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Abstract. An enhanced intercept law based on proportional navigation and pursuit applying target manewvering measuring is
propaosed. Observations on simulated scenarios $how that propartional navigation is better suited for non-maneuvering targets while
pursuit is better suited for high maneuvering targets. Therefore one defines an intermediate law that applies propartional navigation
for low maneuvering targets and pursuit for high maneuvering targets. The relationship between those basic laws issupposed to be
linea where the coefficients depend o the target manewering level. Smulated scenarios usng proportional navigation plus pursuit
law result in better performance than propational navigation or pursuit law implemented independently asit is shown herein.
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1. Introduction

Intercept a gorithms has being devel oped mostly for guided misslesin which an air target shall be engaged uncer a
large set of scenarios posshilities. Interception of a maneuvering target is a non-trivial task even to the modern
intercept techniques. The most common approach for this problem is the propationa navigation. However, when the
target randomly maneuvers the proportional navigation becomes expensive in energy and time. In this case, the pursuit
law ensures the intercept requirements whether the interceptor lateral accéeration limits are mnsiderably large.

Since the level of target maneuvering may be measured by means of computing the standard deviation of target
velocity variation modulus, the propationa navigation and pursuit laws are propased to be jointed into a unique law by
alinear relationship. Simulations give results with more interceptors’ path stabil ity even though target maneuvers.

2. The Known Intercept L aws

The most known intercept laws are the line-of-sight, constant beaing, pursuit and proportional navigation. Each
oneisintended to aspedfic application. For conveniencewe will discussthose laws appli cable to the study herein.

2.1. Pursuit

The purpose is to kee the interceptor aligned with the line-of-sight which is the straight line passng through
interceptor and target paositions. The dynamicsis similar to a dog hunting a rabbit that runs before thevictim position.

There ae threepursuit types: attitude, vdocity and deviated. In attitude, the angle defined between the interceptor
body axis and the line-of-sight is aimed to zero. Otherwise, in velocity, the angle defined between the vel ocity vedor
and the line-of-sight isaimed to zero. When the pursuit is deviated, the angle is aimed to a constant value.

Figure 1: pursuit notation in an intercept scenario

The pursuit lateral accderation ap is siown by equation (1), where v is the interceptor speed, k isa mnstant, and y
IS y or ya depending on the pursuit type.

ap =Kvy 1)

Figure below shows a simulated scenario using the velocity pursuit law. One can seethat the trgjedory tangent line
is aways aimed to target.
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Figure 2: targetand interceptor trajedories for a velocity pursuit intercept

Pursuit is better suited for intercept scenarios in which the intercept must be acomplished and the target is pretty
unpredictable. For instance, the interception is hard to be successul for maneuvering targets when interceptors are
guided by proportiona navigation with large constants, but it is not hard for pursuit-guided interceptors.

2.2. Proportional Navigation

Unlike pursuit the main purpose of the proportional navigation is to command the lateral accéeration to a value
proportiona to the line-of-sight rotation. Therefore the interceptor will find a wnstant beaing path in order to minimize
the rotation. The main formula to oktain the lateral accderation is srown below where 3 is the line-of-sight angle, K is
the propational navigation constant and v is the interceptor speed.

a, = KvB @)

When k is 1, the propational navigation is worthy to the pursuit law if the interceptor trading is initialized aimed

to the target. In this case theinterceptor is gaing to be aimed to target during the whole tajedory. In atherhand, whenk
is big the propartional navigation approximates to the constant beaing law. Those @nclusionsmay ke ®enin figure 3.
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Figure 3: targetand interceptor trajedories for several navigation constants ruled by PNG




3. Target Maneuvering L evel

In order to implement in enhanced intercept laws, the target maneuvering level may be obtained by means of

computing asingle standard deviationof target velocity as shown beow:
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whereamk isthe standard deviation of target velocity for the last N steps.

The amount of computing operations may be reduced by use of equations (2) and (3) in a differential form as
described below:

Vmk =Vmk-1t Vi = Vien
where:

- v
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The variance may be computed by:
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The val ues of \7i erl;,i=k-N,..,Nshal bestored in acircular manory for use on equations (4) and (6).

