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modeled by degrading the model parameters related to the observed states.
An exponential decay form is assumed for these parameters. Model parame-
ters and assoclated time constants are identified from empirical data via
a least-squares minimization algorithm. Model predicted tracking and
tracer errors are compared with empirical data and found in general
agreement with each other. From these results, it is concluded that the
gunner model can be used accurately and efficiently in the analysis of
the effectiveness of AAA weapon systems under observation blanking.
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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 1
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 Luman 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

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

éxternal 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

N .
e

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,




and full blanking. Certain repetition of blanking duration is also
included.

B d Lt . JEEN

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.
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Section I1
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 e, is the difference between the target angle 8, and the barrel

T
pointing angle 6g- It is also referred to as '"lag angle'" later in this

report. The tracer error e, is the difference between the target angle 6

and the projectile ending aigle ep. In the simulation experiment, the prg-
jectile flight path ended at the range of the target. Each tracer round
disappeared at this point, ep, 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.

| |
| BLANKING !
e - —d
TARGET ]
S1.RY & ARREL DYN 9
OPTICS HUMAN | U B& EL DY 68 giedg%gl_e P
DISPLAY |e2 | OPERATOR Malisy s
6p
2]

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

At any given time, the target trajectory input eT is fed into a visual
display device and combined with the barrel pointing angle eB, as well as
the projectile ending angle ep, to form error signals ey and e,- 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 eB. Tracer
round is fired at this angle and passes through the projectile ballistics
computation to obtain the projectile ending angle ep. The task of the
gunner is to constantly align the projectile ending angle to the target
angle, i.e. to minimize the tracer error e,. The dynamics for the elevation
and the azimuth firing system are very similar. In addition, the elevation

o i




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 (BB)EL in the measurement equation.

= 'r Hm
By introducing a state vector 51(t) [xil(t), xiZ(t)’ xi3(t)] , 'T" means

A

and xi3 = éiT(t), i =1, 2%, the following system and measurement equations

A
" " 2
the transpose of," with xil(t) eiT

which represent the underlying tracer-directed fire system can be derived,
see Wei (1981).

x, + B, ui(t) + gi(t) ui(t-‘t) +F, eiT(t) + gi(t) (1)

X, =

i

J?-

and
,y_i(t) = gi(t) 51(1:) i=1,2 (2)

where

0 o0 1 by 0
A= 0 o0 1 B, =0 E;(t) = |e (1)
0 0 0 0 0
0 0
E = 0 G () = |g,(v) c(e) = feg O 0
1 0 0 ey 0

*1f not otherwise specified, the first subscript index i represents the
elevation (i = 1) or azimuth axis (1 = 2), while the second index repre-
sents the i-th element or row of a matrix.

-




with

bl = -1.34

b2 = -1.28

< =1

c, = cos elB(t)

el(t) = -1.34 x (1-1) x [l + (0.00521+0.00048612) sin elB(t-rﬂ
ez(t) = -1.28 x (1-1)

gl(t) = (0.0052+0.0009721) x T x cos GIB(t—T)

8,(t) =0
i Yy Yip0 and Yio 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 X4 and X9 by X4 CiXipo

= x then Equations (1)-(2) can be rewritten as follows.

' '
*12 7 4 *420 *13 T %43
Yz Al ' ' 1 -
x Al(t) x +§_i(t) ui(c) +§_i(t) uy (t~1)

+ F eiT(t) + gi(c) (3)

3,(t) = ci _:gi(t) (4)

10
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where
~1
cici 0 ci (cib1
' - . i ' -
Ai(t) 0 ey cy §1(t) 0 ;
0 0 0
0 }
f
0 0 [0
] = 4 = =
Ei(t) ciei(t) Ei(t) cigi(t) E =0
0 0 1
L.
1 0 0
c; = 1=1,2
0 1 0

T
' = ' ' '
and xl(t) [xil(t), xiz(t), xiB(t)] . Notice that the coupling factor

cos 913 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.
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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.

"——ﬁUMthiigﬁbﬁﬁabﬁ. __________ PLANT ~ T 0
]

OBSERVER CONTROLLER sarreL  |08| prRosECTILE :BP
) (rHH DYNAMICS BALLISTICS [
[}
t

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 eP and OB.
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
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NO BLANKING

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

firing system can be written as

i (0) = A ()xi(t) + Bi(thu, (£) + Ej(t) u, (t=1) + G (t) (5)
y (e) = ¢} x;(t) i=1,2 (6)

Since both xil and xiz are measurable, the only state that needs to be
estimated is LT The state reconstructor equation for X3 can be derived

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

~ -~

xi3(t) = _(kil+k12)c x,.,(t) + k

1*43 117118 ¥ kypy,,(0)

-b.k ciui(t) - b,k

1541 1kgocyey (B)uy (e-1) - Kk oc g, (L)
ke, Yy (0) -k ee, Yy () )
11511 Y11 11511 Y12

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 xiz(t); therefore, a linear feedback control law of the
following form is designed to achieve this objective.
- T A'

u (e) =0, x; (8) + v, () (8)

where

L = Dvgge vgp0 Yyl

is a vector of controller gains to be identified,

13
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X} () = [y, (0, vy, (0), x;5(®)]T

is a vector of measurable states and estimated state, vi(t) is a remmant
noise function assumed to be Gaussian with zero mean and a covariance

function

P
-

E [v1 (t) vy (s)] = {%11 + a9 'eiT (t)‘ + ayg ‘siT(t)‘] §(t-8) )

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

ij

~ ~
.

eiT and éiT 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

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) = A, (D)X, (c) +D,(t) X; (t-1) + F8.(0) +E ) (B)vy(t)

+ B (v, (e=1) + R, (6) (10)

where

14
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. a 1
cy€y  Fbieyvyy  ByyVyn (I4byvggdey  byCyYy3
Tt
0 Cici c1 0 ;,
3
A (t) =
= 0 0 0 0 {
L 0 0 0 - ke, |
i i
0 0 0 0 ] ;
Yi1 Yi2 Y43 - Y43 f
l_),i(t) = ciei(t) .
0 0 0 0 ¢
[ 0 0 0 o |
[ ] ] A i
0] bye, 0 0
0 0 ciei(t) SFEN
N o= Ep® = Ej(®) = R;(1) =
1 0 0 0
1 0 0 0 ,
L - L -l =N - - :
k Sk +k 1=1,2

15
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There are seven model parameters in total, i.e., ki’ Yi10 Y120 Y43 %410 %yq2°

and LTS that need to be determined from the empirical no-blanking tracking
data.

% BLANKING i

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
(%) (sec)

25 1.5

25 3.0

25 6.0

50 1.5

50 3.0

50 6.0

75 1.5

75 3.0

75 6.0




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

L— POP-UP  ——i1TOW-FIRING ~———>1-EGRESS —1

N

I L A 4’

4.0 8.0 12.0 16.0 20.0 T(SEC)

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 v(t). A similar
approach is adopted here to model the effect of blanking in a more complex
firing task. More specifically, the observer gain ki and controller gains
Yi1 and Yi2 which pertain to the observed states x), and x|

il 12
decrease exponentially as the blanking starts and to increase exponentially

are assumed to

as the blanking stops (see Figure 4).

it
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k(t) \

(repeated)
I
I
i
1
7777777777777 77 1 = Time
. {
Blanking period Recovery i |
t’o t' tz H

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

Given a blanking period [to, t1] followed by a recovery period [tl, tz],

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

During the blanking period:

t-to
ki(t) = ki(to) exp |- P (11)
ik
t-to
yil(t) - yil(to) exp |- - (12)
iy
1
t-t, i
Yo (t) = yiz(to) exp |- - (13)
iy
2
t-to
uil(t) = “11“0) 1 - exp |- . (14)
ial

18




During the recovery period:*

t-t

} 1
k() = k() + [ki(to) - ki(tl)] 1 - exp |- — (15)
t-t
ail(t) = ail(tl) 1 - exp |~ . (16)
ial

The time constants Tij asgociated with each gain parameter, uil(to), and
ail(tl) are determined from the empirical tracking data collected in the

blanking experiments, as shown in the next sectiom.

