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A FastSLAM2.0 algorithm based on electromagnetism-like mechanism
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Abstract: To solve the problem of particle degradation and sample dilution in FastSLAM2.0 algorithm, this paper pro-
posed a new FastSLAM2.0 algorithm based on electromagnetism-like mechanism (EM–FastSLAM2.0). Firstly, in order
to reduce the model linearization error, unscented Kalman filter (UKF) is used to replace extended Kalman filter (EKF)
for posteriori estimation of robot pose in EM–FastSLAM2.0 and the quality of sampling particles are improved. Secondly,
assuming that each sampling particle is looked as an charged electron and attraction-repulsion mechanism in electromag-
netism field is used to simulate interactive force between the particles, electromagnetism-like mechanism is introduced
to resampling procedure, where electromagnetism-like attractions drive the particles approach to high likelihood region
and make them distributed closely to the true pose value rapidly which can reduce particle degradation. Simultaneously,
electromagnetic-like repulsions drive the particles separate from each other and maintain a certain distance in moving
process to assure particle diversity. Finally, the simulation results show the effectiveness of the new algorithm.
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1 ÚÚÚóóó(Introduction)
£ÄÅì<Ó�½ �/ã�ï(simultaneous

localization and mapping, SLAM)¯K´�rÅì<
�3������¸¥,ÏLÙg����Daìé
�¸*ÿ4Oª��ï�¸ëY/ã,Ó�|^¤ï
á�/ãÓÚ�Og� �[1]. SLAMEâ�¡£
�/·3=p0[2]ù�¯K,�@�´£ÄÅì<¢
yý�¿ÂþgÌ�Ê�'�5Ï�.�X£ÄÅì
<A^+��ØäZyÚFªE,z, SLAM®²¤
�:I)û�9:ÚJ:¯K.

SLAM¯K¥£ÄÅì<¡é�´���Ø(½
��¸,��æ^VÇ�{5)ûSLAM¯K.Ù¥
JÑ�@!$^�2��´Äu*Ðk�ùÈÅ�

SLAM�{(EKF–SLAM)[3],�´EKF–SLAM�{�
O�þ¬�X/ãO�
¥�êO�,
�3��5
¼ê�VÐmª�p��Ã{�Ñ�,XÚ�G��
O°ÝÒ¬Ñy��Ø�,$�ÈÅuÑ,ù
":
Ñî­��
EKF–SLAMEâ�uÐ[4]. �C,å�
ÄuRao-BlackwellizedâfÈÅ�FastSLAM�{r
·^u��5�pdD(XÚ�âfÈÅ�{A^
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�p�SLAM¥,¿�réÜSLAM�mG��O©
¤æ�Ü©Ú)ÛÜ©5 �æ��m,^âfÈÅ
�OÅì< ^G�,^EKF48�O/ãG�,é
Ð)û
EKF–SLAM�Øv,®¤�)ûSLAM¯K
�k��­���O�{[5],¿�310��´I�¸
¥ÿÁ¤õ[6], FastSLAM´ÄuS0­�5�æ�
�{,âfòzÚâfõ�5"y´T�{�Ì�¯
K[7–8]. �)ûFastSLAM�)�¯K, Kim�<[9]¦

^UKF[10]�Oâf�� ^JÆ©Ù,¦æ�âf�
\�Cuý¢G�,�)
âfòz¯K,�´­æ
��5�âfÑ¦¯KÃ{)û. Liu�<[11]K|^

âf+`zg�Uõâf©Ù,ÏL�` ^�VÚ
¦âf8Øä%C��VÇ�Ý,3JpSLAM�O
°Ý�Ó�~�
âfêÚE,Ý,�duÄuâf
+`z�FastSLAM(PSO–FastSLAM)5½âf�É
����âf�áÚ,`z�âf8�Uà83��
é����, �
|¢��,��Åì<G�âC
½�¸D(���{vkv
�­½5.

