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SUMMARY

This report describes the development of a mathematical model for

gunner's tracking performance in MTQ Mode II tracking task which is a linear

time-varying antiaircraft artillery system. The Luenberger observer theory

is used to design the gunner model which is composed of three elements--a

reduced-order observer, a feedback controller, and a remnant element. An

important feature of the model is that its structure is simple, hence the

computer simulation of man-in-the-loop AAA tracking systems using the gunner

model requires only a short execution time. A parameter identification pro-

gram based on the combined least squares curve-fitting method and the modified

Gauss Newton gradient algorithm is developed to determine parameters of the

model systematically. Model predictions of both azimuth and elevation tracking

errors for several target flyby and maneuvering trajectories are shown to be

in excellent agreement with the empirical data obtained from manned AAA

simulation experiments conducted at the Aerospace Medical Research Laboratory,

Wright-Patterson AFB, Ohio. It is concluded that the antiaircraft gunner

model based on the observer theory can be accurately and efficiently used

to study AAA weapon effectiveness and aircraft survivability.
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SECTION I

INTRODUCTION

The Luenberger observer theory (1] has been applied to design a gunner

model by the authors in [2] through [8] which describes the gunner's

tracking response in antiaircraft artillery (AAA) systems. The main high-

lights of the model are a simple model structure and accurate predictions

of tracking errors. In [4], it has been pointed out that in the computer

simulation of man-in-the-loop AAA tracking systems tremendous computer

execution time can be saved by using the human operator (or gunner) model

based on the observer theory rather than the optimal control model [9].

This is the advantage of a model with simple structure. The designed model

has been applied to study the weapon effectiveness of linear time-invariant

AAA tracking systems at the Aerospace Medical Research Laboratory of Wright-

Patterson AFB, Ohio. This report will present a more general antiaircraft

gunner model which can represent the gunner's tracking performance in the

MTQ System which is a linear time-varying AAA tracking system. The basic

structure of the model contains three elements--a reduced-order observer, a

feedback controller, and a remnant element. However, the reduced-order

observer is now a linear time-varying system. So the antiaircraft gunner

model is also a linear time-varying system. A parameter identification

program is developed to determine model parameters such that the model

output can represent gunner's tracking function. The combined least

squares curve-fitting method and the modified Gauss Newton gradient

iterative algorithm are used to design the parameter identification

6
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program. The parameter values of the gunner model are obtained by

iteratively adjusting their values until the model predictions of azimuth

and elevation tracking errors match the empirical data of the manned MTQ

simulation experiments. A computer simulation program for the closed-loop

MTQ tracking Lask is also developed. Simulation results are compared with

the experimental data. Model predictions of tracking errors are shown to

be accurate representations of actual gunner tracking data. Many figures

showing computer simulation results for various flyby and maneuvering

trajectories are also included in this report.

7



SECTION II

MTQ TRACKING SYSTEM

Figure 1 shows the block diagram of the MTQ tracking system. The

visual display provides the information of tracking error eT on a two

dimensional visual device to the human operator (gunner). The tracking

error eT is the difference between the target angle 0T and the gunsigit

angle 0 . The x-axis and the y-axis components of the signal on theg

display represent the azimuth and the elevation tracking errors. The

function of the human operator (gunner) in Figure 1 is to align the gunsight

angle G to the target angle 0T . In the MTQ system, only one gunner per-g

forms angle tracking task (i.e., he tracks both azimuth and elevation

angles). In the following analysis, the MTQ tracking system is decomposed

into elevation and azimuth tracking systems as shown in Figures 2 and 3.

The gunner models in these figures are mathematical models representing

gunner's azimuth and elevation tracking responses to be designed in the

next section. In Figure 3, the factor cos(Og)EL where (0g)EL is the

elevation gunsight output, is included in the modeling of the azimuth

visual display for some optical consideration (see Reference [10] for

detail). Therefore, the elevation and the azimuth tracking systems are

coupled in the sense that the elevation gunsight output (0g)EL is used as

one of the inputs to the azimuth tracking system.

8
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The input-output relations of the azimuth and the elevation gunsight

systems are represented by

0g)AZ = 1.28uAZ (1)

and

(5g) = 134uEL (2)

Several simulated flyby and maneuvering trajectories of the target aircraft

described in [10] are used as inputs to the AAA tracking system for simu-

lation purposes. Now, a general state space equation of the azimuth or the

elevation AAA tracking system including the gunsight system and the target

motion can be derived in the following. Let us introduce state variables

A
xil (t) = (eT)i = (®T)i - (Og) i

A
xi2 (t) = (5T)i

where i = AZ or EL represents azimuth or elevation components of signals in

the AAA tracking system. For example, xAZI and xAZ2 denote the azimuth

components of tracking error and target angle rate respectively. And let

Txi - [x ilt) xi2 (t)] be the state vector. The general system dynamic

equation and the measurement equation of the azimuth or elevation AAA

tracking system can be derived by using Equations (I) and (2) and Figures 2

and 3.

12
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=Ax + Biu =F(eT) (3)

and

Y, cixi (4)

where i = AZ or EL,0 1 01  :
b~i

B =  with bAz = -1.28 and b = -1.34, (5)

A

C = [cll 0] with cAZI = cos (0g)EL and cEL 1 =1, (6)

and ui, (0T)i and yi denote azimuth or elevation components of the

gunner's control output, the target acceleration and the observed

tracking error respectively. The above matrices A. and F. have the1 1

same values for azimuth or elevation cases but the vector B. in1

Equation (5) shows different component values. Equation (6) shows that
cAZ is time-varying while c is a constant equal to one. Therefore,

is ti ELl

the azimuth MTQ tracking system is a linear time-varying system while

the elevation MTQ tracking system is only a linear time-invariant

system. In the next section gunner models will be designed representing

gunner's azimuth and elevation tracking responses corresponding to

equations (3) and (4).

13
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SECTION III

MTQ TRACKER MODEL DEVELOPMENT

The authors have developed an antiaircraft gunner model [2] through

[8] based on the Luenberger reduced-order observer theory [1]. The basic

structure of the model is shown in Figure 4 consisting of three main

elements - a reduced-order observer, a state variable feedback controller,

and a remnant element. The first two elements contain the deterministic

part of the model while the remnant element represents the randor (or

stochastic) part of the model. The reduced-order observer gives an

estimate of those unmeasurable state variables, and it is one of the

characteristic capabilities of a human tracking. The state variable feed-

back controller represents the gunner's control function. All the effects

of the various randomness sources due to human psychophysical limitations

and of the modeling errors are equivalently lumped into one remnant element.

These effects include the observation error, the neuromotor noise, target

uncertainty modeling error, tracking error due to tracking difficulty with

respect to various trajectories, etc. In this paper, more general mathe-

matical equations of the model will be derived corresponding to the linear

time-varying tracking system described by Equations (3) and (4).

