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SUMMARY

This report documents the development of a mathematical model which describes

the gunner's performance in an AAA tracer-directed manual firing task under

periodic observation interruptions. Observations are interrupted via blanking

the target aircraft from the optical display. During the interruption

period, the gunner's performance on minimizing tracer-to-target error is

considerably degraded. Reduced-order observer theory is applied to design a

blanking gunner model. The model consists of a reduced-order observer, a

linear feedback controller, and a stochastic remnant element. Both the

tracking and the tracer errors are considered measurable. The effect of

observation interruption is modeled by degrading the model parameters per-

taining to the observed states. An exponential decay form is assumed for

these parameters during the blanking and recovery periods. Model parameters

and associated time constants are identified systematically from empirical

data via a least-squares minimization algorithm. Simulation results for

model predictions versus empirical data, over several blanking conditions

using a typical helicopter operational trajectory, are included. The results

show that the gunner model can adequately describe human response in this

compensatory tracking and firing task under observation interruption. The

gunner model can be incorporated into existing attrition models to evaluate

the survivability of aircraft in tactical engagement scenarios with optical

countermeasures present.
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Section I

INTRODUCTION

The modeling of human performance in an antiaircraft artillery (AAA) system

has been extensively studied by many investigators in the past decade [e.g.,

Kleinman and Perkins (1974), Phatek et al. (1976), Kou et al. (1978)). Most

of these works dealt with the modeling of human response in a simple tracking

task. In the event of interrupted observations, the operator's tracking

performance degrades significantly during the interruption period and poses

an appealing modeling problem. The author tackled this problem by degrading

'several observer and controller gains in the model and proved to be rather

successful (Yu et al., 1980). Efforts were then directed to study human

response in a manual tracking and firing task. In this task, the operator

(gunner) directly controls the gun turret and fires tracer rounds continu-

ously toward the target. The gunner perceives the tracer ending position

and continuously adjusts weapon pointing in azimuth and elevation to

minimize the tracer-to-target error. In this system mode, the gunner has to

play both the role of a tracker and a lead angle computer. The conventional

tracking task is greatly complicated by the inclusion of lead angle estima-

tion. Wei (1981) developed an observer gunner model which treated the

tracer information as delayed measurements. The intent of this paper is to

extend the author's previous work to consider an even more general tracking

and firing scenario, i.e. to consider a tracking and firing task subject to

external measurement interruptions.

The interruptions occur, in the real world, through various electronic/

optical countermeasures, weather, or terrain conditions. In this study,

extensive manned-simulation experiments were conducted at the Air Force

Aerospace Medical Research Laboratory of Wright-Patterson AFB, Ohio. A

typical helicopter operational trajectory was used in the experiment. The

trajectory consists of three phases. During the first phase, the target is

standing still at certain altitude and is half masked by some terrain con-

figuration. At the onset of the second phase, the target pops up for a full

unmask flight and moves horizontally. Blanking of target is administered in

this phase only. Blanking durations range from 1.5 sec, 3.0 sec, 6.0 sec,
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and full blanking. Certain repetitirn of blanking duration is also

included.

The structure of the gunner model in a tracer-directed fire system in Wei

(1981) is adopted and generalized here. Nonlinear ballistic equation is

used to compute the loci of elevation projectiles. The model consists of a

reduced-order observer, a linear feedback controller, and a noise remnant

element. The remnant function which lumps all of the random effects due to

measurement noise and human neuromotor response noise is assumed to be

Gaussian with its covariance being a function of estimated target velocity

and acceleration.

The effect of observation interruption is modeled by exponentially degrading

the observer gain, the controller gains pertained to observed states, and

the bias term in covariance function. Model parameters and time constants

are identified separately with respect to no-blanking and blanking empirical

data via a least-squares minimization algorithm. The computer simulation of

the designed model shows that the model predicted tracking and tracer errors

are in good agreement with empirical data over various blanking conditions.

7
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Section II

AAA TRACER-DIRECTED FIRE SYSTEM

In a tracer-directed fire mode, the gunner perceives both the tracking

error and the tracer error on a two-dimensional visual display. The tracking

error e1 is the difference between the target angle 0T and the barrel

pointing angle 6B* It is also referred to as "lag angle" later in this

report. The tracer error e2 is the difference between the target angle eT

and the projectile ending angle p. In the simulation experiment, the pro-

jectile flight path ended at the range of the target. Each tracer round

disappeared at this point, 0 P, from the display. The detailed description

of the configuration is described in Wei (1981). We will briefly summarize

the underlying dynamic system in this report. Figure 1 is the block diagram

of an AAA tracer-directed fire system.

r -1

I BLANKING

TARGET

Figure 1. Block Diagram of an AAA Tracer-Directed Fire System

At any given time, the target trajectory input 0T is fed into a visual

display device and combined with the barrel pointing angle 6B as well as

the projectile ending angle 0p , to form error signals e1 and e2. The human

operator observes these error signals and generates a control output u via a

controller, or H-grip, displacement. The control signal then drives the

barrel and rate control plant for a new barrel pointing angle 0B . Tracer

round is fired at this angle and passes through the projectile ballistics

computation to obtain the projectile ending angle e . The task of theP
gunner is to constantly align the projectile ending angle to the target

angle, i.e. to minimize the tracer error e2 . The dynamics for the elevation

and the azimuth firing system are very similar. In addition, the elevation

8

. .



system can be decoupled from the azimuth system. However, the azimuth

system cannot be separated from the elevation system due to a coupling

factor cos (6B)EL in the measurement equation.

Tt
By introducing a state vector xi(t) = [xil(t), xi2 (t), xi3 (t)]T, "T" means

"the transpose of," with xii(t) 6 8iT(t) - eiB(t), xi2(t) aiT(t) - eip(t)

and x = iT(t), i = 1, 2*, the following system and measurement equations

which represent the underlying tracer-directed fire system can be derived,

see Wei (1981).

A x + u (t) + Ei (t ) ui(t-T) + F a (t) + G (t) (1)

and

yi(t) = ci(t) xi(t) i = 1,2 (2)

where [0 0 1 b 1 0
A 0 0 1 B 0E (t) = ei(t)

00

[i 0 ] G = i t) it) = [ti 0

*If not otherwise specified, the first subscript index i represents the

elevation (i - 1) or azimuth axis (i = 2), while the second index repre-
sents the i-th element or row of a matrix.

9
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with

b - -1.34

b2  - -1.28

c - 1

C2  -Cos elB(t)

e1(t) - -1.34 x (1-T) x 11 + (0.0052i+0.000486T2) sin elB(t-T)]4

e2(t) -1.28 x (1-T)

g1 (t) - (0.0052+0.000972T) x T x coS e lB(t-)

g2 (t) = 0

.T' ui' yI, and Y12 denote the elevation or azimuth components of the

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

error (lag angle) and tracer error, respectively.

If we introduce a transformation on the states xil and x12 by Xil cixil,

x ci xi2,x3= xi3 then Equations (1)-(2) can be rewritten as follows.

