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A SLAM Algorithm Based on Central Difference Particle Filter

ZHU Ji-Hua1 ZHENG Nan-Ning1 YUAN Ze-Jian1 ZHANG Qiang1

Abstract There are two serious drawbacks in FastSLAM (Simultaneous localization and mapping), which are the deriva-

tion of the Jacobian matrices and the linear approximations of nonlinear functions. To overcome the serious drawbacks of

the previous frameworks, this paper provides a robust SLAM algorithm based on the Sterling polynomial interpolation.

It uses the central difference filter (CDF) to compute the proposal distribution in Rao-Blackwellized particle filter, then

to initialize and update each feature state. For practical application, an effective mechanism for feature management is

proposed. This approach improves the state estimation accuracy, and requires a smaller number of particles than previous

approaches. Both simulation and experimental results are used to validate the effectiveness of the proposed algorithm.
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·^uMïAÆ/ã�k��{: FastSLAM�{[8−9]. T�{|^âfÈÅ�OÅì<�G�&E, ¿|^õ�*�k�ùÈÅì©O�Oz�AÆ�G�&E. þã�{duþæ^�V�mCq��5XÚ¿I�O�ä�'Ý
, Ïd�O(J�Ø���¿�O��¡. ǑdkÆöJÑ
|^��k�ùÈÅ[10] O� FastSLAM �{¥�*�k�ùÈÅ��{[11−12], T�{?�Úü$
/ãMï¤I�âfê, �I��â²�(½ºÝ��C� (Scaled unscented transformation, SUT)¥¤I� 3 ���ëê, ëê�ÀJòKǑ½ Ú/ãMï�°Ý.�©JÑ
Äu Sterling õ�ª��[13−14] ?
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1 FastSLAM�{b�ΘΘΘ L«/ãG�Cþ (·�), θθθk L«1 k�AÆ. Åì<3 t �Ǒ�G�CþǑ xxxt, *ÿ(JǑ zzzt, (t−1)�Ǒ� t�Ǒ���Ñ\Ǒ uuut. 3VÇØ¥, SLAM�£ãǑ: �½ 1 �Ǒ� t �Ǒp§OÖê uuut = {uuu1, · · · ,uuut−1} Ú 1 �Ǒ� t �ǑDaì*ÿ zzzt = {zzz1, · · · , zzzt}, 48/|^��dÈÅì��£ÄÅì<�´» xxxt = {xxx1, · · · ,xxxt} Ú�¸/ã�éÜ��VÇ�Ý¼ê p(xxxt,ΘΘΘ|zzzt,uuut). 3 SLAM¯K¥, �½Åì<�^��O�Je, ØÓAÆ�m��O´�pÕá�[8−9] . �â SLAM ù�A:, �±òéÜ��VÇ�Ý p(xxxt,ΘΘΘ|nt, zzzt,uuut) ©)¤±e/ª:

p(xxxt,ΘΘΘ|Y ) = p(xxxt|Y )
N
∏

k=1

p(θθθk|Y ) (1)Ù¥ Y �L (nt, zzzt,uuut), nt = {n1, · · · , nt} Ǒêâ'éCþ. ª (1) ´|^âfÈÅì¢y SLAM �nØÄ:Ú�â.©z [8] JÑ
Äuª (1) � FastSLAM �{.T�{Äu Rao-Blackwellized âfÈÅµe, |^âfÈÅì�OÅì<�G�, ¿^õ�*�k�ùÈÅì©O�Oz�AÆ�G�. d�{¥�z�âf©O�¹
Tâf���, Åì<�´»&EÚAÆ�G�:

