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Time-varying optimal augmented proportional navigation and miss
distance closed-form solutions
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Abstract: The optimal augmented proportional navigation for a constant maneuver target was deduced
using optimal control theory based on the cost function weighted by a power of time-to-go. The analysis
of the exponential of the weighted function shows that there exists a bijection between the navigation
ratio and the exponential which gives a reasonable theoretical explanation for the engineering value of the
APN navigation ratio. The seeker heading error and a constant maneuver target was introduced into the
augmented proportional navigation guidance system while the guidance dynamics was simplified as a
single lag. According to the mathematic thought of the adjoint method, the miss distance of the APN
guidance system with a single-lag was studied and the closed-form solutions of which were deduced
when the heading error and the constant maneuver target enters into the system and the miss distance
closed-form solutions was validated through the simulation of the adjoint guidance system.
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Fig.1 Model for guidance law derivation for a maneuver target
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Fig.2 Curves of time-varying weighted function R with (n,t/tg)
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Tab.1 Miss distance closed-form solutions due to target maneuver in frequency domain

n N Miss distance expression due to target maneuver
MAT 1 1.5/T,
= 1-APN=—="_o
0 3 ar |n=0 (S+1/Tg)3 ( S+1/Tg )
MAT 2 1 ) 1 1 1
1-APN-£- -
1 4 a ln=1 ( T, s+1/T, Jx {(s+1/Tg)3 T, (s+1/Ty)* }

MAT | _(1_apn2.5 1
2 ° ar 2 ( T, s+1/Tg,)x

3 -2 1 1 +272 1 5
(S+1/Tg) Ty (s+1/Ty) -|-g (s+1/Ty)

3 6 MAT |

A :(1—APNL71 )

Ty s+1/Ty )

n=3

1 3 1,3 1 3 1
X| (S+UTYT T, (s*UT)* 12 (S+UTY° 10 (s+1ITy°
9 ]

& 2 BB S EA AR E RHEAR T

Tab.2 Miss distance closed-form solutions due to target maneuver in adjoint time domain

n N Miss distance expression due to target maneuver
t /T t3 t /T
2 ~lelly “elly
0 3 MAT | _o5tie " "-APN e
ar g
4 t3 te/ t
1 4 MAT S FoaFhfo_ te
a Il ( 6T ) 6T, ( 2Tg)
t; t t
MAT _2 Wi, te F 4T [ B 5 t F
2 5 Lotee [05-E 4+ Fo | APN_F g |2 -2 o+
ar e =te ( o AUT 6T, [ 2 43T, g
t | t, t £
MAT Ty F F /T 3t 3 L 1 F
3 6 s =t 0.5--E- - )—APN F e 1-3 e 4. 3 ¢ _
a s ( 2Ty g7’ 120T, | 2T, s 20 72 120 1

f%@zr}n A APN=0, MW HFERAGERZ  FEL .

5 gl . B =1. M n+3
H RN Y 2 e A8 S5 P 1) 3 5 A8 L 5] 5 | I A R Y -V,HE Tg
e B A NG Xfﬁﬂﬁﬂﬁﬁﬂiﬁﬁﬂﬁﬂ“ﬁiﬂ?ﬁi& Ay 45 A

[GIRE AR 3(d), WIh iR 22 SR i RS, sk 3 3% 4 R,
R 3B EEIRES| BRI BRLEFEMANX

Tab.3 Miss distance closed-form solutions due to heading error in frequency domain

n N Miss distance expression due to target maneuver
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Tab.4 Miss distance closed-form solutions due to heading error in adjoint time domain

n N Miss distance expression due to target maneuver
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