�é±þ¯K,�©JÑ�«Äua>^Å�`
z�FastSLAM2.0�{(electromagnetism-like mecha-
nism-FastSLAM2.0, EM–FastSLAM2.0), Äk, |^
UKFO�EKF48�O�� ^�JÆ©Ù,~��
.�5zØ�;,�3âf­æ�¥Ú\a>^Å�,
b�âfm�3�p�^�a>^áÚü½å,áÚ
å°¦æ�âf�pq,«�£Ä,Ó�,ü½å¦
âf3£ÄL§¥�pV��±�½�ål,�y

�½|¢Ú£Ä�m,�)
âfòzÚâfÑ¦¯
K,��PSO–FastSLAMk�Ð�­½5.

2 DDDÚÚÚFastSLAM2.0���{{{���nnn999ÙÙÙ""":::
(Theories and drawbacks of tradition Fast-
SLAM2.0 algorithm)
b�Åì<XÚk���ýÿ�.Ú*ÿ�.©

O^k�VÇ¼êp(xk|xk−1, uk)Ú*ÿVÇ¼ê
p(zk|xk,m)L«,Ù¥G��þxkÚ/ãmL«3k

��£ÄÅì<� ^Ú�¸A� �, ukÚzkL

«k�����þÚ*ÿþ. KSLAM¯K�L«�
¦G��þxkÚ/ãm�éÜ��VÇ¼êp(xk,

m|z1:k, u1:k)¯K,Ù¥z1:kL«��9�c���*

ÿS�, u1:kL«��9�c������S�.
FastSLAM�{´ÄuRao-Blackwelliseg�,ò

éÜ��VÇ©Ù©)�Åì< ^Ú�pÕá�

�¸A��O.3Åì<$Ä´»®���¹e,´
I�m�G��O�pÕá,¤±3��dúªÚê
��Åb�e, SLAM¥£ÄÅì< ^Ú´I�O
�éÜVÇ©Ù�±�Xe©):

p(x1:k,m|z1:k, u1:k) =

p(x1:k|z1:k, u1:k)p(m|x0:k, z1:k, u1:k) =

p(x1:k|z1:k, u1:k)
M∏
i=1

p(mi|x0:k, z1:k, u1:k), (1)

Ù¥M´�¸´I��ê. 3FastSLAM¥,´»�
Oæ^âfÈÅì,z�âfÑ���Ü/ã,/ã
q©)�M�Õá��¸´I,z���é*ÿ��
´I^EKF�# �.��VÇ��´Ã{���,
Ïd,�©�UlCq��VÇ�JÆ©Ù¼ê
q(x1:k|z1:k, u1:k)¥æ�,JÆ©Ù÷ve¡�ª:

q(xi
1:k|z1:k, u1:k) =

q(xi
k|xi

k−1, zk, uk)q(xi
1:k−1|z1:k−1, u1:k−1), (2)

Kæ�âf����

wi
k =

p(xi
k|z1:k, u1:k)

q(xi
k|z1:k, u1:k)

=

w̄i
k−1

p(zk|xi
k)p(xi

k|xi
k−1, uk)

q(xi
k|xi

k−1, zk, uk)
, (3)

8�z��w̄i
k = wi

k/
N∑

j=1

wi
k.

FastSLAM�{´ÄuS0­æ��{,^�þ�
����ÅâfL«Åì<$Ä;,VÇ©Ù,
â
f����´�X�m4OCz�,l
�)âfÈ
Å¥ÊH�3�âfòz¯K.âfòz´�²Lõ
gS��,Ø�êA�âf	,Ù{âf��A��
",ù¿�X�þO�ÑL¤3éG��O�z��
�âfþ,é�§Ýþü$
ÈÅ5U.âfòz¯
K�ÏLÀJÜ·�JÆ©Ù5�), FastSLAM1.0
��æ^k�©Ùp(xk|xk−1, uk)��JÆ©Ù,ò
z¯K�©î­, FastSLAM2.0���JÆ©ÙÄk
dp(xk|xk−1, uk)²LEKF�#��,Ù�Ä
�#
�*ÿ&E,3�½§Ýþ�)
âfòz¯K.­
æ�´8c)ûâfòz¯K�k���{[12],ÙÌ
�g�´ÏLVÇÀJÅ�GØ����âf,E�
��p�âf,Ú�âf8�pVÇ«�£Ä.�´,
­æ��kg��":,3FastSLAM2.0¥,z�â
f���ÜL����&E,3­æ�L§¥,�þ
����âf�GØ,¿�Xù
âf¤�L�´»
Ú/ã&E��íØ.Ó�,����âf�õgE
�,¦�f�âfU«
Ó��´»Ú/ã�O,ù
�3²LõgS�Ú­æ��,¤k�âf�U5