Since the gunner doesn't have precise information about the target

dynamics (i.e., the so-called human's uncertainty about target motion), the

term representing target angle acceleration, 0T, in Equation (3) will not

be included in the design of the reduced-order observer of the gunner

14
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model. Let us assume that the gunner's understanding (or internal model)

about the tracking system is described by

i Aixi + Biui

and

Yi= Cixi

For the convenience of designing a reduced-order observer, let us introduce

a new state vectot xi-=i

Cil Xil

xi'=

xi2

where xil and x12 are state components of xi, and c il is the first element

of Ci of Equation (6). Then the equations representing the gunner's

internal model about the tracking system can be rewritten as

x'= A' x' + B' ui (7)

i

and

16



Y, C'x 8

-I

where

A' c ci11 B = [jbj

Ai Bi

L0 00

c' [1 0]

Now C' is a constant vector. In fact, the new first state component of x 111

is measurable. Therefore, only the second state component xi2 of x' needs

to be estimated in order to implement the state variable feedback controller.

The reduced-order observer theory [1] is now applied to give an estimate

Ri2 of x12 by using Equations (7) and (8). It can be shown that R1i2

satisfies the following differential equation.

R12 = -kc i + -i2 +k -k il cil y - k cilbilu c

where cil and bil are defined in Equations (5) and (6), k is the observer

gain, and u is a linear feedback control law of the form

, uc = -[Y1 [2]
R12 (9)

" 17



where y, and Y2 are two feedback control gains. The values of k, y1 and 2

will be shown later. In order to bypass the time derivative of y in

Equation (9), let us introduce a new variable z,

z = A12 - ky(t) (10)

then the observer dynamics can be expressee by

z -kc z - + k6Cil1) y - k cilbilU c (1)

Next, the control output u(t) of the gunner model of Figure 4 can be

expressed by

u(t) = u (t) + v(t) = -[ y2 ] + v(t) (12)

where the remnant v(t) is modeled as a white noise with mean zero and with

covariance function as follows

E[v(t) V(T)] = al + c2 eT (t) + a3 eT (t) 6(t-T)

for all t and T (13)

where al. i2 X3 ' are three nonnegative parameters of the model to be

determined, 8T and eT are estimated target angle rate and acceleration

respectively. Note that by definition eT is x12 and can be obtained from

r i a18



Equation (9) or Equation (11), T can be obtained by taking a first order

Taylor series expansion of 6T . Equations (11) through (13) are the mathe-

matical equations of a general gunner model. By selecting i = AZ or EL,

this model represents the gunner's response in azimuth or elevation tracking

task respectively. Next the gunner model equations will be combined with

Equations (3) and (4) of the tracking system (which includes the gunsight

system and the target motion) to form overall equations of the man-in-the-

loop AAA tracking system. For the following analysis, the state components

of the overall system are selected to be

X. = Yi

- X[2: - kYi (14)

x i2 R Ri2

where Yi' xi2' and Ri2 are defined in Equations (4), (3) and (9) and k is

the observer gain. Then the state space equation of the overall system can

be described by

X. = A X. + F.( + Dv (15)-i -i-i -lTi -i

where Ai. Fi' and D i matrices are

-C_ 1c + cl k - b ilci(YI + Y2 k) ci, -bilcilY2  bilcilY2

bA =~ y kl i i i iii -b y k c
i i =  2 . -1 -iYki

-Cil k -kcilCil + bilkcil YI + Y2k ) -cilk + b Y2kCl 2

L 0 0 -kcil

19



F -bilkcil

i-b il kC,

and v i is the remnant element in which the parameters al' a2' and a3 of its

covariance function may have different values for azimuth and elevation

tracking cases. The parameters of the gunner model, i.e., k, yl, Y2, al' a2,

and a3 of Equations (11), (12), and (13) will be determined in the next

section.
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Section IV

COMBINED CURVE-FITTING IDENTIFICATION PROGRAM

Before the gunner model based in the observer theory can be used to describe

gunner's tracking response, the parameters k, yI' y2 ' l' a 2, a3, of

Equations (9) through (13) should be determined first. The authors have

developed a curve-fitting parameter identification program using the least

squares method [11] and the Gauss Newton gradient method [12]. Model

predictions of the ensemble mean and the ensemble standard deviation of

tracking errors will be used in the curve-fitting program. The MTQ

elevation tracking system will be used an as example. The corresponding

equations are derived in terms of model parameters in the following.

Taking expectation values of both sides of Equation (15), we have

XEL = ELXEL + EL T)EL (16)

where XEL = E [XEL. The first component xI of XEL is the model prediction

of ensemble mean of tracking error. By solving vector differential

Equation (16), x can be expressed in terms of model parameters. Xl(0)

is assumed to be zero.)

x (t) = t [k + 1.34Y, + 1.34kY2  e 1.34yl(t +
0 1.34) (k + e3 l'3Jt-

• 21



1.34y 2  e-k(t -1 + 1.34 2 (T) dT (17)k + 1.34y 1  1.34y.,

Furthermore, let P(t) =E [(L~~t) - -XEL(t)) (-XL(t) - -XEL(t) )T] and it can

be shown that the first diagonal element p11 of P is the square of the ensemble

standard deviation of tracking errors. It can be shown that P(t) satisfies

the following covariance equation.

P= AE P+P ATE +-E ( a1 + .2 T(t + a 3 a T(t0) DTEL (18)

By solving this matrix differential equation and with the assumption p1  (0) = 0

the first diagonal element p11 (t) of P(t) can be obtained.

p11 (t) = 1.342 {k+13 ~l34kY e-k(t -T)

(k +t + .34y,) l3Y2( T]

Let

1/2

A22



then s(t) denotes the model prediction of ensemble standard deviation of

tracking errors. Equations (17) and (20) are ensemble mean and ensemble

standard deviation of tracking errors which are explicit functions of model

parameters.

The parameters of the antiaircraft gunner model will be determined system-

atically and simultaneously by a combined least squares curve-fitting

identification program. The reference curves to be fitted in the curve-

fitting program are obtained from empirical data of manned AAA simulation

experiments conducted at the Aerospace Medical Research Laboratory of

Wright-Patterson AFB, Ohio. Several simulated flyby and maneuvering air-

craft trajectories of 35 seconds duration are used as target trajectories

for the above experiments. Let x(t) and s'(t) be the reference empirical

mean and standard deviation of tracking errors which are obtained by

averaging the results of twenty-five experimental simulation runs with the

same target trajectory and the same subject. Now the criterion function J

of the combined least squares curve-fitting program is defined as

J =a) [(xj(t) xl(t,a))2 + c (s'(t) s(t,a))2 dt (21)

where t is the tracking duration (equal to 35 seconds in this case). x'
f1

and s' are empirical reference data, % is the parameter vector of the

gunner model,

23
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a k y Y2 a 2 a3

X and s are functions of time and parameter vector a as shown in Equations

(17) through (20). c is a positive weighting factor selected to be one in

this case. The criteron function J of Equation (21) can be considered as a

combination of two integrations. One of them is an integration of the

square of the error between the empirical mean tracking error xand the

model prediction of the ensemble mean tracking error xl' The other is a

similar integration related to the standard deviation of tracking errors.

