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Abstract: This paper presents a stochastic and predictive working-risk-assessment algorithm for excavators based
on a one-layer laser scanner. The one-layer laser scanner is employed to detect objects and to estimate an
object's dynamic behaviors such as the position, velocity, heading angle, and heading rate. To estimate the state
variables, extended and linear Kalman filters are applied in consideration of laser-scanner information as the
measurements. The excavator’s working area is derived based on a kinematic analysis of the excavator’s
working parts. With the estimated dynamic behaviors and the kinematic analysis of the excavator’s working
parts, an object's behavior and the excavator's working area such as the maximum, actual, and predicted areas
are computed for a working risk assessment. The four working-risk levels are defined using the predicted
behavior and the working area, and the intersection-area-based quantitative-risk level has been computed. An
actual test-data-based performance evaluation of the designed stochastic and predictive risk-assessment algorithm
is conducted using a typical working scenario. The results show that the algorithm can evaluate the

working-risk levels of the excavator during its operation.
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Table 1 Laser scanner specifications

Model LMS111-10100
Sensor 3
Size 152x102x106 [mm]
Mass 1.1 [kg]
Rated voltage DC 24 [V]
Detection range 0.5~20 [m]
Field of view 270 [deg]
Resolution 0.25 / 0.5 [deg]
Frequency 25 / 50 [Hz]
Manufacturer SICK
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Fig. 1 Sensor position and detection range
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