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Abstract—Through the analysis of the research status, battle
features and operational requirements on air-to-ground
attack, the paper proposes a new air-to-ground attack path
planning method. Firstly, the characteristic point calculation
method is put forward based on the scheduled attack
direction and weapon performance, then the trajectory point
solving method based on characteristic point is put forward,
subsequently proposes the time estimation method of combat
units reaching trajectory point and muti-formation time
cooperation method, finally the simulation result shows the
effectiveness of the method.
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l. INTRODUCTION

In modern war, using strike aircraft to attack ground
target, can not only eleminate the effective strength of the
enemy to obtain air domination, but also adjust oil load
and bomb load whenever to implement flexible attack,
therefore using aviation weapon to implement air-to-
ground attack has become the important pillar when
realizing strategic goal[1-3]. Path planning refers to find
the optimal trajectory from the starting point to the ending
point of moving object under specific constraint[4-7]. At
present, study on air-to-ground attack is almost based on
the assumption that aircraft flies under terrain restriction[8-
10].

But actually, in many cases there is no terrain
restrictions when acting air-to-ground attack, so it’s not
necessary to consider terrain restriction in this case. Based
on this, the paper proposes a new air-to-ground attack path
planning method, through which could quickly get the
flying path of attack formation by taking into consideration
the aircraft’s combat performance and the ground threat’s
characteristic parameters, and meanwhile supports the time
cooperation of muti-formation.

Il.  PATH PLANNING OF AIR-TO-GROUND
ATTACK

In this section, firstly the relative coordinate system
and their relationship is introduced, then begins the
research on path planning method of air-to-ground strike
formation.

"Rg" "Ri-g"

In order to describe easier, here uses

and R, to stand for the local coordinate system, space
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geodetic coordinate system and space rectangular

coordinate system respectively. The base coordinate
system ( Ra ) can be obtained through rotating X axis of
"Ro” by 9’*.

The relationship between the above coordinate system
can be expressed as follows:

Figure 1. relationship between the coordinate systems
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A. Characteristic Point Calculation

The typical air-to-ground attack formation is consisted
of main attacker, associated attacker, associated electronic-
jamming aircraft and escort aircraft, and in the planning
path they keeps the fixed team formation. So the attack
path of the attack formation can be determined by the path
of the main attacker. In other words, the calculation of
attack formation path can be simplified as the calculation
of main attacker path.

Supposing the side view of strike path is as follows:

E

[
Figure 2.  Side view of strike path

In Fig.2 the whole path of strike formation is in the
plane determined by takeoff base and scheduled release
point, so in "Ra" coordinate system, the Z component of
A, B, C_ D, EandF isall equal to 0.A—>
B> C—>D—> E—F js the flying path of strike
formation( A : the coordinate from base O to the
scheduled cruise altitude; & : the coordinate of the cruise
emergence point; c the coordinate from cruise
emergency point to scheduled penetration altitude; D : the
coordinate of penetration emergency point; E : the point
finished climb; F : the scheduled release point).

Next, the paper will give the computational method of

trajectory point under Ra" confirmed by the target.
Before computing the coordinate of trajectory points,

the scheduled bomb-release direction should be fixed.
Supposing the scheduled bomb-release direction is

6,(Rad) Hx(m)
dg (m)

, cruise altitude is , penetration altitude

is Ht(m)' range of ASM is
is R(M) then

step to calculating the coordinate of F:
(XFG ' yFG ’ ZFG )T

, the equivalent radius

Supposing the coordinate of F is in
"Re" confirmed by the target and e Ve 0) in Ra"
confirmed by base O | it’s coordinate in Ri-¢ is

:
(4 ’hF), (Xeco1 Yoo 0) stands for the coordinate of

F in "Re" when % =O,then
2 2 2
{x +(y+R) =(R+h)
(x-a)"+(y-b)" = (d -c)’

Here a=b=C=O, dzdS’ h=HX'
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After solving (4) (Xee1: Yeor:0) and (Xeez1 Yeez:0)
obtained, (Xeg+Yeeo 0)’
component is positive. And
(X’ y: Z)T = A:(XFGO 1 Yeco vO)T
A

L stands for the transfer matrix from '

is

takes the one whose X

Q)

Here ‘Ro™

L1 " T
Ra" calculate the corresponding coordinate of (x.y.2)

as e . ’hF), then get the corresponding coordinate as

’ r T
(XAF ’ yAF ’ ZAF) in " Rg"

.

*Xerr Yo :0) is obtained by converting
Ra" confirmed by base O .

step to calculating the coordinate of B and D :

0

confirmed by base O , finally

! ! ’ T
(XAF ! yAF ’ZAF to

The max detection distance d, of warning radar to
target with altitude MX can be calculated from[12],
Supposing the coordinate of B and warning radar is

(%errYerr0)" g @DC)

taking d:db, h=Hx and (@b,c) into (4) gets

(XBl ! yBl ’O)T and (st ! sz ’O)T (XBA ! yBA ’O)T

n "Ra" confirmed by base O,

takes the one

T
whose module is smaller. The corresponding g+ Yen:0)
for other warning radar can be obtained in the same way,
the desired value is the one whose module is minimum.

