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ABSTRACT

An improved predicted tracer liner (PTL) was pres-
ented in [1] by Zhu and Gong. We address problem of
the implementation of the improved formula using
First—in—First—out (FIFO) structure in this paper. Num-
ber of numerical examples are given to show the differ.
ences of three versions of PTL principle formulaes,
where the inertial nevigation (IN) data required by them
are generated by an integrator which numerically inte.
grates the Euler angular kinetical equations. The calcu-
lation of characteristic point on the tracer line by inter.
polation are also investigated.
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1. lIntroduction

In a recent paper [1], Zhu and Gong presented an
improved PTL principle formula under the assumption
that the attacker ig in circular motion at constant speed.
Their main idea is to give the differences between the
attitudes of the attacker at the moment the projectile is
shouted and that at the moment it is observed by inte-
grating Euler angular kingtical equation.and thus ex-
press straightward the projectile vector in the attacker
body coordinate frame at the observing moment with-
out employing inertial coorinate frame as an interme.
diate means, as the derivation of the traditional PTL
formula requires. At first glance, the structure of the im-
proved algorithm seems a little more involved, since it
deals with numerical solution of a set of nonlinear ordi.
nary differential equations which has no explicit form
unless some additional assumptions are made. However
,as pointed in [1], such solution of the differential equa-
tions are in fact unnecessary when the improved
scheme is executed in the airborne mission computer
(MC). especially in the environment of bus—based
avionic system, for the required backword differences of
attacker attitudes can readily obtained from historical IN
data available in the bus of the system.

There are several reasons for which we go on our
reserch on the improved PTL formula in [1]. First of all,
the improved principle formula is logically more reason.
able and cover wider range than any alternate version
Copyright © 1990 by ICAS and AIAA. All rights reserved.

so far available, while in view of the development of
modern integrated avionic system. the algorithmetic
structure of the improved scheme are far from being too
complex. Secondly, even a crude expression for the
characteristic point on PTL are extremly difficult to find
since the improved scheme is not expressed in com.
pletely analytical form. therefore a practical interpola.
tion algarithm has to be developed, which is a topic ad-
dressed in [1]. At last,the suggestion that the improved
PTL scheme executed by employing First—in—First—out
(FIFO) structures has not been verified in terms of nu.
merical algorithm and software development, which
significant step for many noval theoretical results before
they are effectively applied.

an approximate version of the improved PTL prin.
ciple formula was also published in [1] under some ex:
tra assumptions. it turns out that in the case that the his.
torical IN data are available, the approximate version is
no longer appreciated in that its algorithmic structure is
not less involved than its presise version.

the layout of this paper is organized as follows: In
Section 2 we briefly review the main results presented
in [1] since they have not imported in English; the prob.
lem of the caiculation of characteristic paint on PTL us.
ing binary tree is addressed in Section 3; We investigate
considerable number of numerical examples in Section
4: And Section 5 is a brief conclusion of this paper.

2. A Brief Review

The object of this paper is to briefly review the main
results of [1]. we starts with assuming that;

A1) The attacker is travelling in circular motion at
constant speed;

A2) The gun turret of the attacker is fixed;

A3) The angle of attack and slide angle of the at-
tacker are all small, and remain constant within the time
of fllight of the nominal projectile;

Ad) The differences of the attacker attitudes are
smail within the time interval under consideration.

In addition . it is also assumed that

Ab) The disturbances on the ballistical parametres
due to the change of the projectile height can be neg-
lected.

Then by the kinetic relationship showm in Fig.1,
we immediately have
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FIG.A

Geometry of PTL

EF+BP =E+W (2. 1)
where in terms of IN data measuved at the obserwving
time
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Now decompositing Eqn.(2.1) in the attacker body
coordinatr frame at the observing moment, and taking
A3) and A4) into account, itis routine to show that
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are given by Aero Exterior Ballistics {31, and the differ-
ences of the attacker attitudes are governed by the

well—-known Euler angular kinetic equation 4]
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If we assume in addition that

dy
ar~h o ~0
then the solution of (2.8) can be approximated by
T
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and we thus have an approximate version of the PTL
principle fomula. the detailed derivation of the above
expressions can be found in [1]. therefore by vertue of
the explicit geomatric relationship, it follows
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Remarks: In fact, when the improved PTL principle
formula is implemeted especially in the environment of
bus—based avionic system, the IN data required by the
proceding process may be measured, recorded and then
in two copies of FIFO list before the moment the nomi-
nal tracer peint is calculated. This makes our improved
schadual very simple to execute.

