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A global path planning approach based on particle filter
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Abstract: A global path planning approach is proposed for mobile robot based on particle filter. A string of Ferguson

splines is used as a path description to ensure the smoothness of the path. With the best path treated as the true state, and

the others as states polluted by noise, the best path searching task is then transferred to a filter task. After that, the SIR

Particle filter algorithm is employed to carry out the filter task; the global best path can then be acquired. The simulation

results shows that the proposed algorithm have a rapid convergence and is capable of finding a smooth path.
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2 (Path planning approach)
2.1 Ferguson (Path described

by Ferguson splines)
,

.

Ferguson ,

. Ferguson i
[6]:

ri(T ) = Pi−1F1(T ) + PiF2(T ) + P ′
i−1F3(T ) +

P ′
i F4(T ). (1)

: T ∈ [0, 1], Pi−1, Pi i

, P ′
i−1 P ′

i Pi−1, Pi . 4
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F1(T ) = 2T 3 − 3T 2 + 1,

F2(T ) = 2T 3 + 3T 2,

F3(T ) = T 3 − 2T 2 + T,

F4(T ) = T 3 − T 2.

(2)

1 i, k (3) ,

k i .

Pk−1 = Pi, P ′
k−1 = P ′

i . (3)

2 2 C n Ferguson

, i, i + 1(i = 1, · · · , n)
, 1 P0

, n Pn Ta,

n Pa.

Pi(i = 1, · · · , n − 1) .

n Ferguson .

C Pa

: Pa{P0,P
′
0, · · · , Pn,P ′

n},

P0 Pn , 4n,

n − 1.

Pamin.

2.2 (Particle filter algorithm)

,

. , ,

. t

st, :

st = f(st−1, ut, wt), (4)

ot = h(st, et). (5)

: ot, ut, wt, et t

; f(·), h(·)
. , SIR
[7]:

SIR Pariticle filter(st−1, ut, wt)

{
For m = 1 to M do

Sample sm
t ∼ P(st|ut, st−1)

Calculate ωm
t = P(ot|sm

t )

Endfor

Calculate total weight su = sum({ωm
t }M

m=1)

For m = 1 to M do

Normalize ωm
t = ωt/su

Endfor

{sm
t , ωm

t }M
m=1 = Resample{sm

t , ωm
t }M

m=1.

}

: M , ωm
t t Sett{s1

t , · · · ,

sM
t } m sm

t . ,

P (st|ut, st−1) st sm
t (m = 1,

2, · · · ,M)( ). P(ot|sm
t )

ωm
t . ωm

t
[7]

,

. M → ∞
1 .

2.3 (Path planning

base on particle filter)
.

E (6), l (7),

Xi(T ), Yi(T ) i X, Y ; lmin

; dmin Pa

(8), objx, objy Pa

; α

. ,

E Emax E

E �1.

E(Pa) =
l

lmin

+
∣∣∣∣

α

dmin

∣∣∣∣ , (6)

l =
n∑

i=1

� 1

0

√
Xi(T )2 + Yi(T )2dT, (7)

dmin =

min
T∈[0,1]

i=1,··· ,n
(
√

(Xi(T ) − objx)2 + (Yi(T ) − objy)2).

(8)

3 C Pamin E(Pamin)
Pamin , Emin.

t t . t

Pat
st, st = Pat

{P0t, P
′
0t,· · ·, Pnt, P

′
nt},

E(·) h(·).

:

st = st−1 + wt, (9)

ot = E(st) + et. (10)

wt∼N(0, δw) st−1

st . ot = 1,

et∼N(0, δe)
Emin 1 . (10) et ∼N(0, δe) (1 −

E(st)) ∼ N(0, δe). |E(st) − 1| P(ot|st)
. P(st|ot,

st−1) ,

Pamin. t

. M ,



3 : 371

, , 10%

.

3 (Simulation result)
3.1 (Influence of different param-

eters)
: n

M δw δe α.

: n , n

, ; M

( M >

1000); δw ,

, ,

δe . 561 × 420
, .

M = 7500, n = 3, α = 45. δw

40, δe 3.

1

Fig. 1 Comparison of different iteration times

2 2

Fig. 2 The second comparison of different iteration times
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Fig. 3 Planning results with differentα

4 α 5 δe : 1.6, 2.6, 3.6, 4.6,

6.6 , :

δe P (ot|st) ,

. δe ,

P (ot|st)
, .

4 δe

Fig. 4 Planning result with different δe

3.2 (Compare with the other

methods)
A∗

[1].

, .

A∗ ,

5 .

, ,
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. , α

, A∗

. 5 A∗

, .

5 A∗

Fig. 5 Comparision with A∗ algorithm
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Fig. 6 Comparision with Genetic Algorithm
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4 (Conclusion)

. Ferguson

, ,
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