XXX
[m]
t =

〈

w
[m]
t ,xxxt,[m],µµµ

[m]
1,t ,Σ

[m]
1,t , · · · ,µµµ

[m]
N,t,Σ

[m]
N,t

〉

(2)Ù¥, xxxt,[m] �L1 m �âf'uÅì<�´»�O(J, µµµ
[m]
k,t ´1 k �AÆ�G��O(J, Σ

[m]
k,tǑ1 k �AÆ�G��OÆ��Ý
. FastSLAM�{�) 1.0 Ú 2.0 ü���[8−9]. ö�ïÆ©Ù¼ê�K\
�p§O�Öê, ��Ä�#�*ÿ&E. duDaì�°Ý���pup§O�°Ý, ùò��âfÈÅ�Ä��Ç�©$[15] . Äu�#�*ÿ&E, �ö¼�
U?�ïÆ©Ù¼

ê, Ïdü$
/ãMï¤I�âfê. dd��,

FastSLAM �{�'�3uXÛO�âf���
w

[m]
t : du8I¼ê p(xxxt,ΘΘΘ|nt, zzzt,uuut) (½, Ïd��ïÆ©Ù¼êòU?T�{��O(J.3þã�{¥, z�âfÑ�;X�g'uÅì<$Ä;,�&E, ±9õ�ÕáAÆG���O. ÏLÚ\��ä��;(�[9] , �ü$�{¤I��;�m. da�{é�/)û
 SLAM ¯K¥�êâ'é¯K. ,T�{�3X�5z?n��5XÚ�"�, ù«?n�ªî/KǑ
Åì<G�±9AÆG��O(J�°(5, ¿ÏdO\
�¤ SLAM L§¤I�âfê. Ǒ
)ûda¯K, �©JÑ
Äu¥%�©âfÈÅ� SLAM�{. du©¥Cþ�õ, Ǒ�Bå�, �Ü©Cþ·¶5K��Úg©z [8, 12−13].

2 Äu¥%�©âfÈÅ� SLAM�{©z [14] JÑ
�«aq��k�ùÈÅ?n��5XÚ��{, T�{|^ Sterling õ�ª���n, (Ü�X��5£8O�, ¿Äuk�ùÈÅµe, /¤
5UÑ`u��k�ùÈÅì�¥%�©ÈÅì. ��©z [13] (Ü¥%�©ÈÅÚâfÈÅ, /¤
5U`û�¥%�©âfÈÅì. Äu SLAM ¯K��©)5[8−9] , (Ü Rao-Blackwellized âfÈÅµe, �¼�Äu¥%�©âfÈÅ� SLAM �{ (Central difference

Fast-SLAM, CDFastSLAM).

2.1 U?�ïÆ©Ù¼ê3 CDFastSLAM �{¥, b�XÚ�L§D(Ú*ÿD(©OǑ Qt Ú Rt, 1m �âf (t− 1)�Ǒ�£ÄÅì<G��OǑ (xxx
[m]
t−1, P

[m]
t−1). K3 t�ǑXÚ�G�Cþ9éAÆ���*�Ǒ:

xxxa[m]
t−1 =

[

xxx
[m]
t−1

0

]

, P a[m]
t−1 =

[

P
[m]
t−1 0

0 Qt

]Ù¥G�Cþ xxx
a[m]
t−1 �êǑ L. ÏLª (3) �¼�^u�Y�5£8O�� (2L + 1) �:8:

χχχ
a[m]
t−1 = [ xxx

a[m]
t−1 xxx

a[m]
t−1 ± h

√

P
a[m]
t−1

] (3):8¥�z�:3O���OCþ�þ�Ú����3éA���:
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w
(c)
0 =

h2 − L

h
, w

(c)
i =

1

2h
, i = 1, · · · , 2L

w
(c1)
i =

1

4h2
, w

(c2)
i =

h2 − 1

4h2
, i = 1, · · · , L

(4)Ù¥ h Ǒ¥%���Ú�. Ǒ,éuÓ��ê�G�Cþ, ©z [12] ¤JÑ��{��©¤JÑ��{)¤:8¤¹:ê�Ó, �du6±�):8��nØÓ, �é�ÓG�CþÚ��, üö¤�):�ê�ÚéA�þØ�Ó, O��O��ÚÆ����ªǑ�,ØÓ. éu?¿�ê�pd�ÅCþ, h ��`�Ǒ √
3