1= A'(t) + t) u(t) + Ei(t) u (t-T)

+~ eT(t) + G'(t) (3)

(t) C XM(t) (4)

-=i-
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where

0 0 -0

Ec(t) = e i(t)(t) = igi(t) 0 l

0o o

= i 1 , 2

0 1 0

and 2q(t) = [xjlt), xi2 (t). x13 (t)]T. Notice that the coupling factor

cos 8 1B is removed from the measurement equation and absorbed into the

system equation. Equations (3)-(4) represent a nonhomogeneous linear

time-varying system with a time-varying delay in the control.

A
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Section III

AN AAA GUNNER BLANKING MODEL

In Wei (1981), the author proposed an observer gunner model for gunner

performance in a tracer-directed fire system. The function of the gunner

can be decomposed into two parts to be modeled. In the first part, the

gunner observes continuous signals and makes an estimate of system states

based on his internal model of target motion. In the second part, the

gunner utilizes the observed and estimated states to form and exercise a

control action in order to achieve his objective. The former one corre-

sponds to an estimation process, while the latter corresponds to a control

process. The reduced-order observer is used in conjunction with a linear

feedback control law to model the gunner's function. The structure of the

model is shown in Figure 2.

REMNANT
Ii H OPTOR MODEL-- (tJ -

X201

(k) r DYNAMICS BALLISC

Figure 2. Block Diagram of an AAA Gunner Model

This model structure is retained for the blanking case except the ballistic

equation is no longer parameterized by a linear equation relating e and B.

Instead, a more realistic nonlinear ballistic equation is used as shown in

Equations (3)-(4). In addition, time-varying gains are used to model the

effect of observation interruption. We will discuss the no-blanking case

first, then the blanking case.

12



NO BLANKING

The equation representing the gunner's internal model of the tracking and

firing system can be written as

Y(t) - c!X (t) i = 1,2 (6)

Since both x' and x' are measurable, the only state that needs to be
il i2

estimated is x13. The state reconstructor equation for x can be derived

by applying the reduced-order observer theory (Luenberger, 1971)

x3(t)- -(kii+ki 2)cixi3 (t) + kilYiM(t) + ki2yi2 (t)

-b ikic iui(t) - biki2 ciei(t)uit-T) - ki2 cigi(t)

1 -1
ki J i(t) -- li c1y12(t) (7)

The objective of the gunner is to minimize the tracer error so that a maximum

probability of hit could result. In other words, the gunner's response in

the control process would be to stabilize the underlying system, especially

the tracer error x'2(t); therefore, a linear feedback control law of the

following form is designed to achieve this objective.

uit) - Li (t) + vict) (8)

where

Li [yil' Y12' Y131

is a vector of controller gains to be identified,

13



- [yil(t), y12(t), i3() IT

is a vector of measurable states and estimated state, v (t) is a remnant

noise function assumed to be Gaussian with zero mean and a covariance

function

E [v, (t) v i (a)] -= Li + ai12 i6T (t)l + 0i3 1 iT(t)16(t-S) (9

for all t and s. a j are nonnegative model parameters to be determined.

8eT and 8T are estimated target angle rate and acceleration, respectively.

Equations (7) and (8) represent the gunner's response in the estimation and

control process of the tracking and firing task. If we define a new state

vector

xit) = [y 1 1 (t), y1 2 (t), X13 (t), x13(t) - x 1 3 (t)]T

then the state equation of the closed-loop system is obtained by combining

Equations (7) and (8) with Equations (3) and (4) of the actual tracking and

firing system.

X,(t) _ (t)Xi(t) + D l(t) k (t--[) + 0 T(t) + E 0 (t)vi) M]

+ Kl tvi(t-T) + Ri(t) (10)

where

14
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cc + b ~c iyi b ic iyi2  (1+biyi 3 )c 1  -b ic iyi3

0c ic C 0

A (t) 0

-i0 0 0 0

o0 0 0 0c

ii

ci e 1 (t)

1 0 0

0 00

0 bic 0 L

A



There are seven model parameters in total, i.e., ki, Yii' Yi2' i3 il' '2'

and a that need to be determined from the empirical no-blanking tracking

data.

BLANKING

The optical display of target was blanked periodically according to the

duty cycles and durations listed in Table 1.

TABLE 1. BLANKING CONDITIONS

Condition Duty Cycle Blanking duration
(M) (sec)

1 25 1.5

2 25 3.0

3 25 6.0

4 50 1.5

5 50 3.0

6 50 6.0

7 75 1.5

8 75 3.0

9 75 6.0

10 100 1.5

16



The duty cycle is defined as the ratio of the blanking duration to the cycle

time. The blanking duration is the length of time that the target is

blanked so that the subject cannot see the target. The blanking always

occurs at the last portion of a cycle and may reoccur periodically over the

entire TOW firing period. An example of blanking sequence is given in

Figure 3.

BLANKING

PERIODS

POP-UP - ----FIRING -.- EGRESS --aw

4.0 8.0 12.0 16.0 20.0 T(SFC)

Figure 3. Sequence of Blanking for Condition 4

The gunner's performance deteriorates considerably under observation

interruption via blanking the target. In Yu (1981), the effect of blanking

on the gunner's tracking performance was modeled successfully by degrading

the gunner's estimation gain k(t) and the controller gain y(t). A similar

approach is adopted here to model the effect of blanking in a more complex

firing task. More specifically, the observer gain k and controller gains
i~i2 x' andx'aeasmdt

Yl and y which pertain to the observed states xla x 2 are assumed to

decrease exponentially as the blanking starts and to increase exponentially

as the blanking stops (see Figure 4).

17
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(repeated)

III 7 Time

Blanking period Recovery

t. ti

Figure 4. Degradation of Model Parameters in Blanking and Recovery Period

Given a blanking period [to, tl] followed by a recovery period [tl, t2],

the degradation of gains can be expressed by the following equations.

During the blanking period:

ki(t) = ki(to) exp t-/ (11)

"Ylt W - Y (t) exp t- 0 (12)
(_±o

Yi2 (t) -Yi 2 (to) exp (13)

18
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During the recovery period:*

k- -kt) (15)

aii(t) = a11 (ti) [i-exp (16)

The time constants T j associated with each gain parameter, ai1 (t) and

ail(t1) are determined from the empirical tracking data collected in the
blanking experiments, as shown in the next section.

*In the simulation program, the length of the recovery period is defined as
the minimum of 1.5 sec and one-third of blanking period to avoid covariance
being negative.

19



Section IV

PARAMETER IDENTIFICATION AND SIMULATION

The least-squares identification program developed in Wei (1981) was

modified to identify the no-blanking parameters. Equation (10) can be first

decoupled and then approximated, via the Average Approximation Method, by

the following ordinary differential equation (Banks and Burns, 1978).

