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Estimation of Rock Parameters
for Automatic Excavation of Subsurface Rocks by Hydraulic Excavator
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The automation of construction machine is deemed necessary due to the lack of labor and low
productivity in construction industry. In this paper, we aimed to estimate the parameters of an under-
ground rock for automatic excavation of subsurface rock by hydraulic excavator. Using physics model,
we proposed method for estimating the rock’s weight and depth by pushing the rock or lifting the rock.
We also proposed a method for collision detection with rock sides during horizontal pulling motion and
estimation of a rock’s weight during scooping motion. We conducted experiments of these estimations
and detection with a manipulator. The result showed that estimation by pushing the rock was more
accurate than lifting the rock. Also, we found that collision detection and estimation during scooping

show good results.
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Fig.1: The procedure for excavating rocks
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Fig.3: Approximated shape
and parameters of a
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Fig.4: Model for
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Fig.5: Method 1:Parameter estimation by pushing
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Fig.6: Method 2:Parameter estimation by lifting

B

(a) HEAHIE: Hmd D (b) HEfeEE: S L
Fig.7: Method 3:Contact detection
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Fig.8: Method 4:Parameter Estimation during scooping
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Fig.9: Physical model for method 4
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Fig.10: Experimental environment
Table 1: Results of experiment 1

EIROWE [em] HEEFEE [cm] EHIFOEX [g] #HEEX g
3 3.18 1390 1438.95
4 4.24 1390 1470.53
5 4.88 1390 1409.20
4 3.42 801 855.95
5 5.02 801 890.06
6 6.90 801 968.52
4 5.24 704 826.44
5 5.95 704 724.25
6 6.16 704 586.58
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Table 2: Results of experiment 2

FEEOWE [cm] HEERE [cm] HBFOHEX [g) HEEEX [g
3 2.18 1397 1218.14
4 5.83 1397 1708.27
5 7.98 1397 1874.98

Table 3: Results of experiment 3
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Fig.11: Results of experiment 4
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