uÐ©âf8¥�êA�âf,�)âfõ�5"y
�¯K.

3 ÄÄÄuuuaaa>>>^̂̂ÅÅÅ���`̀̀zzz���FastSLAM2.0���{{{
(FastSLAM2.0 algorithm based on electro-
magnetism-like mechanism)

3.1 UKF���OOO������    ^̂̂JJJÆÆÆ©©©ÙÙÙ (To estimate
posteriori estimation of robot pose by UKF)
�éFastSLAM2.0¥�� ^JÆ©Ùæ^EKF

48�O¤�5��.�5zØ�,^UKFO�EKF
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5�O ^�E#�JÆ©Ù,¦Ð©æ�âf�\
�Cý¢�. k��1i�âf^UKF�O�ï�� 
^JÆ©Ùþ�Ú���O�6§Xe:

1) G���þO2. x̄i
k−1ÚP i

k−1©OL«k − 1
���G�þ�Ú���,KÄkéG��þ?1X
eO2:

x̄
a[i]
k−1 =




x̄
[i]
k−1

0
0


 =




x̄
[i]
x,k−1

x̄
[i]
y,k−1

x̄
[i]
θ,k−1

0
0




,

P
a[i]
k−1 =




P
[i]
k−1 0 0
0 Qk 0
0 0 Rk


 , (4)

Ù¥Qk�Rk©OL«XÚ���D(Ú*ÿD(�

��Ý
. duÅì< ^G�´�3���þ,��
þÚ*ÿþ´2��,¤± x̄

a[i]
k−1´��7���þ,

P
a[i]
k−1´7× 7�Ý
.

2) O�Sigma::



X
a[i][0]
k−1 = x̄

a[i]
k−1,

X
a[i][j]
k−1 = x̄

a[i]
k−1 + (

√
(n + λ)P a[i]

k−1)j,

j = 1, 2, · · · , L,

X
a[i][j]
k−1 = x̄

a[i]
k−1 − (

√
(n + λ)P a[i]

k−1)j−L,

j = L + 1, · · · , 2L,

(5)

Ù¥: λ = α2(nx + κ) + L, nx�L©OL«G��

þO2c���ê, (
√

(n + λ)P a[i]
k−1)j

�þ��Ý


1j�. z�Sigma:X
a[i][j]
k−1 �¹Åì< ^G�!�

�þ!Ú*ÿþ3�Ü©:

X
a[i][j]
k−1 =




X
[i][j]
k−1

X
u[i][j]
k−1

X
z[i][j]
k−1


 . (6)

3) ýÿ. G�ýÿ�

X
[i][j]

k|k−1 = f(X [i][j]
k−1 , ui

k−1 + X
u[i][j]
k−1 ) =




X
[i][j]

x,k|k−1

X
[i][j]

y,k|k−1

X
[i][j]

θ,k|k−1


 . (7)

G�ýÿþ��

x̄i
k|k−1 =

2L∑
j=0

w
(m)
j X

[i][j]

k|k−1.

G�ÿþ���Ý
�

P i
k|k−1 =

2L∑
j=0

w
(c)
j (X [i][j]

k|k−1−x̄i
k|k−1)(X

[i][j]
k|k−1−x̄i

k|k−1)
T.

