1+300E— 3~
50. _.112C2E_C2 .17772E—05 — .17257E—02 — .20027E—05

TIME T RA E or ESTIMATE ESTIMATE ESTIMATE
OIS3E~SION ERROR IN E’~RflR IN ERR3~ IN

MATRI X PS! TETA P-I!

0. 0. 
• 

0. 0. 0.

13. . 1 8 5 5 4 E— 0 1  — .56C— C2 .30E—0 2 .3!iZ—0 2

‘3. .1~ 32 2E — O3 — .57E-02 .48E—0 2 .5? E—0 2

30. .~ 42 36E—05 — .6~ E—02 .tct—o2 .t1!—02

40. .20)97 !—0 5 — .9?E—02 — .35E—02 — .53E—0 2

53. .?4939E—06 — .12E—01 — .6~ E—32 
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Table C-XIV

I EP~ ITR 1JE .1i C~~ E+0I, .2 0 0 C C ! + 01, .3-300~3 E +0I
W,’~ ‘IlISE EPS!O= .~~ 119E+~I, .22J66E+01 , .33117E+31
K) = 3 ITERATION 0 2

TIME 3ELTA (’?) HOT (R) DELTA (RD) I3T (RO)

0. 0. 0.. 0. 0.

1~ . —.31L.06E—62 .?e963E—G7 — .1614Ô7E—02 .27554E—07

23. — .42351E—01. .7E453E— 06 — .59682E—C2 .11790E—OS

‘6. — .11626E+00 .2L243E—05 — .oeeI 3E— c2 .21t99E— 3~

0. —.22S71E+CG .51505E—05 — .133511—01 .33S35E—35

53. ~.~ 7253E+30 .9003 9 E—05 — .14772E—01. ..1~ l.0E—06

TIME OELTA (A’.) HOT (AZ .) OELTA (EL.) -43T(EL.)

0. 0. 0. 0. - 0.

10. .19553E—05 — .120 61E—11 .57736E—06 — .5 541 E—1 2

• 20. .f.72~ 5E— 05 .2€485 E—i1 .2 !480E—C5 — ..52L.4E—I1

30. .55834!— C5 .23750E— iO .i3433E—05 — .10513E—t0

40. .58155E—03 .5’~083E—10 .65’ i08E—05 — .15~ 27E—10

50. .40461 E—05 .47350E—10 .58444E—C 5 - .17175E—13

TIME T~ A~ E OF ESTIMATE ESTIMATE ESTIMATE
OI~ P~~ SION ERROR IN ERRO R IN ERR3~ INMA TRIX PSI TETA PM!

0. 0. 
- 0. 0. 0.

10. . I8aasE—01 — .95E—07 .12E—06 .14E—06

20. 
- 
.18928E—03 — .67E—07 .22 E—06 .ZT E— 06

33. .9422!E—05 — .12E—06 .13E—C6 .lhE—D6

40. .2078 .E—05 — .17E—06 .2?E-0 7 — .9~ E— O S

SO. .73642 E—OF ~ — .24E— C6 — .53E—37 — .ISE—06
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Table C-XV

• MO UEI. I Ebct r~uE= .10CO (~E+01, .20330E+0I, .33~~ 3E +0i
WI’) ‘l)ISE ~ 5 tO= .1C000E~ 01, .z0300r+ol, .330C3E+01

= 3 ITERATI ON A 3

TIMF 3!LTA (R) HCT (R) DELTA (RD) M3T (RD)

0. 3. 0. 0. 0.

10. —.3~304F—07 — .1C544E—09 — .28551E—C7 .4..124E—13

20. -.3t9C9E—06 .1!266E—38 — .12392E—C6 .3J51 kE—G~

3~~. — .2’.3~ 3E—05 .1281’.E—38 — .?0453E—06 .?33 8lE—3 ~
In. —.5il9eE—0 5 .6C826E—06 — .33835E—06 .~.i337E—ti9

50. — .90273E—C~ .12452E—07 —.fi2238E—C6 .~~0292E—C~

TIME DELTA(A 7.) I-I0’(AZ.) 
- 

DELTA (EL.) 13T(EL.)

0. 0. 0. - - - 0. 0.

10. .2~517E—10 — .17717E—13 .771211—il —..~795E-1,

20. .65454~~~1!~ -.82518E—13 .33623E—10 — .TIII3E—i4

• 30. .-~5049Z—10 — .8~ 069E—i3 .64656E—10 — .23524E—13

40. .36~ 07E—13 — .1088uE—i.2 .104110E—09 — .~1736E— 1~.

50. . 5 i 3 57E— t~ — .9G513E—13 .13749E—U9 — .L9463E—13

TRACE OF ESTIMATE ESTIMATE EST!M~ TE
DIS’ERSIO~I ERROR IN ERROR IN ERR3~ P~MATRIX PSI TETA Pit

0. - 

0. 0. 0.

13. .ISSOSE—0 1 .19E—39 — .1IE—0 7 — .13E—07

23. .1S~ 27E 03 .53E C8 .ISE 07 .23:07

30. .~ ti22i!—0~ — .22E—08 — .35E—08 — .55E—08

40. .20?54!—05 .~2E—09 .14E—38 .~ 3E—0 8

50. .73647E—06 — .55E—09 — .I1E—39 — .53E—09
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Table C-XVI

~OflEL I E~StTR’JE .IC OGDE+0i, .2JOOC&+0i, .33303E+Gi
II”4 1315E EPSIO= ~~. 0. , 0.
(I = I. ITERATION 0 1

TIME !)ELTA (R) ~4CT (R) DELTA (RO) 431(RD)

0. .ti25’.~ +C2 .11254E’02 .- 2 0~~3E+Gi .!098E+31

10. .15725c.t~... - .iL9~.7E+02 .10658E102 .10546E+32

20. .?3351E461- .71435E+0i — .11823E+02 — .iiB39E+32

50. — .i3156E+C2 — .121511+02 — .1i909E+02 — .IIBIOZ+ 32

40. —.21t.I6E+02 — .i~o655E4C2 .97332E+Ci .i0554E+C2

50. —.39639E+02 — .1~689E+02 — .13562E4C2 — .115911+02

TIME flELTA (AZ.) HOT(AZ.) OELTA (€L.) I3T(EL.)

0. —.i55~1!—02 — .155611—02 .90217E—03 .~ 02i7E—03

10. .88414E—03 .1!727E—02 .59303E—C3 .72588E—C3

20. 
- 

—.88023E—03 .21986E—03 — .17933E—02

30. —.17673!—02 — .22535E—33 — .4994iE—03 .3~~ 98E—33

40. —.8?758E—03 .7r27?E_03 — .83307E—03 .43585E—~ 3

~~~ —.120S7E—02 — .39436E—04 — .13656E—02 .33065E—03

TIME T RA~ F OC ESTIMATE ESTIMATE ESTIMATE -

DISPERSIo N ERROR IN ERROR IN FRR3~ IN
MATRIX PSI TETA P11

0. 0. 0. 0. 0.

10. •2G 3’,8E—02 — .80E+Oi .13E+01 — .TOE+OC

23. .30248E—01, .?1.E+J 0 — .4IE+30 — .111+30

30. .33748E—05 — .26E—0l — .55E— 02 — .23E—0i

40. .61.403r_06 .21E—0I. — .ZSE—0l — .23E—01

50. .2037CE—36 — .16E—01 — .20E—0i
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Table C-XVII

MO’)El 1~ !PSITRUE= .1C~~uuE+J1, .2~ 3G C Z+31,  .333J 3E+ 01
WITH N)ISE E~’SIO= .13162E+J1, .2~ 2C2 5~+01, .3J.55E~~01
K-) 1. !TERATtO ~’ 4 2

TIME )ELTA (R) HCT (R) OELTA (RD) 131(RD)

C. •11? t.E+02 .11254E+~2 .92098E+C1 .239’3E+31

10. .15~77r+C 2 - 
.~i~942E~ 32 .IP6SIE+02 .t0~ 44E+32

20. .721~ 1E+31 .71026E+01 — .1i836EiC2 — .IiS~ 5!+32

30. —.I2G~ 8E402 — .122B6E+02 — .II6GBE+02 — .11519E+ 2

110. ~.t45i7C402 — .ILA81E+02 .1C658E+02 .103411+02

50. —.10432E+02 ~.1C055E+02 — .115511+02 — .11505E+02

~~~~ 3ELTA (A?. ) HOT (A7.) DELTACEL .) I)T(EL.) 
—

0. —.155511—02 — .1!5€IE—32 .9C217E—03 .~ )21?E—33

10. .13T~ 5E—02 .13728E—02 .72868~—03 .T2~92!—03

20. .23534E—33 .21955E—03 — .12935E—02 — .129?2E—02

30. —.2C385E—03 — .225911—03 .38253E—03 .370811—03

40. .77498E—03 .7~106E—03 .45L.99E—03 .~.3726E—03

50. —.23606E—0~. — .412S8E—34. .35706E—C3 .33265E—33

TI’IE T RA E OF ESTIMA TE ESTI MAT E ESTI M A TE
DISPFRSION ERROR IN ERROR IN EPR3~ IN

MATRIX PSI TETA DII

0. 0. 0. 0. 0.

13. .20 33i —02 — .8CE+01 .13E+O1

20. .30206E—04 .7SE+30 — .411+00 — .1OE+00

30. .33689E—G5 — .19E—01 — .7OE—O2

40. .5t.304E—06 .27E—01 — .30E 01 .25: 01

50. .20~49E—06 — .11E—01. — .211—0 1

- 
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Table C-XVIII

PIUU~ L I ~~~~~~~~ .I0000E+01, .2~ 000 +0I, .~~0303E +01WI’M M)!SE FP~ IO= .~ O11OE+Q1, .2C2C8E+Oi, .33~ 75E+O1
IC) = 1. ITE RATION 0 3

T!Mr D!LTA (°) I4CT (R) OEtTA (RD) -43T (RO)

0. .1I254c+02 .11254E+02 .92095E+Cl .2098t+01

10. .16555E+C2 - .1€94.2E+ 32 .106 3E+C2 .t0544!+32

20. .72S10E+Ci .71026E+Oi — .t1830E+02 — .t131.6E+~ 2

30. _ .11930e+02 — .I22b6E402 — .115 7E+02 — .11519E+32

— .LL 288E+C2 — .1Li881E+02 .1367iE+C2 .13541E.02

SQ. — .18107E+02 —~ i9C55E+02 — .11554E+02 — .11605E+02

TIME DELTA (AZ.) HOTCA!.) DELTA (EL.) 13T(EL.)

0. —.155511—02 _ .1r561E_02 .9021?E—03 .~~ 2i7E—03

10. .137~ 5E—02 .1 728E—02 .72873E—03 .72592E—03

20.- .235’.OE—33 .21995E—03 — .12906E—02 — .12972E—02

W. —.2 03S 8 E—0 3 — .22591E—03 •3823?E—C3 .3738 11—33

40. .??539E—03 .Th106 E—G3 .45450E—0 3 .t.3726E—0 3

50. — .226,2E—OL. — .4125 óE—0 ~. .3564 GE—63 .3 !265E—03

TIME TRA CE OF ESTIMATE ESTIMATE EST IMATE
DISPERSION ERROR IN ERRO R IN ERR)~ IN

MATRI X PSI. TETA PH!

0. 0. 0.. 0. 0.

11. •20933E—32 — .OOE+Oi .l3E+Ol — .73E~00

23. .30236E—04 .75E+0C — .411+30 — .111+00

‘0. .33689E—05 — .19E—0i — .70E—02

43. .6~.3J4E—06 .27E—01 — .3CE—01 — .25!—O 1

53. .2034rJE_0F — .IIE—O 1 — .211—01
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- Table C-XIX

Mt)flFL I EDSITR’iE .1CCCC !+Ji, .2300C!+01, .!9C33E+01
W 1 9  ‘1115! E~StO= 0. , o. , a.
IC) = 2 IT ERAT ION 4 1

TIME VL. T A ( ” )  MCT(R) OELTA (RO) i)T(RO)

C. .11254E+02 .112 ’34E+32 - .92098E+01 .~ 2398E+31

10. .1E?5.uE+02 .1€9i.?E+32 .10653E+t2 .IJS’4 SE+32

20. .?hTO7!+Oi .71351E+31 — .11780E+62 — .113411+02

30. —.i’2~1!+O! — .12160E+02 — .11830E+C2 — .11509E+02

40. —.20185~ +02 — .1’.6bOE+G2 .97236E+C1 .10554E+32

‘3. — .384~ 5!+02 — .1$689E+02 — .1’55?E’02 — .11589E+32

TIME O ELTACA ! . )  HOT ( AZ .)  DELTA(EL.) 13T ( EL.)

0. — .15551E—02 — .I!SE’1E—02 •~~02 17E—C3 .)32 i7E—3 3

10. 
- 

.~ 5423!—33 .13728E—02 •51123E—03 .72~~84 E— O 3

20. —.67517!—03 ‘.22006E—03 — .t7303E—02 — .i2576E—02

30. —.14955!—02 — .2?529E— 33 — .50363E-C3 .35590E—03

40. —.58686E—C3 .7!.250E—33 — .58541E—03 .~~3 7 7 F — Q 3

50. — .ICIOOE— 02 — .3°829E—04 — .13940E—02 .33357E—33

TIME TRA CE OF ESTIMATE ESTIMATE ESTIMATE
DISPERSION EPROR IN E~ROR IN EP R3~ IN

MAT RI X PSI TETA PHI

0. 0. U. 0. 0.

10. .27~17E—02 — .96E+0l .15E+01 — .10 ’0i

20. .!343&IE—04 .711+30 — ..OE+00

30. .29604!—05 — .37E—0i — .i6E—02 — .2TE— Q1

40. .5I..32 3 F—U6 .IL.E—C l — .26E—0I. — .25E—0I

53. .243,6E—OE .19c—Qj — .20E—01
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- Table C-XX

MO’IFL 1 !StTD I~ .I6000E+3i, .2~3C0E+0I , .330011+01
WITH ‘flISE E~SIO= .1~ iS9E+C1, .2C2C4!+oi, .3351!!+01

= 2 ITERATION 0 2

) ELTA (~~
) HOT (R) OELTA(RO) I3T(RD)

.11254E+32 .92G95E+C 1 .~~2 3 9 8 C 4 3 1

to .  .l595~~!+02 .1C943E+02 .10652E+02 .13345E+32

20. .T?275E+01- .7105?E+0i — .11836E+02 — .11345E+02

30. — .i2029E+02 — .12253E+32 — .i1635E+~2 — .iISi7E+02

43. _.i*.t.92!+02 — .1L-859E+02 .10659E+G2 .10542E+0!

50. — .15~I~53E+32 — .19026E+02 
- 

— .1I5BQE+C2 — .t1504E+32

TIM~ )!LTA (AZ.) HOT(A2.) 
- 

OELTA (EL.) 13T(EL.)

0. — .155511—02 — . 1156 1E—02 .902 17E—33 .~~02i7 E—03

10. .i3?~~i!—C2 .13728E—02 .72852E—0 3 .?2586!—0 3

20. .23397E—03 .220 15E—03 — .12909 E—0 2 — .12374 E—02

• 

- 

30. — .205~i 5 E— C 3  ~ .22570E—0 3 .38377E— C3 .3?0 5 0E— 03

43. .77322E—03 .7’124E—03 .Oi5758E—03 .~I369kE—03

50. —.24728E—04 — .41175E—04 .36023E—03 .33234E—33

TIM! TRACE OF ESTIMATE ESTIMATE ESTIMATE
DISPERSION ERROR IN ERROR IN ERR3R IN

MATRIX PSI TETA DI!

0. 0. 0. 0. 0.

10. .27o03E 02 — .~~E+0i .15E+0I — .111+31

20. .33401!_06 .72E+00 — .‘iOE+0 0 -

30. 
- 

.29566E—35 — .32E—0i — .26E—32

‘3. .5~,744E—06 .20E—01 — .27E—0i — .25!—01

50. .24328E—06 — .14E—01 — .22E—Oi — .53E—01

• 115

— ~____________i_ __•~ ~---•~~~~-—~ -- •-~~~— -- ~~~~~~ ---—-- - ~~ _ _
~~ ----~ -~ -~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - 

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

Table C— XX I

M1V~C L 1 E~ SITR’I! .ICCOOE+01, .20J00E+O1, .33C33!+O1
41 ’I ‘IlISE E~ StO= .20137E’01, .2~215!+01, .335 ?~~!+0t
K’) 2 ITFRATION a

T IME ) E L T a ( R )  HCT (R) DELTACRO ) I3T (RO)

0. . 112F4E+ 02 .11254E+02 .92093E+Q1 .92098E+31

10. .tS9qSE+C2 .U9L.3E+32 .10653E+C2 .13545Es-)2

20. .72538E+OI .71057E+Ct — .11831E+C2 — .I1S~I 5 E + 3 2

33. — .1193’E+O? — .I22~3E+02 — .115~7E+C2 — .11617E+02

40. — .142!7E+32 — .1L859E+02 .10672E+02 .13542E+02

50. — .1~ 102!+02 _ .1CC26E+Q2 — .11564E+02 — .11504E+02

TIM! OELTA (47.) H0T (AZ.) OELTA (EL.) 3T(EL.)

0. —.155511—02 — .11561E—02 .90217E—03 .36217E—33

10. .13792E—02 .1 728E—32 .7285’.E—03 .T?586E—03

20. .23~.C5E— ~ 3 .22615E—03 — .12910E—02 — .12~?kE—Q2

30. _.20542!_03 — .2?570E—03 .38352!—03 .370511—33

hO. .T73~.1E—C3 .Th124E—03 .‘~5?1kE—03 .I.339L,E 03

50. —.24053E—04 — .41175E—0i. .359’+5E—03 .33!34E—03

Tn! TR A E  OF ESTIMATE ESTIMATE ESTIMATE
DISPERSION ERROR IN ERROR IN ERR)R tN

MATRIX PSI TETA P1!

1. 0. 0. 0. 0.

10. .27603!—02 — .96E+01 .15E+01 — .111+01

20. .33ii.01E—Ck .72!+J0 — .*CE+00 — .9tE—Ot

33. .29566F—05 — .32E—01 .26E—02 “.23: 01.

40. .54744E—06 .20E—01 — .27E-01 — .25!—3 1

5~. .21q328E—06 — .14E 01 — .22(01 .53E 01.
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Tahle (~-~f lCTT

Moon I !DSITRIIE: .I0000!+01, .23330E+C1, .300011+01
WI’M ‘I-JIS! !PSIO 0. , 0. , 0.
‘C’) = 3 ITERAT ION 0 1

TIMF oELTA CR ) 
- 

HCT (R) DELTA (RO) 3T(RO)

3. .11254Z+02 .i125~I!+02 .92C~ 5!+0I .~ ?O~~~!+3I

.1~ 947 E+u2 .1O€57E+02 .tQShi6E+3!

20. .?~943!+0I .71h46E+01 — .11810(+02 — .11339E’02

30. — .1292~ !+02 — .121 ’.7!+02 — .119C’E+C2 — .11509!+02

40. —.212!8E+G2 — .11i6~ 0E+32 .97215E+01. .1355hE+C2

50. —.39637F+G2 — .1!678E+02 — .13583E+02 — .ti589E+02

TIME O!LTA(AZ.) HOT(AZ.) DELTA (EL.) I3T(EL.)

0. —.15561F—G2 — .155611—02 •°o21~ E—3 3 .90217E—03

13. .335!0E—03 .1372~E—02 .56707E—03 .72587E—03

20. —.869~OE—03 .21986E—03 — .181i9E—02 — .12~75!—02

• 30. —.17383E—32 — .2?533E—03 .52467E u3 .3~ 39kE 03

40. —.83132!—03 •75276E—03 — .8E 1IIE—03 .‘.3560E—33

50. —.11~15E-C2 — .39484E—01. — .13931E—02 .33058E—03

TIME TRA D E OF ESTIMATE ESTIMATE EST IMA TE
3IS’ERSIOM ERROR IN ER~OP IN EPR3~ IN

MATRIX PSI TETA P1!

0. 0. 0. 0. 0.

10. .19h37!—02 — .77E+01 .12E.01 — .3?E+O0

23. .2 8517E—0 6 .711+30 — .4UE~+00 — .q3E—01.

33. .327i3E—05 — .28E—01 — .‘.OE— 02 — .211— 01

.64301.(—06 .211—01 — .29E—31 — .22E— 01

53. .20636E—06 — .UE—01 — .211—01

- 
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Table C-XXIII

M00 L 1 EPSITR’JE= . 1 CC C~ E+ C 1, .2~ 30 CE + 31 ,  .3~~ fl!+31
WITH N)ISE E~ 5IO .10164E+J1, .2Q198F+0i, .33. 6~401

z 3 ITERATION • 2

T IME )~~LT A ( R )  HOT (R) DELTA(RO) I3T (RO)

G. . iI ? 34 E 1 02  .i125’+E+ ~ 2 .92093( 10 1 .2098!+G1

10. .169 78F +02 .1E 942E+C2 .i06~ 1E+C2 .t3545 F+32

20. .721’.8!+J1 .71039E+0I — .11836(402 — .11345E+02

30. — .120LiTE-’-02 — .12262E+02 — .11606(162 — .1tE~18E+02

‘1’ . — .if I517 !+C2 — .1”875E+02 .10653E+02 .10541(402

50. —.i3493!+02 — .19047E +02 — .11531(402 — .11504(402

TIMF D!LTA (AZ.) 
- 

HOT(AZ.) DELTA (EL.) I)T(EL.)

0. — .155&1E—02 — . 1556 1E—0 2 .30217E—03 .~~~2 17 E—C3

10. .137~ 4!—C2 .13728E—02 .72875E—G’ .723911—03

20. -  .23~ t8~.— 03 .21953E 03 .12903 E— C2 .12972: 3!

30. — .2 0 t 2 5 ! —C 3  — .22591E—i3 - .38 296E—03 .37076 E—03

40. .77437!—03 .7!107E— 03 .~.5537E—03 .~.3?20 E— - 3 3

50. — .2t.213E—04 — .412611—34 .35749E—03 .3325 8E—3 3

TIME. TRA E  OF ESTIMATE ESTIMATE ESTITMATE
DISPERSION ERROR IN ERROR IN ERR3R IN

MA TRIX PSI - T ETA P1!

0. 0. 0. 0. 0.

10. .19424E—02 — .77(431 .12E+Qi — .3!E+0O

20. .23679!—04 .711+30 — .hOE+30 — .911—01

10. .32655F—05 — .211—Cl — .55E— 32 — .2~E—0 i

‘13. .54205E—Oc .26E—01 — .311—01.

SO. .20G13E—06 — .111—01 — .211—01 — .47E—01

-
. 
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Table C-XXIV

1 ~~StTRtJE . I 0 0 0 0 E + G 1 ,  .203011+01, .‘0000E#0i
WIT’! P-I3!SE EPSIC~: .1CII2E+0i, . 2 C 2 0 6 E + 0 i ,  .33 .?~.!+01
K’) = 3 IT RATIOP’ 3

TIM F DELTA (R) HOT (R) DELTA CRO) ‘I3T(RO)

C. .1125..E+C2 .1125L,E4-02 .92095E+01 .92095!#01.

10. .1693~ E+02 .lF9’,2E+02 .IOF,53(+C2 .13345(402

20. .72611(401 .71039E+0i — .11831E#02 — .i 13’.5Z+0!

30. — .1lQ29Z+C2 — .122~ 2C’ I32  - 

— .11537(402 ~.115i8E +32

0.0. — .1~ 2s! F:+c2 — .1L 875E+G2 .16671(402 .105111E+02

50. —.18106(432 — .190’,7E+02 — .11563E+C2 — .11504 E+02

TIME OE LTA (47 . )  HO~~CAZ. )  DELTA(EL.) IOT(EL.)

0. — .155511—02 — .15561E—02 .902 17E—03 .902 17E—03

10. .13796 !—02 .i !728E—02 .72877E—C3 .7’591E—63

26 . .23~~~2 E—0 3 .21993E—03 — .12904E—02 — .12972 E—02

30. — .?G 4 0 3 Z — 0 3  — .22591E—03 .38263 E—C3 .37076E—3!

.?7477 E— 03 .7~ 1C7E—03 .45486E— C3 .~e 3 7 2 0 E — 0 3

50. — .23272Z —0 0.  — .~.i261E~~01+ .355?9 E—03 .332 58 (—3 3

TIME TRA C E OF ESTIMATE ESTIMATE EST!~ AT!
OIS~ E~ StO N ERPOR IN ERROR IN ERR3R IN

MAT RI X PSI T ETA P1!

0. 0. 0. 0. 0.

13. .1942&E—3 2 — .7lE+ul .12E+0t — .8!E+00

‘3. .28579E—0’. .71(430 — .1 0(+QQ — .311—01

30. .326511—05 — .211—01 — .55E— 32 — .2!E—O1

40. .~ b205E—06 .26E—01 — .3CE-3 3. — .24(01

50. .20313E—06 — .i1E—0 1 — .211—01

119
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Table C-XXV

1. -FD~ tT~ tJE: ~!~0 C 3~ E.0i, .i0~ 0Cc#02, .15003!+32
H!” ‘IllS! E°~ IO= C. 

- , C. , 0.
‘Cl = I ITE~ ATIO~! ~ 1 

-

T IP~~ • DELT A ( R)  HCT (R) - 

DELTAC RO ) I3T (RD)

0. .11254 +~~ .1I2~k!+~2 .-32093E+C1 .32395!+31

1~ . .15942(402 .17060(402 .10743E+C2 .10584!+32

20. .90326!+1i .81247(431 — .11625(402 ~.l1703r+02

30. —.14 ~4E+~ 2 — .938311+01 — .12893(402 — .j1331~+Q2

40. —.43072 +02 — .92667E#01 .~ 3809E+01 .1J959!~ Q2

50. —.11k2~i!+03 — .°~ 639 E401 — .210211+02 — .11238E+32

TIM E 
- 

OELTA(4~~.) HOT (AZ.) 
- 

- 

OELTA (EL.) -131(EL.)

0. 
- 

— .15561F—32 — .I~ 561E—32 .90217E—03 .93217E—03

19. -.1 2!!-~ 2 .17705(—02 .~ 8126E—04 .72585E-03

20. —.~~2 8 4 5 E — 0 2  .21776 E—0 3 — .37812E—C2 — .130511—02

3-3. —.79239!—02 — .2117L.!~ 03 — .39816E—02 .35009E—03

40. —.735911—02 .793?~,E—33 
- 

— .5915hE—02 .40!32E—03

50. —.58505~ — 02 .4645?E—05 — .8I4~ 0E—02 .23355E—03

TI’!! TRACE OF ESTIMATE ESTIMATE 
- 

ESTIMATE
- D!S~ ERSIO N ERROR IN ERROR IN ERRDR IN

MATRI X PSI TETA P1! -

0. 0. - 0. 0. 0.

13. - .21015 E—Q ! — .BiEi0i .i3E*01 — .73(100

20. .3041~E—04 .5-9E+30 — .39E+3-0 — .STE—01

‘0. .33930E—O5 — .19!+).) .311—01 .111—01

40. .547’.4E—06 — .12(4)0 .1IE—02. .23E—O1

!0. - 

- 
.20429! 06 .j3F~+3Ø .6CE 02 .35c 03

- -
. 120 
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Table C-XXVI

4O~!L 2. ~PSITC~1JE= .~ C33CE +0l, .103~~CE +02, .lc000!.02
JITH ‘1115! !PStO: •r1343(+Qj, .10306E+02, .14915!+02
C’) I fl’ERATION 4 2

HOT (R) OELTA (RD) 13T (RO)

j .  .ii25L~ +C2 .11254(4-32 .920911+01 
• 

.92098(~ 01

10. 
- 

.1E7 3!#’~! .i ~ 942E +C2 .IC6~iE~ C2 .10545E+02

20. .51130(461 .71031(401 — .119S3(+02 — .1iS’.5E+02

33. — .I4~ t5!+C2 — .122611+02 — .1181tE+C2 — .11519E+02

‘10. —.I9~ 511+02 — .1’881E+02 .10343E+C2 - .1O6hIE +02

50. — .2744~~ +C2 • — .19C56E +~ 2 — .119’SE+02 — .11505(402

TIME OE LTA~ A~!.) H0T(AZ.) 
- 

DELTACEL .) 13T (EL.)
- 

0. — .155611—02 - 

- 

— .1~ 5E1E—02 .90217E—03 .32 17E—03

10. .137511—02 
- 

.13728E—02 
- 

.72809E—03 .725 67E— 03

20. - 
- - .231 0!—0 1 .2199.8 E—0 3 — .12893E— 02 — .123 72 (— 02

30. —.20874E—03 — .22~ 8L+ E—03 .3380.0E—03 .37373E—03

40. .7Sklj7E—03 .7~ l16E— Q3 .*6584E—03 .43719E—03

5.0. —.k~133 —0 4 — .‘a1148E—0’. .3712-4E—03 .332511—03-

Tt4~ TRACE O~ ESTIMATE ESTIMATE ESTIMATE
DISDNSION ERROk IN ERROR IN ERR3R IN

- MATRIX PSI - - TET A 
-

C.- 0. - 0. 0. 
- 

0.

13.- .209’.SE—02 — .79E+01 .12E+0I — .73(400

20. .33239!—04 .75E+30 — ..IE+00 — .10(400

30. .33595E-35 — .19(—0I — .72E—02 — .22E— 01

40.  - .6426’+E-06 .27E—01 — .311—01 — .25E—01

50. .20330!—06 — .111—01 — .211—01 — .4S~ —O I —

- 

121
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Table C-XXVII

MOO~~L I (°S!t~ ’J~ = .~ G0C0E+0l, .Ii0CCE +02, .1c030!+02
WI~i’ ~11!SE cDSIO= .t0102!#31, .1C021E”02, .15043E +32
K’) = 1. IT~~ A’!ON 4 3 -

TIME )!LTA (R) HOT (R) 
- 

OELTA (RO) 
- 

‘ 13T (RD)

0. .iI25hs +9’ .11254E#32 .92c138E+G1 .923911+01

10. .16955E+02 .1t942E+02 .16653(402 .10645(+02

20. .72611E+Ci .TIO31E+01 — .11831E+02 — .11345E+02-

‘0. — .11910E+02 — .l2266E+32 — .11597(402 — .i1519E4-02

£ 4 0 .  —.142811+02 — .1L881E+02 .10671E+02 .105411+02

50. — .18105E+C2 — .19C56E+32 — .11563E+02 — .11305E+02

TIME OELTA (A ’.) HOT(AZ.) OELTA (EL.) IOT (EL.)

-0. — .15551E—02’ — .l5~ E~iE—02 • .9C217E—C3 .30217F—03

10. .13’9’! .C2 .13728E—02 .i2OoGE—03 .72~ 87E—C3

20. .23,,5!—03 .21998E—03 — .12901E—C2 — .12372E—32

“0. - 
— .2 036 5 E—03 — .22584 E—0 3 .382311—03 .3 7073 E—03

40. .7?534~—03- .7 ’116E—03 .k5463E—03 .43719E—03

- 50. — .2 2 5 93E —C ’. — .4l147~ —0L. •35631E—03 - . 332 58E —05

TI’d! TRACE OF ESTIMATE ESTIM A TE ~STIM4TE
OIcPERSION ERRC R IN E~ RO R IN !RR3R IN

- 
• MATRIX 

- 
- - - PSI 1(14 - 

- 
PIE

0. 0. 0. 0. - 0. -

1~. .2094e.E—02 — .79(+01 .12(401 — .711100 -

20. .30209E—0’+ .75E+00 — .41E+00 ~.10!+00

33. .3369’+E—05 -.i9E—31 — .?2E—02 - — .22E—O i

43. •3’1262E—06 .27E—0I — .31E—O1 — .25Z—0I 
- 

-

50. .20329E—06 — .111—01 — .211—01

- 
- 122
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Table C-XXVIII

1 ED~tTRUE: .~~0 0 0 OE + 0 I ,  . 10000(4 02 , .15000 (402
WITH ‘IllS! E°~ IO= u. , 0. , 0.

= 2 
- TTE R4~ IOU # I -

TIME OELTA (R) HOT (R) 
- 

OELTA~~D) 13T(RD)

0. - .1125’i E+G2 .11254E+02 
- 

.92C98E +C1 .92098(~-31

• 10. .15054(102 .17032(402 - . .10733(4:02 
- 

.105?3E4-02

20. .94R38E +31 .78417E+C1 
- 

— .i1k’.OE’02 — .11737E+02

30. - — .10611E +02 — .99235(431 — .12511,E#02 — .11405E+02

40. —.37524~ +C2 — .99074E+01 .63355E+0I .109511+02

50. 
• — .10927~ +03 — .1C674E+ 02 • — .210211+02 — .11242E+02

TIME O E L T A (A 7 . )  HOT (AZ .)  - 

DELTA (EL.) 
• 

IOT(EL.)

0. —.15561F.—02 - — .15561E—02 
- 

.902 17E—03 .902 17E—03

10. —.72155!—33 .137111—02 •14921E-03 .72312(—03

20.- —.4264’iE—02. .21810E—C3 — .350i8E—02 — .130211—02

30. —.65827E—02 —.-21539E—o~ — .39969E—02 .35535!—03

.40. - — .591411—02 .782-60E—03 — .61695E—02 .L,0806E—03

50. —.48733E—02 —.17538E—05 — .82909E—02 .23893(—G3

TIM! - TRACE OF EST ATE ESTIMATE 
• 

ESTIMATE
• OI.S~ERSIo’N ERROR IN ERRO R IN ERR3~ IN

• MATRI X PSI - 
- 

TETA - P4 1

0. 0. 0. 0. 0. -

10. .276-~0E—02 - 
— .98E+0I .15(+01 — .1OE +01

23. .335e,g!—04 .59E+00 — .39E400 — .83:—Ol

30. .29757E—05 — .17(4)0 - .21E—01

40. .65367E—G6 
- 

— .11(100 .44E—32 .79E—02,

50. - .24424E—06 — .14(430 .52E—02 — .211—01

- 123
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Table C-XXIX

MO~!L 1 FPSITRU (= .!0000E+01, .I0000E+G2, .15330(402
W~!’M ‘rIS! ~PSIO .rlkO2ElOi, .99948(401, .150211+02
K’) = 2 ITZRATION • 2

TIMF 
- 

)ELTA (R) 
- 

HC T (R) DELTA (RD) -I3T (~~ )

0. .11?5~.C+02 .11254(402 .92095(401 .92098E+0t

1.0. .I6J5BSE +C2 .i~ 90.3E+02 .10623E1C2 .13545(402
- 

20. .6’.9011+01 .71062E4-01 — 11941(+02 — .i1345E+02

30. —.142811+02 — .12252(402 — .11806(40 2 — .ii&17!+O!

