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Development of Laser Speckle-Based Displacement Sensor with High Accuracy
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ABSTRACT

In this paper, characteristics and performances of the displacement sensor based on laser speckle

image correlation are introduced. Well-tuned image processing algorithm enables the accuracy of this
sensor for the application of sheet handling and control on high-end printing machines such as
450mm/s of paper handling velocity. Thermally optimized optical-mechanical compensation system
enables sensing eroor stability less than 0.042% for environmental tempareture variation range of 5°C

~50C.
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(a) Speckle pattern image f (b) Speckle pattern image g

Fig.1 Speckle pattern image f and g.
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Fig.2 Result of correlation operation f+g .
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Fig.4 Cross-correlation function distribution.
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Fig.5 Relationship between fitting function and fitting
error.
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Fig.6 Relationship between image deletion and fitting
error.
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Fig.7 Block diagram of operation circuit.
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Fig.8 Block diagram of pipe-line operation.
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Fig.9 Configuration of conventional speckle sensor
optics.
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Fig.10 Optical configuration of sensor with telecentric
optics.
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Fig.11 Correlation of change of distance of lens group
and change of magnification by temperature.
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Fig.12 Schematic configuration of lens cell system.
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Fig.13 Telecentric imaging optics configuration.
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Fig.14 Transient characteristics of measurement error.
(Velocity of 100mm/sec at room temperature)
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Fig.15 Transient characteristics of measurement error.
(Velocity of 100mm/sec at 5°C)
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Fig.16 Transient characteristics of measurement error.
(Velocity of 100mm/sec at 25°C)
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Fig.17 Transient characteristics of measurement error.
(Velocity of 100mm/sec at 50°C)
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Fig.18 Transient characteristics of measurement error.
(Velocity of 450mm/sec at room temperature)
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Fig.20 Measurement result of paper transfer velocity.
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