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Fig. 1 Schematic diagram of the FBG-based vector displacement sensing device
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Table 1 Comparison between FBG sensing device and PIV for measuring displacement azimuth angle

Loading Measurement point 1 Measurement point 2 Measurement point 3

times PIV FBG Error PIV FBG Error PIV FBG Error
1 47.11° 46.29° —1.74% 69.94° 70.00° 0.09% 59.59° 58.62° —1.63%
2 42.39° 45.08° 6.35% 49.23° 53.86° 9.39% 72.16° 69.27° —4.00%
3 39.63° 43.71° 10.31% 70.57° 70.00° —0.81% 71.30° 70.00° —1.82%
4 46.34° 43.84° —5.40% 72.72° 70.00° —3.74% 68.38° 66.78° —2.33%
5 44.88° 45.43° 1.22% 66.80° 68.86° 3.07% 67.65° 68.13° 0.71%
6 42.32° 39.61° —6.41% 70.33° 70.00° —0.47% 69.24° 68.07° —1.69%
7 39.28° 42.00° 6.93% 69.98° 69.31° —0.96% 69.85° 70.82° 1.38%
8 43.18° 40.47° —6.28% 68.34° 70.37° 2.98% 72.06° 70.23° —2.54%
9 45.11° 41.54° —7.92% 68.56° 69.39° 1.21% 69.04° 68.72° —0.46%
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A Vector Displacement Measurement Sensing Device Based on Fiber
Bragg Grating and Its Experimental Study
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Abstract: In practical applications such as slope instability deformation, random cracking of concrete and
collapse of wind turbines, position tracking always requires two—dimensional sensing. The fiber-optic
displacement sensors have been widespread applied in civil engineering field due to their intrinsic
advantages, including electromagnetic interference immunity, miniature size, electrically—passive
operation, and multiplexing capability, however, they are not able to retrieve the displacement direction
and amplitude simultaneously. In view of this reason, a vector displacement measurement sensing device
based on Fiber Bragg Grating (FBG) with large range and simple structure is proposed to identify the
displacement magnitude and direction of the monitored structure simultaneously. The sensing device is
mainly constructed of four FBGs, a base, an upper free rotation rod, springs 1 and 2, self-made U-shaped
structures 1 and 2. The pre—tensioned FBGs are respectively pasted on the inner and outer sides of center
position of the U-shaped structure as the sensing unit. When the deformation occurs, the screw plays a
connecting role, and the spring is not affected by the screw. The bottom spring of U-shaped structure 2 is
connected with the monitored point, and the movement of the monitored point will cause axial tension of
U-shaped structure 2. The force will be applied to the spring and the U-shaped structure. The internal and
external sides of the U-shaped structure are subject to tension and compression, respectively. Additionally,
the movement of U-shaped structure 2 causes the upper rod to rotate around the center point, which further
makes the spring of U-shaped structure 1 elongate and produces tension on the U-shaped structure. FBGs
are bonded to both the upper and lower surface of the stainless steel plate of the U-shaped structure for
temperature compensation. Even if temperature change occurs in an FBG sensor unit, strain in the upper
and lower two FBGs bonded to both surfaces of the stainless steel plate are equal, so thermal strain can be
neglected. The sensing principle of determining the displacement direction and amplitude simultaneously is
introduced, and its expression is also derived. Calibration experiments of six sets of auxiliary structures
(i.e., core sensing elements) were conducted. The experimental results showed that the sensing element is
characterized by a superb linearity, a measurement range of 0~140 mm, a sensitivity of 4.362 pm/mm, a
hysteresis error of 3.25%, and a repeatability error of 6.62% , respectively. Additionally, an indoor
accumulation slope model test was performed to verify the performance of the FBG displacement sensing
device in monitoring the continuous sliding deformation process of soil. The displacement values calculated
by FBG-based sensor is basically consistent with that measured by Particle Image Velocimetry (PIV)
technology, with an average relative error of 5.63%. The maximum relative error of horizontal
displacement is 10.83%, the minimum value is 0.11%, the maximum relative error of vertical
displacement is 11.17% , the minimum value is 0.67% , which can meet the measurement requirement of
the sensor in slope monitoring. The errors of some measuring points exceeding 10% may be due to the fact
that the probe of FBG displacement sensing device was buried shallowly in the soil and not fully in
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accordance with the soil deformation. Meanwhile, the relative error of displacement azimuths calculated by
two technologies is basically within 10%, with a maximum error of 10.31% and a minimum error of
0.09%, which is basically the same as the error analysis of above displacement. The error analysis of
displacement azimuth calculated by two techniques also proves the reliability of the FBG displacement
sensing device developed in this paper for monitoring vector deformation of soil slopes. This capability
demonstrates its broad application prospects in the field of intelligent monitoring.

Key words: Fiber Bragg grating; Displacement sensing device; Two-dimensional displacement; lLarge
range; Structural monitoring
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