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Abstract: Laser tracking measurement networks are widely employed for high-precision three-dimensional
positioning, where accurate calibration of system parameters is essential for reliable results. Conventional
network self-calibration methods often suffer from unstable geometric references, and the adjustment re-
sults are highly sensitive to initial values. An optimized adjustment method for laser tracking measurement

networks is proposed. Oriented point models are introduced to provide multiple spatial references, en-
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abling self-calibration of measurement station coordinates. During network adjustment, the coordinates of
the oriented points are fixed, allowing joint optimization of all station coordinates under a unified geometric
reference. The proposed method is based on the NASC model, in which rigid geometric constraints are
imposed to enhance solution stability. Simulation experiments incorporating Gaussian noise in distance and
point measurements demonstrate that stable solutions are achieved, with edge length errors controlled at
the micrometer level. Practical validation was conducted using a one-meter standard rod. The proposed
method was compared with the commercial software Spatial Analyzer (SA) through repeated measure-
ments of two standard rod lengths within a 1. 5 m><X1. 5 m measurement volume. Measurement errors ob-
tained with the proposed method ranged from —0.3 pm to 4. 8 pm, whereas those of SA were primarily
distributed between 3.0 pm and 9. 5 pm. The results indicate that the proposed method achieves higher ac-
curacy, reduced error dispersion, and improved repeatability. This enhanced performance is attributed to
the rigid geometric reference constraints of the NASC model, which effectively suppress uncertainty propa-
gation during network adjustment. The method exhibits strong general applicability and supports high-pre-
cision spatial measurements, making it suitable for optical system assembly and other engineering tasks re-
quiring micrometer-level accuracy. It provides a practical technical reference for high-precision measure-
ment applications.

Key words: pose measurement; trilateration network adjustment; geometric constraints; network-adjust-

ment-based self-calibration model
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Fig. 1 Schematic diagram of laser tracker trilateration net-

work measurement system
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Fig.2 Conceptual diagram of NASC-model (Triangles
denote laser tracker stations, circles denote refer-
ence points, and arrows indicate distance-observa-
tion constraints on the unknown network parame-

ters (station coordinates) )
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Fig. 8 Layout of measurement network in experiment
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