*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
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Section IV
PARAMETER IDENTIFICATION AND SIMULATION

The least-squares identification program developed in Wei (198l) 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).

Wo(e) = N () W(e) + My n, () 17)
L] - .. i
x13(t) eiT(t) (18) j
. ¢
xi[.(t) = -ki(t)ci xia(t) + eiT(t) (19)
where
i _1 -
c ey + biciyil(t) biciYiZ(t) 0 0
0 ; c -1 c.v,,(t)e c,Y,-(B)e
i1 111 i 1i'12 i
1 1
T 0 "3 °
| 1 1
0 T 0 Tt J

_ - _ -
1 0 x31(0)
0 1 x},(t) 3
0 0 L x, (t=1)

| o 0 Lx'iz(t'T)j




(1 + biYi3> g X43(t) = byeyyyx,,(6) +beyv (L)

cixi3(t) + ciei(t) {Yi3x13(t—1) - Yi3x14(t—t) + vi(t-r)} + Cigi(t)

B s o

A

IDENTIFICATION OF MODEL PARAMETERS

The equation which governs the mean of states is obtained by taking
expectation of Equation (17):

o e Wy s

W () = gi(t) W () + M, _E_i(t) (20)
¢
f where f

W, (t) = LE {xh(c)}, E {xiz(t)}, E {xil(t—'r)}, E {x:'lz (t—T)}} T

. q

(I#byvyg) e x;4(t) = byeyvyq%y,
gi(t) =

cixi3(t) + ciei(t)y13 {xia(t-r) - xia(t-r)} + Cigi(t) J ;

The first and second component of Hi

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

represent the model prediction of
hand, the covariance matrix gi(t) satisfies the following equation:
P (t) = N.(t) P.(£) +P,(t) N, (t) +L (t) Q(t) LT(t) (21) .
= =1 = = = = 147 2

where

R(t) = E {[y_i(:) - Ei(t)] [Ei(t) - gi(t)]'r}
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bici 0
0 Ciei(t)
L, () =
0
0
8 §

,(t) =

~

6 iT(t—r)

eiT(t~1) + s,

]

The first and second diagonal element pill(t) and pi22(t) of gi(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’ Yi10 Y20 and ay to reflect the effect of blanking. Since the
blanking effect to the estimation of target velocity xi3(t) is predominantly
expressed through degradation of ki’ there is no need to consider a time-
varying Yi3’ Gyos 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 ;il(t) and —iz(t) be the empirical ensemble means of tracking

and tracer errors and sil(t) and 12(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

e

A

R pe S ——




S L 0oy i o eseasBnaiibil, 28

¥

oy -

H 5 w
- . & L M 34 -m
| ; 7l &
L 2 78 @
2 y . o re .n
. | .
s _ e v Y
8 - 12 o s
- b L bx o X
, - - g I
8s { — o 2
e - j:3 o
= P - |
¥ | - Fe O -
X - £ .
i e ar ’
- \ 8
X B -
~ { ) o~ T8
s '8 s 2 o 5
- ST t / 5 v 2
[ _, ; g
o _ o | wa - t
- Lot SO, 2 w
* ! _
o | o ; i
2 b i g .
- ' | [ s} ' -
. D e
s & °
4 | 80
Lo ! - 4
] . . . . . .. f N . W - 2y . e i 8 fu
06 Z!91  00°#ISI 5L eds 5D ODS nxom.auu_ Sa,mmwm: D4 WeY: 00 ey 0C tae! He ot Nn 0 it 29 oy %« = sc b w £ ot " 00 o o‘_“&a,.nam ﬁn»..w.x, n - 9570~ IR
I

ey



The parameters were identified by minimizing the cost function

Ji[k(ts), L) a (cs)]

defined as follows:

te
2 2
min J, [k(ts), (), g(ts)]= min j};l {[ci-l wij(t) - ;ij(t)]
t
k,_I_‘_,_(l kaf_pg S
+ oy [ci_lp!;jj(t) - Eij(t)]z}dt (22)
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, Ei 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 stéady—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 Tys TY , and T, are the same for both
f 2 1
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, al(to)

and al(tl) 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:
= nt+l n-n n_n
Wy =y Wy tH (23)
pttl | o0 pn [om\T + L R" o"[r™ T (24)
- i M B ey | L & gi'—i
where
tn+l - to + (n+l)A
—n+l
LPE P
n+l
P
= TRyt
n
&, =exp [N,(t) A]
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A

-f exp[N,(t ) - c] do - M,
0

=
! =}

A
R -j exp[N,(t ) * o] do * L (t )
0

=
[y

n
AR

n
@ ety

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 hiséory 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




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

i

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 conditioms.

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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Section 5
CONCLUSION

This report summarizes the modeling of a gunner's performance in a complex
AAA tracking and firing task under pseudorandom observation interruptionms.

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 remmant. 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 AAA weapon system subject to observation blanking.

This gunner (blanking) model has been incorporated into the MIQ series of
POO1/0BS AAA engagement models and is designated as program P001/0BS 3/6B.
This composite program PO01/0BS 3/6B can be used in the evaluation of air-
craft survivability and performing weapons effectiveness studies. Documen-
tation of PO01/0BS 3/6B is in preparation at the Air Force Aerospace Medical
Research Laboratory and will be distributed separately.
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APPENDIX A
LISTING OF PARAMETER IDENTIFICATION
PROGRAM ELEVATION CASE
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INITIALIZATION
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. C(EF(NT) =g,
——~mr1rmrn
I1aNT-1
—IT‘CU"FTII) SDELUSCOEFITTI¢ 1) /FLOAT(I) T et
NT MUST B2 AT LEAST 3
———rtﬁtmummrfn—cocm r42]
00860 L=3yNT
_'_CILL‘W(A ERINTyNOIMyNN EA 1Y T T e s e b
IFIL.EQLNTIGC TO 70
—’BTU'ILI_UI’IG'WUTHTIINT_EK' o0 COEF(LYY "~~~ -
70 DC A0 II=1,NMN NDIML
EACTITEZATITYOLLU
80 C(NTINUE
ERN)
SUB?DJTINS DIAGINGIMy Ay3,C1,C2) ‘
T OTIENSTOR AT o BILY -
NCIMLSNIIMet g
T RN I NDT <
. NPLeNDI 41 e
. TIst
IFIC1.E2.1.0) GO TO 10
DU S~ Jsl NNy NDIN T T T s T e e e
KSfeNMe
TCO W I¥hE K
& AUINsSCL*B(I)
TTTTTTRIIIIN FALITINRCY Rty
S IIslIeNIIML

RETRR
10 GO 7 JsiyNNyNDIN




KajenNmy »
00 6 IsJ K i

- T ATOEID ’ 3
. A I)sA(LI) eC2 '
- 2B S 4 L ) L5 ToorTm o Tm T
) RETURN
- [47)]
. 5355892065 29-0,0179649=0,020511 o
1 56314017091, 020033y, 62318,, 25046E <7 1797 BE~3, 1730283~ T T T o T TTTT T
- 0.01
| X e ;
4 : _ __ e e N e — ‘
[ ]
[
. -
[ )
"
" ) %
.
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APPENDIX B
LISTING OF PARAMETER IDENTIFICATION
PROGRAM AZIMUTH CASE
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« WBW,T30T, 975700, " LT60295, WET, 258 <3960 —- -
. MaP(ON) .

