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Incremental mapping based on dot-line congruence for robot
XIONG Rong, CHU Jian, WU Jun

(National Laboratory of Industrial Control Technology, Zhejiang University,
Hangzhou Zhejiang 310027, China)

Abstract: Based on the best congruence between dot data in the current measurement and line segments in the
previously-built map, this paper proposes an incremental mapping approach for the robot in unknown environment. Each
iteration of this approach consists of 3 stages: local map building, robot-pose estimating, and map integrating. A combining
method of Hough transform, coincided-line detecting and least squares curve-fitting is presented and used to fit the line seg-
ments from measurement in local map building. In pose estimating, the rough correspondence between the measurement
and the half-baked map is obtained firstly by dot-line matching. Then removing improper match and defining weighted
matrix are implemented to refine the correspondence and to reduce the errors of both measurement and map. Finally, the
estimated pose is figured out by weighted least squares with the best congruence. The pseudocongruence problem in pose
estimating is also discussed and solved by adding virtual lines and dots in this paper. Experimental results with real data
are presented, which demonstrate that the approach is effective and robust for indoor environment mapping.
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1 ÚÚÚóóó(Introduction)
Åì</ã�ï´�Åì<�âDaìÿþ&

E�ïÙ¤3�¸��m�., ´Åì<�¤�
	!t&!|¢!Í�!�Ê���ó��Ä:Ú'

�[1,2].
Åì</ã�ï��¡�Ó�½ �/ã

�ï¯K(SLAM: simultaneous localization and map-
ping). XJÅì<£ÄL§¥¤k ^Ñ´(½
�,@o�âDaìÿþ&E�ï/ã�é{ü.X
J/ã®�, �âÿþ&E(½Åì< ^�®
k�Ð�)û�{[3∼5], Ù¥©z[4]�Äu:��

Ü�Cox ^�O{3¢SA^¥�JØ�. ,
3���¸/ã�ï¥,Åì< ^�OÚ/ã�
ï%´��/���¯K.ÙE,5Ì�5guÿ
þêâ�3Ø�,¦��O ^Ú�ï/ã¥þ�
3Ø(½&E, �ù
Ø(½&E�p'é!�
pK�. ©z[6,7]æ^KalmanÈÅ{Ó��O/ã
¥A�� �ÚÅì< ^, �Ta�{Ã{)
ûêâéA¯K. ©z[8,9]|^
Ï"���z
{,§�)û
êâéA¯K,�ØU¢�$1.©
z[10∼12]´Oþª/ã�ï{,§�|^Åì<z
g&ÿ��¸�m�®²&ÿ��¸�mokÜ©

ÂvFÏ: 2005−11−01;Â?UvFÏµ2006−05−08.
Ä7�8:I[g,�ÆÄ7]Ï�8(60675049,60421002);úô�g,�ÆÄ7]Ï�8(Y106414).
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U�A:,ÏLÏéÿþêâÚ®�ï/ã�m
�'X½ Åì<,2�â½ (J?�Ú�ï/
ã.Oþ{U
)ûêâ�'5¯K,¿äk¢�5
�`:,��¦O(�OÅì<� ^, ^�OØ
��È\ò��/ã�ï��}. ©z[10,11]|^
Àú&E£O�¸´I,ÏL´I��¢y½ .©
z[12]JÑÏéÿþêâ:Ú®�ï/ã:�m�
�'5?1½ .
�©òCox ^�O{[4]í2�Oþª/ã�ï

¥,æ^Ïéÿþêâ:�®�ï/ã¥A��ã
�Ü5��{?1½ ,±~�O�þ.duÿþê
âÚ�����â�®�ï/ã¥Ñ�3XØ(½

5,ù
Ø(½5��K�X ^�O�°Ý,Ïd
�©ïÄU?A��ã�)¤�{±9 ^�O�

¢yÚ½,üØ½ü$Ø(½5Ï��K�,¦Ù¤
��«k�¢^�Oþª/ã�ï�{.