Therefore, minimizing J with respect to the parameter vector a is called a

combined least squares curve-fitting method. We would like to point out

that in this method model parameters will be determined such that empirical

mean and standard deviation of tracking errors are fitted simultaneously by

the corresponding model prediction functions x and s. Now the parameter

identification task becomes a minimization problem, i.e., to find values of

the parameter vector a which minimize the criterion function J(a) of

Equation (21). The modified Gauss Newton iterative gradient method is

derived in Appendix A which iteratively adjusts parameter values to mini-

mize the criterion function J. This iterative process will continue until

the increments are smaller than a preassigned lower bound. A computer

curve-fitting program is developed using the above mentioned methods and

procedures. The highlights of the identification procedure are a fast

method, accurate values and a systematic approach. Obviously, the parameter

identification done by a computer is much faster than manual tuning. The

combined least squares curve-fitting minimization procedure can definitely

24



provide more accurate parameter values than the trial-and-error approach.

Finally, it is a systematic procedure to determine parameter values and can

be applied to gunner models describing control responses for various AAA

tracking systems. The parameter values of the gunner model determined by

this identification procedure for both elevation and azimuth tracking tasks

are listed in the following table.

Coefficients of

Observer Controller Remnant Covariance
Parameter Gain Gains Function

Gunner k Y1 Y2 al a2 a3

Model For

Elevation 1.88 -1.99 -.745 .0000094 .025 .068
Tracking

Azimuth 5.12 -3.51 -.762 .0000363 .00614 .0117

We would like to point out that the above parameter values are obtained

consistently from the combined curve-fitting parameter identification

program with various initial guesses. In addition, the parameter values of

the gunner model depend on the dynamics of AAA gunsight systems. For

different AAA gunsight dynamic systems, the combined curve-fitting program

will determine different parameter values for the gunner model.

25



Section V

COMPUTER SIMULATION RESULTS

Once the parameters of the gunner model are determined, the gunner model

is ready to be used in computer simulation of the AAA closed loop tracking

system to describe gunner's tracking performance. These parameter values

can be substituted into the elements of matrices Aj, fi, and D of

Equation (15) which is a mathematical dynamic model of the overall

closed-loop AAA tracking system. In order to find a solution of

Equation (15) without using convolution integrations, it can be

discretized to be

Xx+ = X-nX+ r 1T, n + r2 vn  (22)

where

X = X(tn+l with tn+I = (n+l) At and At = .066 seconds,

=EXP [AtAti r1 = EXP [A do -F (23)

= f EXP do D T D., (tn) and (24)

2 j [Ai -- ' T,n T n

vn is a random sequence with the following properties

E [vn] =0,

E [(vn) (vn)T = + T (tn) + a :T (tn ))

26



Taking expectation values of both sides of Equation (22), we get

Xn+l = n + r1 eTn (25)

Let P denote the covariance of Xn, then it can be shown that P
n+ n+l -n+l

satisfies the following matrix difference equation.

p P r a + 2 + 2 t T (26)
n+l = n +T 2 At (1 + 1 2  T (tn)+ a3 

0 T (tn) 2

Then the first element of Xn+l of Equation (25) and the square root of

the first diagonal element of the matrix Pn+l of Equation (26) are the

model predictions of the ensemble mean and the ensemble standard deviation

of tracking errors respectively. Computer programs simulating MTQ closed

loop tracking system are developed using the above recursive equations

(25) and (26). The inputs to these programs are motion trajectories of

target aircraft. Six flyby and maneuvering trajectories as shown in

Figure 5 are used in this study. The antiaircraft weapon is located at

the origin of local horizontal x-y plane and the z axis represents the

altitude. The increment of each of the three axes is 1000 ft. A detailed

description of the characteristics of these trajectories can be found in

[10]. The output of the computer simulation program are ensemble mean

and ensemble standard deviation of tracking errors which can be used to

predict the gunner's tracking characteristics. Computer simulation

results of the MTQ tracking system show that model predictions match

well with the empirical data for both mean and standard deviation of

27
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tracking errors. Simulation results are shown in Figures 6 through 29 for

the trajectories of Figure 5. There are two curves on each of these

figures. The solid curve is the empirical data which is obtained by

averaging the results of twenty-five experimental simulation runs of

35 seconds duration. The dashed curve shows the ensemble value of the

model prediction of the tracking error. Figures 6 through 9 show the

results of elevation mean, elevation standard deviation, azimuth mean,

and azimuth standard deviation of tracking errors for the maneuvering

trajectory Tl of Figure 5. All of these four figures show that the MTQ

tracker model can provide accuracy prediction of the corresponding

empirical data. Next, Figures 10 through 13 show the similar results for

the flyby trajectory T2 of Figure 5. Again three figures indicate the

designed MTQ tracker model generating model predictions in excellent

agreement with the empirical data for a flyby trajectory too. We would

like to point out that the same set of parameter values determined by

the combined curve-fitting identification program in the last section can

be used to generate accurate model predictions for all six flyby and

maneuvering trajectories of Figure 5. Therefore, it is concluded that

for a given gunsight weapon system (e.g., MTQ) a same set of parameter

values can be used in the observer model to predict human operator's

tracking errors for all realistic simulated target trajectories. Hence,

the observer model (i.e., MTQ tracker model) is a predictive model.

Similarly, Figures 14 - 17, 18 - 21, 22 - 25, and 26 - 29 show the

corresponding simulation results for trajectories T3, T4, T5, and T6.

All these results verify that the designed observer model can describe
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human's tracking response accurately. The names of these six trajectories

in [10] are listed as follows for reference.

T1 Zigzag

T2 2 x 2 Flyby

T3 Fairpass

T4 RECON

T5 Weapon Delivery

T6 4 x .3 Flyby

A comparison between this model prediction and the optimal control model

prediction [9] is shown in Figure 30. The dotted curve in Figure 30 is

the optimal control model prediction of the tracking error. Obviously,

it shows that the antiaircraft gunner model can represent the gunner's

response as well as that by the optimal control model. However, the

computer execution time by simulating the linear time-varying MTQ gun

system using the gunner model is less than 15% of that using the optimal

control model.
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Section VI

CONCLUSION

This report presents some extended work on the development of an anti-

aircraft gunner model based on the observer theory for the MTQ system.

In [2] through [8], the authors developed a gunner model for the study of

weapon effectiveness of linear time-invariant AAA systems. The more

general antiaircraft gunner model developed in this report can be as

well applied to linear time-varying AAA systems (e.g., MTQ system).

The structure of the gunner model contains three elements - a reduced-order

ovserver, a feedback controller, and a remnant element. Here the reduced-

order observer is designed as a linear time-varying system. A computer

simulation program is developed with the designed model describing the

gunner tracking performance for a linear time-varying AAA tracking system.

Computer simulation results are in excellent agreement with the manned

AAA simulation empirical data for several flyby and maneuvering trajec-

tories. It is also shown that the gunner model can predict tracking

error as accurately as the optimal control model. However, the computer

execution time of the MTQ closed loop tracking system simulation utilizing

the gunner model is much shorter than that using the optimal control

model. All these results verify that the designed gunner model is an

accurate and efficient model describing the gunner's compensatory

tracking characteristics for various linear time-varying or time

Invariant AAA weapon systems.