40. —.192531+02 — .148611+02 .10350(402 .10542(402

50. - —.23620!+02 — .19027E+02 — .11956E+02 — .11504(+02

TIME D E L T A ( A ~~.) H0T (A Z.) DELTACEL.) IOT C EL.)

0. —.155611— 02 — .15561E—02 
- 

.90217E—03 .30217E—03

10. — 
- .13767E—02 .13729E—02 .728011—03 .72582E—03

20. 
- 

.23190.E—03 .22017E—03 — .12901E—02 
- 

— .12 75E--02

30. - — .20681F.—0 3 — .22553E—03 .389�5E—03 .3T0k3t—C3

40. 
• 

.76809!—03 .75134E—03 •46953E—03 .43586E—03

50. — .40M5!—C4 — .k10t.IE—04 .377311—03 .33227E—33

TIM! TRACE OF - ESTIMATE ESTIMATE EST!M~ TE
0!SPE~’SION ERRO R IN ERROR IN E~R3R IN

- • I14T~ IX - 

- 
PSI 

- 
TETA - P41 •

3. 0. 
- 

•

- 0. - 0. 0.

13. .276211—02 — .96E+01 .15E+01 — .1OE#0i

20. .33407(—04 .72(430 — .‘+OE+00 — .9~E— 31

- 30. - 

• .29575E—05 — .32E—0i — .29E—02 — .211—01

40. .6~69tE—C6 -.211—01 — .27E-01 — .25E— 0i 
-

- 
50. .242911—06 — .13E—01 - — .22E— 0l — .53( 01

- - 124
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Table C-XXX
MIlCI 1 !DSITRU(= .50000E+01, .i3300E+02, .15003(4-02
W!TH ‘flIS( !~SIO= .501211+01, .10322(402, .1 053!+02
K’) = 2 ITC’ATION 0 3 • - 

-

TIME ‘)ELTA (R) 14CT(R) DELTA (RO) 13T (RO) -

0. .112~4E+02 .11254E+02 .920911+01 .923911+31

- 10.. - .15987(402 .1f943E+C2 .1o6;3E+r2 .13545E+02

20. .72585!+01 .71062E+01 — .1I83iE#02 — .11845(4-32

30. — .i1932!+02 — .12252E+02 — .11597E+02 — .11517E+02

40. — .14288~+02 — .1b860E+02 .106V2E+02 .13542E+02

50. —.18101(402 — .1!027!+02 — .ti563E+02 — .11604E+02

- TIME OELTA (47.) t4OT(AZ.) DELTA (~L.) - 

13T(EL.)

-
- 0. —.155611—02 — .15561E—02 .90217E—C3 - .90217E—33

10. 
- .13753!—02 •13729E—02 .728511—03 .72582E—03

20. .2341.3E—03- .22017E—03 — .129111—02 — .12375!—02

• 30. _.20535e _03 — .225€3E—03 .383411—03 .37042E—03

k0.~ .??339E—03 .7’13~,E— O3 •ii57011—03 .43586E—03

• 50. —.239511—0g. — .41041E—04 .35936E—03 .332~ 6E—03

~I9! TRACE OF 
- 

ESTIMATE ESTIMATE ESTIMATE
- UIS’ER~ ION EQROR IN ERROR IN ERR3R IN

- MATRIX PSI TETA RI!

- 0. 0. 0. 
- 

0. 
- 

0.- 
-

10. .276211—02 — .96(401 .15E+0i — .10(401.

20. .33’,07(~ 0k .72E+)0 — .40(400

30. .29~74~—05 — .32E—0i — .29E— 32 — .211—01 
-

40. .64689(—C6 .20E—01 — .2?E—01 — .211—01

~0. .24289E—06 — .13E— 01 — .22E— 0i — .53E—01

125 
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Table C-XXXI

M-3~!L 1 EOctT,uE .~ 003G (+01, .100011+02, .15330(402
WtT1.4 ~l)IS! ~~5IO= 0. , 0. , 0.

= 3 ITERATION ~ I

TIM! DELTA(R) ‘ICT (R) QELTACRO) 43T (RD)

C. .112 ’.! +62 .112~~.E+02 .92698E#C1 .32098(431

10. .IDII’E+C2 .170611+02 .107311+62 .10,84(402

20. .981711+01- .612211+01 — .11555E+02 — .1t703E+02

30. —.133911+02 — .939111+01 — .12831(462 — .113911•3!

40. —.421551+0! — .92632E+01 .53241(401 .10962E402

50. —.114221+63 — .950111+01 — .21152E+02 — .11229(432

TIME DELTA (AZ. ) HOT (AZ.) DELTA(!L.) 13T(EL.)

0. —.ISSS1E—02 — .155611—3 ! - .90217E—C3 .30!17E—33

- 10. —.10565(—02 .13706E—02 .283~p7E’O4 .T2585 E 03

20. —.52325E—G2 .21825E—03 — .387111—02 — .13055E-32

30. —.77789E—02 — .21109E—03 — ..10?3E—02 .35036E—33

40. — .71298E—32 .79303E—03 — .5051’iE— C2 .402611—03

—.562611—02 .28135E—35 — .32859E—02 .25340E—03

TIME TRA E OF ESTIMATE ESTIMATE ESTIMATE
OISPER~IO~I ERROR IN ERROR IN - ERR)~ IN

- MATRI X - PSI TETA P4!

3. 0. 0. 0. 0.

10. - .19 .99E—02 — .711+01. .13E+01 — .82 (430

20. •28774E—04 .55!+00 — .38E’00 — .711—01

30. .32934E—05 — .19E+30 .32E—01 .93~—02

40. .64627!—06 — .L2E4QC .37E—02 .221—01

50. • .20592!—06 — .14(406 — .311—02 — .111—02

-
- 

- 126 
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- Table C-XXXII

Mflfl~L 1. (OSITRUE= .~ 0 DCE4D1, .13300(#02, .15C-)0E’02
Wt’~M ‘fltS~ ~StO= .!13~7E+01, .1030!F’02, .1~O02Z+32

= 3 ITERATION • 2

TIME 
- -  )ELTA (R) HOT (R) OELTA (RD) 43T (RD)

0. .11254E +C2 .11254(402 .326 3E+O1 .9!)98E+31

16. .168011+02 .U942E+02 .t0602E+02 .10545E+02

20.  .51253c +01 .7101.4E+01 — .119611+02 — .113’.5!+02

30. — .11~~05E+02 — .12262E +02 — .11811(402 — .11518E+32

40. — .19561F+02 — .14815E+02 .1031.0(402 .10641E+D!

50. — .275011+02 — .lc.0..8E+02 — .11982E+C2 — .11504(402

TIME OELTA (A7.) HOT(AZ.) DELTA (EL.) 43T(EL.)

0. —.155511—02 — .t~(61E—02 .90217E-63 .90!17(—33

13. 
- 

.13762E—C2 .1~’728E—02 .?2814E—03 .72567E—03

20. .?3156C_03 .219%E—03 — .12890E—02 — .12973F—02

30. — .208711—03 — .22564(—03 .38895E—C3 .37369E—03

40. .‘6433E—03 .ThLISE—03 .46672E—03 .43713E—03

co. —.45428E—0’. — .41122E— 0’ .372&2E—C3 .332511—03

~~‘4E TRACE OF ESTIMATE ESTIMATE E511M*T (
DISPERSION ERROR IN ERROR IN ERRIR IN

MATRIX PSI TETA PIE

0. 
- 

0. 0. 0. 0.

10. .19Li35F—02 — .77(~01 .12(401

20. .28587(—0t. .71(400 — .40(400 — .911—01

30. .32566(—05 — .21E—01 — .511—32 — .22~— 01

40. .54149E—06 .27(—01 — .30E—01

50. .2C5S 4E—0~ — .111—01 — .21E—Gt
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Table C-XXXIII

• 1 E~ SITRUE= .~ CtG0F .01, .I OCC !+1i2, .150031+02
WITH N1ISI 1~~ tO .~ 0134!+J1~ .10321(402, .153~~~E+02K) = 3 ITCRAT ION 0 -

HOT (R) DELTA(RD) 13T ( RO )

.112541+62 .12254 1+02 .92095(40 1 .9239 11+3 1

In . .15955(462 ~169~ 2 E+02 .10653E+C2 .10545F+0?

20. .72511!#01 .710~.4 E+01 — .11631(402 — .11845(402

30. — .1I33G1~ 32 — .12262E+02 — .11597E+C2 — .11518!+)2

40. .11&!591402 .1’:875E+02 .1C671E+02 .135411+02

50. —.18135E+02 — .1~C48E+02 — .i1563E#C2 — .1.15041+32

TIME !)ELTA (4!.) HOT(A!.) 
- 

OELTA(EL.) 13T(EL.)

0. —.155511—0 ! — .11561E—02 .90217E—03 .30217E—33

10. .137911—02 .137211—32 .72873E—03 .72587E—C3

23. .235311—03 .219911—03 — .129041—02 — .123731—32

~0. — .204011—03 — .22584E—03 .3826?E—03 .3?068E—03

40. .774?2E—C3 .75118E—03 .451i78E—03 .43713E—03

50. — .23203E—O ’e — .411211—Ok .35669E—C3 .332511—03

TIME • TRA E OF ESTIMATE ESTIMATE ESTIMATE
QISDERSIOPI ERROR IN ERROR IN ERRD~ IN

MATRI X PSI TET A Pi t

0. 
• 

0. 0. - 0. 0.

10. .194311—02 — .77(4-01 .12E401 — .32(400

20. .28537E—O4 .71(~00 — .401400

30. .32o65E ’05 — .211—01 — .51112

40. .54j (~5(— Q6 .27E—01 — .311—01

So. .205831—66 — .LGE—01 — .211—01
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Table C-XXXIV-p

MOOF L 2 1°SIT~’tJE .:~~GC~ E+01, .2~ 30tt+01, •33C30 (+01
W/O ‘1)151 !DSIO= C . , 0. , C.
‘C !) I ITCRAT TOP~ # 

-

TIM~ OELTA (R) HCT (R) DELTA (RE’) 43T ( R1)) -

0. 0.~ 0. 0. 0.

10. .111.Cz+00 — . ICI?2 E 02 — .1162-3( 01

20. ~~33jL+3E+33 .~~C36OE— 0 1 — . 42S 6 E’-C1 . i t O k 2 E — 0 1

0. — .1~ ?47!+01 .2~ 397F + 0 0  — .1~~456!+C0 .~.573 3E—3t

40. —.32944 +Ci .i.L- C Z6E+01 — . 13876E+CQ .21426 1+03

50. —.55752 1 +O1 .1+~ 3 C8E+ 01 — .45025E +C0 .47140t4-33

11MW OELTA (AZ .) HOT(AZ.) OELTA (EL.)- 901(EL.)

•,. 0. 
- 

0. 0. 0.

10. - —.472131—03 .84891E—06 — — .12996E—03 — .224111—25

20. ..lucO4t’ 02 .2~822E—35 — .k7858E—C3 — .25 * 79 1—05

32. —.14533E—62 .1’-3611—04 - — .8L 824E—03 — .577401-35 -

40. _.15250e_02 .4t.656E—04 — .12631E—C2 — .75028E—05

50. —.592~7(—03 .1C7’.5E—03 — .16995E—02 .8150t.E—05
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Table C-XXXIV-b

2 !PS!TRfJ(= .1C 0CE+C1, .2~ 3C11+01, .336311+01
W/O ‘IJISE ~~SIO C. , 0. , 0.
1(1 = 1 ITIRATION # 1 -

rt’~ fl1LT~ cscj ,~ 43-T (’~rj) DELTA (SF21 HOT (~ F2) !)ELTA (SF3) .4 ’)T (SW !)

0. 0. - 0. 0. 0. 0. 0.

IC.  —.‘3 E—01 — .23~~— 03 .95 E—02 .111—02 .511—02 — .131—3!

20. .~ 0E—02 .111—02 - .72E—02 .711—02 .501—04 — .111—02

30. .46E—01 .421—02 .24E—01 .201—01 .53E—02 .41E—3!

40.  .141— Ct .1~ E —01 .‘kE—ul .42F— ~ 1 .52E—01 .311—01

50. .~ 3E—C1 - .74E—03 - .2C E—01 .121—01 .7 1E—0 1 
- 
.S1(—01-

-TIM! 
- 

TPACE OF ESTIMATE ESTIMATE ESTIMATE
• QIS’ERSIO9 E°ROR IN EPROR IN - ERR)~ IN

- MATRIX PSI lIlA P-I! 
-

0. - 0. .111+01 .20E+01 .311+01

10. .463531—03 — .57E—02 — .19E—01. — .‘4E—01

23. .TlStO (—0t. .211—01 - 

~1kE+0O .151+00 
-

30. - .43267!_04 .711—01 .31(400 - . 31 E + 30

.92953E—05 — .311+30 .‘.9E+30 — .30(400

- 
53. .458421—05 

- 
— .581+30 .511+00 — .711+00 

-
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Table C-XXXV-a

P400FL ZPcITqnE~ .10~~0C!+U 1, .2G060E+01, .300031+01
W’O ‘DI~ E 1°SIfl= .15’72E#Ci, .1’+ 131+01, .3 76541 +0 1
Ki = I !TERATIOP~ q

HCT (R) !3ILTA (Rfl)

0. 0. 3. 0. 0.

10. .772291—62 .1299’.E—62 .265651—03 .3~ 59T1—04

2~. — .331201—01 —.3L9~ 3F—02 — .103511—01 — .123991—02

30. - —.26240.1+00 - — .3?119Z—Oi — .~8591E—C1 — .573511—02

40. — .163111+01 — .1U331+O0 — .259921+60 - — .31325E—Ot

50. 
- 

— .527931401 — .7’665E+00 — .~C830E+c0 — . 7 3 5 5 7 E — O t

TIME OELTA (A7.) HOT (AZ .) 
- 

- 

DELTA (EL.) 43T(EL.)

3. 0. 0. 0. - 0 .

10. .35432(—34 .1°1211—06 - .102511—04 — .13279E—0S

20. .948q21—o’. —.37362t—07 .497181—04 .47120E—07

30. .148571—03 - — .11655(—05 .112311—03 .45285~ — 35

40. .14256 1—G3 — .53313E—35 .21777t—03 .52312E—05

50. _.274171_06 — .1’OS01—04 .360871—03 — .!2579E—35
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Table C-XXXV-b

M1~~L 2 1~ SITRUE= . i 0 .~3 Q E+ 31 , .2 3 3 0 0 E + 0 1,  .3003C1401
W/O ‘I~ ISF E~~ IO= .~ 5772 E+ C 1,  .1’+ 13 +J1, .37 54!+01
K-) = 1. I T E R A T I O N  4~ 2

TIM1 ‘IELTA (SFI) ht~ T (~~F1) ~) ELTA ( S F2 )  HOT ( SF 2 )  DELTA(SF3) 13T (S 3)

0. 0. 0. 0. 0. 0. 0.

10. — .111—01 .5-41—3 .. — .2E—Q1 —.101—03 — .311—01 .84E—04

20. .311—02 — .151~ 03 — .35E—32 — .721—03 — .12E—O1 .161—03

36-. — .29E—33 — .511—03 — .~ 0E—Q2 —.?6!—02 - .111—01 — .54 E —0 3

40. — .301—02 — .241—02 — .~~0E—O1 —.611—62 .461—01 — .621—02

50. .!9E—01 . .30 1—03 — .64 1—01 — .22 1—02 .111—01 — .121—61.

- 

TIME TRA E OF - ESTI~IATE ESTIMATE ESTHATE
OISPERSIO’J EPROR IN EPROR IPI ERR~~ IN

MATRI X PSI TFTA P-lI

0. 0. — .58(430 .51E+00 — .711+00

- 10. .4~3S0E—03 • - .711—02 .291—01 - .391—01

23. .573691—Os .24 E—0 2 — ..6 E—02 — .~~.E—03

33. .40’56E—04 .28E—33 — .3~5E—0 1 — .241—01

- 40. .861081—05 .56E—01 — .551—01 .611—01

53. .42~76E—05 .111+30 — .711—01 .14..00

- 
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Table C-XXXVI-a

M~~EL 2 !PSIT~~JZ= .10:001.61, .2~ 3J6E+61, .300331+01
14/0 1r)IS! E~~~IO .~ 8767E +30 , •20~ C’.1+01, .235~ 5E+0t
KO = 1 - IT1RA~’ION 0 3

TIME ~ELTACR ) HOT (R) DELTACRO ) 13T(RO)

0. 0. - 0. - 
- 0. 

-

10. — .217741—02 — .1~ P70 E — C 3  — .12925E—03 .2 0782E— 35

20. .330151—02’ .103131—02 .131901—02 .311871—03

30. .3193~~1—C1 .7~ 389E—02 .678591—02 .132271—02

- 
40. .2505~ (+03 .425511—61 .430391—01 .593271—32

50. .552311+00 .164011+0C .55771E—Cj .159051—31

TIME O E L T A (A ’ .) -

- 

- HOT (AZ.). DELTA(EL.) IOT(EL.)

0. 0. 0. - 0. 0.

10. 
- 

— .9920~ 1— C5 — .3333 61—37 — .279101—05 .222931—37

20. —.244131—64 .1c8821—07 — .122591—04 — .k’.1841—O?

30. —.358291—04 .2~638E—66 — .258151—CL. — .t4806E— 0~

40. —.352391—CL. .127691—05 — .469911—Ok -.1b201F—O~

53. • — .315911—05 .•322C9E—05 — .747i.3E—O k .41.5621—05
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- Table C-XXXVI-b

M3!)~L 2 1~5t~ RtIE= .100001+01, .23~.31+01, 
- 

.3 3 300 1 +0 1
14/0 m IS! 1’~ tO= .~~3 7 6 7 E + - 3 0,  .20~~04 F+01 , .235611+01
K!) = 1 ITF.~ATION 0 3

1V1 !)e,.TA SrI HDT(Srj) !)ELTA (SF2) H3T (~~F2 !)ELTA (SF3) 13T(SF3)

0. 0. 0. 
- 

0. 0. 0. 0.

10. .‘3E—02 .301— 33 .r5 E_ 02  .271—04 .5 !1—02 — .34E—3 ~
20. —.‘21—03 • .3’~E— 0L. .~7E—03 .1SE—U3 .201—02 — .1.3E—~ L,

30. — .111—33 .12E— 33 .121—02 .611—03 — .251—02 .131—03

40. .151—C? .5~ !—O3 .871—32 .151—32 — .731—02 .131—02

50. — .481—32 — .581—34 .11E~ 01 .461—03 — .25E~02 .251—02

• TIME TRACE OF ESTIMATE ESTIMATE ESTIMATE
DISPERSION ERRO-~ IN E~ ROP IN EP0~3~~ IN

• - MATRIX PSI 1(14 pIll

3. 0. - si1E+0O — .701—01 .I4E+0C - 

-

10. .474721—03 — .791—03 — .451—02 — .601—02

- 20. .~~8O 2 9E— O4 .241—03 .261—02 .25: 02

- ‘0. .41112: 04 .91.E—03 .34 1—32 .721—02

40. .864 2 3 E— O 5 — .121—01 .1~~1—31 - — .121—01

So. .42952 1—05 — .231—01 .161—01 — .291—0 1.
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Table C-XXXVII-a

MIflIL 2 EPSITDIIE= . ICC3 C 1+U1, .203311+01, .333601+01
14,0 ‘J )I SE !DStO= 6. , C. , 0.

2 ITERATION 0 1 
-

TIME ~~~ T 4 (~~) Ml)T (R) DELTA (~~D) 131(RD)

0. 0. 3. 0. 0.

10. — .iC1tet1+O0 — .81L,21E—03 — .1O!+2E—C1 .92151E—OS

20. • —.221~ 0~ +3 3 .2F-535E—01 — .177671—Cl .353i31—02

30. —.523551+00 .331751+00 — .74828E—01 .525181—01

- 40. —.207631+01 .1C.733E+01 — .240141+00 .232451+00

SQ. — .516871+01 - 
• 

.4~3C8E+01 — .630651+00 .~.t4321+0C

TIME D1I_ TA (AZ.) UO1(AZ.) DELTA (EL.) -13T (EL.)

0. 
• 

0. 
• 

0. - .0. - 0. -

10. - — .k0597 1 03 .125461 06 .11262 E 0 3  — . 15022 E~~ 6

20. — .56017 1— 03 .215251—35 — .426531—03 — .2 1173E— 05

30. —.121771—02 .146491—64 — .357201—03 — .505211—05

- 1.0.. —.-125~ 3E—02 .4~877~—C L. — .131831—02 — .?192ot—0,

50. —.82728~ — 33 .102371—03 — .172921—02 .81.15E—0~

-
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Table C-XXXVII-b

M)flEL 2 1°StTQIIE= . 1030 0 1+01., .2~ 330E+0i, .330031 +01
14,0 1)ISE EPSIO= - 

0. , 0, , 0.
K) = 2 I T E R A~ IOP.’ 0 1

lIME ~~LTA (S11) ~3T (S 1) ~ELTA (SF2) HOT (~~F2) DELT A (SF 3) ~3T(SF3)

0. 0. 0. 0. 0. - 0. 0.

10. — .181—Cl — . 2 L . E — 0 3  .!0E 02 .72E u3 .40E 02 — .921 03

20 . ..7E—02 ‘ .57 1— 03 .€61—O? .80 1— 02 .231—07 — .171— 0 2

30. .~ 7E—01 .53 1—0 ? .24 1—01 • 22 1—0 1 .58 E— 0 2 .5 11—02

40. .iTE—01 .121— 0 1 .751—01 .34 1—31 .411—01 .30 1— Ct

50. .331—01 — .1~ E — 0 3  .261—01 .111—61 .831—0-1 .72 1—31

TIME TRAC E OF 
- 

ESTIMATE EST IP’AT E ESTI MAT E
- OIS3!~ SIOP1 ERROR IN ERROR IN - IN

MATRI X - 

- PSI TETA PIll -

- 
O. 0. - - 

- .101+01 - .201+31 .301+01 
-

- 

-

10. .6 1260 1—03 — .531—02 — .16E—01 — .231—01 -

20. 
- 

.9730 11—0 1. .171—01 .101+00- .111+30 
-

33. - .54652 1-06 — .111+30 .491+00 .521—01

40. 
• 

.409681—01. — .211+30 .58E+00 
- 

— .171+00

50. - .i2~.27E—01. .541+30 .83E+OO .111+01
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Thble C-XXXVIII-a

2 1P~~ITDIJE= .10 CC- E+~ 1, .2 3 t ~C1+01, .330.61+0l
14,0 14DIcE 1~ StO= •L63771+30, .11~,78~ +01, .13330 1+01
‘(0 2 IT RA~ ION ‘~ 2

TIMI OELTA (’) I4c~T (°) DELTA ( ° D) 13T(RO)

• 0. 0. 0. 0. 0.

IC .  — .3~ 52c1—01 — .2~.G56 E—O 3 — .4051.91—02 
- 

.S95 L.2E— 0~.

20. - — .91’i311—Ct .125371—01 — .379011—02 .355521—62

30. —.!9922~ #30 .1~ C57F430 — .387331—01 .239741—01

‘.0. —.133281+01 .600031+03 . — .1.18481+00 
- 

.739091—01

c~ . —.295631+01 
- 

.173671+01 — .28306E~00 .133171+00

TIME OELTA (A ’.) H0T(~Z.) DELTMEL.) -13T(EL.)

0. - 0. 0. - 

- 

- 
0. 0.

10. - 
- — .152561—03 

- 

.7C7571—07 — .42282 1—Ok — .7 3 , J O O E— 0 7

2fl~ —.32232 1—03 .8-18011—06 — .159101—03 — . 759491— 3 5

33. — .4 544 11—03 .53961E—05 — .31618 1—03 — .2232 1.1—35

40. — .469 5t 1— C3 .17663 1— 04 — .4 7997E—03 — .263071—05

!~C. — .321251—03 .376531—04 — .6222 1.1—03 .231531—05
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Table C-XXXVIII-b

MO’)e L 2 EPSITRIJE= .10lC0E+0 1, .233 !bOE+Ol, .33C3~a!+O1
W ’ f l  ‘J)ISE FD c Io= .L.€ 377E+,30, .116’81+Gi, .193331+01
K’) = 2 ITERATIOk! L~ 2

TIMI !)nLIA (SF1) ‘-43T(c~ j) !)EtTA (SF!) HOT(’~F2) !)ELTA (SF3) 4OT(S~3)

0. 0. 0. 0. - 0. 0. 0.

10. —.‘11—01 _ .231_04 — .16E—02 .30F—03 — .101—02 — .321-03

20. —.131—31 .3~ 1—03 .201—0 ! .301—02 — .i.1.E—02 — .611—03

30. — .tSE—O ! .251—02 .761—32 .83~ —O2 - .411—02 .181—0?

40. .331—02 .471—32 • .~4E—32 .121—31 .i0E~ O1 .111—31

50. .121—01 .1’iE—03 — .~ 3E—02 .591—02. .3~E—O1 .261—31

TIME T~ A CE O~ ESTIIIATE ESTIMAT E EST IMATE
DISPERSION ERROR IN ERROR IN E~ R3~ IN

• - 
MATRI X PSI - 

1114 P1!

• 3. 0. 
- 

• 

.541+30 - .33E+00 - .111+01
- 10. 

- 
.65038 1—03 — .161—02 — .741—02 — .991—02

20. 
- 

.96597 1—04 .101—0 1 .491—01 .551—01

39. .;29991-oi. — .36E—01 
- 

.211+60 .421—01

40. .38108 E— 06 — .791—31 .221+00 
- — .511— 01

.133061—0’. .151+30 .301+30 .361+30

-
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Table C-XXXIX-a

2 EPSIT’tIE= .10C0.E~ Q1, .2-3000E~ 01, .33033 1+0 1
14/0 ‘I)ISS 1~~IO .~ 5.~21E+3C, .1~965E+01, .264391+01
K’)  = 2 IT!R.AT IO’~ 0 3 -

TIPIF DELTO (R) - I4CT ( R) O ELTA (RO) IDTC R!) )

9. 0. 
- 

3. 0. - 0. -

10. — .13369 1—01 — .1276 61—6 3 — .11.2111—C ? .23 1311—0 +

20. — .33233 1—01 .4~ 822 1—02 - — .343 161—C2 .135911—02

30. — .115721+00 .686 2 9E —0 1 — .15473 1—Cl .830 1.7 1—02

40. — .‘.05501+00 .2C7111+J0 — .46559 1—01 .259941—01

50. - —.1141.51+01 .5~451E+00 — .105901+03 .32 330 1—3 1

TIME - 

- 

DELTACA ’.) HOT (AZ .) DELTA(EL.) 13T(EL.)

0. 0. 0. 0. - 0. • - 

- -

10. — .52~~~8 E—34 .3222 11—07 — .145L,9 E—Ck — .3 2124 E—0 T

23. — .110731—03 .310791—06 — .54507E—C4 — .2770 11—OS

30. 
- - 

— .155721—03 .18426 1—35 — .107511—03 — . T T S O I E — Q 6

40. — .16118 E—C 3 .6C 74 8E—05 — .16195 1—03 — .945291—05

SO. — .11272~ — 0 3  .12824 1—04 — .2 0843 E —0 3 .38~~9~ 1—35
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Table C-XXXIX-b

140011 2 E°SITRIJE~ .103•331+Oi , .233301+31, .330301~~01
14/0 ‘fltSE EP’~I0= .E5,211+33, .169651+01, .2543~ 1+0t

= 2 ITIRAT ION f~ 3

TIME O ELTA ( S Ft )  43~~(S~ i) )ELTA (SF2) ‘-IOT(SF2) OELTA (SF3) IOT (SF3)

0. 0. 0. 0. 
- 

0. 0. 0.

10. — .32 1—0 ! .1~t1—O S — .IIE—02 .11E— ~3 — .891—33 — .111—03

29. —.311—3? .1’E—03 .731—03 .101—02 — .52E—03 — .2 0 1—03

30. .191—02 .9?E—03 - .261—02 .281—02 .181—02 .621—03

‘.0.. .;41—O! .171—02 .171—32 - .42E—02 .751—02 .3?E—0!

50.. .1E—02 
- 

. 801—Ok — .291—0 2 .201—02 .121—0 1 .361—02

TRACE ~)F ESTrIATE ESTIMATE ESTIMATE
• DISPERSION ERROR IN- ERROR IN ERRDR IN

MATRI X PSI 
- 

TETA P4!

0. 0. 
- .151+30 

• 

.301+00 .351+00

13. .61.5391—0! — .691—0! — .391-32 — .331—02

- 20. .95313E—O 4 .371—02 .171—01 .191—01 
-

~9•- .5 15431—0 4 — 121—01 - .691—01 .151—01

- 43. .36762 1—04 — .271—01 - .781—01 — .171—01

.132331—04 .441—01 .101+0 0 .11E+00

- - 
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- Table C-XL-a

MO’)EL 2 EDSTTR UE .106031+01, .200001+01, .330001+01
14/’) ~I3IS1 EPSIO= C i ., , 0. , 0.
‘(0 = 3 ITERATION 0 1 -

DELTa( o )  HCT (~~) OELTA (RD) 43T ( R0)

-0. 0. 0. 0. - 0.

t O .  — .111111+30 — .95231 1—0 3 — .109711—01 .120 56 1— 33

20. — .3438 91+00 .421.36 1—01 - — .5~~279E— G 1 .115061—0 1

30. — .1582 0 1+01 .29517 1+00 — .20072 1+30 .4 73491— 01

‘so. —.364~ 8E+C1 .145291+01 — .171011+00 .221571+30

• 50. —.528321+0-1 .51182E+01 
- 

— .486771+00 .491021+03

TIME 0E LTA (A ~~.) H0T (AZ. ) DELTACEL. ) HOT(EL.)

0. 0. - 0. 
• 

- 0. 0.

10-. — .4fl.031—0! .1°059E— 07 — .13567E—03 — .23446 1—05

20. — .104~ 6 1—O2 .2 8935 1— 05 — .495&2E—03 — . 2 39 75E—0 5

33. —.144041—32 .110951—0’. — .571121—03 — .579371—05

40. —.145051—3? .501531—6’. — .1287’SE—C2 — .770011—05

~O. —.9~ 183E—0 i .110251—03 — .172S21—C2 .333081—05
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Table C—XL-b 
—

2 E~ SIT~ U1= .10C 00 1+01, .2)3301+01, .30C031+0 1
1 4/1 )  “1)151 ~PStO= C. , 0. , 0.

• K’) = 3 ITERATION 0 1

TIME- fl r i T ~~ (S F1) ~-4~ T(Srt) OELIA (SF2) l~OT (SF2) DELTA (5~ 3) 13T(SF3)

0. 0. 0. 0. 0. 0. 0.

10. —.~ 4E—C 1 — .25 1—03 .67 E —0 2 .111—0’ .5€ E—02 — .141—0!

- 20 . .551—0! .111—02 .75E— ~ 2 .731—02 — .SCE—04 — . i ’.E—0 2

30. .451—Ct .441—02 .241—01 .211—01 .5E~E—02 .441—0 !

40. .341—01 .191—3 1 .L2E—&1 .431 u1 .521—01 .381—31

50. .361—01 .281—02 - .111—01 .131—01 .721—01. .621—31

TRACE OF - ESTIMATE ESTIMATE ESTIMATE
- DI S3F°SION EPROR IN EP?O P IN ERR3R IN -

- MATRI X - 

- 
PS! - T ETA - Pit

0. 0. 
- • 

.101+01 
- 

.!OE+O1 .30E+O1 - 

•

10. .463231—0 ! — .57 1—02 — .191—31 — .231—Ut

20. .71523E—04 .271—01 .1I4E+00 .ITE+30

~O. .440791—0 1. .791—31 .30E+00 .311+00

1.3. .q6263E—65 — .~4E+3C .511+00 — .3t4E+0C

50. .45.,601—O~ — .631+30 - .551+00 — .791+00

• 
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•Table C-XLT-~

MY)~L 2 1°SI1°lJE = .13~~OO E+01,  .2 3 - 3 0 G~ +01, .3300 0 1+01
14/0 ~1)ISE FP SIO= .16293 1+0 1, .1’.37!E+01, ~373 3~ 1+3j
‘(0 = 3 ITERATION # 2 -

TI’” OELtA (R) I ICT ( R )  OELTA RD ) 43 T ( R0 )

3.  0. 0. 0 .  - 0.

10. .855751—02 .183”3E—02 .270101—03 .457081—3!.

20. —.37~83 — C 1 - — .4113 8E—0 2 — .113’7 E—0 1 — .15379~ — 3 2

33. — .2772 71+00 — .39183 1—01 — .501.111—01 — .6-3069 1— 02

40. - - — .171051+01 — .22092 1+00 — .27 !64E +C0 - — .365501—01

50. — .55733E+Di — .879C 91+O3 — .433571+00 — .92558 1—01

- 

TIME DELTA (AZ .)  HOT (AZ. )  OELTA(EL.) 4DT (EL.)  —

0. 0. - 0. C e 
- 0.- - 

-

10. .42069E— 31. .200331—06 
- 

.124051—04 — .201181—05

2-0. .10829~ — 03 — .852091—07 - .592381—04 .52565w—C?

30. .156781—03 — .11~1.4lE—05 .131561—03 .531931—35

40. .157301—03 — .6!109E—05 .25C151—03 .58389E—3~

50. ~.281?71~ 01, — .1F438E—0 ’+ .~.1C83E—C3 — .255231—05
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Table C-XLI-b 
-

P41r)cL 2 
- 

EPSITQ)JE .1~~0CE+01, .2)3001+01, .330301+01
14/0 N~ I5~ EPSIf) = .!629!E+01, .11.47!E+Oj~ .375971.01
K’) = 3 IT IRAT ION $ 2 -

TIPIl 0 ! LT4 (S Ft )  i~ T (c~ 1) ‘)EL A (SF2) HOT (!F2) DELTA (SF3) 43T(S~!)

