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This paper reports design and demonstration of optical systems for reflective-type remote optical displacement sensors. Optical
systems for light illumination sources and a position sensitive detector (PSD) for the displacement sensor were developed to sense
displacement of bridges and instability of skyscrapers in a distance range from 10 m to 250 m to an accuracy better than a few
mm. Performance of the optical systems was verified by composing a displacement sensor and by using it in measurement of
displacement of a remote target with proper reflective optics depending on distance. The displacement sensor was composed of
two LED light sources, each with collimating optics, and a two-dimensional PSD with telescope-type optics. Its displacement
resolutions was measured to be 0.1 mm at a distance of 10 m and less than 3 mm at a distance of 250 m.
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FIG. 1. Schematic diagram of an optical setup for a reflective-
type long-distance displacement sensor using light source, position
sensitive detector, and optical components.
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FIG. 2. Beam divergence analyses of optical beam coming from
a LED light source and a convergence lens system in the
reflective-type long-distance displacement sensor: (a) beam divergence
angle of a commercial LED, (b) beam path after a converging
optics for formation of a parallel collimated beam, and (c) beam
path after an optimized optical configuration for the LED beam
converged to illuminate the target only at a remote distance D.
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FIG. 3. Optics configuration for image forming on a position

| 0 i

.

sensitive detector (PSD) of the reflective-type long-distance
displacement sensor. Sy : size of target object, fi and f> : focal
lengths of the object- and image-side lenses, respectively, O :
distance of the target object from the object-side lens, S; and 7 :
size and distance of the image formed by the f; lens, d : separation
between the two lenses, S, and 7 : size and distance of the
image of the target object formed by the £ lens on its image plane.
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FIG. 4. Calculated lens separation between two lenses, each of
focal lengths of 75 mm and 9 mm, respectively, to form about 5
mm and 7 mm size images for target sizes of 16 cm at a 10 m
distance, which increases proportionally to 4 m at 250 m distance.
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FIG. 5. Calculated image plane distance from the second eyepiece
lens for the two lens system, each of focal lengths of 75 mm and
9 mm, respectively, to form about 5 mm and 7 mm size images
for target sizes of 16 cm at a 10 m distance, which increases
proportionally to 4 m at 250 m distance.
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FIG. 7. Simulated result of the beam track emerged from an

LED source, reflected by a corner cube retro-reflector, and
focused to a PSD through the designed optics systems.
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FIG. 8. Optical configurations of (a) an LED and an illuminating

lens and (b) PSD with two telescopic lenses and a band pass
filter.
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FIG. 9. Photographs of (a) the reflective-type remote displacement
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FIG. 10. (a) Measured oscilloscope traces of the LED pulses,
and (b) an example of a monitor screen view showing the reflective-
type remote displacement sensor’s response to motion of a
remote reflective target. (In this measurement an one-dimensional
PSD array was used.)
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is a detailed view of the plot of (a) to show the displacement resolution.
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FIG. 12. The PSD measurement of the target displacement at a
distance of 250 m with double sets of four glass-type corner cube
retro-reflectors. Plot of (b) is a detailed view of the plot of (a) to
show the displacement resolution.
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TABLE 1. Measured displacement resolution results of the developed reflective-type remote displacement sensor
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