55



The six model parameters--an observer gain, two controller gains, and

three coefficients of the remnant covariance function--are determined

by the combined least squares curve-fitting identification program.

This identification program provides an efficient model validation method.

The designed gunner model and the parameter identification procedure have

been successfully applied to study the problems of the aircraft surviv-

ability and air defense weapon effectiveness at the Aerospace Medical

Research Laboratory, Wright-Patterson AFB, Ohio. All the results of the

computer simulation of closed-loop AAA tracking systems show that model

parameters can be determined accurately by the curve-fitting program and

the gunner model is a reliable representation of actual gunner's

tracking performance.
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APPENDIX A

Derivation of the Iterative Algorithm of Modified Gauss Newton Method:

The criterion function J(a) of Equation (21) is rewritten here,

J(a) - ftf [(x'(t) - xl(ta))2  + c ('(t) -S(ta))2] dt

Taking first order Taylor series expansions of Tl and s with respect to

a certain initial guess ao, we have

12f+
J~a) ' -Xl( 1 (o) a)

f -(t (ta) a

Next, the partial derivative of J with respect to a can be found as

(a) = ft 2 ((t) - x(t'ao)) a(ta) +

3c,(tao) aiET (ta)
2 aa -Lo aa_0+
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c[2(s'(t) - ;(tta)) sta

2as(t~ao) DT (tao) dtAl
a a (a -a 0) 3a Jf(A.

Assume that a* is a minimal, then

DJ(a*)

0a - (A2)

After discretization, Equations (Al) and (A2) can be rearranged to be

a* a 2(x)+ c2 a

K 20j /Xl T a)

F,a

58



4!

Equation (A3) can be extended to a more general form,

aaa- (t"i) ) ( (ti))- c2)( k'
ai+l -- Ai ;a Da +c

k=l

+! c[B(tk A)- (tk a,))(~ )T

i= 0, 1, 2, 3..........

This is the modified Gauss Newton iterative gradiant algorithm.

aa

JT

I

i 0, 1,2"

This istemdfe as etnitrtv rdtagrtm

_ I l i , II . .. .. . . ... . ... .. . .. .. ...



APPENDIX B

PRGRAI4 LISTING OF PARAMETER IDENTIFICATION PROCEDURES-AZIMU--h CASE

FTN.

ATTACHTAPEi, lli3,'Y=2.

LIBRARY, I M'SL
L-GC,.

PROGPAM AZFIY (INiPU-,OUTPUI , ''PEI)

cEA0*qIl

Nz±l+Ic4-9/li

DT. '133*1i
P FlT. T 3t':g I1i- 9614 .3t U; p~ 3WN p! jI 932- N2
,10 15 i=1,2

00 10 Kii91050

IF(m*;(<q,j),l~Equ) GO %0C V-
- Ci-Irli

lF4!LWEO2) -c IC h
F! (1^ivi)=Zi

F2 (Nis, !) =Z6

PHI9(Ici)=(Z6-Z64, )/.0Z-3G~o to It
5 72=Z2/(l1'00.*COS(8(lCiql)))

F2 (li, 4) Z2
F2 (fVr1 -;)7

10 CON1!NUE

C INPUT I* 1 11 GC (;#, -0" TO Is ',F
90 PrViO'r

TFttFC4Er..Q) .TOF
K A KE VITITA I I ES ANIp D .'j j u~r ITMYrS

C INPUT LImi, LIM2, %~ EE
krLAa'tl ZM"1 TI 92 9cf
PFlt.T',51.LM1=, Lli±,IL. M2:,t :? HEE

0 UU ISI'J ~1 ~ AS 9GCT1 p G.IMt.l11 G PA AIPL AI Z.1 kit-

C CCMIPUTE INITTAL rC;T FUAd T7t0N
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PRINT*, GWHINlv 9RJ2

GO TO 20i
EnD
SUBROUTINE LCOP(RJ2)

CINENSICN Rt(6),O(696),QI(6,6),9iCRK(6)9000(6)
COMMON/'VAR/OTN1,t42,IPLIM1,LIM2,EEWF
COMMN/.MATi/F2( Cj2,5) A(6),A(6) ,2(512,i'i)

NCT=MCT=Q S DEL=1*0

DO 20 gi(:N,N2

15 Q(1,J)=C(I.J)+2.'3(K,2)'B (KJ)+2.#WF#8(K,14.7)0B(Kj,7)
20 eONTINUE

C USE IMSL LIE ROUTINE **LINViF*' TO~ C.UPUtE INVEISE. CF Q
CALL Li(,ff.,.OKL~

C COMPUTE 0 ?WFFIX FR~OM Q II'E.SCE ANU k
DO 25 I~igIP

25 ()-1XJ~()C)
0 OOF1I'UTE AH!4ti)A(il H3 I!

30 DO 32 Iz1,IF

32FA(Vt(1i).LT.J.) J

II 4:i VIA.0 j.ij3I

!F(A(4)*LI*Co) J=4

IF(A(6)9LTe2.) j=5

!Ffj.tJE.0) Ge TO 34
CALL COFF(AtPJi)
FrlRcll.L:E.RtlZ) GO TO 40

34. DEL.e5
99 36 -ii

36 0(1)=D(I)OUEL

IF(NCT*LE*L1!1) Go TC 3.

PRINI',3H A29A
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RETURN
e BEVTCI+!t- lF A(I1! lb A6CErIABLE

40 00 45 1=11P

45 IF(OOO(I).GT.EE) GO TO 5f,

50 MCT=MCT41
!F(JICT.LE.1tA2) GC TO 55
PRINT*97HERRC. 291JH KNJT=9 INCT 9 5P NCT=,MCT

PRINT495H RJI=,RJiSH RJ229kJ2
PETFuIk

55 PJZ=F'JI

OEL=i.

Go in 5
65 PRI'4I 70,tANCT.CT

PRlNT*9, HAAgAA
PRINT,3H D=91'
PkrrAT*,,JMIN=,RlJl

SU8BCUTI4E fCCE0W9-,fJ)

9I1ENICN0 THC(52) ,'fHO(F12) ,THIK(512)tH"JDK( 12)
POI~k1 2u~2 -91 t-, R -P 14 , W E

REAL K

ALFI:W(uL) 5 ALF2='(5 $ ,LFi=v-(b)
no iu a1-1A24

10 F3(1)=Sl

CO 2f, 2=19N2

IF(IsECG.1) GO Tr, 29

cc 30 I1,N2

C.4 M L)S F 2(~ ITai
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X2=X1+K*CI
ARGI m=lVKIT
ARG2=XIVT

IFIARG1.L.2(tu.) SI=EXP(-Ai Ci)

Xac-T~x2-1.