0. 0. 0. C. ri. 0.-

10. — .191—01 .631—34 — .~~ 1u1 — .131—03 — .331—01 .961—33

20. .‘6E~ 0? — .t’!—~~3 — .3’ .E—C2 — .UE— 03 — .121—31 .171—03

30. —.271—03 — .551—03 — .f81—C2 — .311—02 .171—01 — .661—03

40. — .101—01 — .311—02 — .~ 31—01 — .791—02 .481—01 — .71E—G!

50. .291—01 — .111—0! — .701—01 — .27 1—02 .191—01 — .131—01

TIME 
- 

T RACE OF ESTIMATE ESTIMATE EST!M~ TE
- 

DISPERSION ERROR IN E R ROR IN ERR3R IN
MATRI X PSI TETA 

- 

Pit 
-

- 
0. 0. 

- • 

- — .631+03 .551+00 — .791+00

10. 
- 

.t,7208F—0! .821—02 .341—01 .45E-~01 
-

20. .674451—04 .301—02 - — .56 1—02 — .921—0 !

• 33. .417441—04 — .721—0! — .39 1-31 — .231—01

.89355 1—05 .70E—01 — .791—31 .791—0 1

SQ. 
- 

.42682 1—05 .141+30 
• 

—. .90E—01 .131+00

- 
- 
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Table C-XLII-a

140011 2 1DSIT~ lJE= .103U31+Oi. ,- .2~ 0)0!Z+01, .313331+01
14/I) ‘I’)ISE E~~~tO .~ 6 !1CE+UC, .20595F+01, .282191+01
K’) = 3 ITERATION *~ 3 -

TIME OELT~~(R) 
- 

MC T CR) DELTA (RO) IOT (R0)

0. 0. 0. 0. 0.

- 10. — .26336!—02 _ .2C7511_03 — .1~~999E—03 .337621—35

20. .432051—02 .127~ 21—C2 .i69191—02 .394991—03

.390571—01 .100691—31 .5.00141—02 
- 
.155791—02

‘.0. .299121+33 .5’.353E—01 .514271—01 .538~.kE—02

SC. - .102351+01 .210731+00 .797-111—01. .218251—01.

TIME - O E L T A ( A Z . )  MOT (AZ. )  OELTA(EL.) HOT(EL.) .

0. 0. 0. 
• - 0.- 0. 

-

10. — .121551— 0k — .4(3891—07 — .358701—C5 .2712S.E~ CT

20. - —.295091—04 .3~074E—07 — .1.57271—04 — .552061—07

30. —.4(s509E—04 .-!P959E—06 — .329121—04 — .133461—OS

453• — .431t1Z— 0~. .163461—05 — .593~ 0E—04 — .195271—35

- 50. — .25606 1—05 .4 10 121—05 — .94142 E— Gk .56651 1—OS

- 
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‘Table C-XLII-b

M11~L 2 EP~ IT0~JE= . 103 CC E+31 , .2 0330 1+0 1,  .33~~3 OE+O1
14/0 ‘4) ISE E~ c tO= .~~5.3 1CE+30, .205 95 1+01,  .232191+01
‘(1 = 3 I T E R A T I O 9  0 3

TIME f l EL TA (SFL ) HC~T(~~F1) 0ELT~~(SF2) HOT (SF2) OELTA(SF3) i-3T(SF3)

0. 0. - 0. - 0. 0. 0. 0.-

10. .‘91—02 .371—35 .51—02 .351—04 .65E—02 — .431—03

20. — .111—02 .I+~ E—O1. .731—63 .231—03 .2!E—02 — .47E—04

30. — .111—03 .1~ 1—03 .151—62 .771-03 — .321—02 .171—33

40. .211—02 .731—03 .101—01 - .191—02 — .891—0! .17 1—0 2

50. - . 5 5E — 0 !  .111—01. 
- 
.131—01 .621—63 — .311—02 .31E—02

TIME TRACE OF 
- 

ESTIMATE ESTIMATE 
- 

EST IIAT E
DISPE~SI0N EPQOR IN E~~ OR IN ER~D? IN

- 
MATRIX PSI - TETA Pit

0. 0. 
- 

.11.1+00 
• 

— .901—01 .131+00

- 10. .4 7352 1—0 3 - — . I IE—02 - — .SDE— 02 — .80 1—02

20. .58~ 64 E—04 - .181—03 .301—02 .23 E—0!

10. .42132 1—0” 
- 

.131—02 .1.01—01 .39~—O2

40. 
- 

.89710 1—05 — .161—01 
- 

.191—01 — .171—01

~O. .426591—05 — .311—01 .221—01 — .‘ .OE—Ol
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Table C-XLIII-~

MflflEL 2 EPSITR’JE= .~.0 00E+0i, .200001+01, .300301+01
WI~ M 

~F)ISE EPStO: 0. , 0. , 0. -

K’) = 1 ITERATION 0 1 -

TIME D!LTA (R) NCT (R) OELTA.(~ O) 43T (RO)

0. .112541+32 .112541+02 .-9209~ E+C1 .920981+31

10. .1569’.E+02 .1?0041+02 .1O6~.9E+C2 .10560140!

20. .701001+01 .73817E+01 — .118571+C2 — .11.5211+02

30. — .135101+02 — .11642E+02 — .117991+02 — .115681+02

40. — .177551+02 — .130911+02 .105641+02 .135571+32

50. —.241661+02 — .1?BSOE +02 — .120481+02 — .111.261+02

TIME D!LT~~(A Z . )  HOT (AZ. ) OELTA(EL.) 431 (11.)

0. - — .155511—02 — .155511—02 
- 

.90217E—03 .932 17E— ~ 3

10. 
- .903091—03 .137521—32 .59938E— C 3 

- 
.729121—03

‘0. —.526651—03 .226’+21—03 — .177351—02 — .129781-32

30. —.16888 1—02 — .2(6171—03 — .474ta3E—03 .3~ 598E—03

40. ~~75*93~~ Q3 .8(5391—03 — .823031—03 .432341—03

53. — .1G293~ — 0 2  .711171—0~. — .136241—02 .31.527 1—03
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Table C-XLIII-h

2 EPSITP’JE= .~~0000E +01, .203001+01, .T3C03E +01
14114 ~flI3E 1~~ tO= , 0. , 0.
‘C’) = 1 ITERATION 0

r IME IILTA(SFI) HDT(Srj) OELTA (SF2) HOT(~~F2) OEITA(SF3 IOT (SF3)

0. _ .it1_Ot _ .11:_01 .51—01 .351—01 — .301—01 — .301—01

10. .23 1—01 .431—01 — .191—01 — .27E—O1. .671—02 — .‘e 9 E— 03

20. .441—02 — .ie~ 1—0 3 — .4CE—C1 —.4C1—0t .191—01 .171—01

30. .731—01 .331—01 .~
1.E—0i .601—0 1 .221—01 .211—01

‘.0. - .331—01 .631—0 2 .211—01 - . 19 E— O 1 .57E—C1 .1.21—01

50. .~ 7 E—O1 .641—01 — .641—01 -.721—01 .781—01 • .681—01

TIME TRACE OF 
- - - 

ESTIMATE ESTIMATE EST EIATE
OISPE~ S ION ERROR IN ERROR IN ERR3R IN

MATRI X PSI 
- 

TETA PM!

0. 0. - .101+01 .201+01 .331+01
- 

10. . .171851—04 - — .111+30 — .54E+O0 — .751+00

20. .13580 1—05 — .1.91—0.1 — .‘.3E—O1 
• 

— .75E—O 1

• 33. .375 15E—06 — .65E—3 2 — .181—01 — .411—01

43. .165111—06 .131-01 — .1IE+0C — .1,1+30

.1074~ E— 0 6  .79E—01 — .171+00 - — .141+00

- 148 - -



- - —- — 
~

- —

Table C-XLIV-a

MC)DFL 2 EDSITRUE= .I0000E-i.0i, .2330G1+01, .330301401
14114 P1-31S1 EPSIO ..21441+0O, .216381+01, .313)31+01
‘CO = 1 - ITERATION 0 2 -

TIME 0ELTA (R) 
- 

HOT (R) 
- 

DELTA (RD) 43T (RD)

0. .112541+02 .11254E+62 .920981+01 .920951+31

10. . l lOt2E+32 .17OC5Ei~G2 - 
- 

.106601+02 .10550E~G2

20. .736531*01 .7!393E+Oi — .11828E +02 — .118331+32

-
• 

30. —.115C21+02 — .119431+02 — .11598E+C2 — .115171+02

40. — .141501+02 — .1’~574E+Q2 .106721+02 .105311+02

50. — .178111+02 — .18861E+C2 — .11536E+02 - — .115231+02

TIME DELTA (A’.) 
- 

HOT (AZ. ) DELTA(EL.) HOT(EL.)

0. - — .155611—02 - — .155611—02 .902171—03 
- 

.)02 17E—0 3

10. .140301—02 .13752E—32 .73697E—03 .729371—0 3
- - 20. .281,C,2E—C3 .223571—03 • — .126781—02 — .129481—02

30. —.136991—03 —.221321—03 .420041—03 .374 121—03

40. .844331—03 .754111—03 .50517~ —C3 .+40571—03

50. .299’i81—04 — .421531—04 - .419351—03 .3367’4E—03
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Table C-XLIV-b

140011- 2 EPSITRUE= .~ C33CE +01, .230001’0t, .30C331+31
WI TH ~11I3E EPSIO= .c21441+-1o, .216881401, .31393E+O1
K!) = I ITERATION 0 2

TIME ~11TA(SFt) ~3T (SFt) OELTA (SF2) HOT (5F2) DELTA (SF3 -IOT (S~ 3)

0. — .11E—O1 — .111—Cl .351—01 .35E— O 1 — .301—01 — .3 01—01

10. .401—Cl .4~4 1—01 — .26 1—01 — .28E— 01 - .29 1—02 • 9Ø E_ 03

20. — .381—02 — .1’E—02 — .47E—01 — .471—01 .201—01 .19E—01

30. .151—Cl .261—01 .38E—O1 .391—01 .151—01 .171—01

‘.0. - —.‘SE—01 — .121—01 - — .241—01 — .261—01 — .241—02 .25 1—02

50. .~~7E—O1. .611—01 — .~~3 E—O 1 — .8~~E—01 
- 

.121—02 .421—02

TIME TRACE - OF ESTIMATE ESTIMATE 
- EST IMATE

~!SP1RSIO N ERROR IN ERROR IN 1R~ 3~ IN
MATRIX PSI TETA Pit

- j 0. 0. .791—01 —.17€#OC — .141+00

- 
- 

10. .1731.61—0’. — .IGE +30 — .541+00 — .751+00

20. - .139701—0! — .191—01 — .311—01 — .631—01

33. - .383911—06 — .131—01 .231—3 1 .411—02

43. 
- 

.166951—06 — .121—01 .711—02 — .351—02

50. .107691—06 — .19E—0i — .171—01 — .231—01

-
. 

• 
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Table C-XLV-a

MO’)~L 2 EP~ITRUE .100001+01, .20000E+01, .330001+01
WITH ‘flISE 1°~ t0= - .101921+01, .201721+01, .302!6E+01
K!) = 1. ITERATION 0 3

TIME ‘3ELTA (R) HCT(R) - OELTA(RO) 
- 
431CR!))

0. .112541+02 .11251.1+02 .92098E+0i .92098E+01

10. - .170061+02 .170051+02 
- 

.10660E+02 .136601+32

20. .734141+01 .734091+01 — .118321+02 — .113331+02

30. ~.11912E+02. — .119291+02 — .11612E~ C2 — .116141+02

40. —.144631+02 — .iL5C5E +02 .106431+02 .105411+02

53. — .185321+32 — .1E63014-02 — .115931+02 — .11.5011+02

TIME OELTA (A~ .) HOT(AZ.) 
- - 

- DELTA(EL.) 43T(EL.)

0. - — .155511—02 — .155611—02 .902171—03 .93217 1—03

10. .131591—02 .137521—02 
- 

.73C36E—03 .72934 E—0 3

20. .231991—03 .22372 1—03 — .129121—02 — .129~ 91—02

30. — .209031—03 — .22063 1—03 .38033 1—03 .373811—03

40. .768sg~ — o3 .7 !636E—03 .445821—03 .44 020 1—03

50. — .28252 1—C4 — .371771—04 .349961—03 .33703 1—33

- 
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Table C-XLV-b

2 EPSITRtJE= .100001 +01, .210001+01, .~~0000E+Oj
WITH ‘I3ISE !°S10 .10192E+01, .231721+01, .302251+01
K!) = 1 ITE~ ATIO t-~ 0 3 

-

TII’F !)1LTA ( S~ 1) ~.l3T(5F1 ) OELTA CSF2) HOT(SF2) OE LTA (S F3) 4 O T ( S F 3 )

0. — .111—01 — .111—01 •‘51T01 .351—01 — .301—01 — .301—01

10. .-.5E—01 .441—01 — .281—01 — .28 1—01 .871—03 .851—03

20. — .301—03 — .161—02 — .‘-7E—01 —.‘.71—01 .191—Cl .19E—01

30. .271—01 .261—01 .401—Cl .401—01 .171—01 .171—01

‘.0. — .101—01. — .111—Cl — .231—01 — .2’.E—01. - .39E—02 - .421—02

50. .531—01 .631—0 1 — .84 E—C1 —.841—61 .66E—62 .571—02

TI~41 TRACE OF ESTIMATE ESTIMATE ES1I~ AT E
- DISPERSION ERROR IN ERROP IN ERR3R IN

- 
- 

- 

- MATRIX PSI TETA 
- 

Pit - 
-

- 0. 0. 
- 

— .191—01: - — .171—01 — .23E—01

10. .173421—04 - — .101+00 — .54E+00 — .75E’00
- 

20. .139701—05 — .19E—01 
- 

— .321-01 — .641—01 
-

30. 
- 
.380941—06 — .131—01 .211—01 .171—02

1.0. -
- .155971—06 — .i0 E~ 0i .16.E—02 — .111—01

~0. .107701—06 — .151—01 — .241—01 — .231—01 
-

- 

- 
152

-- - -~~~~~
--~
•= -

~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —• — -—~-•- ---‘---~-•------ -•-- -



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

Table C-XLVI-a

2 EDSIT RItE= .100001+01, .203001+01, .300001+01
141,4 111151 EPt~IO= . , 0. , 0. -

‘Cr1 = 2 ITERATION ~ I 
-

TIME DELT4(R) HC~T(R) 
- 

DELTA(RO) 
- 

13T (RO) -

0. .112541+02 
- 

.11254E+02 .920981+01 
- 

.920981+01

10. .jfi9Ol,1+02 .170041+02 .106491+02 .135601+32

20. .712011+01 .73699E+31 — .11850Ei’C2- — .11523 1+02

30. 
- 

—.12~501+02 — .11594E+02 — .116591+02 — .115521+02

40. —.165711+02 — .129201+02 .10~ C3E+02 .105451+02

50 . - — .247591+02 — .139601+02 — .122251+32 — .1118-31+02

• 

TT~~~~1 D EL T A ( A’.) • HOT (A2.) DILTA(EL .) i3T(EL .)

0. 

- 

— .155511—02 - — .155611—02 - 
- .9021 71—03 

- .902171—03

10 . .969241—Cl .137521—02 
-
. .616721—03 .729191—03

20. —.636431—03 .225891—03 — .17215E—02 — .129711—02

-30 . —.143521— 62 — .2C558E— 03 — .483441—C3 .357701—03

1.0. — .498591-03 .8C561E—03 — .-37817E—03 .i.3295E—03

50. — .363631—03 .b6028E—04 — .1391 1E— 0 2  .345231—03

-
. 

- 
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Table C-XLVI-b

2 1~SIT~1JE .100001+01, .200001+01, .3~CC0E+0i
W I T H  ‘11151 1D510 C. , 0. , 0.
IC!) = 2 ITERATION 0 .1 

-

TIME ~1LTA (Sr1 H3~~(~~~1) DELTA CSF2) HOT (~ F2) flELTA (S~ 3) 4OT SF3

0. — .111—01 — .111—01 .351—01 .351—01 — .301—01 — .301—01

10. .251—01 .431—01 — .231—01 — .271—01 - .491—02 — .791—3 1.

20. .311—02 — .101—02 — .381—Cl — .391—01 .19E—01 .171—01

~0. .731—01 .321—01 .641—01 .621—01 .231—01 .221—01
/

40. .571—01 .1SE~02 .121—01 .111—01 .441—01 .351—01

50. .101+00 .631—01 — .581—01 — .681—01 .901—01 .791—01

TIME T R A C E  O F-  

- - 

ESTIMATE ESTIMATE - EST!M~ TE
DISPERSION E~ROR IN ERROR IN . ERR)~ IN

- MATRI X PSI 
- 

T1Th Pit 
- 

-

0. 0. - 
- - 

.101+01 
-

- 
.201+01’ .301+01

13. - .225661—01. -— .121+00 
- 
-~.63E+00 — .571+00

20. 
- 

.19~59E—05 — .221—01 - — .411—01 — .751—01

30. .504201—06 — .12E—01 — .351—01- — .591—0 1

• 
40. .227371—06 .391—02 — .IOE+30 — .141+00

50. .135191—06 .631—01 — .16E+00 — .121+00

-

- 

- 
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Table C-XLVII-a

Ml)ndl 2 5IT~UE .100001+01,- .200001+01, .303001+01
WITH ~I3tS~ - EP~ IO= .937031+30, .216C71+C1, .312211.31
K) = 2 ITERATION 0 2

‘IMI 3ELTA (R) HOT (R) OELTA (RO) 13T (RO)

C. .112541+02 .112541+02 .920951+01 .920981+31

10. .170±11+62 .170661+02 .106501+02 .105501+02

20. .73576E+G1 .734041+01 — .116301+02 — .115331+02

30. • —.11851.1+02 — .119431+02 — .116031+02 — .1151?E+C2

- 
40. —.142261+02 —.11-574E+02 .106741+02 .105331+02

50. 
- 

—.178621+02 — .1E8151+02 — .11535E+02 — .115171+02

TIME ØE LTA (A 7 .) 
- 

HOT (A Z .)  
- 

OELTA(EL.) 13T(FL.)

0. —.155611—02 — .1~561E— 0~ - 
- 

.902171—03 .90217 1—03

10. .139701—02 .137521—02 .735361—03 .72g37E—03

20. .269081—03 .223F4E—03 — .127291—02 . — .129481—0 !

30. —.157541—03 — .221271—03 .415711—03 
- 

.374061—33

‘.0. .822451—03 .754331-03 .500L18E—03 .440521—03

50. .146291—0’. — .41!i~ E—0’. .411531—03 .336791—03

-
- 
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Table C-XLVII-b

2 EPSITQ’IE= .10~ 00E+01, .203061+01, .330331+01
WITH 9DISE EPSIO .°37051+30, .215071+01, .312211+01
K!) = 2 

- IT IRAT ION 4 2 -

TIMI ~FLT4 (S~ 1) ~I3T ($ Fj )  !)ELTA (SF2) HOT(5 F2) OELTA (5 F3) IOT(S F3)

0. — .t1E—~ 1 — .111—Cl .351—3 1 .391—Cl — .3C E—0 i — .30 1—31

10. .b2E—C1 .1.4 1—3 1 — .27E—0t — .281—01. .231—02 .88 1—03

20. — .391—02 — .151—02 —.L.7E—01 —.471—01 
- 

.20E—01 -. .191—01

30. .151—01 .251—01 .39E—01 .391—01 .15E—01 .17E—31

~0. —.‘11—01 — .111—01 — .241—01 — .251—01 — .531—33 .311—02

50. .,61—01 .6’E-Ol — .63E—O1• — .551—01 
- 

.571—03 .401—02

TIMI -
- T RA E 

- 

or ESTIMATE ESTIMATE ESTIMATE -

- - DISPERSION ERROR IN ERROR IN 1PSR3~ IN
M4TRIX 

- 
- 

- 

PSI lIlA - P41 -

0. C. 
- - - .631—01. — .16E+J0 

• 

— .121+OC - 

- 

-

t

~

. .226961 0’. ‘.111+00 .631+00 .5 TE +00

20. .1947 61—0! 
- — .211—01 — .291—31 — .631—01

- 

30. .50748 1—06 — .16E—0l .221—01 — .151—02

43. .228551—05 — .151—01 .64 1—32 — .111—01

50. .135411-Os — .221—01 
- 

— .211—01. — .311—01
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Table C-~~VIII-a

Ml~~~~FL 2 1°~~~~tTRUE= .1O23 ~ 1+0t, .2~ 3CCE+0t, .330301+01
Wt’H U)ISE. EPSIO= .1C~ 22E+01, .202131+01, .303101+01
‘Cl 2 ITIRATION 0 3

TIME 3 E L T A ( R)  MCT (R) DELtACRO) 
• 

4) T ( R ! ) )

0. .112541+02 .112541+02 .92093E+31 .20981+01

10. 
- 

.173061+C2 .170651+02 .106531+02 .105501+02

20. .734391+01 - .734091401 — .11832E~ 02 — .11533E+02

3C. — .119191+02 . — .119301+02 — .116131+02 — .11.5151+0!

40. —.144701+32 — .1~,5i1E+O2 .106451+02 • - .135411+02

~0. 
- —.185211+02 — .1t6 1.OE+02 —‘.11591E+C2 — .116021+02

TIME • !)1LTA (A~~.). HOT (flZ.) OELTA (EL.)- IDT(EL.) .

-0. — .155511—02 — .155611—02 .902171—03 .0217E— )3

10. •t3794E—0~ .137521—02 .730511—03 .729341—03

20. .232711—03 .223721—03 — .129051—02 — .129491—02

30. — .20755Z—03 — .220671—03 .382661—03 .37382E—03

40. .76950 1—03 .756241—03 .k5350E—03 .443221—03

53. .!7Fs57~~~O’1 — .37’iOSE—04 
- 

.351.551—03 .337011— 03

- 

- 
157
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Table C-XLVIII-b

MOO1L 2 EDSITRUE .1030 1+0t, .23-3C01+Cl, .3-33001+01
w trH P1)ISI E~~SIO= .102221+01, .20213~ +01, .303101+01
K!) 

- 
= - - 2 - ITERATI ON 4 3

TIME f
~~LIA (SFt) 131~(SFj) 0E LTA~ SF2) HOT (SF2) DELTA (SF3) IOT (SF3)

- 

0. — .111—01 — .111—01 .~ 51—01 .35E— ~ l — .301—0.1 — .301—01

10. .~ 1.E—0i .441—3 1 — .281—01 —.261—01 .821—03 .851—03

-20 . — .311—03 — .161—02 — .1.71—01 —.1.71—01 .191—01 .191—01

30. .271—0 1 - .261—31 .401—61 .401—01 .171—01 .171—01

40. — .101—01 — .111—01 — .241—01 —.241—01 .401—02 .411—32

50. .531—31 .631—0 1 — .~ ‘.E—01 — .841—01 .631—02 .64E—32

TIME TRACE O~
’ 

- 

ESTIMATE ES TI MAT E ESTI M A TE
DISPERSION ERROR IN ERROR IN ERR3R IN

- 
MATRIX PSI TETA Pit 

-

- 

- 

0. 0. — .221— 01 — .21E— -31- — .311—01
* 

13. .2263’.E—01. — .111+03 — .63E+00 — .571+00

20. - .194’7E—05 — .211—01 — .291—01 — .641—01

30. - 
.50752E—06 — .161—01 .201—01 -.451—02

1.0. .225551—06 — .141—01 .221—02 — .151—01

•90. .135431—06 — .191—01 — .261—01 — .341—01 -

-  
- 

3.58

- --
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‘rable C-XLIX-a

2 
- 

EOSITR!J1 .100001+01, .200001+01, .330301+01
wIrH ‘flISE 1D510 . .  , 0. , 0.
‘CO = 3 ITIRATIOP-’ 0 1 

- 
- 

- 

- 
—

TIME ~1LTA (R) HOT (R) DELTA (RD) 43T (RD)

0. .1125-41+02. 
- 

.112941+02 .920581+01 .920981+01

10. .168541+02 .l70G~.E+02 .106’.9E+C2 .105601+32

2-3. .6997c1+01 .778381+01 — .118911+02 — .11521E +02

30. —.136381+02 • — .11631E+02 — .11~ 15E+02 - — .115571+02

40. —.181401+02 — .13041E+02 - 
- .104721+02 .109651+02

50. —.248751+02 — .13472E+02 
- 

— .120841+02 — .111071+02

TIME DE’LTA(A7.) HOT (AZ.) DELTA (EL.) 43T(EL.)

- 0., - — .155611—32 — .1~56iE—G2 .90217E—G3 .502171—03

10. .904181—03 .137521—02- .593671—03 .725111—03

- 
23. —.816881—03 .22564E—03 — .179061—02 — .125781—02

eO. —.166091—02 — .2C5”3E—03 — .49797E—03 .365961—03

40. —.72384E—03 - .8~689E— 03 — .31.7421—03 .432441—03

50. —.985lS~ — 03 .739 041—OZ. — .t38611—C2 .31e51.2t—3!

- - 

- 
159
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Table C-XLIX-b

PIOOrL 2 EPSITRIJE= .1C~ 0CE+01, .230001 +01., .300001+01
WIT’-~ ~~~~ 

- FPSIO= C. , 0. , 0.
K!) = 3 IT~ RATIOW ~‘ I -

TIME OFL’A($Ft) ~13T (SF1) DELIA (SF2) HOT (S12) DELTA (SF3) 43T(S~ 3)

0. — .1.lE—01 — .111—3 1 
- 
.351—0 1 .351—Cl — .301—01 - — .331—01

10. .191—01 .43E—31 — .191—01 — .271—Cl .651—02 — .52~—03

20. .~.01— 0 2 — .5iE—0~ — .3°E—01 —.401—01 .ISE—0i .171—01

30. .‘2E— 01 .311—01 .64 1—01 .611—01 .221—0 1 .211—01

40. .i31—Q1 .901—02 .191—01 
- 

.20 1—0 1 .571—01 .431—01

50. .391—01 .651—01 — .c-6E—01. — .71.1-Cl .79E—01 .691—01

TIMI TRA~~~E O~ ESTIMAT E ESTIMATE EST IMA TE
- 

- OIS~~ RSION ERROR IN. E RR OR IN ERR3R IN
MATRIX PSI 

- 
lIlA 

- - Pit -

0. - 
-

- .101+01 .201+01 .3GZ~ 01.

10. .17037 1—04 — .111+30 — .5’.E+00 — .‘SE+ 00

20. .138681—Ca — .191—01 - — .42 1—01 — .71.1—01

30. - .382221—06 - — .571—02 — .181—0 1 — .421—01

40. .165101—06 .1~.E—01 — .111+00 - — .151+00

53. .108111—06 .851—Ct — .17E+00 — .141+00

-  160 
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Table C-L-a

MO’~!L 2 E~SITRUE .1G~ C0~ +01, .20300E+C1, .336)31+01
W1!’4 M)ISE EDSIO= .°1~.91E+30, .217031+01, .313591+01
K-) = 3 ITIRATION 0 2 - 

-

TIP~
e. !)!LTA (R) .MCT(R) DELTA(~~D) 4 3 1CR! )) -

0. .112541+02 .112541+02 .920981+01 .920981+01

13. .173121+02 .i70C5Ei 02 .LC6SOE+02 .135601+0!

20. .736741+01 .7~~ 92E#01 — .118251+02 — .115331+02

30. - —.117541+02 — .11943E+02 — .1i!S’E+C2 — .115171+0!

40. 
- 

—.141281+02 — .1L5761-I 02 .106741+02 .10531E+02

50. ~.17751.1’02 — .168ã81+02 — .115331+62 _ .11523r.02

TIME DELTA (A7.) HOT(AZ.) OELTA (EL.) 
- 

-I3TCEL .)

0. —.155611—02 - — .1~-561E—02 .902t7E—C3 .502171—03
- 

10. .11.0271—02 .13752Eb02 .7!724E—03 
- 

.725371—03

20. .283341—03 .223561—03 — .126711—02 -.125481—32

30. — .13~~~3 2E— 03 
— .221361—03 .420731—03 .3’4121—03

1.0. .841131—C l- - 
.7r405E_ 03 .305451—03 .440571—03

50. .2739 0~ — 0ii — .42239E—04 .4±3951—03 .33671.1—03

-
- 161
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T.~ hi 0  (!_T _ 1~

MOOft 2 E~ SITRI.~E= .~~C30CE +01, .200001+01, . 3 0 0 3 O Z + 0 i
W ITH ~flISE EPSIO .cl’,91E+30, .217031+01, .~~l35 !~~Q1
K!) = 3 ITERATION 0 2 -

TIMI !)FLTA(SFL) ‘43i(S~1) OELTA (5F2) HOT (fF2) DELTA (SF3) IOT (SF3)

0. — .111—01 — .111—0 1 
- 

.351—01 .351—01 — .301—01 — .331—01

10. .391—01 .41.1—01 — .26 1—31 — .28E—Gt .291—02 .901—03

20. —.~~2E—3! — .1~ E—O2 — .LL7E~Ql —.~.7F—01 .20E—0 1 .191—01

30. .1,t—01 .251—01 .3e1_o1 .39E—01 .151—01 .171—31

40. — .25~ —01 — .121—01 — .241—61 —.261—01 — .24E—02 .251—0!

50~ .561—01 .631—01 — .e3 1—o l. — .85E—Qi .121—02 .1.21—0 2

TIME TRACE OF ESTIMATE ESTIMATE ESTIMATE 
-

DISPERSION ERROR IN ER’~OR IN ERR3R IN
MATRI X PSI TFTA -

- 

3. 0. - 

- 
.851—01 171+00 — .141+30 

- 

-

10. 
- 

- 

.1721.71—04 
- 
— .101+30 — .51.1+00 — .751+00

20. - .l3g581—G5 — .181—01 — .291—01 - — .511—01

30 . .383991—06 — .131—01 .24 1—0 1 .471-02
- 

- 1.0. .16893 1—06 — .111—01 .?~ E — 0 2  
- 

— .341— 02

53. - 
.10 832 1—0 6 — .191—31 — .171—01 — .231—31

- 
- 

- 162

- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - .— .--- -~ ~~~~~~~~~~~~~~~~~ _________________



- 
- - 

- -

r ~~ ~~~~~~~~-~~
-‘-—— -

~ 
-

Table C-LI-a

2 1DSITR~JE= .10~ 0~ E+0 1, .233001+ ’l , .3003 01+01
W!”$ ‘flISE EPSIO= .i31911+C1, .20173E+Qj, .3322’E+31
K!) = 3 ITIRATION ‘7 ~ -

TI~~E !)ELTA ( P~) HCT(R) OELTA (RD) 131CR!))

0. .112541+02 .112541+32 .920931+01 .32093E+~ 1

10. .170351+02 .170051+02 .1.06601+02 .135601+02

20. .731.~4E+01 .734091+01 — .118321+02 — .11333E+02

30. —.119111+02 — .119291+02 — .IIS1ZE+02 - — .1151414-02

40. —.1!.460E+C2 — .1’~505E+02 .1061.51+0.2 .105411+32

50. —.18527E+02 — .U6321+02 — .t15931+C2 — .11502E+32

TIME OELTA (AZ.) HOT(AZ.) - DELTA (EL.) - 13T(EL.)

0. —.155511—0 ! — .15561E—02 .90217E—03 .50217E—03

10. .137591— 02 
- 
.137521—02 .73041E—C3 .725341—03

20. .23156 1—03 .22372 1—03 — .129101—02 — .12949 1—02

30. —.209191—03 — .22064E—03 - .380551—03 .37381E—03

1.0. .763411—03 .756351—33 .450051—03 .440201—03

- 
~0. — .285571—01. — .37203E—04 .35021E—03 

- 
.337031—03

183
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Thble C-LI-b

2 E~ St~ R’JE= .10~ 00Z+Cl, .20000~ +01, .33000~ 4O1W ITW ‘411S1 EP~ IO= .101911+01, .201731+01, .332271+01
K!) 3 IT~ RAT tO N a 3 

-

lIME !)FLTA (S~ 1) -I3T(SF1) ~ELi4(S F2)  HOT (SF2 ) DELTA (SF3) -13T (SF3)

0. — .tlE—3t — .111—01 .351—Cl .351—01 — .301—01 — .301—01

10. .-s.51—01 .4~.1—~ l — .281—Ui — .281—01 .871—03 .851—03

20. — .301—03 — .151—02 — .~ 7E—01 —.471—01 .19E—0± .191—31

30. .271—01 .251—01 .~~~0E—01 .401—01 .171—01 .17E—Ci

40. — .101—31 — .t1~ — 0l  — .231—01 —.241—01 .391—02 .421—02

50. .531—01 .631—01 — .61.1—01 — .61.1—01 .661—02 .671—0!

TIME TR4~ E 0 ESTIMATE ESTIMATE ESTI MATE
DISPERSION EPRO~ IN ERROR IN - ERR3R IN

- 
M *TR IX  PSI TETA P11

0. 
- 

0. — .191—01 
- 

—.171—31 — .231-0±

10. .172441—04 — .101+00 — .541+00 ‘.751+00

20. .139581—05 — .181—01 — .291—31 — .521—01

30. .384021—05 — .121—01 .211—01 .221—02

40. .164951—06 — .101—01 .201—02 — .111—01

53. .108331—06 — .i~ E—C1 — .241—01 — .231—01 -

- 

- 164 
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Table C-Lu -a

MO1?L 2 EPS!TRtIE .~~CC001 +0t, .131001+02, .130301+02
WITH ~4~tS1 EPSIO= 0. , 0. , 0.
K’) = 1 TTE’~-AT tON 0 1 

-

TIMI ‘~1LT4 (~ ) 1401(R) DELTACRO ) ‘13T(P.O)

0 .  .112541+02 .i1251.E+02 .5 2G 98 E +Gi  .920981+01

10. .1~40iE+02 .1(9531+02 .105501+02 .105461+0!

23. .535531+01 .721691+01 - — .1214314-C? — .1151614-62

30. —.2C5)81+C2 — .113C7E+02 — .125961+02 — .11445E#32

4fl. —.326501+02 — .920481+01 .‘38092E+C1 .11571.1+02

53. —.502161+02 .231441+01 — .141071+02 — .543’SIE+Gl

TIMI DELTA (AZ.) 

- 

MO1(AZ.) OELTA (EL.) 131(11.)