[13]
. dª (3) ¼���ÅCþ�¹ü«©þ: Åì<G�©þÚÑ\��©þ,=:

χχχa[i][m]
t−1 =

[

χχχ[i][m]
t−1 , χχχu[i][m]

t

]T

(5)3|^Daì*ÿ�#Åì<G��, I��âp§OÖêéÅì<G�?1�Úýÿ, =|^Åì<G�=£�§ f(·) é¤k�:Uª (6) ?1C�:

χ̄χχ
[i][m]
t = f(χχχ

[i][m]
t−1 , uuu

[m]
t + χχχ

u[i][m]
t ) (6)C���:8²L±e�5£8O��, �¼�Åì<G���Úýÿ(JÚ��:

xxx[m]
t|t−1 =

2L
∑

i=0

w(c)
i χ̄χχ[i][m]

t (7)

P
[m]

t|t−1 =
L

∑

i=1

[w
(c1)
i (χ̄χχ

[i][m]
t − χ̄χχ

[i+L][m]
t )2+

w
(c2)
i (χ̄χχ

[i][m]
t + χ̄χχ

[i+L][m]
t − 2χ̄χχ

[0][m]
t )2] (8)3AÆDÕ�|µ¥�Uvk*ÿ, ù��I|^ª (7) Ú (8) éÅì< ^?1ýÿ. �Daì¼�/ã¥®�3AÆ�*ÿ&E�, �d�A�êâ'é�{[6] ¼�'é(J. |^d*ÿ&EéÅì<�G�?1�#, kéG�Cþ�ýÿ?1*�¿O�:8:

xxx
n[m]

t|t−1 =

[

xxx[m]
t|t−1

0

]

, P
n[m]

t|t−1 =

[

P [m]
t|t−1 0

0 Rt

]

χχχ
n[m]

t|t−1 = [ xxx
n[m]

t|t−1 xxx
n[m]

t|t−1 ± h
√

P
n[m]

t|t−1
] (9)

dª (9) ¼���ÅCþ�¹ü«©þ: Åì<G�©þÚ*ÿ©þ.

χχχ
n[i][m]

t|t−1 =
[

χχχ
[i][m]

t|t−1, χχχ
z[i][m]
t

]T

(10)� FastSLAM 2.0 ØÓ, ùpI�/Ï�5£8O�¼�AÆ*ÿ�ýÿ n̂nn[m]
t .

N̄NN
[i][m]

t = h(χχχ
[i][m]

t|t−1, µµµ
[m]

k̂,t−1
) + χχχ

z[i][m]
t (11)

n̂nn[m]
t =

2L
∑

i=0

w
(c)
i N̄NN

[i][m]

t (12)Ù¥ h(·) Ǒ��5�*ÿ�§, µµµ
[m]

k̂,t−1
Ǒ1 k̂ �AÆ��Ǒ�G��O. ¿|^�5£8O�¼�^uO�k�ùO��#EÆ�� S

[m]
t ÚpÆ��

Σ
[m]
t .

S
[m]
t =

L
∑

i=1

[w
(c1)
i (N̄NN

[i][m]

t + N̄NN
[i+L][m]

t )2+

w
(c2)
i (N̄NN

[i][m]

t + N̄NN
[i+L][m]

t − 2N̄NN
[0][m]

t )2] (13)

Σ[m]
t = P(1:L′

,:)[N̄NN
[1:L][m]

t − N̄NN
[1+L:2L][m]

t ]T (14)Ù¥, P =
√

w
(c1)
1 P

n[m]

t|t−1, P(1:L′
,:) dÝ
 P �1 11�1 L

′

(Åì<G��ê) 1��|¤. k�ùO�K
[m]
t �deªO�¼�:

K
[m]
t = Σ

[m]
t (S

[m]
t )−1 (15)���ÏLIO�k�ùÈÅ�#úªéÅì<�G�9Æ��?1�#:

x̄xx
[m]
t = xxx

[m]
t−1 + K

[m]
t (zzzt − n̂nn

[m]
t ) (16)

P [m]
t = P [m]

t−1 − K [m]
t S[m]

t (K [m]
t )T (17)þã�{�·ÜuDaì�gk��k��*ÿ��µ. �,�Ǒ¼�õ�AÆ�*ÿ�, �E|^ª (9)∼ (17) éÅì<�G�?1�#. �3zgEþã�#, I|^ª (16) Ú (17) ¥�Åì<�#G��O(JO�ª (7) Ú (8) ¥Åì<��Úýÿ(J. ÏLþãO��¼�U?�ïÆ©Ù¼ê, ���lïÆ©Ù¼ê¥Ä�#�âf:

xxx
[m]
t ∼ N(x̄xx

[m]
t , P

[m]
t ) (18)
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 FastSLAM 2.0 ¥|^�V�mCq��5XÚ¿I�O�ä�'Ý
�Øv, ¼�
U?�ïÆ©Ù¼ê.

2.2 AÆG��OAÆ�G��O�): AÆ�©zÚAÆG��#üÜ©. �*ÿ���#AÆ�, I�òdAÆ3/ã¥?1�©z; �*ÿ���®²�3u/ã¥�AÆ�, I�|^*ÿ&Eé®kAÆ�G�?1�#. FastSLAM �{|^*�k�ùÈÅ�OAÆG�, du*�k�ùÈÅ��
"�, ��¤¼��AÆG���OØ
°(.�Åì<���Daì¼�*ÿ�, êâ'é�{�ÑéA���(J. XJ,AÆ���3u/ã¥, K�^eã�{éAÆ?1�©z. ÏLeª¼�^u�Y�5£8O�� (2l + 1) �: (l ǑAÆG���ê):

ϕϕϕ[m] = [ zzzt zzzt ± h
√

Rt ] (19)|^*ÿ¼ê��¼ê h−1(·) éþã:8¥¤k�:?1��5C�:

M̄̄M̄M
[i][m]

t = h−1(xxx[m]
t ,ϕϕϕ[i][m]) (20)|^�5£8O�¼�AÆ�©z�OÚ��:

µµµm
nt,t =

2l
∑

i=0

w(c)
i M̄̄M̄M [i][m]

t (21)

Σ[m]
nt,t

=
l

∑

i=1

[w(c1)
i (ϕϕϕ[i][m] −ϕϕϕ[i+l][m])2+

w
(c2)
i (ϕϕϕ[i][m] + ϕϕϕ[i+l][m] − 2ϕϕϕ[0][m])2] (22)3©ÛAÆG�L§¥õg^�����5$�,¤I����ÏL^ l O� L �, Uª (4) ¤«�{O�¼�.�Daì¼�/ã¥®kAÆ�*ÿ�, �|^®�AÆ�G��O(J¼�^u�YO��:8:

χχχ[m] = [ µµµ
[m]
nt,t−1 µµµ

[m]
nt,t−1 ± h

√

Σ
[m]
nt,t−1

] (23)T:8�¹ (2l + 1) �:, |^*ÿ�§éù
:?1C�:

Z̄ZZ
[i][m]

t = h(xxx[m]
t ,χχχ[i][m]) (24)¼��:8�^uO�AÆ*ÿ�ýÿ ẑzz[m]

t :

ẑzz[m]
t =

2l
∑

i=0

w
(c)
i Z̄ZZ

[i][m]

t (25)Ǒ
éAÆG�?1�#�I¼�k�ùO�
K

[m]
t , ±9^uO�k�ùO��#EÆ��Ý
 S̄[m]

t ÚpÆ��Ý
 Σ̄[m]
t . /Ïe¡��5£8O��¼�#EÆ��Ý
ÚpÆ��Ý
:

S̄
[m]
t =

l
∑

i=1

[

w
(c1)
i (Z̄ZZ

[i][m]

t − Z̄ZZ
[i+l][m]

t )2+

w
(c2)
i (Z̄ZZ

[i][m]

t + Z̄ZZ
[i+l][m]

t − 2Z̄ZZ
[0][m]

t )2
]

+ Rt

(26)

Σ̄
[m]
t =

√

w
(c1)
1 Σ

[m]
nt,t−1

[

Z̄ZZ
[1:l][m]

t − Z̄ZZ
[l+1:2l][m]

t

]T

(27)Ó��UeªO�k�ùO� K̄
[m]
t :

K̄
[m]
t = Σ̄

[m]
t (S̄

[m]
t )−1 (28)���±|^IO�k�ùÈÅ��#úªéAÆ�G�Ú��?1�#:

µµµ
[m]
nt,t

= µµµ
[m]
nt,t−1 + K̄

[m]
t (zzzt − ẑzz[m]

t ) (29)

Σ
[m]
nt,t = Σ

[m]
nt,t−1 − K̄

[m]
t S̄

[m]
t (K̄

[m]
t )T (30)3þã©ÛAÆG��L§¥, �©/Ïu

Sterlingõ�ª��?n��5XÚ, �Ñ
*�k�ùÈÅ¥|^�V�mCq��5XÚ¿I�O�ä�'Ý
�Øv. 3O�ïÆ©Ù¼êÚ©ÛAÆ�G�L§¥, þI�éÆ��Ý
�m�$�. Ǒ
�yê��½5, §S¢y����æ^©z [13] ¤JÑ�²��ÈÅì�{.

2.3 ��O�9Ä����O�úªXe:

w
[m]
t = w

[m]
t−1

p(xxx
[m]
t |xxx[m]

t−1,uuut)p(zzzt|Θ[m],xxx
[m]
t )

π(xxxt|xxx[t],[m], zzzt,uuut, nt)
(31)



2Ï 6Uu�: Äu¥%�©âfÈÅ� SLAM�{ 253þª¥©1Ü©�L FastSLAM 2.0 ¥¤JÑ�U?ïÆ©Ù¼ê, ©z [16] ¥�Ñ
þª�äN¢y�ª. ���O�k6uêâ'é(J�°(5.8�{ük��êâ'é�{´��q,©Û
(Maximum likelihood, ML) ��{.Ä�´JpâfÈÅ5U�k��{. ±k��âfêCq��VÇ�Ý�, Ä�L§´7��, �Ä��L§¥¬¿��
��âf. ©z
[15] Ägòg·AÄ��{Ú\ SLAM �{¥,T�{éâf?18�z?n�, ÏLO�k�âfê N [17]

eff (½?1Ä���m.

Neff =
1

M
∑

i=1

(w̃[m])2
(32)� Neff �u,��� (XM/2, M Ǒâfoê) ��?1Ä�, ±~fâfòzy�. 8�a©z¥0�
õ«Ä���{, ØÓ�{�Ä��J�Ǒ�C[17], �Ä�§S$1�m, ïÆæ^í�Ä��{.

2.4 /ã+nüÑ3¢S�A^¥, �¸¿�ýé·�½AÆJ��{Ø
½, ¬ÑyJbAÆ��¹. Ïd, ©z [9] JÑ
|^ “K&E” ��{é/ã¥�AÆ?1+n. �T�{òJbAÆ�&EK\
ïÆ©Ù¼ê¥, �z
ïÆ©Ù¼ê, d	�U¿©�ÄÔNñ	E¤*ÿØ�±9AÆJ��{Ø½�Ï�. �âÄu*�k�ùÈÅ SLAM �{�/ã+nüÑ[5], �©JÑ
�«k��/ã+nüÑ: 3z�âf¥, ����ûÀAÆ�L, �3 t�Ǒ1�g*ÿ�,AÆ�, �òTAÆ�;3ûÀ�L¥, ¿P¹�m&E. 3�êâ'é�, kò*ÿ�/ã¥�AÆ?1'é, �ò�'éþ�*ÿ2�ûÀ�L¥�AÆ?1'é. 3�Y��ã�Ǒ T S, XTAÆ�*ÿ��gê�L K g, K��ǑdAÆǑý¢AÆ, òdAÆ£\/ã¥; ÄK��ǑTAÆǑJbAÆ¿íØ�. d�{��JbAÆ3�©�ã��
(�, ��òJbAÆ^uO�ïÆ©Ù¼ê. Ïd~�
O�þ, Jp£ÄÅì<� ^�O°Ý.