CALL VC:CNO(F3,BWqth2,N2,IWK)

T=(I-l)uF(Il D

Cl GOIEZU3)1

X2=Xi .K*01

X4z (1.28*Ci)4 *A2/2*
ARGi-£I4 4vef
ARG2uXi*T

S P8
IF(ARGI.LT. 200.) S±=EXP(-ARGi)

IBW (1)=F2 (1, 2)
SVT92F31IlMT
CIMCOS (F2 (19 3))

XlxC2e1 .28*CI*GAMI
X2=Xl+,(*Cl
X3ri. 2g*Cl/Xl

ARGI=CI * KT
ARG&uXI 'T
Slug. S S2=O.
!FiARG~kvkT.20o.! SiwtEXP-AR61)
IF(ARG2*G1.)-2COe) S2=EXP(ARG2Z

§S 11) "a's iv)i(W(Se sl:)
CALL VGONVO(F3,BwN2,N241WK)

B(!,3)zF3(1)*0T

T2(1-i)*O1
ON41 F2!I ii

ClzCOS(F2(Z, 3))
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X 3= (Ci+ I o284 C1GMH2) /X 1

ARGi=C4,<T

SI=3o $ S2=00.

TF(APG2oG"I.-2L0*) S2=EXPFi.R(,2)

CALL VGCvOF3,2W#N2tN2v:WK)

8(1973=F3(I)*L:T

aw(Ih=F2(1,2)

AFGI=Ci'.g.r

CALL VCCNVO(F3,qW9N2,qJ29!WK)
- 0 DO80 !;!,N2

THO(.EQA) CC T8

80 CONTINU9
THO0KU()=-iH00K( 2)
go 85 lai;,N2
T= ( 1-1) *11T

CALL VCCN! G(FS, eW,N.2.t2pWK)
rnO 90 11I,N2
D(1,14) SCWI fF3 (!)"T)
T=(I-I)'DT

GALL YSGNjGF3,eWdN?,N2,IWK)
D0 100 1=19N2

CIzCOSiF2(1,3)

XIzCie1 .28#Ci*GAMi
X2a~ xi ~i
51.0. S S2=00
ARGi=Cl4K*1
ARG2=Xi*T
ZF (ARGI I Is2OAl- &4-rXP(-ARG4I
rF(ARG2oG1.-2UO*) S2=EXP(Ar-G2)
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x6= (1. 281*CL*Cl K*GA4f) /X2

CALL VCCNVO(F3tW9t.NZN2,W()

1= (I-t)0Tl

c±L-GQS(F24(z;3))
C2=-TANEF21T,3))*PHX0 (I)

X 2=X +K'* Cl

ARGi=C~IIK'*t
ARG-Xl*1
IF(ARGI.LY&20(9 ) Si=EXP(-ARGi)

X3w1. 28*Ci*K*GAM2/X7

CALL VCCN%0(F3vEWN2,N291WK)

T= (I-l)*DT

C2z-TAN(F2(1,3) )*FHID 1)
X1-CZ+± .28Ci!GAMIL
X2?=X1 +K*Ci

PFG !-x1gKT

IF(4RGi$LTo2VC*) S1=EXP(-AK~Gi)

)(3=i. 28*C1*K/X2

CALL VCCNVC(F3,8WN2,t'2,7WK)

T=(I-lJ*OT
IBIJI T40A

CALL VCCNVO(F3,,\.?,l92,IhWK)
gln 14 - 3-1 N
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6(!,12)aF3(1)"DT
160 Fl IfI gF1'(-3) gPMrl I I y GM I* A.M9@K)

CALL VCCNiO(F3,0WqN2,t'2,IWK)

D0 165 J=89i3

DO £65 I1,N2

RJzo.

170 RJ=fRJ4(F2(I94d-e(197) )**2.WF*(F2 (I,5)-B(1,14))4*2

FUNCTION FT(TmTPHDT,Gim'iGAM2,K)

C2 =-TA N (T tT)PH c
Xl-C~t2flG~
X2=Xi4K*Ci
Sing. 5 ei

ARG2u31iK;

TF(AkGieL.20,,) Si=EYP(-AFGl)

X3=1.23#C1#GAM2*K/X2

END

2
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APPENDIX C

PROGRAM LISTING OF PARAMETER IDENTIFICATION PROCEDURES-ELEVATION CASE

HELPCYz3,ICL74O23d
W8F9T800,10400O,CM4700G00,STCSe,.
FTNtL=Oo
ATTACH,IML,ILIBRARYSN=AD. -.

LIBRARY I 1 SL a
ATTACHvT90AT1O,CY=1,9R=1.-- - - ---* ---- .

COiPVT TAPEI.
LG 0.

PROCRA4 FIF(INPUT,OUTFUTTAPL1i)

COMMON/MAT/F2(51294,gA(5,AAE8 2)D)F3(12.)
REWINOj 1

C CUk~VE FIT PROR.AM FOk KOLHS - MTQ E LEVATION
C PARAME TP. lDE4TIFI;.I AFF________
C A(l)=GA1li A(2)=GW4mAi A(3)=GAMMA2
C A(4)=ALP4Al ~.(-)=ALPHA2 A -e - P -
C; SAMPLES OF DATA A E SI'L,.CTEU A T EVERY It POIN~TS
C TIM97 STF.P = ri-.033 - -

C FIRST THKLE SECGN fS OF LUATA Ag:- CoNSIL'Ekt:*O AOUISITION AND0 NOT USE
C C E =ST AN 0A RD -OV I ATI10N W!:I G H Tl FA C TO 0 PT-

PF.IN'T*,3Of PICK --VEK.Y -SAMPLES

"= 1+ 1U 4 / Ti.

IFUJ.sGT.512) N=512
H=*]33*11
41=90/I11---.---- _ __ -

C ;(LAJ 1*4 TrAJ)F0TOrY INFO Kr1ATION ANO C MPItRICAL LATA
C ALL 'IATA !N r;AOIAIS

1c1=o
00 --1 <T11051i

KK<+11-1
lF('1OC(KKI)*N_..OGO TO b

4. 1C1=1C141
IF(IA:1.GTs512VSO TO 6 ~ -. . .- -~.-

IF(Io~tli)GO *T1)
Z4=Z3/1000*

5 II=(I-1)*2+1
F2(101911)=74.

6 CONTI 4 Uc

it Ii'T*,tO-HTYP'- 1 TO Gu 01. TYPL 0 10 STOP

CALL li;4T
50 TO 11

SU71 JUTlfr IN.JIT

67



c I~ 1.-I L ' p7*T 10 W4 JUT I Nti
C INPUJT 3VFIKL~t LImiITS AND t.PSILI)N E E= UlI)
C MUK,- INITT4L GU;-S

PtTI;4T~,q10H TYPE IN LImI,Ll-M2.C-K

P;,IiT~l2SrYP- IN iKGIG~,1q.4 ?A3
EAC% AA

PFRIN'T910H tST GUESSt~At
CE LZ1

C1tLL LOJP(.,IJ2)

SUB!(OUT.NL- 00
C Z;LCULAT; AT--j FN.(-<I 0 4N

C U II1IJ/ 1A, i NI/N )-.ic I~f VII

N 0 :i o II=1 7

I(I) =0a

-U 1IJ J=1,Ip

S tIF 2 (K, 9 ) - FS ( K, 2)
CO 30 1= 9
CC ? - J=1q

IF(1.GT.3*..J'T3)GC TC 25

25 CONT 14 J:

IF(I*GT.3)GU TO 30

30 GCNTINUt
35 CCNT 1 YJU-.

CALL v-'iiNV( lPIPO,WI,MR',1)