Hi (t) A- N(t) -Wi(t) + 11i B, t) (17)

x13 (t) = iT (t) (18)

x14 (t) -k i tc i x14 (t) + eiT (t) (19)

where

-l biciylt b ic iyi2(t) 0 0

0 i biciyiii (~ei ii2t)e

1 0 1 0

T T

10 x 1 (t)

O 0 Hi x 1' (t-T)

O 0 jx' 12 (t-T

20



( bp 3) '1 '1 3 (t) ' 1c1"1 3x14(t) +bci 1 (

c [cx:U(t) + c ie it) {yi3 x13 (t-T) 13 ix1 4 (t- ) + v~ (t--[ + c 1 (t)j

IDENTIFICATION OF MODEL PARAMETERS

The equation which governs the mean of states is obtained by taking

expectation of Equation (17):

= Nt) wi(t) + i *i(t) (20)

where

= [ {x 1(t},E jxf (t4, E {x11 (t--c) . E {Xi2 (t--[)} T

(1+biYi3)cixi3 (t) - biciYi 3xi4

(t) =

cix13 (t) + c ei(t)Yi 3 {x1 3 (t-t) - xi4(t-') + cigi(t)

The first and second component of Wi represent the model prediction of

ensembled mean of tracking and tracer error, respectively. On the other

hand, the covariance matrix Pi(t) satisfies the following equation:

P i(t) = E() (t) + (t) Ni (t) + Li(t) Qi(t) LiT(t) (21)

where

Pi(t) = E 1W(t) W__(t)] [H(t) i(t)]T

21

.- t



bici 0

0 ciei(t)

o 0
o 0

cii1 t +(12lT(t)l Jc~ e T(t) 0

0(t -l c (t --) + ai2 6iT (t -) + a1 e iT (t -) t
The first and second diagonal element Pill(t) and pi22 (t) of Pi(t) represent

the square of the model prediction of standard deviation of tracking and

tracer error, respectively. Notice that time-varying parameters are assumed

for ki, 7il' 712, and a,, to reflect the effect of blanking. Since the

blanking effect to the estimation of target velocity x13 (t) is predominantly

expressed through degradation of ki, there is no need to consider a time-

varying yi3' i2' and ai3"

The steady-state value of the parameters are first identified via a least-

squares curve-fitting identification program. The reference curves to be

fitted are obtained from empirical tracking and tracer data collected in the

manned simulation experiments without observation interruption. These

experiments were conducted on an AAA simulator at the Air Force Aerospace

Medical Research Laboratory. Three simulated helicopter trajectories

ranged 1500 M, 2000 M, and 2500 M from the AAA system were used as target

trajectories. Figure 5 shows some characteristics for the 1500 M trajec-

tory. Let x il(t) and xi2 (t) be the empirical ensemble means of tracking

and tracer errors and sil(t) and s1 2(t) be the corresponding standard

deviations. These empirical means and standard deviations were obtained by

averaging and computing the variance of the empirical data from 40 simula-

tion runs with the same target trajectory and the same subject.

22
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The parameters were identified by minimizing the cost function

J i[k(ts) r (ts)? a (ts)J

defined as follows:

tf

k,P,oc k,F,a s

+ [ 2 ~ i()2dt (22)

+ i i PljJ Sj

i = 1,2

where ts is the initial time when a selected tracer round reaches the range

of the target, tf is the time when the last tracer round is fired, Zi is a

positive weighting factor chosen to be one in the identification runs.

The direct search algorithm developed in Wei (1981) was modified to identify

the steady-state values of the parameters. The tracking and tracer data of

the helicopter trajectory, ranged 1500 M from the AAA simulator, without

blanking, were used to obtain the following steady-state parameter values

shown in Table 2.

The time constants associated with the parameters were determined empirically

from the data of the 1500 M trajectory with blanking condition 5 and listed

in Table 3.
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Notice that the time constants for Tk, T 2, and T are the same for both

elevation and azimuth gunner model. This is as expected because the gunner

manipulates the H-grip for elevation and azimuth tracking indiscriminantly

with respect to the observation interruption. On the other hand, a1 (t0 )

and a 1(t1 ) for the azimuth case are considerably greater than that for the

elevation case. This reflects the steeper increase of uncertainty to the

target's position along the azimuth axis, because the azimuth component of

target acceleration is much higher than the elevation component.

SIMULATION RESULTS

The gunner model was implemented on a CDC CYBER 175 computer to simulate the

man-in-the-loop AAA tracking and firing task. For the convenience of numeri-

cal computation, Equations (20) and (21) are discretized into the following

form:

n+l On -n+n n 23
-i2-i

n+1 n ~n n)T 1 n n R,,T (24)

where

t n+= t 0 + (n+l)A

4i =Hi(tn+l)

p n+1

i Pi(tn+1 )

n
0 - exp [Ni(tn) A
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A

Hi uf exp[N(t n ) * ] do _M

0

.A

Rn - exP[Ni(tn) a ' AG * Li(tn)

0

n

F~i -El (t

-.Qi(tn)

A = 0.06 seconds

A simulation program was developed which uses the recursive Equations (23)

and (24) to simulate a closed-loop AAA tracking and firing task. Inputs to

the simulation program are the time history of range and acceleration of the

target aircraft, the initial angular position and velocity of the target,

the number of blanking intervals, and the blanking intervals in chronological

order. Outputs of the simulation program are model predicted mean tracking

error and its standard deviation.

Simulation results are shown in Figures 6 through 17 for the blanking

conditions 3, 4, 5, 6, 7, and 10. The solid curves in these figures are the

empirical data which are obtained by averaging the results of 40 experi-

mental runs. The dashed curve is the model prediction of ensembled mean

and standard deviation.

Figure 6 and Figure 7 show the comparison of model versus empirical

elevation mean and standard deviation, azimuth mean and standard deviation

of both tracking errors (lag), and tracer errors for the no-blanking

27

tK



case. Figure 10 and Figure 11 show the results for blanking condition 5

which had a 50 percent, 3.0 second blanking occur during (11.01, 14.01]

seconds.

Of particular interest is the comparison of the empirical standard deviation

in Figure 6 and Figure 10. The effect of blanking the target to gunner's

performance is clearly demonstrated by the sharp increase of the standard

deviation of tracking errors during the blanking period [11.01, 14.01]

seconds. This effect is very well modeled by degrading selected model

parameters as indicated in the model prediction curve in Figure 8. Similar

agreements between the empirical data and the model prediction can be found

in Figures 8, 9, and 12 through 17.

These figures show that the designed gunner model can provide consistent

prediction of the gunner's empirical tracking data as well as the tracer

error data for both no-blanking and blanking cases. These figures also

demonstrate that, for a given AAA weapon system, the same set of parameter

values and associated time constants can be used to predict the human

tracking and tracer errors for all simulated blanking conditions.

However, due to the fact that the helicopter trajectory has very low

elevation axis maneuvering, these parameters may only hold for similar

types of low maneuvering helicopter trajectories. Reidentification of

these parameters may be needed for other high maneuvering trajectories.