2.5 �{6§9E,Ý©Û
CDFastSLAM �{�Ä�6§Xe:

1) Ä�: Äu��Ǒ�O(J {XXX [m]
t−1} Ú��*ÿ(J, |^1 2.1 !¥��{, ¼�U?�ïÆ©Ù¼ê (18), ¿l¥Ä���#�âf8

{XXX [m]
t };
2) O���: �âª (31) O�z�âf���;

3) O� Neff : 3¼�¤kâf����, �âª (32) O�k�âfê;

4) ´Ä?1Ä�: '� Neff ��½�����: Xö�u�ö, Kòäk8�z�����8 {(XXX [m]
t , w

[m]
t )} N�Ǒäk������8

{(XXX∗[j]
t , 1/N)}; ��KØ?1Ä�;

5) /ã+nÚ*�: �éz�âf, òûÀAÆ�L¥¼�(��ý¢AÆ£\/ãS, ¿íØ¼�(��JbAÆ. òÄg*ÿ��AÆ\\ûÀAÆ�L¥.

6) AÆ�#: �â��½ (J���Ǒ®Mï�/ãÚûÀAÆ�L, |^�*ÿêâ,/Ï1 2.2 !¥��{�#AÆG�;

7) E�1þãL§, ���#�*ÿǑ�.b�±M �âfCq8I¼ê���©Ù, AÆ�o�êǑ N , Daì�g*ÿ� n �AÆ, Ù¥ p �®�3u/ã¥. 3|^ CDFastSLAM �{?1Åì<Ó�½ �/ãMï�: du^u�5£8O��:8¤�¹�:�ê��, �M ���, ��Ǒ�5£8O�±9O�:8�E,ÝǑ~ê. ÏdO�ïÆ©Ù¼ê�E,ÝǑ O(Mp).O�âf���E,Ý�'uâf�ê O(M).é,�AÆ?1êâ'éÚ�#½�©z�E,ÝǑ O(M), =�#/ã�oE,ÝǑ O(Mn). Ǒ
(½´ÄI�?1Ä�, I�O�k�âfê
Neff , E,ÝǑ O(M). duz�âfþ��X�g�AÆ/ã, �Ä��E,ÝǑ O(MN), |^©z [9] ¥���ä(��;AÆ, E,Ý�eü� O(M log(N)). �©Ú\
g·AÄ�üÑ,��ü$ÈÅL§¥¤IÄ��gê, Ïdü$
 CDFastSLAM �{o�E,Ý. ÏL©Û��,

CDFastSLAM �{�E,Ý�du FastSLAM 2.0�{�E,Ý.

3 �ý9¢�(JǑ
?�Ú
)¿'�ØÓ�{�m�5U,·�À�
©z [9] ¥� FastSLAM 2.0, ©z [12]¥� UFastSLAM �{, ¿Äu�ý¢�Ú¢Sêâ�¢���©JÑ� CDFastSLAM �{?1
'�. 3�Y�Qã¥, ·�ØéoÓ��ÚÅì<?1«©. �ý§S�$1�¸Ǒ Matlab.
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3.1 �ý(J3©z [18] ¥, T. Bailey �úÙ
^uÿÁ
SLAM �{�ý^�. /Ïd^�, �±'�ØÓ SLAM �{�5U. Ù¥ FastSLAM 2.0 �{æ^^��g��§S, 3dÄ:�þ·�?�

UFastSLAM�{� CDFastSLAM�{�§S. ã
1 ¤«Ǒ�ý�¸ã, Ù¥ “∗” Ǒ:AÆ, �Ǒ��1��ë�´». ��l�:m©Uë�´»$1���Ê�. Ǒ
�Øêâ'éØ�Ú\�Ø�,3�ý§S¥þ�Ǒêâ'é(J®�. ����¶ålǑ 4m. Daì�k�ålǑ 40 m, ¿äk 180◦ �ÀÆ. 3ÈÅ�L§¥, ÏL�äk�âfêû½´Ä?1Ä�: =� Neff < M/2 �,?1Ä�.

ã 1 �¹ 51 �:AÆ��ý�¸
Fig. 1 The simulated environment with 51 point features31�|�ý¢�¥, p§O�D(þ�Ǒ
(σV = 0.3 m/s; σG = 3◦),*ÿD(�Ǒ (σr= 0.2 m;

σθ = 3◦). �én«ØÓ��{, ©O^n|âfê: 1) M = 10; 2) M = 50; 3) M = 100 ?1¢�.Ǒ
�Ø�Å5, z«�{3ØÓ�âfêe©O?1 30 gk���AkÛ¢�. ã 2 ǑØÓ�{,3ØÓâfêe'u�� ��O�þ�� (Root

mean square, RMS) Ø�(Jã. Ù¥���L��, ��L²þ�.31�|�ý¢�¥, b�âfêþǑ 20 �.p§O�D(þ�Ǒ (σV = 0.3 m/s; σG = 3◦),*ÿD(©OǑ: 1) (σr= 0.1 m; σθ = 1◦); 2)

(σr = 0.2 m; σθ = 3◦); 3) (σr = 0.2 m; σθ = 6◦);

4) (σr = 0.3 m; σθ = 8◦); Ǒ
�Ø�Å5, z«�{3ØÓ�D(e©O?1 50 gk���AkÛ¢�. ã 3 ǑØÓ�{3ØÓD(e�� ��O

� RMS Ø�(Jã, Ù¥���L��, ÎGã�L²þ�.

ã 2 ØÓâfêe� SLAM �{'�(J
Fig. 2 The comparison results of SLAM algorithms

based on different numbers of particles

ã 3 ØÓD(Y²e� SLAM �{'�(J
Fig. 3 The comparison results of SLAM algorithms

based on different noise levelsdþãü|�ý¢��(J��, �©¤JÑ��{3°ÝÚ½5�¡þ`uÓa.�,	ü«�{. du FastSLAM �{|^���V?êCq��5XÚ, �XÚG���OØ���. CD-

FastSLAM �{|^���:8, ¿/Ï�X���5£8O�, U?
âfÈÅ¥�ïÆ©Ù¼ê, Jp
AÆG��O°Ý, lU?
�{�5U. du�ü«�{þ´±��°Ý%C��5�§, ��O(J�°Ý��¿Ø�. CDFastSLAM�{I(½��ëê h, éupd�ÅCþ, Tëêk(���`�[13].  UFastSLAM �{I��â��OCþ�5� (´ÄǑpd�ÅCþ), ±9X



2Ï 6Uu�: Äu¥%�©âfÈÅ� SLAM�{ 255ÚG��§���5ÝÓ�(½n�ëê, ù
ëê�À�ò��KǑ�T�{�°Ý[13]. duØÓXÚ���5§Ý�3�É, �8¿vk�«U°(þz,�XÚ���5§Ý��{, �ëê�(½�3Ì*5, ǑÏd¬é UFastSLAM �{�°ÝE¤KǑ. �éØÓ�XÚ, I�N� UFast-

SLAM �{�n�ëê, âU�� UFastSLAM �{5U�Cu CDFastSLAM �{�5U.