~ COMMENT . "3 CW_BAZIC,IDsL7T60295, CY=L3 TOENT AZ PARS USE RECT TRAY®*»——
« FINe

« KTTRCH, AP TWLERELSUBIIIZCYST MR IS
ATTACHsTAPZ2, INLETRACERSUSSIIyo V=1, ID=2 760295 yMR=1.,

:'LSO}_ T T oo

- FRIGLM OPT(TAPEL,TAPE2,INPUT,0LTPUT)

W T DINENSIIN ALFHATTIVPSI(N) JA(TT, LX) yALPRANYZY  —  —  —  — - T
N UIMENSTIN SUFLIBIoELT I oW (TaT) s Z o7 ) o XI (Tg7) 937 97))F(6)972(6,7)

T UCHAPINZARTAY /X T1G0UT S C1000)5AZ00C10000,ELSC(LD0DIGRANILIO0 D)™ ~ ~
1,TX(1003)), TS (1000}
.7 TCCHAMIN/S/TU4LELoNSTPyNDIM,TO3IPT,Y10,Y204A220° —  — 7 = = =7~ T T T
- LGGISAL FMyPAR
TINTESER NWSUEITyFR™— — — 77— oo e e e T ’ oo T T T
LG=0

NFPARST
NFARLENZAR-1 .
-~ T DLC 1 I={yNPAF ™ Tttt T T T T T T T o
“ LC 1 J=14NPAR
W W Ty N =XII, Na0U - - oTrmTm e m T T T o
. IF (ITeZ3e)) V(IoJd¥=XI(IyJ)=1.0
M A S SR LE D I A - T
- b‘toJ)SI.:
X T CINTINYZ T T T T T T oTTmrn o s e
FR=1t
T T REYDERG L  NOT R T IP T YIOO YYD T T T T T T T e T T T T T T T
. PRINT 02y K14AOINM,TO,4IPT,Y10
LB T FCIMATILHL s NOOF PTS ™2 =, I G72X 3 ORDERF 5125 -
C 2¢¢"INIT TIPE= "y5612,5//71X4"READ EVERY *y12," POINI =y~ yY10= =y 512
- cony h - At ) ) s - - . e e e e
KYsT0/0,03
e K2k 1 ek T . . [ — e e .
DkLs3,23%IPT »
. IIrsEg e
READ{14e2) (T yLUMLGAZ)AZDy DUML, ELyELDyEL CO3IIM2y ELMNy) DUMIH: LSO,
e I214¢T) t el e ST R R . f . e e
. GC «e T21,K
. T T T REAVDU143) TLCUML,AZ,AZD, DUMIGEL;EL I ELODYIIM2y TLMNy DUM3LELSD Tt
IFEZ07 (1)) sHGyed
. @3 FOAIMAT(12612.5) —— =~ YT T T T T o e e e e e
> 1FIMIZ(1-1,IFT)NE,O) GO TO 44
T Ike(I-n)/IPTeL T T - TOTTIITITTIT S e e S e e e
IFIT4eNIs1) GO TO 49
TTTTTT kY= a? ) - Ty T T T e e e . T ) co T
AZ)0282)
13 ] CONTINOT T T -
A7ID(IHISDUMY
T T XTI EDIM2 T T ST o e s e : . e
, eLS({In)asEL-ELMN
L, T T T S{IMY= M3 s e T T oI TTT o T TTTT T O T T e
RAI(THY 27,5
T IR OUML LT 28T TS T RANCIMY TOUMGZ (O30 et O QUMY ) T Tt T s e e e e e
MaWN(TH/70EL

LT O IFUTHGLZM) GO TO %4 e s e e e T e e e e
ASST2ISET «8

LT IFLISZTNESL1) GC TO Wb - - — - = oo e

) AZTA A2

LW COMTINUT ———
READ(2946) (TIME qOUMS o TELy OUMT oTELSD, 10 14KT)
GC &7 T21,K : Rl - Tmem s e e : R
REVZ(2, 4B) TIMELZGUMSy TELy DUMT,T ELSD

TT T OIF(TIT(?)) Wby kd8 : T T B T T i TTTT e e

L1} FOMAT (3512, 5)

G P Y

P rompg—



. JFIMO2(T=14IFT)eNE.Ds) 30 TO &7
I163(I=3)1/71PT ¢1
@)= IUNS : -
1SU(IG) e )uM?
[} 4 CONTINUZ — T ’ Tt
C091.28
T RSTPIIAST
kEAD?, (ILPHA (1) o131 ,NPAD)
T READY, 28 TrtTmTm T
PRINTF, ZPS, CALPHA(I), Int, NPAR)
AJa0,0
10 0C 8 Is1,NPAR
e (=1 T
G1l1s0,)
A 22,0
CONTINUZ
ItsSUsITs0 Tt T o o T T
¥29:AZTAU~{A20-¥100)
S TTTTURLU INTG (RCPRA GAIY
CLIJ34)
PRINT 03, TALFRATHPY o HP=1, NPAR) coTTTT Tttt T T o
. &0 gggnn("ou?m- 161254747y G1245, 7896 12651787y G12. 59 ™8™y
C 12.5,°1%,612.5+"1"612.5)
PRINT 41,40, IT,SUBLT
.."u TFCIMAT (% g *,61Z05,™ ITERATIONSE 15, "SUSTTERATIONS® ~,T'5) Rt
« 11 00 100 Xz14NPAR
T SuIITEdIsIIvE ” T T T e e -
DC 12 L31,NPAR

22 8 5 5

LI I BN BN 2 B TP I I RN Y T
[

- :PNWTET“TFHA(U’EU(W'TK»T) - - T T
« IJFC(LeGTZa2) s ANDe (L LEL4)) GO TO 12

- Y. LY 0.07 ACPHANTOY S=ACPHANTLY

« 12 CONTINUE

- CALU INTG(KTPhAN, AS) T o -
“ 1F tAJ.5T.,0LCH) GO TO 20

« (TS NELY) T T Tt T T

« PRINT &3, (ALPhANINP) yMPa1,NPAR)

- PRINT 41y AJs ITy SUBTT -

M CAK)sD(LK) +E LK)

= EWya¥eI(K) B et T e T
“ 0C 15 MN=1,NPAK

e AIPHI(RISALP RANTH) T oTmT T
« 3% CCNTINUS

« IF TV VLT85T ATKTe L0 -

w 6C 10 25

- {3 30EIRTY - - Tt/ o T T
- 1F (A(KIeLEe1e5) A(KXI®0,0

« 25 Ck=0,0 T s s
" LC 3) L1 NPAR

- IF (A{L), T, U510 TO 3V

™ Cuni,0

« 30 CONTINUT T T Tt s .
® 1F (K. 4E.0.0)60 TO 100

SUIIaSuNZ=d. T
00 3?7 Ma1,NFAR

SCIISS UL« R T, Ivw 2 R
$L122SUM2ex [ (29 M) 402
T—TNTTNU' T TR s T T T T T -
. X12SART(SUNL) b
o XBSIRTISUNZY T T :
. X3sxXir/x2
. FRINT 3Y, 000, (RLPRATHPY, WPS 1T ,NPART,, X1/ X3 ;
« 33 FCIMAT (%1y= ®.612e5/% ALPHAX(¥,G12.5¢%8%,512, 5""0512 5. R
TR BT, SN G 2.5, 619, 512,5,F4F,612,5,8107 mm s e

