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Abstract: Simultaneous localization and mapping (SLAM) algorithm for mobile robots is a key problem in the field of

robotics. The latest progress of SLAM algorithms is surveyed, and the key techniques adopted. Various existing methods

were analyzed and compared in details of map-building model, computation complexity, robustness and so on. Finally, the

key problems and future research trend of SLAM approaches are presented.
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2.1 (The principle of algorithm)
4 [10∼12], :

1) . (1) , X(k)
k XRR(k) XM(k):

X(k) = [XRR(k) XM(k)]T. (1)

k , u(k),

O(k), P (k|k)

P (k) =
[

PRR(k|k) PRM(k|k)
PT

RM(k|k) PMM(k|k)

]
, (2)

: PRR(k|k)
, PMM(k|k) ,

PRM(k|k) .

, EKF .

, Moutarlier
[11].

2) . ,

, :

XRR(k + 1|k) = F (XRR(k|k), u(k)). (3)

:

X(k+1|k)=[XRR(k+1|k) XM(k|k)]T, (4)

P (k+1|k)=
[

PRR(k+1) PRM(k+1|k)
PT

RM(k+1|k) PMM(k|k)

]
. (5)

3) . k + 1 Ok+1

h(Xpi, XRR(k + 1|k)), EKF

XRR(k + 1|k + 1), PRR(k + 1|k + 1) PRM(k +
1|k + 1), XRM(k + 1|k + 1) PMM(k +
1|k + 1). .

4) . ,
[10],

X(k + 1) P (k + 1).

2.2 EKF SLAM (Improved

SLAM algorithms based on EKF model)
EKF SLAM
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2.2.1 (Uncertainty processing)
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2.2.2 (Reduce computing com-

plexity)
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, .

Uhlmann [46] CI ,

, CI ,

.

,

, SLAM .

Chong [25] ,

IEKF JUDKF ,

.

,

Jacobian , JUDKF IEKF .

3 EM SLAM (SLAM

algorithms based on EM model)
,

,

.

, Thrun [47] EM [48] SLAM

,

.

,

. ,

, SLAM [49∼53].

3.1 (The Standard algorithm)
[47].

1) .

ε έ u

, u ε P (έ|u, ε). P (ε)
u ε , u

P (έ) :=
�

P (έ|u, ε)P (ε)dε. (6)

2) .

.

P (o|ε,m) ε o , m

. Bayes , o ,

ε

P (ε|o,m) =
P (o|ε,m)P (ε|m)�
P (o|έ,m)P (έ|m)dέ

=

ηP (o|ε,m)P (ε|m). (7)

3) .

, d

, :

m∗ = argmax
m

P (m|d),

d = {o(1), u(1), · · · , o(T−1), u(T−1), o(T )}. (8)

P (m|d) , (8)

,

(9) . .

argmax
m

�
· · ·

� T∏
t=1

P (o(t)|m, ε(t)) ·
T−1∏
t=1

P (εt+1|u(t+1), ε(t))dε(1),· · · ,ε(t).

(9)

4) .

E ,

t = 1, · · · , T ε(t)

P (ε(t)|d,m), :

P (ε(t)|d,m) = η3 P (ε(t)|o(1), · · · , o(t),m)︸ ︷︷ ︸
:=α(t)

·

P (ε(t)|u(t), · · · , o(T ),m)︸ ︷︷ ︸
:=β(t)

. (10)

E α(t) · β(t) t

ε(t) , M .

d P (mxy = l) :

P (mxy = l|d) =
1
T

T∏
t=1

�
P (mxy = l|ot, ε(t))α(t)β(t)dε(t), (11)

P (mxy = l|ot, ε(t))=ηP (o(t)|mxy = l, ε(t)), (12)

: L = l1, · · · , ln, l∗ n

, l∗ , mxy

〈x, y〉 .

EM SLAM
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3.2 EM SLAM (Improved

SLAM algorithms based EM model)
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EM

. Thrun [51]

Minerva. Hahnel [52] EM

.

Thrun [53] EM ,

, .

4 SLAM (SLAM al-

gorithms based on particle filters)
,

. Montemerlo [54,55]

SLAM , ,

SLAM .

4.1 FastSLAM (The FastSLAM algorithm)
Murphy[56] , ,

K ,

. , Monte-

merlo [54] FastSLAM ,

.

