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SUMMARY

Among the prerequisite abilities (perception of environment, path planning and
position estimation) of an autonomous mobile robot, position estimation has been
seldom studied by mobile robot researchers. In most cases, conventional position
estimation has been performed by placing landmarks or giving the entire
environmental information in advance. Unlikely to the conventional ones, the study
addresses a new method that the robot itself can select distinctive features in the
environment and save them as landmarks without any a priori knowledge, which
can maximize the autonomous behavior of the robot. First, an orientation
probability model is applied to construct a local map of robot's surrounding. The
feature of the object in the map is then extracted and the map is saved as
landmark. Also, presented is the position estimation method that utilizes the
correspondence between landmarks and current local map. In doing this, the
uncertainty of the robot’s current position is estimated in order to select the
corresponding landmark stored in the previous steps. The usefulness of all these
approaches are illustrated with the results produced by a real robot equipped with

ultrasonic sensors.
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Fig. 1 Photographs of the CNUAMR-I
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(a) Physical dimensions of the CNUAMR-I

Front cast

Left

steering steering/wheel

Rear cast

(b) Coordinate system of the CNUAMR-I

Fig. 2 Configuration of CNUAMR-I
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Fig. 3 Configuration of sonar sensors mounted on CNUAMR-I
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Fig. 4 System architecture of the CNUAMR-I
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Robot Locaton

—

Fig. 7 Certainty grid representation
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Fig. 9 Configuration of a local map
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Fig. 10 Illustration of distance forces in a command window
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Fig. 11 Block diagram of the wall following control system
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Fig. 12 Approximate transforms of the robot position
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Fig. 15 Experimental environment for boundary following control
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Fig. 17 Experimental results of boundary following control
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Table 1 Statistical properties of position error

units @ m, rad

Variable move of 2 meter |turn of 2 radian
standard deviation of x 0.01229 0.001773
standard deviation of y 0.02171 0.001709
standard deviation of angle 0.01515 0.03965
covariance of x and y 0.00008 0.143136
covariance of X and angle 0.00002 0.182692
covariance of y and angle -0.00004 0.148425
correlation between x and y 0.29326 | 4.28E-07
correlation between x and angle 0.04622 1.27E-05
correlation between y and angle -0.23029 9.93E-06
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Fig. 18 Experimental results of position uncertainty
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Table 2 The estimated errors for each position

units : m, rad

true erroneous corrected error after

position position position position correction
X 0.565 -0.388 0.494 -0.071
1 y 2.065 2.256 2.092 0.027
(/] 5.068 5.350 5.050 0.018
X 3.437 2.441 3.333 -0.107
2 y 1.813 2.813 1.831 0.018
/] 3.313 3.595 3.345 0.032
X 1.777 1.695 1.696 -0.081
3 y -1.239 -0.580 ~1.432 -0.193
/] 2.109 2.391 2.091 0.018
X 0.501 0.478 0.437 -0.064
4 y -1.268 -0.963 -1.472 -0.204
] 1.373 1.655 1.355 0.018
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SUMMARY

Among the prerequisite abilities (perception of environment, path planning and
position estimation) of an autonomous mobile robot, position estimation has been
seldom studied by mobile robot researchers. In most cases, conventional position
estimation has been performed by placing landmarks or giving the entire
environmental information in advance. Unlikely to the conventional ones, the study
addresses a new method that the robot itself can select distinctive features in the
environment and save them as landmarks without any a priori knowledge, which
can maximize the autonomous behavior of the robot. First, an orientation
probability model is applied to construct a local map of robot's surrounding. The
feature of the object in the map is then extracted and the map is saved as
landmark. Also, presented is the position estimation method that utilizes the
correspondence between landmarks and current local map. In doing this, the
uncertainty of the robot’s current position is estimated in order to select the
corresponding landmark stored in the previous steps. The usefulness of all these
approaches are illustrated with the results produced by a real robot equipped with

ultrasonic sensors.
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Fig. 1 Photographs of the CNUAMR-I



CNUAMR-1 MR-1I

C&A LAB. k ] f: 4

(a) Physical dimensions of the CNUAMR-I

Front cast

Left

steering steering/wheel

Rear cast

(b) Coordinate system of the CNUAMR-I

Fig. 2 Configuration of CNUAMR-I
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Fig. 3 Configuration of sonar sensors mounted on CNUAMR-I
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Fig. 4 System architecture of the CNUAMR-I
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Fig. 5 Motor driver circuit(tPWM circuit) of CNUAMR-I
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Fig. 6 Dead reckoning position estimation
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Robot Locaton
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Fig. 7 Certainty grid representation
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Fig. 9 Configuration of a local map
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Fig. 10 Illustration of distance forces in a command window
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Fig. 11 Block diagram of the wall following control system
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Fig. 12 Approximate transforms of the robot position
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Fig. 15 Experimental environment for boundary following control
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Fig. 16 Example of the local map and the command window at position A
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Fig. 17 Experimental results of boundary following control
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Table 1 Statistical properties of position error

units @ m, rad

Variable move of 2 meter |turn of 2 radian
standard deviation of x 0.01229 0.001773
standard deviation of y 0.02171 0.001709
standard deviation of angle 0.01515 0.03965
covariance of x and y 0.00008 0.143136
covariance of X and angle 0.00002 0.182692
covariance of y and angle -0.00004 0.148425
correlation between x and y 0.29326 | 4.28E-07
correlation between x and angle 0.04622 1.27E-05
correlation between y and angle -0.23029 9.93E-06
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Fig. 18 Experimental results of position uncertainty
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Fig. 21(continued)
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Table 2 The estimated errors for each position

units : m, rad

true erroneous corrected error after

position position position position correction
X 0.565 -0.388 0.494 -0.071
1 y 2.065 2.256 2.092 0.027
(/] 5.068 5.350 5.050 0.018
X 3.437 2.441 3.333 -0.107
2 y 1.813 2.813 1.831 0.018
/] 3.313 3.595 3.345 0.032
X 1.777 1.695 1.696 -0.081
3 y -1.239 -0.580 ~1.432 -0.193
/] 2.109 2.391 2.091 0.018
X 0.501 0.478 0.437 -0.064
4 y -1.268 -0.963 -1.472 -0.204
] 1.373 1.655 1.355 0.018
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