3 XT(1)3 *,612,5/% XI{1)/XI(2)= *,612.5)
¢C 0 110
188 _ CONTINUZ
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105 6C TOo 11
110 SL1320.0

" GO {IT (sT ,NFART
DC 115 4=1,NFAR

FOya0,0
F2(L,¥)20,0

15 LCONTINUE
00 117 J=14NFiR

3+ 9 8 8 &

B0 117 K {,NFAR
.111 XI(J'K’3000

W T TCC 120 TE1,NFAR
W 120 SL43=SU43+(AEBSIDIIN))
" C1IF SUNT.LEL.EFSTLU 70 IUUT

0C 130 N=1,NPAR

LC1307 Je 1y NFAR
Z{NgJ)2IUINI* V(N J)

T.n—‘ccwrrnur”—““
" EC 140 Jx1yNFaR
- DUTISU LRI, NFAR
- 0C 140 <{=JyNFAR

- XIS, CVaXI{T L ¥ZIR Y
- 140 CCONTINUZ

o SL4Gs0.0
LC 150 J=14NFAR

-0 QUL UN XTI U, J¥*F L
SL4L=SQAT (SUre)

TTTTLCTISEJS G NFAR
195 v Ly JI=XT (1, J)/5UMs

KCINT 2
1%9 WzKOUNT -1

Ul 172 Ks14U
LG 160 L=1yNFAR

T2 a a2 ot AW

F{NaF (D ¢ XT(KOUNT, TYSVIK, T
160 CONT INUZ

T D0 170 Ms Ly NFAR
Fel2,MIF {Q)SVIKeM) ¢ F2(QyM)

70 CCITIND:
F(1=0,13

.75 CONTINUZ
OC 130 I=1,NFAR

90 B KOINT, IIsXITKCUNT R IV=F2 U, I
SUY5(Q)=0.0

———DG‘Z‘JU 2 TyNFAR
200 SUMS(0) 2SUME (Q) ¢B(KOUNT, M) B+ 2

SUMS(2) aSART(SUNS (YY) —
LO 215 4=1,4NFER

T VIKIUNT M) 3L (KOUNTy MY /7SUMSTUY
215 CCONTINUT

KCINTEXIUNT ¢ 1
If ('(JUJT.L;.NPAR) GO TO 159

L ITAITet T
SUIIT=D

T FRay TTTTT
L0 250 K=14NFLR

EWKYf T
D(KY2G.0

.-!:?5‘"!".’!~E~t<l.kll-

AKI*23T
. 250  CONTINUZ

A 1R I S o Tt
. 1600 CAL EXIT

. eh)
. SLIRIUTINE INTGULALPHALEY)

T CCYMON/AFRAY/XERP(1000), SEMP CID00)SEDDC1000)vELG (1000) 4 TAU (2 Q00— -

1,T¢(10008, TS (1040)

CCHMIN/3/C0,EcL ¢ NSTPYND, TO,IPT, YL05 Y20, AZ00
DIGENSIIN WCh) oP(lgo) gPLlllgu) yP2(lyb) ALPHAIT) o8 (Lod)

o A

ST e M T

pppronres

o, Vo Wl



19cl18) B UL16) ) EBINT L16) 92 A ugl) JEAINT (b gtedp () 9 COCLGy4) 4Tt h)

29%301003) 4 X4 (1000)9 ETH(1000) yEDDH(1000)

w T RGTIVELZNCE R 1) s8IV s CEA (R 31) 4 EB (A (ZATNT (441 JL EBINTY (1))

w_o o DATA ¥T/1./

- C_INITIALIZETION

uC 1 Is1yNI_

DC 1 Jat,ND
P(lyJ1a),

TSl diE0.
1 AL, J)=),

-
-
-
~

nEIVaNSTR/S
NELEND =1

TTUND2ENDS2
NAASNG/2-1

T Do 1 Is1,N80
n(l)20,

U(ry=0,
F(l)a0,

11 P(L,I)=0,0600
. 153Ts0

TS OE R

x3(1)=8200
X4(1)s 0,

[A<ESNELELEY)
cCIH(1) 30,

NCENSND ™
N13NJ* 82

S120,
LC 19 KK=1,4NSIP

KizK<Ke
CE3COS(ILG(KK))

ARS==CELSILPHA( 1)¥%CH
IF(AR546T.=200,) S13EXP(ARG)

X2UK1) =3 (KK)+EDDIKK) *DEC
IF(ALPHA(1) «€Ga0,) GO TO &

Xa(KIT3314IXNE(KK) $E 0 (KKT* OELY
6C T2 3

% £ a & B 8 2 2 B 5 % R § 3

& XK1V SEIKKIFEBD(RK)Y #0020
3 CONTINYS

E LIS <Xa(KT)
IF{K<suZe2) ECUH (KK) = { EDH (KK) =EDH(KK-1}) /OEL

HETATJT(RIY7DET -
IF(K<.LZeM) GO TO 40

SR LD CEAETY
IF(ISET.NE.2) GO TO 10

* ® & 5 R R 2 R R

T RUYEVLIYES
“ W(2)sY21°CB

FI1G TV = (0, UUSI083ITHT o7
P(292)2(0.0071587°CB) %82

T Y

. SPIENETACLT7CE<XEMP (I ¥ F ZF HZI/CH=-TXTIN)IP* 2

137s3K
16 CCITINUZ

SSIs (ST (P (1,1))/CB=SENP (1)) 8+ 24 (SQRT(P(2)2)) /CB=T5(1NI®82

Y370
DC 100 XK=IST)NSTP

K123K+t
MaTAY(XLK) /OEL

RASNAA/TAULKK)
0C 2 I={,ND2

Jisled
AtJ1,1)3RA

« »o v e e -

A1, J1Vs=-RA
.2 CCITINUS

THEB s (LG IR I =ELG (XK /7DEL
CESCNSIZLGIKKY)

66

itk 550 4o A




-

TE2=THEIO® TANELG(KK) )
SCAL3 (CO®CY) & 2/0EL
T&aT+DZL e
A2e1,-(TAUIK1)=TAULKK)) 7D EL 4
———CWR=CUSACPAAIZY*CE L.
A(l,1)8-COR s
R 2TESTT
A(2,ND1)e-CORYA2
AT NCYSNTI, A2 .
A(2,2)aT8

sk -3 onE AN

|
C COMPUTE TRAISITICN MATRIX EA AND ITS INTEGRAL ZAINT
|4

e ST

CML DSCRT(NCIMobsDEL +EBy EBINT,5)
CRLaST¥ICPHA (W) °CE - - -

T STARV INTEGRATION LOOF U .

