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Simultaneous Localization and Automatic Camera Calibration
for Intelligent Space by Mobile Robot
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To operate mobile robots in an intelligent space, pre-calibration of whole environmental sensors
is very important task which would be extremely tedious. Here, we propose a fully automatic
simultaneous method to estimate both a robot and environmental camera poses. To simultaneously
estimate the whole states which are the 3DOF robot pose and the camera poses, the particle filter is
utilized with encoder data from the dead-reckoning sensor and the image data from the environmental
cameras. By designing a novel probabilistic measurement model exploited for the particle filter
algorithm, the framework is able to accommodate several errors such as odometry and measurements.
The experimental result in real environments shows that the propose framework can estimate the
whole states including the robot pose and the camera parameters successfully.
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Fig. 1 Example of SLAM: (a) raw range data and
(b) occupancy grid map for robot operation.
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Fig. 2. Concept of intelligent space.

Fig. 3. Relationship between world coordinate and
image coordinate according to camera calibration.
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Fig. 4. SIR Particle filter process.
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Fig. 6. Experimental setup : (a) experimental
environment, (b) Pioneer 3-DX mobile robot, and (c)
camera for distributed sensor.
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Fig. 7 Calibration result: (a) particle initialization, (b) converged particles, and (c) calibration completed.
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Fig. 9 Localization results: (a) MCL result using laser range data based on map information, (b) result of
proposed method using distributed cameras, and (c) comparison result with dead-reckoning.
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