4.1.1 FastSLAM (The principle of Fast-

SLAM algorithm)
3 [54]: 1) ,

; 2) ;

3) , .

FastSLAM

P (st|ut, st−1) P (zt|st, θ, nt),

St t , ut , zt , nt

, θ . SLAM

zt = z1, · · · , zt ut = u1, · · · , ut θ

st = s1, · · · , st . st

nt, .

, FastSLAM

P (st, θ|st, ut, nt) =

P (st|zt, ut, nt)
∏
k

P (θk|st, zt, ut, nt). (13)

FastSLAM Rao-Blackwellized

P (st|zt, ut, nt).

P (θk|st, zt, ut, nt) ,

.

, M

K KM . Fast-

SLAM M ,

:

s
[m]
t = 〈st,[m], μ

[m]
1,t , Σ

[m]
1,t , · · · , μ

[m]
n,t , Σ

[m]
n,t 〉. (14)

μ
[m]
k Σ

[m]
k θk

. st,[m] t m , P (st|ut, s
[m]
t−1)

. st

P (st|zt−1, ut, nt−1). ,

w
[m]
t = ηP (zt|st,[m], zt−1, nt). (15)

, FastSLAM

,

, O(M log k),

EKF SLAM .

4.1.2 FastSLAM (Improved FastSLAM

algortihms)
FastSLAM , s

[m]
t

, t

zt,

. ,

, . Monte-

merlo [55] FastSLAM2.0 , ut

zt ,

s[m] ∼ P (st|st−1,[m], ut, zt, nt), (16)

.

,

, ,

w
[m]
t ∝ P (st|st−1,[m], ut, zt−1, nt). Fast-

SLAM2.0 FastSLAM1.0

, .

FastSLAM ,

,

. Montemerlo

: n
[m]
t ,

n
[m]
t ,

, EKF
[54,55,57]. Nieto [58] ,

FastSLAM ,

.

FastSLAM . Hah-

nel [59]

, . Ran-

ganathan [60] MCMC Bayesian

,

.

4.2 (SLAM algorithms

based on hybrid particle filters)
FastSLAM ,

. Li [61]

CEPF,
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.

, .

Masson [62] CEKF

SLAM ; ,

,

. , CEKF

SLAM . CEKF

Monte Carlo .

Thrun [63] Monte

Carlo ,

, 2

( ) ,

.

4.3 SLAM (Other

SLAM algorithms based on particle filters)
Yuen [64] SMC-SLAM ,

SLAM .

, L .

,

.

.

Kantor [65] Monte Carlo

SLAM .

, ,

Monte Carlo , ,

,

.

SLAM

, Rekleitis [66] 2

,

,

. Thrun [63]

MCL ,

.

5 SLAM (Other SLAM algorithms)
5.1 (Extended information filter)

, , SLAM

. Juiler [67]

EIF . EKF , EIF

SLAM –

. ,

, ,

, . Sebas-

tian [68]

, ,

, ,

SEIF. SEIF ,

.

5.2 (Relaxation algorithm)

, .

,

. ,

. ,

. EM

, [69,70,72].

Lu [69]

,

Mahalanobis ,

. Golfarelli [70]

, . Gutmann [71]

[69] ,

LRGC.

, [69] ,

;

,

, .

Duckett [72] ,

,

. Frese [73] ,

.

, .

5.3 SLAM(SLAM based on ge-

netic algorithms)
Duckett [74] SLAM

, ,

.

, , . Kim [75]

,

Patrol Explore

. Exchange

Share .

, .

5.4 SLAM (SLAM based on

set membership algorithms)
Di Marco [76] SLAM .

:

;

.

,

,

( ).



1 : 63

5.5 SLAM (SLAM based

on tree structure)
Paskin [77]

TJTF .

, ,

,

,

, Bayesian

SLAM, O(K3n).

, Frese [73] ,

, ,

. TJTF ,

O(K3 log n),

.

6 (Conclusions and prospects)
SLAM , 20

,

,

,

.

, :

1) EKF

EM

,

.

, EKF EM ,

SLAM .

2)

,

, .

3) .

.

.

; 3D

2D ,

; ,

.

4) .

,

.

,

.

5) .

,

, .

,

, .

SLAM ,

, .
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