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ABSTRACT

fﬁ: ~ An on-off control provides a ainimum time respcnse for
Efi: ‘ missile con“*rol. For application in missile contrcl systams,
- it is wvasteful of control =2ffort (iua *o chatter) <o use 2
- ideal relay. Hence it is necessary to modify <the ideal
?; relay into a saturating 1linear control. The result was

:ii almost the same to that of using ths id=al relay.
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I. INTRODUCTION

Guided missiles are classified into four broad ca*ego-
ries, depending on launch and tar3yst position charac<eeris-
tics. These categories are (1) . air -to - air (2). air -
to - ground (3). surface - to =~ air and (4). surface =-t¢c -
surface. Each categcry of the abova will employ one or more
of the <following guidance schemas; programmed command,
line~-of~sight, 1lead-anglz, proportional navigation heming
and inertial. The beam rider guidance is included in the
line-of-sight guidance. A number 9f missiles also wuse 2

combination of these methods. For sxample, the initial par:
of the missils trajectory may use programmed guidance while
the terminal phase may use beam-riiar.

This thasis discusses the surface-tc-air missile
controlled by on-off, thrust vector, control. Consideration
was given to determine the effects of the two-level relay
and the saturation linear cecntrol. In order to verify the
results, it was tested by using th2 <type of control for
three differeat types of missile-targe: scenarics:

(1. LOS command against non-mansuvering target

(2). LOS command against maneuvering target

(3) . Pseudo-LOS coamand against non-maneuvering target.

In chapter 2, a discussion of a line-of-sight guidarce
vas presented and a practical example of it was shown in
chapter 3. The general «concept of on-off control vwvas
described in chapter 4. The simulation results of the basic
comsand to line-of-sight against both a non-maneuvering and
a maneuvering target wera shown in chapters 5 and <that of
psaudo-LOS case was in chapter 6. Finally, a discussion of
two-level relay and saturating 1linear control was presen<ed
in chapter 7. A table of variables which were used in <his

.............
............




thesis is shown in the Appendix A. Computer simulation was

accomplished using Digital Simulation Langquage, DSL.
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II. QVERVIEW OF LINE-OF-SIGHI GUIDANCE CONTROL

A LOS system can be called a "3-point"™ guidance systen
since there is one point which defines the tracker, ancther
the target and a +third which defines the posi*ion o0f <h2
missile. The sbject of tha guidance system is to constrain
the missile to lie as nearly as possible on the line joiring
the tracker and the target called the Line O0f Sight (LOS).
The concept is simple and can be implemented in many ways;
perhaps it is this apparent simplicity which explains why
many of the yuided weapon systems as yet designed are LOS
systen.

Consider 3 +target flying straight and at cons=ant speed,
and a missile flying at a different angle butr constant
speed, having been launched when tha target occupies a posi-
tion TO (see Figure 2.1).

After intervals of time of 1,2,3 =2tc seconds the LOS is
shown as 0T1,0T2,0T3 etc. Since the missile ideally always
lies on these lines the flight path will be a2 curved one,
for an approcaching target, <the curvature2 becomes incresas-
ingly severe towards the end of tha engagement. We note *hat
the tangent to the flight path at any one point defines the
instantaneocus direction of the missils velocity. It is seen
that the missile velocity vector will, in general, not be
directed along the LOS; towards the end of the engagement it
may be at a considerable angle to it [Ref. 1].

In an actual situation the guidance signals transmi+tted
to ¢the @aissile are the demanded 1lateral accelerations
(LATAX) 1in two axes at the right angles to the beam. These
demands are resolved into missile axes within the missile.
An error compensation term endeavouring to keep +he error
off the beam (6,4} equal to zero.

1
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Figure 2.1 Missile Target Encounter with LOS Guigds

A basic geometry and a2 simplifisd guidance loc
shown in Pigure 2.2 and Figure 2.3.

Suppcse that the cross range =2rror (CRE) 0of Figu
can be measured either directly cr by means 95f the &
difference between OT and 0N, togather with scme knc
of missile range (Rm), then

CRE = Rn(6&¢ ~6a ) (2. 1)

If this error off the beam is used as an acceleration
U, it needs some damping so that good response charac
tics are oktained. A dynamic equation of the fora

CRE = G1 (CRE) ¢+ G2 (CRE) (2. 2)

needs to be satisfied, where G1 and G2 a-e constants.

necessity leads immediately <+to the <consideration
filtered error. 1In the presence of noise on *he sigh
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Reference

Figure 2.2 Basic Geometry

Filter
F(S)

w|-

Pigure 2.3 Sisplified Guidance Loop of LOS Guidance




and hence on the crecss range error, CRE, such =a filter
design is not simple and becoaes a compromise be%ween
requirements for smoothing the nois2 and giving an adequate
response to a demand. Modern techniques allow £ilters to be
designed statistically if some knowladge of the noise chac-
acteristics is available or can be assumed. Figure 2.3 shows
the position of such a filter P(s) in the guidance loop. I*
includes a gain G, and the acceleration demand is

U =P(s) Rm ( Gt - &p ) (2. 3)

The missile transfer function is represented by A(s) and
wvhen the achieved acceleration is doubly integrated and
divided by BRm it represants a new me2asure of <the missils
beam angle (dy) » thus closing the loop when differenced with
the target beam angle (dt).

While ¢this concept is simply a LOS or beam ridina
guidance situation it is by no means as clear in hcming how
a quidance law can be devised irn the absence of information
on missile and target positions (Ref. 2].

14
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III. IYPICAL ENGAGEMENT SEQUENCE

In order to provide a "vehicle" through which to bet*er
understand the basic aspects of command to line-cf-sight
guidance methodolaogy, the engagem2at sequence of a short-
range, air-defense, missile system is described. The Roland
system was selected because the general operational aspects
of the systam are available at the unclassified level
(Ref. 4].

The entry of one or more aerial tarzgets into %the range
of the search radar is indicated to the Roland vehicle
commander by an audible tone. At th2 same time, a synthetic
display of the targets appears on a screen to give the
conmmander all the informatioa ne2d2d to s2lect th2 nmost
threatening ¢target. The screen images are different for
friendly and anemy targets, Also, the e2ntry of the targe+
into the aissile envelope, utilizing target advanced-rarnge
computations, is indicated by a change in the display. W#ith
the search antenna raised and the search radar activated,
target acquisition is possiblas even when the vehicle is in
motion.

There are three modes >f identification, friernd or foe
(XFF) interrogation: automatic, manual, and automatic
within a given range.

When the commander has recognized a target as hostile
and decided to engage it, he places a cursor over the screen
image. This automatically brings taa turret <¢o bear and
tracking can commence in either the "radar" or ‘“optical"
modas.

In the "radar" pode, the tracking radar automatically
accepts target designation from the search radar, searches
for, locks onto, and tracks the tarjet.

15
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In the "optical" mode, the aimer szarches for the “arge:
in elevation with an optical sight. To aid him an electronic
instrument displays the maximum theoretical elevation for
the search. #hen the aimer has acyuired the target in his
cross-hairs, he keeps the target in his sight by manipu-
lating a control stick. This contro>l keeps the target prop-
erly positioned by moving the turret in azimuth and
swivelling a mirror in elevation.

As soon as the commander confirms that the +arget is
within missile range, he ini+iates the £iring sequence in
the ‘'radar" mode, or authorizes “'"optical" mode firing
through a command displayed in the aimer's sight. The aimer,
then, can initiate the firing sequ2acs.

The missile is guided by a command to 1line-of-sight
technique. This means that the target is tracked optically
or by radar and the deviaticn of the aissile from this line
of sight is da2termined and correct2d by a guidance command.
The commander may switch from "radar" to "op%tical" and back
again, as desired, even after the missile has been launched.