2 ���{{{ÚÚÚ½½½���½½½ÂÂÂ(Algorithm steps and defi-
nitions)
3Oþª/ã�ïL§¥,Åì<æ^rrÊÊ

�ó��ª,=£Ä�ãål,Êe5,ÿþ�¸,(
½ ^¿�ï/ã, 2£Ä�ãål, Êe5, ÿ
þ· · · .zgÅì<(½ ^¿�ï/ã�ö��©
�3�Ú½:

1) �â�cÿþêâ�ïÛÜ/ã;
2) Ïé�cÿþêâ�®k/ã�m����

Ü,�OÅì< ^;
3) �âÅì< ^�O,Ü¿ÛÜ/ãÚ®�

ï��Û/ã,?��/ã¥��Ø.
½ÂÅì<�IXΣR±Åì<�c ���

:!±Åì<�c���x¶,ÛÜ/ã´�3Åì
<�IXΣR¥�/ã.½Â.�IXΣW±Åì

<éÄ ���:!éÄ���x¶,�Û/ã´�
3.�IXΣW¥�/ã.
�{¥æ^
ü«/ª�/ã,Ó^»�/ãÚ

��²¡þ�lÑ�ã8Ü.Ó^»�/ã´�«
~^�/ãL«/ª,´uÅì<?1´»5y,§
ò�¸©)¤lÑ»�,�z�»�D�L«T»
��æNÔÓ^�VÇ�.©z[13]�Ñ
Ó^»�
/ã)¤�{.lÑ�ã´é�¸¥æNÔ>��
[Ü,�^��[Ü�{��.
êâæ8dÿå¤Úp§Oùü«~^Daì

�¤.ÿå¤�£�´3uÿ��SæNÔþ��
�:�éuÅì<� �.duÿå¤�ÿþÉÔ
���ÇÚ\��Ý�K�, ¦�ålÿþêâ¥
�3Ø�Ú�Ø.p§OÖêK´p§O|^Ê 
íÿ{���éÅì<�c ^��O.duÙØ

�3ÚOþ�', =Ø��X�m\È, Ïdp§
OÖê�ý¢ ^�mk��Ø�,k�$���
A�.ÿå¤Úp§O�uÿ�m´lÑ�ÚÓÚ
�,=3Åì<£Ä�ãål�Êe5�Ó�?1
uÿ.ÿþ�.��1 ^�OÚ/ã�ï§S.
|^�ã[ÜÚ»�/ã�ï{, ��âÿå

¤�ÿþêâ�ï���c�ÛÜ�ã8ÜÚÛ

ÜÓ^»�/ã.Ð©�Û/ã�Åì<3éÄ 
^(0, 0, 0)þÄguÿ)¤�/ã.l1�guÿm
©,?1Åì< ^�O,¿�â¤�O� ^Ü¿
/ã. ^�O�Ïé�´�cÿþêâÚ�Û�
ã8Ü��Z�Ü.

3 ÛÛÛÜÜÜ///ããã���ããã[[[ÜÜÜ(Line segment fitting in
local mapping)
ÛÜ/ã¥��ã�^�ã[Ü{lÿå¤�

ÿþêâ¥[Ü��.duù
�ãò�Ü¿��
Û/ã¥,���Y/ã�ï����â,�
Jp
�ã�[Ü°Ý, �©æ^MÅC�[Ü!Ó�5
�äÚ���¦[Ü�(Ü��{.
ÿå¤�£�´�|3Åì<�IXΣR¥^

êé(ri, αi), i = 1, · · · , nL«æNÔ:8 ��

ÿþêâ, n�:ê. (ri, αi)L«���Ý�αi�

&ÿ��æNÔ:��:�ål�ri. 3�¡
�£ã¥^(k��I(xi, yi)L«��:� 
�, xi = ri cos αi, yi = ri sinαi.
�ã^[c, θ, l, P, gt, conf, FLine] 6�ëê£

