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Proportional Navigation
(%

missile
RO + 2RO = —a,, + ay

Guidance Command  a.(t) = v, N 6(t)
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Guidance Loop

Geometry
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" Tracking Filters
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No Dynamics
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Analysis Method

2 C
x_
tr —t tr —t

X1 = 1 Xap

Xap = b N x1 + A Xxgy

« Stability Conditions??
—LT-theory
ol il

— Lyapunov Generalization
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Uniformly bounded stability
X < e |lxo]

Uniformly Bounded
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« Asymptotic stability
lx(D)ll = 0 for t; - oo
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Lyapunov Function

» Define the Lyapunov Function
v(z(t)) = x{ + 2L, H zL,
* Seek for
L o(0) = (—%—O + tT) o(2(0))
* With the solution

1 1

v(z(t)) < v(zy) - (%) 1 -eaz'(tgo Ly

)
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BOUNDED STABILITY

e SN (S
v(z(t)) < v(zp) - (%70) . e <t90 tf)

« .(i_i)
Ty < tgo 2 U(Z(t)) < v(zy) - e A
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ASYMPTOTIC STABILITY

a .(L_i>
v(z(t)) < v(zp) - ( ) e \lgo Iy
f’

0 STy < tp - v(z(t)) < v(zy) - (T2> 1 : ea2<

Ly
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* aq, xy ~ System Parameters

 Sufficient Conditions to Asymptotic
Stability
=N > 2
= Hurwitz Autopilot
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Examples - 15t order

 Autopilot
0.5s+1

e A =—-2 — A Hurwitz

e let N=4>2
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Example - 2™ order

152
$s240.8:5-:5s+152

« Autopilot

* A2 =—-12+9-i - AHurwitz

e let N=4>2
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Example - 2™ order

22
$s2-0.8-2-5+2%

« Autopilot

* 412 =1.61+0.2-i - Anot Hurwitz

e let N=4>2
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Example - 2™ order

 Autopilot $2+07-54+1

* A1, =—-0.7%20.7-i » AHurwitz

e let N=4>2
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Example - 2™ order

52
s240.7-52.-5+5%2

« Autopilot

* Ay =—-3.5+3.5-i » AHurwitz

e let N=4>2
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« Stability independence of time, performances not
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Exampie - Delay Divergence

ae(t) vs am(t)

9]
5{1'-
20}
10} '::
]'-I TTTT ‘; .;-:_'__ﬁ_-i-_',_;‘::—"_ﬁf[“-r]
T?’H‘
mmamam {1 m
|
t~4.8sec

28/33



Exampie - Delay Divergence
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Exampie - Delay Divergence

ac(t) vs Tm
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Exampie - Delay Divergence

[m] y(t) vs Tm
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« Sufficient conditions to stability
— N>2
— Hurwitz autopilot

o Stability + Interception performances!
» Parameters’ adjustment to delay divergence
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summary

Investigation of PNG system

Ccom
Conc
Ccom

nlicated ty, pro
Itions to asym
nlete tool for a

nlem solution

ntotic stability
designer

33/33