Target tracking and datermination of the missile's devi-
ation from the line of sight are different for esach mode. In
the *"radar" mode, the guidance radar has two receiving
channels. One is used for target tracking and the other is
used to locate the missile in the radar lobe through recep-
tion of the missile's radio frequency beacons. By comparing
these angles, an error between th2 missile and the target
line of sight can be deterained. In the "optical" mode, a
biaxially-stabilized mirror is manually controlled to keep
the target vertically in the aimer's sight and the turret is
rotated to the azimuth of the target line of sight. An
infrared goniometer is mounted to provide misile angle from

ainY

t&; the tracker by following flares mounted on the rear of the
2 o

%}; missile. Then, a deviaticn of th2 missile angle from the
Y target line of sight can be deteramined.
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Twe groups of signals are introduced into the coamand

computer: <*he velocity of the line of sight ir azimuth ani
elevation, and the deviatisn ¢of the missile from the line of
sight in azimuth and elevation. Based upon data from the
line-of-sight movement and the anjular deviations of the
missile, the necessary guidance signals are calculated.

The guidance signals are relayed to +*he missile by a
transmitter with highly directional characteristics. The
command-transmitting antenna is slaved to the missile angle
in both azimuth and elevation. 1It, tharefore, is trained on
the missile continuously.

The side forces required for missile course corrections
are produced through deflection of the exhaust jet of the
sustainer motor by spoilers at the rear of the missile
(thrust-vector control).

When the aissile reaches the point cf impact with the
target, the warhead is detonat2d by either percussion,
contact fuse or the radios- frequency, proximity fuse. The
wvarhead consists of 'a radial-effect, nultiple-fragmentation
charge.

Figure 3.1 presents an operational schematic of the
basic Roland missile sys*tem operation.

The computer simulations contained herein are generic ir
nature within the coamamand to0 line-of-sight guided-missile
type and have only reasonable astimateas of missile capabil-
ities introduced. This ensures unclassified results. At the
sape time, the simulations are of sufficient complexity to
properly weigh the relative merits of the gquidance
variations discussed [Ref. 3].

.................
................................
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IV. ON-OPF (BANG-BANG) CONTROL

As discussed before, LOS guidaanca maintairs 2 aissils
position on the LOS. Usually missil2 position has a cross
range error (CRE) and we want to rsduce this error to zero
in the minimum time. This kind of problem can be solved by
using the on-off control. The basic concepnt of this is <hat;

Given a system for which +*he drive is limited (has 2
maximum or saturation value), the fastest respoase is
obtained if maximum forward drive is applied at t = 0,
and is reversed at a proper instant t = t1 so that
deceleration under nsaximum reverse drive reduces the
velocity to zero at precisely th2 commard value of the
output. The drive is then se:t to zero.

e

Tha ideal relay peraits only two conditions; full
acceleration and full deceleration [ Ref. 5].

s'e

iy

From <+he Bang-Bang control 1law, ve can derive <he
switching function which makes the arror go to zero by using

G

ﬁif the proper switching time. ©Prom Newton's second law;

T .

::j\i P = n CRE

G cit = -3 (CRE) = .y

ka dt n

s CRE= CRE At = U t + k1

R

NG But at t = 0 , cre = 0 and k1 = 0. Tharefore

- : ° d

CRE = =~===(CRE) =0 ¢t 4.1

e ir (CRE) (4. 1)
CRE = CRE dt =0 ¢ ¢ k2 (4.2)

19
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From the equation 4.1

t= CRE/ U

t2 = (cike s u? (4.3)

Substitute equation 4.3 into equation 4.2
CRE = (U / 2) (CRE / U® + k2
= (cRef / (2 0) + k2 (4. 4)

wvhere k2 is iantegration constant. But if we apply a full
deceleration at the halfway point, the equation 4.4 becomes

F = (CRE |CRE|) / (2 U) + CRE (4.5)

and is called the ERROR PUNCTION. U will be
U= tG
or
U0 = =-(G) SIGN(F) (4.6)

Bquations 4.5 and 4.6 represant tha SWITCHING FUNCTION which
makes the error go to 2zZero in the minimum time. The
switching function and the block diagram of <+the on-off
controller are depicted on the Pigures 4.1 and u4.2. And we
can obtain the cross range error, CRE, by doubly integrating
U with %“he initial condition of CRE. We have

CRE = U d+ + CRE(0)
CRE = CRE dt + CRE(0) (4.7)

The simulation results of these egquations are given on
Pigures 4.3 through 4.7 and the computer program is attached
(see Appendix B).

N
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V. BA.IC COMMAND IO LINE-QF-SIGHT SINULATION

3

i A. SCENARIO

N

< The engagament was designed with <+he ground %*racker and

f? missile launching unit located at %<a=2 origir.

:; The target was flown accross the first quadrant from 2
position 4000 meters on the x-axis aad 1000 meters on zhe
y-axis (4000,1000) . The velocity vector of the %targ=2%t was

- parallel to the <x-axis and magnitude was 250 me*ers ©per

S second.

i; Since most missiles need a few seconds of boost, the

Lo missile is not contrclled during this time. We assumed tha*

:g? the missile was controlled af+er one second from the f£firing

., time and controlled by PROGRAMMED 3UIDANCE up to %his +inme.

i After the time of missile ‘'captare", the missile was

controlled by the on-cff, TVC method with +the LOS guidance

law. The simplified flow chart is shown in the Pigure 5.1.
In order to simplify the problem, we assumed that:

_i} 1) the velocity vector of missile , Vm, was parallel to
:‘ the LOS between the target and origin and the magni-
o tude of Vm was constant, 50) meters per second;
‘bi 2) the LATAX was applied to th2 missile at right angles
;ﬁ' to the 1LO0S. This was a rsasonable assuaption for
this kind of missile. So the angle ¢ + g, in the
. Figurs 2.2 is almost same %5 angle 6%;
. 3) the measurement noise was zero so we omitted the
i filter, P(s):
; 4) the magnitude of LATAX was 150 meters/second2 which
.i; wvas about 15 Gs.
{f Th2 geometry depicted in Pigure 5.2 summarizes the geometric
'%ﬁ situation.,
25
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Figure 5.2 Geometry of Basic LOS Guidance

Por mathmatical convenience of simulation, we 21eed to

define the sign of the CRE and the LATAX as follow;
+|CRE| : When the missile position is upper-side of LOS

-|CRE| : when the missile position is lower-side of LOS
+ |Uy : when the LATAX is upward direction
- {Uf : when the LATAX is downward direction
This sign was based on the positive ditwhich is definped
vhen @y is greater than 6@ .

B. PROGRAMMED GUIDANCE PHASE

Since +the major emphasis of this paper was on-off
control, we assumed that the missile flew along +he LOS
during the programmed guidance phassa. But, in a practical
situation, <there is some cross ranjye error which is occured
by disturbances such as wind, propulsion system and
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autopilot <time delay,etc. Henc2 w2 made ini+tialization
errors, and the on-off control started with these errors.

C. ON-OFF, THRUST VECTOR, MISSILE CONTROL

The detail of <*he on-off contr>l was discussed before,
hence we applied this to the LQS guidance scheme. The block
diagram of this system is depicted in the Pigure 5.3
[Ref. 3].

In order o determine the CRE, the tracker estimates tha
missile's range (Rm), by the elapsad time of flight and the
missile's veloci*y profils, The program of this simulation
is attached in Appendix c.

| |

Target i

Position| l 1!
i Function 1_F‘r
i |
< |
l Missile ! CRE
i | Position F%*
' Geometry

TARGET l TRACKER ! MISSILE
:

Pigure S.3 Block Diagras of the Basic LOS Command

D. SINULATION RESULIS

Figure S.4 shows the missile and target gecmetry in X-Y
plane. The aissile interceptad ¢the tazget at the point
4(2605,1000) with the almost zero aiss distance.

28




Figure 5.5(a) shows .the distance between targe:t ani
missile versus tinme. The distanc2 dacreased 1linearly and

neared zero at the time at 5.58 seconds.

