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Abstract: Based on the sparse A* search algorithm for path planning and the improved artificial potential field, we

propose a method of dynamic trajectory planning for unmanned aerial vehicle(UAV) in the threat model composed of

obstacles with different attributes. This method first builds a grid model of the threat distribution; and then, it makes the

global path planning by sparse A* search algorithm according to the static obstacles; Finally, combining the pre-determined

route and the dynamic obstacles, UAV can accomplish the dynamic trajectory planning by using the improved artificial

potential field. Simulation results indicate that the proposed method can find a global optimal path with the given risk index

and achieve a good performance of dynamic obstacle avoidance.
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2 (Threat model)
2.1 (Basic assumptions)

1 ,

2 ;

2
, . ,

,

(1):

P =
PtGAeσ

4π2R4
, (1)

: P , Pt

, G , Ae , σ

, R ;

3 .

, .

2.2 (Threat level)
,

5 , [9],

(Td) 1 .

1
Table 1 Threat level and threat degree

1 16

2 25

3 36

, 4 49

5 100

n ,

.

2.3 (Grid threat model)
,

—2 3 ,

.

1 , ,

.

CV, .

, CV

, , CV (1)

8 . ,

CV .

1 CV

Fig. 1 Grid threat model and CV assignment

3 A* (Sparse

A* based trajectory pre-planning)
3.1 A* (Constraint condition

of sparse A* search)
A* [10] ,

,

, ,

. A* f(n) n

, (2) :

f(n) = g(n) + h(n). (2)

: g(n) n

, h(n) n

, . A* Szczerba

2000 [11],

, ,

. ,

.

:

1) .

Ri 2 . Ai−1, Ai Ai+1

3 , Ai+1

(3):

Ri < rmin, (3)

rmin .

2

Fig. 2 Turning radius
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2) .

3 .

3

Fig. 3 Total distance

: Ai , Di

Ai , SLi Ai ,

. Ai

(4), dmax

:

Di + SLi < dmax. (4)

3.2 (Evaluation function of tra-

jectory planning)
,

:

f(n) = (1 − τ)c(n) + τt(n) + h(n), (5)

: c(n) n ,

, ,

,

. t(n) ,

. h(n) ,

.

τ ∈ [0, 1], ,

. τ 0,

. τ = 0 ,

A* . τ � 0.9 , (6)

, :

R = R[exp(τ − 0.1) − 0.4]. (6)

3.3 A* (Sparse A* search)
A* :

Step 1 OPEN , CLOSED

;

Step 2 OPEN ,

. ;

Step 3 OPEN

, CLOSED ;

Step 4 ,

. ,

;

Step 5 8 ,

,

f ,

. : a)

OPEN CLOSED , OPEN ,

; b)

OPEN , f

OPEN f , ,

f ; c)

CLOSED ,

;

Step 6 Step 3, ,

.

4 (Improved artificial poten-

tial field)
4.1 (Traditional artificial poten-

tial field)
[8] ,

, .

q 2 ,

Uatt(q) =
1
2
kρ2

G(q), (7)

Urep(q) =

⎧⎪⎨
⎪⎩

1
2
m[

1
ρ(q)

− 1
ρ0

]2, ρ(q) � ρ0;

0, ρ(q) > ρ0.

(8)

ρG(q) ρ(q) q , k m

, ρ0

q qG

:

Fatt(q) = −kρt(q), (9)

Frep(q)=

⎧⎪⎨
⎪⎩

m[
1

ρ(q)
− 1

ρ0

]
1

ρ(q)2
, ρ(q)�ρ0;

0, ρ(q)>ρ0.

(10)

,

.

,

.

.

4.2 (Relative velocity repul-

sive force potential field)
,
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(RVRFPF)[12], t

vOU(t) P (t) (11),

qOU(t) .

P (t) < 0 , P (t)
; , .{

vOU(t) = VO(t) − VU(t),

P (t) = vOU(t)qT
OU(t).