ã, P�L. Ù¥c, θ��ã¤3���ëê, ��
�§�

x cos θ + y sin θ + c = 0. (1)

c��:����ål, θ����{��x¶�Y

�. l��ã�Ý, P = (xc, yc)T��ã¥%: 
�(TL«=�). gt��mZá5,P¹�ã)¤�
m. conf��ã��&Ýá5. FLine�Ù�þ,^
uL«�ã´Ä�$�(Xp�!@��)��¤�
ã,XJ´K�ý,ÄK�b.
|^MÅC���[Ü{[14]�±ÐÚ(½=


:áu=^�ã. duÿþØ�, ÿå¤¤ÿ��
:¿Ø´O(���,MÅC�¥�éJÀJ�
�Ü·���º�,éu�|AT���:  ¬
)¤õu�^�[Ü�ã.�©ÏLüü'��ã
�Ó�5,Ü¿��Ü����ã.��ãL1Ú�

ãL2÷vXeÓ�5�ä5K�,@�ü^�ã´
Ó��,?1�ãþ:8Ü�Ü¿.

1) Ó�5.�¦

|θ1 − θ2| 6 ∆θ. (2)
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Ù¥∆θ�z�.

2) ��5.�¦
∣∣|c1| − |c2|

∣∣ 6 ∆C, (3)

d = |xc1 cos θ2 + yc1 sin θ2 + c2| 6 ∆D, (4)

Ù¥∆C, ∆D�z�. =�ã¤3��ål�:�
R�ål���uz�∆C, Ó��^�ã�¥%
:�,�^�ã�R�ål�uz�∆D.

3) Ü5.�¦

(xc1 − xc2)
2 + (yc1 − yc2)

2 6 (l1/2 + l2/2)2, (5)

=�ã¥%:�m�îAp�ål�u�u�ã�

��Ú.

ÏLMÅC�ÚÓ�Ü¿(½=
:áu=^

�ã�,2|^���¦��[Ü{[14]¦��ãë

êc, θ, lÚP . ëêgt��c�m, ëêconf = 1. �
�ã�,��ã�Y�390Ý�m����:3�
ãþ�, FLine���ý.

ã1�Ñ
�ã[Ü�«~. ã1(a)´ÿå¤ÿ
��êâ:.ã1(b)´MÅC�[Ü����ã,d
uêâ�feÚMÅ��Ú��ÀJ, �|A�
��:[Ü��
õ^�ã. ã1(c)´²LÓ�Ü
¿�|^���¦��[Ü{�����[Ü(

J.ã1¥�¸�é�à,æNÔ��,êâ:äk�
Ð�àÜ5.ã2�Ñ
���¸�é'Ï!æNÔ
���Ø5�!êâ:�'�'Ï��¹e��ã

[Ü(J.lã¥�±w�,|^��{[Ü���
�ãäk�pO(5Ú[Ü°Ý.

4    ^̂̂���OOO(Pose estimation)
Åì< ^�O´�(Ü¿/ã�'�.ÏLÏ

é�cÿþêâ:Ú®�ï��Û�ã8Ü�m�

�Z�Ü5�O�c ^.

,duÿþØ�Ú�ã[ÜØ�, �Û�
ã8Ü¥�3XØ(½Ú�Ø��ã. Xã3~
«,ã3(a)Úã3(b)©O´A^�©�{3ØÓ±Ï
�ï���Ó��¸�m��Û�ã8Ü,ã3(a)�
�ï�m@uã3(b). '�üã, �±uyã3(a)¥
�ãA´duÿþØ�[Ú����Ø�ã, �
ãBK�3X�ÝÚ�Ý�Ø�.Ó�ã3(b)¥�Ü
©�ã��3XØ�Ú�Ø. ,	, �cÿþêâ
¥�¹kØ(½&E.3:����,ù
äkØ(
½5�:Ú��ë�
�Z�Ü5�Ý¦,��K
�� ^�O��(5.ÏdXÛü$ù
Ø(½
�K�¤��(�O ^�'�.�©��{´Ï
é�cÿþêâ:�®�ï�Û�ã8Ü���'

X,�â��:�A5�ØØ���,�â����
A5�ØÓ�:���½ÂØÓ���,ÏLùü

:5ü$Ø(½5é ^�O�K�,��^\�
���¦{¦��:������Z�Ü��Åì

< ^.