*ÿþýÿ�

Z
[i][j]

k|k−1 = h(X [i][j]

k|k−1) + X
z[i][j]
k−1 .

*ÿþýÿþ��

z̄i
k|k−1 =

2L∑
j=0

w
(m)
j Z

[i][j]

k|k−1.

4) G��#k�ùOÃKi
k¦)úª:

P i
zz =

2L∑
j=0

w
(c)
j (Z [i][j]

k|k−1−z̄i
k|k−1)(Z

[i][j]
k|k−1−z̄i

k|k−1)
T,

P i
xz =

2L∑
j=0

w
(c)
j (Z [i][j]

k|k−1−x̄i
k|k−1)(Z

[i][j]

k|k−1−z̄i
k|k−1)

T,

Ki
k = P i

zz(P
i
xz)

−1.

3±þýÿÚ�#���ª¥w
(m)
j �w

(c)
j ©OL

«þ���Ú����:

w
(m)
0 = w

(c)
0 =

λ

L + λ
,

w
(m)
j = w

(c)
j =

1
2(L + λ)

,

j = 1, 2, · · · , 2L.

G�ÈÅ��#�

x̄i
k = x̄i

k|k−1 + Ki
k(zk − z̄i

k|k−1).

���Ý
�#�

P i
k = P i

k|k−1 −Ki
kP

i
zz(K

i
k)

T.

dd��k��âfi ^�UKF�Oþ�x̄i
k�

��P i
k,l
�Eâf i��� ^JÆ©Ù�

N(x̄i
k, P

i
k).

3.2 aaa>>>^̂̂ÅÅÅ���`̀̀zzzggg���UUUõõõâââfff©©©ÙÙÙ(Electro-
magnetism-like mechanism is introduced to im-
prove the distribution of particles)
a>^Å�(EM)�{´�«#.g,éuª�Û

`z�{[13],ÙÌ�g�´rz��)w¤���>
âf,,��[>^|¥áÚü½Å�,Uì�½�
5K°Ä|¢âf��`)£Ä. EM�{äkëê
�,Âñ�Ý¯�`:,
��±ÏLáÚ�ü½Å
�¦`zé��m�pV�,äkûÐ��ÛÏ`U
å[14]. �Ó�o�âfòzÚâf«y¯K�©ra
>^Å�`zg�Ú\FastSLAM2.0,Uõâf©Ù,
Jpâf�N�þ.

Äua>^Å�`z�FastSLAM2.0�{rz�
æ�âfw¤��>f,Ù>ÖO�úªXe:

Qi = exp




−n

f(xbest)− f(xi)
N∑

k=1

(f(xbest)− f(xk))



 , (8)

ª¥: n´gCþ ^x��ê, NL«âf��ê,
f(x)L«���O�úª, xbestL«�����â
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f,lª(8)�±wÑ,âf�����,K>Öþ�
�.��z�âf�>Ö�,O�z�âfÉ�a>
^Üå,úªXe:{

Fij = (xj − xi)QiQj, f(xj) > f(xi),

Fij = (xi − xj)QiQj, f(xj) 6 f(xi),
(9)

Fi =
∑

Fij, j = 1, 2, · · · , N, j 6= i, (10)

ª¥: FijL«âfxjéâfxi��^å, FiL«xiâ

fÉ�Ù¦¤kâf�Üå. dª(9)��,âfma
>^�^å�Ì����âfáÚ����âf,�
���âfü½����âf,ddâf3$Ä�L
§¥ÏLâfmáÚå�pq,«�£Ä,)ûâf
òz¯K,Ó��âf83ý¢�NCà8�3ü½
å�^eq�pV��±�½�ål�y
õ�5.
âf3Üå��^e�#gC� �,�#5KXe:

xi = xi +
λRFi

‖ Fi ‖ , (11)

ª¥: Ú�λ´[0 1]þþ!©Ù��Åê, R�£ÄX

ê. z�âfÏLª(11)5K�#gC� �,��#
�1p�þ�âf8,a>^Å�S�`z(å.