(1]

T % 8 : 2383 8% 035988

1 S1°T(P(1,1)),SS0
] FRRMATT36T2.5) —

odo

i

00 120 JsiyNCINM
T OUITADTTY éEA L, JV*WTD T T T T e
120 CCNTINUZ
TI0 CONTINUT T T T e
FU1)3(C3-CRG I XI(KK)+CRU® X [ KK)
FUTaX3IXRKIT L8
IF(«.GY M) nzn-r(ztocnu(xumx-m-xuxx-nnuz
T 007130 IsiyNTIM - T
0C 140 Js1,2
T DULISDUIT) «EAINTIT JV*F LY T mmrmm et
160 CONTINUZ
W{IT2TTIY
Lilrs0,
IIT  CONTINUZT T rTmrnTTTmT T e

R R R 2 N 8 2 &4 0k R & ¢ 3 7T 9 OFGEES

©

T COWPUTE TR0 UUE TU NEAN TRECKING ERROR e

4
3
it
%

j
|
|
|
{
|
|
t
'
I
|
i

U‘CUIPUTf'CVV!PIKNtE“IlTQIX
. C
CR LTI s (AUFHAISTHALPHATEI S ABS CECHIKK) )¢ ALPHA (7 Y®AIS (EDDH (KKY ) ) T
1 ¥SCTAL
“““—ct’(?‘ZTTItPI!T$1'SCIt't2'vc e
" IFIKGTo M) COC(Z.Z)!(AL?HA(S)oALPHA(6)'ABS(EDH(KK-H))0ALFHA(7D'
LT 1 TISCEDIMIKK-M)IICSCALOA2082 — — - : - - - -
CALL MULT (EAINT,CQC ¢NDIMy N1,P1,10)
CTMT PULT(EA 9?.’\0‘“."1"2. 10) — T e e e - R
BC ?2C I=1,NCIN
——tc‘?’u—ls Ty nCIm -—- ——
P, H"I(IQJ)OPZ(IQJ’
| 220— cCuTINyT - . e

3

. C
. . T-COMPUTZ ERRI? DUE-TO STANDARD DEVIATTON a
c

T SSISSSOVTSURTIP (I TV 7CI<SENP (K11 S+ 29 tSQRT{ P (2721 1/ CB =TS (¢1=18T 1)
Av®2

CTOE T CONTINUT - T e - e T e

. EJ2DILS(SMEANN T®SSO)

TTTTT RETWRN T T T s
N

S
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o DI I, T

LG % Jal Ui, L
u_;__

-
-
-

10

TIIsItet

SUIFOJTINZ MULTLE.FyLoelly HyHR)
DIMENSIIN E(1)+F (1) 4G (1B) 4HIL)

11s1

TLCT 1 Kat, L
TeYFPs0,

1;49316190:(J)'F(IID

KKz (<=1)®Le]

HIKK) s TIMP™
G (KK) = TTMP

TFMRTET. 1V RETURN ;
. 0C 20 Ialsl_

LT e 20 Kalal T T

- TEMP30,

e e o
00 13 Jalsllet

LY EPSYENP S T D TETITT

45 IIsTleL —

KK3(K=1) 0[] - T T T

2L h(KK)EIAﬂg

L~ D TTTTTTT

oc}sa I31412

[ D X

GO 30 J3L3,L

Kis{I-1)%_ ey
B K2=(J=1)%Lel
0~ HK{VTAK2)
(1)
SUSFOUTINE DSCRTINDIN, A, UEL,EX, EAINT,, NTJ
DIMENSION A (1 4EALL)o EAINT (1) 4C (EF(30)

T T UUSTIS EAsEXF(ACDEL) JEAINT=INTEGRAL EA~ D T DEL — — T T T T
NLIM1=NIIMet
NNaNIIMANDIM
NT41=NT-1
CCIFINTYET,
GC 19 I=1,NTH
IIeNTSL ™ T - T T T T

10 CCET(III=DEL*COEFIII+1)/FLOATII)
T 7 T TUNTMUSY 8E ATTLEASTTIC oo T
CALL OIAG(NDIMyEAINT,AyS0EF (1)yCOEF(2))
OC 60 C33,NT
LALL MULT (A, EAINT,NOIMoNNoEA, 1)
TTTTTTTIRICCEAONTIGT TS 70 T T
60 CAL CIAG(NUIMyEAINT,EAy14+04COEFCL))
70 L0 a0 II=1 NN NDIML T
EAITI)=2ZA(II)¢1.0

- T A ]

(7

EEl‘t:!!ﬂ:?:lll';lll;

""EF'C*VYY‘U-
" EN)
W SUVIROUTINE DYAGINDIN, A, 68,T1L,C2Y T T ‘
“ OIMENSIIN A(1)46(1) %
" mtumnn‘ﬁ—"“" S G e — e :
N NATNIIMPNDIM
- NPTETSTH-T

. 11a1

_'IF(CFEQ.l 4y 5070 170 T Tt T T T T
LG 5 Js1yNNy NJI"

, KsjelWi™ — 77 -

' CC o [34K

. T A(ITSTICSS (D

A(II)sA(ID) ¢C2
BTiIelleN)IHL
 RETWN
10 0C 7 Jsi,NN, NDIN
K®JeNML




3 9 0 > 98 8 & 3

a

£ & L ® B R - & A 3 R ®& 3

N

P s~ ® 2 s P P R AR

0C 6 I®)yXK
6 AllYa3tId

TR SAIIINECY T Tt o ToTTT T oTmrnT e
7 1IxITeNIIMY
RETURN ——
EN)
3300020206429, 00T VUG, U, 0026065
‘&‘.a‘..i..l.' «30001,.00001,,0001
04 oy o T TN BONT e Y

e sy .. L .
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APPENDIX C
LISTING OF AN AAA GUNNER
MODEL SIMULATION PROGRAM




o

WaW,T20,CM70000. L760295,HET,2383960

COMMENT . *NEWOMLSTMUG, I D=L 760295,2V=4"

COMMENT, ®AAA MODES 3LANKING SIMJILATION PROGRAM®
ATTACH.TAPEL) OWLBMELS!IBI33,ID2L750295,CYRLgNR= 1,
FTN.

L30.

PROGRAM SIMIS(INPIT,OUTPIT,TAPEL) ~
COMMON/S/ZCN(2) 3 NEL o IHyNOTIM, YL0(23 4, X3(2) 4 ELIELDDy AZOO'MTAUSRAyAZHNO
ALsND2,NAA,USL,ULZ,ELTRsQZTR,ISET 524,22, TAU,FS(15), TECL5),T,IBL

¢

C THE PURPOSE OF THIS PROGAM IS TO SIMULATE AN ELEVIN AND AZIMUTH TRACK
C TASK IN THE TRASER-IIRECTED FIRE (MIDI 6) SYSTEM

C SUBJECT TO OPTISAL 3ILANKINS ] ] S
C INPUTS THE ELEVATION (EL) L AZIMUTH {A2) ANGULAR ACCELERATION OF
C TARGET, AND BLANKINS DURATTIONS(UP T 15) IN CHRONOGICAL