II= I

DO 409 J=111 Pig 'P
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C ITr:KATIUN PROC :SS
c 6DOOMPUTE A(I+i)=A(I).D(I)
C DFT!:- MINE WHEN A(1+1) IS ACCEPTABLE

DIMENSION 000O(6)

COMP4ON/MAT/F2( 512 ,'d A( ) AA( b) ,B(512,9)vD6
ICTMCT=D

I CALL 00O
2 DO 100 I:1,IP

0(1 =U (I) *DEL
1130 A(I)=AA(!)+'J(I)

IF(A(1).LT.0..O-.A(2).GT.0.)GO TO 15:
IF(A(4.LT0..ORA(5)LTO..ORAt,)LT-i.tGO TO 15 -

CALL COLF(ARJi)
6 IF(&,j1.LT*RJ2)GO TO 30-
15 CEL~ec5

NCT=NCT+i -

IF(NCTeLE*LIM1)G0 TO 2
PFINTv7H~i<RO'. 1,3H A~,A,5I NCT=,14CT,5H ~C=t~pJ~~2-
Pr+1I4T* 3H J=,O0,3HAA= 9AA
RFTtJRN

30 DO 35 1=1,IP
000 (I)=ABS I(0(I /AA (2))

35 IF(OUAII)eGToEE)GO TO 20
GO TO 40

20 MCT=MGT+i
IF(MCoTeLE*LIM2)GO TO 9 ------

PFINT',7HER-OF 2,3H A=,A,5H NCTtNCT,5H MCT=,MCTFJlq, J2
PPINT,93H D:,D93HAA~iAA - ________ __ __

RET URN
9 RJ2=;Jt

NCT=O
OEL~1 _____

DO 25 I1,IP
25 AA(I)=A(l) ________________

GO TO 1
40 PRINT45,(ACI),I=19IP~tJCT94CT

PqIN1 , 3HAA= , At
PPINTI3H 0=,D
FRINT' ,5HJMINMF.Ji

45 FORMAT(1,G252,I)_____________
END
SUBROUTINE COLF(WPJ) ~ -- _____-

DIMENSION W(6h9IWK(1i)
COMMON/VAK/LIM1,LI42,ErIPHNt'OELj'NtC"
COMMON/MAT/F2(512,4),A(b),AA(6hvB(512,9),D(6),F3(512,4)

V=W(2)
YsW(3) __ _ _

Ai=W(4)
A22W(5) . - -. - - - _ _ _-_ _ _

£3: W 16)
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; EWIW, I
C COMPUTE PARTIAL OtRIVi TIVE OF t'1AN C-RKOK WR' 1GA1?X

DO 10 I1iN

B I) =F2 (192)
S1=32: 100.
TF(U*TsGE,200. )S1=0o
IF(0*V*T*L%!-200*)S2=09

1F(S29N" 0.) S2='. XP(C*V*T) -

F3(L)=(S2*Xi-X1-C4C*VY*T#Si)/(X*C#V)

CALL VC0NVO(F3,3,NNqWI()
c COMPUTE PARTIAL (11.RIVATIV. OF ME-Atl tiRROR W.RT GAP*IA1

DO 15 I=I,N
FF=F3(I)*H
W4RIT E( 1) FF

T= ti-i) *H
S1=S2- 100.
IF(U*TeGE*2 C~o) Sl=0
IF(C*V*ToLEs-2t0)S2O............_____-__

I F (S? * 4L s0 ).S2=,:XP (C* V*T) - -

CALL VCONVO (F39i39NNvlWK)
C CCMDUTE PA-0,IAL DER~IVATIVE OF MSAN ERPOA: WrT CG4MMAI

00 17 I~1,N
FF=F3(I I*H
WF ITL C 1)FF

T= (I-I)*H
SI=S2=100o
IF(U*T*Gf *00* S1.=Oo-~--..
IF(C*V*T. LE*-200. )S20.o
IF(S1.NL*0o)SIEP(-U#lT) . ....-.-. . . .

IF(S2*4IE. 0.) S2=EXP(C*V*T)
I? F3(1)=(U*S2-U-C*V+C4V*Sl)/(V*XI

CALL VCUN'VOCF3,t3,NNIWK)
C04PUTE ESTIMATE' OF OT .-.-.---- . . .

DO 20 I=i,N
FF=F3 (I) *H
WFITE(1)FF___

T= (I-Il H

IF(U*T .LT*200. )SI=EXP(-U*T)
20 F3(I)=Si

.~ .CALL VCONVO(F391%t.qNIW<)
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c COMPUTEP:mT(1L2) OT ESTIMATE +PT KGA1N

s 1=00
IF(U*ToLT.200. )SjztEXP(-U*T)
F3(l) =T4_i
B(I) :F2(I ,2)
IF(1.Ltle1)GO TO 25

25 CCNTlNUE
CALL VCON4V0(F3,3,r4,N4A-WK)

DO 27 I10,

IF(I.e:'flo1GO TO 27 -- - -

2? CONT14U.."
C :C'4PLTE PA4T!4L A;EIVpTIV;-;S OF IA.-IANCE W'T ALPHA(J)

DO 4~0 J=193
DO 35 1=19N
T= (1-1 ) *H-----
Il=J+Eb

Si=S2=1009
I F (U* e G T *20 0) S1=0.
IF(C*'/'T*LT*-20U.)S2=0.
I F (Sl Nt o Do) S1=XP( -U*T) -

IF(329N.0.*) S2=E-XP(C'V4T)

35 CONTINUE~
C-tLL VCONVO (F3 93,rtN,91 WK)
0O 37 1=10N
FF=P3 I) *H

40 CONTINU.
C COMOUT! *Po.RTI4 L OtRUVATIVL OF VARIANCE WFT KGIAN

DO 50 I1,N
T= (I-I) 'H
Si1v2=t00o
IF(U*T .GT .200) 31=0.

(I,)S2(UC'Y+X)U*C*YSl

63 t ) =1 l 4

CALL VCOK'VO(F3,,,,:,NIWK)
00 t*3 1=194
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T=(I-1)*H
9(U1t3) = F3 UI *H

53 F3(I):2.#C*C*8(197).13(I,7)/(X'X) - --

CALL VCW'NV0(F3q,t,~tWK<)
C CO'IPUVC Fh RTItL D:-IWVTIV*; OF VAR lAnCt-WRT G?*

FF=F3(1)*H4B(I,3)
WFrdITE( 1) P

TF(*VTLT9-200*)S1=0#

55 5C N T 1N:
CALL VC0Nv!)F.3j ,,N,:')

c CCMPjr' PPK.TInAL u!'RUV;TTV': of7 VAKANc- wPT GAm4A2
Dc , I=11

FF=F3( )*H

WPIT. (11FF

IF(U*T*'vTsflO*.* 0

I F (11 .1So LT 9-2 1) -2
IF CS2. 4-: 0.e: XP(C*V 41)