(a)ÿþêâ: (b)MÅC�[Ü(J

(c)��[Ü(J
ã 1 �ã[Ü

Fig. 1 Line segment fitting

(a)ÿþêâ: (b)MÅC�[Ü(J (c)��[Ü(J
ã 2 'Ï�¸¥��ã[Ü�J

Fig. 2 Line segment fitting for unorderly environment

(a) (b)
ã 3 ��¥�Ø(½5

Fig. 3 Illustration of uncertainty in model

P�c±Ï�t, ��O�Åì< ^�ΣW¥

�Xt, Xt = (xt, yt, θt)T. òt��ÿå¤ÿ��

êâ:8Ü¡�ã�, P�I, I = {(xi, yi)T, i =
1, · · · , n}.òt���Û�ã8Ü¥á3ÿå¤uÿ

��S��ãf8¡���,ù
�ã3�gÿþ

¥k�U2g�uÿ�. ^�O�{£ãXe:

1) (Üt − 1���Åì< ^�O!p§OÖ
ê,9t���p§OÖê,ý�t���Åì< ^.

2) �âý� ^,l�Û�ã8Ü¥J���.



1 2Ï =I�µÄu:��Ü�Åì<Oþª/ã�ï 173

3) Ïéã�������'X,¦���Ü©

���Z�Ü�Åì< ^�� £þ.

4) Ü¿ý� ^Ú ^�� £þ,�t���

Åì< ^�O.
4.1 ýýý���   ^̂̂(Pose pre-estimation)
�
~�Ïéã������'X�E,5,Ä

ký�t��Åì<� ^,¿�âý� ^òã�

Ú��Ú�����IX¥.

©z[4]òp§OÖê��t��Åì< ^�

ý�.�dup§OØ��X�m\È,p§OÖê

�ý¢ ^�m�Ø���X�mO�,±p§O

Öê��ý� ^¿ØU~�ã�Ú�����

E,5.�Ä��òt− 1���t��ÏmÅì<�

$ÄCq�!�$Ä,òt��Åì< ^ý�½Â

�t − 1����O ^\þt − 1���t���Å

ì<$Ä�Ý.

�ât− 1��Út���p§OÖê���ùÏ

mÅì<$Ä�Ý�Cq�,TØ���¿�´Õ

á�.Pt��p§OÖê�Ot = (x̃t, ỹt, θ̃t)T, t−1
��p§OÖê�Ot−1 = (x̃t−1, ỹt−1, θ̃t−1)T,Åì

<�$Ä�Ý�D = (dx,dy, dθ)T, Ù¥dx,dy©

O�x, y�����Ý, dθ���Ý. D�OtÚOt−1

�'X�



dx = (x̃t − x̃t−1) cos θ̃t−1 + (ỹt − ỹt−1) sin θ̃t−1,

dy=−(x̃t−x̃t−1) sin θ̃t−1+(ỹt−ỹt−1) cos θ̃t−1,

dθ = θ̃t − θ̃t−1.

(6)

Pt��Åì<ý� ^�Xt0 =(xt0 , yt0 , θt0)T, Xt0

�Xt−1ÚD�'X�



xt0 = xt−1 + dx cos θt−1 − dy sin θt−1,

yt0 = yt−1 + dx sin θt−1 + dy cos θt−1,

θt0 = θt−1 + dθ.

(7)

ÏLþãO�¼��Åì<ý� ^�±(�ã�

����m� £þ��,BuÏéã�����

m���Ú�Z�Ü.