0. —.155611—02 — .155611—02 .902171—63 .502171—03

10. —.987321—03 .13734E—C2 
- 
.806321—01. .725321— 03

20. — .502861—02 .236641—03 — .368671—02- — .133801— 02

30. — .754341—02 — .135131—03 — .366541—62 .341931—03

40. — .583541— 02 .1C287E—02 — .587101—02 .435731—33

50. — .4595±1—02 .5C1581—03 ~~.3i557E— t2 .332521—33
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Table C-Lu -b

M!Vl!L 2 - EPSITRUE= .!0~ 001+0i, .t-33~~0~ +32, .150331402
WIT H ~flIS! EPStO= C. , o. , a. -

= 1 ITERATION IS I

TIM! O1LTA (SrL) I4’)T(~~r1 ~1L1A SF2 w o T c~~F2). DELT~~(SF3) 40T (SF3

0. — .111—01 — .1t~ -31 .351—01 .351—01 — .301—01 — .301—01

10. — .321—01. . 3- el— Ot .  .161—61 — .261—01 .27E—01 — .891—32

20. .161—01 — .821—32- — .111—01. — .12E— ~1 - .181—01 .991—32

30. .241+00 .311—01 .161+30 .1~ E +O0 .4~~ E— 0l - .381—31

40. ..4E+ 30 .521—01 .19E4-t -3 .181+33 .261+00 .191+00

50. .‘21+00 .591—0 ± .801—02 —.311—al .351+00 .301+00

TIME TRA E 
- 
OF ESTIMATE ESTIMATE E S T I M A T E

- DISPERSION ERROR IN EPROR IN ERR3~ IN
- 

- 
MATRIX PSI -

- 

TETA 011

0. 0. - - .SOE+0i .1CE+02 .151+02

10. .171851—04 — .151+00 — .1.31+00- — .541+30
I

20. .133301—oc — .101+00 — .181—01 .31 —01

.379151—06 — .921—01 — .121+00

1.3. .1561±1—06 — .271—al — .511+00 — .SIE +OC

co. .107451—06 .281+30 — .691+00 — .531+00

-
. 

166
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Table C-LIII-a

M’VWL 2 DSITRIJ E .‘C O CI + 0 1 ,  .1~ 3C0F#02, .l50Q01~~O2
W!~~ H ‘fl I~~1 1~ SIO= .L7 2G4 1+01, .l~593!+C2, .155281+02
K)  = I - IT!RATTO~J 0 2 - 

- 

-

TI~~ 3EL T~~(R) HOT(R) 
- DFLTA (RO) - 43T (~~~Q)

6. .112341+02 .11251.1+32 .920951+01 .920931+31

10. .17636E+02 .I7CGSE+02 .106541+02. .105601+02

20. .746761+01 .7?359~+0j — .1±8121+02 — .113351+02

30, - — .11.3631+02 — .119851+02 — .11545E+02 — .t1525E~ 02
1.0. —.129491+02 — .1”803E+02 .t0779E+02 

- 
.105971+02

50. —.150301+02 — .1c6211+02 — .113181+02 — .1.15931+02

TIME OELTA (A7.) HOT(AZ.) DELTA (EL.) 40T(EL.)

0. —.155511—02 — .115611—02 .902171—03 .502171—03

10. .148441—02 .137 511— 02 .7595dE—03 .725531— 03

- 

20. 
- 

.461291—03 .223021— 03 

- 

— .113331—02 — .12945E—02

30. .104391—03 — .223681—03 .554231—03 .$7469~~ — 03

40. .109661—fl2 .71.6691—33 .69154E—C3 .441411—03

50. .2Z’~32!—03 
— .5U941—01. .65 2571—03 . 335 8 71—33
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Table C-Lull-b

M’V)EL 2 EP~ ITRUE= .fCOGC !+01, .130361+0!, .150001+02
W!”4 I1)ISI ~PSIO= .‘723’,1+01, .1C693r+0!, .135231+02
K!) = 1 ITF~ATION SI 2

TIMI DrLTA (S~ j) 43flSri) 3fL’A ($F2) 140T(5F2) DELTA(SF3) 13T(5F3)

0. — .l1E— ~ 1 — .111—0 1 .351—31 .351—31 — .301—01 — .301—01

10. .33E—C1 .1.i.1—01 — .181—Ct — .28 1— 01 .161—01 - - .891—03

20. —.261—01 — .131—02 — .~ 7E— Q1 — .48E—31 .231—01 .191—01

33. — .131—01. .231—C l .331—01 .361—01 .101—01 
- 

.161—01

40. _.551~0t — .161—01 — .231—01 —.321—01 — .241—01 — .201—0 !

50. 
- 
.371—01 . .631—01 — .771—01 — .861—01 — .IBE—C1 — .321—3!

TIMI TRA~~ flF ESTIMATE ESTIMATE ESTIMATE
OISDNSION ERROR IN ERROR IN FRR3~ IN

MATRIX 
- 

PSI TETA P1!

- 

~~~. 0. .eeE+30 — .691+30 — .531400

- 

13. - .17394E—0~~ — .941—Cl — .531.00 — .741+00

20. .1429!E—05 — .171—Cl — .32E—0i — .631—01

-0 .  
- 
.38’SC1—06 — .13E—01 .30F—O1 .151—01

- 
.0. .170171—Of- — .151—01 .251—01 .24~~— 0 1

50. .1031.21—06 — .351—01 .391—03 — .~.3E— .C2
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..Table C-LIV-a

,i~V1FL 2 EP$tT~WE= .!G 0~ E+31, .1)3601+02, .153001+22
— W tT’I ~flI~~~1 1P’~~tO= .~~~G 3c3E+0l, . 9 c ~1~ +o1, .153c;E+c2

K’) = I ITeRATIOPI 0 3

OEt.TA (RT)) 13T(RO)

0. .112561+02 .112541+02 .920981+01 .920981+01

10. .170051+02 .170051+02 .106631+C2 .135601+02

20. .734201+01 .731.091+01 — .1183-21+02 — .115321+02

30. —.11925~ +02 — .119271+02 — .11611.1+02 — .115141+02

40. —.141.951+02 — .1L496Es-02 .106~42E+C2 .133431+3!

50. —.186021+32 -— .18~ 97~+O2 — .115991+02 — .115981+32

TIME D1LTA (A!.) H0T (AZ .) OELTA(EL.) IOT (EL .)

0. 
-

- —.155611—02 — .155611—02 .9021?E—63 - .502171—03

10. .13-7571—02 .137521—02 .72941.E—03 .729331—03

20. .22t.33~ — C3 .22374E—03 - 
— .129C .51—C2 — .129491—3!

30. — .21894 F—c3 — .220541—33 .371.611—C3 .373771—03

40. .7!~37!—03 .716681—03 - .1.1.1711—03 .~ 40l6E—03

50. — .356li0E— ~ ’. — .3647i.E—34 .339461—03 .337391—03
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Table C-LIV- b 
-

-
- 

MIOFL 2 IDSITRIJE= .!CC~ CE +0i, .1~ 00CF +02, .133301+02
W ITH 9)I~ E EPSIO= .r03531+Gl, .ci)991E+C1, .150351+02

= I TTFRA~ION 0

TIME fl !LTA(S~ 1) H3T ( 5~~1) DELT4 (SFZ) HOT(SF2) OELfl(Sr3) 10T (SF3)

0. — .111—01 — .111—01 .~~51—OI .35F~~01 - — .301—01 — .301—31

10. ..6~ — 0 t  .1.41—01 — .281—0± — .261— 0 1 .721—03 .~~51—33

20. .531—03 — .ISE—02 — .L7E—31 -.~~7E—i~1 .191—01 .191—01

30. .‘91—C1 ~2g~1~ 0j .401—01 .1.01—Ct .17E—0i .171—01

40-. -.?3E—0! — .111—01 — .231—C l — .231—01 .1.61—02 .441—02

50. .341—Ct .631—31 — .831—01 — .841—01 .721—02 .711—02

TIMI - T RACE OF E~~TIMATE ESTIMATE ESTIMA TE
DISPERSION ERROR IN E°~~OP IN E~~R3Q IN

- MAT R IX PSI 
- 

TETA - 

- 

P11 -

0. 0. 

- 

— .351— 01 .391—03 — .451—02

10. .177991—04 — .951—01 — .531+00 — .741+30

20. .142921—05 — .181—01 — .321—01 — .651—01

‘0. .38’53E—06 — .12E—91 .2±E—01 .151—32

1.0. .173231—06 — .101—Cl ..1.E—03 — .13E—01

52. .1081.3r—06 — .141—01 — .25E—01 — .301—01

- - 170
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Table C-LV-a

P1’)fl!L - 

2 ~PSI~ RUE= .~~G000E+Ol, .1J0C~ E+02, .150001+02
W ITU  ‘nIS! E0~~tO= C. , 0. , 0.K!) = 2 ITERAT ION SI I

TT~ E ‘)!LTA (‘) - H(~T (R) DELTA C R0) l)T(RD)

0. .112541+02 .112541+02 .flOSSE+C1 .520981+01

13. .16i.66r+02 .1(9691+02 .10599E+C2 .106501+02

20. .503001+31 .724921+01 — .119551+3! —.1131914-32

30. —.157971+02 — .110191+02 — .1206014-C! — .113731+02

40. — .265891+02 — .833621+01 .93172E+Cj .115301+02

50. — .528001+32 .118911+01 — .149661+02 — .5?40f  ~~31

TI~ 1 DELTACA! . ;  H07 (AZ. ) OELTA (EL.) ‘13T(EL.)

0. 
- 

— .155611—02 - — .15561E—02 .902171—03 .502 17 1— 03

10. — .656161—03 .137371—02 
- 

.167281—03 
- 

.72962 1—03

- 20. _.I,0783 1_02 - .233311—03 - — .3~ 265 E— O2 — .1301.21—02

33-. — .62935 1—02 _ .116941_03 — .390891—02 .34678 1— 03

‘.0. —.549791—02 .102311—02 
- 

— .614531—02 .410261—03

50 .- —.*i1726E— 02 .~~?569E—33 — .829901—02 .33253E—0 3
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Table C-LV-b

2 E~~~ITRUE .!02001+01, .10000 1+02, .15300 1+02
WIT” ‘flISE EPSIC= C. , 0. , 0.
K’) = 2 IT1’ATION 4 1 -

T IME ‘)!LTA (SF 1 ) HOT (SF 1) DELTA (SF2) HOT (S F2 ) () ILTA(SF3) 13T (S~ 3)

0. — .111—01 — .111—01 .35~ —0l .351—01 — .301—01 — .301—3.1

10. — .51.1—01 .371—01 — .~ 8E—02 — .271—01 .191—Cl 
- 

— . 561— 02

20. .iSE—02 — .121—0 1 — .471—02 — .781—C!. .I9E—01 .911—32

30. .241+00 .401—01 .1~ E+00 .151+00 .461—01 .421—31

40. .311+00 .361—01 .151+00 .141+30 .201+00 .151+03

50. .241+00. .541—0 1- .!7E—0i —.91.1—02 .411+00 .351+30

TIME TRACE OF ESTIMATE ESTIMATI ESTIMATI
- 0IS’ER~ ION ERROR IN ERROR IN ER~3R IN

- 
M A TR IX  PSI TETA P1! 

-

0. 0. 
- 

- - .501+01 .101+02 .i31+02

- 10. .223661—01 — .171+30 — .561+03 — .731+00

20. .193591—05 — .101+00 — .161—01 .75:—02

30. - .504201—06 — .10E+00 — .i~ E400 - — .131+00

4~. .227371—06 — .561—01 — .+6E+00

~0. .1351Q1—06 .221+30 — .641+30 — .‘.31+00 -

- 172
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Table C-LVI-a

MO’)EL 
- 2 FPSITREJ E .~ 0~)0CE+0l, .t33~ C1+O2, .133301402

WITH 9)IS1 IPSIO .478021+01, .1351+21+02 , .154321+02
K’) 2 IT IRATION # 2 -

TIMF - )ELTA (R) 
- HOT(R) O1LTA(RO) 4 )T ( RO)

U. 
- 

.112541+02 .11251.1+32 .920381+01 .320981+3-1 —

10. .170281+02 .17037E+02 .106631+02 .135631+02

20. - .71.2131+01 .733891+01 — .1182114-02 —.118341+02

30. — .t15371+C2 - — .1.1987E+02 — .115661+02 — .11626E402

“3. _ .13292 1+62 — .l”7911+02 .107771+02 .105061+0!

50. — .153991+02 — .194211+02 — .113271+02 — .116671+02

TIME flEL.T4(A ’.) 

- 

HOT (A Z .)  OELTA(EL.) IOT -C EL.)

0. —.155611—02 — .155611—02 ~ 50217E—03 .302171—03

- 
tO . .145701—02 .137511—02 .7521 01—03 .729521—03

20. .393471—03 .223201—33 — .12124E—02 — .129461—0 !

30. .134731—04 — .22336E—03 .529091—03 .3?1.64E—03

40. .100061—0! .7L7901—03 .660631—03 .~.L.136E—03

50. .1585 ’F— 03 — .S’449E—04 .606151—03 
- 

.336 28 1—03

173
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Table C-LVI-b

MO’)EL 2 EPSIT~ UE= .!0?0C1+01, .I0000E’-02,  .150001+32
w:T’4 ‘I3ISI EPSIO= - .‘~780 2E+01, .10642E+02, .15’i32 E+02 -

K) = 2 ITERATION 4 2

TIME I1LTA (SF1) ~OT (SF1) ~EL~ A (SF!) HOT(SF2) DELTA (SF3) 4~ T(SF3)

0. —i~ttE— 01 —.1tE—~t .351—01 .351—Ct — .30E—Oi. — .301—31

10. .L OE-01 .1.1.1—Cl. — .211—Cl — .281-01 .761—02 .901—03

20. — .251—01 — .171—02 — .491—01 — .481—01 .231—01 .19E—31

30. — .721—C ! .251—01 .361—01 .361—01 .101—01 .161—01

40. —.~e6E—01 — .131—01 — .221—01 — .291—Cl — .161—01 .141—03

50. .341—01 .631—01 — .741—01 —.871—01 — .181—01 — .311—02

- 

TIME T R ACE  OF ESTIMATE ESTIMATE ESTHATE

D I SPER SI ON ERROR IN ERROR IN ERRO R IN
- - MATRIX PSI TETA 

- 
P11

0. - 

- 0. .22E+0O - — .64E+00 — .431+00

- 
- 10. .231001—04 — .IOE+30 — .621400 — .871+00

- 
20. .199141—05- — .201—01 

- 

— .301—01 — .6~.E—01

- 
30. 

- 

- 
.520161—06 

- 
— .161—01 .31E—O 1 

- 
.111—31

‘.0. .233001—0f ~ — .17E—Oi 
- .201—01 .991—02

.13~951-G6 — .341—01 - — .81.1—02 — .231-01

- - - 
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Table C-LVII-a

- 

2 rPSITRUE= .!0000E+01, .100001+02, .15C031+02
W IT H 93ISE EPStO= .~~C341.E+01, .10~ t8E +02, .1~5Q2~ E+02KO = 2 ITERATION # 3

TIM! )1L14(R) 
- 

H(~T(R) OELT4 (RO) 13T(RO)

- 3. .112511+0? .112541+02 .920381+01 .9209814-Cl

10. .170061+02 .XTOCSE+02 .tC66OE+02 .105601+02

20. .731+331+01 .73409E+0i — .118321+02 — .118321+02

30. —.119221+02 — .119291+02 — .116141+C2 — .11511.1+0!

- 

40. —.144841+02 — .1L505E +02 .1061.41+02 .106421+0!

50. —.18566E +02 — .186211+02 . — .11595E+C2 — .116001+02

‘ •— 

- - - 

-

TIME OELTA (A’.) HOT (AZ.) DELTACEL.) - 137 (11.)

0. —.155611—02 — .1~~56i1—02 - 
.902171—03 .902171—03

10. .137761—02 .137521—02 .729991—03 .729331—03

-. 20. .2289-41—03 .221731—03 — .129241—02 — .129491—02 - 
-

-

30. - — .213111—03 — .220611—03 .37906 1—03 .37379 1—03

‘.0. .76’.321~ 03 
- 

.7r644E~ 03 .446551—03 .~.‘+O19 1—03

50. — .31714~ — 01. — .3E9731—01. .31.81,11—03 .3370 1.1— 03

- 175
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Table C-LVII-b

MOflIL 2 EPSITRUE= .E0006E +01, .l30~~01+02, .1~ 0001+02W!”H ‘~‘)ISE ~Psrn = .103441+01, .133C8E+C2, .150201+02
K’) 2 ITERATION 4 3 - -

TIME nELrA (S~ 1) H3T(Srl)  ~ELTA (S~ 2) HOT (~~F2) DELTA (SF3) IOT (S F3 )

0. —.111—01 — .111—01 
- .3~1—01 

- 

.35E~~0t — .301—01 — .301—31

10. .451—01 .1.1.1—01 — .281—01 — .281—01 .721—03 .85E—C3

20. .SSE—03 _ .161_02 —.L7E—Ot — .471—01 .191—01 
- 

.191—Ct

30. .!8~—01 .261—01 .bOE—O t - .1.01—01 .171—01. .171—31

40. — .391—02 — .11E—Ot — .23E—Ct — .21,1—01 - .441—02 .1.31—32
I 

-

50. .541—01 .631—01 — .E3E—01 —.841—01 .691—02 .67E—02
- 

- 
- 

- 
— 

-

TIME TRACE OF ESTIMATE EST IMA T E  ESTHATE -- 
OISPERS I~~N ERROR IN ERROR IN ERR3R IN

MATRIX PSI 
- 
. TETA P11

0. 0. 
- 

~.34E—O1 — .81.1—02 — .201—31.

10. .230971—0 4 — .101+00 — .52(4-00 — .8 E+00

20. .199131—05 — .211—01 — .311—01 — .671—01 -

30. - .520241.06 — .16E—01 .201— 01

40. .233361—06 — .11.1—0 1 .131—02 .13:—0 1

co. .136031—06 — .181—01 — .281—01 — .371—01

-
- 176
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Table C-LVIII-- a

P4~ ’FL 2 EPSITRUE .!0000E.Ot, . 13003 E4 C2,  .15300E+02
W ’T’4 ‘flISE FP 5IO= 3. , 0. , 0.
IC) = 3 !TF~ AT ION iP I

TIME ~ELTA (~U HCT(R) OELTA (~~D) ’ l3T (~~O)

C .  .11254!.r2 ’ .i125kE+ 02 .g2og ~ E+c1 .?209 eE+O1

10. .i6~ 33 E +~ 2 • 1f 9 5 4E +r 2  .10591E+02 .10~~46E + Q2
• 20. .52964E+ 31 .7226 1E+0i — .t2 163E+C2 — . L I S 1 4 E + 0 2

30. — .2113~ !+O2 — .112148E +02 — .12671E+C2 — .11436 E +0 2

40. — .344 34E4 02 — .8~ 3g9E+o 1 .96 !OiE *O 1 .11515E+02
- 

50. - —.53 705E+0 2 .3~ O 7L,E+Qj . — .1.2 85E+C2 — .~ 3958E+01

TIME UE LTA (A 7 .) HOT (AZ .) D EL.TA ( EL.)  13T(EL.)

0. —.155&1!—02 — .1~ 56 1E—02 • .902 17E—03 •902 17E—0 3

10. ~.98t 50E ~~~3 .I27 3kE—0 2 . .520T5E-’ C~ .72g 27E-0 3

2~ . —.1i97~ &~ — O 2  .2 ’79 8E— 03 — .377 17E—02 — .13081E—0 2

30. — .7~ G’3 8~~-O 2 — .i~ 139 E — O3 — .39825 E —C2 .3k2 16E— Q3

40. — .661 86E— 02 • .1G350E—02 — .59 928 E— C2 .hOS 5 lE — 0 3

50. — .479 5 0 E — 0 2  .51443E-03 — .32747E—02 .38312E—33

- 
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Table C-LVIII-b

*I~V)FL 2 ~PS!T~UE= .~ O COCE+C1, .i~O0CF+02, .150~OE+O2WVT’I M~ t S E  FPSIO= C .  , 0. ,• 0.
= 3 ITE~ AT ION • 1

TI~~ ‘W LTA (Sc l)  113T(SC1) OF LTA(SF2) HOT (SF2 D~ LTA(SF3 40 T ( S C 3 )

0. — .tt!—0t — .i1~ —~i. .5E—G1 . 3 5 F — O 1  — .3CE—Oi — .30E— O1

10. — .35E—C1 .3~ E—G 1 .12E-Oi • — .26F—01 .26E—01 — .89E—02

20. .14E—O1 — .~ ?E—O2 — .°6E—02 — .1iE—G 1 .17E-O1 .IOE—01

30. .!‘.E+OQ .32F—Q1 .16E+OO .14E+O0 .46E—01 .39E—0i

40. .‘i.4E#OC .6?~ —31 .18E+O0 .18E+30 .2FE+OO .19E+OO

50. .!3E+OO .69E—Di —d8E—03 -.25E—01 .3~E+0O .30E+00

TIM~ TRA~~F OF ESTIMATE EST I MATE EST !9AT E
01S’ERSION ERROR IN ERROR I N ERR3~ IN

MATRIX PSI TETA

0. 0. 0 .50EI01 .10E402 .15~ +O2

IC. •1’fl87E—O~ — .15E+30 — .t.3E+O0 — .5~iE+3O

20. .t3868E—05 — .LGE+ 30 — .17E-Q 1 .27E—O i

33. ..38222~—O 6 — .9 1E—01 — .13E+00 —.itZ’30

40. .16~ t0~ —06 — .23E—O 1 — .52E1OC — .63E+00

!50. .lO8tlE—06 .31E+30 — .7CE+O 0 — .52E+00
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Table C-LIX-a

~~ ..)

MOO~L. 2 EPSITDUE= .rC~ CGE+31, .ICO00~+02, •15000E+02
WTTI.I ‘E~ISE EPcto= .~6933E+d1, .i0701E+02, •15523E+02
1(0 = 3 ITFRAT ION # 2

TTt4~ OELTA (D) PICT(R) DELTA (RD) 13T (RO)

. 0. •tI25k~4O2 .11254E+02 
0

• .920~~E+OI .~ 2O98E+O1

10 , •17036E+02 .17006E.02 .10e64E+C2 .10&60E+02

20. .?4719E.Cj .?!3 55E + ai ~.1.•I8I0E+02 — .I i 8 3 5 E i 0 2
30.. .—.11333Ei02 — .1i9~$E+ 32 — .I±54IE+l~2 — .i1&~ 5E + 32
IC. —.I28~i 3E+G2 -.11813E+02 

0 

.i0786E+02 .10595E+02

50.  —.148S1E+02 — .1°656E+02 ..i I308E+02 — .11594E402

TIME OELTA (AZ.) HOT(AZ.) OELTA (EL.) ‘lOI(EL.).

0. —.i5561E—02 . — .1~ 56iE—O2 .9021?E—03 .~ O2i?E—03

•10. .14842E—32 .•I~!75IE—02 . .76083E—03 .?2954E—03

. 2 0. .~.58 39E—O3 . .22297E—03 
0 
— .1184.TE— 02. — . t2 ~~~ 45E~~~02

.30. .979 10E—Ok — .22384E—03 .5~859E—O3 .3T47 OE—03

43. .10869E—02 .7L636E—C3 
0 

.& 952 1 E— 03  

. 

.44140E—03

50. •21~ 1TE~ 03 - .58858E-Oq .65461E—03 .33557E—03 
0
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Table C-LIX-b

2 EP SI T RU E .r 0 0 0 0 E + O i ,  . i i 3 C C E + 0 2 ,  •15 0~ 3~ + O 2
WI TH ~43I SE EocIo= •‘69 3 3 E 4 O i ,  .1070 1E+02, .ii 5~ 3E + Q 2
K )  3 ITERATIO PI 4 2

TIME fl~t~ A(SF1) H)T(Sri) OELTA (SC2) HOT (SF2) OELTA (SF3) IOT (SF3J

0. — . t i E— 0 t  — .11~ — 3i .‘SE -O I  .35E—0 1. — .3 0E— 0i — .33 E—O 1

10. .31E—0t .k*E—O1 — .19E—0i — .26E—O1. .1CE—01.

20. — .!3E—O 1. — . I SE— 02  — .~ 7 E—CI — .k8 E— G I .23E—0I .19E-31

30. . — .15E —Ot .2~ E—0i  . .?3E~ 01 .35E—Ci . 1OE— 0 1 .16E—31

40. — .~ 9E —0t  — .1. E — C i  — .22E—O1 — ..32E — 0i — .24E—01 — .20E—32

50. .35E 01 .63~~-0t — .T&E—0i — .86~ — 0 i — .ISE— 0i - .34 E— 0 2

TIME TR ACE 0 ESTIMATE EST T MATE EST IMAT E
DIS~~~~SI ON ERRO R IN ERROR IN EP~3~ IN• MATRIX PSI TETA PIT

0. . 0. .3 1E+JO — .TCE +00

10. .i7’2 1E-O~+ — .9’+ E — Ol — .53E+00

20. . .i428k ~ -3~ — .IE E—0 1 . — .29E—01. — .GOE— 0 I

30. 0 .39 0 72E —0 6 — .12 E—01 . .31E—01 .1SE— 0i

43 . . I72 I i&— ~~ ~ . i5 E—0I .26E— 3 1 .25 !—0I

50. •j ~~J3$q~~~Q6 — .36E— 0I .$5E— 03
I
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.Table C-LX-a 
-

MO~~ L 2 !~ SITRUE • r0 0 0 0 E + 0 i ,  . i 3 ) O O E + 0 ? ,  • 1500 0E +02
W!T H N~ IS~ EP~ I0 .‘03E 2E+O 1,  .99992E+ 0i ,  .1500 F + 0 2

= 3 !TERATIOPJ 0

TIME DELTA (R) NOT (R) OELTA (RD) 13T (RO)

3. .11254E+0! , .11254E+ 02 .920~ 8E+C1 .92 3 98E+ Ot

10. .17005E+02 .17005E+02 .10660E+02 . I O 5 F O E + 0 2

20. .73420E+Ci .734 09E+Oj — .11832E+C2 .11832-E+02

0. —.11924E+C2 — .1192?Ev02 • — .I1 61~.E+ 02 — .11514E+02

40. _ .I44~ 5E +02 — .1L4 97E+32 .106’i 2 E + C 2  .i05’i 3E + 32

50. -,186 G 2 E + 0 2  — .t~ 598E +O2 — .t 1599E ’02 - .t i598 E 4 02

I

• I OELTA (A’.) HOT (AZ.) OELTA (EL.) IOT (EL.)

0. —.15551E—02 — .15561E—C2 .90217E—C3 . . 02 17E—03

10. .137c7€—02 .1~ 752E —0 2 .729’ 7E— 0 3 .72~ 33 E—0 3

20. .224 97 E— 03 .223?4E—0 3 -‘.129’i 4 E — 0 2  • — . 12949E-02

3C. —.21 876E— 03 — .22 C 54E • 33 .374 84E—03 .3737?E-03

40. .?5853E—G i 
- 

.75667E— ,03 ..419’~E - O 3  ..4~~0 16E—03

52. .355?5E 04 .3(493E 04 .3398 1E—03 . !3708E—03
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• - Table C-LX-b

P4130CL 2 EP3t’RIi~= .50 0CE +01, .ICIOCE+02, .15030E+02
W!TN ‘flISE E~~ I0= .‘03 62E+ Q 1,  •9~gq2~i01, .1 J 0 3 E + 0 2
Sc .) 5 3 ITERATION # 3

TIME O!LTA (S~ t )  M 3 T ( ~~~1) OEL TA (SF2) H OT ( SF 2 )  OELT A ( SF3 ) IOT (SF3)

0. — .11!.Ot — .I IE— 01. . .‘5E—0t - .35E—0 i - .30E— 0i .3 0E — 01

10. .~~~E—Oi .4 , !—G 1 — .28 E— 01 — .28 E—C i .?2E—0 3 .55E-03

20. .9E—03 — .IGE—02 —.L7E—31 —.‘~?E—0i •19E-01 •19E-01

30. .!9E—0i .26E—0I • .40E-0I .40E—0i diE—Ui .1TE—31

40. —.‘3E—~ Z — . U E —O i  — .23E—Ci — .23t—Oi ..GE—02 .44!—32

50. .~~,E—0i .53E—0 i — .~ 3E—0I — .8’.E— 01 .72E—02 .TIE—32

TIME TRACE OF EST1MATE ESTIMATE ESTIIATE
OISPE~ 5ION E~’ROR IN ERROR IN ER°~3~ IN

MATRIX 
0 

PSI T ETA ~II .

0. 0. . - .36E—Oi • .85 E—03 — .5~.E’02

10. .1i’t6E—04 — .95E- Oi — .53E’00

20. .i4284~—0~ — .i8E—Oi — .30E—0i — .63E~0i

30. .39031E—06 -.12E—O1 .21F—0i .2!E—02

40. •i72lQE—0~ — .IOE—0t .S2E—03 — .13E—0I

~0. .101596E—06 — .LM.E— 0i — .25E—01 — .30!—0i
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Appeñdix .D

• Computer Flowcharts and Programs

This Appendix contains the computer listing and an

abbreviated flowchart of the programs utilized in the study.

The main program, SIMUL 1 or 2, initializes the misalign-

ment angles and the appropriate transformation matrix , the

random number generator , the position, velocity and specific

forces and evaluates the states for the Truth model. Using

subroutine MEASURE the output vector is then generated,

noise is added to it (using subroutine NOIZE) and it is

recorded on Tape 5.

Model 1 takes the specific force values from Tape 5

and uses them as inputs to the modeL An estimated output

vector is then generated (Rdr) and compared to the true
• one (

~~~
) read from Tape 5 in subroutine INFOMAT . The

state sensitivities and the information matrix components

are generated in the main program using the integration

routine EULINT. Then, using the output sensitivities

generated in subroutine SENSOUT and the output differences

(D0~t) the gradient vector is generated and the optimal

misalignment angles correction is calculated.

Model 2 is very similar except for the fact that it

generates estimated specific forces (SI~’) itself and uses

all the values from Tape 5 as true output values to be corn-

pared to the estimated ones that it evaluates.

-
• 
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The flowcharts that follow are for the Truth Model,

Model I. and Model 2. The listings are of the programs

SIMUL I (Truth Model and Model 1) and SIMUL 2 (Truth Model

and Model 2).

184
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— ~~~~~~~ ‘T”~ 
0_ .__~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ . • ~ 0 

~ ~~~00~•0 ~~ ‘~ ~~~~~ “~~~ -~0~0 0 0 ~!0 .~~ 0 , _~0

Initializa- Subroutine
tion NOIZE
I _ _ _ _ _ _

I P, v I
i~ Subroutine

MEASURE(Rdr , SF) + Noise ____________

Q
t

[brout e

Subroutine

L 
DYNAMIC

L
~~~~~~~~~~~~~~~~~~~T

ubroutine

To -Model 1
or Model 2

Fig. 7 Flow Chart: Truth Model
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-- ‘~•W’~~~ ’~~ 
-— ~_~~0~~~~~~~ _ 0~ 0_,__

TRUTH
~10DEL

_ _ _  
:1

Initializa-
tion

A A  
_ _ _ _ _ _

E.~ I r Subroutine
- MEASURERdr _ _ _ _ _ _ _ _ _ _ _

L L ~~~ Subroutine
SENSOUT

~~3Rdr _ _ _ _ _ _

I ~c
(5) 4 — 

~~~ ~~~~~~~~~ , Subroutine
U#VT’ INFOMATDout , ~“~out

j  Subroutine

yes
~~~~~~~~~~

!

~
N:
~ 

~~~~~~~~~~

. 

_

Fig. 8 Flow Chart: Model 1
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—

TRUTH
MODEL

Initializa
tion

Subroutine
]

I ~~~‘ 1’ ~~~ Subroutine
SENSOUT
_ _ _J ! ~~~ I Subroutine

_ _ _ _  INFOMATI ~~~~ HOTout
I 1

~D t 
- 

I

~l Subroutine
~~ CONTROL

I ~c’ C 
I____________

O ( 8C ’ ~ C Subroutine

ri’. DYNAMIC_-

I ~ ~ Subroutine• EULINT
P, V, M, H

:ubrouti::

j SPFORCE 1

Yes t�tf No

Iteration
Increment

Fig. 9 Flow Chart: Model 2
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~~~~~~~- -- ‘--—- ~W~~~~~~~~~---.--- - ---

P’•~ GRA1
4

•PQ Y~’AM SIMJL IS A S i 1 1J L I T I O~ ~r T’~ T~~~CKI~1’ ~N O C~Or1T~ 1L OF
•*P~ ~— T O — r,~ O’J~~ M I~~5TL ~ U~~IPT- ~AX I~lIJ M L V ~ELI~’OOO rSTI~1~ T IO ~
~~~ TM! T9~ E~ API6L~~ ~~~~~~~~ J’I’JG ITS IP4 IT IAL ~ISAL !GNME~1T.
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- -
CO 1MOM,E~~~~L3~ ,’~~~T,’ET~~,P,.I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C31~~~~IE tD/~~~!O ,TFTA’),~~’IO

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,fl,~ LPHA ,L
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CO1MO!1,IP1ITTAL/XO,YC,7O,~JYO ,VYO,V!O - 

0

CO’IMO~1FSE ! O’’~ °EP~~C1, ’i ,5 E~ S(1,7) ,S~!PS(j,3),ST~~~EP~~(1,~~)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C M / P ~~~~AT /e1 (3, , ~l (3,1),DM(3,3,,rH(3,1)

~L!~T(3,t) ,~) J T ( 7 , 1~ ,c’J7N ..,~.),C”JRU (7,1) ,FD,ACCC3,1 ,SOJTEp3 (~,,3)
CO ON’LOGI~ /.1O’~~1
Lfl IC~~. MO~ E 1
‘)i 4ENS!!~P~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~(1),D JT(’.,1), T(.,),TI.’LC~~(~.,i),EPS(3,1)

~~~~ tl,LIFT,L,17 -

4 0

•INTiI.f~LI7.~ TI3~ OF VIE ~~~ OO’ 1 N UP ~’E~ GEtl€~ ATOR F~OR 
t~OIS~ ~E!~UTIO~4.

