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This study introduces an automated robotic system designed to replace manual maintenance in cold rolling mills, where
hazardous confined spaces present significant safety risks to workers. To enhance safety and efficiency, we modified a
commercial aerial work platform into a teleoperated mobile robot. The system includes a redesigned end-effector equipped
with high-pressure cleaning nozzles and a wide-angle camera for visual inspection. Experimental validation in both
laboratory and field settings demonstrated the system's maneuverability and effectiveness. The results indicate that this
robotic solution can successfully reduce safety hazards by minimizing manual intervention while ensuring high-quality
cleaning and inspection in industrial rolling mills.
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Fig. 1 Rolling machine maintenance and visible pollutants

Table 1 Table of measured accuracy data

Precision <=+50 mm
Removal rate > 80%
Visualization rate >90%
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Fig. 2 Altitude lift robot configuration overview
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Platform up/down

Platform angle

Secondary boom

Fig. 4 Detailed design and placement of encoders for joint position
control in altitude lift robot

Cylinder
Stroke
Encoder 125 mm

LED pistance Sensor

Remote able

Fire Monitor 50°

PTZ Camera Control Box

Fig. 5 Detail design and configuration of the EOAT
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Fig. 6 Block diagram of the power and control system architecture
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Fig. 7 Motion path simulation and workspace analysis of the proposed
robot
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Fig. 8 Schematic diagram of the position estimation algorithm using
ArUco markers
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Fig. 9 Real-time monitoring interface for the marker recognition
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Table 2 Comparison of measured accuracy data

Deviation [mm]

1 12.3 11 9.9

2 -1.5 12 -22.3

3 24.8 13 0.6

Motion precision 4 -13.2 14 39.5

Fig. 10 Experimental setup for target tracking and positioning experimental 5 3.1 15 111
accuracy results 6 284 6 64

7 47.9 17 -48.8

8 -35.6 18 7.7

9 18.2 19 -19

10 -4.7 20 25

Fig. 11 Onboard camera view of the laser pointer targeting
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Fig. 12 Cleaning performance test in a simulated environment
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Fig. 13 Water spray test verifying fluid supply stability during lift
extension

Fig. 14 On-site demonstration of the robot system at a rolling mill
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