4.2 JJJ���������(Model extraction)
�âý� ^l®�ï/ã¥J��c�

�Ü©����, �±~�����O�þ. �
©ÀJÅì<�IXΣR����IX, òΣW¥

��ã8Ü=��ΣR¥, à:��á3ÿå¤
ÿþ���S��ã|¤��. PΣW¥��ã

�LW : {cW , θW , lW , PW , gtW , confW}, ΣR¥��

ã�LR : {cR, θR, lR, PR, gtR, confR}, ΣR, =��
§�




[
xcR

ycR

]
=

[
cos θt0 sin θt0

− sin θt0 cos θt0

][
xcW

− xt0

ycW
− yt0

]
,

θR = θW − θt0 ,

cR = −(xcR
cos θR + ycR

sin θR),
lR = lW , gtR = gtW , confR = confW .

(8)

4.3 OOO���    ^̂̂������   £££þþþ(Computation of
pose offset)
O� ^�� £þ´��Ì�ÂñL§.
Step 1 Ïéã�:Ú����m���'X.
duý� ^(�
ã�����m� £þ

��,Ïd����ã�¥�z�:3��¥Ïé
�^��ål�C��,¡T�ã�T:����
ã,T:���:.�¦��:����ã�ål�
uz�,��:����ã�R:3�ãþ.

Step 2 �ØØ���.
þã���ªN´ÚåØ���.ùaØ���

òK� ^�� £þ�O�,I��±�Ø.
±���ãLp�~`²éØ����ä. òã

�¥±Lp ����ã���:Uÿþ^Së�

å5, ¿P�8ÜZ, Z = {vi, i = 1, · · · , k}, vi =
(xi, yi)T, k ´��:ê. |^���¦��[Ú{
éZ¥�:?1�ã[Ú,P[Ú����ã�Lq.
O�:�[Ú�ã�ålÚd,

d =
k∑

i=1

di =
k∑

i=1

(xi cos θq + yi sin θq + cq) . (9)

XJ|θp− θq| >z�,=��:[Ú����ã��
��ã�Ý����,@����Ø,ò8ÜZ¥�

¤k:�����:.XJ|θp−θq| 6z�, d >z

�,K@�Z¥�Ü©:�3Ø��.�
�Øù

Ø��,éZ¥�z�:?1Xe�ä:

1) XJvi´�cÛÜ�ã8Ü¥,�ãLo�[

Ü:,K=3,ÄK=2;
2) 3Z¥�vi�c����:vi−1Ú����

�:vi+1, ©O¦vi �ùü�:�ë��ÝÚ�

Ý, d1 = v̂ivi−1, θ1 = ∠vivi−1, d2 = v̂ivi+1, θ1 =
∠vivi+1, ∆θ1 = |θp − θ1|, ∆θ2 = |θp − θ2|.XJd1

½d2�u�½�, �∆θ1Ú∆θ2þ�u�½�, K´
�(��,ÄK�Ø��.

3) XJÛÜ�ãLo����ãLp÷vúª

(2)∼(5),K´�(��,ÄK´�Ø��.
ò�ä�Ø���:�����:.3Ú½2¥

�¦d1½d2 �u�½�´Ï��ù3�:ålé
C∆θ1Ú∆θ2 q÷v^��, Ùë���ãLpÄ
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�²1, �2��õ���:ë��K�U�
¤�^��ãY������ã, �{z�{
��T^�. P�������:8Ü�V, V =
{vi, i = 1, · · · ,m} ,m 6 n.