The computer execution time of the overall simulation for an 18 second

helicopter trajectory takes about 5.60 cp seconds on a CDC CYBER 175

computer.
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Section5
CONCLUSION

This report summarizes the modeling of a gunner's performance in 8 complex

AAA tracking and firing task under pseudorandom observation interruptions.

The highlight of the task is that the gunner fires tracer rounds without the

aid of radar and lead angle computer. Furthermore, the gunner's performance

is greatly hindered by observation interruptions via blanking the target on

an optical display. A blanking model is designed which consists of a reduced-

order observer, a linear feedback controller, and a remnant element.

The gunner's performance is parameterized by the controller and estimator

gains, in addition to the covariance coefficient of the remnant. The effect

of blanking is modeled by degrading these gains and coefficients as a func-

tion of blanking duration. An exponential decay form is assumed for these

parameters. The associated time constants are determined from empirical

data collected in the blanking experiment. A direct search method is used

to identify model parameters systematically while minimizing the least-

squares error between the model output and the empirical data.

Computer simulation of the proposed gunner model show that the model

predictions are in good agreement with empirical data for various blanking

patterns using a typical helicopter trajectory. These results demonstrate

that the model can adequately describe the gunner's tracking and firing

characteristics in an MAA weapon system subject to observation blanking.

This gunner (blanking) model has been incorporated into the MTQ series of

POOl/OBS AAA engagement models and is designated as program POOl/OBS 3/6B.

This composite program PO0l/OBS 3/6B can be used in the evaluation of air-

craft survivability and performing weapons effectiveness studies. Documen-

tation of POOl/OBS 3/6B is in preparation at the Air Force Aerospace Medical

Research Laboratory and will be distributed separately.
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LISTING OF PARAMETER IDENTIFICATION

PROGRAM ELEVATION CASE
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W1- --Up -~pTJ~n
5 E Z u1_________________

.K l.CiT 'L.

IF(FR. E. 11RETURN __________

:_ 00__ 20 ____________ _ .--l- --- -- - - _____

15 J381 tL 2 L

IkIPmTElP+GCJ)*Efll)

* L2sL-1 ___ _____

LA 3~ U l'1,vLC

L3_Dr_0 -S39

- --3Ku I J 1) v L + I

____SL303UTINE DSCRT(NDlMADELtEAPEAINTNT)

c SETS EAuEXPlA0DEL)9EAlNTuINTGRAL EA 0 TO DEL

- ~ 1 UW l~'I I
C, 1r NT) a____ I._____

G ~ ' Nr UST BEAT LEAST 3

00-60 L=39NT _____

IF(L.Efl.NTIGC TO YO

70 OC 01O [t1,IN DN I _____________

80 CC4TZNUr____ __

bUlP)JTlNT_ DIAGlNOIMA,5,02,C21

____IFICt.Elo1.U3 GO TO 10

4 J '4 l)*CJ4I~

- A fT!1EA(rr1.fc c___.--

1Q cc 7 JouINAOIN
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CC 6 IniI _________

.. ItJIIAII1C

R IETURN ____ _______

* 554 2.5.5 2 -S.017964,9-I.620511
o. 54311 *61#19 fWI-39* 423 late Z46-7-sT? W E-3- IV. 102E-3 -
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APPENDIX B

LISTING OF PARAMETER IDENTIFICATION

PROGRAM AZIMUTR CASE
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MM P ON)

FISRA.4 DOT ITAPE ITAPE291 NPUT90LTPUT) ____

u 11-ES1 I UPt AhAIoE7 1SI( 7 ,A7)T9ZU v7) X (A7V -F __3_7__)__F()__216

tC-4,FrArx UDUUTS(IO)riAZDDOC 11,EL3 rg 000 jUN (100 0)--

-Ih'r;FR '3,SUEITFR- -- -- -

LG= 0

,. - cc I J=19NPA( ____________

IF (I.71. J) D(IOJ)zXI (IJla.. ____

__ _ z( I ~
b ~, J) zI.
CC'Ttu --U KU___---r--

FR21

PRN 4E3., l,KDIl TiTPTYu, ri

- C 24C,"1141T TIPE= -tG12.5// lXt -READ EVERY I ooiNr-v-,Y102 ,9;12
c C51

ULL 1 331 IPT

S ,EID I t 3) (1 ,UM4AZAZOOUM19ELELD9EL CO*2JM2ELMNI3UM39:_LSO,

JC.4 ls1,'(

IF* ME~1.) 4445

4: IFI~')Z-t-I;T).NE.0) GO TO 44
Ihz( I- 1) /IPT 41 - - _ _ _ _ _ - - - - - --

- IF(I-4.N-z.tlGoTO 49

A Z) Os Z

A 1n(IH)SDUMI
-- - X(T'4) = H - - - _ _ __ _- -- -- -

tLLs( IM~EL-LLMN

IF )M % 8 " -- AN -- - - -f93

IF( T4.Lc.m) GO TO 44 -- __ - - - - - - - - ---- - - - ~ ---

IF( IET.NE.1 ) GC TO 4.--

i~jl(,.6)TME,JU4,TELOUM,fELS,ro31,Kr3
L~C 9.1 I'l1i -

5~E:('.5)TIME,Gu'l5,TELO~rnT9rELSO __ __

I F I(r- :'(?) ; 489,48 - _ _ _ _ _ _ -
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IsfIGIO)UN7

