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Abstract

Recently, research on using mobile robots to inspect major facilities across various industries has been actively
conducted. However, existing mobile robot systems generally recognize remote environments and control the robot
using a camera attached to it, which makes robot operation challenging due to a limited field of view. To address
this issue, this study proposes a digital twin-based remote indicator inspection system utilizing a head-mounted display
(HMD) and a 6-axis manipulator. In this system, the user remotely monitors the work environment through the HMD
and uses a wireless controller to instruct the robot to inspect the indicator and perform tasks. Experimental results
confirmed that when the user provides remote instructions in a virtual environment, the robot detects the scale of the
indicator, determines whether there is an error within the range of 1° to 2°, and performs valve control operations.
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Table 1. Data augmentation parameters

Rotation -15° 7 15°

Brightness -30% ~ +30%

Exposure 20% ~ 20%
Blur Up to 1.5px
Noise Up to 1.01% of pixels
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Table 2. Gauge needle detection training data
configuration
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Table 3. Parameter values applied to the model

Learning rate 0.005
Batch size 32
Epochs 150
Momentum 0.9
Weight decay 0.0005
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Observing an analog indicator with a camera
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Fig. 4. Flowchart for measuring the angle of a gauge needle
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Table 4. Difference between detected angle and actual angle

Detected Actual Error
angle angle angle
70.89° 72.15° 1.26°
118.26° 119.43° 1.17°
166.41° 164.79° 1.62°
21599° 213.76° 2.23°
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Click on the valve using the VR controller
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Rotate the valve in the virtual environment

|

Move the manipulator to the valve position
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(

— Move the manipulator back to the initial position

(Complete the remote inspection process )
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Fig. 12. Experimental operation flowchart
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