60 C 0t4 TlIN 0,:
CA.LL VfloNV') F39, .jrNIJ

C COMOULTE ML.A4 T- ACI(:NG -[.l

FF>=F3 CI )*H
Wi IT, IU ) P

IF(0i1 .GT *.2 0. SFl~o.
COF'-V*TeLT*-20U9)S2=0*

IF e 400) Sit XF(-U*T)
I F (132 s'90 o1 2 = zXi:(Q*V*T)
F3CI)=((U4X1.C*V)4S2-X~xlq.Z*c'V*Y4Sl)/(C'V4X)

65 CONT4TI1JE
CALL VCQNIVOC( F3,3I.,.W'()

DO 75 1I=7,3
0O 7&1 J=1,'14

75 REA( (I) 'AJlI )

7 077 . O1 = 'A 96

DO 77=1 A
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ThO PO J=i,N

C COMPUTE STANDARD DEVIATION OF T-ACKING ERPO;.
DO 6.3 I=1,N
F3hI,23=SQRT(3U,4'AI.B(I5)4 A24R(1,6)*A3)
DO 82 Jzlb ~-

63 CONT11UL~
C CALUCATE VALUE OF COST FUNCTION

F 3 (I) =F 3(1) 0 H
85 R J= RJ+ ( F2 (3) - F3 () 2 + C E(F 2 (4) - T2 -2 -

SUBPOUTINE GtlINV(NA.,tf-qC,,Ui TWT
DIMENSION A (i)qU(1),S(tO),IP(I0)
COMMON/MAIfi/ 401M,uDIMl ------. -- . -.--

TOL1.@E-i2
ADV=TOL*TOL . . . ..-.-.

'49?=N C
NRMI:NR-I.
NCMi=NC-i
JJ=i
DO 5 J=iN4C
S(J):DOT(NRA(JJ),A(JJ)) .-.-----. . ..

5 JJ=JJ+NOIM

BO 19 1=1NCMi
X94AX=S (I)
IMAXI
IF(14C*EQ*i) GO TO 15 .-.-- - .--- . . ----

IP114~i
D0 £0 J=IP1,Nc --- __ ___

IF(XMAX*GL*S(J)) GO TC 10
IMAX=J
)MAX=S(J)

10 CONTINUE .-. .-.-.----

IF(IMAX*EQ*T) GO TO 1E
S(IMAX3:S(IJ..........--___
S (I)=XMAX

CALL SWAP IA(KI(),A(II)tNR,L)

13 II=IINUIM
TOLI=S(1)#AOV - .- ______

AD V=TO LI
JJ~j

DO £00 J=1,NC
FAC=S(J) -. . --------.

JMN£J-i
JPM4JJ+NP1___ ________

JCMZJJ+JH1

30 2W) I*JjgJC
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20 U (I)=0.
U (JCM) =100
IF(J*EQ.1) GO TO 54~
KK:1.
00 30 K=1,JMi
IF(S(K).EQ*Io0) GO TO 30
TEMP=-DOT(NR ,A (JJ)qAg(KI())
CALL VA0O(KTL>IPqU(JJ) ,U(KK))

30 KKI(I(+NDIM
00 50 L=192
KKil
DO 50 Kzi,JMi
IF(S(K)*EQ.0.) GO TO --
TE4P=-JOT(NR,A(JJ),A(KK))
CALL VACO(Nz9TEMPqA(JJ),A((K3)
CALL VAO0(K,TE-IMP,U(JJ),U0K)) --------- - . . .

50 KK=KK+NUIM
TOL1=TDL*FAC4ADV
FAC=GOT(NPA(JJI ,A(JJI)

54. IF(FAC*GT*TOLI) GO TO 70
DO 55 I=JJ,JRM

55 tA(I)=0*
S (J)=0.
KKIl
00 65 K(1,J.Ii
IF(S(K)oEQ*0.) GO TO 65-. .-.

CALL VAD(NRTMPA(JJ),AtK1It1---
65 KK=KK4NOIM

FAC=DOT(J,UJIJ,) ,U( JJ))

GC TO 75
70 S(J)=1.0

KK1 _ _____ _

00 72 K1I,JMI
IF(S(KR .EQ. is GO TO 72-------------.-.__ -

TEMP=-DOT(N'~,A(JJIA (KK))
CALL VA0D(K,TEMP,U(JJ) ,U(IK ) ----- - - -~

72 KK=KK+NO2IM
75 FAC=I*/SQRT(FACI ------- __-___

00) 80 1=JJ,J.M
80 AII)=A(I)FAC...........__

DO 85 I=JJ,JCM
835 U(I):U(I)FAC........._____ __

100 JJ=JJ+N4OIM

I F( MT *4E o 0) PRI NT I 10N R,9NC,9MP
110 FORMAT (13,iHX,12,8H M? T(ANKIt2-_
120 NENO=N^*NOIM

D0 135 J=19NC
00 1215 131,4'R--
II=I-J+JJ
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00 130 .119NR

130 II=iIA+N(LIM
135 JJ=JJ+N31iNI

00 99 J=2,N1G
K=NG-J+l
KK~IP ( K)
IF(I<.NEsIP(K)) CALL SWAP(U(K) ,JU(KK-rWtNO~t)-----

39 CONTINUEt
; ETU'i4

SU'9k0UTINL VAU)D (,N.C1 pt ,3)

~30 1 1=19N

PUNCTION~ GOT(Nfv' ,Apq)
DOU3L;- PRL-C~jIN bJT1,CBLr*

IF(i'.'LE*0) GO TO 2
DO 1 I1,N9W.

2 )CT=OC)TI
RETURN
-NO

St)B'I'.CUT1Ni SWj.P (A .6,4, It'C)

r"ItNIO A(1=-I

TFMP:= (l)
A (I)t3 CL)
3 (iJ=TEM~P

GG TO I

FUNC.UIQ 00T2(NNAB)
DCUBLL P ECISION [0T2,0BLE

C0MMON/MA INIi 40IM

D0T2=0*U0I
!F(NNeLL*0) GO TO 2

1 CUT2:CU012+033LE(tdI)*SCI))
2 DOT2O)JT2

;ZTU 4

Fe75



2

100 200 .01

too 200l 901
10o -6* -be .001 got1 *at.-

100 200 .01

I
100 200 901
to -to -to .001 fo01 .001

100 200 *01
1. -'. -49. .0001 .0001 *0001
0
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APPENDIX D

PROGRAM LISTING OF COMPUTER SIMULATION OF MAA TRACKING TASK

FROGR410 I'0TQ( !NPtVT ±0-TEU~jNAE2T1A!E-6)-

GoOMMCN/VAP/OEL, titk±CICCECEI,1,CTO ___ ______

wFUTT-9-7 vH U SE E V E iY --- SJMFLETP
REWIND 2 __

REAO0,1
r,70=00_____ _-_ _ _

__PEAD~qIFG -- -- _- -. __

IF(IFG*EC*2)12=2 _______________

P(8)m( £2)O. ______ __ ___ ___ ____

DO0 ±5 IC=I292
PRINT*9Aot.TYPE IN GkMHAi9GAMV12,KGAXNI~iP2,P3 FC&,IC ____

00 1Oq3 1=190O531_____
kEAC '2, 3)Aq,3CT0OET,(,ECU
KKzI~I1-1 ____

CALL OBSEL(ELEqRvSELC7qp(9).)
IF(IFG*NE*2)CALL U8SAZ(AZERR,5UAZ9C7,P)
WPITE (6,*)TAZERRELEPRS2AZSCEL______ ___

IF(!CI.ECel)_FaIIT5,TAZERRELERRSOAZSCEL ___ _______

3 FORMAT (15C2.5S)
5 PU'7MT 15519 I. 3 1

ENO ____________

5UUKUUTIME L kL , T FT
COMMON/VAR/OEL, NNI ,oT00,EC0,EI,T___________
UIMEN31CN4A33,lTT~VTWMf,1W(,)Pi
DIMENSION F2(3) ,GAMIP(3)
IF(T*GTeeUU1)GO TO 1
ZfII=-P(7) __________