-lo L rsl2I

* -P~rNT',zPS,CALPI*A(I),1.1,NPAR)___
- Ai-C.6 - - -- -- - _-- -- _ _ _ _ _ __ _ - ---- --..--- ---. -

10 DC 5 1.1, NPAR ___

A U ____i0t 2'1U_

Y2Q'A4ZT4U-(AZ0-Vl0Dl

CLJAJ____________ ___

'.0 FC~tNAT(0DALPNAs ,6151GZ5*52.5,S,G12.5,1, -

~~~~~- 2 ,, 12 ,,Giz 5)-
PRINT 41vAJ#IT.SUblr___ ___

-11 00 100 'CmlNPAR

O C 1.2 L=1,NPAR

IF£((L.G-_.?l.ANO.fL*LE.4)) GO TO 12______________
IF~ifFLE.u..TAL-0MA TLi-ALPHANtLi

*12 GC'4TNUT ___ ___ ___________

_____IF IAJ@;T.OLCJ) GO TO 20

- PRINT '3,IALPhANWIPqPJPslqNPARS __________

-~ ~ Fr'T1, A T, surr- -

- DC 15 Nul1,NPM ___________________ ___ ___

- TU'iT~i~hALF IN8iT~i
-lb GC'4T1NUE

GCTO 25 _ _ _ _ _ _ _ _ _ _ _ _

2- EVR I a - -,NSE I K
- IFCAIK).LE.1.52 AKM80.0

&C 31 Lxl,NPM ___

*If fA(l.I_~..Iumg TO 39

1u'---rrvor ___

* IF 1^.K.'AE.0.SGO TO too__ ______

Go 3? 4sl,NFh~ ___

* XimSIRT1SUNI5
* X3zKxitK'

---- 7A111r3 1, OL J,9 AiLPHA I 9!P) RV ~I' 1 PA i( , A 1 A3
*33 FCIMAT talin 09G122,5S ALP ka (4 9G1 2. o #1 12.5 1 9G 12. 59

10 XT(Dlia 00612*51/' XI)I/XIL 2): 4'.612.S) _________
GC T0 110

t_ j. c04T1 iJ
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105 6C TO It.
110 S L43-a0 .

____1C7 J1NAR

OC ILI 1z1,NFAR
F 2 ( L, 0 .

Do it?. JIsNFAR

D CCi '1Ti NfAR

120 SL43=5U3lABStOII))

DC 110 '*1,NPAR_________________________________ _______

* - LCIW~a 1,FAR
Z Zt4J 2( N) *V(NqJ3 _____ _______

DiC 140 JaloNFAR
* .. U~TuLRm1,NIAK

* ~~DC 1.0 <mJNFAR ________________

140 wC'TINU:

T DC 150 Jv1,NfAR______

$ Lii.S2T (SUP..
,C-lFJsfNFARl

165 v Ct9J3 =X(1, J)/SUM4___________
X__KC9NT i-2

- b9 CdsI(OJNT-1

. DLC 160 ..=1,NFAR_____________________ ___ ___ _______

lbo COATINJr __

0 C -1?0 -'4f~WP4RK_
-F2( ,M~zFlQ)4VjKVH) + FZ(QoM)

T1CCITIDT-

- T7F-CC'TNflu
DC 190 t:1,NFAR______________________ ____

:-VF ---e (O7JNT, r)-x-NcuNri--Fv h, ±1.

Zu0 5U'15(D) sSUM5 (0) B(I(OUNTP)*l2____ __________________

* l<3U?4Tv-M)aL(KOJNTvM, NT 1Striu
215 CC4TINU-

- KCINTfKWT I
IF (K3U4T.Lc.NPAR) GO TO 159

FT m Ir - -- ~---- -- --- ____________ -___- ___ _ - ___

CC 250 (s1tNFAR________ _______

* D(KIZC.3

260 C.j4TINU9_
- - - GC_ TVM- __ _ _ _ _ __ _--

*14.00 GALL EXIT

SLIPQLUTINE IhTG1ILPHAvEJ)

CClMM~//C0t EEL ,NSTPtND,T ajlP'f1ji-UAZU0_-- - -__________
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Z,Xl I1003) ,X4 U10901 ,E'3H(I0 00) ,EOOH(1000I _________

-C INITIALIZATION_____ ________

O C I J*1,ND

I A41, J) .

NClizVSstoP/3

00 ItI=I2,NO - - - - - - . . . - . - -

____bu()0 It____________ _____ ____

Firttfio
-i P___I*_I_ F Ct)2 _______________________ _____

X1L4(I z() Ia.
L LCl (1)'0 = _______3____(1_______

* N I3N

- fCza10 K<u,NSTP____

(C. COS ZLG (KCK)JI ____ ____________

A~DL.LH(j5~ -____________--- -

_____F(A .GT.-200.) S1uEXP(ARG) _______

* £(1)3-(K) iLDOWCIC[O - ---------. - - -

I F(ALDHAMI.EQ.Id) GO TO I._______________ ___ _____

14 -- ______

___tC T3I 3_ _ _ _ __ _ _

*3 Cc4IrIN'Jz ________________

IF(<<.G.2j C5M(K K)UEO(iD(KJED (KC-i0))/OEL ________--- ___

_____F(K<.L' .MJ GO TO £0LO________
- Isf-TirT-

lFfXSET.NE.1) GO TO 10

N M~i 1a UU50~Wu 230Ct

P V,'?) a(0 .0 0 7l587*C _)____?_

____SSl(S2RT(P(1,1)/B-SEMP(1))92(SQRT(P(22)ICTS (1) 0'2

1a CC ITINU: _______________________

* DC 100 <K=ISTNSTP

R R*SN4kYAU(Kg)
O C 2 IXuINO2 ___________

* AEJi jile-RA

!93. ~XGK1-ILG('('C UfOEL
LtUCas tgLG(KKI I
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T6w-11913UThdISLG(KKI) I
SC4L a (COO*Cd) *6 21EL

AZw1.-(TAU4ICli-TAUfIK))/3FL

A t AI M-COR# 7b

CCONPUIE TRAISITICN MATRIX E4 AND ITS INTEGRAL E&INT

CALL OS.ZRT(NCIM,b,3ELtESE8INT@5)
- tE~i~I' PH'A (41-0 Cis

*C I S1'?(Piilli3SSO
99 FE TCATI 5tT2.1)

-c
C CONFUTE WARN TRALKIUIG EKU

* UU Lig £Uiltm~

* 0~ 116 JoloNcIM

120 CCMIINUE

* Fll)aIC3-CR)'IX3(KKC)CR.*PX4(KK)

- __ F(<.Gr.M) Ft2)aF(2.CR4b(X.(KK-MI-x3(KK-M))6A2
so a139' Ioms-N-ndX-W -- ---- -____---- -.

U)C 14.0 Jsl,2_________
____~D f TDf1) EAYN1jT'T "- .jr

14.0 Co04TINUE

.. 3UC CTI NU:

-c

