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 �� ���
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 ���	
 δx 
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Cx0 ���+ ��
*��
�
 ki �����
� ���+ �����


�
T 
����
, N V ��

� �� �������
, m/s
L ���
� , S -��+ ��
�, m2

D ���+� , c ��

� �� �����, m/s
g 9.8 m/s2 M ���� ����
�, V/c
x ����(��
�� ���
���
, m ρ ��� �
���
�, kg/m3

y ��

��� ���
���
, m d ��((�
 ����


�, m
h �������
 �
�+�
, m s ��
� �� ���.��� 
�+��
 ��((�
, m2

k �����
� ���+ ��
*��
�
 v ��

� �� +��, m/s
t 
��
, s w �
���
� 
.���
�

μ ���� ��+�
, rad τ 

��
��
��
� /
α ��+�
 �� �

��0, rad θ ���
�
�	�
� ��+�
, rad
γ 1�+�
 ��
� ��+�
, rad R �����
)
�)���
�	
� ���
���
, m
χ ��- ��+�
, rad m �������
 ����, kg
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(ED)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

V̇ = g

(
T cosα − D

mg
− sin γ

)

γ̇ =
1

mV
((T sin α + L) cosμ − mg cos γ)

χ̇ =
(T sinα + L) sinμ

mV cos γ

ẋ = V cos γ cosχ

ẏ = V cos γ sinχ

ḣ = V sin γ

-�
�
 T = T (h, V, δx), D = D(h, V, α) ��� L = L(h, V, α)�
��
�
 
9��
���� 
����� 
�
 ������
���� �� � ����
��
 -
�+�
� ����

���
1�+�
 ��� ����
��
 +��	�
�
����� �

���
��� =&� $>�

B�+��
 718 ���-� 
�
 ����
� ��
��+ �� �� �������
 �
 �
� �
�

� �� +��	�
� �����+
�� ���������

�h

�
x

�
�

���

�
�

���

�

�
�

��	





�

�

� �

�

�

���	
�����
γ (

B�+��
 &6 �������
 ����
� �����+ ����
 �� �
��
�


����
 
9��
���� ����� �
 �����
� 
� ���	
�
����� �������
 �� ��� ��(
�� ��
 ���

�������
 �
���������� �5
�
��+ �
���
� ��
 
�
 ���
 L ��� ���+ D� �
;�
� ��
�����-� =$>

L = 1
2
ρSV 2Czαα

D = 1
2
ρSV 2

[
Cx0 + kiC

2
zα

α2
]
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T = T0δx
ρ

ρ0

(
1 − M +

M2

2

)
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Ẋ(t) = f(X(t), U(t))
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X : [t0, tf ] −→ IR6

t −→ X(t) = [V (t), γ(t), χ(t), x(t), y(t), h(t)] ��
 
�
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U : [t0, tf ] −→ IR3

t −→ U(t) = [α(t), δx(t), μ(t)] ��
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δxmin
≤ δx ≤ δxmax
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1.3Vs0 ≤ V ≤ Vmax
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γmin ≤ γ ≤ γmax

• ��
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αmin ≤ α ≤ αmax
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χmin ≤ χ ≤ χmax

μmin ≤ μ ≤ μmax
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a ≤ C(X(t), U(t)) ≤ b
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C : IR6 × IR3 −→ IR6

(X(t), U(t)) −→ C(X(t), U(t)) = [γ(t), V (t), χ(t), α(t), δx(t), μ(t)]

7&8
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Leq,ΔT = 10 log
1

ΔT

∫ tf

t0

100.1LP (t)dt 7#8
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LP = Lref − 20 log10 R + Δatm + Δground + ΔV + ΔD + Δf 7%8
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LP (t) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

141 + 10 log10

(
ρ1

ρ

)w

+ 10 log10

(
Ve

c

)7.5

+ 3 log10

(
2s1

πd2
+ 0.5

)

+10 log10

⎛
⎜⎜⎜⎝
(

1 − v2

v1

)me

+ 1.2

(
1 +

s2v
2
2

s1v2
1

)4

(
1 +

s2

s1

)3

⎞
⎟⎟⎟⎠ + 10 log10 s1

+ log10

τ1

τ2
+ 10 log10

((
ρ

ρISA

)2(
c

cISA

)4
)

−20 log10 R − 15 log10(CD(Mc, θ)) − 10 log10(1 − M cos θ),

7F8
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Ve = v1[1 − (V/v1) cos(αT )]2/3.
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R = (x − xobs)
2 + (y − yobs)

2 + h2
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�
 (xobs, yobs) ��
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�
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�� ΔV �� 
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ΔV = −15 log(CD(Mc, θ)) − 10 log(1 − M cos θ)
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�
 CD(Mc, θ) ������
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CD(Mc, θ) = [(1 + Mc cos θ)2 + 0.04M2
c ],


�
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�
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Mc = 0.62(v1 − V )/c

��� w =
3(Ve/c)

3.5

0.6 + (Ve/c)3.5
− 1�

��
 	�����
� �� 
��� �����	
� ��
���
��� ���
� �� 
�
������
� �� ������ 
.)