• ~~~~~~~~~~~~~~~~ ~~•4 .ê• .  ~~~~~~~~~~~~~~~~~~~

P~IMT(1~~,~~~
)

0 J,~ieALL NS~ ’(JJ)
T=3.
flP~ p4T=~~.PRtPIT ., .

~~~~
I J T W M Or F L b~~4~~

0
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•INITT~ LIZ 4 T t O M  OF T’IF MIS4LI&NMENT A NtLE S WITH UAL ’J~ S ASSJM EO TO ~~•TRUE.
• -

DcTzPstT
YET I

P$41 P’41T 0

~~~~~~~~~~~~~~~~~~~
•
•OEFIN!T IOrl  O~ THE :IISALIGNriEt;T A P~GLES TPtMS FOP• :IA TI CN P1AT~~IX .
4

• 1. — P3~ T F T A  -

• CM A DSt 1. — P91
• —TE TA ~HI 1.
4
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.•, 0 —
~

•r~
--
~ 

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

CMA (2,t) *PS!
C’~~(3, t) ~—T ~~’~

CM*(1,~~)~~—~ ’4A (? , i)
C’4~ (1,!) ~— ‘~M A ( ~ ,1)
C’4A ( 2 ,3 )  * — C 4 A  ( 3 , 2 )

•

•IN!T!A LtZATIO’I or ~O~ ITIO~’1 ,VEL 0CITY ,*I1 O ~PF’~TFIC ~t~ CE.
• ~~~~~~~~~~~ .••.~ • ~4•e~~~•~ ~~~~~~~~~

X~~CO
y=Y0
7=70
vx=vx O
VY~ VYO
v~
,=vz 0

V:~~ RT~~~X vx+vv~~vY ,vZ Vfl

SF (2 , 1) =0.
sr( 5 , j ) = 3 .

•

•EVAL’IAT !ON 3F THE VALWZ OF TIM E STAT ES FO~ T4E TRUTH MODEL
• -

10 ~~LL (I~~~SLIQE 0 0

W~ t T E ( 3 ) T , ( O U T ( ! , i ) , 1= 1 , 7)  - - •

CALL CONTROL
F~ =— i.
CALL ~YN4P1IC
FO=0.
CAtL N3MTNA L
CALL ~PFOPCE

20 IF(A ~ S ( T - O ~~~NT ) . LT . 1.E—C6 )GO TO 40
30 T T+’)T

IF(T.L!.Tr cO To j~j
r,o TO 3•O

£,0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,C, AL PHA ,L, X ,Y, Z , V ,V Y ,VY , fl, T ,c3 ETAC ,
c0ELT4c,Se(1,1:,s~(2,~,,~F (3,1,,ojr(1,1,,ojr(2,x,,oJ ,(3,1),our c4,1)

(1,1) , 4CC (2 ,1) , 4CC ( ~~, 1)
P~ 1NT(1O,~~) )T , (f l LJT ( I,1),I=j ,7)

• O D T ) P ~ t~T4O0~ T -

GO 1003-0
50 R~’4IN~ 5

O~~tNT.,”.~~~ UOO DZL ~~~~~
Mfl)Ej : .T’IJF.
PR!NT~ ,”MO!)E1=”,MOD!1
p$;I=psIO
TE TA=TET A O
P’II PIItO
0’) 110 NN 1,3
P1 IPI
1=-) . 0

OP~ PlT=0.
•

•IpltT t A Lt!AT IO N O~ “E P’1SALIc~H~r•uT #%LE~ WITH FIRST F.ST IMAT E~•NOMtt~AL V I~LUES.
4

P~ t PSI+ A P~ t / 13 GO
TF~TA :TE TA.~ T E T A , 1 :0 0  0

P4tzPHI+PtiP~4I/tJ3~
P S I ° f l h ) a 1 GQ O °5t
T ETA P(? l )=13O0 ’T

~~~PH!P(’l) t C 0 C ’~~’4I
C’4’s(i , 1)2 C M A (2 , 2 ) = C ~’A ( 3,3)=j .

Chl.U3,1) _ T E T A
C4~ (3,!) ~PwT
C’I~~1t ,2 a—r 4~~c 2 , t )
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r 0 ’  - ~~~~ 0~~~
___ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
~~~~~~~~~~~~~~ r . w~~~~~~~~~~~~~

__ —.- ---- - - .- - .

CM ~ (2, t ) s — C IA (-3 ,2 )
•

•VIIT !ALt7~%TI3N O~ ~‘)‘~tT ION ,VFLOCjTy ,SPEC IF I~ FO~ CE, A€ø11YP1AMIC
•VAL ~IES,t~I fP1ATION AN!) oISPErSIo~, MAT~ IY ELEME~1TS AMO T~~~~’,•Au: S E’l~ I1IV1TIES .
• I4••• 843333434 ~~~~~~~~~~~~~~~~~~~~~~~~~~

U1i)=X3

- 

0

- 
0

U( 5 ) =VY 3
tI(S) VY 3
u(~) V 70
~~

(1,t) 0.
2, 1)

BE’A O.
fl LTA O.
Os) .
At.P’IA=G.
13.
DO 55 t t,3
I)’) 55 J=j~ 3
~ CDS P ( I ,J ) - O .  0

S~33v(I,J,=o. 
-

M( t,J) 0. .

MT (t , J)s O .  -

— ~~5 C1~11IP1UE0’) 60 1=7,3!,
• U ( T ) 0.

• ~ri0 f~1’1TLUtJE -

O O’JTN(1,i). 1./(’~I4~~N) - I
O’J~ N (2 , 2)  1./ (a~~~J.qflI4)

0~.JT N(~.,~~)= 1.,(1ET 14IETFU)
O’I 1 ( t , 2 ) = O I T ~l ( t , ~~) = O U T P ( 1 ,~~) = O.
OUT’I(2, 1) =Ot 1T1 ( 2, ~CU T~ ( 2, ~)OUT4C3 ,1)=O I i r I(? ,2)=OUT P ( 3 ,4 )=0 .
0!JT M(4,1 )=OUTP~(_ , 2 ) = O U T P . (4 , 3 ) = 3 .
10 100 ~~~ t ,5~~01 • 

0

REA~~(5 )T , (O UT ~ ’J( I) ,I=1,7)
• 3* 4 44 44 4 4 4  3• 44 3  ~ *4 4 4 44 4* 4 44 3*4  S

• STAT ES DEFINITION
•

POSITT ’3i t ( 1—3)
• U( I)=X , U(2 ) =Y ,  U(3)=Z,  0

•V FLOC t~ Y 1( ’.-S)
• tJ(..)=~~~, 1 ( ’ ) V V ,  U(6 ) = V Z,
•°O~~IT t )4  5!rIc IT IV ITY:( — t 5 )  •

• U(’ )=X/?S I, u c 8 1 =~~,r E’A , 1)(9) X/ PHI,
• t’( t3)=V/ °S! ,  U ( t 1 ) =Y / T ET A ,  !J(j !) Y/PHI,
• II(( 3) !FP~~~, U ( i — ) Z / T E T A ,  IJ(15) Z/PIII,
•VELO CITY SE ’4 S T T !V I T Y 2 ( 1 6 — 2 ~+)
• U(t5) VX / DS I ,  J( t 7 ) =V X / T E T A ,  tltIO) = VX/P It ,
4 t J ( 19)sVY/ D~ I, l! (2 C) VY/ T FT~~, U( 21) V’/PHI,
• U(!2)~~IZ/PSI, U(2~~~=vZ/TZTA , tI(24)=VUPI4t,
IN~ O~ M’1T I0’4 ‘It~T ’ t X U 2 S— 3~~)• tH2~~ t’( !3 Utt 1)

• Ms U(23) UC!)) U(32)
• U(27) U(~~0) U(3~~)•1’°AP1S~~i !  3~ ~~~~O1T~~~1T ~~ CTO R U34—36)
• 4= (1(3’) U(!’ ) 11(36)
• • 44~~ 33.4. .4 . . , 4.4 . ø 4 . 4 3 4 4* . . 4*

X ’U(t )
Y J(2)
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0 O_~~~ ~~~~~~~~~~ 0 0 0 
~~~~~~~~~~~~ - 0 

~~~~~~~~~~~~~~~~~ — - --~
- -. — 00

~.-~-~~ ~~~~~~~~~~~~~~~~~

751J(3)
VX U(4 )
V~=u (~)- 
V7:U(!,)

*

‘JSIHG 11E RE EIVED s~~ r~irtc FO~ C~Z 4S X’(PUTS TO IODEL 1.• •*4 4 e 4 . .*4 • .4 4 4 4 4’ 4 4 4 4 . .•4 4* 4 4
70 1:1,3

70 CIITIPIIJE .

CALl. 9E~tSURE
0 

I) ’) 3G 1=1,3
1’) ~0 J 1,3

0 - SE3S’(t,J) U (3’t+J+3) 0 0

5coSV (I,J) U(3.I.J,12)
30 COITINUE •

!(( —1 )—10C3 0 ((~~V.—1 )/1O 0).EO.O)P IIlT(1C ,87)((SE’SP(I,J),J=j,3),

~!‘1,3) , ( ( S C ~~SV ( I,J) ,J=i,3) ,1 1,3)
C~LL SENSOUT 0

CA LL II ~OMAT
00 65 1=1,4
fl’)’ lT (t,t)=OUT~~tJ (T ,j ) _ O UT (t , 1)  

0

!,~ C~~ITINUE 0 
0

co~~(~~,j) P~ I1—°SI

E°5(3,1)=PH tT—’HT
CILL rlAT.’I(SOUTEDS,EPS,TtyLO~~,.,3,1) -
00 75 1=1,.

• s40T(fl:OOIJT(I,1 —rAYLOR (I,t)
‘5 CO’ITPIIJE 0

• •
~ O=0.K 3 6
rALL EULIPII(U, ’<, .Qj )  - -

tf(( —1 )—IOC~~~
( (
~<K— 1)/1OCO).EQ.O)PPIt1T (10,8I)DOUT,13TIF((K~ —1)—I0

4(( —I)/1Q ).EO.~~)PcI~1T(1~~,79)T,(O’JTRU(I),I:t,7)t Ft ( — 1 ) — t 0 3 ~~~ ( fl( ’(—1 )/ ~~O C 3 ) . N Z . 3 ) G O  10 83
TYIE( (Q(—1 )/ 1~~0G4 1) = ( KK—1 )/ 100 .
flO 82 !:1,~
flELTOUT ((~~’(PI—1)+(KK—I)/1 )~ C+1),I)=DOIJT (I,1) 0

Hfl”0UT((S (~P~~1).(KK—j) f~ CG3 +j),t)=HOT(I)
32 CONTI:IUE
33 -no ~~~~ •j =j , 3  0

00 90 1 1,3 -

0 -

10 COlT IPIUE
T~ (X(.t~~.1)~~0 TO tOO . - O

7F(( Ki (— 1 )—j c 3 : ’ ( ( :< K — 1)/ 1 cc ~~) .t1!,o ) (O  TO 100
0 CALL LIqV2F (M, ’,1,~~t,1C,w’,,)o~ 4,IER)

DD I N T( j Q ,74 )  T ’ - l (A ’  ( N—I )  + ( w ~(~ 1)/1Jj Q +1)
A~ SI (1t(t,1) J (3~~)4MI.(1,2)$tJ(35)4HI(i,3)*tJ (3c.))4130O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~n t (~,4(~1—I ) +(<<—1 )/1CCC#I) (PSIT—PSI)*iOCQ ~~A rS !
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0~i!(~~~(4—1).((”—t)F1GU +tF= (P4IT—PI4I)’IC’3O—APHI

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t( —1 )/10ü3+1),flP’-41 4(N—i)+(’(I(—l)/tO-)O*t)

10~ COITIPIIJE•~‘4INO 5 -

t i c  C0ITtN’JE
PS T P: 1030~ ~SI’
‘~ T*T Pz 103C T ETA1
PMIT*=1030.PMt r 0

00 13 P4zi~~3 0

~~tPIT(tC,1)PSTTO ,TETATp ,p,lITP,ps:P(p,), ?r-r~ PcN ),PHIfl(N),N 0 • .
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P. ,. - .• .
~~

. ... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —-

I C03~~ A~~~(~~~~ MODEL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~“WITH ~OI~~~~,X , ” P~ tG= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ = 3~,

~ ~ ,I1,///) 
0

P
~IlT (i0,!) 

-

2 ~~~~~~~~~~~~~~~~~~~ X ,~’O ELTA (~~) “,7x ,”IloT R r ,oX ,QELT~~~~Or ,
~AX ,”()T (~~i) 

15/)

no ‘. 1 t .6
On !MTCIO,~~~TY ,E (t , LTCUT ((~~.4_j,,fl,1,,IloTOUTU6.(I_j).T),1),

~e C’) ’iT I~i ’3E
3 ~‘)‘1AT ( 4X ,F4.~~, — x , 2 ( E ~ 2 .5 ,2x)  ,2(2x,E i2.5)/)

~ ‘tNT (IO ,’)

~ F’) T(” , , T t 4E ,SX , DEL TA (AZ .) ,5X,’H3T (AZ.)”,T(,

0 r)r) !,

tf lE LTOUT((~~4 ( N — 1)4 I) ,4 ) , I’OTOU T ( (6~~(N— t ) # I) ,4 )
6 COITINUE

D~II$T(lO,11)
II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OF ,~~X ,3 ( E ~ T I M A T E , h e X ) / t 5X ,

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

10 12 1 1,S
~~t NT( 1O,13)TY Mr ( I ) ,T~~O(64 ( ,I_ 1) . I) ,oPSI(6 ; (p,_1 ) +I) ,3TETA

I . CO ITINI)E
13 F T ( 5 X ,F L i . . , 5 X , E 1 2 . 5 , i ( 3 X ,E 9 .2 )/ )
15 C’)qTI’ILJE
t~~ r0~~IAT (IX ,”T !)”,’ 1?.5/)

• 3’ cr)~~4AT ( 11x , 3( E 5 . 2 ,2 x ,/ 3 x , ”SED Sp “,3(Eq.2,2x)/Ixx ,3 Eg.2,2X)
t/~11X,3(EO .2,?X)/~~X ,”SEPS’i “,3(E9.2,2X)/t1X ,3(E9.!,2~ ) ii)‘9 FO~~I4T ( 1X ,6Hfl(JT~ IJ:,Fá.3 ,4 (2X ,~~0.2)/13X ,3(2X ,~~9.2)//)92 F’) T ( IY , E L ~~~~:,Ij ,2X ,Ij ,t~ j 2 ,5/ )

j j  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =“,6(!iQ.3,2X)/) 0

13 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~,3( , ‘X . , I C X , Y” , I QX , “ Z ,  lOX , ~~~~ lOX , VX ” ,9X, “I/Y , 9X , “~~?~~~ / /~~

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

0

~9 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ i1’(,3(E1G.1,lX) / iX ,7( E1O.3,1X)// )  

0

silo
EU) -

4 4 4 4 4* *4 . 4 4* 4 e~~~~4 & * 3 4  **444*4~~~4444.~~ .# 4*4*4 44

PLOCK DATA
Q~ tL L,’1
Co-sloN,r I~?!~~/T, IT, IF, OPFT

4MoN/E°!T•~U~ /PStT,TET,’T ,Pf’IT
C)I1’)’p/E~ SIC~/°~~Io, T~ TAO,P~-IO
C’) tMO’1/~ 0~1’ROL/K!),BFTA C ,O E LTA C
C ’)1MON/Oy A~~I~~/~ ETA ,)E’LTA ,O,A LPHA ,L
co iIo?1,t’I:rTaL/xo,yr,,’o,v~ o,v yo ,vzo
Cfl190Pl/3 ISTA1/ S~~’S (3,~~

) ,SEPSV ( 3 , 3)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C0I~iO rt / i N FOM4T/M ( 3 ,I) ,M(3 ,1) ,UM(3 ,3) ,U~I(3,I)
~4lTA Oi,TF ,fl Tt .~~I,~~O.,I ./ 0

‘)~ TA PStT, T
~~rA T ,p I I T/ i . r_ C3 ,2 . E_ J3 ,3 . E_ O3/

flATA I3,T~~T A O, ?W EO/ 3 G./ -

DATA (0/3/
0~ TA T A , LTA ,t),A LPHA ,L/5 0./
lilA Xfl,V~~,’O, t fXO, VV O ,V 7O/ 2 ’ 1OO C.  P 1OC . ,2C20.,1500.,10./
O*TA SEPS° ,S E’cV/18 3./
(1474 RP1,WI ,P~~tV I ,T E T I~N,F1N,F2N,F3N/j C.,1J . ,2~~.O01,

“~T4 M , 4 / 9 * O. ,34 Ø . /
Pr’ 0~~~~~~~~~ 0~~~~ 

- - 
0
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St J 3~ 0UTIPlE )‘IT~ OL
•

•SU !~ 1IlTt’lE COMT~ OL ~ E’1ER?TES TMEE TY P ES OF COIMANOS FO~
•‘3E1 TA A l ’ )  ~ET4 .
4 •*4 4•* *4~~ *4 e . 4 4• 4 4• •  4•4 4 4 4 4 4 4 4

C1I’lON,rI’4~~~,T,nT ,Tr ,DpFT(~) IMOFl / O”~~’O L/Kfl, BFTAC ,OELTAC

~~~ ‘(1,~
(2,(3 ,K’

04IA(Kt= .~~~3),(’(2=.C 3),(K3= .QC?),(K~:.OG2),(W1= .l),(W2:.2)
TC:’4~ T/2.
I (<O. n .1) 10,20

to fl W LTA C =<3,<,851M (W 24 TC )
nCT4 C s Kt4 T ~P~ TURN

20 !FtK’3.~~I .2 )30 ,. O -
~

153 fl~ .TA ’~z<3 0

- • ~~TA C= Kt~~T~~1K2’SI Pl (Wj 8T C)
DEl U~il

141) q
~~AC=K1~~c+K?4SIucw1~lc)

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

RE TU RN

SII1RouTI~ir flY ’IA MIC
4 0 * 4*~~4 4 a o 4 ~~*~~4 a 4 4 4* 4 4 + .e4 4 4 4 3* o
•SU-~~r)(1T:~1E OY NAM IC CA L’ ULAT ES THE VA LUES ~F !3E14,OFLTA ,I (PITCH
•RAT !) ,.~L PHA (A ’ IG LE OF AT TA CK ),ANO L (LIFT) gASEI ON AN EJLE~ -

IPT~ ’~PA’ IO’l ~O’.tT1 PIE. -

$ * 4 4 4 4 ,• ’ 4 4* 4 4 8 4 4 4 4 4 4 3 4 44 4 4 4 4 4 4

C04 MOM/T t P’ E’/T ,OT ,TF ,OP~ T
• C MOP1/3Y~I !’~/~3~~TA ,DFL’A ,Q, A LP HA ,L

%L!CT(3,1) , O J T (~~,i) ,OU TM (4 ,s.) ,OU T~ tJ ( 7,1), FO, A C C ( 3 ,1),S3U TEPe (~,,3)
OlIENSION J ( (,)
QEiL L,LIFT

- U(t)~~)ET A
tl(?) OEL TA -

U(-s)=ALPHA

r~4 3 (2 ,~~)=r~A~~(3 , 3)= c og ( U( j ) )
Gidl (3,2)=!~T~l (tJ(i )) 0

G43(2,l):SA~3(l,2) :GA’~U 3 ,1)=GA’~(t,3)0.
— ‘(=, 0

CALL £ULPlT (t~,K,.Ol)
OETA=U (1) -

E3 J (  3)
AL’14A:U(z.)

P1) • 0

~tJ’RO’jTINE 9Q!IINAL 
0 

0

•

•SU~ Q.IIJTT.~~E ‘10’41’IAL CALCUL A T ES THE VA LU ES OF THE MISSILE POSITIOp1
•APJ~ VEL)CITY I~ TM ~ A/C F~ A PF ,~~ASE!) CU API ~‘)LF~ ROUTINE.
•

C0-4.~f0’I,TI.~~P,T,OT,Tr ,’2P~7
ClIMON/E°SILO~l/P ~I, T ET A ,PHI
~1 IM’)’1/N3’19AL/x ,Y,7,vx,vY,VZ,V
CO4MOr4/3LA~l~ I’~ M A ( !, i) ,G :MA (3 ,3  ,G 4H! 3, !) ,SF(~~,I) ,GA f l (3 ,3) ,
(L T(’,t),3UT(’,1),flUTPI (~,,le),OUT~ U(?,i),FO,ACC(3,I),SOUTEPS(4,3)
fl~~~~~ EP1S~~~3~~~ U(s)
U(t )zX
11(2) y
II(~~)aZ -

-
- 

l I( .)sVX 0
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_____________ 00 00 0 ~~ ~~~ 0O0 -~~ ~~~~~~~~~~~ 

•?(
~
)gVY -

‘1(i) =VZ
K S  -
(
~~LL EUI_INT(U,’(,.31)
V=Sr)”T (u (’,)”J(’.)4u(c)•U(5).U(6)’u(6))
)C l( j)
V= I( 2)
7:’J(3)
V~~~U~~4)
VY= ’J (5 )  0

V’:IJ (~~)
‘~~TURP4 • 0

Cs,,

~‘flqouTINF ~~~~~~~ 0

4 - *8*~~4~~44••4.$44448 +44 •44•$4448 
0

•SU r)’JtPIE SPeO~ CE CAVUL4TEC T)~E SPECIFIC FOPCES MEASU~ E3 ~Y THE•T4~~~c C!LE~ OP-~~T~~~~ ON TIE ‘I~ SILE. 
0

*

f IMOPI/TT ’~E~~/T , 
£1T, T~~, OPPI

C04MO~I/EPsILoII~ S! ,TET A ,PHI
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,t),A LPHA ,t.
C1IMON/tIO~’I t JAL / X ,Y ,~~~~, ‘IX,V Y ,’? Z ,V
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~LrrTc3 ,1) ,oj T (? ,1),uuTN c ~~,,),ouT~tuc 7 ,1),n,A c c c 3 , 1) ,so uT EpSc 14,3)
Ot IENSION ~A(3,3),G~ F(3,3)
°~~ L L,L!FT 

0

Lt~ T(3,l)=-L
LtrT (1 4) =LtFI ( 2, 1) =0.
~I~~ r)RT(VX4VX +Iy&Vy)

• V1:VX,PSI*VY~ TE’A.~ VZ
V2 _OSI3VX+V Y+DMI*VZ
V !T~ TA4VX-P,-1I4 ~Y4VZ

~4’1A (1,1)=V1/A 0

‘ 41A (2 ,2 )=~~AM~~(1,1)
G4 ’4A (X ,2 ) — V 2 / A  0

I4 14 (2,t)=— (~A 1i (1,2)(~A IA (3,3) 1.

GA I E ( 3 , 3 ) : A ” ~~(t , l )
- 0

GA-4 E( 1 ,3 ) =—G A M E (3,1)
f ,%h4E(2,2) t. 0

(
~ALL MA T M ( c A ” A , C A M E , C 4 , 3 , 3 , 3 )
CALL MA IM(’ A ,;A Q ,~~A F ,3,3 ,3)
C~t.t MATM(GAF ,LICT ,SF ,3,3,j)
RETIJRN
FPIO

S’J~RouTIN! ME~ SLIRE
• *4 4* 3 4*4 44 *4 4 4 4 - 4 4 4 4 4 4 3 4  $ 4 4 4 4 04  

0

•SU~~~1ItIt1! MEAS’J~ E CALCUL ~~T~~S TH E ~APG E, PA~lf~~ ~AT !,A? IM’JTI,
•A PII rLr.1ATZO~1 AS . “~ EC •~Y TUE RADAR It: VIE A/C.
• •a*.•• ... .•,•..•* .4.... .o..••..

Cr)i1ON,TIMr~ ,T,flr,TF ,Op~ T
‘~0-I90N/I’3’TNAL/X, Y,

7, VX ,VY,VZ,V
C’) IION/ I~ VA-’/~~’J,PDN , F~ IPu,TETPN ,F1P1,F2N,F3N

~LtrT (3,1) , # 1t I T ( ’ ,t ) ,OlJTt1(4, . ,) ,OUT~ U(7,i) ,FO ,A CC C3, i ) ,S0 UT E PS ( 14,3)
- 

Cl1MOPl~ LO( TC/1fOO~ t
LI~IA L  MO- DEl -

W’I Q ,

~~~~RT (X X1-Y Y’-7”)
q)= (x ~vx .y~vy*”v ’)  /R
0~IRzy/3QDT (X*X~ ’f*y) 0

T T 4 ~ aZ/ R
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t~ (I0OE1) G3 Ir)

C3LL tIOtZF(~~~,0.,WH )
1’ O’1T(t,1) P~ W~4

~C (MODEt ) 
f
~3 ~fl

C’tLL ~tOIZ! (Rl):l,C.,WN)2) ‘)~lt (2 , 1)=’ !)oWPl
!F(’IOIEI) ‘~~~) 7’) 33
CALL NOI?r(DSIRtI ,J.,tPl )

3 )  ‘) ? lT ( 3 , t )= I~~+!4PI
T r (9 3~~~ j )  r,3 T~3 ~eJ
CA LL UII’F ET~~H,-3.,WN )

-.0 O’Jr(l., t ) = T c T A P + w r I
tF(MOn!i) 33 TO 50
‘ - L L  PlOI7!(F1~l,.,WN )

O - 30 r)’Pl(5 , 1 =~~~~1,j .wN
tC(MODEI ) ‘.fl TO 6~
CALL ,1OIZE (r29,0.,WN)

~~‘ O’I’(6,l)5 (2,1)+4N
tF(MO’)Et) ~O O 71)
CALl. NOIZE (F~~3,O.,WPl)

~
P~TURN
n’))

5’JIROUTI’I! F(t I ,P)
• •$ 4 S 4 4 4* 4 4 ’ 4 $ ’ 4 4 4~~34 4 3 . 4 4 $ $ 4 4’

SUI°O’JTIPIE F C.L~ ULA T ES THE C~!~~IVATIVES ~‘EE1FD FOR THE !JU
•TN~~E~~’iTIOM ~~~ SU-~~OU T I~”ES OYNA MIC UO~iIP~AL ,A PIO S€PISTAT.
• 4 3 4 . 4 8~~~ 4 4 5 . . . 4 4 . 4 . 4 . 4 4 4 . 4 4 . o4*

C1)IMOI/EPS!Lfl’i/°St , T ETA ,PHI
Cli IOM/ ~ ONl~ OL / ~~!), 9ETA C ,1~ELT4C
1~) ,HO9 / D Y s A i T ~~/ RETA ,I!174 ,O ,A L?HA ,L
CO$’ION/NO’!’IAL/X,”, 7,VV,VY,V’,V
Co I4O,1/S!~ sTAT / s ? Ps r 3 ,2 ) ,SEPSsfl3,3)
r)iMoN,~I3 t c v / l , 3Pl ,p? T r~N,TET r ~l,F1pI ,F2N,F 3pI

C0490’4/%A’fl</C4A (’,3) ,G~~ .~(3~ 3) ,~~APlF(3,3),SF(3,1) ,t A ~~(!,3) ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- CO’4M0t1/L ’)CIC/IOOE1

~!-4~ P1SIOP1 IJ ( -7 -;) ,PcIf.) ,Ol’TF(3,i)
LO~ ICAL MO~ E1 •

‘EAL LAMOA ,U1’,L ,4 )  ,MA , t-’fl,LA ,LO,LIFT

ç(L OA:tO.),( l ~~~~.),(G~ 32.2) 
0

I~ (F’)) t~~,2G, 1O 0 
- O

•SU’S R-DtJTU IE  F ~~~ S’IV’OUT~ ’4E CYNAMIC
If) ~C 1) =_ N U4 ( t J ( 1)_ r 1C T A C )

P(~~) — LAM’~
A 8 (U( 2) -O~ LTA C)

P( 3) MQ ’ U (3 )  + I A ’~J t’,) # M D ’ t J ( 2 )
P(.)ZU(3)—L4*:J(&.)—LO*U (2)

OE1 URN
4SII~~~0!I INE F FN SJ3 ~ OUT INE POM INAL

23 t r (MOO!t )GO 13 2S

~ (2 )  U (~~)°(3)=IJ (6)
CALL MATN(C ’~A ,SF,ACC,3,~’,1)

0 ( 0 ; )  A C (2, 1)
Pt-.) *ACC (~!,I) #G

29 P (t ) s U(4 )
P (2) s Ij (5 )  0

0(3)  zU (c,)
O’ J TF ( 1 ,t ) f l h i T (5 ,t )  0

—
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ri 
~rI!~= ~~~

— OO- — ~~~~~~~~~~~~~~~~~~~~~~~ 
0 —- 0_~~~~~~~0_____________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

f U p ( r ( . 3 , t I~~ J .I I~~ ,l)(
~ALL MATM (C,IA ,OUTF ,ACC ,l,3,j)
‘(.) AC (t,j)

~ (;) sAC~ (2, 1)
P(~~) sAC (’,l) s~53 1)’) ~~ Iz? ,15
°(t)U(t+9)

3~ ‘~0’ITIM’JEP ( t S ) z _ Sr ( 2 ,  1)
P( t 7)=S F(3 ,j )
5 (tq)sSr( l , l)  0

0( 2 3 )s _ 5 C ( t ,  j)

0(j 4 ) D(2 f ) O (22 )~~O.
01 36 J 1,3
00 36 tzt,~ 

- - 0

35 Ci~ilI9UE
01 37 1*1,3

3’ C~V1Ttt1UE
PETURN

SU~ ROUT!Pl~ SrplSflhIT

•Sl19~ 1uTt’lE 5!’lS3u! CALCIILATF ~ THE OUT~ UT (
~~A DAP. MEASUREMENTS AMP

•5D CtCt~ FORCES) SE~1StTIVITIES W .~~.T. THE IIISALICIMENT ~NGLES.
• 4* 0* 4 4 44 4 4* 0 4* 4 + 4 4 44 4 4 3 4 4 4 44 4 4

Cl) 4M0~1/T IME~ /l, OT ,T F ,OPF T
C’)4MOPI/N3’1 IAL/Y,Y ~ 7, VX ~ V V ,V Z,~1
C’)-4MON/SE’ TAT / ~~~~SP(~~,fl,SE’’SV ~ 3, 3)

CO4~IOM/9L IV/ C (3,~~) , G t MA ( ~~,3) , r,AHE (~~,’),SF( ! ,I),C4 3( 3 ,3) ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~OI 4EMSIOI O R( t , 3 ) , VV C 1 , 2) ,X Y ( j , 3 ) ,XYZ ( l ,3) ,TEUPI(I,3) ,T EMO2 ( I ,3)
~‘OUT(1,t )

- PR(j , 1) x / ’

P~PR* (X VX~ Y’VY+’~~l7)/(P4R) 
- 

0

(1,1 ) (VX/Q— ~ V~ 3PJ (l,i))
Vo lt ,2) ( VY/~’_D Vr,* Pc Ct, 2 )
V~ (i ,3) (V 7 / R_ DV R4 D~!( I,2 ) )
CALL M A ( ,~~!P~ 0,

c
~~EP~~,1,3,3)

CALl. MAT M(~P~,S!~~SP ,T Er~P1,l, 3,3)
CALL f l A rM ( ’ ° ,SEPSV,T E l P~~, i ,3 ,3)
IV) 13 1*1,3 - 

0

~R)!PS (1,1) = T E l Ct  ( 1,fl +TE ,~p 2 ( j , I )
F 10 CIITINUE

XY(L,1 , .’1~ Y/ct) ’T((X3X+Y4Y)443)
XY (t,2) X X/S 3RT ( ( X 4 X . Y 4 Y ) ’ ~ 3)
XY ( 1,3)= 3.
CALL t1ATM (XY,SZPS~~,SPSRFPS,1,3,3)
YY7(t,t)~~~X~~7/~~*43
Xfl(1,2) —Y47/~ 343
XY’ ( t , 3 ) = ( ” C~~X +Y~~Y ) /Q’~~3

O CALL M A T I I ( X Y 2 , S E PS P ,ST EFEPS , i ,3 ,3 )  - 
0O~1UQN

StI~)ROUTI,l ‘lOt!! ( R’-cN OT S,CUT M EAPi,WP? )
4
•suq~ r)”T tu~ NOIZE CALCULAT ES THE VALUES OF THE MEASUREMEII r ‘I3XSE
•COM0C~l! ITS ‘)SIPI’~ A ~ A P)OOM PlUt~fl~ q GEME’kATCR MOOE LLCO AS r,AJSSIAu.
•

Cl)
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0 O~ ~~~ 0 0 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~0~~ —

%Ll”(3,t) ,O J T ( 7,l) ,OU TN (w ,e ) , O U T~ U( 7,1) ,FO, A C C (3,1 ) ,SOUT EPS(’ ,3)

11 13 1=1,1? 
0

0 13 C’VIT Irlt’E
r,A.ISs=r,A( Ic~- _ 6 . 4ns, TM!AN
W~l*34 IJS~ ‘°HS’431S0 El U RU

S’P~ ROUTIN! IMFO MA T
* * 4~~ *4 4 4 4 $ 4 4o44 41~~ 4 4 4 4 4 4 0 4 4*4

•SI3 )
~ OUTIM! IflFO~ A 1 ‘~A L’~IJ LAT EE THE VALUE S OF THE IMFO~ MA T tDN •

•-4A’R:x ‘.‘IO G~ AOIEtI VECTOR IPCRFM!NTS .
• *4 4 • 0 4 4 4• •4 4 4~~ 4 4 4 4 4 4 44 4 4 4 4 4 444 0 -

CC1-”IO’l/TIM~~’/ T, ’T ,T F ,DPPT
COIMO9/E~~STRUE/PS!T ,TETU ,DHIT
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 , 3) ,G iMA (-3 , 3) ,GAiic( ~~ , 3) ,5F( 3,1) ,cA3(3, 3),

~Lt~ T(3,l),OUT (7,t),OUT N(,,L.),OIJT~ U(7,1),F!),ACr (3,t),SOIJTEPS U,,3)
COlP1O~’I/LOCtC/tIO)E1REAL M -

- 
LO3ICAL MOIEI
fl!i!’ISII’l 53w?PST(3,4 ,TE IP1(3,4 ,00UTC4,t)
00 13 1 1,? -

SO il 5(1,1) ~“~~~ (1,I) 0

S’ )h iTE DS(3, I) 503Q 0S(1, I)
~O’J’EPSt4,I) =STEP•~ PS(i.,I)

10 COITItIIJE
5W) 20 1 1,4 0

00 20 J 1,3
S’)’J!PST(J,I) =SOUTEPS ( I,J) 0

20 C’)ITIN’JE 0
0 CALL MAT M(S OU EPST ,O IJTN ,IEUPI,3, i.,4)

CALL MAT M( M~ t ,SOUTEP S,ON ,3,~~,3) •

‘)() 30 1=1,4
IVYJT ( I ,j ) =O UT ’ U(t ,j )— OUT ( I ,j )

30 CONTIs IU! 0

CALL MA T M ( T Z M~ t , OOUT, O I .t ,3 , t+,1) - 0

EMI .