3.2 ¢�(J3¢�Ü©, ·�æ^�õ|æú	êâ8[19]éþãn«�{?1'�. Têâ8dSC3���� SICK úi�-1ÿå¤æ8��. æ8�/:ǑäkNõäAÆ�GZ�õ|æú	. T-

1ÿå¤äk 180◦ �ÀÆ, k�ålǑ 81 m. |^©z [19] Jø�äAÆJ�§S�l-1êâ¥J�:AÆ. ð�Óf���ÝÚ=�Æ�Ý�dSC3ð�þ�p§Oÿþ¼�. Ǒ
�y�{�°Ý, -1ÿå¤��þ�SC
 GPS U�^u�É GPS &Ò. duäÚïÓ�ÔN�ñ	, U�3Ü© �ØUÂ�&Ò. �¤Â��&Ò®v±^5�y SLAM �{�°Ý. 3§S¥·�¿Ø�^
GPS &Ò�O��� �. æ8Têâ8�, ��$1
òC 30 min, 1��ål�Ǒ 4 km. É/¡�Þ±9Ù��ÏKǑ, p§OÖêD(�©�, dd�OÑ���´»� GPS &Ò�OÑ���´»�Oã� (©z [9] �Ñ
(Jã).3�{�§S¢y¥, ·�æ^
��q,©

(a) Äu FastSLAM 2.0 �¢�(J
(a) Experimental results of FastSLAM 2.0

(b) Äu UFastSLAM �¢�(J
(b) Experimental results of UFastSLAM

(c) Äu CDFastSLAM �¢�(J
(c) Experimental results of CDFastSLAM

(d) �O
 Google ¥(ã�(J
(d) Experimental results with Google earthã 4 ØÓ SLAM �{�¢�'�(J

Fig. 4 The results of experimental comparison for different SLAM algorithms



256 g Ä z Æ � 36òÛ�êâ'é�{[6], ¿3 CDFastSLAM ¥|^�©¤JÑ�/ã+nüÑGØJbAÆ. Ǒ
ü$§S$1�m, �|^��ê(��;AÆ[9]. ¢�¥ØÓ��{þæ^ 10 �âfCq��Ú/ãG��éÜ��VÇ�Ý¼ê. L§D(Ú*ÿD(þ©O�Ǒ (σV = 1 m/s; σG = 3◦), (σr = 0.4 m;

σθ = 2◦). n«�{�¢�é'(JXã 4 ¤«,Ù¥ã 4 (d) Ǒ�O
 Google ¥(ã�� CDFast-

SLAM¢�(J.�ã¥ “∗”ǑAÆ� ��O, ��ØëY��Ǒ GPS ÿþ¼���� �, ��ëY��Ǒ SLAM �{�O¼���� �. þãn«�{�§S$1�mþ�u 15 min, ��uæ8Têâ8¤I��m. lã¥��, FastSLAM 2.0�{�(J��, �©JÑ��{¢�(JÑ�u©z [12] ��{(J. l?�Úy¢
�©¤JÑ�{�k�5.

4 (ØXÛ¼�`û�ïÆ©Ù¼ê´ÄuâfÈÅ� SLAM �{�'�. �©ÏL|^5U`û�¥%�©ÈÅO� FastSLAM �{¥5U���*�k�ùÈÅ, (Ük��/ã+nüÑ, Jp
Åì<G��O�°Ý, ¼�
U?�ïÆ©Ù¼ê, Ó�ǑJp
AÆG��O�°Ý. ù
U?ÑòJp SLAM �{¥�êâ'é(J��5, l(�
�{�½5. ��ÏL�X���ý¢�Ú^uÿÁ SLAM �{ÄOêâ8�¢�, �y
T�{3°ÝÚ��5�¡`uÙ�Óa�{�(Ø.��a�GZ�ÆïÄöJø� SLAM �ý^��, ±9�õ|æú	êâÚêAÆJ��{�§S.
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