MSL - TGT TRAJECTORY
Y-COOROINRTE VvS. X-COCRDINRTE

1p0.00

Y

120.00  140.00  1p0.00

wp
1p0.00

up.00  ©0.00  060.08

2p.00

X
oo 80.00 120.00  180.00 aﬁn.n.‘”sjp.u S8C.00  420.00 480.00  SUO.- ‘

P00

Pigure 5.4 The Basic LOS Command

Figure 5.5(b) shows the CRE varsus time. The initial
cross range =2rror at the missile capture time one second
after firing was about 50 meters. Since tha CRE a*+ the
"missile capture time"™ was positive, the CRE increased
initially. So the maximum CRE was about 58.2 meters at the
time 1.330 seconds. Then it decreasad to almost zero meter
at 2.55 seconds. To gat a fastar respoase, ve should

increase the magnitude of the LATAX. We should note here




that the CRE does not maintain zero value because we did not
consider the target motion teras in this phase 2f *h2 simu-
lation (Ref. 2]. So the missile haid some small cross range
error and the BANG-BANG controller had tried to reduce +his
error in a chatter-mcde.

Figure S.6(a) shows tha CRE versus time. Figure 5.6 (b)
shovs the CRE versus CRE. As we expacted this curve follcwed
the SWITCHING POUNCTION as shown ia figure 4.4. Figures
5.7(a) and S.7(b) show the F versus time and the U versus
time.

This program was tested using maneuvering <targe*s and
the results ware almost same except the impact position. The
results ¢f this simulation were shown on *he Figures 5.8
through 5.11 and the program is attached in Appendix D. The
comparison of these simulations is summarized in Table I.
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TABLE I
The Basic LOS Coamand Sinzulation Result
NON-MANEUVRING TARGET MANEUVERING TARGET
.timeécontrolb = 1.0 sec 1.0 sec
CRE ( b = 4 .910im) 09.907§m)
CRED(0) = 49.832(m/sec) 49,891 (n/sec)
.time(nax.CREL 1.33 sec 1.3365ec;
CRE (max) = 58.184(m) 58.201 (m
.time intercegth= 5.58 sec 5.61 sec
éXm, m) = (2604.7,999, 88) 42597.9 1057.7)
RE = 84,3344 B-5 -0.5448 E-6
distance= 0.34894 (m) 0.47889(m)
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VI. PSEUDO-LOS COMMAND SINULATION

The guidance scheme ¢ the 1lead angle commanrd is almos<
th2 same as that of the basic LOS command. Instead of the
tracker-to-target line-of-sight this gquidance scheme uses
the tracker-to-estimated impact point and 1is called
"synthetic line-of-sight" (SLOS), or "pseudo line-of-sigh+«n,
The missile is controlled to fly along this vseudo line-of-
sight. The block diagram of this system is easily modified
from that of the basic LOS and is shown in Pigure 6. 1.

The estimated impact poirt at the instantious time is
calculated by using the "time to go" (Tg) 2and the "closing
velocity" (Vc) between the *target and the missile.

| [Compute 3LoZ & }
Target Impact point I T.V.C. ‘
Position 1 SLOS ' —_—1u
and l - F 1 1
! Control | (=) P
. e ——r e — ——
Velocity l A Function ' (+) s s | |
i m l Go—
i - |
I ‘Missile . CRE
T Position |
I Geometry I CRE
TARGET : TRACKER | MISSILE

e ot earmrnin. < ety

Figure 6.1 Block Diagram of the Pseudo LOS Command Systea
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The "closing velocity®" and "time o go" are <calculz*ed as

o follow:

i ]

, 2\/4%

’ Ve = ((V«:x-me)2 + (Viy-vVmny) )’

j;ﬁ Tqg = (distance between target and missiles) / V¢

T {

AR = ((Xt-Xm)" + (Yt-Ym)z)/z / Ve

)

:ff The missile goes to the impact point direc+ly. The
:if: simulation result is almost same as in the basic LOS case.
‘Ej On other hand, +this guidance schems 1is poor iz a ECHM situ-
\ ation. In order to compare the rasults we usad the sane
o data as tha*t of the basic LOS commarnd. These are shown in
Qx' Figures 6.2 through 6.5 and ths summarized results are shown
'Ef: in Table II. The computer program is attached ir Apvoendix E.
i
" TABLE II ’
et The Pseudo LOS Command Simulation Result

o .timaécontrol) 1,0 sec

CRE 5 43.912 (m)

) CRED (0) 43.828 (m/sec)

.time (MAX.CRE) 1.33 sec

- CRE (max) 58. 184 (m)

L .time (intercept) 5.58 sec

- (Xm,Ym; 2604.7, 999.92;

AR éxt.Yt 260500!‘ 1000.0

- RE ] «9572_E=5(m)

oo miss-distance 0.35137 (m)
re:
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VII. SIMULATIONS WITH TWO-LEVEL RELAXY AND SATURATION CONTROL

The LOS guidance with an "id=al" relay bhas beer
discussed. In this <chapter, tha effect of the different
types of lateral acceleration demand are discussed. In

order to compare the results with the previous simulations,
the same parameters were used.

A. TWO-LEVEL RELAY

The large magnitude of the LATAX amakes a fast respcnse.
But in the case of small CRE, a smaller magaitude of LATAX
is needed. This ijea was daveloped in a "two-level" relay as
shown on the Pigures 7.1(a:b). The shaded area on Figure
7.2(b) shows the regicon of a 1lcwer level of LATAX 4in the
"CRE verse CRE" phase plain. It provided the minimum over-
correction. The computer programs were easily modified by
adding one statement,

IF ((ICRE|{+(|CRED|).LT. M) G = 3/(N1/N2).

We used the values 150 m/sec? for N1 and 15 m/sec® for
N2 and 1.0 for M ir the simulations of the basic LOS command
and the pseudo LOS ccamand. The results were almost the same
as the previous, except in the figure for "U versus time".
Table III summarized these simulation results and Pigures
7.2, 7.3 and 7.4 show the "U versus time" of each case. The
programs were attached in Appendix P, G aznd H.

Uy




|
4
U
-qn1
U= -N2
N2 EX 7
H M ’ . ’/; : .,////,//, CRE
M0 ICRE| + |cRe] & l",:"_’////
-N1 U = N2 / -N1
|
(a). U versus |CRE|+|C1.QE| (b). CRE versus CRE 1
Pigure 7.1 Two-Level Relay
TABLE III
Twvo-Level Relay Control Result
ONIT NON-MYR  8VR-TGT  PSEUDQ-10S
.timeéccntrol) 1.0 1.0 1.0
CREé B 49.910 49,907 49.910
CRED (0) 49.832 49.891 49,828
«time (MAX.CRE) 1.33 1,33 1.33
CRE (max) 58, 184 58.201 58. 184
.time(intercept) 5.58 5.61 5,58
Xm 2604.7 2597.9 2604.7
in 999.88 1057.7 999.92
It 2605.0 2597.5 2605.0
) 4 1000.0 1057.5 1000.0
CRE . -2,63E-6 =-3.63E-6 5.03E-8
miss-distance 0.3u894 J.u7889 0.35137
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Pigure 7.2 U versus Tine for the Basic LOS Guidance

B. SATURATING LINEAR CONTROL

In the pravious section ths twvo-level Telay was
discussed. The "sautrating linear con*rol" as depicted in
the Pigure 7.5(a) 2and 7.5(b) was also studied. The shaded
area on the Pigure 7.5(b) shows the region of linear control
in the "CRE versus CRE" phase plan2. The computer programs
were easily modified by adding cne sta%-ement,

IF (ABS(F).LE.M) U = -3 * F / M.