(11)

Urepv(q) ={
mvOU(t)| sin θ|, POU(t) � 0, ρ(q) � ρ0;

0, POU(t) > 0 ρ(q) > ρ0.

(12)

θ ∈ (−π, π)
, 4 .

4

Fig. 4 Relative velocity vector and relative position vector

.

(ΔX, ΔY ),

(12)

Urepv(q) = mvOU(t)
|ΔY |√

ΔX2 + ΔY 2
. (13)

:

Frepv(q) =

{
Aq(θ), θ � 0;

− Aq(θ), θ � 0.
(14)

:

A =
mvOU(t)√

ΔX2 + ΔY 2
, q(θ) = cos θ(− sin θ, cos θ).

FP
repv(q) =

N∑
i=1

[Frepvi(q) + Frepi(q)], (15)

: Frepi(q) (10) , N

.

4.3 (Repulsive force gain

fuzzy controller)
,

,

.

,

(RFGFC). Td

P (t) ,

, .

, Td ∈ [0, 100]
P (t) ∈ [−100, 100]. ,

m ∈ [0.5, 2.5]. 5 : PB,

PM, ZE, NM, NB. 5 .

(a)

(b)

(c)

5

Fig. 5 Membership function of input/output

,

, 2 .
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2

Table 2 Fuzzy rules

Td

P (t)
PB PM ZE NM NB

PB PB PB PM ZE NM

PM PB PM ZE NM NM

ZE PM ZE NM NM NB

NM ZE NM NM NB NB

NB NM NM NB NB NB

6 .

6

Fig. 6 Input/output surface of RFGFC

4.4 (Pre-

planning based improved artificial potential

field)

,

, .

,

.

.

, τ

, Td τ 2Td. ,

.

:

1) JThreat. : nq

, QThreati q ,

Qj j q , N

, r , P (1) :

JThreat =
nq∑
i=1

QThreati, (16)

QThreat =
nq∑
i=1

Qj, (17)

Qj =

⎧⎪⎪⎨
⎪⎪⎩

Td, ρ(p) � r,

P, r < ρ(p) � ρ0,

0, ρ(p) > ρ0.

(18)

2) , M

. M = N ∼ 1.5N ;

3) H ,

.

K , K 0.1H + 1. H

(19) , sq , eq .

:

H =

eq∑
i=sq

QThreati

eq − sq
, (19)

,

, 7 .

7

Fig. 7 Pre-planning based improved artificial potential field

, ,

,

.

,

, ,

, .

5 (Simulation and result)
,

. 600

×480 , 200 m,

120 km×96 km. ,

.

4 . 8 9.

5.1 A*
(Simulation of sparse A* based trajectory pre-

planning)
A*

, 120 km×96 km 7

3 .
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3

Table 3 Property of static threat

1 (50,60) 30 4

2 (150,150) 50 3

3 (220,140) 40 4

4 (300,120) 60 5

5 (250,300) 60 5

6 (400,250) 30 1

7 (400,360) 30 2

(20, 20), (480, 460),

τ = 0.1, τ = 0.5, τ = 0.9 .

, 2,3 4 .

8(a)(b) (c), τ ,

. τ ,

. 3

: 1290/709, 1426/86, 1620/0.

(a) τ = 0.1

(b) τ = 0.5

(c) τ = 0.9

8 τ A*

Fig. 8 Sparse A* based trajectory pre-planning with

different τ values

5.2
(Simulation of pre-planning based improved ar-

tificial potential field)
120 km×96 km , 2

, 4 .

4

Table 4 Property of dynamic threat

8 (240,200) 5 4

9 (440,400) 5 4

,

.

9 ,

.

, 9(a) ,

.

1 , (340,370)

.

, 9(b) .

, . ,

. 9(c) ,

.

,

, .

(a)

(b)
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(c)

9

Fig. 9 Simulation of pre-planning based dynamic

obstacle avoiding

6 (Conclusion)
A*

, . ,

A* ,

, . ,

.
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