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Abstract: During prefabricated construction, the precise verticality adjustment of large prefabricated column
components is critical to installation quality, construction efficiency, and operational safety. To address the
limitations of conventional adjustment methods, which rely on manual crane operations and total station
measurements and suffer from low efficiency, strong dependence on operator experience, and poor adjustment
consistency, this paper proposes an integrated intelligent verticality control system for the installation of
prefabricated column components. First, a mobile verticality measurement unit is developed using a high-
precision laser rangefinder and an inclinometer to acquire the component’s spatial attitude on site. Subsequently,
the verticality deviation is calculated from distance measurements obtained at different elevation angles. A
Kalman filtering algorithm is introduced to dynamically estimate the component attitude in the presence of
environmental disturbances and measurement noise, thereby providing smooth and accurate inclination
information. Finally, under the small-angle quasi-static assumption, an intelligent verticality adjustment
strategy based on Active Disturbance Rejection Control (ADRC) is developed. A tension-threshold protection
mechanism and a communication anomaly detection scheme are further incorporated to achieve fully automated
closed-loop adjustment of the component posture. Field experiments demonstrate that the proposed system not
only improves operational efficiency and adjustment consistency but also reduces the verticality deviation of

prefabricated components to less than 10 mm, satisfying the practical requirements for efficient and high-

precision construction of prefabricated metro stations.
Keywords: prefabricated cylindrical component;

controller; extended state observer
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Fig.1 Hardware architecture
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Fig.3 Adjustment workflow
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Fig.4 Composition of the mobile platform
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Fig. 12 Jinfeng North Station site
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Fig. 13 Distribution of Experimental Columns
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Fig. 14 Intelligent adjustment of component verticality
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Fig. 15 Intelligent component verticality adjustment

interface
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Fig. 16 Robustness evaluation of levelness adjustment
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Table 1 Inclinometer roll angle under different

inclination angles
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Fig 17 Measurement results of 0, under different

measurement methods
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Fig 18 Measurement results of ¢, under different

measurement methods
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Fig 19 Attitude adjustment curve of component 1
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Table 2 Component adjustment time
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