The value of "M% detprmines the 1linear region for F.
The FPiqures 7.6 through 7.8 show the simulation results of
the basic LOS command against th2 non-maneuvering target
case for "M" 2qual 1, 5 and 10. When choosing the value "M"
equal to "one", the intercept time and miss distance are
almost the same as the counterpart of the ideal relay case.
Hence the saturating linear control can be used in practice
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instead of the ideal <relay by choosing a prcper value cf
®y", The summarized results are in the Table IV,

Figures 7.9 through 7.11 show the rasults of the mareuvering
target case and Figures 7.12 through 7.14 show the results
of the pseudo-L0S case. These programs are giver in
Appendix I, J and K.

(a) U verse F (b) CRE verse CRE

Pigure 7.5 Linear Switching Relay
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TIME

v 00
Time

TIME
U verxsus

(b).

U Vs,
SATURATION CONTROL
[

8
os-edz  oe-ust  08°0Z1 00°00 *0°0N 00’Cc  08°On  08°Cd- 00°021- T

U
TIME
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The Basic LOS Command (Ssaturation)

Figore 7.8
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VIII. CONCLUSION

The comparision of results for the ideal relay, ctwo-
level relay and saturating linear <control against the basic
L0S command and pseudo-LOS command igainst a non-maneuvering
target and maneuvering target are provided in the Tables vV,
VI and VII. These simulation results clearly demons*rate
that "on-off" control of a missile is highly desireable and
that "saturating 1linear control"™ of a wmissils has 1little
advérse e¢ffects compared t> an "id=al relay" control.

TABLE V¥
Comparison of the Basic LOS Command Results

UNIT IDEAL PWO-LEVEL SATURATION
———- REL AY RELAY CONTROL
~time(ccntrol 1.0 1.0 1.0

CRE J ) 49.91Q 49.910 49.910
CRED (0) 49.832 49.832 49.832
+*time (MAX.CRE 1.33 1.33 1.33
CRE(éax) ) 58. 184 58.184 58. 184
«time(intercept 5,58 5.58 5,58

xare ¢ PY 3238.7 38047 3804.7

Ya 999,88 999,88 999.88

CRE 4.3 3E~5 4.33E-5 4.33E-5

miss-distance 0.34894 2.3489%4 0.3u894
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tg
t(control)
SLOS
Xn

b4 |
Xt

) 4
a
v:
mx
Vny
Vtx
vty

SIGT

SIGH

SIGMT
ve
TG
TCON
SLOS
) 4.
™
XT
YT
VM
vT
L) ¢
vy
VTX
VTY

APPENDIX A
VARIABLES LIST

NOUN DESCRIPTION

cross-range-error

rate of cross-range-erc-or change
error function

magnituds of lateral acceleration
missile!'s lateral acceleration
angle between the LOS to target
and X-axis

angle between the beam to missile
and X-axis

angle diffsrence between n and
crossing velocity

time to 3o

beginniay time of on-off control
synthetic line-of-sight
X-coordinate of missile posi+tion
Y~coordinate of missile positiorn
X-coordinate of target position
Y-coordinate of
velocity of the
velocity of the

X-componant of

target position
missile

target
missile's velocity
Y-compona2nt of missile's velocity
target's velocity

target's velocity

X-compcnant of
Y-componant of
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ARBENDIX C
PROGRAN OF THE BASIC COMMAND TO LOS

TITLE BASIC COMMAND TO L.O.S
TITLE WITH IDEAL RELAY
TITLE *kkkk YEUN, J.Y., ****xx
INTEG RKSFX
INTGER NPLOT,KILL
CONST NPLOT=1,TCON=1.0
CONST vM=500.,vT=250,2I=3.141593,KILL=0
INITIAL
ITQ = 4000.
YTO = 1000.
GAMT = PI
. F = 0.
A o o o A oK R ok R R R Rk Kok ok Rk koK ok ek ok
DERIVATIVE
R R Kk KRR KRR R R R KRR RAOK KR kR AR R ok Rk ook ko Kk ko ko kK

NOSORT
e o o A0 e e ok deagesie ok K Rk gk o dkak ok

#%% TARGET EARAMETERS **%
ok 0 o e ook e e oo koK ok K ek ke ok kK ok
VTX = VT*COS (GANMT
VTY = VT*SIN (GAMT
XT = VTX*TIME + XTO
YT = VTYI*TIME + YT90
SIGT = A 24 XT)
IF (TIME.GE.TCON) G
P PP PP ¥ P F T T L T
*+%x MISSLE EARAMETERS *x#
AR R ERERR R AR KA RRRER
* PROGRAMMED GUIDANCE ***kxk kkkkkkkkk kxR Rx R Rk kAR kXK KE XXX XXX
*

SIGH = SIGT+0

g D4
Oi**?
ZhﬁﬁH

0 TO 50

VIN = VM cosisxsu
VEN = VM * SN (3Tou
X4 = INIGRL(0.,VXN
YM = INTGRL(0.,VYM
RN = SQBT (X %5 &+ JuEx2)
SIGMT = SIGM = SI3T
CRE = RM * SIN(SIGMT)
CRED = DERIV(0.,CRE)
GO To 200
Aok e e o o o ok ko ok ek e ol ol kol ok Kok Kk Kok
* ON-OFF GUIDANCE (BANG-BANG CONTROL) #¥sesxsrsssterstestss
Mol o e 2k ok i o o o ok kol ok ok sk Ak e ae ok ook ok R %
]
50 CONTINUE
G = 150.
ACRED = ABS (CRED)
P = CRE + (CEED¥ACRED)/(2%3)
g = -G * SIGN(1. F)
CRED = INTGRL{(0.0,1)
. CRE = INTGRL (CRE,&RED)
RM = VMSTIME
A3 = CRE/RH
SIGNT = ARSIN(A3)
SIGN = SIGT + SISNT




XM = BRY * COS SIGM;
Y4 = RM * SIN(SIGM
ARERRREERRKEEE R KRR KX ERRKREEE K&

200 CONTINUE

*
EEERKERERERKRR R KRR KR RRRRKEE RRR KRR R KRR E R KRR R KKK AK R KKK R Kk K
*%k% MTSSION RESULT *** [KILL 0 ¢ TIGT MISSED
xekRkERRRKK KKK X KRERXKX KILL = 1 ; TGT DESTROYED

XDIST = XT-XM

YDIST = YT-IM

2 2 2 3 0 ok e ok oK koK A Ko ko ko ok ok kR Rk Kk

DIST = SQRT(XDIST**2 + YDIST**2)
IF (DIST .LE.> KILL = 1
IF (DIST .GT.5 KILL = 0
. IF (XM .GT. (XT+30))CALL ENDJOB
SORT

T R e R R e
xkxkxkk®x QUTPUT AND FLOT CONTROL CARD % %%k ke kikkk %k Kk kkk XK
e o e T R T T P L L P P L
SAMPLE

DRWG 1,1,XH,Y%

Do
[
[l o/
o
2]
=
@«

TERMINAL

CONTRL F
PRINT
END

STOP

s =) ONNQOOONO
QR e X e D w
OHtt
BN pdaamaaa)

[
[V Il ol e lalalalel
« Ht® @« S qoaaq
KOO HHEORENMX

L}
@ ma SJOVUNEWN -
MIZ « % s 8 as s

O
O X
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ARPENDIX D
PROGRAM OF THE MANBUVERING TARGET

TITLE BASIC COMMAND TO LOS
TITLE WITH MANEUVERING TGT
TITLE *%x% YEUN, J.Y. *=*x
INTEG RKSFX
INTGER NPLOT,KILL
CONST NPLOT=1,TCON=1.0
CONST v¥=500.,VT=250,PI=3.141593,KILL=0
INITIAL
XTO = 4000.
ITO = 1000.
GAMT = PI
. P =0.
RRERRRE KRR ERR R RAR KR RRRERR R Aok ok ook ok ok ko ok ok ok Kok % Kok ok Kok Rk K
DERIVATIVE
R KA KRR KRR KR KRR R AR R kK ok o ek ko ok ok ook 3 A koK X ek ok
NOSORT