¢ OROER

C OUTPUTE MEAN AND STAND DIV IF LAG AVGLE

C ®sess ALL ANGLES AT IN UNITS IF RADIAN sssss’
C TAU! DELAY IN SECONNS

C ALPHA® PARAMETER VISTIR
C ELERRS MEAN EL LAG ANSLE (I.E, TARGET ANGLE-GARREL ANGLE)
€ "AZERRT MEAN AZ LAG ANGLE

C ELSO$ STANDARD DEVIATION OF SLEVATION LAG ANGLE
C A2SDt STANDARD JEVIATION OF AZ LA5 ANGLE

C ELTRt MEAN EL TRACIR ERROR (TAGET ANSLE-TRACER ENODING ANGLE)
C AZTRE MEAN AZ TRACER ERIOR

C ELBART MEAN EL 3IARRTL ANGLE

"C DELt TIME STEP USE)D IV THE INTISRATION ROUTINE

C TS(I)? STARTING TI¥Z OF I-TH 3LANKING DURATION
C TE(IYS ENDING TIME JF I-TH BLANKING OURATION

C Y10(1)t INITIAL GUS3S OF EL LA3 ANG.E

C Y1023 INITIAL GUESS OF AZ LA5 ANSLE

_C_UELs EL_CONTROL
C UAZY AZ CONTROL

€ CO(1)t EL RATE CONTROL SOEFF
C COC2) s AZ RATE CONTR0L GOEFF
C Ki3 NO OF POINTS IN T4E ENTIRI TRAJICTORY o .
C K NO OF POINTS AFTIR THE FIRST TRACER ROUND IS FIRED

C ELDD: EL ANGULAR ASSELERATION IF TARGET

C AZ00% AZ ANGULAR ACCTELERATIIN JF TARGET

C X3(1)t EL ANGULAR VSLOCITY OF FARSET

C X3(2)t AZ ANGULAR VYILOCITY JF TARSET

C Xet ESTIMATION SOPI? OF ANSULQR VELICITY OF TARGET
C ELS EL ANGULAR 90SITION OF TARG:ET

C_HW¢1)s MOODEL_PREDICTIO LAG ANSLE

C W(2)t MODEL PREITCTIO TRACER ERROR

C P(1s1)8 VARIANCE OF PPEDICTSD LA ANGLE

C P(2+,2)8 VARIANCZ 0% PREDICTZI) TRAZER ERROR
C T01 THE INITIAL FI/INS TIME

¢
_READ®,X1,70,1IPT, I8L

TPRINT 3,K1,10,1°T
3 FORMAT(1H1,"NO IF PTSz =, Lse2Xs"INIT TIMEx =,312,5//1Xy"READ EVERY
€y 12," POINT"/)
IF(IBL.GT) READ®, (TS(X), TELK) 4K51, ISL)
PRINT 11,IaL
11 FORMAT(1X,T3,1Xy “ELANKING INTERVALS ARE /)

TTIF(IBL.GEL 1) PIINT o ITSIC), TEIX) 4K21,1BL)
[N FORMAT (S(1X, (") FO,2,"y"yF342,*) %))

KT=70/0.03

K3K3=XT

T=10

NOIM=4

71
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e




n o TR

IPRINT=20/127
Clt1)=1.34
cot2)=1.28
ND1=NOIM=-1
NO2=NDIM-2
NAA=NOIM/2=-4

I Moty

IsT=¢
DEL=0,03%1°T
ELSD2,005°*1,5
AZ2SD=,005%*),¢
21=0.

. X230,

ISET=0

UEL=D,

UAZ=0,

PRINT 7

FORMAT(/Z1H 42Xy "TIME 93Ny "EL VE. 99X 9"ELERR *y5X,"ELSD"y 6 X,
1“EL CTR™,6X,"A7 VEL™,€EXy"AZERR™ 36Xy "AZS50*y6X,""4Z CTR"™

296Xy EL TR™,6X,"A7 TR™/)
READ(192) {T DU yAZoAZD9AZDD¢ELIELDyELOD sAZYNy (2SS0 Sy I21,KT
cH
00 5 I=1,K .
READI152) T4 DUML, A7 4AZDsAZ D)6 EL9ZLDyZLODyAZMN,X,25D,S
IFLEQF(1) ) 1,1

IF(MOD(I-1,IPT),NZ,9) 3 T) &
IH=(I=-1)/1IPT+4

T=TO¢(IN=1) *DEL

TAU=7,5 -
IF(DUML,LEL26877.) TAU=0UM1/(930.-.13°0UM1)
MTAU=TAU/DEL

IF(IST.EQ.1) 0TauzTAU
IST=ISTe

RAZNAA/TAU

A221.=( TAU=OTAU) /DEL
0TAU=TAU

X3(1)=ELD

X3(2)=A20

IFC({IH=1) «5Z.4TAU) GO TY 3

TAUR=TAU

IF(OUMLLE.4L0Y) TAUR=TAU®AMAXL(0,.6,DUML/5000,) . = =
Y10U(1) =s-TAUI®ELI~, 001%(5,2°TAUR® ,LBS*TAUR**2)%COS(EL+0.05)
¥102=-0,025%SI54 (1.yA20)

Y102=-TAUR®AZ)
IF(INNE.L) GO TO 1)
EL)=EL
AZ203AZ -
E10=Y10(¢1)
£20=2Y102

10

G0 TO 10
ISETSISET# -
IF(ISET.NE.1) 3) F0 10 :
Z12EL=(ELO=S100+.,701%(5,2%TAU+HB865TAU*S2) SCOS(ELO+0405)
12:A2-(A20-220)

___CALL 0BSELG(ELERR, ELSO)

ELBAR®EL-ELZIRR

IF(UIN=1) LZ.MTAU) Y10(2)=¢102%30S(ZLEAR)

CALL 0BSAZ4(A7ZP, AZSD,EL3AR)
IF((HOOCTH=1y I92INT) oEQ D) 4 JRe (IH.E201)) PRINT 6,ToX3(1) ,ELERR
1,ELSD,UEL 4 X3(2) ) AZERRAZSO, UAZ,ILTR, AZTR

FORMAT (14612, 5)

LA X

CONTINUE

FORMAT (12612.5)
srop

€no .
SUIROUTINE 73SEL6(ELINR,ILSD)
COHHONISICQ(Zio’!Lo(‘o*D'VtO(Z).XSQQZl.EL-EDD'AZDDQH.RA.AZ'




AyNOLoNDZoNAA U UAZ s SLTRyAZTRy ISET o 21422, TEUy TS(15), TE(L15),T,1BL
DINENSION WC&) P g doPLityk) sP2(byl), ALPHAL?) 4 AL Ly &)
20B€16) pEB(25) 9 EIINT16),ZA0G» ) s EAINT (ty 4 oF (4) yCAC (hgt) 5 Clu)
24X3€1000) (X611920) ,EDN(1003) 4 EDIN(1006) o THET (1300) , ALPSD(1000)
EQUIVALENGE (A€1,1) 30100, (ZAC111)93BC1) ), (EAINTIL, 1) ,EBENT (1))
DAYA WT/1./
DATA ALPHAZL,5471, 4 017491 4 0244331002318 +422446E-T¢ <1797 5E-3,
A J17302€-37

c
C INITIALIZATION =
c

IFLEKK=1) 4G M) GO TO §
IF{KK.GT,1) GO FO & H
NisNQg®®2
NOIM=NO
ALPLsALPLO=ALP4A (1)
ALP2=ALPHAL2)
ALP3IsALPHA(Y)
ALPosALPHA(Y)
ALPS=ALPHALS)
ALPESALPHALS)
___ALPTSALPHALT) e
ALPSD(1)=ALO9S
ACC=0,.
IFLAG=0
SCAL=CI(1)%#2/95L
00 1 I=i,ND
00 2 Js1ND
Pl =0,
CActIyJ)sie
bY AlIsJ)=0,
00 11 I=1,N)
WHil)=0,
0t(1) =0,
FLI)=0,