S’flROUTIPlE !UL1 t1!(U,IC,0T) 
0 -

OTIEPISIOM tJ (3 ,)  ,P(3f~)
CALL F(U,~~

)
‘VI 10 J=1, ’(

-
.

IC CO’-lTIPIIJE
RETURN
F’I) -

S!I1-~O’JTIN! M A V I ( A ,fl ,C,M,K,N)
“t~’E’lSIC”l A (9,K) ,!)(~~,N) ,C (M ,tl)no to J=1,N -

i ’V) 13 1 1,N
C(I,J) f).
00 10 L 1,K 0

£3 C(t~J)z~ (T ,J )+A( ! ,L)~~3(t ,J)
RFTU~ P4
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r ~—~~~~~~~~~~
--— -I — •__000_ - 00 0 O-00~ __0 ~~~~0 - —S---- -

- 
P~~~~ A1 SI9’JL!(I’I~’tJ~ ,OU’PUT=j 002 D,TA PE2= 1~~32B ,TAPE3=j 3 ,32 8,

~TA’E13 :3UT01JT)
• 4 4~~ &4 4 4 -~~44 4 +4 * 4 4 4 4 4 4 4 4 4 4 4* 4 4 4 3

4 PROC ’A l SIM). IS A 3!~ ’JLA T IOP O~ THE T’LrxIIr~ A~IO CO~-IT~ OL OF
•AN —Tt ~—r,~ ’yD’  ~ IS’~ILE ‘JS IPG ~A~~IiUM LI!(~ L 1H3O~ ESTIMATI ON
0F T”~ TMPE A’ IGLEc “E3REcEI:’I’4 G ITS I~4 IT IAL PIISA LIGNMEPIT.

• 4 0 4 34 4 4 4 4 4 4 #* *4 # 4 5 4 # 4 4 4 4 4* 4 4 4 4  0

CO-4 pIOMFT I~’E ’/T , !~T,T F ,oPr T ,U,K’(
~SI ,‘ETA ,~‘H1

CoMMO’l/EPcTr Jz/P~ tT, TETeT,DHIT
CflIMOPl/C0SIO/~~S!O,TFTAO ,PHIO 0

CO O?l/~~~~~~OL/k~~, ~ETAr ,r)ELTAC
C3IMOPl/3YPl C/~ ETA, ’2ELTA ,O,ALPHA,l.

0 C’)- 1MOq/NcJ~~!9 A L / x ,y ,2 , vx ,vy ,vz , V
C.D1MO~ , D A ~~/~~,~~) . 

•

C.3IMOIIPII I A L / X O ,  Y ’~,Z O , V X O , V Y O , V 7 O

CO1MOM,’.J3 I / l,RON ,F~1IRN ,TETRN ,F1t1,r2N,F3N 0

- 
0

~LtcT (3,I),Ot1T(7,t),C1iTN(7,7),OUTRLI(7,1),F0,ACC(3,j),Vj,V2,V3

LO~ICAL ~lOIE2
0!1EM~13~1 ‘I(!~ ) ,WKA P!A(la),MI(3,3),Fps(3,1, ,FTP5ST(3,1),S~~C0?4O(3,l)

0 %,DS(6),HOTS (~~),O 1(?,I),OSF (3,1),’1OTSF (3’,,TEMP~jC 3,j),MDTVM( !)

~VXTT (!,,VYTT (j) ,V~ TT~~~),RTT ),~~t1pTT( ,PS:P(3I ,TETA ~ (3),

~PMt°(3) ,flO”T (7 , I) , HOT ( 7) ,TAy LOR(7 ,j )
REAL L,LIr1,’l,M T

S 
4 * 4 4 4 4 3’ 4 4* 4 4 4 4+4 ~~ 4 4 4 4 44 4*~~ 44 4

‘INIT IALIZATION OF r9 ~AN OO H NUM~ !R GENEPA TO~ FOPS NOISE ~ENEPATION .4 •~~ 4 4 4 8 4 4 4 4 4 4 4 4  O• 4 * 4 4 4 4 4• 4 8 4 4 4 4  0 - .

P~INT(1O,9~
)

JJ$1
C*L.L RAIISET(JJ) 0

O’RNT 3.
T~ 3. 

0 
-

NCflE2*.FAL Sr. -

PGIPIT , “~~ ‘ T R’IT M MO~ !L ‘4... 0

• 0 • * *4 4* * 3 4* 4 4* 4 4 4 4 44 4 4 4* . 4*4 4 4 4

•INIIIALI!ATIDU OF TIlE MISALICNMENT A P1GLE~ WITH VALUES ASS~JME0 TO 9E
•TRlfl~.4 *0 a*4*4 $ .S8 .4 4 4 . . . 4 4*4 4 ., 44 4 4 4

FSt zPSTI
TcTAET!TAT •

Pq!zP~-lTT

• •4 4 S 4 4 4 4*4 4 . . 4 4 4 4 4 . 4 4~~ 444 44~~ 4$
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- oo ,o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~00 0~~000 ~000 ~~~~~~~~~~~~~~~~~~ 0 0 0 - 000 0 0 00  000 00000 000000~ 
00

TIlr M!!ALXG’IMEt T ANGLES TRAN SFOP MAT ICN PIATUX.

• 1. — ‘51 TETA
• C1A ~~~~ t. -PHI -

— .TCIA ~iI 1.
• 

0

• 4 S* 3 4 4 4* 4 4 ~~ 4 4 4 * 4 4 3 4 4 3 4 4 4 . 44 4 4 4

C’l~ (1,1) =~ MA ( 2 ,2)  :C M A(3 , 3 ) 1.
C 1i(2,t)=PSI 0

( 3, ~) :— TA
Cl~~(3,2) PHI 0

C 9 A ( j , Z ) = — C I A ( 2 , 1)  0 0

•

4XN T TTA UZAT IOM O~ ?OSTTOI’,IELOCI I.Y,AN) ~‘ECtFIC FOPCE.
• •*0 4 4 # 4 $ 4 4 4 3 4 3 4 4 4 4 4 4* 4 3 4 4 4 + 4.* 4

SC (t,t) J.

5 c ( 3 ,j )  3
X X V) 0 0

YzYO
7~~ l)
.VX VXO 

-vys V YO
V ’ V ~O
V~~QRT (VX’ IX,~lY VY+V’~~V7)

• 0 0 3 3 4 &* 4 $ +* 4 4 4 4 4*4 *4 4 4 3 4 4 4* 4 * 3 4

•EVAL!IATTOPI 3S TIlE ~4L!JE PF THE STATES FOR TIE’ TRUTH MODEL .
• 4*4 * 4~~ 44 4 4• 4 4 S 4 4 . 4 . 4*4 + 4 4* 4 4 4*

20 CALL MEAS’J~ E - 
0

0 WOITE (2)X,Y ,7,IX, IY ,VZ,SF(1,j),SF(2,j),SF(3,j),R,R!)

C.%LL C0”ITQDL 0

CALL DYNAMIC

CALL NOMIP$AL
CALL S’FORCE
‘F(AaS(r—o” .~vr, .LT. i . E—C6 ) Go TO ~ U

30 T T,OT
IF(T.LE.TF)C,O TO 20 

0

~ 0 P~ IPlT(1O,.)9) ~~~~“ETA ,r’ €1 LTA ,C, A LDHA ,L,X ,Y , Z , V ,V Y ,VY ,V Z, T ,BETAC,
c’)!LTAC,5~~(1,1),5~~c2,1),~~~(3,i),otJrc1,x), CuTc2,1),OUr (3,i),oUT(4,t)t ,3.~ C (1,1) ,Ac r ,(! ,1) ,AC C (1? , 1)

O ’tPl T( ~~3 ~~‘~~) T,  C0 ’IT (I ,  1) ,t 1,7)
O°!’lTz3PRflT+OP°~T‘:0 To 30 •

c~ R IIND 5
a~ INT., * .4MOO EL 2~~~~”

“QINT’,”M00E2 ,‘IODE’2
05! PSIO 0

°‘4!s°HIO
01 ICC NPl=i,3

P~~4tNO 2

fl’~ ?1T=3. 0

• •0 4 +* 4 4* 4 * 4 4* l * ~~ 4 4 $ 4 0* *4 4~~ 4*4 4

•!N1 14LE’A Tt’)’l OF TIlE MI5ALIr-Pa-~Ei-~T A 11G1C5 WITH THE ESTIMAT~ 0‘NOMINAL VALUES.
O 3 4 3*4 *  4 4 4 4* *4 . 4 3~~ 4*~~ •344 4 4*4 4 4 4

- Pct=D~ T4ArcT,Inn 0
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- rr 0 0 J 1  ~~.n, n.,r 0— 
~~~~~~~~ 

.000— 0005 — 0 - 0000000 0 0 .__P_rOO
~?.O00,,O_._~~o....•oo_ _.. ._.__ .00,000050_..__ ____ 00_ 0•_ 000_0_ .o. 0 - o  ~~~~~~~~~~~~

- I?T.~*T TA4AT~ 1 4,t3OO

‘ A°(l) = I O- r s T r i A
DUtp(p) ) t) 3~~”’4T
C” t (1,1) C IA (‘,2)=C”A (3,31*1.

4~~(2 , t)=P5t
C41 (3,1)  = — T E T A
CM~ 3,~~) P4!

2) —CIA (2 , 1)

• 4 4*4 4 .* . . . 4 0 $ 4.0*4 . . . , . 4*4* .*4

1’l!TtA.!..t!ATtD l O~ ~O T!01 ,V!LC ITV ,SP C’F!C Fn~ CE,AE’~0i(~1AMI C
4VA L t J E S , T r 3 C O~~1~~TT s) PI A’)l OISCE~~SION ‘1~ T~~tX F•LEMEUTS ANO T ACE ,
•AM-) S~ ’l3ITIV !TIES.
•

X ( O
v=YO
7=10
VX VXO
VY V Y O -

V~~ VZO

O ETA SO .
‘1ELTA O.
0=3.
AL”-IA*].
La).
00 55 I 7,3A 0

IJ(t)s3. 0 0 
0

53 CONTINtI! 0 

0

0’) 52 1*1,3

~
() 52 J t , !

~E3SV (I,J) G.
S~~ PS(!,J) O. 0 0

*1(I,J)=O.
32 COMYIMUE - 

- 0 0

OLITN (1,1)=1./ (3M~ RN)
O’?TP4 (2,? ) =1 . / C ~~CM~ R~ Pl) 0

0111 N (3,3) = I •/C “ST .~~ P1 SI ~ N)

0l.IT’1(!,5)j./(~~IPI-’FIH)

OhJT~4 (7 ,7)=t ./ (F !N+FlN)

OIJTsl(2,1) O U T 1 ( ~~,t) CUT~ (~.,t) OUTll (~.,l)=C,J T Pl (c ,1)=O~Jfl l(?,t) 0.
0’11~l(2, 15) ( J T l (~~,..) CUTt (2 ,5) OtJTT ~f?, ô) CUTtl (2 ,7) D.

Ott T ’ l ( 4 , 3 ) = O L t T l C c ,3) O 1J T t ( ’~,3)=UUfl1(7,~ ) O .  0

( ? s rM (~.,5)=o 1T,- l ( . , b)=cu T p: c ,,,7) =0.
O~JT;1(~~,.)= lT’l t-~,.)=OU TP.t (7,j.)=O. • 0

O~l l ( 5,5) 3’JT t l (7 ,5) 3.
‘)‘ITN (5,7) 3UT 1 (7, ~) 0.
0’) 50 ‘(‘ ~~~~~1,

5
~~~~~~ 1 • 0

P O( 5 ) KO , ’,(1UT~ ’J( t) ,t=l,7)
D (i,1)=0II~~~I(5) —SF(1,1) 

0

C (2,L)=O1) 0!Jt,)_SF(2,1)
flSc (3,1) 0,JT01(7)_SF(3,1)
CALL “EA SUR~
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~ 
00 00~~ 0 000j 50000 ‘ _ _  0-0- OO_ 0--- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 5-0~55-00 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0000 050 ~~0~~~~~

CA LL S~ NSc~IT
TF(( —1 )—1300* ((f(K—1)/1O3G).EO.3)P~ INT (1C,5ó)((SOUTEPS (I,J),J=1,3

A ) ,t I,7)
CALL PIC3MAT
‘~1 St I t , T

~QiT(I ,1) = ‘)UT”J (1,1) —OU~ (1,1)
‘I ‘~1’1TIMtPE

E~ 3( t,1)= cSIT_ 0S 1

CALL IlaT 9 (~ otJT!c c ,Er~5,TAy LOR,y ,3, 1)
0(1 52 1:1,’ 

0
,

N1’(I):)QIJT (T,j)_TAYLCDU,j) -

‘2 CINTItIUE
CALL CO~ITD3L

CALL 0YtlAMI~F’l:t.

CALL EULINT (U,K,.01) 0

‘)fl So 1:1,3 0

1’) 55 J:j,3
c’~~SP(!,J)=?J (33I+J#3)
c~3SV(!,J):tJ (3’I#J+12) - - 0

M(t ,J) ’J(143 0 J + 2t )
55 CV)ITINU!

CA LL NOMINAL
P!AO(2)XT,YT ,’T,’IXT,VYT ,V!T,SFIT,SF2T ,SF?T ,RT,RO T
ICC ( K!(—I) — 1 Q C J ~ 

( (Ki(—1) / 1C.~0) .~IE.0 )GO TO 51
Y~~~U’ ( ”Z— 1)/ 10)0+ t ) =X T

V v T T ( ( < < — t ) / i j a ~Y # 1 ) = v x T  0

VYTT (( —1)/1].))+t)~~vYT
V!TT((!(<—1)/1 3)+1)=VZT 

-

~Cj(( _1)/j~~~~i1)=~ FtT

SF~~( (i(K—j)/1G)~~’1)=SF3T
OTT(( 1)/1O~ ,)41 )t ~T
Q1TT((’~(—1)/1)3G +1) :~ OT

St (‘.A~.L SP~ORC~ 
0

ICC ( K’ (— 1 )— 1 3 3 0 ’  C ( ‘ C K — l ) / I C O O )  .!O.~~) PPINT (10, ~7) ((SEcSP (t,J),J 1,3)
t tst,3),((SE~ SV (I,J),J 1,3),I:1,~~),((SFCP$(I,J),J 1,3),t 1,3)
VtT VXT +PStT4VYT—TET .~T*VZT
V!T:_PSIT.VXT .VY +CWIT*VZT 

0

V5T=TET4T*VXT~ PMIT4VYT +VZT
fl/-$ (j~~j) :VjT—Vj
DV-t (2,1)=V21—1 2 

0 
-

“I’(3,t) V ’~~—%l 3
CALL UAT9 (flFOV,DVM ,TEMP1,3,3,t)
‘~•l 53 121,3u.1vsr(I)~~~sr(I,1)_TEMpj(x,1) 0

¶3 COITINUE

fii(2)zYT~~Y1S(3 )=ZT—7
IlS (4 )sVX T ~ VX

fl~ (S ) :V ?T — V 7
C-A LL MAT . l(S EP33 ,E?5, Ftc~ T ,3, 3 ,i)
CA LL MA T1 (5E P c~~,EP!,SErcp1O,3,3,1)
CALL MATM ( M’ ,!PS,TE~~~j,3,3,1)
“0 51 tat ,3  0

W ’TS( I) : f l5( 1) —r~~ç~si (1,1)
T V 4 ( I ) z f l V M ( ! ,j ) _ T C 14 Pj ( i ,j )

201 
0

~ 

. 0 0 0 0 0 0  ~~~~~~~ “ ~~~~~~~~~~o



r 0 0 0 0_5 5 _-0000_ -0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 0 0 0 0 00~~ 0 0 0 0 0  0 0 00 0.~~~~~

~~ C’VIT1~I’JE
0’) 53  1:4 ,6
IliT5(I):OS (t)—SE~ I)PID((I—3),t)

58 C’)ITIII’J Z 0

- 
1?(((<_ :)_1~~~;.(Cv,~_1)/10~~La.NE.a)C,O ‘3 75

03115T( LG ,73) 0’, -~ ,‘lOTV M
P’~~IT (t0,7’e) ~ ,-‘0T~ F
DRtMT (jf),51)~~fliJT,~~O?

A T A ~~,5F(i,1 ,~~~(2,t),cF( 3,1),OUT(t, t ,OUT (!,1),O1JT (3 ,1),0JT(4,1)
‘,A~ C (1,1),A ’C (’.t),ACC (3,1)

‘)~) 57 1:1,?

I.l’)TOlJT ( ( 5 & ( M~~1) # ( < K— j ) / ~~Q - 3 J +j )  ,I) HO T (t )
57 CIMTIMUE

IF(I(K.Ei.1)~~fl ?Q 59
CALL . LINV2F (M ,T ,1,MI ,1C,~~~~~~A ,IE~~)
TR1(5~~(N—j).(<<—I~~/10GO .1) tI (1,1)+~-II(2,2)#9I(3,3)

~~
° C3-lTI~lU!

°~ IPlT( 10, 78) T~~ ) (
~~

4 U’—l) + (< ‘(—1)/1 )  ~C+1)

O AT!T4 (Mt(2,1)~~!J~~~~~4~-4I(2,2)4U(35)+~’I(2,3)8U (36))4t03O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ETfl (6.(H—1)#( —1),1C~~C ) ( TE T A T — T E T.A)~~tI)0C—AT ETA

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Pt!MT(1C,g2)KJ,~I,flPsI(64 (N_1)4(K<_ 1)/1)CO+1),r~TETA (~~* 

0 0

( ( ‘ l—j )4 ( < ’ (—t )/ 1 1~~0 +1) ,DP’I(& ( N — 1 ) + ( K K — t ) / 13004- 1)
75 C’VITI’IUE
,0 COiTt’IIJE

Ie 4I~1D
130 C0 1T1’l’JE 0

DSITp j 000 PStT

0 HtTP 10~3C’PHIT 0

DRtS 1T( 1O,14) PI’tr~,T ETATF ,PHITP
14 FO~”lAT (”t TRUTH MO0EL~~,5X ,”EPSITRUC ,2(E9.2,”,”),E~3.2,/1X ,

~~
‘ ‘C.’) = 3•• ,/ / / )  - 

0

D~ IP1T( 1.J, 16)

15 C0~MAT (2X ,”TI-tE • ,~1X, X~~,13X , Y ,13X ,‘Z~ ,13’< ,~ P ,/)
00 17 I=t,f,
DQtI,T (j0,jS)’YME’(t),XTT (I),YTT (I),7TT(I),~ TT(I)

17 ClITI’IIJE
t~ Cfl~ M A T (2X ,FL .i3,3Y ,4 (E12.5,2X)/)

0’!NT(1G,19)
19 Cfl 1AT (!X,”TIlE” ,3X ,~~VX~~, 12X, ’VY” ,12X ,“V7”,12X ,~ RO”,F)

0’) 21 1=1,6
P’tMTt~0,1t3)TYMF (t),VXTT(T) ,VYTT (I),VZTT (I),~~OTT (I)

21 CO ITIM’JE
PRPJT(10 ,‘2)

2! Ffl AT(2X ,”TI ,6X, SP.F~ C.(1)”,5X, SP.F~ C.(2)”,5(, SP.FRC. (3)”/)
0’) 23 1:1,4
0
~ TN’ (1-3,~~-.)TY!-lE (!),SFi(I),SF2(I),SF3(I)

~~~‘ CO ITI’IUE’
24 C3’MAT (2Y,F4.3,~~X , 3(!12.5,3X)/)

03 15 P1:1,3
P~tN T (1f) ,1 DS1TP ,TETATP ,OWITP ,PSI0(N) ,TrT(~ (N),~ WI”(’l) ,Pi

t ~o~~i~ir’i. MOIEL 2”,rX ,”~ZQSIT F.~UE:”,2 CE~ 2.5, , ),EI2.5,/3~C ,
A”WIT’l MDIS~~~,X , ” P ~ I ,2(E12.5, ,~~),E12.’,~~3X , Ki  4 3••,
A 5~ ,~~ITF~’.A T TOPI .

~

°‘~I P 1T ( t O , 2 )
~ cn’MATC ,”rt l~ ”,5x,”DELTA (R)”,7x, HOT(p)”,3x,”OF~LTA (R0)~~,
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‘I() I. 1:1,4 - 

0

(1cLT’)1J.( (C’ CII~ t ) I-I) ,2) ,l-’OTOUT ((6’ (lI—i) ~I) ,2)

~ COST I’IUE
- 

,, ~ .3 r1~ .f1t (4X,FI1.,),4X,2(!t2.5,2X) ,2(2x,Et2.’)/)
0 0

~~ NT ( t~~,5)
5 ~AT (”Q~~,3X,”T!-IE~~,5x , ELTA (A 7.r,5X ,”4OT(AZ.)~~,7X , 0

1’) ~i I=t,F
~°I~iT i~ , 3) TYME (I) , O ELT -( .U T(  (6~ (P1—1 ) +1) ,3) ,HOTCUT C C5’(’l l) ~1) , 3),I)LTOIJT ((&* (I1_1)+1) ,’,),IOTOUT ((C+ (,I~~t)4!),4)6 C’~ 1T~ ’4lJ~oRr~aT c t 3 , 1 ) tr~~,rEr f t rp ,pHrrl) ,ps t ac p , ) , TETA D( N) , oHr,(’l) ,N 

0

C~~~iT(  13,?)
7 14r(1x ,”;t” ”,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
UX ,”HIT(5F2) ,2X , TA(SF!P ,LX ,”HOT (SF3)~~f)
3’) 3 1=1,5
°‘IMT( 1C,° lvi: I)~ LTr (ST ( (~~‘ (P1—I ) +1) ,‘s) ,4OTO(JT ( (‘~‘(N—1 ) +1) ,5)

‘.4!) ,7) ,‘IO TQU T (  ( “  ( N— i )  4 1) ,?) 
-

8 ~‘)‘1r t?lu!
• 9 “)~ ‘lAr (ty ,F’+.c,1x ,2(E9.2,ix),1x,2(Eg.2,Ix),1x ,2c!3.2,2x)/)

~‘NT (t0 ,11)
Ii F~~~ AT( SX ,” 7 t E , ’X, ”T~ tCE O F X ,3(S’lE~ Tt 4ATE,’,X)/t5X,

A ’’)SP St I”,c~X, 3 (äHE~ RCP IN,~,X)/i7X ,”MAT~ tX” ,1CX,~~~S I ,

“1 12 1:1,6 
-

(N—I) +1) ,O~ 9I(~
, C M— i )  i- I)

12 COMTIPIUE -

1! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~73 FPMP,T (1X, ’DV 1 “,3(E12.5 ,2X)FiX , HOTV0l~~~,3(Ej2.5,2X)/)
15 C~

) STI?IU!
35 FO~ 1AT (tjY ,3( .2,2Y)fj1Y ,3(E3 ,2,2x)/jjX ,3(Eg .2,2x)/tX,~~~

()1JTEpS=

73 O~.’IA’ (tX , TR)= ”,~~t2.5/) -7~. ~~1A~~(IX ,~~0S~ = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
77 e’) ,MAT (t~C, ”i~~ ,3( E 1 C. 3 ,2 X )/ j 6 x , 3( Ej 3.3, 2 X ) / t X ,~ -43T5: ’,

~i F3~ .1AT (1X,’OOIJT= ,~ (E1C.3 ,2X)/1CX ,3(E10.3,2X)/IX,”HDT ~~
•,

A ’i(Ej O .  3 ,ZX )  / j :~x ,3( E j~3 • 3 , 2 X )  I )
79 ~O 1AT(iX ,~~H0’~~-’J= ,cc,.15,.+ (?X,E9.2,/13X,!(2X ,Ea .2)//)
37 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,3(E9 .~~,2X)/ttX ,3(E~~.2,2X)~~/A t t X ,3(C .2,2X)/ 3X, ’~~~P~~’= ,3 Eq.2,2x /i1x ,3E~ .2,2~~ /,

tttY ,3(E3.2,?X)/’~X,”!FEF~ = (E9.2,2X)/11X ,3(EO.2,!X)//)
92 F0~MAT(jX,7 H’~ELFP5 t ,I1,2X,I1,3E13.5/)

~;~! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ ,
.
~(•• ,j~~)( ,Y” , 1. ~i ’(,”Z”, ~~~~ 

“,i
~ , i~ x , VY~~,9X ,~•VY• ,3X ,~~VZ” ,// ,cx, 1 ,8X

R ,9X, ROO T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,7X ,”A- C2 ,?X ,~~ACC 3 , //)‘30 c3 AT (5y ,t 1, x,~~(E .~~,~~x)/1x ,?(E1c.3,tx)/1x ,F6.3,;(,
t2(!tO.3,IX) ,11( ,3 (E13.3 ,IX)/tX ,?cElG .3,IX)//)

Eli,

“L3C’C ‘)A TA
°EAL L,M
C.fl9’)9/TIM~~?JT, ‘T ,TF,OPcT ,M,’C’(CCI-I lOl/E~ ST’IJE/~’STT, TET (T ,PHIT

‘) t ~iop 1,E p s : o r) 0
~~~o, IZTAr I ,P’ILO

0 C O:l/C3 R0L/ ’~D, T A C , ELT AC
C ’ lMO’!/OYNAt1C/ ? ‘ A  ,)!L1 A ,’) ,-ALPHA ,L
C0 I’AO’I/I’ITTTAI,./vO, Y0,ZC,V~ Q,VYO,V?O
C’) 01/S M S T A T /  3C~ I5~~ (3  ,~~) ,~~E~ 5VC 3 ,15)
~~~~~~~~~~~~~~ ~.‘ ‘9  , V’P4, ret ~PI ,TET~~4 ,F1U,F?P1, F3N

0 COIMOU/INFOMAT/-I (3,3),H(3,t),QM(3,3),DH(3,t)

0 
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? % ‘)T,TF,O~~~T/.~~t,5t.,t0./
% A T A  ~~~~~~~~~~~ ,“-I ITJ1 .E— ~~3, 2 . F — . s ,’.E—C! ,

“A T.’j PcTO,T!TA-),~~’IO/ ’C./
- 

~~~~ ‘C”/3~’ -

“V *TA .~~!TA ,1 L T 4 ,’1,Al~~~IJA,L / .O./
-

- OiTA XC,~~O, ! O , V Y i ,V Y O ,V? O/ 2~~t 0 ) C .  , t:3. ,25)0. ,  1500.,1C./
I..TA 3~~~SP,S~~~~V/18•0•./
OT IA ~‘l, ~‘CN ,PStr 1, TET •N ,FIN,F2PI,,314,2.tQ .,2’.CO1,3’32.2E 33/
OATA 9,~4/9’0,,3’3./
C’S,
S!IIROJTIN! OHTPOL

•
,~ , f ) ~~~t5T ? ’5~ CO NTROL ~E~I~ RA T ES T U~~EE TYD ~ S OF COMMA ’lOS FOR
.r.~~LTA A 10 9ETA.
• 3 3 4* 4 4 4 -’ 4 4 4 8 4 4 4 4 4 4 4 S* *3 4 4 4 4 4 .*

f~ilMOI1/TIMF~ /? , t~T, Tr ,OFF T ,N,’C’(
~~~~~~~~~~~~~~~~~~~ ‘3ETAC ,DELTA C
~~AL ‘Ct,~(2,’C3,’C~-
QATA (’Cj=.0!,3),(K2= .03),(K3= .307 ),(K1t .302) ,.(Wt:.1),(423.2)

El. 1) 10 , 20
1 fl!LTAC=~ 3.K~~~St Pl(W2’TC)

0 
~~TAC :1t ’TC

20 I~~( ’C O . E ’) . 2 ) 3 0 , k 0  0

‘0 O!LTAC ’C3
~~TAC=’C1*T’~o!(2 SI’1(Wt4TC)
RETIJRM

0 -IC °ZTAC:<1’TC#K0’~~SIM (W1*TC)I
~cLTAC :1C3+~~.*SIN(W2*TC)

SJ~R0UTIP1F ‘)Y’IAMIC
•

‘SU~~’OUT!PIZ 0Y~lA~~IC CAL~~ULA T EZ THE VALUES OF ~ETA ,OELTA ,l (PITCH 
0

•A!e),AL~ I4AC~t~I~ LE OF ATTA C1 ),ANO L (LIFT) “4SE~ ON AN !UL E~
‘IPlT~ C”ATI0M R0”TINE. -

• •4•-****-’•* ~~a4q•34e4~~ *4•**a-444* 
•

C1’lMOPZ/T I~lER/T ,~~T ,TF ,CPFT ~PS~~I(I(
C)11ON/OVPIA ’tIC/~~~~A , ‘)ELTA ~ t) ~ A L P H A  ,L

t1.! T (3 ,j ) ,OUT (7 ,1) ,OU T N(7 ,7) ,OUT RIJ (7 ,1) ,F!3,A CC (3 , 1) ,V 1,V 2 ,V3
‘II!MSIO ’-I U(4)
P1 AL L,LtFT -

U(1):9ETA

1, 1) :1.
GP,.~~(2,2) =GA fl(3, 3)=COS (U (i))(~:A 4 ( 3 ,2) :S! ’ l(? I(t ) )

CALL. EIJLIrIT ( lJ ,’C,.ul)
P!TA:U(1)
l~ LTA ~ UC2 )
0 !J(3) 

0

0 
AL’,IA=II(4)

S’I’RQUTINE PSOMTPJAL
4 S *0*4*44 0+44 44 444 *44  + 4 3 4 .  a **~~*
35’ I-1~~O~’TTtJ E ‘SOM!~iA L CA LC U P AT E! TH E VALUES OF THE MISSILE POSITIO N
‘API’) VEL OCITY IN T~~E A/ ~ F~ AM r , ~A SE~’ O’l API !ULF’~ ‘~OUTINC.
• •~~ * 4 * 3 S* 4 4 4 4* 4 * 4 4 4 4* • * ø 0 4 4* 4 4*

0 
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r~~~~~~~~rv~~
o o 0 0 0__ ~~~~~~~~~~~~ O0O50 ~~~~~~~ 0-00, .o 0~~~~~0 O 0 0 0~~5 0 - 0 - 0 o 0 0 - 0~~~~~~~

C’)~M3 I/TI’!~~/’, OT ,Tr ,b~rT ,M ,’( ’C
C ION/!DctLfl l/ ‘~ST , lET A ,c i-’i
C’I ilO’l/93’ ’9AL/Y ,f p 7, VX,V V ,VZ, V

C’ ,t) ,0J7 ( ‘,I) ,CUTPI (7 ,?) ,oUTRIJ(7, 1) ,F~ ,ACr (3,1) , V t , v 2 , V 3
- ‘~T’lE~4S1O’l tJ(I~,)J( L) :X -

lJ (7) ~Y
U(3) :7

IJ(~~) VY
‘.‘(S) VZ

C-~LL !UL INT(U,’C,.3t)
V=V)’LT(U(4) IJ(4)+’1(~~) U (5)+UU~)4U (6))
X=’J(j)
Y:’P( 2)

VY:UC4)
VY :UC~ )
V’:U(S)
0.!TURN

!‘T’RO’JTINE SPFORC~
• - 4*44 *4 4 J~4044 448  4 44 8* *4~~ +~~ 4O

•SU )u’rtN~ S°FO~ CE CA~ CU LAT c ~ THE S3ECIFIC FOP ES MEASURE) DY THE
•TW~~~! A EL !ROMFT~ -~c OU TIlE “T~~5ILE.
• •44 ~~ 4 4 4 4* 4 4 4 4 4 4* 4 4 4 4 4 4 I 4 4 4 4 4* 4

C’)4’lO’1/TI’~!:R/ , OT,TF, OP~~r ,N ,‘CI(

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C’)l9(Y1F!lO”!’IAL’X,Y ,Z,VX,VY ,~l7,VC3lMOPl/S !’ZSTitT /S E~ 5c (3 ,~~) ,SE”S V ( 3 , 3 )

cLtFT(3,1) ,oJIu’ ,1) ,ouT~u7,7) ,OUTRUr,~~), Ffl ,ACr(3, t) ,VL, V 2 , V 3
C1-1’-’Ofl/LOC,1 /- 40’)E2
3I1!’lSt’)’l GA (1,1),GAF(3,1),TEMP1(3,1),TEtl~2(3,1),T!lP3C3,I),
%r!’lP4C3,3),Or 1(3,!,~ rAV2 (~ ,3),Dr,!V1(3,3),

3, 3) ,~Sr.EV3 (3 , 3) ,CAN (3,3) ,OVEPS (3,3)e~~ I. L,LIFT
LO’~ICAL 900E2 -

L!~ T (1,1) L1~~T( 2,1) =0.
VI VX +0SI’VY—TE A ‘V7
V2 —0~ I’VX +’ lY+~ I-lI’V7
V3:T ETA V X _ c Ht 4  V Y + V Z
A 3QDT (Vt’V1#’I 2~ V2)

( 1 .1) V t / A
~AMA (2,2) =5AM~~(1,1)GA MA (1 ,!) —V 2FA
r,A-lA ( 2,I )=—GA I-I A (1,2)
r.3’4A (~~~3) j
GAM A ( t ,~~) A l A ( 3 , t ) : G A P ~f ( 2 , 3 ) ’ G A MA ( 3 ,2F O,
tA’~E (I ,i) A / V
fA ’~E (3,3) =r,AHE (1,1)
~,A-jE (3 ,1) :~J3/~/
‘~A 1E (1 ,~~)— C,A lE(3,i)
0.A4E (2,21:1.
r4IE(1 ,2)=’A MEC2 , ~):GAP~F(2,3) GAME(3,2):0.
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~
CALL “A T M(GAM ,GA,GAF ,!,!,i)
C-ALL MATM(~~4?4.A,GA F,SF ,3,3,1)
I’(MO’)E2)C.O TO 1)
qcTUP.N 

- • 0 0 0 0  • •  - - - - o o •
0 , . o 0
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-00~~0-~~ ~~~~0 • .O0 5~0-00o 0 0 0 0~~ 
0 000 000000 0 ~~~0 0  0 00 ~~~~~~~~~~~ - 00 

00 O000=0-0~0-0~~-05-~ 0 -~~~~~~

~0 C1’ITT’IIIE

00 20 .1:1,’
0’) 2’) 1:1,7

- o Vt (I,J)=~~G4v2CI,J):oc.Ev1 (t,J):r)C.tV2Ct,J)=)rEV3 (I,J)=0.
703 CO~ITI’1U!: -

V-IC 1, t )  .AV 1  (2 , =V2 V2/A’•3
‘V~LVt (i,7)=’Jt• 12/A~~’3

O V 2 C I , t ) ) G\ 1 2 ( ’ ,2) — V 1 4 V 2 / 4 4 4 3
OcAv2 (i,2)=—v~ -~ ’-It/a’~~3

~~A J2( 2 ,j) :— r” . 1j ’( i , 2)
~~~V1 (t,t )=Dl~~ i1(3 ,3)=V~ ’V3 V3/(A’V”3)
1 Vt (1,3) Vi4V3/V .4~
Oc~ vj C 3 , t ) = — ~~~~v 1( i, 3)
‘r~~I?(t ,j )=)C~’J2(’ ,7)=J24V 3 .V3/ CA”J”3 )
)0EV2( 1, 3 ) V 2~ ’J i/ ’I~~~
“~EV2 (3, 1) ~

