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Hierarchical potential field algorithm of path planning for aircraft

DAI Ji-yang, WANG Cun-song†, YIN Lin-fei, YANG Bao-jian, XIONG Jun-qiang
(School of Information Engineering, Nanchang Hangkong University, Nanchang Jiangxi 330063, China)

Abstract: Traditional potential field algorithm is a common method of path planning for aircraft; however, it is not
applicable to cases like goal non-reach with obstacle nearby (GNRON), local minimum, no evaluation mechanism, etc.
A hierarchical potential field algorithm of path planning for aircraft is proposed to deal with the above problems. In this
algorithm, traditional potential function is modified with the segmented idea to solve the problem of GNRON. Rotational
force and forces between aircraft are introduced to solve the problems of local minimum and aircraft collision. Multilevel
and multidirectional path lattice are established using hierarchical method and the optimal path point is calculated. Thus,
the evaluation mechanism of potential field method is introduced. Finally, through numerical simulations, the traditional
potential field method, the improved potential field method and the hierarchical potential field method are compared in the
complex obstacle environment. Simulation results show that the proposed hierarchical potential field method is effective
and feasible.
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2 (Traditional artificial
potential field method)
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Fig. 1 Traditional artificial potential field method principle

,

Uat(X) = 0.5αρ2(X,Xt), (1)

Uao(X) =⎧⎨
⎩0.5β(

1

ρ(X,Xo)
− 1

ρo
)2, ρ(X,Xo) � ρo,

0, ρ(X,Xo) > ρo,
(2)

: X = (x, y) , α β

, X,Xt,Xo

. ρ(X,Xt)

ρ(X,Xo)

, ρo .

,
:

Fat(X) = −∇Uat(X) = −αρ(X,Xt), (3)

Fao(X) = −∇Uao(X) =⎧⎪⎪⎨
⎪⎪⎩
0.5β(

1

ρ(X,Xo)
− 1

ρo
)

1

ρ2(X,Xo)
,

ρ(X,Xo) � ρo,

0, ρ(X,Xo) > ρo.

(4)

Fa(X) = Fat(X) + Fao(X). (5)

,
: 1) ,

, ,
; 2)

,
, ,

, ; 3)
.

3 (Improved artificial
potential field method)

3.1 (Improved potential function)
,

,
:

Uat(X)=

{
0.5α1ρ

2(X,Xt), ρ(X,Xt)<ρa,

0.5α2ρ
2(X,Xt), ρ(X,Xt)�ρa,

(6)

Uao(X) =⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

β(
ρ(X,Xi)

ρ2omax

− 2 ln ρ(X,Xi)

ρomax

− 1

ρ(X,Xi)
),

ρ(X,Xi) ∈ [ρ1, ρ2],

+∞, ρ(X,Xi) ∈ [0, ρomin],

0, ,

(7)

:

ρ1=max{ρomax, ρamax}, ρ2=min{ρomin, ρamin}.
: X = (x, y, z) , α1

α2 , β . X,Xt,Xi

. ρ(X,Xt) ρ(X,

Xi) . ρa
, ρamin ρamax

, ρomin ρomax

.

,
:

Fat(X) = −∇Uat(X) ={
−α1ρ(X,Xt), ρ(X,Xt) < ρa,

−α2ρ(X,Xt), ρ(X,Xt) � ρa,
(8)

Fao(X) = −∇Uao(X) =⎧⎪⎪⎨
⎪⎪⎩
β(

1

ρ(X,Xi)
− 1

ρomax

)2, ρ(X,Xi)∈ [ρ1, ρ2],

+∞, ρ(X,Xi)∈ [0, ρomin],

0, ,

(9)
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, ρ(X,

Xi), (9) .
,

, . ,
, ,
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3.2 (Rotational force introduction)
,

. 2 ,
,

.

2

Fig. 2 Rotational force diagram

(10),
,

,
.

.