AR R ok Ak ok ok ok k kR Rk
**% TARGET PARAMETERS ***
ek ok ok ok Rk ok ok K K ok K K
VIX = VT*COS (GAMT
Y = NéGAHTL

= ME + X
= N(Q.5*%*DI®TINME)+{TO
G 2(YT

T XT)
(T cofy "Go To 50
Lt 2 R 2 LR $ 20 t 3 3 3
### MISSLE EARAMETERS #%%
A e e 3 se ok o K o o 2k kol 3 o el e ok 3 Sk o K
* PROGRAMMED SUIDANCE %k fkokakikok kihk ko ok koo ok ok ko okok e
*

HWn <
g3
[=]

v I
VT I
10 I
= N
IM E.
* % x

SIGM = SIGT+0.1
VXM = V¥ # COS(SI3M
VYM = VM * SIN(SIGM
XM = INTGRL(0.,VXM
YM = INTGRL(0..VYM
RE = SQBT (X *%3 & THRRQ)
SIGMT ='SIGM - SIST
CRE = RM * SIN(SIGHT)
CRED = DERIV(0.,CRE)
GO TO 200
EEEERRKREREBRRKEER K R ERKREREEE Kk

* ON-OFF GUIDANCE (BANG-BANG CONTRIL) **%x¥kkxkkkkkkkkk kkkkk
AREERRRRRRRARRE R KR KK RRRKKKR Kk

*
, 50 CONTINUE
G = 150.
ACRED = ABS (CRED)
Pz CRE ¢ [CREDFACRED)/ (2%3)
U = -G * SIGN(1. P
CRED = INTGRL{0.0 !
CRE = INTGRL( RE,CRED)
. ACRE =  ABS (CRE)
RM .= VMETIME
A3 = CRE/RM
SIGMT = ARSIN(A3)
SIGM = SIGT + SIGMT

o




M = RY * COSESIGM)
YM = RM * SIN(SIGM)
RERKE KRR R R KK RE RO KRR KRR RKRAOKE R R R R RK KRR XK R KAk Fx

. 200 CONTINUE
Bkt e o Ak o ok o ol R kgl ok el R ok KRR R e ok oKk ok e ek Kok Kk

*xx MTSSION RESULT ***x KILL = Q0 ; TIGT MISSED
A e ok o e koo ok kK ¥k ko ok ok Kk KILL = 1 ; TGT DESTROYED
XDIST = XT-XM
YDIST = YT-YM
DIST = SQRT(XDIST**2 ¢+ YDIST**2)
IF (DIST .LE.5 KILL = 1
TF (DIST .GT.S KILL = 0
IFP (XM .GT. (XT+30))CALL ENDJOB

*

SORT
de e e e ol ok K 3k ek deaiesie e e e e sk ke sk ok e o ok e s o e e ok ok e ok e ok ok dkok ek ek kR Rk ok ok

xxkkkkxx QUTPUT AND PLOT CONTROL CARD koo & kkokk kK kk
RERK R R KRR K TR R R R RRR R R KRR RR KRk K KR RE K Kok Rk Rk ok Kk K

SAMPLE
CALL DRWG 1,1,XM,YH§
CALL DRWG(1,2,XT,YT
CALL DRWG(2,1,TIME,DIST)
CALL DRW3(3,1,TIME,CRE
CALL DRWG (4,1, TIME,CRED)
CALL DRWG(5,1,CRE,CRED)
CALL DRWG 6,1,TIHE,F;
CALL DRWG(7,1,TIME,U
TERMINAL
CALL ENDRWéNPLOT)
CONTRL FINTIM=5.9,D LT=0.001$DELS=0.003
EggNT 0.005,XM,?H,XT,YT,CRH,CRED,DIST,KILL
STJP
.
ASS
N
20 66
RS

.i
~
‘A

]
-
Ly

»
.
..
~
"
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.




APPENDIX E

t aL L oluvia U

o PROGRAM OF THE COMMAND IO PSEUDO-LOS

3
[

s

=
HZ22r3rdrarirg
Hunaoitkiee
HEE O E

- o]

bl

wn

o

te

e e o e 0 e ok e o o ke ok ol 3 o ek ok e o kol ek R e ek Xk e ok koK A e R i e e koo ok kol ko ko ok deok A ek ek
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200 CONTINUE

e ek o e sk ek Ak sk dkok e ok Kook Rk kR kKR Kk kR Kk Rk KRR Kok Rk Rk kkkk kkk Rk

*%%x MISSION RESULT *** KILL 0 ; TGT MISSED
ek kkkKRkhRxhR R RKRRk*k KILL 1 : TGT DESTROYED

XDIST = XT-XM

YDIST = YT-YM

DIST = S?RT XDIST**2 + YDIST*x2)

VYC = SQRT éV X-VMX) *% 2+ (VIY-VHY) **2)

TG = DIST/VC

IF (DIST .LE.5 KILL = 1

IF (DIST .GT.S KILL = 0
N IF (XM .GT. (XT+30))c.ALL ENDJOB
SORT

A e ok ek ol g okokok Kok Rk Kk X kakk R kK rkok kokkkkk kR kk ke kk ki ko xkd

*kkdckkkk OUTPUT AND PLOT CONTROL CARD #%kkkkkkkskk fmkuk:
ek e e 3 o ok e sk ok ok ek e ol e o ke a2 R K ke ook e e e o A ok 3k o oK sk e ok e dle ok ok ko ok ek ey

SAMPLE

CALL DRWG 1,1,xn,¥n;

CALL DRWG (1.2.XT, YT

CALL DRWG(2,1,TIME,DIST)

CALL DRWG 3,1,TIHE,CREE

CALL DRWG (4, 1,TIME,CRED)

CALL DRWG(5.,1,CRE, CRED)

CALL DRWG (6,1, TIME, F)

CALL DRWG (7,1, TIME.U)
TERMINAL

CALL ENDRHéNPLOﬂ
CONTRL FINTIM=5.9,DELT=0.001 ,DELS=0.003
gﬁguT 0.1,75, XM, ¥4 ,XT,YT, CRE,CRED, DIST ,KILL
STOP
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ABBENDIX E
PROGRAN OF T'HE BASIC COMMAND TO LJ)S WITH TWO-LEVEL RELAY
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e NOSORT
.- e ok e o 3k ok o e o ol ook ok e ok i R kR ke ok
- #x% TARGET PARAMETERS *#*%
- o e e o o e e ok o ok ok el Ak ik i e e o e k%
w2 VTX = VT*COS GAMT;
. TY = VT*SIN(GAMT
X*TIME + XT
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" (TIME.GE.TCOM
3 deke e o K o o ok ok 3k kK Ak e e R ok ok ok
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SIGMT = ARSIN(A3J)
SIGM = SIGT + SIGHMT
XM = RM * COS‘SIGM;
YM = RM * SIN(SIGH
ek ok o ek o ok o ook e ek R Rk ok ok Rk ok K Rk 3ok ok Kk ok K K ok Kok % Kok ok ok Aok Kok

. 200 CONTINUE

Aok A A A o AR e kR ok K R K K o ok ok ok K oK Kk Kk ok
**% MISSION RESULT *** KILL =0 ; TGI MISSED
xkkkkRRRRKKARR K RXRRR XX KILL = 1 : TGT DESTROYED

XDIST = XT-XM

YDIST = YIT-¥YM
DIST = SQRT(XDIST**2 + YDIST**2)
IP (DIST .LE.S KILL = 1
IF (DIST .GT.S KILL = 0
. IF (XM .GT. (XT+30))CALL ENDJOB
SORT

e 20 3k v e e o 2 K e ok e K i ook ok o ok ok ok ok A0 o ke e ook K Kk K K 3Kk ok K Rk Kok ok oK sk 3k g Kok Kok

xxkkkwxkx QUTPUT AND ELOT CONTROL CARD #k¥ks sk k& & kfkokk kkik &k
Aok Rk R A o o ok Rk R ok ok ok K oK ok ok kK Xk K R R