. tG~ ~i1 w~~p~a 111APW~~t'S~tU4IK~).1LPN~t~ Y*A3S( EDON I (K) I
I *A

IF(4K*GToN) COC(2,2Im(ALI4A(5I.ALPHA(6)'ASED4IIK-M)IALPHA(II
_3~1SrEV1"IKK-M))SCAL4Zv2'--

CAL UL(EAINT.CQC,NOIN, NIPI, 10)
CSLtULT (EAOi,1Z10- ---- -i--
IDC '?C 1S1.NCIN

* PIKJluPlflvj)*P211,J)

*1U1- CC'4TINt -

* JDL(NCdM'S) ___________ ______

.V REMPTU-RR OlETY-TAD- -DEVI ______- -TO

-. ''

A**!. *'"



.SU3 0JTIN MULT lE, ,L9L2, HMR)

- C 13 Kilt1L

I i. 0aT E IP (J)*F (11 ________________ ____

GC 20 Iz1,L ________________ _______________

00 15 J219L19L

I KSK-(D 0 L.I
21, h('(K)3T MP __________________ _________

DC 31__I11L2____________ ______

* ___00 30 JzL39L__________________________ _____ _____

S30 (Ji)O(K2

DI'4ENSION A (1),EAll),EAINT(U* C CEFI3G) ___ __

SSETS Su-EA.0E)AOEL)-NTIT'TEGRAL EADTW-3-DEV- '----

h LiNJ A

______GC 13 I219NTPI

-t 10 CC-(.iri:0EL*COEFLZZ,1IIFLOATIL)
c C RT-uSuSrBCir1..EAsr-3~ - - -- ____ _

CALL OIAG (NDIMLAINT,_A, OEF(13,COEF(2))___________

,,_(ALL VULTfAqEAINT#NDIN9NMEA,1)
1 r( L E CFNT i 6C-T6-7 0- -

bO CtI.L LtAG(NUIMEAINT,EA,1.G,COEF(L)I
.,TDI1IF Oui1l - N,ND I M I-

EA(11t2rEA(IIJ+1.O

1L@Otl41-frFi~E CZI T I

N" W N 01 M1.

A 1FC 7r?1#T-TD-I

LOC 5 J219NNNDIM __ ____

& C '.IuiI

* A4!!)zA(III*CZ ____ ________ ______
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OC 6 IoJti(
6 A4t~zfI) ____________

-Rc-TURRN
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APPENDIX C

LISTING OF AN AAA GUNNER

W)DEL SIMULATION PROGRAM
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W&WTZOCM?0OOO. LT6095,MEIvt593960
COMMENT.t4EWOWLS!'IUB,1DzL760295, :Yui'
COMMENT.__*AAA MODS6 3LANK14IG S14JLATION PROGRAM*
ATTAiCNTAPE1,OWL64ELS38BJ33,I33LFiO295,CYu1,MRu1.
FYN.4
L;O.

PROGRAM S14JS(IIPJT,OUTPJTvTAPE1 4

C04MON/S/Cqt2),IELIHNDIMY1O(2),X5(Z),ELELODlAZOOMTAURAA2,NO
Al tND2*NAA#USLpUAZt ELTR94ZT tISET 9Z19 Z2tTAUtTS (15)9T E(15) tTIBL

C
C THE PURPOSE OF TI4Y3 PROGIA4 ISrTO SIMULATE AN ELEVTN AND AZIMUTH-TmA-
c TASK IN THlE TRA;EP-IIECTE3 FIRE (MOO-- 63 SYSTEM
C SUBJECT TO OPTI!,AL 3LAN'CINS
C INPUTS THE ELEV4TI234 4EL) t AZIMUTH WA) ANGULAR ACCELERATION OF- _ _-

C TARGETJ AND BLA4K(!NS DURATIONS(UP T3 153 IN CHRONOSICAL
C OROER
C OUTPUTS MEAN AND STAND DSV 3F LAG AISGLE -

C 4*64* ALL ANGLES AIT- IN UNITS 3F RADIAN
C TAUI DELAY IN SEC04!)S . - - - - -

C ALPHAI PARAMETEI VT:T3R
C ELERRI MEAN EL LAG INGLE (I.E. TARGET ANGLE-BARREL ANGLE)
C AZERS MEAN AZ LAG ANGLE
C ELSOS STANDARD ISVIATTON 09 CEL:VATION L&G ANGLE _____

C AZSDS STANDARD 3EVIATIO4 OF AZ LAS ANGLE
C ELTRI MEAN EL rRACErq ERROR (TARGET ANG;LE-TRACE-REN!DING ANGLE)____
C AZTRS MEAN AZ TRAACER ERROR
C ELBARS MEAN EL IARIEL A4GLE ______________________________

COELS TIME STEP USE) 1J THE r~r~z;RATrON ROUTINE
C TS(13 S STARTING T1IME OF I-TN 3LANKING DURATION
C TEIfl ENDINS TIME IF I-TN SLA'4KIMG DURATION
C Y±OI1)t ZP41TZAL rpUESS OF EL LA; ANG..E
C Y1021 INITIAL GUESS OF A? LA; 4NILE

* C UELS EL CONTROL
* C UAZSAZ CONTROL

C CQDl))I EL RATE CONTROL COEFF -_________

* C CO(Z) I AZ RATE CONTROL fCOElF
C Kit NO OF POINTS 14 T4E ENTI17E TRAJE CTORY-------_______ __

C KS NO OF POINTS AFTE-R TNE cIRSt TRACER ROUND is FIRED
C ELOD' EL ANGULAR A,-:ELEWAION 3F TARGET
C AZOOS AZ A4GULAI ACSELERATI34 3F TARGET
C X3(11 EL ANGULAR VTLOCITY OF TARGEr -__ _

C X3(2)1 AZ ANG'ULAR VELOCITY IF TAR3Ef
C X,1 ESTIMATION --RP" OF ANSU,.AR VELoCITY_OF TARSET ____________

C ELI EL ANG'JLAR OOSrrroN OF rARizT
C Wft)_1MODEL PRE ITS L AG Att.Lj ______________________________

C (1i MODEL PRV3TCTrD TRACER ERROR
C P(19111 VARIANCE OF PPE~rCTED LAS A4IGLE
C P(2,219 VARIANCE OT PREDICTED- rRA.ER ERROR
C TOI THE INITIAL FIRIN; TIME -

C

PRINT 3,K1,To,r~T
3 FORPATIINI,-N0 IF PTSX ,I4.2EINIT TIME2 9GA2* 5!/1X9 READ EVERY

C-912," POINT"/)
IF(I5LoGtol3 REAO,(fTSEf),TElK)vK31,I9L)
PRINT 119IRL

it1 FORMAT! 11 1"LANKIMG -INITERALS ARE*V
ZF(ISL.GE.1) PltNT i.,TS(J.TEIOK'1,IL)

KTaTO/0.03
KxKl-KT
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IPRINTz20/t'T
C3(1)1l.34
CD (21:1.28
NOIuNOIN-1