Secondly, it is an interesting fact that under the
conditions described at the beginning of this
section,the improved PTL principle formula or the asso-
ciated operating versions can be processed in a parallel
manner, for the calculation of the tracer point nominally
lunched at any moment does not depend upon that of
other points.

It is also pointed that the above results are applica:
ble to locate the laser axis in air combat trainer where
the projectile is replaced by a beam of laser.

To conclude this Section, we point out that the
main idea in [1] applies to the calculation of generai
tracer line with slight change ,say for instance, the terms
associated with the attacker accelerate being expressed
by integral with respect time of flight of the nominal
projectile, rather than simply muitiplied by it. However,
it is noted that such generalization may make the prin-
ciple formula impractically involved.

3. Interpolation of the Characteristic Point

Recall that we introduce the backward differences
of the attacker attitudes, namely A#(T) and Ap(T), in
Egns.(2.5) and (2.6). In principle, they are given by the
numerical integral of the Euler equation in closed form
does not exist. This results in that an analytical expres.
sion, even a crude one, is impossible to given. thus one
has to calculate it by interpolation.



Fortunately, such interpolation turns out to be very
practical,for when it is displayed on the head—up—dis.
play (HUD), the tracer line is none than a collection of
several straight segment. Thus the calculation of the
characteristic point on PTL may be completed by linear
interpolation,namely
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where uP(i}, vPO) and DPG)
azimuth and range of the tracer point nominally shouted
at the moment —iT, respectly. They are obtained from
Eqn.(2.13). D denoted the measured (and usually then
filtered) ranger of the actual target. N denotes number
of tracer point on PTL and usually is taken to be 6.

Following the general idea in parallel process, we
apply the binary search whose flow chart is shown in
Fig.2. when we determine which segment of the dis-
played tracer line the actual target rangs. lies in.
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FIG.2 Flowchart for Characteristic Point Calcula.
tion

Taking the fact that D is always positive into ac-
count, one can easily evaluate that the average test
times as follows:

2.3 4
E(t)=Z + -+ -=29(ti
(t) 3¥5+s 2.9 (times),
while if we search segment by segment, then
[
E)=Y é = 3.5(Times),

l=1

We could obtain mare benifit from the binary search if

the number of the tracer point were larger.

Thus in the scheme of this paper, in addition to an
average 2.9 times of test, once of division, twice of mut
tiplication, and five times of adddition are ne’eded to
completation the characteristic point.

4. Numerical Results

All the examples in this paper are completed by a
general-purpose software developed by the authors.
The software is programed in FORTRAN 77 and the on-:
ly way to impletement a FIFO queue is to use arrays.
This might be a little unconvenient. However this will
not matter much since all the operations on the queues
here are in—and out—queue and the length of the
queues is fixed. The structure of the software is shown
in Fig.3 .
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DATA OVTPUT
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FIG.3 Flow Chart of The Improved PTL Calculation

The software can be used to evaluate the principle
errors of every version of PTL operating formulaes
Large number of examples are calculated. The purpose
of this paper is to give some typic examples to shown
the differences between the improved formula and
tranditional formula in terms of linear errors and angular
errors, respectly. We aiso examine those between two
versions improved principle formula. The common con-
ditions of flight and projectile are listed below:

v, =750 m/s,
V1=250 m/ s,
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C,D=2400 m,
K, =0.135,

AV

g, = 1.721,
o= 20,
8= 10)

q’u = 100)

~1
mv' =008s .

4.1 The Attacker Is Circling on a Horizontal Plane

Firstly we examine the case that the attacker is
moving on horizontal plane, namely

ml: = 0.0, mx’ = 0.0, 9°=0.0.