SAMPLE

CALL DRWG (1,1,%XM,YM

CALL DRWG(1,2,XT YT

CALL DRWG(2,1,TIME,DIST)

CALL DRWG 3,1,TIHE,CRE%

CALL DRWG (441, TIME jCRED)

CALL DRWG (5, 1,CRE, CRED)

CALL DRWG (6 ,1,TINE,F

CALL DRWG (7, 1, TIME U
TERMINAL

CALL ENDRW (NPLOT)
CONTRL FINTIM=S.9,D2LT=0.001,DELS=0.093
BRINT 0.005,%M,f{M4,X7,YT,CRE, CRED,DIST, KILL
STOP
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| ARRENDIX G
PROGRAN OF THE MANEUVERING TARGET WITH TWO-LEVEL RELAY

TITLE BASIC COUMAND TO LOS
TITLE WITH MANEUOVERING IGT
TITLE *%% YEON, J.Y. **=%
INTEG RKSFX
INTGER NPLOT,KILL
CONST NPLOT=1,PCON=1.0
CONST v4=500.,vT=250,PI=3.141593,KILL=0
INITTAL
XT0 = 4000.
YTO0 = 1000.
GAMT = PI
. F =0.
oA AR AR AR o e K RO ok R kKoK o ok ok K ok ook ok ok ko kK ko
DERIVATIVE
RERKKRRKERKRKB R KRR RE RERRRRE AR R RRRE R KRR R KR KRR K R KRR KRRk
NOSORT

Rk K ko o ok ok ko ok ok ok ok ook ok ok

*x%* TARGET PARAMETERS ***
L R R P R e T L L

VDX = VT*COS sanr;
VTY = VT*SIN(GAMT
XT = VTX*TIME ¢ XTO
T = 100*SIN(0.5%P I*TIME) +YTO
SIGT = ATAN2(YT,XT)
IF (TIME.GE.TCOf) Go To 50

sjeole e ok o o g e ok o e ok ok ke seale gk e o e ok ok

**% MISSLE PARAMETERS **x*

REXEERKREERARK R KRR R ERERE

* DROGRAMMED GUIDANCE ®k%kk kkkkkhdkhh Rk Ak KRk AXKE KRk kK Kkt hK K
*

SIGM = SIGT+0.1
VXM = VM * COS(SIGM
VYM = VM * SIN(SIGM
XM = INTGRL(0.,VXM
YM = INTGRL(0..VIM
RY = SORT(X *%2 & YMEx2)
SIGMT = SIGM - SIGT
CRE = RM * SIN(SIGMT)
CRED = DERIV(0.,CR E)
GO TD 200
Ao e e o ek o kR gk 3 e o e ke ok ek Rk Rk ok
* QN-OFF GUIDANCE (BANG=BANG CONTROL) *¥F¥¥¥EK&RE X £k 4x 4ix$x
e e 2 e e ook ok gk ok kk ok ok kg Rk Kk Kk
3
, 590 CONTINUE
G = 150,
ACRE = ABS (CRE)
ACRED = AB {c&eD)
IF ((ACRE+AC EDB.LT. 1.) G = 15.
F = CRE + JCRED®ACRED) / (2+5)
0 =G % SLGN(1.(F)
CRED = INTGRL{0.0 E
CRE = INIGRL(CRE,E&RED)
. ACRE = ABS (CRE)
RM = VMSTINE
i3 = CRE/RM

oA et i J At e B e i o= S A " MAAMUA A il Al Bt sk A Sl o ad s 4 & LA S S L At ki A i A ;.m

S e 4.4 & 4 A 4 WEEiSe 4 s 8 & s 2 mwm as - = -
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Yy =
Jeeok ok de ke ok ke ok 6 ko ok kKK Xk X * it 222 2222 22 R E R R LR LR

N 200 CONTINUE

A ek g ok o ok ok ok ok ol ol a3 ok ko ook ook o K kR K ok ok ok ok vk ok ok kok ok

*%kk MISSION BRESULT *** KILL + TGT MISSED
ek kSRR EERR R RRRR A%  KTLL : TGT DESTROYED

IDIST = XT-XM

"
-

YDIST = YT-YM
DIST = SQRT(XDIST**2 + YDIST**2)
IF (DIST .LE.S KILL = 1
IP (DIST .GT.S KILL = 0
. IF (XM .5T. (XT+30))CALL ENDJOB
SORT

22 22 22 223 R 22 R 2R 22 R R R AR LIRSS SRR A R RES RS ST L

sxkkkxx® QUTPUT AND FLOT CONTROL CARD *¥*kkkk ks x kkkk Xk £k
EEREEEERRERABRA KRS AR ERR AR R SR ERBXRR KR E KRR K KK KKK K K XK KK R XK KK

SAMPLE

CALL DRWG 1,1,xn,zug
CALL DRWG{1s20XT,¥YT
CALL DRWG(2,1,TIME,DIST)
CALL DRWG 3,1.rrnz,casb
CALL DRWG (4 o1, TIME CRED)
CALL DRWG !5, 1,CRE, CRED)
CALL DRWG(6,1,TIME,F
CALL DRWG (7,1, TINE U
TERMINAL
CALL ENDRR (NPLOT)
CONTRL FINTIN=5.9,DELT=0.001,DELS=0.003
PRINT 0.005,XM,fM,XT,YT,CRE,CRED,DIST, KILL

..........
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ARPENDIX B
PROGRAM OF THE COMMAND TO PSEUDO-LIS WITH TWO-LEVEL REILAY

TITLE PSEUDO - LGOS _COMMAND
TITLE WITH TWO-LEVEL RELAY
TITLE *kkkk YEGN, J.Y¥. *%*k*x%
INTEG RKSFX
INTGER NPLOT,KILL
CONST NPLOT=1,TCON=1.0
CONST VM=500.,VT=250,PI=3.141593,KILL=0
INITIAL
XTQ = 4000.
YTO = 1000.
¢ = 0.
GANMT = PI
. F = 0.
A AR R RR AR KRR KRR R KRR QR R KRR R RK KRR Rk KRRk R A X
DERIVATIV
t*gt**gttt**t##**t**#*#*********************t*****t*t***#***
NOSO

RT
t****##*#*#*#*********#**

*%x% TARGET PARAMETERS ***%
AERRRERER AR EER KR AKE K RRR KK

VTX = VT*COS(GAMT

VTY = VT*SIN GAHT

XT = VTX*TIM LTO

IT = VTY*TI E + YTO

SIGT = AN2 6TT XT)

XLOS = XT +

YLOS = YT ¢+ VT

SLOS = ATANZéYLOS ¢ XLOS)

IF (TIME.GE.TCON) GO TO 5)

t#*t#t****#*é#tt*t*****
*%* MISSLE FARAMETERS ***
P Tt e e
* PROGRAMMED GUIDANCE #%k&kk ki kadkih kaskkkhk xkkk & kkkk %Xk kX

SIGM = SLOS + 0.1
VMY = VN cosisrsu
VMY = VM * SIN(SIGH
XM = INTGRL(0.,VMX
YM = INTGRL(0.,VMY
RM = SORT(X 255 & TM%%2)
SIGMS = SIGM - SLOS
CRE = RM * SIN(SIGMS)
CRED = DERIV(0.,CRE)
GO TO 200
ok o ok ek gk A o ok ok o ok ko ok Kk kK

* ON-OPF GUIDANCE (BANG=BANG CONTROL) *¥*k&xxskxstsxxxiikas
RAER KRR RERERER KR AR KR ENKEEKE
]