Äua>^Å�`z�FastSLAM2.0�{äN¢
y6§Xe:

ÚÚÚ½½½ 1 æ�: ^c�����O(JÚ�c�
��þÿ�,$^13.1!¥�1)–4)Ú^UKF�OÅ
ì< ^¼�U?�JÆ©Ù¼ê,¿l¥æ�âf
8{xi

k}N
1 .

ÚÚÚ½½½ 2 \�: |^ª(3)O�z�âf���.

ÚÚÚ½½½ 3 a>^Å�`zâf©Ù:Äk,z�â
fÏLª(8)O�Ù>Öþ;,�,ÏLª(9)–(10)O�
z�âfÉ�Ù¦âfa>^å�Üå;��,ÏL
ª(11)5K£Äâf. ��`z��âf8Ü,­#|
^ª(3)5O�âf��,¿8�z��

w̄i
k =

wi
k

N∑
j=1

wj
k

.

ÚÚÚ½½½ 4 ­æ�: Neff = 1/
N∑

i=1

(w̄i
k)

2,eNeff�u

�½z�,Kéâf8?1­æ���#�âf8
{xi∗

k , wi∗
k ; i∗ = 1, 2, · · · , N},ÄKØ?1­æ�.

ÚÚÚ½½½ 5 �¸A��#: ^�c��� ^ÈÅ
�Ú�cMï�/ã,^EKF�#�âf�c*ÿ�
�A�´I.

ÚÚÚ½½½ 6 ­E±þÚ½,��vk#�*ÿ��.

4 ���ýýý999¢¢¢���©©©ÛÛÛ (Simulations and experi-
mental analysis)
��yU?�{�k�5,©Oé�©JÑ�

EM–FastSLAM2.0�{!PSO–FastSLAM�{!UKF–
FastSLAM2.0ÚDÚ�FastSLAM2.0�{?1SLAM

�ý¢�,¿3�O°Ý!Ø�!­½5��¡?1é
'©Û.

¢�¥Åì<�ÝV = 3 m/s,Daìk�*ÿå
l´ 30 m,b�êâ'é®�,3T�ý�¸eæ
^EM–FastSLAM2.0�{¼��(JXã1¤«,Ù
¥(ÒL«�Å�½�´I,­�L«Åì<ý�$
Ä´»,Åì<l�:÷d´»r���Ê�,n�
/L«�O´I� �,J�L«�O�´»;,,
L§D(�(σV =0.3m/s, σG =3o),*ÿD(�(σr =
0.1m, σθ = 1o),O�Sigma:�α�0.01, κ�0,£Ä
XêR�(0.005, 0.002, 0.001)T,âfê�10�, Neff

$uâfoê�75%�K?1­æ�.

ã 1 EM–FastSLAM2.0�O(J
Fig. 1 Estimation results by EM–FastSLAM2.0

dã1�±wÑEM–FastSLAM2.0��O´»Ú
´I�ý¢�Ä�¬Ü,`²T�{k'�°(��
OUå,3�Ó^�e©OéPSO–FastSLAM, UKF–
FastSLAM2.0�DÚFastSLAM2.0?1�ý¢�,
ã2�ã3©O�Ñ
4«�{� ^�´I ��O
Ø�é'ã. lã2ØJwÑ, EM–FastSLAM2.0�{
� ^�OØ�²w�$uÙ¦3«�{,Ù�� 
^Ø�´0.55 m, PSO–FastSLAM ^��Ø�´
0.60 m, UKF–FastSLAM2.0 ^��Ø�´0.61 m,