4. Proportional Navigation Plus Pursuit Law

(6)

(7)

The propational navigation plus pursuit law is represented by a linea relationship between the two besic laws in
which the lateral accéeration is represented as a function of the line of sight angle and the target maneuvering level as

follows:
ap = Vl_KpNG(U)B + KPER(U)(QI - B)J

(8)

where the navigation coefficients kpng € Kper are functions of the target maneuvering level. A linea reationship was
defined in a way that the propational navigation is effective when the target maneuvers and the pursuit is effedive

when the target follows a constant beaing path.
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Figure 4: propationa navigation (a) and pursuit (b) coefficients as functions of the target maneuvering level.
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5. Simulation Scenario Suppositions

On simulations the intercept dynamic was considered being lied on the horizontal plane. Target and interceptor
spead are supposed to be mnstant in the whde trgedory and the interceptor commanded lateral accéeration was
supposed to be unlimited. The intercept is considered effective when the distance between target and interceptor is
below afixed value and is increasing.

6. Results

After smulaing an intercept scenario by use of a dynamic intercept model in a horizontal plan, it was observed that
the interceptor respords with more stability to target maneuverings than the proportional navigational implemented
alone. The simulations are shown on figures 5a, 5b, 5¢ and 5dfor target performing a“v’ maneuver and on figures 6a,
6b, 6¢c and 6d for target performing an “s’ maneuver.

The pursuit law is not the optimal control for the interceptor lateral accd eration but ensures the intercept misson if
interceptor is faster than target. The figures 5a and 6a show the pursuit path. In aher hand, the proportional navigation
law is the optima control for constant bearing moving targets snce the time is minimized but it may beaome instable
for maneuvering targets. The figures 5b and 6b show the proportional navigation path.

As one can seeon figures 5¢, 5d, 6¢ and 6d, pursuit rules the interceptor lateral accéeration when target maneuvers
and propational navigation rules the interceptor lateral accéeration when target follows a constant velocity flight. It
gives stability to interceptor even thouch interceptor mareuvers.

9000 9000 T T T T

8000 8000
7000 7000
6000 6000

5000 5000

E E
> 4000 > 4000
3000 3000
2000 2000
1000 1000
o . . . . . o . . . . .
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
€Y Xt (b) xim)
9000 )
£ 40
8000 & 20
B9
7000 s o0 10 20 30 40 50 60 70
o !
6000 205
30
5000 (S
E 0 10 20 30 40 50 60 70
>
4000 g 10
&5
[
3000 & .
2000 Y 400 10 20 30 40 50 60 70
S
s 20 /\\
1000 2 A
® 10
5 AN
0 L L L L L > 0
0 500 1000 1500 2000 2500 3000 g o 10 20 30 40 50 60 70
x [m] !
(C) (d) Time [s]

Figure 5: pursuit simulation (a), PNG simulation (b), PNG plus pursuit simulation path (c) and parameters (d) in “V”
trajectory
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Figure 6: pursuit ssimulation (a), PNG simulation (b), PNG plus pursuit simulation path (c) and parameters(d) in“S’
trajectory

7. Conclusions

The propationa navigation plus pursuit law was proposed herein for the target intercept task. It was shown by
simulations that this technique joins each known law feature in a unique one, stable for maneuvering targets and
effedive for non-maneuvering targets. Pursuit rules the interceptor guidance when target maneuvers. In other hand
proportiona navigation rules the interceptor guidancewhen target foll ows a wnstant vel ocity flight.

The pursuit guidance increases the intercept goal probebility and proportiona navigation deaeases time-to-
intercept. It means that the pursuit implementation ensures the interceptor to read target no matters how intercept costs.
And proportiona navigation ensures minimal intercept time when target isin constant velocity motion. Such statements
are considering ro existerceof limitson lateral accedration.

More ideas may be developed in order to enhance known intercept laws by use of maneuvering parameters as the
target maneuvering level was used herein. Stability and intercept mathematica proofs may be developed in order to
ensure dfedivenessof proposed laws. Asit can be seen, the intercept study is a non-fully known science and still has
spaceto beexplored.
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