50 CONTINUE
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................

x
RM = VM*TIME
A3 = CRE/RM
SIGMS = ARSIN(A3)
SIGM = SLOS + SIGMS
VMX = VM * COS(SLOS
VMY = VM4 * SIN(SLOS
XM = RY * COS(SIGNM
Y¥ = RY * SIN(SIGH
Al e R AR R e R ok R Rk R o o K ok R e ok ok ok Kok ok oKk ek
. 200 CONTINUE

e ke e e e ok o ok ok e ek e ok ak AR ok kR 3 k0 3 ek e ok ok o e ol ok i oK Kk ko 3k KoK 3k ok dkok ik koK ok

*x%x MISSION RESULT #*** KILL = Q ; TGT MISSED
ek kkkpkhk bk kknkxxk KTLL = 1 ; TGT DESTROYED

XDIST = XT-XM

YDIST = YT-YM

DIST = SQRT(XDIST**2 + YDIST**2)

VC = S?RI 6V X-VMX) *%2+ (VTY-VNY) *%2)

TG = D1ST/VC

IP (DIST .LE.S KILL = 1

IF (DIST .GT.> KILL = 0

IF (XM .GT. (XT+30))CALL ENDJOB

*
SORT

e ol o o e ke ok ok ok 3k ke ke e o sk e e o e e e ool e e e e ek e 3k e o e ok ok e ok e ok Ak ek ok ko ok ok ok Kk Kok
xxxkkkxkt QUTPUT AND PLOT CONTROL CARD *%%kkakikk kkkk &k kk fokkkk
3k ke o e ok ek o Ak ok A 3K oot X e o e e 3 e e o o 3k o ke 3k i ok k3K 3K o 3 o 3k ok ki ok 3k dk Kk ok ok ok akak ok
SAMPLE

CALL DRWG(1,1,XM,IN

CALL DRWG(1,20XT YT

CALL DBWG (2,1, TINE,DIST)

CALL DRWG (30 1,TINE,CRE)

CALL DRWG (4, 1,TIME;CRED)

CALL DRNWG(S.1,CRE,CRED)

CALL DRWG 6,1,TIH§,F;

CALL DRWG{7,1,TINE.,U
TERMINAL

CALL ENDRW (NPLOT)
CONTRL FINTIM=S.7,DELT=0.001 ,DELS=0.003
BRINT 0.1,76, XM, Y ,XT,YT, CRE,CRED, DIST,KILL
STOP
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ARPENDIX I
PROGRAM OF THE BASIC COMMAND TO LOS WITH SATURATION CONTROL

TITLE BASIS COMMAND TQ L.0.S
TITLE MISSLE CONTROL
TITLE WITH SATURATION CONTROL
INTEG RKSPX
INTGER NPLOI,KILL CUR
CONST NPLOT=1,TCON=1.0,CUR=1
CONST vu=soo.,vr-2so PI=3.141593, KILL=0
PARAM M =10.
INITIAL
XTO0 = 4000.
YTO = 1000.
GANT = PI
F = 0.
aeae e 3 e 2 ot ke ok 3 e e ok ok 2k ofeak e oK e ki ok ek R R K i A ok o e i o i e 2k Kk ke e kK ok K ak o 3ol ke ik ko
DERTIVATIVE
ok A ke ok akak ok gk ok o ek e ol ek ke ok ke e o ook e ik e ol o g e e o o e 3K kK ok ok ¢ ok R ok ek e okok kk ok
NOSORT

i R R LRSI 2R LSRR R L L L

*%%« TARGET PARAMETERS ***
el R ey e T L L

VTX = VT*COS (GAMT

VIY = VT*SIN(GAMT
ME + X
M IT
2 fr

TI
AN 2T
GE.éCOﬁ
*¥%

HWnrddq

T = *
T =

IGT AT
P (T -
e ofe ofe s e e e e oo e el t

*kk MISSLE PARAMETERS ***
TP EF TR T TR PR TS TR
* PROGRAMMED GUIDANCE *%%kk% kkxkkkikk ki hkkhk Rk kkkh & k% kK & k& KR %

SIGM = SIGT+0

VTX
vrs
INE
%%

\ VN = VN ts1oN
s VEIM = VM * SIN{(STGM
2 XM = INTGRL(0.,VXN
RN M = INFGRL(0.,VYN
AN RE = SQRT(X *%5 ¢ YMA%Q)
i SIGMF = SIGM - SIGT
~i CEE = BRM * SIN(SIGHT)
Do CRED = DERIV(0.,CRE)
S 2t 2 22222 2R E R 2 22 22 2 222 B 25
WO * ON-OFF GUIDANCE (BANG-BANG CONTROL) **&#tsstssssessssssss
\J.: dafe el e e e e e g ok e ok ok ok kG ke pkk
- *
A , 590 CONTINUE
A
'(1-'.". G = 1 .
- ACRED ="ABS (CRED)
S P = CBE + (CEED¥ACRED)/(2%G)
e 0= -G * SIGN(T..F)
A Ir (ABS(F) -LT. &) U= -Gre/u
o CRED = INTGRL(0.0,0)
A . CRE = INTGRL(CRE,&RED)
O
o RM = VYMSTINE
([ X A3 = CRE/EH
7 SIGMT = ARSIN(A3)
I
-.l{-
e 75
I,'-',
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SIGM =

I

=W\

M R

Id = RM
A0 2 ke e e o ekl o
. 200 CONTINUE

G
x
*
*

e o e e o e ol ok ofe skl X o e 3 ookl ok kR ok ok ok ok o e o e ok ok ok K Kok dkak K K XKk ko koK Rk

*%xk MISSION RESULT ***
BERERREFRR KRR X KRR K KK

XDIST = XT~XM

YDIST = YT-YM
DIST = SQRT({(
IF iDIST «LE.
IF (DIST .GT.

®

SORT
e e ol A o e e o o e e kel sfe e el ke o ek e 3k 3Rk e ok e 2k ok K ek K ok ok koK ok ks sk ok ek e kok ok

*xkkxkk®x OUTPUT AND PLOT CONTROL CARD #kkk ki ko %ok k¥ dkk k&
S R e T P R P

SAMPLE
CALL DRAG (1,CUR, XM /1)
CALL DRWG (2 ,CUR.TIME,DIST)
CALL DRWG (3 ,CUR,TIME, CRE
CALL DRWG (4 CUR,CRE,CRED
CALL DRWG s,cun,rr-ﬁ,Pg
CALL DRWG (6 .CUR,TINE,U
TERMINAL
IF (CUR .EQ. 3) CALL ENDRW(NPLOT)
COR = CUR + 1
CONTRL FINTIM=S.65,DELT=0.001,DELS=).003
BRINT 0.005,X4,TM, XT,YT, CRE, CRED, DIST, KILL
PagAu M= 5,
PARAM M = 1.
END
STOP

1D
3)

KILL = 0 ; TGT MISSED
KILL = 1 ; TGT DESTROYED
IST*%*2 + YDIST**2)

KILL = 1

KILL = 0

00 2 0 o o ok Ak o e oKk ek ook K e ek ok 3 okok ko
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ARPENDIX J

PROGRAN OF THE MANBOUVERING TARGET WITH SATURATION CONTROL
TITLE BASIC COMMAND TO LOS
TITLE MANEGVERING TGT
TITLE WITH SATURATION CONTROL
INTEG RKSFX
INTGER NPLOT,KILL,CUR
CONST NPLOT=1,TCON=1.0,CUR=1
CONST VM=500. vT=250,Pf=3.141593,KILL=0
PARAM M =10.
INITIAL
XT0 = 4000.
¥T0 = 1000.
GAMT = PI
. F = 0.
oot 3¢ e ko e ke o o ool dk K el 3K e ok e ok o ek Ak e ko ol ok o 3k 3 K ook 3 ok ok ook ek e K ik ke ko e ok kok
DERIVATIVE
ko o ok ke ok ek 2k ke Ak 3 ook e ok e 3ok e Rl ok Ak ke o i o ok ok o kK e o i ke ok Kok ok ok Xk Kk ok Xk Rk Rk ok
NOSORT

ke o sl e e o ok o o ek 3K ok ok ok o K ok sk ok

**% TARGET PARAMETERS ***
ok o e e e ok e ok ok o ekl X 3K ke Ak i Kok kK
VTX = VT*COS (GANMT
Y GAMT
+ Xro
Q.5%PI*TINE) +YTO0
YT,XT)
CON) GO TO 50
Rk kR hEEEk ik k%
#%% MISSLE FARAMETERS **x
Aok e 2 o e kol ok kel oK Bk kol e e ook ok K