DÚFastSLAM2.0 ^��Ø�K��
0.75 m.
Ó�,3ã3¥�N´wÑ,Ø+3x�´y��EM–
FastSLAM2.0�{�´I�OØ�Ñ�$uÙ¦3«
�{,cÙ3x��þ,U
��²­��±�p�O
°Ý.w,, EM–FastSLAM2.0�{3Åì<½ �
/ã�ï��O°Ý�²w`uUKF–FastSLAM2.0
�{!PSO–FastSLAM�{ÚDÚFastSLAM2.0�{.
ã4�Ñ
4«�{âfõ�5"y­�é'ã,Ù¥
p¶L«âf8¥�É�âf�ê,�{zS�200
ÚO��g. lã 4�±wÑ, FastSLAM2.0�UKF–
FastSLAM2.03õg­æ��Ñy
î­�âfõ�
5"y�¯K,
EM–FastSLAM2.0�{âf8��
�±ép�õ�5,ù´Ï�3a>^Å�ü½å�
�^e,âf3£Ä�L§¥�±�½ål;�
L
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Ý8¥,l
�±
âfõ�5.

ã 2 Åì< ^�OØ�

Fig. 2 The estimation errors of robot pose

ã 3 ´I ��OØ�

Fig. 3 The estimation errors of landmarks

ã 4 4«�{õ�5"y­�

Fig. 4 The diversity scarcity curves of four algorithms

��^k���NþNeff5ïþ�{�âfòz

§Ý, Neff½Â�

Neff = round(1/
N∑

i=1

(w̄i
k)

2), (12)

ª¥: round(·)���C��ê���O�, Neff��

KL«âfòz�î­.

��yEM–FastSLAM2.0�{3a>^Å�`z
âf©Ù�éâfòz¯KÚâfõ�5"y¯K

�Uõ§Ý,òæ�âfN���40,$^4«�{?
110gÕá�SLAM�ý¢�,¿�Ø�1­æ�Ú
½,©OO�k���Nþ�²þ�?1é'©Û(X
L1). Ù¥: Neff1, Neff2, Neff3ÚNeff4�g�LDÚ

FastSLAM2.0�{!UKF–FastSLAM2.0�{!PSO–
FastSKAM�{ÚEM–FastSLAM2.0�{�ªk�â
fê.

L 1 4«�{�k���Nþ'�
Table 1 The comparison of effective sample size

of four algorithms

gê 1 2 3 4 5 6 7 8 9 10 ²þ�

Neff1 9 7 7 8 7 9 6 9 9 8 7.9

Neff2 23 23 22 20 19 21 24 22 21 19 21.4

Neff3 35 33 36 38 35 38 35 35 36 37 35.8

Neff4 40 40 38 40 40 40 39 40 40 40 39.7

�âL1¥k���Nþ�²þ��±�*�w
Ñ,²LõgS��DÚFastSLAM2.0�{Ñy
î
­�âfòz¯K; UKF–FastSLAM�{æ^UKF�
OÅì< ^��JÆ©Ù,¦æ�âf�\�Cý
¢ ^,3�½§ÝþUõ
âfòz¯K; PSO–
FastSLAM�{5½âfÉ����âf�áÚ,3
âf+�Û`z�{��^ek�Uõ
âfòz

¯K;
EM–FastSLAM2.0�{�ª�âfA�Ñ´
k�âf, Neff4��²w�uNeff1, Neff2ÚNeff3,L
²
T�{3Uõâfòz¯Kþ�`�5,ù´Ï
�3a>^Å�`zâf©Ù�,âf83a>^Å
�áÚå��^eØä�pq,«�£Ä,l
Uõ

âfòz¯K.

5 (((ØØØ(Conclusions)
�©JÑ
�«Äua>^Å�`z�{�

FastSLAM2.0�{. 3DÚFastSLAM2.0�Ä:þ�

ü?U?,�´^UKF�OEKF48�OÅì< 
^��JÆ©Ù,~�
�.�5zØ�,¦æ�â
f�\�Cý¢G�,�´3­æ�¥Ú\a>^Å
�`zg�,ÏLæ�âfm����âfáÚ��
��âf,°Äâf8�pq,«�£Ä,�)âf
òz¯K,Ó�����âfü½����âf,¦
âf83£Ä�L§¥�pV��±�½�ål�
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