NOZ2ND!N-2

* rsra1
OEL=0.03*1OT
ELSD**005*W).S
AZSD=.005*61.5

* ISETzD
UELO0.
UAZ=D.
PRINT 7

7FORPAT(/IN 92X,9 TIME", X,-EL VE.-,9K,-ELERR --,3Xv-LSO-6t,
I-EL CT,X,"A! VEL~"a"ERRQ,6X,'AZSOfp6E,4Z CTR-
2,6XpEL TR*96X"A TR"M
REAO(1,23 IT,O)UI1,AZ,AZO3,AZOOEL, ELOELOOAZIN,( ,ZSO,S,1z1,9(T

C )
00 5 I=1,K
REAOI1,2)T,)U,4iA,AZDZ)EL9ELD1,-LOD,AZMN,X,ZSO,S

IF(PIOlI-I*!PV).NE*3) 3 T3 5

TzTO*( IH-1)*DEL
TAU=7.5
IF(OUNi.LE.281'.) TAUz0Ur41#(930.-.I9*UMt1)
MY AUmTAU/OEL
IF(IST.EQ.t) OTAUzTAU
IST: 1ST .1
PAxNAA/TAU
A2:1*-( TAU-OALY) /DEL* -

* OTAUzTAU
X3(1)zELD
X3(2)uAZO

TAUR=TAU
C IF(OIo1LEI4i.Q1) tAU~zTAU*4NAX1(0.69OUM1/5I30.I - - _

C YI02z-0.029*S1V411..AZ0)
Y1D2:-T AUR647)
IF(IN.NE01) GO TO 13 _________

EL9=EL

E202YI02
GO TO 10

9 ISETmISET.1
IPIISET.NE.1)13~ TO 10
ZL2EL-(ELO-!1C)+..I01'(5.*TAU+.'.STAU 4 '2) *OOS(ELO.0.053
Z2zAZ-IAZO- :201

10 6L ~~ LERR. ELSO)
ELBA RsEL-ELSRR
XFffI-1).L2-.mraui Yt0121uV102*'OSKLeAR)
CALL O8SAZ5(A7rlPAZSOEL34R)
IF((MOO~H-Li'2 IWT).E2og.I.R.IH.E2.1)) PRINT 6,TX 9 ,LR

1,CLSDUELX112) ,AZEqR.AZSOUAZ,.LTftAZTR
6 ORMAT (UG12.*51

I CONTINUE
2 F ORMATII2G2*51

SUIROIJTINE 1lS'..(EL9-QR,!Lsoi
CoPOMt4NSIC032 12 93L9IK419Vt2),1 X304 21 9EL, ED0 20 9 Zoo A H ,A 2
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A 9,~ NDH2,N4AAUtUA~q ,-LTR#4ZrRXSE-T* Z1,ZZTA UpTS(IS TEIIS) vT9IBL
DIMENSION w1~,(IfoPIl )P1~I1ALPHA(?) ,A( 4, 4)

2,x31 1009) qxr#tl320) E!DHfi0031 903H(IO06I , THET U1300) ,ALP50( LOGO) ___ ~ - -

EQUIVALENCE 14(191) 0(Wo )t (),B(1lEA!NT11,1lEf~hT(l1)
DATA WT/Ig/
DATA ALPHA/t*54?19*017491teOZ44339.423169.2244.6E-Tt*179?'5E-3,

A *17302E-3/ __ __--

C INuITIAL IZAT10N - -__

C
IFtfKK-1l.*G.91 GO TO 6
IFIKKGT.11 Go ro s
N~wMO**Z
tOINNMO
ALP1UALP10=*LP4%_(11___
ALP2-ALPHAI2)
ALP3*ALPN All)
ALPE.UALPHAI I)
ALPS=ALPI4AI 5) ___

ALP6sALPNA £5)
ALPY=ALPI4A(?) ___

ACCxG.
IFLAGm0
SCALC(I'*02/OrL ________

00 1 1N

CQCIIJ).B

AII#J)sO.
00 11 1=113_______ ___

011)Z.

11 II11S300Ul

E0N111uX3(1) -_____

E004111.0.

6 IF (ISET oEQ, 1) 4(21.21.
IFIISL*LT.1l ;3 TO 18
ALPSuALPHA(S)
ISsIFLAG.1
00 12 1.15451.
IF(T*GE.TSfllaA40.TeLT.tE(Il)) 63 TO IS
*TTSA'IZNL 4 1.5t,C.*3*)
r71T.GE.TEI.)*4D.TLT1TE1!).ATT11 GO TO 16
ZF IT.GE.fTElI).4T711 Go ro 21
ACCuS.
I-TftIT.Lt.TSftSI) GO TO IS
60 TO12

Is ALP1.ALP10.1AL'4A(L)-AL213l'l1..EX'(-C.43*(T-TE()l11--
ALPU-0000~iL.EXP(-0.43'(T-TECrii1i
GO TO 18

is ACCwACC+DEL
t F A G ' - 1I
AL#1uALPNA111~x-ievf-0.0'05S*IT-TS1I) II

ALPI.0.0001*h1.-EIP(-O.12'lr-TS(IlIIII
ALP IDOALPI
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21 ALPIsALPHAM1
ALPSSALP4 AI I
ALP~zALPNA(S)
GO TO 18

12 CONTINUE
toS CONTINUE

A LP95 I 1(0 . LP5
ARGa-DEL*AL01
IF(ARGoGT.-200o) SlmEXP(ARD ~- - - ~ --- .-

THET (Jc.0EL
KluKK.1
'(2. '(-1

C4
C COMPUTE TARGET VELXITY AND ESTIMATION E-RROR - _____

C
X31K1) uX3(KC) *--Vfl0EL
IFIALPI.E0.~o) ;0 T3 4
X4(KI)SlE4(KI .EOO'.-5L)/AL31
GO TO 3

4 X4(Kl)zX1#fKK)+!ZO'ODL ______

3 CONTINUE
COHNKI31K K XI ______ _________ ______

IF(KK.GE.21 EO1,'((J=(EON(<)-EN(K2W)~OEL-_ ____

COR.C0 4 u ALP2
CQ4uC0 II) AL0'&
IF((KIC-1).LE*Ml GO TO 150
ALXl :.,0.0O2'(8. 2'TAU.0.4SB*TAU'*23'SINTHET ('(-N))______

A(1921a-COfI)*ALP3
A42,NO1)2AI1,1)*AL1*A2
A(2,ND) zA (t92) *AL1*A2-
00 2 IulND2
JI'I.2
AIJltl)=RA

--- A-(J11jJ1).-RA
2 CONTINUE

CALL DSCRTV4'),S,0ELvE9,T0I1T,5)_ __ ___ __

CR3zCR4ALI*A2
SCALizSCAL*(ALlI'AZ)2) ______ _________

C COMPUTE MEA N TRACKI'4G ERROI (I.E. LAG A'4GLE)
C

U3*L*w2M4) ALD3SlI(2),+ALP4.I(X3('KI-K4(KK))___
00 210 191940
00 120 J219'49 __ __ _____

120 CONTINU E
110 CONTINUE

F(2)3X3('(K)4CR3'(g4(ICK-')-'3(K-MU+0001*(1-A2)1t5.2*0.972'TAU
I)OCOS(TET(KKI-1
00 130 12,4
00 140 Jul,
O1I)uO(I).EAINT(IqIj)*IJ)

140 CONTINUE

130 CONT1INUE

C COMPUTE COVARIA4CE 4ATRIX
C

CQC (1, its AL@5.AL26*6S(Ej.IiK11 ,ALDOABSIEDDI())- _

I *SCAL
CQC (292 In ALP14'( '.)5S*~O(C(MlALP*AB(EON(K-N)
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CALL MUTIclr ictiu 1 0
CALL MULT0('~vP,4D,NLqP2,13)
DO 22u I:3I,4D
00 223 J=l,940

220 C--O4T INUE
150 CONTINUE