11 PtI,1)20,0019
Pt1,1)=0,0070258279
P(2,2)20,0000333677
X3t1h=X30¢2)
Xelt)=0,
EOM(L) =X3 (1)
EODM (1) =],
S130,

s Wil =YL0(1) 3

6 IFCISET (EQ.1) 4(2)321
IF(IBL.LT.L) G TO 48 ) e _ .
ALPS=ALPHALS) i
IS=IFLAG+1
00 12 I=15,T30 i
[F(TWGETSIT) cAND T LT, TE(I)) GD TD 15
TT2AMINL(245425C/3,)
IFUTGETEIT) oAND T LTLITECI)+ATT)) GO TO 16
IFITGELITELI)#ATT)) GO TD 2%

_Accsi,
TF(T.LT.TS(TS)Y GO tO0 1%
G0 10 12 _ N

16 ALPLSALPLC+ (ALPHAAIL) ~AL2L ) * (1o ~EXP(=Co0aI*(T-TE(I}} )
ALPSue0,0001% (L, ~EXP (=0,63%(T-TE(IN))

GO TO 18
15 ACC®ACCSDEL

IFLAGsI~1

ALPLEALPHA(L)*SKD(«0,0755%(T=TS{]I))}} 4
ALPISALPHA(Y) *ZXP(=9,52%(T-TS(D))) ;
ALPS20,0001°%(1,~EXP(=~0,12%(T-TS(II)))

ALP102ALPY

G0 10 38__ .




21 ALPLSALPHA (1)
ALP3=ALP{ALS)
ALPS=ALPHALS)
GO To 18

12 CONTINUE

_18 CONT INUE

ALPSD(KK)=ALPS -
ARGz=DEL *ALPY 4
IF(ARG.GT.~200.) S1=EXP(AQS)
THET (XK)=EL o
KisKKel

K2=KK~1

c
C COMPUTE TARGEYT VELOSIYY AND ESTIMATION ZRROR . .
c

XI(KL) =XI(KC) +2IN%0EC
IF(ALP1,EQeDds) 50 T3 &
XiXK1)2512X0(K<) ¢500% € .~5L) /0028

60 70 3
o Xa (K1) =X4 (XK) +370%DEL U,
3 CONTINUE

EOHIKK) 2X I KK) =X LI{KK) . e
[F(KK,GEe2) SO0 IKKIZ(EDN( XK) ~EDHI(K2)) /DEL
X30€¢1)=x3(K1)
COR=CO (1) *ALP2
CRL=CO(1) ®ALPL
IF({KK=1) .LE.M) GO TO 150
AL131,40.,001%(5,2°TAU+D LB6PTAUSP2) P SIN(THEY (KK=Y) o o
A(1,1)=2~C0R
Al(142)=~C0(L)*ALP]
A(2,ND1)=A(L,1)*AL1%A2
AC2,ND) =ALL1,2)%ALL%A2
00 2 [=s1,ND2
Jizle2
A(J1,I)3RA

. ACJLisJ1)2-RA

2 CONT INUE
CALL DSCRT(NN 3, DELIEBySBINT45)
CR3zCRyH*ALLI%A2
SCALL=SCAL®(ALL®A2)*%2

COMPUTE MEAN TRACKING ERROR (I.Ee LAG ANGLE)

aAaO0

UBALP2*W(1) $ALOT SN (2) sALPY* (XT(KK) =K G (KK))
DO 110 I=1,ND
D0 120 Js1,ND o
DITI=D(L) +EALT, D) *WL D)

120 __ CONTINUE

110 CONTINUE

FOL)x(L,=CR4) *X3 (KK) +CRSX b (KK) , S

F(2)=X3(KK) 4CRI® (K& (KK=¥) =X3 (KK=M) ) ¢02001%(1=A2) * (5, 2¢ 0. 972¢TAU

11 $COS (THE T(KK=") )

00 130 Iz1,%49

DO_ 140 J=1,2

DTI=DU(I) ¢EATNT (T, IV *F ()

160  CONTINUE
NI =2(])
D(I) =0,

130 CONTINUE

.C
¢ COMPUTE COVARIANCE YATRIX
¢

CAC (1, 113 (ALOSEALI6%ABS(EIT(KKI) ¢ALPTSABSIEDDHIKK) )Y
1 SSCAL ) _ o
COC (2,218 (ALPEI( K< =¥) +ALO5*ADS (Z04 (CK~M) ) +AL P7*ABS (EDDH( KK=M)
1¥)¥°SCALYL

.

R oy




WU PR S EPIIRS, = e e ars fogar e S n

FVMOOO

CALL MULT(EAINT,CIC,NO,NL, 21,10)
CALL MULT(EA,P,NDyN1,P2,1))
D0 22y I=1,ND

00 223 Jsi.N0

PLI, J)sPL(T4J)#22(1, D)

CONT TNUE

CONTINUE

ELERR=W{1)

ELSDaSART (P(1,1))

ELTR=N(2)

RETURN

END

SU3BROUTINE JBSA76(AZZRRAZSDHELS)

COMMQN/S/COC2) 9 JEL o KKyNDy YL0(2) 9 X3002)2ELJELDD,AZDDIM,RA, L
1 A2 ,NO1,ND2yNAY, UEL yUsELTRYyAZT Ry ISET 244224 TAU, TSU15),TE(15),7,1IBL
DIMENSION ML) 4206 y0) 3210ay0) 3P2ly) ALPHALT)y AlLyu) .
19B(16) yEB(13),CIINT(L16)sEACL,0) EAINT by &)y F(u) 4CNC LUsl) s DLY)
29X302000) 4X581390) ,ENHE1003) ,EDIHC(4D00), ALP5D(1000)

EQUIVALENCE (A(141)4301)) o (EACL,1),EB11) ), (EAINTIL,1),EBINT (L))
DATA WT/1./ . o . el
OATA ALPHA/53.53%6,.1389%4y,17773,1,0353,.25286E-59+19766E~3,,75785E
A=3/

IF({KK=1) .GZ.M) GO TO 6
‘IF(KK,GT,.4) 30 TO §
Ni1=ND®*2

c
C INITIALIZATION
c

00 1 I=1,NN
.. .D0_1 J22,ND
P(I,J)=0,

CaCtI,J)=0,
b Al(l,4)=0,
00 11 I=i N3
NiI)=0,
_btIr=0,
Ft1)=0,
i1 PLI,I1=0.0790 7
Pl1,1)=(0,3)59783%CIS(ZL5)1®*2
PL2,2)=2(0.7)74597°COSIEL5) ) *e2
XI(L)=X30(2)
___Xei1)=D,
EOM{1) =X3(1)
EODH(L1) =D,
Si1=0,
ALP1=ALP10=ALP4A (1)
ALP2=ALPHAL2)
____ALP3I=ALPHALS)
ALPUSALPHALS)
ALPSSALPHALS)
ALP6=ALPHA(S)
ALP?sALPHALT)
ALPS0(1)=ALPS
ACC=0.
IFLAG=0

‘JE;“

COMPUTE ANO STORE STATES X3 AND X4

W1y =Y10(2)

IF(ISET.EN.1) 4(2)=22%33S(5L6)
CONT INUE

C2COSIELG)

TFLIBLLLT.1) G TO 18
ALPS=ALPHALS)