* PROGRAMMED GUIDANCE *%%kk RRkAhkRkEk kXX AKX A KK AKKE K RKEK &k KK XXX
*

T
T
T
IG
F o
* Xk

SIGM = SIGT+0.1

VXM = VM * COS (SIGHN
VYM = VM * SIN(SIGM
XM = INFGRL(0.,VXM
YM = INTGRL(D.,VYM
RM = sanéx %5 & Yu#x2)
SIGMT = SIGM ~ SIGT
CRE = RM * SIN(SIGMT)
CRED = DERIV(0.,CRE)
GO TO 200

ol e o 2 e ok o ok s R ok 3 oo ok ok ok ko Kk R kR

* ON-OFF GUIDANCE
et EEEL PR S

*
50 CONTINUE

BANG-BANG CONTROL) ***kk&xxskkk xkk Ak KKk K&
ERRERRKE KR

*

W @ e~
IMIE QOO0

A RED) / (2%5
CRED)/ (2%3)

c
U=-G*F /M
U
&RED)

20 443 22 S0 0)
e ™ RO
«e O =

3w e - o
g O - T

P POOHQMPG
m
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R
Y = R
TRk R Rk Rk Rk ok kK

ekl oKk kR R ok Rk K K KRRk kK
N 200 CONTINUE

sk K o 2 3k e e dk o ke ke ki ke e o e 3k ek ko e e s ok ok ok ok ok xk e okl ke ok i ok ook ok

*k%x MISSION RESULTr *** KILL = 0 ; TGI MISSED
ek ke kkp Rk kxnkkkk KILL = 1 TGT DESTROYED
XDIST = XT-XM
YDIST = YT-Y
DIST = SQRT(XDIST**2 + YDIST*%2)
IF iDIST «.LE.D KILL = 1
IF (DIST .GT.5 KILL = 0

*

SORT _
R i o R o ok 3 e o o o Kok ok o oo o sk o R ok Rk K ke ok ok koK Rk Rk ek

xxkkkkkkx QUTPUT AND PLOT CONTROL CARD *%kkkkkkkkk kkkkkkkk &k
ko ok ok KR K Rk Rk H KRR K kKK KRk KRR K AR ook ok ok ko ok ok ok ok ok ok

SAMPLE
CALL DRWG (1,CUR,XM,YM)
CALL DRWG (2 ,CUR,TI ME,DIST)
CALL DRWG (3 ,CUR,TIME, CRE
CALL DRWG (4 yCUR,CRE,ERED
CALL DRWG(S5,CUR,TIMNE, P
CALL DRWG (6 ,CUR,TI ME, 0)
TERMINAL
IF (CUR .EQ.3) CALL ENDRW(NPLOT)
CUR = CUR + 1
CONTRL FINTIM=5.65,DELT=0.001,DELS=0.00
P%%NT 0.005,%XM,7H, XT, YT, CRE, CRED, DIST, KILL
PARAM M = 5.
ND
pagau M= 1,
STOP
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ARRENDIX KX
PROGRAN OF THE CONMMAND TO PSEUDO-LOS WITH SATURAPION CONTROL

TITLE PSEUDO - LOS COMMAND
TITLE WITH SATORATION CONTROL
TITLE axssr YEUN, J.Y. **#%%*
INTEG RKSFX
INTGER NPLOT,KILL,CUR
CONST NPLOT=1,T CON=1.0,CUR=1
CONST vM=500.,VT=250,Pf=3.141593,KILL=D
DARAM M = 10.
INITIAL

XTO = 4000.

Y70 = 1000.

TG = O.

GAMT = PI
. F = 0.
*************#**********************1~************t***t*****
DERIVATIVE
#*****#****#**#******#************************t*****#*******
NOSORT
t****#**#**#*******##****
sx+ TARGET PARAMETERS ***
#*********#t****##***#***

YTX = VT*COS (GAMNT

VTY = VT*SIN(GAMT

XT = VTX*TINME + XTO

YT = VTY*TIME + YTO

SIGT = Arauzérr;xr)

XLOS = XT + VTX*T3

YLOS = YT + VIY*IG

SLOS = ATANZéYLOS,XLOS)

IP (TIME,GE.TCON) GO TO 50

L T
#%% MISSLE PARAMETERS *%%*
ERRERERAKAR KRR K AL AL RRRE R
+ DROGRAMMED GUIDANCE ®®#&& ks idskfdisaasd s sasskaonihiriirs
-

SIGM = SLOS + 0.1
¥NX = VM * COS(SIGH
VY = VM * SIN(SIGH
XM = INI'GRL(0..VMX
YM = INTGRL(0.,VNMY
RM = sqaréx %3 + TuAx2)
SIGMS = SIGM - SLOS
CRE = RM * SIN(SIGHS)
CRED = DERIV(0.,CRE)
G0 To 200
**tt*****#***#***#***#*******
* ON-OPF GUIDANCE (BANG-BANG CONTROL) #*#XkxaxAks s kas e hhk &K
o8 el o e o ol o o e o Rk o kK gk kEE ki
b
- 50 CONTINUE
bol- G = 150.
; ACRED = ABSéCREDL
- P = CRE + f EED#*AC RED) / (2*3)
s 0 = -G * S cu§1. F)
~ IF (lBS{E% LP.M U = -G *x P /N
: CRED = GRLéO U
CRE = INPGRL(CRE,CR




---------------------

*

RY = VM*TIME

A3 = CREgRH

SIGMS = ARSIN(AJ)

SIGM = SLOS + SIGNS

VMX = VM * COS(SLOS

VMY = VM * SIN(SLOS

XM = RM * COS(SIGHM

M RM * SIN(SIGM

*******#t*******##*****************t**********#************

200 CONTINUE

e e o ok e 2 e e Ak Aekeok 2 e sk 3k K ok ol ol ik 3K ok 3k e o ok e e e K e ok ok ok ol ko g ok ok ek ko kK

*%% MISSION RESULT #*** KILL =0 ; TGT MISSED
AkkkkERE SRRk kR Rkke*x KILL = 1 ; TGT DESTROYED

IDIST = XT~-XM

YDIST = YT-¥M

DIST = SQRT(XDIST**2 + YDIST**2)

VC = S%RT év X-VMX) **2+ (VTY-VHMY) **2)
TG = DIST/VC

IF (DIST .LE.S} KILL = 1

IP (DIST .GT.5 KILL = 9

*

SORT
L R R LR L2 2R R 2 R AL RELSIELIIEE SIS LRSS RS E L ST E L

*xkkkkek QUTPUT AND ELOT CONTROL CARD *%kkkkkkkksk ko kkk gk xk
ok A ok e e kol K A K ok R K A ROK AR 2 e oK ok o ok ok Kk K kR ko

SAMPLE
CALL DRWG (1,CUR,XM,YM
CALL DRWG (2 SCUR,TIM&E,DIST)
CALL DRWG (3 ,CUR,TIME, CRE
CALL DRWG u,cu ,cau ERED
CALL DRWG(S,CU ME,
CALL DRWG(6,C R TIHE o
TERMINAL
IF (COR .EQ.3) CALL ENDRW(NPLOT)
CUR = CUR #+
CONTRL FINTIH=5.65,DE =0.001 ,DELS=0.003
BRINT 0.0C5,TG,XH, YM,XT,¥YT,CRE, CRED, DIST,KILL
PARAM M = S.
END
PARAM M = 1.
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