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Abstract

The sensor data measured by the legged robot are used to recognize the physical environment or
information that controls the robot’s posture. Therefore, a robot’s ambulation can be advanced with the use of
such sensing information. For the precise control of a robot, highly accurate sensor data are required, but most
sensors are expensive and are exposed to excessive load operation in the field. The seriousness of these
problems will be seen if the prototype’s practicality and mass productivity, which are closely related to the
unit cost of production and maintenance, will be considered. In this paper, the use of a virtual sensor
technology was suggested to address the aforementioned problems, and various ways of applying the theory
to a walking robot obtained through training with an actual sensor, and of various hardware information, were
presented. Finally, the possibility of the replacement of the ground reaction force sensor of legged robot was

verified.
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Mass products

Prototype
= Multi-Axis F/T Sensor = Expensive sensors cannot be used
= IMU Sensor due to their prohibitive cost.

= Ultrasonic Sensor
= Expensive Sensors

= Complex sensors or parts are difficult
to maintain (water, impact, dust, etc.)

Fig. 1 Problem of proto-type system for mass production
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Fig. 2 Quadruped robot system for the experiment on
irregular terrain
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Table 1 System specifications

Issue Unit Quantity
Body Dimension mm 135x340x80
Leg Dimension
mm 120, 155
(/;,15)
Standing Height mm 3054
Weight kg 3.7
Gait period (1 Sec 20
cycle)
Stride mm 60
* Battery Pack (Underneath) 'RC Servo Motor/
Encoder(3 UnitLeg)

*IMU Sensor

-
*laxs Fomce  Sensor

Module (1 Unit'Leg)
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Table 2 Specifications of the equipped sensors

Specification
. Model : NMNC(CAS)
. Capacity : 50Kgf
. Dimension : 1 axis
Loadcell . Rated output : ImV
. Combined error : <0.5%
. Repeatability : <0.5%
. Model : E20s(Autonics)
. Resolution : 360(P/R)
. Weight : 35g
Encoder . Current : 60mA(No load)
. Maximum rotation : 6000rpm
. Output signal : A, B, Z signal
. Model : MTi(xsens)
. Dimensions : 3-axes
IMU . Full scale : £360 deg/s
Sensor . Bandwidth : 40Hz
. Alignment error : 0.1 deg
. Max update rate : 512Hz
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Fig. 4 Conceptual design of experimental system
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Fig. 5 Basic concept of multi-layered neural networks
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Table 3 Experimental Condition of Back-propagation
Algorithm for quadruped Robot

aGA - A -

Contents Number of Numbe.:r of
Hidden Layer Iteration
1™ Trial 2 200
2" Trial
(Increasing Number 4 200
of Hidden Layer)
3" Trial
(Increasing Number 2 400
of Iteration)
4" Trial
(Increasing Number
of Iteration+Hidden 4 400
Layer)

Fig. 7 Test bed for walking experiments on irregular
terrain of various conditions
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Fig. 8 Flat walking experiment (Hidden layer : 4,
Iteration : 200, Allowable error : 1e-006)
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Fig. 9 Gravel walking experiment (Hidden layer : 4,
Iteration : 200, Allowable error : 1e-006)
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Fig. 10 Sand walking experiment (Hidden layer : 4,
Iteration : 200, Allowable error : 1e-006)
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Fig. 11 Example of behavior experiment of quadruped
robot using IMU sensor
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