ELERRzNII) - - -

ELSDxSQRT40 (It1))

RETURN
END
SUaROUTINE 36Ba!6fAZPR~v4Z3DvEL;)
CONNOr4/S/CO(2J,)EL,(I(,NDYLOI2),X35I2),ELELDAZODIIPpA,

I A2,NO19ND2,NA1,UELUELTRftZTRISErZiZ2,TAUTS(15,,TE(IS),rI£.
DIMENSION WI4),'tb,'d,90It.,4),P2I.,'dALPHA(?).A(4,'.)

2j3IA00o.X413DD,,E'4HIO3.LD3HiDooa.ALP50siBOO)
EQUIVALENCE (A(1,I),j-(I)),4EA(l,1)91) )t,(EA!NT( to DESNTII)l
DATA WT/Is/
DATA ALPIA/i.53qt, . .194, . 773,1.030, .25Z86E-5# . 9766E-39 .757 SSE - ----- ---

A- 3/
IF((KK-i.Gx-.M) GO Tf3 6
'IF£I(K.GT.11 5o TO 5

C
C INITIALIZATION
C

DO 1 IaINl
00 1 J*IvND

CDC I IJ) =0.
I A(!,JlzO.

00 I1 IcIt4

F(11=0.

IL P (19I1 X00190
P4iSlu10.3359183CO3SI--L3)) 02
P(Zq2)x(0.llTi5l7.COS(EL3) *2
x3(I)SX30 (2)
Xli.iI)zo.

EOHNIII=O.1

slao.
ALPImALPI~uALDIA(l3

ALP3zALPMA( 5)

ALP4=ALPM4l)
ALPS=ALPHA(51
A LP6=A LPN A(SIB
ALPT=ALP,4A( 7)
ALPS Di ) aAIDS
ACCm0.
IFLAGaO

C
C COMPUTE AND STOIE STATES X3 44) XI.
C
9 WII~uyIo£2)
6 IMISiETeEtII.)4I)Z22(E

CONTINUE
CS*COSIELG)

*IF41SLeLT.1I 62 TO Is
ALPSuALPH At S
IS*XFLAGI
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IF (T *GE.JS 1).44r. T -T Ed1 S3 T3 15
ATTzANINI2A1.S, AC/3.)
IF(T.GE.TEIS1.A'40.T.LT.(rl-d1I.ATTU) GO TO 16
rF~r.GE.(TE(ZD.4TT11 63 FJ 21
ACCwO.
IFfTvLT.TS(IS)) GO TO t5
GO TO 12

GO TO 18
15 ACC=ACC.OEL

ALP1=ALPHA(1)':KWPI-r.O7;6*(T-rS(l))I
ALP2=ALPNA(!) '~xp(-3.1#(r-rs(ii ii
ALPJALP-4A 1~ iO''TT1

AL P15=AL P1
GO TO 18

22. ALPI=ALPHA(t)
A LP22AL PH A )
ALP3=ALPHA( 33
ALP5=ALPHA(5)
GO TO 18

12? -_CONTINUE
18 CONTINUE

AIPSOI I())ALP5
ARGm-OEL*ALOI '3
IFIARG.GT.-?00.) SIZEXOC AR;)

*X3(Ki3:X3(''+A?DO0*'EL
IF(ALP1.(I.I.I ;D TO 4

*X4(KI) =Sl*(X4 V<10 AZOD3-L)
GO TO 3

3 CONTINUE

C COMPUTE AND STORE T-3TZATED TAR;ET -VELOITTY -AND ACCELERA-TION
C

EDNI KI) =X3 (<i) -X (K(1)
IF(K2.GE.il ISCEJHl~r)#(KK-EOH(KZIl/OEL
X 30 (2) 2X3 I KI)
IFICK(-1).L.Mi) ;0 rO LS3
00 2 1219N02

A(Jltjilz-qk
2 _CONTIPHUC

iki&0 (ELG-)SL3I /DEL
C'3*COSIELG)
Tbs -TNEBO*TAN (!LG)
SCALgtICOC?2 OZ9 Of2/OEL
CORC(?)' ,LP?".B

- A(11 113a-COlo.1

AC?,NO32A(i92)$42

C
C COMPUTE TRANSITON 4ArRIX EA AID ITS INTEGRAL E414T
C

CALL 0SCRT(4C,,OEL~,9:,3IT,5)
C2'.sCf(2*ALP&*'B

C
C COMPUTE MEAN T14CK1~4S ERROR
C
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UaALP2*w(1i4AL14o(2,ALPPfX3((IO-I.IK))
00 110 lzl,4r)
0O 120 JzL940

120 CONTINUE
Ito CONTINUE

FI2IUE3(K) CB*IR'(X.1I(-1) -X3(KK-43) *A2
00 130 Iz1,*40
00 18.0 J=1,Z

18.0 CONTINUE

0(I)x~l.
130 CONTINUE

* C
C COMPUTE COVARIA4^E 4ArRIX

9 Ci,1)-(A L5.A4L 6 AB3 )( IIKK)3I.AL 74 AB S(EOHcI(K) I
* I *SCAL

COC(2,2)(ALP5)V(-)ALPSABS(--4(((K-M))
I *ALPTAS(EC('('())l'S:AL'A2"*2
CALL NL (SAINr, coc00, JL21,0 0

-CALL MULT(EAP,'lD,N,P2,i3;
00 220 I=1941l
00 220 Jzl9,J0

220 CONTINUE
150 CONTINUE

OELG=ELGi
AZERR=WhI/^'3
AZSD*SqRTI(IiIi )/C8B,
AZTR=W(2)/C9
RETURN
END
SU9R0IJTrNE 1jULTIE@FvLtLlMv4R)
DIMENSION El rlI,(S,41
00 10 11,tL__
1131
DO 10 K --l-9 __

TE4POD.
00 5 J*XLIL
TEMPzTEMP*T(J)*9'III

5 11:11.1
(PC:IP-1)*L41

HIICP~uTEMP
t0 GIPCI~uTEMP

IF(NR.EO.1I RETUlN
DO 20 1:1,L
DO 20 KI,L____
TEMPmG.
1IxK
00 15 JaILiL
TEMP2TEMP.OIJ)*E II)

is Ilu11.L
KKzlK-ll*L~I----------- -t- ---

23 MI(PC)=TEMP
.2mrL -1
DO 30 1.1.1.2

00 30 J-L3,L

(2. IJ-1*L*I
30 MIPC)mHIK2)

ENO
jV2R0VTINE OSCTI'IDIM.A9OELsEA9EA1Nrsti
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DIMENSION A(l),7At1),EAimiT(13EF(30) ODL -

ND0I=PJII4+L
NNzNOI4NOI4
NT41INT-1
C----OEF(NT)!l.
00 LO !=1,NT41
hu=NT-I

10 COFIIDLC F1+~ 3Tl
C NT P4U3T 37 AT LEASt I

CALL OIGNT, ANg:fzioOE-F(2))
DO 60 L=3tNT __________ ______________________________

CALL MULT(A,EAI1T9NOIM*4d,-A,1)
IF(L.E#I.NT)53 T) 70

63 CALL DIG?1MTITPA13CE(l
70 00 so II:1i'4,42rt'

EAC Ifl=EA(It) +1.0
80 CONTINUE

ENO
SUBROUTINE IT; I09919
DIMENSION. A(1),3(il
NOIM1=NOIM+i
NNzNDIMND'4
NMiNO4IM-1

IF(Cl.EQ.1.1) ;3 TO 10
0O 5 J=±,NNAI~rl
I(=J+NMi
00 I. 12J9K

At I)*At II) .C2
5 II=II+NDIMI

RET URN
£0 DO 7 J=104NN014

DO 6 I=JtK
b AtI)xB(I)

At III A(riIc2
7 II:II.NDIMI

RETURN
END
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