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Large-scale spatial angle measurement based on inertial reference
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Abstract: For measuring a large-scale spatial angle during large equipment assembly, a large spatial angle
measurement method based on an inertial reference was proposed and a corresponding measurement system was
designed. On the basis of auto-collimation principle, a two-dimensional galvanometer was used in the
measurement system to aim the direction of measured axis. A gyroscope and a photoelectric encoder were adopted
to measure the vector coordinates of each measured axis in inertial coordinate system. Then, the spatial angle
between measured axes was calculated by their vector coordinates in the public reference. The mathematical
model of large-scale spatial angle measurement was built and the measurement uncertainty of the measurement
system was analyzed and calculated. Finally 14", a prototype was established and the simulated measurement
experiment was carried out by the prototype in laboratory. Experimental results show that the measurement error is
, which meets the requirements of large-scale spatial angle measurement. The method overcomes difficulties that
the measuring reference is difficult to be built and transmitted in measuring large-scale spatial angles and makes

the measurement process more flexible and efficient.
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Fig. 1 Measurement principle diagram
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Fig. 2 Measuring unit working principle diagram
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Fig. 3 Measuring unit coordinate system rotating diagram
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Fig. 4 Inertial coordinate system rotating diagram
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Fig. 5 Experimental prototype
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Tab. 1 Measurement data sheet
Measured axis unit vector
No. Angle
X y z
1 0.958 59 0.282 62 0.034 95 16°32'43"
2 0.958 62 0.282 52 0.034 96 16°32'23"
3 0.958 62 0.282 56 0.034 86 16°3229"
4 0.958 63 0.282 51 0.034 83 16°32'17"
5 0.958 59 0.282 64 0.034 93 16°32'46"
6 0.958 61 0.282 57 0.034 84 16°32'28"
7 0.958 59 0.282 65 0.034 86 16°32'46"
8 0.958 61 0.282 58 0.035 00 16°32'35"
9 0.958 61 0.282 57 0.034 88 16°32'30"
10 0.958 57 0.282 71 0.034 92 16°32'02"
Average 0.958 60 0.282 59 0.034 90 16°32'30"
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