IS=IFLAGS1

00.12 I=1S,1I8L

75




IF(TWE TSI o ANDL T LLTLTECIN) 53 T 15
ATTZAMINL(1.5,43C/3,) , i
IF(TWGETECT) (AND T LTS (TSCII+ATTI) GO TO 16 i
IF(T.GE.(TE(TI+ATT)) GO T2 2% G
ACC=0.
IF(TLLT.TSIIS)) GO TO 18
60 10 12
16 ALP1=ALPL0+ (ALOHA(L) ~ALPLTI* (1o-EXP(=0.63*(T=TECII})) _
ALPSz=0,001%(1,=EXP(=0s43*{T=TELI))))
GO To 18 o ] N N - .
15 ACC=ACC#DNEL
IFLAG=I=1
ALPL=ALPHA(1) *SXP (= (.0756%(T-TS( 1))}
ALPZ=ALPHAL2) *ZXP(=3.12%(TTS(I1}) o o L
ALP3ZALPHA(T) *IXP(=0.52%(T=TS(I}))
ALP520,001%{1.=ZXP(=0,12%(T=TS(I)}))
ALP1D=ALP1
- GO T0_18
21 ALPL=ALPHA(L)
ALP22ALPHA(2)
ALP3=ALPHA(D)
ALP5=ALPHA(3) e
G0 TO 18
12 CONTINUE
18 CONTINUE
ALPSD(KK)=ALPS o e
ARG==0EL*AL2L %33
IF (ARG .GT.~200.) S12EXO(AR;)
KizKKe1
e __X23KK=~1
X3(K1)=X3{<<) +47 DD DEL
IF(ALPL,EQ.T.) 30 TO & , B
X&KL =S1% (X4 (KK) +A2DD%IZL)
60 10 3 , ] L
Xe{K1) =X (K<) +AP ODODIL
CONTINUE

COMPUTE AND STORE Z3STIMATED TARSET VELOSITY AND ACCELERATION

OO WSE

EDHIXKL) =X3 (K1) =X LK) e el S SR

IF(K2,GEe 81 SOIH(KK)=(ZIH(KK) ~EDH(K2)} 7DEL

X30(2) ax3 (K1)

IFLIKK=1) LIM 30 TO 15)

00 2 I=1,ND2 L . S,

Jizle2

AtJ1,1)=R4

AlJLyJl)==R}
2  _CONTINUE _

THEBO= (ELG~JEL3) /DEL

C32COSLELG) = . . e -

Th2«-THEBD®*TAN(ZLG)

SCAL=(CG(2) 220} %+2/0EL . X . e -

COR=CO(2)* .\P2*3B

__At1y1)2=C0%T5S

A€1,2)2=30(2) %A LP3*CD

A(2,ND1)=2-C)IR*A? S L I

AL2,ND)=A(1,2)%02

Al2,2)sT8 - e el ¢ e e C e e e

COMPUTE TRANSITTION MATRIX £8 AND ITS INFEGRAL EA8 INT

I
OO

CALL OSCRTIND, 3,02 yZ6yZ3INE,3) R - [ e
CRe=CO(2) *ALPL*B

¢
C COMPUTE MEAN TRIACKING EINWOR
c




USALP2oW( 1) +ALOTIS W (2) +ALPH® (X3 (KK} oK & (KK )) 1
DO 110 Iz1,80 ) ]
DO 120 J=1,ND E“
DCII3D(I) +EALT, 0D * W (J) ) o . . , o L

120 CONTINUE ' 3

110 CONTINUE )
F(1)=(CB-CR4) * X3 (KK) +CR4* X4 (KK}
FU2)3X3(KK) SCB+SRE® (XU{KC= 1) =X3{KK=4)) *A 2
00 130 I=1,ND
00 140 Jz1,2 .
D(IN=D(I) +EAINTLT, J) *F (S}

140  CONTINUE
(D) s0(D)
D(I)=0. _ P e - _

130 CONTINUE

c

C COMPUTE GOVARIANSE MATRIY '

e

-

CNC(1,1)=(AL25+41L26%ABS(ZI4(KK)) +AL>7*AGS(EDDHIKK) ) )
1 SSCAL
CQC (2, 2)= (ALP5I{KC=1) ¢aALPA®ABS (ZDA(KK=M))
1 +ALP7SABS(ENDY (KK="1))*SSAL*A2%"2
CALL MULT(EQINT,COC,"IDoNL,y 21,10}
CA_LL__NULT(EA"’;“D.NI,FZ.1)'
00 220 I=1,¥)
0G 220 Jzi,ND o . o 3 o o
PII, =PI, +22(I, N
220  CONTINUE
150  CUNTINUE
QELG=ELG
AZERR=W(1) /38 °*
AZSD=SART(PLL,1))/C8
AZTR=W(2)/C3
RETURN
END
SUSROUTINE YULT(E,FyLyeLlsHy4R)
OIMENSION €(1),5(1),6(16),4(1)
00 10 Iz1,L -
I1=1
D0 10 K=ty
TEMP=),
00 5 J=I,Lisl
TEMP=TEMP 4 (J)*E (T 1)
5 11211e1
KK= (K=1)%L+]
H(KK)=TEMP e
10 G {XK) =TEMP
IF(MR,EQ.1) RETUIN
00 20 I=1,L
00 20 K=I,\
TEMP=0,
112K ) . L . e e
00 15 J=I,L1,L 2
. TEMP2TEMPG(JI®S (I ) i
15 TI=I5+L 3
KK=(K=1)%LoT .
2 HUXK) =TENP
L2=L-1 o _ ) . e g
00 30 I=1.t2
L3x]ey
DO 30 JsL3,L
: Kiz(I-1)°L+) s L . e
! K2=(J=1)*L+1 i )
30 HIKL) =H(K2)
END
SUIROYTINE OSCRT(NDIMN,AsDEL,EALEAINTNT)

vt BRI

g o

\
|
1
1
)
|
|
i
{
|
i
|
|
T BTttt LAY

el

———

|
!




R

DIMENSION A(1),3A03),EATNT(1),CIEF(30)

SETS EAsIXO(ASDEL) +SAINTaINTEGRAL EA 0 TO
NOIM1=NDIM+L
NN=NOIM*NOIM
NTMLi=NT -1
COEFINT)=Y,

DEL

10

69
70

80

00 10 I=1,NTMt
IIaNT-I
COEF(ITI=DEL®CITFC(II+1)/7LIATI])

HT MU3T 32 AT LEAST 3
CALL DTAGUINITY,ZAINT,A43027(1)4202F(2))
DO_50 L=3,NT

CALL MULT(A,SAINT  NDIMyNNy ZAH 1)
IF(L.EQNTISI T 70

CALL DIAG(MIIM,ZAINT,E4,1,3,C0EF(L))
00 80 IIsfoNNyNITMt
EACIII=EA(IT) +1,.0

CONT INUE

END

SUIROUTINE ITAS(NCIMyA,3431,C2)
OIMENSION A(1),3(1)
NOIML=NOIM+q

NN=NDIMN*NDIY

NM{=NDIM=1

11=1

IF(C1.€Q¢1.9) 3) TO 10
00 5 J=L1yNN,NDIY
K=J+NM1L

00 W I=2J,K

At(1)=C1*3(I)

ACITI)=ALII)+C2 .
II=IT+NDIML

RETURN

B0 7 J=1,NN,NDI¢

K=z J+NML

DO 6 I’J.K

At =28(D)
ACII) =alII)+C2
II=11+NDIML
RETURN

END

.000y2.46,2,1
8,01,15,.51
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