���	
 ����������� -�
� ���
�)����
 �
�
�� ��
� =#$>� 4���*��
�
 ���������


������

�)1�+�
 ��
� ��
 �	������
 �� 
�
 ��
� ��

��
��
� �� 	
��;��
��� �� 1�+�


5
�
� �����+ �������
 �
��
�
 ��� 
� �
 
�
������
�� �������� �� 2
��
 ���
��� 2��, ��� ���-� 
��
 �
����
� ��
� ��
 ��
� 
� �������

 
�
 �
��	��� ��

�
 ��
� 3

 ����
 ���
� ��� �
� �������
���� ���� 
�
��� =##>� ,�-������ 
�

���	
 �������
��� �� �
��+ ������
�
� �
����
�� ������
� 
� �
�
�� �
�����
�
�� �����
� ��� ������
�
�� ��

��
��
 �
����+ -�
� 3

 ����
 �� �������
 �����+
�
��
�
 ��
��
�����

��0��+ ������
 
�
 �������� 7#8 ��� 7F8� -
 ��
��� ��� ���
 ����
��� �� 
�

�����-��+ ��

+��� ����
��� ����

J : C1([t0, tf ], IR
6) × C1([t0, tf ], IR

3) −→ IR

(X(t), U(t)) −→ J(X(t), U(t)) =

∫ tf

t0


(X(t), U(t))dt

J �� 
�
 ���

���� ��� ��
���(��+ 
�
 ����
 �
	
� �
 � +�	
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 ��
��J
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�� �� χ, γ ��� U �
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⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min J(z, u) =

∫ tf

0


(z(t), u(t))dt

ż(t) = f(z(t), u(t)), ∀t ∈ [0, tf ]

zI1(0) = c1, zI2(tf ) = c2

a ≤ C(z(t), u(t)) ≤ b

7OCP 8
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0 = t0 < ... < tN = tf

-�
�
 6

tk = t0 + kh, k = 0, ..., N ��� h =
tf − t0

N
.
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u(t) := uk ��� t ∈ [tk−1, tk[
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zk+1 = zk + h
s∑

i=1

bif(zki, uk)

zki = zk + h

s∑
j=1

aijf(zkj, uk)

k = 0, . . . , N − 1, i = 1, . . . , s.
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 �
- �����
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J̃ =

N∑
k=0


(zk, uk).
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(NLP )

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
N∑

k=0


(zk, uk)

zk+1 = zk + h
s∑

i=1

bif(zki, uk), k = 0, . . . , N − 1

zki = zk + h
s∑

j=1

aijf(zkj, uk), k = 0, . . . , N − 1

z0I1
= c1, zNI2

= c2

a ≤ C(zk, uk) ≤ b, k = 0, . . . , N
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60000 m; yf = 5000 m; hf = 500 m) ��� ��� � ;.
� tf = 10 ��� ��� � ���)
��

�(�
��� �����


� N = 100 �� N = 200�
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CO(h, V, δx) =

∫ tf

0

CSRT (t)dt

-�
�
 CSR �� ������
� ����
��
�

��
 �����-��+ 
���
 �������(
� 
�
 ��
���
� �
���
��

(xobs, yobs) J (dB) max(f.e, o.e) "�� (s) J1(dB) J1 − J(dB) %CO

(0, 0) 45.92 7.92e − 07 10 47.03 1.1 36%
(0, 2500) 44.95 8.76e − 07 8.4 46.32 1.4 36%
(0, 5000) 43.27 3.44e − 07 9.8 44.93 1.7 36%

(20000, 0) 48.97 4.66e − 07 10.4 51.04 2.10 33%
(20000, 2500) 49.58 2.81e − 08 10.6 51.55 2 26%
(20000, 5000) 47.18 8.36e − 07 9.8 49.70 2.5 36%

(40000, 0) 47.59 6.73e − 07 14.6 49.52 2 26%
(40000, 2500) 50.76 4.21e − 07 6.9 52.87 2.11 26%
(40000, 5000) 49.74 6.92e − 07 11.9 51.72 2 24%

(60000, 0) 42.85 5.29e − 07 7.2 45.00 2.15 34%
(60000, 2500) 45.04 6.90e − 07 6.7 48.014 3 36%
(60000, 5000) 48.84 7.10e − 07 6 54.18 5.34 38%
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min Leq,Δt

ż(t) = f(z(t), u(t))
zI1(0) = c1, zI2(tf ) = c2

CO(z(t), u(t)) <= 1.1CO(Tr1)
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(xobs, yobs) J (dB) max(f.e, o.e) J1(dB) "�� (s)

(0, 0) 46.32 9.94e − 07 47.03 9.6
(0, 2500) 45.44 9.17e − 07 46.32 13.2
(0, 5000) 43.94 9.49e − 07 44.93 13.1

(20000, 0) 49.79 7.25e − 07 51.04 18.6
(20000, 2500) 50.32 8.75e − 07 51.55 8.5
(20000, 5000) 48.33 9.37e − 07 49.70 20

(40000, 0) 48.16 7.54e − 07 49.52 33.3
(40000, 2500) 51.43 6.55e − 07 52.87 9.3
(40000, 5000) 50.31 6.90e − 07 51.72 20.4

(60000, 0) 43.81 9.74e − 07 45.00 34.8
(60000, 2500) 46.40 7.69e − 07 48.014 27.9
(60000, 5000) 51.32 9.30e − 07 54.18 17.8
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⎧⎪⎪⎨
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min ϑ
ϑ >= Jobsj

ż(t) = f(z(t), u(t))
zI1(0) = c1, zI2(tf) = c2
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