Supposing d, is the max detection distance of warning
radar to target with altitude Ht  the step to calculate the
coordinate of D and B is the same but replace d=d,
and h=Ht,

step to calculating the coordinate of Cand E:

;

Supposing the coordinate of B and Cis g+ Ve :0)
T

and (Xer+Ye:0) in Ra" confirmed by base O | the

distance from B to C is dbc,then

a= Xg,
b=y,
c=0
h = Ht
d=dp,
dy, =/mz.n*
m = Hx — Ht
n= m*m vV, (6)
Taking (6) into (4) gets (enn You 10)' and

(%exz Yenz 10) , (%ep+Yea 0) takes the one whose module


app:ds:transfer
app:ds:matrix

is larger. V' and VL means the speed and max climb (dive)
speed respectively.

dge as the distance from D to E, then

Set
a=x,,
b=y,
c=0
h = Hx
1= (7)
Taking () into (@) gets CeuYer® ang
(e Yera:0) : (e Yer O) takes the one whose module
is larger.

step to calculating the coordinate of A:
The coordinate of A in Ra" confirmed by base O js

(Hx*~/ V2~V 1 V., Hx, 0)

B. Trajectory Point Solving Method

Fig.3 gives the side view of air-to-ground formation
strike path:

EarthR

Figure 3. Side view of strike path

C=(OAAB.BC'CD'DE.EF) y goricy

Taking

the 6 stages of the whole strike process, Vi means the

speed in stage !, in order to strengthen the suddenness of
strike, it’s better for attack formation to consume less time,
the aim can be expressed as follows:

min0 = ici V.
(8)

Meanwhile, in order to make sure the attack formation
has stronger battlefield adaptive ability, it’s better for
attack formation has more surplus oil, the aim can be
expressed as follows:

max0=m
left (9)
mleft H
Where means the surplus oil for attacker after
finished flying, @ , "o and "¢ means the oil

consumption rate for attacker at the climb, cruise and
penetration stage respectively, then
My, =M-— z Ci/mca _Zci/mcx _C4/mct

i=1,3,5 i=2,6

(10)
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The objective function for trajectory point solving is
constructed as follows:

min = &, min 0+ ¢, /max 0

(11)
where % >0 ang % >O,also o +a, =1
The constraint condition is:
a,B.x<B'x<B.X
a,Dx<D'x<D.x
M, =M.
left (12)
< < -
Where 7= %% = l, n may take the minimum of all

the X component of D' . In (12) BX means the X

component of B .

I1l.  MUTI-FORMATION TIME COOPERATION

PLANNING

The focus of muti-formation time cooperation planning
is the takeoff time cooperation planning, it’s aim is to
make sure multiple formation arrive the scheduled place
synchronously and strengthen the suddenness of strike, so
that the enemy don’t have enough time to make plan for
defense and then the strike effect is improved. According
to the proposed strike path, the muti-formation time
cooperation planning is to coordinate the takeoff time to
make sure they arrive D' at the same time.

According to the scheduled fly path, the arrival time of
any single formation to any trajectory point can be
estimated approximately. If the strike formation keeps the

constant speed V' in the whole stage, the arrival time for

ti:ZG:Di/V

point s i=1 , instead if the speed differs in

t:ioi/vi

each stage , the arrival time for point s i-1
The step to fulfill muti-formation time cooperation |s

firstly assume that the arrival time of formation | to point

D' is b, st MW T=12-1) o e maximum of the
time to D’ for the whole formation ,and then the takeoff
time of formation ! can be obtained as
max(t,i=12..n) -t

IV. EXAMPLE

Now carries on the simulation of scenario Table 1-3
based on the proposed path planning method , where Table
1 gives the position information of target and it’s ambient
warning radar, Table 2 gives the main performance
parameter of warning radar, Table 3 gives the related
parameter of the two strike formation.

TABLE I. POSITION OF TARGET AND RADARS
Unit Position | | gngitude (°) Latitude (°)
Base 1 116.930 28.192
Base 2 114.826 25.306



http://dict.cnki.net/dict_result.aspx?searchword=同时地&tjType=sentence&style=&t=synchronously

Y(m)

Target 1185 22
Radar 1 118.5 22.630
Radar 2 117.910 22.313
Radar 3 119.089 22.314
Radar 4 117.913 21.684
Radar 5 119.087 21.684
Radar 6 118.5 21.370
TABLE Il PERFORMANCE PARAMETER OF RADAR
Performance parameter Value
Transmit power (Kw) 3
Main lobe gain (dB) 30
Receiver bandwidth (KHZ) 10
Operating frequency (MHZ) 3000
Half-power beam width (°) 5
Noise power (w) 5e-17
polarization coefficient 0.5
Pulse accumulation 8

TABLE Il1. PARAMETERS OF ATTACK FORMATION
Hx (Km) Ht(Km) Vv (m/s)
8 1 400
Vv L(m/s) dA(Km) 0, ()
150 80 10/40
m(Kg) m,, (kg/Km) m,, (kg/Km)
9000 3 4
m,, (kg/Km) Mo (KQ) @
5 5000 0.5
a, a, a,

12,000

14,000

0

100,000

200.000
X(m)

300.000 400.000

s Oly

500,000 600,000

Figure 4. Side view of planning path
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Figure 5. Time profile of strike formation

Fig.4 gives the two formation trajectory under the

target-determined Rg , it can be concluded from Fig.4
that the actual trajectory is in accordance with the assumed
trajectory, the trajectory is smooth and so easy to carry
out; Fig.5 gives the time distribution figure of the two
formation arrive at the trajectory point after time
cooperation, it can be concluded that the time cooperation
method can not only fulfill the time cooperation of each
formation, but also can obtain the time to other trajectory
point, clearly the two formation strike time profile is
shown.

V. CONCLUSION AND DISCUSSION

The paper firstly analyze the characteristics and
demand of the modern air-to-ground strike as well as the
deficiency of the existing path planning method, then
proposes a new path planning method focused as path
planning and time cooperation. Finally, carries out a
simulation based on a designed scenario, the result proves
the effectiveness of the method.
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