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Acquisition of Box-Pushing Behavior in a Real Mobile Robot with a Visual Sensor

- The First Step of the Acquisition of the Total Function from Sensors to Motors

by Reinforcement Learning -
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Katsunari Shibata, Dept. of Electrical and Electronic Engineering, Oita University, 700 Dannoharu, Oita 870-1192, Japan

Masaru lida, Oita University

In this paper, it was shown for the first time in the world that a real robot with a camera could learn appropriate actions only by the

approach of reinforcement learning for the total function. Aiming at the acquisition of not only the motion planning, but also the

total function from sensors to motors, raw visual sensor signals are the inputs of a layered neural network; the neural network is

trained by Back Propagation using the training signal that is generated based on reinforcement learning. In other words, no image

processing, no control methods, and no task information are given at premise. The box-pushing task employed in this paper is rather

difficult for the reason that (1)as many as 1536 monochrome visual signals and 4 infrared signals are the inputs, (2)not only the

center of gravity of the box image, but also the direction, weight and sliding character of the box should be considered, and

furthermore, (3)a reward is given only when the robot is pushing the box. It was also observed that the neural network obtained

global representation of the box location in the hidden layer through the learning.

Keywords: reinforcement learning for the total function, box pushing, neural network, mobile robot, global representation
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Fig. 3 A small mobile robot named Khepera with a CCD
camera.
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Fig. 5 Two examples of the box-pushing behaviors of the robot after learning.
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Fig. 6 Two Directions of the box employed in the following experiment.
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Fig. 7 The robot locus and a series of images after learning for each of the two box directions at the same initial place as shown in Fig. 6.
(1) Path of the robot on the absolute coordinates (2) Path of the center of gravity of the box in the image (plot symbol indicates the
number of the IR sensors that take the maximum value. O:0, A: 1, ®:2) (3) A sequence of images.
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Fig. 8 The critic and actor output distribution as a function of the
box location from the robot after learning.
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Fig. 9 The input-hidden connection weights after learning
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Fig. 10 Change of the hidden neuron’s output distribution as a
function of the box location through learning.