Step 3 ½Â����.
Pwi���:vi�����, viéA����

�Lp. ��Ù�þLineDotL«:vi´Ä��cÛ

Ü�ã8Ü¥,�ã�[Ü:,XJ´K�ý,PT
ÛÜ�ã�Lo.��wiO�úªXe:

wi = (t− gtp)/(t− min
i=1,··· ,m

gti) +

FLinep + confp +

LineDot×min(1, lp/lo). (10)

úª(10)¥�11�L«���ã)¤�m�@,K
�����p,Ï�/ã¥��ã�X/ãÜ¿�
Øä/?�;12�L«����ã�$���¤
�ã������p, 13�`²����&Ý�
p, �����p;14�L«���:´,ÛÜ�
ã�[Ü:�,Ù����pu�U[Ü�?ÛÛ
Ü�ã¥���:�����,�ÛÜ�ã�Ý�
u½�u���ã�Ý�,Ù��puÛÜ�ã�
Ý�u���ã�Ý���,Ï��ö`²���
ãò�?�.

Step 4 Ïé��Ü©��Z�Ü, O� ^�
� £þ.
P ^�� £þ�∆,∆ = (∆x,∆y,∆θ)T,ã

�%�v̄.n��¹´éV¥�z���:U∆?
1^=²£�, :�éA����ål�0.
Pv′i�viU∆?1^=²£����:.

v′i =

[
cos ∆θ − sin∆θ

sin∆θ cos ∆θ

]
(vi − v̄) + v̄ +

[
∆x

∆y

]
≈

∆θ

[
0 − 1
1 0

]
(vi − v̄) + vi +

[
∆x

∆y

]
. (11)

v′i�vi���Lp�ål�di = ri − ui · v′i, ui�Lp�

ü {��þ, ri����þ?¿�:�ui�:¦.
dúª(1)��ui = [ui1, ui2] = [cos θp, sin θp], ri =
−cp, di = 0, K

yi = (ϕi1, ϕi2, ϕi3)∆. (12)

Ù¥ 



yi = ri − ui · vi,

ϕi1 = ui1,

ϕi2 = ui2,

ϕi3 = ui ·
[

0 − 1
1 0

]
(vi − v̄).

(13)

8ÜV¥km�:,�

Y = Φ∆. (14)

Ù¥Y´dyi|¤�m×1Ý
, Φ´(ϕi1, ϕi2, ϕi3)|
¤�m× 3Ý
.�¦��Ü©���Z�Ü,�¦

JW = (Y − Φ∆)TW (Y − Φ∆) (15)

�����, Ù¥W�m × mé��½\�Ý


, W [i, i]���:vi�����wi. |^\��
��¦�O�

∆ = (ΦT WΦ)−1ΦTWY. (16)

3Ïéã�Ú���m��Z�Ü�, 3ú
ª(11)¥$^
�5Cq,¿�3�Ü5µd�´O
���:��¹Ù���ã����ål,Ïdù
«�Ü5�¡���Ü.du��Ü5,��k�^
���ã���!½ö�����ã�p²1�,¬
Ñy�Ø��Ü5�ä,Ï�"��ù
�ãR�
����å. �
)û��Ü¯K,J��^�ù

�R���ã,òÙ\\���¥,¿�J[�ãþ
�eZ:,\\�ã�¥,ù
J[:����=�
J[�.3O������ ^�� £þ�,2l
��Úã�¥íØJ[�ãÚJ[:.

Step 5 òã�:IU ^�� £þ∆?1^=

²£.
Step 6 EStep 1∼ Step 5��÷vÂñ^�.

5 ///ãããÜÜÜ¿¿¿(Map integration)
/ãÜ¿´�â�O ^òÛÜ/ãÜ¿��

Û/ã¥. ÛÜ/ã��Û/ãm�3Ü©U,/
ãÜ¿�òÛÜ/ã¥�UÜ©\\�Û/ã

¥,|^ÛÜ/ã¥�UÜ©?��Û/ã.
Ó^»�/ã�Ü¿´�â�O ^,òÓ^»

�ÛÜ/ã��Û/ã?1Ù�VÇ�U\[15]. 
�ã8Ü�Ü¿,K´�â�O ^òÛÜ�ã=
��.�IX¥,��Û�ã8Ü¥��ã?1
Ó�5�ä. XJÛÜ�ã�3�^��éA��
Û�ã,Kòü^�ãÜ¿,?��ãá5; XJØ
�3��éA��Û�ã,`²T�ã´#uÿ�
��ã,òÙ\\�Û�ã8Ü.��|^Ó^»�
�Û/ãO��Û�ã��&Ýconf ,

conf =
 u�Ó^»�S��ã�Ý

�ão�Ý
. (17)

�conf�u,z��@��ã�&ÝL$, �±
íØ.