Z(21UZ (3 lap 3v(7)
00 1a J2l190j

is A(JUU;

A(2II3P(3)4P(3) 1P11*P13)*P21 I()O4

Af9)w-Pl3)-P g7)*Pf3)*P(2)
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A(9)=-P(.')
CA.LLOSCRle4,AC.EL.W1,W2,i0

F2 (2)=-r-(7)*P (3)

fl0 36 K=1,N

to 50 1=19N _____

Pj (1=04
045 Jzl,NjN

P1 I) =P1(l)+W2(J)*Z (Il) ____ ___ ____

45- I~ZZII+
50 CONTINUE _ _ _ __ _______ ________

00 60 1=19N

D0 60 J=19-N_ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _

60 A ___ ___ __ _ _ I__(I___ ____W )_

13=1+N __________

IZ=13 .N
20 Rl(I)W2(13)+N2(I2)

X(i)=.0Z ____ __ __ _______- -

P 5 =(F4- p(e' CEr~ _________________ ____

IF (T*EQ*0e)P,=tiD0
V=(P(4) iP 5)'P4#P'4.P(6)*P5*PS)/C'EL
P(8)zP4

DO21=1

DO 15 J:!,Nl9N
p2(VzwI2tI)_*wl(j)*Z(1I) _________________

25 CONTINUE ___

00 35 IalN
Z Q ) =W2 (I ) R I (IEDO _____________

35 CONTINUE

IF(ASSfU8AR)eLE..785) GO TO 3E
UFIXzo?05 ______________

IfF(U9AR.-GT*0o) UFIZcu-*785
00 37_J s1,N_________ ______

37 Z(J)aZ(J)GA41P(J)OUBAR+UFIX)
38 CONTINUE

CALL NULT(WIXXN19IwZ,15)
00 40 I1 1 __ _ _ _ _ _ __ _ _ _ _ _ _

46 ~X(IIRaA IVW241)
_POELaSOR? (XXfI) )'1S0/3..1I.1S6
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C7 =ET- Z (I)

ENO
SUBROUT!NE OE~kAZ(AZEP!',SOAZO7,F)

__ IMENSICN GA MiP (3),9F(8),qF2 (3)
-- C0MN/ 'AF/DELNd4,iCTC!,E0IE1,1,C7C

IF(T.GT..t3Oi)GO ITC I
R2(i) -F (7)
R2(2)=R2(!)=F (7)*P(3)
DJO 10 Js1,Ni
AA (j) =0 . _

X(1)=*01005
Zi (3) =Do

1 F 4 Z2iVP3Z 1 -2

P5= (P4-P (8) ) /DEL ____

IF cr. E0 *. P 5 1 -.--.-O-.. .

V=(P(4),P(5)*F4P4+P(6)F5Pc5)/CEL___ ___

C70=(C7-C70) /VEL

02=-TAN (C7) 4 C7C
C70=C7

___AA (L)=DiCI#P (7 )'F 1*P)*P1P()F3

___AR C)=-f(7)i*F()F2)

AAC7)=-P(?)*'2± ____ ______

00 25 1=1,H_____

WK(I)=W()+W3(J)*Zi(ll)______

25 CONTINUE______ __

Z1 (1) =Wl( (7)+(W4. (1+3) +W4 (1+6) )POT00
ig C oNTr:4E -- - --. .-........

U5AR=-P(j)*Zl(i)-F(2)*(Z±(2)*P(3)#PZj(l)-Z1(3)? ______ __

IF(ABS(UE8R)*LE~s829) GC T-o 38-
F2 (1)=P M7*I ___ _____

F2 (3)=0. ____ _____ __

00 36 KzfvN

00 3t JuleN
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36-tAMJP(K)=CAl1P(i)4W4(K,j)*F2Lj)

TF(UBAR.eG*Te.U UFIX=-9829_
0~ 37 J=19N

37 Z1(j)=Z(j.)+GAI1P(j)#(UFAR+UFIX)___
383 CONTINJUE

noS =1=1

WK (ri=WK (1) +W40) 4',?(IPI)~
40 IIZII~i
50 CONTINUE 

-- -W4da.

DO 6C 11N

61FW ZflTWKI(Xh(lJ)484/3fl) 6*

DI?4ENeICN E(Li),F(LI),G(9),I4(L1) __________

00 IL' XIIL

'EMF=t'.
00 5 J=ILiL
'EMF=TEP4E0()'F(II) __ __

5 !Tzl1.1
KK= (1- )#LeI

10 G((O=TEMF-

00 20 1=19L ___ ___

CO 29 KzIL
* TEM4F=Q.

no JS jzX,LigL
- E KP=iTEtPF4GJ'ETI .--- I ..- ...- -

15 XII L
KKu (K-I )IOL*

22 H-) =T E F
L2=L-1 - -- -- -

to 3011,2 - --... . .

L3XIj
ro 30 J=L3,L ____________

30 '(Kl) zH (K2)
ENI)
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DIMENSICK A(1)vEA(I)9EAINT(t~jCCEF(3Q)
C SETS EA=EXF(A EL),EANT=I.TEGRAL EA C TC DEL

COEN a I'sNI m

PO 10 I11NTM4. ___ ___________

10 rOEF(II)=rELMcCEF(II,±)/FLOA7 (1) _

C Pit tu s t E A T L E A S T 31N -1"
-SAL -- IG!I M1 EA-TA- CEFp-L i,[TF(2))__ ___

!'O 60 Lz!,NT
CALL MULT(A9EAINT9NClMqNNvEAvi) ___ ________

IF(L*EQ*NT)GC TO 70
60 CALL flI4G(NOIM, I,EA ,4_.ptCOEF(L))_____
70 00 50 Ilz1,NK,NCI'1

EA (II)=EA(11II*G. ___ __

SUBROUTINE DIAG(NCIMA9BqciC2)
0 1M E N SlC NA (1I1 1

NN=NDI*NI

IFCISEr.i.o ) GO 70 it __________

K=J4NMI
00 4 T=J,K

4A(I)zclV(I)+

5 T1=11+NCTI1
CETURN ___ ___

10 ro -7 j-isNNNI-v
K=J+NM± ______

Do 6 1 aJKq
6 A(fl:8(I) __ _____ __________

A (I I) zA (11) +C2
7 !1CIVNC~ii

PETURN -__

ENO~
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