)~~~V2 (t, 3)
“ !v3U,I =1czv= 3,fl=—t~~V3/V..3
‘)‘~~V3(!, 1) S’- ’~/V” 3
1’~~V 3 C 1, 1 ) _ ~D E V3 (3 ,1 )
CALL MATM(OG~ ’!j,~~AF ,TEMF1 ,3,3,t)
CALL ‘I4TM (~~f,EVt,r,4 , E ~~P2 , 3,3,1)
CALL MAT M(r,AMA ,TE-’P2,TE~’P3,3,3,i)

- FM) 30 1=1,3 0

fl~ OVCI,t) TEHD1 (I,1)+TEI~P3(I,i)
3~ Ct1 1T~ MUE

CALL MAT4 (3SAV2,GA F ,T~~~Fi,3,3,t)CALL MAT ’l(’)r,~~l2 ,~ A, TEM r~ , 3,3,1)
• CAI_L MATM (GA11 ,T!MD2,TEI’P3,3,3,1)
00 1.0 1=1,3
0~)V(I,Z) T~ ’t~’t (t,1).TE”P3(I,t).1-0 COitt*’IUE
CALL MATM( fl~ El3,GA ,TE~ P1,3,3,i)
CALL MA TMC GAMA ,T!MP1,T E~ P2,3,3,1)
0’) 53 1:1,3 

0

0F1VCI,3)= !F~l02(I,I)50
0’) 60 1=1,3
0(1 50 J1,! - 

0 
0

CA-l(-J,I)=CMA (I,J) - 
-:

60 Ci~IT!U’IE’1~IcPS(3,2)=VX
flV~~ SC2, t ) -VX
!),FPS(j ,1) V Y
fl ’PE D S ( 3 , 3 ) = — V V  0

OV!PS(2,!)=V7

1V~~0c (  1, 3) =1V~~~S(2, ?) =C VEOS (3, 1) 0
~‘ALL MATM (CAM ,S~ ’SV,TEUF 1.,3,3,3) 

0

01 70 1:1,3
r)~ 7~ J :j~~3
~~~D (I,J) TEuP~.(I,J)+flvE~ S(I,J)

70 ‘1’ITI’HJE’
CALL MATM (r)~ r)I,rE—sF5,SFE°S,3,3,3)
I~ ( (‘CC—i) —ICO J ’ C (‘(‘C— I) /IOGC ) .PIE.3)C,O TO 80P~ !NT (1’),7t) ( ( ‘) V~ P S ( I , . J )  ,1 1,3) ,1 1,3)
0’!MT (t0 ,72)((T~~-4~~.CT,J) ,J 1,3),I=I,3)

~‘tNT (1,73)((TEi,~5CI,J),J= 1,3),t t,3)

71 F1~ 1lAT C1 iX,3(~~L2.5,2X) /3X ,~~0VtPS: “,3(Ft2.5,2X)/,ttX,3(E12.5,2X)/
Al)

7! F M C I 1 X , 3 ( Et ? .C ,2x)13X ,”TFMP4= “,3(r12.5,2x)l,i1x ,~~CEt2.5,2X)l
Al) ‘

73 F~1PM1TCiiX,3(Et2. r ,2X )/ZX ,”TEMP5= ~ ,3(E12.5,2X)/,ttX, 3 ( E 1 2 . 5 , 2 X) l
• ‘I)
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0 O O C  00 0 0 0 0 0 0 00 0 
r - -~~~~~ -00~~~0-’ - ’- 00 •~~~0- OO- - - - 0 - 00.~~~~~~~~~~~~~ 0 0 0 O ~~~~~~~~’-

~~1. r’))MAT(1Ix,3c~~i?.
!,2.x)/~ x,~ oF0v= ~~~~~~~~~~~~~~~~~~~~ 3CE12.5,2X)/ 0

Al )
8’) CALL !lAT9 CP4 A ,SF!::S,SFE~ SA,3, 3 ,3

P~ TURP1 -
• ~91 

- 
0

O 
‘‘I3’OUTI’iE 4 C t 1 t1RE -

4 - • 4* *4* +4 4* ~~~~44 4 4 4 4 4 4* 8 4 + +* *4 4*

•SU-1’~r)ljT!~iE MEAS’J A LCUL4 T E~ T ’-’F~ RA N~E,~~A Plr,F ~ATE, AZIM’JT 1,
4AIl-D !L IATIOP5 AS - ~~SURE ’ ~Y THE ~Af lA~ IP’ TIlE A/ C ,AP1D A rY) S NOISE
•70
3 . .* 4 3 4 4* 3 4 4 . 4 4 4 4 4 4 . . 4 3 , . 4 3* , 4 4

C’) iMOMlTtME~~/T , DT ,T F ,’~PF T,N,’CI(

v
~~r) l M0p l/ q An4 p./ o~~~,pO
1 IMO’S/P1OI’~V A ’/~~N, ~ l~r1, c TQN ,TE’TR;l ,r lp l ,F2p 1, F3N

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A L !(3 ,1) ,OLIT ( ’ ,t) ,C UT NC7 ,7) ,OUT ,JJ(?,1) ,FO,ACC (3 , 1) ,V t , V2 ,V 3
C ’) l1O ’-I~ L O G I ~~/ - ’ O ”E2
L~” ICAL ‘1OiE2

~49 C.
D=’~ORT(X*X4Y4Y+73 ’)

T T A P. Z/R 0

‘IF (MOOE2) 0 10 10 0

CALL NOIZE (PM ,C1 .,WN)
to our (1,1) R+U~~S

I~ (M’)0E2) GO TO 20
CALL NO13E (V)~1,C.,WN)20 O’ I r (e , i ) =RO+WN • 

0

!~~ 
(MODE !) GO TO 30

0 CALL PlOI?E S:~~’l ,~~.,WN) 
-

-

30 ‘)‘IT(3,1):P!IR+ W P S
IF (1100E2) CO T O 

~ 3 
-

CALL PIOIZE (TET’M,O.,WN J
4C O’IT (~~,1) T ETA ~~#W M

IF (MOO!!) GO 10 50
CALL NOI~~E (ri’),0.,WP1) 0 0

56 OIJT (5,1):cr(1,i)#t(M
1 (MOO!2) GO TO ~~
CALL P1OtZe (F2’~5,Q.,WN)

60 OIJT (S,t)=!F(2,t)+WPi -

ir (MODEZ) GO TO 76 -

CALL NOIZE (F31,0.,WN) 
0

?0 fl’l (7,t)=!FU,t)#WN
RE TU RN

S’I3ROUTI1-IE C (lI~~ p)
• •$ 4 4 8* 4A 3 3 4 4  0 4 4* 4 4 4 0 4 4*4 0* - 4 0 4*  0

•SU~ ’~(1tlT!P1E F CALCIJLATF S THE ‘~!~ IVATIVCS ,:EE-lFO FO~ THE EJ..E~4INTF1- R A T ION FO’~ SIJ 1~~F)UTIP!E! 
r.YNAMIC PIOMINAL, ANO S!P~STAT.

4 45 * 44 4 0 ~~~~~4 4 4~~~ 44 4  ê 044  4 4+  * 04~~4•4

C1lM3N/EP~ ILO’l/ ~SI , TETA ,PHI
ro-lMo?l/’)O’lrl’’~L/ ‘(0 , 3F T A C , DE LTA C
C14IIO~1/3Y’7AIT’~/~~~TA ,‘~E L A  ,Q,ALPHA,L
C’)lt4OP1/PIOuI~4AL/X ,Y , 7, VX ,VY ,V7 , V
C’)I?fOM/SENS1Ar/~ EøSr’ (3,7) ,SE~ SV (3,3)C’)lMOPS/SE’I °C/ S S( 1,3) ,S EPS (t ,3) ,SF3EPS(1,3) ,3~~ PS( ’ ,!1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
0

tL?cT (?,2),’)UT (?,l),CIJTP (7,7),OUT’~U(7,j),FO,ACC(3,i),VL,V2,V3
r,IMOMILOr.IC/”00E2

UC 3 , )  ,P(36)
LOGICAL MOO!2 0 - ‘ ‘
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F ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
005-O~0-0000-0~ o0o~ o 0 0 0 00 

~~~~~~~~ ~~, ~~~~~~~~~~ - •
~~~-..

C~ AL LAM0A ,hIU,L, ’0l0 ,~’A ,HC,LA ,L),LIFT

T’ CE’) ) te,?3,30
•~~IJ3 ”) ’ .’T TP1 C F ~CP c’,l”)’JTE’IE CY?,AHIC

13
— 

°(~~)-~~ LA’tO~
4 (‘I( ‘)—O ~ L T AC )

P!TUR’I
F 

~~~~~~~ S’I’)’~0’1TINE P’O’ITNAL
20 °(t):lJ (~.)

P(3)=lJ(5)
0 ( 3 )  U (4)
CALL MA~ M( C~~A ,~~F,.A CC,3 ,3 ,i)

3) =t~C’) (2,1)
5) AC’) ( 3, 1)

~~TURM FOQ THE SENSITIVITY CALCULATIONS
33 P(’)=U(15)
- D(3):U(17)

° ~~ U (13)

0(tt)zU(26)
°(t2) 1J(2i) -

°(13) ’J(22)
°C14) U(2’) .

~‘(t5) U(2’)D(15) —S F(2,j)45F~ P~ 4(j,j)

~ (t9)=!F(t ,i) .3re~ SA ( 2,~~)

(3 , 1)
°(!3)=—SF(1,i)+SF~EP!A (3,2) 

0

D( !4) (2, 1) (3 , 3)
00 130 1=1,3
‘(334-I):flI-~ (1,1)
0’) 130 J:1,3 0

P(!t+j.3•J)=39 (I,J)
130 Cfl’ITIUIJE

EM)

S’l1~ 0UflPI~ CE•’lSO’IT
•

•5’J’)°OU~ IPJ ( ~~~i~ O~J-r CAL. r.LJ L A T F S  THE OUTPUT (PA~~A R ME~ 5URE’lEqTc AND
•SP!CtF!~ F3°CES) c~ .J~~~r~~~t 17~~ w ,~~.T. THE r~tSALIG iMEHT .A’l~ LES .
* 4 * 4 4 4 0 4 8 + 0 4 8 3’4  4 + ~~+ + 4 4 0 4 8 ’ -  *4+4

C’) $MC~1/T!~~~~/1 ,‘ ,T~~p~_~~~~ j,(’
(_ _-_————--————--—

~~~~~~~~~~~~~~~~~~~~~~~ V X , V Y, V7, V
r’)4MO’I/SE’~~~AT /~~~’~~FC3,3) ,SF~ SV (3 ,3)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C’)4~ ON/S!P-’~ F/’1EPS (1,3 ),S~ 2EFS (i,3),SF3 PS(1,3),SF!OS(3,3)

A, (CCP5iA(3,3),D~~~/(3,3),T!l~.P~~(3,3)
O Cl O’I #’~ L6’I’(/ 4 ( 3 ,3, ,GtP .4 (3 ,3 ) , r,A~f F(3 , ’),Sr(7 ,1) ,G43(3,3) ,

• ALI1 (3,L ), JT (7,i),CU $(?,7),OUT’t)(7,t),F’),ACC (3,i),J1,V2,V3
flti!NSIOPI PR (j,3),V~~(1,3),x y (1,3),xv2(1,3),TEHPj (t,3),1E9P2Ci,3)
R:’)tJT(i,t)

PR (1 p 3) = 7 / 0
P’f lz (X ’~JY +Y • V Y ,7 ’ -V ? )  l( R~-~~)
~~~~~~~~~~~~~~~~~~~~~~~~~ )• . . . _ • • • O _ • •
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-
— _________ 

00 000 
___00 

00000 ~~~~~~~~~~~~~~~~~~~~~~~ ______

V~.(1,2):(VY/R_P/D4P0(1,2))
V0(t,3):(V7/P_DJ~’PF.(1,3))CA LL ~ AT M(~~~, Dcp ,-~oiPv ,1,3,3)

~~~ ,
- 

‘ CALL T M C V ~~,S!P3~~,T !M°i,1,3,3
- 

- 
CALL M . A T M C P R , P 54 , T ! M P 2 ,j , 3 , 3)
0’) 10 1:1,3

13 C’)-iTIfIUE
XYu,1,z—X—Y/so~~rux .X+v4v .031
XY ( j , !):X X/SO~~T ( (X ’ X 4 Y ’Y ) ~~~3)
~Y (t  ,3)Q.
CALL MATM (XY,5EPS”,SPSRFPS,t,3,3)
XY!(1,i) =—x ’7/R• c.

XY~~C t , 3) :(X ’-~(4 Y ’V ) / ’~~’3
CALL ‘IATM (XYZ, SE PSP ,STEKEPS,t,3,3)
0’) 20 1=1,3
SFt!0S(1,I)=~ F~ P’ (t,I)

~c!Epç (1, 1) =S~ E’~ C2, I)
SF~ EPS (I,I)=SFEPSC3,t)

20 C)MTI~ILJ!
PET U RPI
EN’)
S’J~ROUT1ME ‘ID!!! (RMSI4015,OIJTMEAN,WN)

•

51 3R011’!’IE PlOt!! CAL C.ULATES THE VALUES OF THE M!ASUR!M!~lT NOISE•CO4PO’l’ ITS ‘JSING A ~.A’:0OM NL~’-OE
r~ GEPIE~.ATOR ~0OELLEO AS GAJSSIAM .

- • * 4 ’ 0 4 0 0 4 4 4 4 3 03 3 4 4 4 4 4 3 4 4 3 4 3 4 4 4
0 1MON/NOI$V~~~/~ ’1, ROI4,PSI~ U,TET.,U,F1P 1 ,F2N ,F3N

ALt~ T(3,1),OJTC’,t),OUTN (7,7),OUTRU (7 ,1),FD,ACCC3,1),Vt,V2,V3I 0’) 10 t t , t2
0 

~~ r,4’ISS GA LlSS4R8NF(~ U$)
I’) C’VITINIJE

0 
GA !~S5=GAU’ 5—5.-#OUTMEAN ‘ 

0

W’I:GAUSSOR’45N1!S
OETURN -

S’JRROUT!NE INFO’IAT
•

4StJ O~~ tP1E IMFO”AT CALCULATE! THE ~IALUES OF THE INFORMATION
‘MATRIX AND CRADI!’Vr VECTOR •IPCRE MENTS.
*

0 0 e,.l1OI,,TIMER,T;1-r ,TF ,opel ~!9,’((
CO1MO1-1/EPSTRt1~ /PStT ,TETt~T ,PHIT
CO 4MON/EPSIO/~ S!O,TFTAO,PHIO
C’)iHOP1/S!PI~~~~~/Sr P~~(i,Z),S~ !3EPS(1,3),SoSREPS (i,3),STERE DSCt,3)
C,~ MOM/~ !N~~~RC/SFiEP5 (1,3),SF2E0S (i,3),SF3EP5(i,3),S~ !DSC3 ,3)
t,SrEP (3,3),lcOV( 3,3), FMP’3C3,3)
C0-1MOp,ltNFCMAr/M (1 ,3),H (3,1),1M(3,3),~~H (3,1)
C 11MOM/9L~~9’(/C - - t A ( 7 , 3) ,G A M A ( 3 , 3 ) , G ~~4 F( ! , 3) ,SF ( 3 , i ) , G f t 3 ( 3 , 3 ) ,
cLtFTc3,1),oUT(7,i),OUTN (7 ,7),OUTRuCT,t),FO ,ACC(3,t),Vt,V2,v3

0 A,S’)UTEPS(7,3)
CO 4MON/LOC.!C/Il03E2
P.~A L M  - 0

LOGICAL MO’W2 0
OtIEMSIOPI SOS I PST C3 ,7) ,T EMPI( 3 ,7) ,00 UT (7 ,i)
III) 10 t~~t ,3
~‘)TE°’3Ct,I =c’.F:PSu,I)

O S’)uT~ oqC2,!)=S”~~Ps(~~,I) • - l

~1JTEPS(3,!)=~~~~~EP~ C1,I)
~i’JT5°S(’ ,!) :STc ~ cPS (1,I,
!O’JT EPS(S,I) =~~~1’ S(t , I)
S’)JT !°S(5,t =c~~2E”SC1,I)
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10 Cfl’tTt~IIJE
0’) 20 !=1,’

0 0 00 20 J 1,3
S0lE°ST(J,I) :S’)UT!P~~(t,J )

20 CO’-lTIM’J!
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL MAT1 (T E$~~t,SO UTEPS, OM ,3,7,3)
0’) 30 1:1,7
fl’)~?T (T,1FO1JTlI~(!,i) OUT (I,1)

0 30 Cfl~3TINU!
CALL MATM (T!~WI,OOUT,DH,3,7,i)
P~TURPI

S’RRO’JTINF !JJLI’IT (t J ,IC, OT)
D~ ’EM5IDN UC3. ~

) ,P(3~
) 

0

CALL FCU, P) 0

00 13 J j ~ K
(1(J) mU U) +0(J) ‘Dl

10 CONTINUE
PETU~~IEN) -

51J3P0’JTI’lE HA~~M (A , B,C, P4 ,K, P1) 0

OIMEN5IO’I A (P 1 ,K) ,~~(K ,N), C ( M ,N)
00 10 J:j~ N -

•

Of) 10 11,Pl
C(t,J)z0 .
on i~ L=1, IC
C(!,J)C(!,J)4A (I,L)’a(L,J)

10 CONTINUE
RETURN -

0 END

210 0~~

0 0 0 0 0  a f l~t~~~~~~~~~~r— ,r —- -0 . -; - ~00 ~~~~~~~~~~~~~~~~~~~~~ 
- 

- , , 0 0  - 0
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r 
- - 

~~0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•__•1”____ 00 _5__ 
~~~~ ~ ~~~~ o o~ •0O50000 00000-0 ~o 00000 5 o 0~~5-~~_00’00O~ ~~~~~~~~~~~~~~~~~~~~~~

•~00000 
PROGRA I SIMUL1 (INPUT ,OUTPUT=1O0?B ,TAPE5=10323 ,TAPE1~ =OUTPUT)

4

‘PP II °AM SIMJL IS A SPIULATION OF THE TRACKING AND CONTROL OF
‘AN 4IP-TO—G~~OU N O MISSILE USING MAXIMUM LIKELIHOOD ESTIMATION
‘OF THE THRE ! ANr,LFS ~~PRESENTING ITS INITIAL MISALIGNMENT. 

—

8 •3 4 4 4 + # 4 4 3 4 4 - #O0 4 3 4+4 4 4 4 4 4 3 4 4 4 3 3

C’)1MON/TIMER/T,OT,TF ,OP~ TI C O4 MON ~ EPSILON~~PSI,TETA,PI.~I
COMMON~ EPSTPU~ /PSIT,TETAT ,PHIT
CO~I M ON IEP~ IO/PS1O,TFTAO ,PHIO
C MO M~~ ONT ~ OL/KD, BETAC ,OELTACCO~1MON ’DYNA ’iIC/~~~TA ,)ELTA ,Q,ALPHA,L
COIPIOP9’NOM INALIX,Y,Z,VX ,VV ,VZ,V
COIMON /INITIAL /XO, YO, ZO,VXO ,VYO,VZO
C’)IMOP’I/SE”ISTAT/SEPSP(3,3) ,SEPSV(3,3)
co1MoNlSENsRDR/s~ EPs (1,7),S~ DEPS(1,3),SPSREPS(1,3),srEREpc (1,3)
CO1MON/WOI~ VAR /RN,RON ,P~ I R N ,T~ TRN ,FIN, F 2N ,c3N
CO4~l’)N/INFOMAT/M (3 , 3) ,H (3,1), OM (3, 3) , OH (3, 1)

~~~~~~~~~~~~~~~~~ ,3 ,GA MAU ,3 ,GAME (3, 3),SF(3,I) ,GA~~(3, 3),
ALTFT (3,1),OLJT (? ,1),O~JTN(1.,k),O1JTRU (7,1),FD,ACC (3,1),SOUTEPS (I.,3)
C 1MON/LOGI~~/1OOE1
Lfl ICA .. MOflE1

~)T’IENStON U(3E~),WKAPEA(18) ,MI (3,3),TYME (6),OELTOUT (1B ,’.),HOTO (JTCA1~ ,k),rRn (18),)f’sI(ia) ,PTET A (18),OPHI (IFI ,PSIP(3),TETA P(3),PHI P
A (1),DOiT (i4,j), t-1OT (o~,),TAVLCR (1+,t),EPS(3,1) 

01
“EAL P1,LIFT ,L,M!

4 •~~~44 4 #*+ ~~~~~4~~~48 *4 4*4 4 4 4 3 4 4 0 4 3 4 4

•INt’~IA Lt ’ATION OF THE ~ANOOM NUMOER GENERATOR FOR NOISE GENERATION.
4

~‘INT(13,98)
J~ =j 

H
CALL RAN SF T (JJ)
1). i - i
fl~~ ’1T=~~.
PPINT3 ,”34*T PJJTH MOflFL #~~~4 ’

0 P- t))E1=.FALSE .
8 4 4 3 4 4 3 4 3 3 4 3 3 44 44 3 444 8 3 3 4 4 4 4 4 3 4

‘ I N T T T A L ! Z A ” t O M  OF T HE MIS4LIGNt IFNT ANGLES WITH VALUES ASSJ’ IED TO ~~
•T~~’JF .
• 3* 3 4 4• 4 # 4 4• 4 8 4 4• #4 4• •4 # + 4 4 4• 4 4

oct PS I I
‘!TA TETAT
P’-41=PHIT
A~’~~I=A TET~~=APHt=Q .

• **~~~4 Ø o* . 4• 4 4 4 3 4 4 4 4 4 4 3 4 4 4 3 4 # 4 4 #

4OE FINT~ t O N  O~ THE MISA L IGN ME PT ANGLES TRANS FORMATION MATRIX.
0 8 -~

- 

1. -P31 T FTA 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_TETA 
—PHI 

_ _ _ _ _ _

3 4*~~~O 4 * 4 4 4 8 + 4 4 4 4 4 + 4 4* 3 8 + 3 4 3 4 4 4 4

C M A  (1,1) CMA (2, 2) =C MA (3 ,3  ) 1 .
C 1 A ( 2 , t ) = P S I
4A (3,1) —T~~TA

C ’ 1A( 3 ,2 ) = °HI  f 0

C’4A ( 1, 3) — fMA  (~3 ,1)C H A ( 2 , 3 )  =— r 1 ’40 ( 3 ,2 )
4 3 4 3 + 4 8 4* 8 4 4 + 4 . 4 4 4 4 3 3 4 4 4 4 4* 4 4 3 4

$IN !TTAL !ZATION or DOSITION,VFLOCITV ,A N D  ~ PECTFIC P CRCE .
• 4 3 3 4 4 4• •4 *4 4 3 4 4 4 4 4• 4 *4 *4 . 4 4 4 4 4

X 2X O
v=vO
7*70 

0 _~~~~~~~,, ~~~~~~~~~~ _—_ -_. ~ _ 
~~~~~~~~~~~~~~~ ~~

_ _
_
~~~• _~~~~~~~~~~~ . _______ •0 ~~~~~~~~~~~



r.’
~~ -,--- 

~ ~~~~~~~~~~~~~ 
-‘50~~~~~~~~~~~~~ , ‘ 5 0 , -  

—r -- -~~~~~~ - —--‘

C’9 A ( 1, 3) =—CMA (3 ,1)
C M A ( 2 , 3 ) = — C MA ( 3 , 2 )  0

• ~~33 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4

•INIT !ALTZATION or POSITION ,VEL OCITY ,AND SPECIFIC FORCE.
4 4 4 34 3 4 # 4 4 3 4 4 3 - 4 4 4 4 4 4 4*4 4 4 4 # 4 3 4 4

X=XO
Y=vO
7=70

I VX VXO
L- VY VYO

V7 VZO
V SQRT (VX ~~VX -I-VY~~VY+VZ4V7) 

0

SF(1,i)=0.
SF (2,1)=O.
SF(3,1)=Q.

4 4 0 4 4 4 4 4 4 4 4 # # 4 +•4 4 4•43 4 4 4 4 4 3 3 4•

•EVAL UATION DF THE VALUE OF T~4E STATES FOR THE TRUTH MODEL •
4 * *4 4 3 4 4 4 4 4 3 4 4**4 3 4 4 4 3 4 4  + 343 4 4 3

10 CALL MEASU RE 
0

W D I T E ( 5 ) T , ( O U T ( ! , 1 ) , I= 1 ,7)
CALL CONTROL
FO=— 1.
CAL L D Y N A M I C  0

FO=D.
CALL N )MINAL
CALL SPFORC E

20 IF (A~ S(NDPRNT).LT.1.E C6)GO TO ~.0
30 T 1 +~~~

I~~(T.LE.TF)GO TO 10 
-

GO TO 50 0

-i- C P~ LNT (1O,~~f l K~~,~~ET A ,D E L T A ,C,ALPHA,1 ,X,Y,Z,V,VX ,VY,VZ ,T,0ETAC,
U,ELTAC,Sr (1,1) , -SF (2 , 1)  ,~ F ( 3 , 1) , O U T ( 1 , 1) , O J T ( 2 , 1) , O U t ( 3 , 1) , O UT (k , i )
~,4~ C ( 1 , 1) , 4C C (2 ,1) ,A C C ( 3 ,1)
PRINT(tO,79)T ,(OUT (I,1),I=1,7)
DPRNT~~~PRNT+OPRT
GO TO 3O

~ 0 RE W IND 5
DQINT4,’44#M OOEL 1~~~

• Mfl)Ej= .TRUE.
PR!NT~~, ’lODE1= ”,MODE1

• P~ I PSIO
0 TETA=TETAO

PHI PHIO
DO 110 NN 1,3
N~~1N -

T~~I.
DP~ P1T D.

4 *4 •4 4 #•# 4 4 4 # 4 4 4 4 4 4 4 4 4 4• 4 4 4 # 4•4

•IN T!TAL!!ATIOPII O~ ~ HE MISALIGNMENT ANGLES WITH FIRST EST IMA T Ef l
4NOWIP~AL VALUES.
• 3 0 # 4 4 4 4 4 + 4 4 4 3 4 4 4 4* 4 4 4 4*+ 4 4 4*3 $

PSI PSI+APSI/1000
TrTA=TETA +ATETA ,1:00
PHI=PHI +APHI/1J0~
PSTD (N) :16 0O’°SI
T E T A P ( ’ l)  =1000’ 1E’A
PHTP(N):I0003DI4I 

- 
ThISPAZISB TqUALfl’!P TIA~UZ~I

i,i)=CMA (2,2)=CMA (3,3) 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CMAC2,i ) PSI
C MA (3 ,1 )  =— T E T A

2) mPH!
CMA(i,2)m—CMA(2,i)

C~4A( 1,3)m_ChIA (3,1)
CM)(2,3)m—C’IA (3,2)

3 4 0 3*4 *0 4 4 4 4 4 4 0 4 4 3*4  4 4 3 4 4 4 4 4 4 3*

‘INITTALI7ATI )N OF POSITION,VFLOCITY ,SPECIFIC FORCE ,AE~ O’)YIlAMIC
00~~ . A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 0 0  p~ — - -- - ‘ ‘~~~~
‘ “‘~~~~~~~~~~~~~~~~~~~~~~~ “

r • *$+ *4 4 4 4*4 4*4 4 4 3 4*4  4 4 4 3 4 4 4 4 4*4

~ •INITIALt7ATI)~’I O~ POSITION ,VFLOCITY ,SPECIFIC FORCE ,AE~ OOYNAMIC
0 ~ •VALUES , tNFO RMAT IO N A ND DISPEESION MATRIX ELEMENTS AND TRA ~~F,•AN~ ~FP4SITIVITI!S.0~ •

U(t)=XD

~~~ - ‘7 Ii (3)= ’O

~~

- ‘
) 

(J(.) VX)
‘ —‘-‘ U f l= V Y D

(1(5) VYD
U C ~) = V!0

1, 1) 0.
SF(2,1)=0.

BETA=0.
0~ OELTA O. 2

0=).

AL~’MA=0. 
—

1=).
00 55 1:1,3
r)r) 55 j j , P

~~0SP(T,J) =0.
S~’3V(I, J) =0.
M(t,J) Q .
M T ( I , J ) = 0 .