6 ¢¢¢���(((JJJ(Experimental results)
�©|^Pioneer2DX-8þ�-1ÿå¤Úp§

Oé,¢�¿�¸?1êâæ8.T¢�¿dü�
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�m|¤, �m�°©O�9.3 m×7.9 mÚ7.1 m×
7.9 m, �m�m^Àæ��, k���. Ù¥��
�mSk^���m�8��ú �, p>�X@
f!�SfÚ,Ô, L�þk��Îf; ,���m
S��X�
¢�S;¥mkAr«f.
ã4´3Oþª/ã�ï¥�âp§OÖê�

�Ü¿ÿþêâ���/ã,ã¥��(ôÚ�fÜ
©)´�±Ïp§OÖêë�. ã4�/ã�3Nõ
²w��Ø, ã5´$^Cox ^�O{, ��Äê
âÚ��¥�Ø(½5����ÿþêâÜ¿/

ã.ã5�/ã'ã4Ðéõ,ØLc[*	�±wÑ
ã5�3XØ�, 'X: p�Ó+Ø´¥���, �
ú ��mÑymY��. ã6´�â�©�{�
��/ã.�±w�ã6°(²�,äkûÐ��Ü
5.ã7´�â�©�{���©O^Ó^»�Ú�
ã8ÜL«�/ã,ã7(a)¥����p§OÖêë
�,ç�(ôÚ��Ü©)´|^�©�{�O���
Åì< ^ë�.lã7(a)�±wÑ,p§O�Öê
ké�Ø�,p§OÖê¤L«�Åì<;,Ñy

/BpL0��{; ÏL�©�{ép§O
êâÚÿå¤êâ��½ ���Åì<;,Ñ?

u#N�m¥.

ã 4 �âp§OÖêÜ¿êâ���/ã

Fig. 4 Map generated from integrating measurements

directly based on odometry readings

ã 5 $^Cox ^�O{���/ã
Fig. 5 Map generated from integrating measurements

with Cox pose estimation

ã 6 $^�©�{���/ã

Fig. 6 Map generated from algorithm in this paper

(a)Ó^»�/ã

(b)�ã8Ü/ã
ã 7 Ó^»�/ãÚ�ã8Ü/ã

Fig. 7 Maps of occupancy grids and line segments

7 (((ØØØ(Conclusion)
�©JÑ
Äu:��Ü4Oª/�ï���

¸/ã��{.ò/ã�ï©)�ÛÜ/ã�ï!Å
ì< ^�OÚ/ãÜ¿3�Ì�Ú½.|^Ó^»
�/ã)¤{�ïÛÜÓ^»�/ã,æ^òMÅ
C�[Ü!Ó�5�äÚ���¦[Ü�(Ü��

{�ïÛÜ�ã8Ü. 3 ^�O�, 3|^:�
��ÏéÿþêâÚ®�ï/ã�m��'X�Ä

:þ,ÏL�ØØ���ÚÚ\\�Ý
5~�ÿ
þØ�Ú®�ï/ã¥�Ø(½5é ^�O�K

�.Ó��©��J[�ÚJ[:��{)û
d
��Ü^�¤Úå��Ø ^�O¯K.¢�(J
y²
�©�{�k�5Ú°�5,·^u�ï¿
S�¸/ã.
Äu�©�ó�,)öò?�ÚïÄ�kl/(

���¸/ã�ïÚÄ��¸¥�/ã�ï.
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