Fac(X) =⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

γ ‖Fao(X)‖ Fao(X)× Fat(X)× Fao(X)

‖Fao(X)× Fat(X)× Fao(X)‖·
Fat(X)

‖Fat(X)‖ , ρ(X,Xo) � ηρomin,

0, ρ(X,Xo) > ηρomin,

(10)

: γ , η .

3.3 (Force between aircraft)
,

[14] ,

, .

:

Faa(X) =

⎧⎪⎪⎨
⎪⎪⎩
ε(

1

ρ(X,Xa)
− 1

ρa
)2,

ρ(X,Xa) ∈ [ρamin, ρamax],

0, ρ(X,Xa) /∈ [ρamin, ρamax],

(11)

: ε , ρ(X,Xa)

.

,

Fa(X) = Fat(X) + Fao(X) + Fac(X) + Faa(X).

(12)

,

va new =
Fa(X)

ma

, (13)

: va new , ma

.

,

Pa new(X) = Pa old(X) + va newδt, (14)

: Pa old(X) ,
Pa new(X) , δt

.

4 (Hierarchical
potential field algorithm of path planning)

4.1 (Principle of the
hierarchical potential field method)

,
,

. ,
.

, [14]
, 3 . : A

; ,
Pa new(X) B(j,m) ;

.
,

.

. , ,
, . ,

.

, θ

, :

θ = arccos
‖XB (j,m)

−XA‖2 + ‖XB(1,m)
−XA‖2 − ‖XB (j,m)

−XB(1,m)
‖2

2‖XB (j,m)
−XA‖‖XB (1,m)

−XA‖ , (15)
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: XA , B(j,m)

. B(1,m)

, B(1,m) A

.
.

3

Fig. 3 Hierarchical potential field principle diagram

4.2 (Selection method for
optimal path point )

.

,

. , :

ρ(X,Xo) > ρ(Xo,Xi), (16)

: Xo ,
ρ(Xo,Xi) .

. ,

, , :

J(X) =
‖(X −Xnew)× (X −Xt)‖

‖X −Xt‖ , (17)

: Xnew , X
, Xt .

n

min y = J(X) = (j1(x), j2(x), · · · , jm(x)),

s.t. ρ(X,Xo) > ρ(Xo,Xi). (18)

4.3 (Hierarchical potential field
algorithm)

, ,

; ,
; ,

; ,
; ,

. ,
:

Step 1
, (8)–(11)

;
Step 2 (12) ;
Step 3 (13) (14)

B(j,m),
, (15) θ,

;
Step 4 (18)

.

5 (Numerical simulation)
,

,
,

,
1 . 2 .

1
Table 1 Potential field function parameters

α1 1.5 γ 0.05
α2 3.0 η 350
β 3.0 ε 4000

2
Table 2 Aircraft and target position information

(0, −10, 1) (35, 55, 45)
(−4, −12, −5.53) (31, 52.69, 38.47)
(0, −5.38, −5.53) (35, 60, 38.47)
(4, −12.31, −5.53) (39, 52.69, 38.47)

5.1 (Simulation environment)
,

,
, 5 , 4 . 5

3 .
6 km, 8 km,

6 km, 3 km,
20 km, 3 km, 24 km,

1 km 13 km.
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20 km.

(a) (b)

(c) (d)

(e)

4

Fig. 4 Obstacle diagram

3
Table 3 Obstacle position information

(35, 35, 30)
(30, 24, 25)
(22, 28, 23)

(6, 3, 0)
(20, 20, 0)

,
5 .

5.2 (Simulation analysis)
, ,

, 6–8 , 4
.

5

Fig. 5 Simulation environment

6
Fig. 6 Path planning based on traditional potential

field method

7

Fig. 7 Path planning based on improved potential field method

8
Fig. 8 Path planning based on hierarchical potential

field method
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4
Table 4 Path length using improved potential field

method and layered potential field method

/km /km

1 90.91 90.41
2 92.85 91.64
3 97.15 88.62
4 92.08 91.33

6 , ,
, .

7 , ,
. ,

.

, 7
,

, .
, 8

, .

4 , ,

, .

, .

6 (Conclusions)
,

, .

. ,

.
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