56 CINTINtJ E
00 60 I 7 ,35
3 (1 ) =0 .

‘YJ C1’-ITINUE
O’JTNCI,I) 1./(RN4RN)
OIJT N (2,2) =1./ (R0N4R’~N)
O~JTF’I (3,3) :1./ (DSIRN* PSIPN )
OIJTN (~. ,

I )  =1./ (T ETRN4TETFN)
O’ITN (i,2)=O1JTN (1,3)=OtJTP11,4+)=0.
OUTN (2,1)=OUT!l(2 ,3)=CUTP (2,~~)=0.
OUTM (3,1)=OUT!4(3 ,2)=OU1i’(3,~~)=O.
O’JTM (1~ ,1) OUT’1(~~, 2) OUTN (4, 3) =0
10 100 KK=1,5001
READ (S)!, (OUTR’J(I) ,I=1,7)

• *3 * # 4 4 4 4 4 3*+ 4 # 44 4 # 4 4 4 4+ 4 44 4 4 4 4

STATES DEFINITION
•

‘POSI TIO1II (1—3 )
+ U (1)=X, tJ (2)=Y , UU’)=7,

V F LOC I~ Y t (4—S)
• ¶i (-i)=VX , U (5)-VY, U(S) V2,
‘P0511114 ‘SEMSITIVITYI (7—15)
• U(7)=X/PSI, U (8)=X~ TETA , U (9)=X/PHI,

!J(t~~)Y ~ PSI , U (ii =Y~~TETA , U (12)=YIPI.41,
IJ(13)=!,fPSI, U (1L.)=Z/TETA , (J(15 )=Z/PHI,

‘VEL OCITY SENSITIVITY* (16—2 ’4-)
U (1S)=VX/°SI, U (17)=VX/TFT A , (J(18)=VX/P1I,

4 tJ (t9)=VY~~P5I, Li (20):VYITETA, U (21)=VZ/PMI,
• U(’2)=VZ~ PSI, Ut2 3)=V2/TETA, tJ (2i.) V7/PHI, 0

4IN FORMATION M4TRIXU26—3~~)
• 0(25) 1J( ’8) 0(31)

“= U(2~~) U (2~~) U(32) 0

• 0(2?) U(~~0) U (3~~)
4T°AMS P’Y~! OF GRADIENT V!CTOR I(34-36)

~~ U(3’.) 0(16)  0(36)
4 4 4 4 0 4 4 4 44 4 4 44 4 4 4 4 4 4 4 4 4 3 4 44 * 4 4 4

X J  ( 1)
V J (2)
7=’J (3)

~~
_ (J (~ ) ~~IS PMIE IS BEST QUAIiI rI 

~~~~~~~~~~~
~~~~~~~ 0 0 0 k~~~~~~ 0 0 0 0 0

~~~~~ 0 00 Il~~ 11 0~~~~~~~~~ ~~~00 OLIII



7=~J(3) 
-

L4 ~~~~~~~~~~~~~~~~~~~ 

ISPA
~~~

XS
~~~~TQU1~~~~~~~~~~~~~B~~ 0

V 7 = U (6) --~~~~~~ 001?! J~~~USIf~) ~~~~~ 
—

* 4 4 4 4 4 4*4 *4 4 +*4 *- 4 4 4 4 4 + 4 3 4 4 4 4 4 4*

~ *USIP4G THE RE~ E!VED SPECIFIC FORCE AS INPUTS TO MOOFI 1.
4 4 4 4 4 4 4 4 4 4 4 4 44 4 *4 4 4 4 4 4  * *4 *44 4 44

00 70 1:1,3
5F(I,1)=OU’RU (I+~.)

~~ O CONTINUE -

CALL M E A S U R E
DC) ~0 1=1,3
00 80 J=1,3
SE3S0(t,J)=U (34!+i+3) 0

SE°SV (I,J)=U (3~~I+J+12)
30 CONTINUE
!~~((KK—1)—jOO34( (KK—j)/1O30).EO.0)PPINT(10,87)((SE9S~~(I,J),J=1,3) ,

~!=1,3),(( DSV (I,J),J 1,3),I 1,3)
C~~.L SENS OUT
CALL IN~ O M A T
00 65 I=1,’+
fl0IT (I,1)=OUTPU (I,1)—OUT(I,1)

‘~~~ C ON TINUE
F0~~(1,1)=PSIT~~PS1
EPS(2,i)=TETAT—TETA
E~ S(3,1) PHIT—~’HI
CALL MATM (SOUTEPS,EPS ,flVLOR,~+,3 , 1)
00 75 I 1,~
~OT (I) =00111 (1,1) —TAYLOR (1,1)

~
5 CONTINUE

F0 0.
K 3 6
CA L L  ELJLINT (LJ ,K,.01)
!F( (KK—1 )—10003 ((KK—1)/i000).EQ .0)PPINT (10,81)DO1JT,-$DT
I F ( ( K K — 1 ) — 1 0 0 0 4 ( ( K K — 1 ) / 1 0 0 0 ) . E Q . 0 ) P F I N T ( 1 0 , 7 9 ) T , ( O U T R t J ( I ) , I 1, 7)
IF ((KK— 1)— 10O0~~((KK—1)/1000).NE.O)GO 10 83
TY’IE ((KK—1)/1000+1) (KK—1)/100.
00 82 I:1,(ê
rIELTOUT ((6’-(N—l)+ (KK—l)/lJOC-.-l),I)=DOUT (I,l)
HOTOUT ((6*(N~~1)+ (KK~ 1)/1C0O +1),I) HOT (I)

32 CONTINUE
33 !V) 9 Q J=j~~3

DO 90 1=1,3
M (T ,J) J(21+!+3-*J)

10 CONTINCIE
T~~(KK.E ~~.1)~~0 TO 100
IF ((KK—1 )—1C00~~((KK—1)/ 1000) .NE.0)GO 10 100

0 CALL LINV2F (M, l ,3,MI,10,WKAREA,I ER )
7D1(64(N..j)+(KK_j)/1000+j)i MI (1,j)+MI (2,2)+MI(3,3)
0RtNT (10,73 )TRD (60 (N—1)+(KK~~1)/i30O+1)
A”SI=(’1I(1,1)~~U (3’~)+MI (1,2)4U (35)#MI (1,3)3’J(3~ ))4100O
AT~~TA=( 1I (2,1)41l (~~i)+MI (2,2)*U (35)+MI(2,3)3IJ(36))31O0O
AO1I (MI(3,1)~ U (3~ )+M I(3,2)4U (35)+MI (3,fl’LJ(36)) 10Q0
fl I (6*(N—1) + (KK—1)/100C+1 ) (PSIT—PSI)41000--APSI
!~TETA (6*(N_1)* (KK_1)/10~~0#1)= (TETAT—TETA )410O0-ATFT A
DPHI (6* (N_1)+(KK_1)/100C+1):(PHIT~~PHI) 1000—A PHI
PPINT (10,92)KO,N,DPSI(6~~(N—1)+ (KK—1)/1300+1), DTETA (~~~(N--1)+

c (K~ —1),1000.1),flPHI (6’ (N—1)+ (KK—1)/100041)
0 

~~~~~~~~ CONTINUE

~EMINO 5
116 CONTINUE

PSITP=1000*PSIT
TETAT PZI0000TETAT
PHITO=10 O0’PHTT

15 N:1,3
P~ tMT (1O,1)PSITP ,TETATP ,PHITP ,PSIP (N),TETAP (N ),PHID(N) ,N

1 COSMAT (’j MODEL 1”,5X ,”EPSITRUE~~’,2(E12.5,’~~’),Ei2.5,F3X,- - 
_ _ _ _ _ _ _ _ _  __________________  - - - ~ :-~~ - -



~~~~~

*0

~~~~~~~~
Ivc,_

~r,  Pt~~ VW T7 lu, wzT~~~
,r 

~W”TT TWW~ ITr ~vvv?ip — ~~~~~~~~~~ 00~00•00~

1~~ CONTINIIE
0 ~ENIN0 5 -

~

116 CONTINUE
PSITP=1000*PSIT

‘~~TA TP=100C3TETAT - 0

PHtTO=1OOO*P~1tT

/  Or) 15 N:1,3
(.7 P~ tNT (10,i)PSITP ,T E T A T P ,PHITP,PSIP (N),TETAP(N ),PHIP(N),N
.“ 1 ~ORMAT (”1 MODEL 1” ,~~X ,”EPSITRUE= ”,2(E12.5,”,”),Ei2.5,~~3X , -

~

~“W 1TH !4O IEE” ,T X ,”EPSIO “,2(E12.5 , ”,”),E12.5, 13X ,”’(1 = 3”,

‘~cX ,”ITF~~AT I0 N 1~ “,I1, I//)
D~ INT( 10,2 )  0

2 r0~~M A T (~~X,”TIME” ,~~X ,”OELTA (~~)”,7X ,”HOT (R)” ,8X ,”DELTA (RD)” ,

~ 1 1,6
PDTNT (10,3)TY-1E (I),flELTOUT ((6+ (N~ 1)+I),1),MOT0UT ((6*(N~~1)+I),1),

~ fl~ LTOUT ((F~~(N—l)+I),2),)-OT0UT ((64(N—1)+I),2)
L CONTINUE
3 FO~ iA T ( ~.X, F~~. J , - ~X , 2 ( E 1 2 . 5 , 2 X )  , 2 ( 2X , F i . 2 . 5 ) / )

~ FO~ P1AT (”0”,3X,”TIME ’,5X ,”DELTA (AZ. ) ~ ,5X,~~10T (AZ.)”,T K ,
~“1~ LTA (EL.)”,5X,”HOT (EL.)”,/ )
00 5 1=1,6
P’INT (i0,3)TYME (I),OELTCUT (th’- (N—1 )+I),3),HOTOUT ((6’-(N—1) +I),3),

~flELT0UT((6*(N—l )+I) ,L+),HOTOUT ((6* (N—1)+I),1+)
6 CONTINUE

PRINT( 10,11)
11 FO~ MAT (SX,~~TI~iE” ,SX,”TR~ CE OF ”,6X,3 (~~HFSTIMATE,’+X)/l3X ,

c ”DTSPERSION” ,,X,3 (8HERROP IN,+X )/17X , “MATRIX” ,IOX,”’SI”,
cqx, “TcTA ” , BY , “Dl.41”/)
10 12 1=1,5

~~‘tNT (10,11)TY ~IE (I),TRD (6~~(N—1)+I), DPSI (6~~(N—1)+I),)TETA
~(~~~(N—1) +I),D~ HI(64 (N—1)+I)

1~ CONTINUE
j~ F1~~MAT (~~X ,FL+.~ ,5’< ,E12 .5,3 (3X ,E9.2)/)

• 15 CONTINUE
-

~~~~ ~
)
~~1AT (1X, ”TP)~~’,~~12.5/)3_’ FVMAT (I1X ,3 (E3.2,2X )/3X ,”SEPSP= “,3 (E9.2,2X)/IIX,3 (E9.2,2X)

(//I1X,3 (E9.2,2X)/3X,”SEP S V “,3(E9.2,2X)/tlX ,3(E9.2,2X)f/)
79 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ 2 

r M A T ( 1 X ,~’I4 ~~EL EoS : ,I1, 2X , I 1 , 3 E 1 2 . 5/ )
~j r1 MAI(jX ,”DOUT •’,~~(E1O.3,2X) /IX ,”HOT =“,1+ (E10.3,2X)f)

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0 

~ ,~~~‘( , “X”, lOX,  Y ’ , lOX , ~•z~’, lox ,“V” , lox ,  ~ VX ” ,9X , ‘VY ”, 9X, “V7” ,
~ 5X, “T” , SX , BETA C ’ ,6X , “ DELTAC ” , 1TX , ‘~~F1”, 8X , ‘Sr2” , 8X , “SF3” ,// ,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~‘AC C3” ,/ / )

~
q FO~ MA 1(5x,Ij,6X ,5 (E1O.3,jX)/1x,7(EjC.3,jX)/lX,F6.3,5,(,2(F10.3,lX)
U4X ,3(E10. ’,iX )~~1X ,7(E1C.3 ,iX )F/)
ST1 °
F ND

4 • 3 * 0 4* 4 o* * *4 4 0 + 4 0 4 - + 4 4* 4 * 4 4 4 4 + 4* 4 + 3 4 4* 4 4 # 4 4 4

OLIC’( DATA -

R~~ L L,M
~‘O’ (MON/TI MFR/T ,Oi , IF, OPF T
C’) IMON/EP5~T P00UEFPSIT ,TET~ T ,PHIT
C1IPIOM/EPSIO/°SIO ,T F TAO ,PHIO ~~ISPAOZ15~~~

T
~

CO-IMON/CONIROL/ KO , BFTAC,D E L T A C ~~~~~~~~~~~~~~~~ ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,O,ALPHA , L
CO IMON/INITIAL 1XO,Y O ,ZO,VXO ,VYO,VZO
C01MOP~/SENSTAT /S~ °SP(3,3) ,SEPSV (3,3)
CO1MONI4OISVA~~/RN ,PrN ,PSIRN ,TETRN,r1N,F2N,F3N 

00

Cr)NMOPI /INFOMAT/M(3,3),H (3,1) ,OI1(3,3’ ,OH (3,1)
DA T A  OT ,TF ,flP’T~~.01,50. ,1~~./
DA TA PSIT,T!~~A 1 ,PHIT~~1,F—C 3,2.E— ~~3,3.E—O3/
OA TA 0StO,TFTAO ,P)-4I0/3*C./
DATA KD/3/

~~~~tL~~fLL..n~ LT A LPHL .LJS!1IA1 O. 0 - _ _ _ _  _ _ _ _



F 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~COIMON /INITIAL/XO,YO ,ZO,VXO,VYO,VZO
C0’IMOPUSENSTAT/SEPSP (3,3) ,SEPSV (3,3)
COIMON/MOISVAR/RN ,RUM ,PSIRN ,TETRN,FIN,F 2N ,F 3N
C O I I M O N / I N F O P I A T / M ( 3 , 3) , H 3 ,j ) , O t 1 ( 3 ,3) ,O H ( 3 ,j )
DATA DI ,TF,DPRT/,O1,50.,1C./
DATA PSIT,TE TAT,PHIT,1.E—03,2.E—43,3.E—03/
DATA °SIO,TETAO,PHIO/3~~0,/DATA <0/3/
DA TA IET A ,DELTA, Q , ALPHA ,1F540./
‘~ATA X0,YO,70,VXO ,VYO ,VZO/2~ joO0 .,1OC .,2 0 0 1 3. , 1 5 0 0. , l 0 ./
DATA SEPSP ,SEPSV/18’O,/
DATA RN,RON,PSIRN ,TETRN,F1N ,F2N,F3N/1Q. ,10. ,2~~.O0l,

~3432.2E—03~
— D~TA M,H/930.,340./

END
SU3~~OUTINE ‘

~ON T RO L
4 3 3 4 • 0  4 + 444 * 44 - 4 4 4 444 4 4 44 4 4 4 4 4 44  *

4SU1QI (JTINE CONTROL GENERt~TES THREE TYPES OF COMMANDS FOR
•DEITA AID 9ETA .
4 *3 03 # 403 4 # # 4 - * # 4 # 4 4 4 4 4 4 4 -*4 4•4 4 4 4 4

C11’1ON/TIM~~~/I, r)T,TF ,OPPT
CO~ MON /~ 0)I,l’~~OL/KD , BFTAC,OELTAC
REAL ‘<1,K2,K3,K’
OATA (K i= .063),(K2= .03),(K 3= .007 ),(K4 .002),(W1 .l),(W2= .2)
TC=T +DT/2.
I~~(KD. EQ.1) 10,20

10 flELTAC <3+KL~~SIN (W24TC)
9ET4C KI3TC
PET U RN

20 !F(K0.FQ.2)1O, —+ O

~~) IW L T A C K 3 ~~
!J

~L~~IS1i~D XO~~Q 
—~~~?

- 
3ETAc=Kl3TC+K24SI~~(w14Tr)RET U RN

L4fl BETAC KI*TC +K24SIN (WI4TC)
r)ELTAC:< 3+Kt+ *SIN (w2 TC)
RFTURN

~11
SIIDROUTINE IYNAMIC 

0

4 3 3 40 4 4 4 4 44 4 4 4 44 4 4 4 4 4 4 4 4 4 4 44 4 4 *

•SU~~~OUTINE DYNAMI C CALCULA1 E~ THE VALUES OF f3ETA,D EL T A ,~ (PITCH

RATE) ,~~LPHA (ANGLE OF A TTA CK ),ANO L (LIFT) BASED ON AN EJLER
4INT FCRA ’ION ROUTINE.
* 4 3 3 4 4* 4 4 4 4 3 4 4~ F 3 4 4 4+ 4 4 4 4 + 4 * 4 4 4 4

COIMON/TI MEP/T , OT,TF ,OP~ I
CONMON /DYNA~iTC/c3FTA ,DELTA ,Q,ALPHA ,L
C01M0P4/RLA ,CMA (3,3),&AMA (3,3),GAMF (3,3),SF(3,1),GA 3 (3,3),

SLI~ T (3,j),OUT(’,1),OUTN (4,’.),OUTRU (7 ,1),FO,ACC (3,1),SOUTEP
5(1I,3 )

DIMENSION U( ’~
)

P~rA L  L,LIFT

Ut?) !JFLTA

U(L+) =AL PHA
GA I(l,1) :1.
r,Ai(2,2)=r,A~~(3,3)=COS (U(1))

~Y*9(3,2):SIM(lJ (1)) -

CAl (2,3) =—GA B (3,2)
GA3 (2,l) G4~~(t,2) GA~~(3,1) GAQ (t,3) G.

CALL EULINT (IJ,J<,.O1)
BETA U (1.)
DELTA:U ( 2)
0= 13 ( 3 )

AL’ HA = U C )
Q
~ T U RN
F ~1)
SU~ ROUTINE NOMINA L

~~~~~~~~~~~~~~~~ _ _~~~~~~- -~~~_a_ —~--- — — — — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - ~0 00 0 0000 
~~~~~~~~~ 

00 ~~~~~~0 o_o~~o0-00



~~_~~0 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• 0 ~_ 00_~~ S__00 •0•0_ _ - 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ ____ • ‘ ‘

~~~~~~~~

‘ I
CALL EULINT (U,K,.01)
BET 4=0(1)
DELI A=U ( 2)
Q= IJ (3)

—1 AL ’HA=U (l.)
I RETURN

FPI1D
StY~ROIJTINE NOMINA L

4 3 3*4 4 3* * *4 * *4 4 4 - 4 - 4 4**4 4*4 4 4 4 # 4 4

‘SU BROUTINE NOMINAL CALCULATES THE VALUES OF THE MISSILE POSITION
4AND VELOCITY IN THE A/C FRAMF ,BASED ON AN EULER ROUTINE.
4 4 *3 *44 *44 4 4 4 44444 44 4444  4 4*4 4 4 4

O 
CONIMON/TIMER/T,DT,TF,DPPT
C0IMON/EPSILON/PSI,TETA ,PH I
COIMON/NO MINAL /X , Y ,Z, VX, VY, VZ, V
COMMON/3LANK~ CMA (3,3),GAMA (3,3),GAM E (3,3),SF(3,l),GAB (3 ,3),

ç1t T (~~,i),OUT (7,1),O UTN ~~.,k),OUTRU (7,l),Ffl ,ACC (3,1),S0UTE PS(~~,3)
DIMENSION 0 (6 )
IJ(l ) mX

00 U ( 3 ) m Z -

-

- 
I J ( . ) = V X  0
tJ (5) V Y

0 
(J(~~) V 7

0 C~ LL EULINT(U, ’< ,.-~l)
V:SORT (U( I) ‘U( 1~) ( ‘) ‘U( 5) +U (6 )  4U (6)
X = l ( 1)

O - Y= ’ 1( 2) ?HIS PA0~ IS ~~ST ~UALXTt P LcTISW~IJ17= 0 (3 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
VX=U (1+)
VY=U(5)
V’ (J(6)
RETURN

— S’JIROUTINF SPFORC E
4 3 3 3 4 4 # 4 4 4* 4 #* 4 4 4 4 3 + # 4 4* 4 4 4 3 4 4*

‘SUBROU’INE SP~ ORC E C A L C U L A T E ~ THE SPECIFIC FORCES MEASURED BY THE
•TH~~~ ACCELEROMFTFR~ ON THE MISSILE.
+ * *. * 4 4 4 4 4 4 4 4 4 - 4 4 4 4 4*+ 4 + ++ 4 4 4 4 4 4*

C,OMMOPI/TIP-IER/T,DT,TF ,OP RT
COIIMON/EPSILONIPSI,TETA ,PH I
COMMON /DYNAM IC/BETA ,D ELTA ,Q,A L P H A  ,L

COIMON /BLANK/CMA (3,3),GAMA (3,3) ,GAME (3,3),SF (3,1),GA3 (3, 3),
tLI~ T (3,1),OUT(7,1),OUTN (L, ,~.),OUTRU(7,1),F1),ACC(3,1),SOUTEPS (i+ ,3)
DIMENSION GA (3,3),GAF (3,3)
P~ AL L,LIFT
‘ITT (3,1) —L
L!~ T (1,i) LIFT ( 2,1) =0.
A =SORT (VX’VX+VY ~~VY)
V 1=VX+PSI ’VY—TE’A4VZ 0

-: V2= .PSI*VX+VY+PHI4VZ
V3=TETA ’VX—P HI*VY+V7

‘ r,AMA (2,2)-=GAMA (1,1)
GA MA ( l ,2) — V 2 / A
GA lA  (2,1) =— r ,A MA (1,2)
GA IA (3,3) l.
GAMA (t ,’):GAMA (3,1)=GAP ~t (2,3)=GAMA (3,2) O. 1

0

CAME (1,1) mA/V
GA l E (3 ,3)  =~~AME (1,1)
CA ’ I E (3 ,j ) =V 3 / V
GAME (1,3) =— GAM E (3, 1)

GA (1,2 )~~~AME (2,l)mGAME (2,3)mGAME (3,2) 0. — 1
~~~~~~~~~ _ _ _ _ _ _



_ _ _ _  

0~~~~

GA IA (3 ,3)=1.
GAMA (1,~~)=GAMA (3,j)=GAMA (2,3)=GAMA (3, 2)=0.
GAIE (l,j)=A/V

-
~~~~~~~~~~~~~ GA-l E (3 ,3)=~ AUE(1,1)

GA lE (1,3) :—GA rIE (3, 1)
GAME (2 ,2) =1.

A GA~~~ (1,2 =~~A M ~~(2,1 =GAM r 2,3)=GAME (3,2 =0.

~~ CALL MATM (GAMA ,GAM E ,GA ,3,1,3)

~J~~i II CALL MATM (G4 , AR ,GAF ,3,3,3) 
0

0

‘ CALL MATM (r,AF,LIrT ,SF,3,3,1)
URN

END
SUBROUTINE MEAS URE

* 4 4 4** *4 4*4 4 4*4 4 4 4*4 4 4 4 4* *# 4*4 4

•SUBROIOJTINE MEASU RE CALCULA TES THE RANGE, PANGE RAIE ,A7IM~JT4 ,
ál ‘AN D FIrVAT ION AS MEAS ’JREC) BY THE RADAR IN THE A/C.

• 44 * 44 * * 4 4444 4 4 44 4 4  * * *4*~~~4 * 4-44 +

COIMON/TIMER/T, PT ,TF,OPFT
COMMOPI/NOMIP4ALIX,Y ,7, VX ,VY,Vt,V
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CC)’IPION,aLANK/CMA ( 3~ 3) , GIUIA (3,3) ,GAME ( 3,3) , SF1 ,1) ,GA~~(3, 3),

• ~1!~~I(3,1),OUT (7 ,1),OUTN (4,~s),OUTRU (7 ,1),FO ,ACC (3,l),S0UTEPS (’.,3)
CiIMON /LOGIC/MOOE1
LOGICAL MODEl 

-

t W J 0. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P °SIR Y/SQPT (X4X+Y’y)
TETAR *Z/ R 0 - - 

0

IP’(MODEI ) GO TO 10
CALL NOIZE (RN,0.,WN )

1’ OIJT ( 1,1)=R+W N
!F1MODEI) GO TO 2J
CALL N O IZ E ( RO N , Q . , W N )

2)  C)’JT(2,1)=~ D-’ WN
IF (MOOEI ) CO TO 3)
CALL NOIZF (PSIRN ,O.,WN )

0 3 0 OIJT (3 ,1)~~~S IR+WN
T~~(MODE1) GO TO t+~~~

CALL MO I7 F(TETRN, ) . , W N)

!F(MODEI ) GO TO 50
~~ LL NOIZE(F1N,~~.,WN ) 0

50 O!JT (5 ,1) S~~( i ,1)+WN —

IF (MODEI) GO TO 6~ 0

CALL NOIZECr2N ,O .,WN
Tt’ O’l’ (6,1) SF (2,1)+WN 0

0 ! IF(MODEI) ~0 0 70 
—

CALL N O I ZE (F 3N ,0.,WN)
I O,JT (7,1):Sr (3,1)+14N

O ‘~ TU RN 0

EN’)

• S’JIROUTINE F(II ,P) 0

• 4 + +~~~+ 4 + 4 4* *4 4 4 + +*4 4 4*. . 4 4 4 4 +*4

‘SUl~~OfJ1TNE F CALCULATES THE IJEPIVATIVES NEEDED FOR THE EJ_ ER
4INTEG DATION rO~ SUD ~~OUTIHES DYNAMIC NOMINA I,AN D SENSTAT.
4

COlMO~ /EPSILON~~DS~~,TEiA,PHI 
-

O

CO’IMOM/C QNTROt. fl(0, BETA C,CEL TAC
C’)MMON~ G Y N A M I C ~~R !TA ,D F ITA ,D,(LPHA ,L
CO-IMON/NOMINAL/X, Y, 7,VX ,VY ,V~.,V
COIMON/SENSTAT/SEPSP (3,3) ,SEPSV (3,3)
CIIMON/MOISVAR /PN ,QDN,P$00TPN,TETRN ,FIN,F2N,F3N
COMMONflNFOMA ’/M (3,3),H 3,1),DM(3,3),DH (3,1)

3, ~~) GAMA(3 , 3) ,r, AME ( 3,3) ,SF( 3, 1) ,GA (3~ 3) ,
- 

- ______________________ 
_ _ _ _ _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~ - ~~~ •_ _~~~••__~_~~~~~~ •~
_

~
_

~ ~~~, ~~~~~~~~~~~~~~~~~~~~~~~

WI COMMON/SENSTAT/S!PSP (3,3),SEPSV(3,3) 
0

COMMON/NOISVAR/P~N,RON ,PSTPN ,TETRN ,F 1N ,F2N ,F 3N
COMMON/INFOMAT/M (3,3),H 3,j),DM(3,3),DH (3,j)

~~~ C0MMON/BLAWK /CMA(3,3),GAMA (3,3),GAME (3,3),SF(3,j),G4~~(3,3),
‘~LIFT (3,1),O1JT 7,1),OUTN (4,4.),OUTRU(7,j),FD ,ACC (3,j),SOUTEPS (~~,3)
COMMON /LOGIC/MODEl
DIMENSION 0(16) ,P(36) ,Ot’TF (3,1)

~ LOCICAL MODEl
(,4 PEAL LAM DA, P1U ,L,Mf),M4,Mt),LA ,LO,LIFT

DATA (MQ:— .ii62),Ul4m—5.81 ),(MD:—72 .0),(LA= .379),(LD= .05gg),

~ (L4M0A=10. ),(NU=1O.),(G=32.2)
IF (FD) 10,20,30

~~~ 4SUBPOUT!NE F CQR SIJ~ DOUTTNE DYNAMIC
10 P (j)=—N1J- (U (j)—RETAC )

P (2)=—LAMDA0 (U (2 -—DFLTAC )
P(3)=MQ*IJ (3) +MA* (J (1+)+MD4U (2)
P(~.)=tJ (3)—LA 4U (-’+)—L D4U(2)L =— V ’ ( P (4 )— U ( ! ) )
P El U RN

4SUBPOI’TINE F FOR S’J3ROUTINE NOM INAL
23 IF (MOOE1 )GO TO 25

CALL MA TM (CMA ,SP,ACC ,3,3,l)
P(~i ) = A C C ( j , j )
P(5) AC~~(2,1 )
P(~,)=ACC (3,l)+G
PETURN

25 P C 1) =U (4) ThOM 0OP~ J3U~USH~)-!O D~Q —
~~~~~

P ( 2 ) = U ( 5 )
P(3)=U (&)
O’JTF(l,1)=OUT(5,1)

00 O’ITF(2,1)=OUT (5,1) -

(flJIF(3,l) OLJT (7,1)
CALL MA T M (C M A ,OU T F ,ACC ,’

~,3,1)

P (5)=AC C (2, i)
P(,)=AC ~~(3,1)+G

3) DO 35 1=7 ,15 
0

D (I ) :0 (1 +9)
35 CONTINUE

P (tS)=—SF12,j)
to P(17)=SF(3,j.)

P(19)=SF (l,1)
L °(‘l)=—SF(3,i)
I

P(’4 )= S F(2 ,j )
P(18) 0(20)=t)(22) C.
Do 36 J=j,3 - :

00 36 1:1,?
P(31+I +3’J =DM (I, J)

36 CONTINUE
DI) 37 1=1,3
P(33~~I) =O~~(I,l)37 CONTINUE
PETURN
EN D
SUBROUTINE S F NSO IJT

*

4S09°OUTINE SENSOUT CA LCULATF~ THE OUTPUT (PADAR MEASUREMENTS AND
‘S~~~~t~ T~ FORCE S) SENSITIVITIES W .R .T. T I-IF MISALIGNMENT ANGLES.

• 4 4 * * *4 4 4 4 4*+ * *4 4 +*4 *4 *4 4J 1*4*4 4 4

CO M MO N ~T IMER ~ T, DT,TF,OPFT
CCVIMONflIOMINAL/X,v , 7, lX ,VY,VZ,~

1
COMMON/SENSTAT/S !PSP (3,3) ,SEPSV (3,3)
COIMON/SENSRDR/SREPS (1,3),SROEPS(1,3),SPSREPS (j,3),STFREPS(j,3)

~ 

—~ -~-~~t I . I I .  O ° 00 __•~~~~~~~o 0 0 0 ~~~~~~~~~~~~~~~



4ft~I ~~LTfl1~ ~~~~~~~ -~ 
- 

-
~~~~ 

—

* *4_+ 4 4* **4 4*4 4 .*4 4 #*4 +*4 . 4**4 4 4

4SUB~ OUTINE SENSOUT CALCULAT E~ THE OUTPUT (RADAR MEASUREMENTS AND
•SPEC!~ TC FORCES) SENSITIVITIES W.

P.T. THF MISALIGNMENT ANGLES.
0 4 * * *4 4 4 + 4**4 4 4 4 4*4 # 4**4 # 4 4 4 4*4 4

- ~~~~~~~ - COMMON/TIMER/T,DT,TF ,OPFT
- COMMON/NOMINAL /X ,Y ,7,VX,V V ,VZ,V
- 

COIMON/SENSTAT/SEPSP (3,3) ,SEPSV (3,3)
COMMON/SENSRDR/SREPS (l,3),SROEPS (i,3),SPSREPS (1,3),STER!PS(1,3) /

j
~ 

COlMoN/PLANKFCM A (3,3),G~ MA (3,3),GAME (3, 3),SF(3,1),GA9 (3,3),V ~LIFT (3,1) ,O~JT (7 ,1) ,OUTN (4,’+ )  ,00TRU (7 ,i) ,FD,AC C(3 , l ) ,SOUT EPS(t s , 3)
DIMENSION ~R (l,3),VP (1,3),XY (l,3),XYZ(1,3) ,TEMPi (1,3),TEMP2 (i,3)
R -DUT(l ,l)

PR(l,2)=Y/R
- PP(1,°3 )=Z/P

PVR ( X 4 V X + Y O V Y + 7 ’ V 7 ) / ( P 1R )
V0(l,l)= (VX/R—DVR PP(l,l))
V Q C1 ,2) (V Y / ~’— PVR’ PP(1,2 ))
V~~(l,3)= (V7/R_DVR4PR(1,3))
CALL HATM (D~~,SEPSP ,SREPS,1,3,3)

• CALL MATM (VR,SEPS P,TEMP1, 1,3,3)
•~ r’ALL MA TM (PD ,SEPSV,TEMP2,l,3,3)

00 13 1=1,3
5°)EPS(1,I)=T EMPI(1, I)+TEMP2( l, I)

0 0 

~Q CONTINUEXV (i,1):—X4Y/SORT ((X4X+Y4Y)**3)
XY(l,2)=X4X/SQRT ((X4X*Y4Y)”3)
XY (l,3):0.
CALL MA TM (XY ,SZPS’, SPSRFPS,l, 3,3)

X Y !( 1 , 2 ) =— Y ~~7/R4~~3XY7 (j, 3) (X4X+Y4Y) /R~
4 3

CALL MATM (XYT , SEPSP,STEr-EPS,1, 3,3)
- PETURN

0 END
SUBROUTINE NOI!E (RMSNOIS,OUTMEAN ,WN)

• 4 4+ 4 4 44 4 4 , +* *4 4 4 . # 4 .*** **4 + +*4

- - 0 •SUB°O I’TINE PIOIZE CA LCULATES THE VALUES OF THE NIEASUREMENI NOISE

~ ‘COM~ ONENTS ‘)SIP4G A RANDOM NUMBER GENERATOR MODELLED AS GAJSSIAN.
If 4 4* *4 * *4 4~~~4- 4 4 4 4 4 4 4 4 4 4 4*+ 4 ** 4*

COMMON/~ O IS V AR ~ RN,~~ON ,P~ IRN,TETRN ,F1N,F2N ,F3N
COMM ON/ BLA NK/ C M A ( 3 , 3 ) , G A M A ( 3 , 3 ) , G A M F ( 3 , 3 ) ,S F ( 3 , 1) ,G A R ( 3 , 3) ,

(LICI (3,1) ,OIJ T (7  ,1) ,OUTN (‘.,4) ,OUTRU (7 , 1) ,FO, ACC (3,1) , OUIEPS(~~, 3)GA i SS= O .
10 10 1=1,12
GAJ SS= GA USS +RA NE ( DUM)

1- 10 CONTINUE
I GAIJSS= r,AUc5—6.+OUTMEAN
I WPI GAUSS4PMSNOIS
I- RETURN -

EN’)

SIJBROUTI PIIE INFOMA T
*

•SUBROUTI NE INFOMAT CALCULATES THE VALUES OF THE INFORMATtOPI
•MATRTX AND GRADIENT VECTOR lI-CREFIENTS.
*

C004M0N/TIMER/T,OT ,TF,DPPT
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,PHIT
COIMON,SENSROR/Sq!PS(j,3),SROEPS (j,!),SPSREPS (j,3),STEREPS (j,3)

O COIMONFIP4FOMAT/M(3,3),H(3,l),OM (3,3),Dl4(3,1)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CO1MON~ L OGI C~~M OD E 1
RE AL M -

- LOGICAL MODEl 
00

DIMENSION SOUFPST(3,k),TEMPI 3,4),000T(4,1)
~~ ~~~~~~~~~~~~~~~~~~ ~~~~iL

LSi.1 
~
—-

~~~~~~~ ~~~~~~ O_ ~~~~~~ ~~~~~-~~~~~~~~~~~~~ o00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~rn0 ~~~~~~•000



~ _ • 0  

~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ° _ _ _ _ _  °~~~~~~~~~~~~ ° -~~~~~—~~--- ~~~O~~~~~~

o
~ 00-~~~~~~~~

EN’)

S’JBROUTINE INFOMA T
• * *4 4 4 44 4*4 44*4 4* * *+ 4- 4*4 4*4 4* * *

‘SUBROUTINE IPIFOMAT CALCULATES THE VALUES OF THE INFORMATtON
‘MATRIX AND GRADIENT VECTOR IlICREMENTS.
• *4 *4 *4 44 *4 44 *4  4 4 4 4 4 444 44 *4 4 4 4 +

COMPION/TIMER/T,DT,TF,OP R T
COIMONfEPSTPUE/PS!T ,TETAT ,PHIT
COMMON/SENSRDR/SRI PS(i,3),SROEPS (l,3),SPSREPS(i,3),STEREPS(t,3)
COIM QN,jNFOPIATIM (3,3),H(3,1),OM (3,3),DM (3,l)
COIMON/BLANK/CMA (3 ,3),GAMA (3,3),GAMF (3,3),SF (3,l),GA3 (3,3),

L~ tLTFT (3 ,l),00T(7,1),OUTN (’.,4),OUIRU(7,l),FD,ACC (3,1),SOUTEPS (k,3)
COIMON/ LOGIC/PIODEI
R E AL M -

LO;IcAL MODEl
DIMENSION SOUEPS T (3,4),~~FMP1 (3 ,k),OOUT (1.,1)
DO 10 I l,3
SO!JTEPS(1,I) SRE’PS (1,1)
SOUTE°S(2,I) 5Rt)EPS (1,1)
5) ITEPS (3,I) SPSREPS (1,I)
SD~JTEPS (I.,!) =STEPEPS (1,T)

10 CDNTINIJE
If) 20 Izl,4
DC) 23 J 1 ,3

~0JEPST (J,I) =SOUTEPS (I,J)
20 CONTINUE

CALL MATM (SOUEPST,OUTN,TEMP1,3,4,4)
CALL MATM (T~~M°1,SOUTEPS,DM ,3,~~,3) _ _ _ _ _  

~~UII1

00 30 1:1,4
r)T JT (I,t )=OUTPU (I,l).OUT (I,1) -

o

36 CONTINUE
CALL MATM (T !MPI,90UT,DH ,3,4,1)
RETURN
EN’)
S’JBROUTINE FULINT (U ,K ,D~ )
DIMENSION U(35),P(36)
CALL F (IJ ,P)
DC) 10 J:l,I<
1 1 (J )  =0(J) +P(J)~~I3T

10 CONTINUE
RETURN
END
SUBROUTINE MATM (A ,B,C,M,K,N)
DIMENSION A (M,K),B (K,N ),C (M ,N)

0 fl() 10 J:1,N
DC) 10 I:i,M
CtI,J) =0.
DC) 10 L 1 ,K

0 10 C(t,J)=C (I,J)+A (t,L)’B(L,J)
RETURN

£ - FNI

- — —~-
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------- •-•0O -•o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~~~~~~~~~~. -~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~~~ - 0 -
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The problem of parameter estimation using tracking information
is examined. Two models are developed and used to estimate the
misalignment angles of the inertial system of a missile after its
launch. The estimation is based on maximum likelihood concepts.
The amount of information extracted from the tracking measurements
and the missile specific forces measurements is analysed. A
feasibility study of the two models is conducted. The second
model uses the aerodynamic model of the missile in order to
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enhance its estimation ability. Doing this, it incorporates
more non-linearities than the first model. These severe non-
linearities were found to offset the advantage it had in terms
of information gathering. The first model is much simpler in

o 

its concept. Yet, it is still able to gather the information
needed and its performance is very comparable to the one of the
second model. The simplicity and linearity of the first model
make it especially attractive.~~~
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