The attitudes of the attacker listed in all figures is in
sampled at 1.6 s before the nominal projectile is ob.
served.

The linear errors and anguiar errors of the tradition.
al principle formula (PTL) are illustrated in Fig.4 and
Fig.6, respectly, and those of the approximate improved
principle formula {AIPF) in Fig.5 and Fig.7, with differ.
ent conditions.

FIG.4 FIG.b
Linear Errors of TPF Linear Errors of AIPF

"-—jmx__q';—__qf’-_—":’ e e e g
FE e 2 = =7
FIG.6 FIG.7

Angle Errors of TPF Angle Errors of AIPF

It is seen that the attacker azimuth imposed: little ef.
fect upon the calculation for both TPF and AIPF. Both
formulaes work very well under the conditions listed

under the bottom of Fig.4—7, except that R of TPF con.
tains a very small linear item due to the assumption that
=00

4.2 TheEffect of o, #0
1

Next, we examine the effect due to @, not
equal to zero. The results for TPF are shown in Fig.8
and FIG.10 for , =0.0753"'. The analogue results

1

for AIPF are illustrated in Fig.9 and Fig.11, respectly.
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FIG.8 FIG.9
Linear Errors of TPF

Linear Errors of AIPF

= - ® * ®

FIG.10 FIG.11
Angle Errors of TPF Angle Errors of AIPF

on both TPF

1
and AIPF is raletively heavy, but AIPF seems to works a
litter bettle than TPF,

It is seen that the effectness of o,

4.3 The Effect of w, #0
1

Now let us see how effect the accuracy of bath the
TPF and AIPF formulaes. The results for the TPF for

-1
w, = 0.06 s

are shown in Fig.12 and Fig.14. while the analogue re-
suits for the AIPF in Fig.13 andFig.156.
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FIG.12  FIGA3
Linear Errors of TPF Linear Errors of AIPF
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FIG.14 FIG.15

Angle Errors of TPF Angle Errors of AIPF

it is shown that a relatively large @, may effect
t

z
significantly the accuracy of TPF. As a comparision,
AIPF seems have much improvement in accuracy.

4.4 The Effect of 00 #0

From Fig.16 and Fig.18, it is seen that the pitch of
attacker effects significantly upon the accuracy of the
TPF. it is not strange, for to have the following hold [3],

deo dé _
a—t—SlNy aTCOSy— -0,
do df
—~CO0Sy—-—S8 =

at JOST - g SiNy=o,

It is required that #=0. The results for AIPF are il
lustrated in Fig.17 and Fig.19 it is seen that # has a rela-
tively small impact upon the A(PF.

Fig.16 Fig1?7
Linear Errors of TPF Linear Errors of AIPF

T R e

Fig.18 Fig.19
Angle Errors of TPF Angle Errors of AIPF

Remark: It is obvious that if @ is close to ®/ 2 , the
problem of numerical stability will occur. The singularity
is caused by the incompletity of the mathematical des-
cription of the rigid kinetical relationship. Fortunately,
this problem occurs only in extremely rare case.

5. Conclusion

The problem of the calculation of the improved PTL
scheme in [1] using FIFO structure is examined. {t is
shown that the improved scheme is by itself applicable
if the bus—based avionic system is employed. However
there is room for its simplication. For example, it is

shown by experience that the elevation upand the

azimuth ‘vPof the tracer point are small and thus the

revelent triangular functions can be reasonably
appoximated. Another improvment may be made by
imploying a more accurate exterior ballistic algorithm,
which is preferrable in a practical operating flight
software (OFP). It is expected that such improvements
will make our scheme more attacting in view of
practice. A better interpolation algorithm for the charac.
teristic point on the improved tracer ling is also ad-
dressed.since there is no analytical expression for it.
Thus such study is an important step for the utilization
of the improved PTL scheme.Considerable examples are
given to illustrated the principle differences of the other
versions of the PTL formula.
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Notations
T Time of flight of the nominal projectile
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projectile is fired
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Ci
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