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Hydraulic Manipulator End-tip Reaction Force Estimation
Based on Differential Hydraulic Pressure and Deep Neural Network

T ofef 2% 4B wE R 0y

=
— = [ w Y = L

o of 2

(Bonhak Koo'?, Tae-kyeong Yeu?, Jin-Gyun Kim?, Jong-Boo Han'2, Yeongjun Lee?, and Daegil Park!2")
"Department of Ships & Ocean Engineering, University of Science & Technology (UST)
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Abstract: In this study, a method to represent reactive forces at a stick-type controller has been proposed using a haptic master
device to effectively communicate work status to users during subsea fracture operations through a teleoperated robot. Estimating
reactive forces acting on the tool underwater presents significant challenges. To solve this, we propose a method that combines
differential pressure measurement with a deep neural network (DNN) to estimate the reactive forces at the hydraulic manipulator’s
tool with good accuracy and a high sampling rate. Specifically, the reactive force was predicted from high-sampling-rate differential
pressure data, and the DNN was used to update the reactive force estimation with high accuracy. These tasks were performed
recursively within a Kalman filter framework. Finally, a plaster fracture experiment was conducted in a terrestrial environment to
verify the proposed method. The estimated reactive forces were compared with those measured by a force-torque sensor using data
retrieved from the inertial sensors, joint encoders, and other relevant sensors. The differential pressure-DNN-based approach
demonstrated high accuracy in estimating reactive forces in key directions while maintaining fast sampling speed.

Keywords: CPOS (Cyber-Physical Operation System), differential hydraulic pressure, DNN (Deep Neural Network), hydraulic
manipulator, Kalman filter algorithm, haptic feedback, underwater robot
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Table 1.

Input Count
Tool Position: y, roll, pitch, yaw
FOG: x linear acceleration, pitch
Differential pressure: jointl, joint2

Hydraulic pressure

Output

FN) | 9

Tool Position: x, z

FOG: y linear acceleration, z linear acceleration,
roll angular velocity, pitch angular velocity, yaw
angular velocity, roll, yaw

Differential pressure: jointl, joint2, joint3, joint4
Hydraulic pressure

Depth

F,N) | 15

Tool Position: X, v, z, roll, pitch, yaw

FOG: x linear acceleration, z linear acceleration,
pitch angular velocity, pitch

Differential pressure: jointl, joint3

Depth
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Fig. 9. Comparison of F, manipulator end-tip reaction force.
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Table 2. Pearson correlation coefficient comparison.
Pearson Correlation Coefficient
Model name F, E, M,
DHP force 0.3955050 0.3878552 0.2202809
DNN force 0.5245019 0.4805692 0.5802036
EST force 0.6041261 0.4681685 0.6250089
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Table 3. RMS error comparison.

RMSE (Root Mean Square Error)

Model name E E, M,

DHP force 44.6926 33.11340 50.6568

DNN force 21.2303 11.57920 347690

EST force 164823 11.45670 1.89540
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