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Abstract: In this study, we develop a pressure observer to measure the cylinder length of a harbor-construction robot. For
the robot control, sensors are required to measure the length of a hydraulic cylinder. The cylinder-position sensor is relatively
expensive when the operating environment prohibits external approaches for the measurement of the cylinder position. LVDT
or linear scales are usually mounted on the outside of the cylinder, which causes poor durability on a construction site. We
use a pressure sensor to indirectly estimate the length of the cylinder. The pressure sensor is mounted inside a hydraulic
valve box so that it is protected by the box and easy to waterproof for an underwater robot. By treating oil as a
compressible fluid, we derive the nonlinear pressure dynamics as a function of the cylinder position, velocity, and pressure.
The recursive least squares (RLS) algorithm is applied to identify the dynamic parameters, and the pressure observer estimates
the cylinder position through the pressure acting on the head and the rod of the hydraulic cylinder. The position accuracy is
relatively low, but it is acceptable for a construction robot that handles large armor stones.
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Table 1 Parameters by LS

Forward Backward
V. V.
ﬂH dH KH 53 dR KR
(kgf/em*)| (em?) (kgf/cm®) | (cm?)
34011.7 | 16453 | 3.51 | 40125.9 | 1187.9 | 3.48
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Table 2 Variation of parameters in the pressure
dynamic model

tera extending parameters | retracting parameters
tion Bu Vin Ky Br Vir K,
(kgf/cm?®) |(em®) (kgf/cm®) | (em®)
0 30000 |2000|3.00| 30000 | 2000 |3.00
1 34714 |1857(3.28| 35822 | 1752 |3.39
2 33897 |1832(3.41| 34974 | 1846 |3.41
3 35841 |1787(3.47| 37697 | 1688 |3.42
4 35196 |1746(3.50| 37056 | 1524 |3.42
5 37498 |1683|3.52| 39473 | 1465 |3.43
6 36841 |1675(3.52| 41853 | 1385 |3.43
7 36514 | 1599(3.52| 39948 | 1316 |3.44
8 36247 |1601(3.53| 39782 | 1328 |3.45

Fig. 6 Kinematic structure of Stone Man
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